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Abstract
Objective—We assessed the relationship between positive affect and viral suppression among
women with HIV infection.
Method—Three waves of six-month data were analyzed from 995 women on HIV antiretroviral
therapy participating in the Women's Interagency HIV Study (10/11–3/13). The predictor variable
was self-reported positive affect over two waves of data collection, and the outcome was
suppressed viral load, defined as plasma HIV-1 RNA <200 copies/mL, measured at a third wave.
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Results—Women with higher positive affect (36%) were more likely to have viral suppression at
a subsequent wave (OR 1.92, 95% CI 1.34-2.74). Adjusting for covariates and their interactions,
including negative affect, wave one viral suppression, adherence, study site, recruitment cohort,
substance use, heavy drinking, relationship status, interpersonal difficulties, and demographics, a
statistically significant interaction was detected between negative affect, positive affect and viral
suppression (t (965) = −2.7, p=0.008). The association of positive affect and viral suppression
differed at negative affect quartile values. For those reporting no negative affect, the AOR for
positive affect and viral suppression was 2.41 (95% CI 1.35-4.31); at a negative affect score of 2,
the AOR was 1.44 (95% CI 0.87-2.36); and at a score of 5.5, the AOR was 0.58 (95% CI
0.24-1.42).
Conclusion—Our central finding related to the interaction effect, that positive affect is
associated with viral control under conditions of lower negative affect, is consistent with previous
theory and research with other health outcomes, and can help guide efforts to further delineate
mechanisms linking affect and health.
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A growing body of work supports the idea that positive affect, which includes positive
emotions, has a causal influence on health related outcomes. Emotions are brief affective
responses to an appraisal of a situation; when that appraisal is good, positive emotions such
as joy, interest, gratitude, hope, or amusement are produced (Fredrickson, 2013a; Watson,
Clark, & Tellegen, 1988). While positive emotions are often viewed as a subset of the
broader concept of positive affect (Fredrickson, 2001), many researchers use the terms
interchangeably.
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Research demonstrates the role of higher positive affect on decreased stroke and frailty risk
in older adults (Ostir, Markides, Peek, & Goodwin, 2001; Ostir, Ottenbacher, & Markides,
2004; Park-Lee, Fredman, Hochberg, & Faulkner, 2009), hospital readmissions following a
cardiovascular event (Middleton & Byrd, 1996), and risk for the common cold in the general
population (Cohen, Doyle, Turner, Alper, & Skoner, 2003). In one of the largest analyses on
positive affect and mortality, data from 3,853 participants aged 52-79 in the English
Longitudinal Study of Ageing were utilized to examine how variations in positive affect are
associated with risk of death. In this study, aggregate momentary assessments of positive
affect, measured in a single day, were associated with a lower risk of death over a five year
follow-up period, after controlling for negative affect, depressed mood, health indicators at
baseline, and health behaviors (Steptoe & Wardle, 2011). Other mortality and survival
studies have been less definitive, with some supporting an association with positive affect,
others failing to find a relationship, and still others showing that high positive affect is
associated with a greater mortality risk (Cohen & Pressman, 2006; Diener & Chan, 2011).
To date, there has been limited information specifically on the role of positive affect on HIV
outcomes. In one study of 1,809 HIV-infected, AIDS-free men from the Multicenter AIDS
Cohort Study, there was no relationship detected between positive affect scores at initial
study visits and survival over an eight-year observation period (Lyketsos et al., 1993). A
subsequent analysis of 407 men from the San Francisco Men's Health Study examined the
relationship between cumulative average positive affect scores and mortality over seven
years; those findings demonstrated lower mortality among those with higher positive affect
(Moskowitz, 2003). To our knowledge, these relationships have not been examined among
women with HIV in the era of widespread effective HIV antiretroviral therapy (ART),
although one study did examine positive affect as one of several psychological resources
available to women with HIV; that study suggested that greater numbers of positive
resources overall are associated with increased survival (Ickovics et al., 2006).
There are several pathways by which positive affect may influence health. Positive affect
may play a key role in the stress response process, serving as a buffer that decreases the
intensity of, and speeds recovery from, stressful events (Fredrickson & Levenson, 1998).
Among participants exposed to a stressful task, for instance, those with the highest positive
affect at baseline produced less of the inflammatory marker of plasma fibrinogen, as
compared to those with the lowest positive affect (Steptoe, Wardle, & Marmot, 2005).
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Similarly, the release of the stress hormone cortisol, a marker of stress, has been shown to be
lower among those with high positive affect, particularly when salivary cortisol is assessed
upon waking (Dockray & Steptoe, 2010; Steptoe, Dockray, & Wardle, 2009). There is also
evidence that positive affect is linked to overall reductions in immune system activation
(Segerstrom & Sephton, 2010; Steptoe et al., 2005).
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Positive affect may also influence health behaviors through the building of psychosocial
resources that support health behavior. For instance, positive affect has been linked to the
motivation and ability to build intrapersonal and interpersonal resources, including social
support (Fredrickson, Cohn, Coffey, Pek, & Finkel, 2008). Higher social support, in turn, is
linked to improved health through the provision of emotional and instrumental resources that
support self-care behaviors (Schwarzer & Leppin, 1991; Tay, Tan, Diener, & Gonzalez,
2013). In addition, higher levels of positive affect facilitate creativity in problem solving
situations; those with positive affect have a wider array of response options available to them
(Fredrickson & Branigan, 2005). This may translate to greater capacity to engage in health
protective behaviors in the face of barriers.
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The broaden-and-build theory of positive emotions (Fredrickson, 1998, 2001, 2013a) posits
a unifying approach to understanding how positive affect both buffers the impact of stressful
events on health, and through which positive emotions can serve to build relationships and
psychological resources such as resilience. The building of resources helps to construct a
broader base in which these resources can continue to grow (Fredrickson, 2013a). The
theory suggests that those with positive affect are more likely to engage in health protective
behaviors, such as medication adherence. For example, in a study of patients with coronary
heart disease, positive affect was associated with physical activity, medication adherence,
and nonsmoking at baseline, and increases in positive affect over five years corresponded
with improvements in physical activity and medication adherence (Sin, Moskowitz, &
Whooley, 2015). In terms of HIV, among 153 newly diagnosed participants who identified
primarily as gay or bisexual, higher positive affect was associated with increased linkage to
care (Carrico & Moskowitz, 2014). Similarly, positive affect was associated with greater
ART adherence among 122 primarily male HIV positive methamphetamine users (Carrico,
Johnson, Colfax, & Moskowitz, 2010).
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Identifying the role of positive affect on the health of women with HIV is important, given a
literature suggesting that positive affect is modifiable in the context of health promotion
interventions, and can translate into improved health behaviors. Recently, this work has been
translated to include health outcomes in the context of intervention trials, when results of
three RCTs of the same positive affect intervention were reported from three patient
populations (hypertensive African American men and women, patients recently having
undergone coronary angioplasty, and patients with asthma, with health education as control).
Findings were mixed, with the hypertensive trial showing statistically significant
improvements at one year in medication adherence, but with no impact on systolic or
diastolic blood pressure (Ogedegbe et al., 2012), the coronary angioplasty group having
significantly greater energy expenditure as compared to controls (Peterson et al., 2012), and
with the trial with asthma patients showing no statistically significant effects of the positive
affect intervention on physical activity (Mancuso et al., 2012).
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In this study, we examined data on positive affect among a sample of women living with
HIV. This analysis describes three waves of data collection, each spaced six months apart.
We examined positive affect across the first two waves, and assessed the relationship
between these measures of positive affect and HIV RNA viral load suppression, a marker of
disease control, at a subsequent wave, after controlling for negative affect and other
potentially influential covariates. Because viral suppression is strongly predicted by a
number of behavioral factors encompassing the continuum of HIV care, including adherence
and retention in care (Eaton, Saag, & Mugavero, 2014; Yehia et al., 2015), and because
positive affect is theoretically and empirically linked to HIV adherence and retention in
other populations living with HIV, we hypothesized that higher levels of positive affect
would be associated with a greater likelihood of viral suppression.

Method
Author Manuscript

Participants
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This study utilized data from the Women's Interagency HIV Study (WIHS). The WIHS is
the largest prospective, multisite cohort study of HIV infection among women in the United
States, with study sites in Bronx/Manhattan, NY; Brooklyn, NY; Washington, DC; San
Francisco/Bay Area, CA; Los Angeles/Southern California; and Chicago, IL. Eligibility
criteria for women with HIV include positive HIV antibody status confirmed by Western
blot, an age of 13 years or older, and the ability to answer questions in English or Spanish.
Enrollment in the WIHS began in 1994-1995, with an initial cohort of 2,054 women with
HIV infection and 569 HIV-uninfected women matched by age, race/ethnicity, and HIV risk
factors (i.e., injection drug use history and number of sexual partners). In 2001-2002, an
additional 737 women with HIV infection and 406 HIV-uninfected women were enrolled;
these women were similar to the original cohort in terms of proportion of HIV-positive and
HIV-negative women in each of the matching categories. In 2011-2012, the WIHS recruited
an additional 276 HIV-infected and 95 HIV-uninfected women.
Procedures
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All participants provide written informed consent and complete study visits every six
months. Depending on site, women are remunerated the equivalent of $50-$60 per study
visit to cover time and transportation costs. Study visits include interviews administered by
centrally trained interviewers using standardized methods, physical exam, and collection of
blood, gynecologic, and urine samples, which are stored in a central repository. Study
retention, defined as the proportion of enrolled, alive women who were seen in the past year,
has been high among the WIHS women with HIV; among those recruited in the first cohort,
83% were still active at the tenth study visit, and among those recruited in the second cohort,
86% were still active at the tenth study visit (Hessol et al., 2009); retention rates for the full
HIV+ WIHS sample exceeded 75% at the most recent study visit. All instruments and study
protocols were approved by the Institutional Review Board at each participating site.
Additional details on the WIHS methodology and baseline characteristics of study
participants have been published previously (Bacon et al., 2005; Barkan et al., 1998).
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This analysis included data from three consecutive study visits, denoted as wave 1
(10/2011-3/2012), wave 2 (4/2012-9/2012), and wave 3 (10/2012-3/2013). The primary
predictor, positive affect, was examined at waves 1 and 2. The dependent variable, HIV RNA
viral load, was assessed at wave 3, but also included as a covariate at wave 1. HIV
medication adherence, a key determinant of therapeutic success, was included at wave 2;
because of this focus, we included only women on ART at wave 3. Adherence was selected
as a covariate at wave 2 as opposed to wave 1, given research showing close temporal
relationships between treatment interruptions and viral detection (Genberg et al., 2012).
Overall, this design permits an examination of positive affect prior to our outcome measure,
and controlling for the value of viral control at wave 1, thereby decreasing the likelihood that
positive affect is a product of current physical health.
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Approximately 2,008 HIV-infected WIHS participants were alive during the observation
period. Of these, 140 had been de-activated from the study (e.g., due to moving away from
WIHS sites), and another 109 had voluntarily withdrawn prior to the end of wave 1. Of the
remaining 1,759 women, 1,264 (72%) contributed positive affect data to both waves 1 and 2.
Of those 1,264 women, 995 (79%) had blood drawn at wave 3 for HIV RNA testing, were
on ART, and provided information on patterns of ART adherence. An assessment of whether
the 995 women included in the analysis differed from the 269 not included in the analysis
revealed no statistically significant group differences in positive affect (p = 0.54).
Materials and procedure
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HIV RNA viral suppression—The primary outcome, plasma HIV-1 RNA quantification,
is performed at each study visit. For our analysis, we utilized a cutoff value for the assay of
200 copies/mL; those below this level were categorized as having viral suppression. This
cutoff is currently used by the Centers for Disease Control and Prevention to characterize
HIV viral control nationally (Bradley et al., 2014).
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Positive affect—Positive affect, the primary predictor, was assessed through a subscale of
the CES-D (Radloff, 1977). The CES-D is a 20 item, self-report measure, which assesses the
burden of depressive symptoms, and which contains four sub-factors: positive affect (4
items), negative affect (7 items), somatic disturbances (7 items), and interpersonal
difficulties (2 items) (Joseph & Lewis, 1995). The CES-D has been shown to have strong
validity and reliability in several HIV epidemiologic studies (Burack et al., 1993; Ickovics et
al., 2001; Lyketsos, Hoover, & Guccione, 1996; Thomas, Jones, Scarinci, Mehan, &
Brantley, 2001). A higher burden of depressive symptoms as assessed via the CES-D has
been shown to be associated with decreased ART use and higher AIDS-related mortality in
the WIHS (Cook et al., 2002; Cook et al., 2004).
The four factor structure of the CES-D has been supported in several studies (Joseph &
Lewis, 1995; Knight, Williams, McGee, & Olaman, 1997; Shafer, 2006), including studies
focused primarily on minority women (Williams et al., 2007). In the CES-D measurement of
burden of depression symptoms, low scores on positive affect are one of four factors that
contribute to risk for depression. The positive affect subscale items, however, have also been
validated as an independent indicator of higher positive affect, and not just absence of
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negative affect; thus, this subscale has been successfully utilized in several studies
examining the role of positive affect on health and survival (Blazer & Hybels, 2004; Krijthe
et al., 2011; Moskowitz, 2003; Ostir et al., 2001; Park-Lee et al., 2009). Respondents are
asked to rate how often over the past seven days they have experienced a range of depressive
symptoms. Each item includes a choice of four responses: 0 = rarely or none of the time/less
than a day, 1 = some or a little of the time/1-2 days, 2 = occasionally or a moderate amount
of the time/3-4 days, or 3 = most days or all of the time/5-7 days. The four positive affect
items in the CES-D ask how often respondents (1) felt just as good as other people, (2) felt
hopeful about the future, (3) felt happy, and (4) enjoyed life. The items are summed, with a
possible range of 0 to 12; higher scores indicate higher positive affect.
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Analysis of the four positive affect items demonstrated adequate internal consistency
(Cronbach's alpha = 0.80 at both wave 1 and 2). However, an examination of the distribution
of scores at waves 1 and 2 revealed a clear cutpoint in the distribution, with 51% of women
reporting positive affect on all or most days of the week across all four items at wave 1, 50%
reporting positive affect across all items at wave 2, and 36% reporting high positive affect at
both waves, with a fairly equal distribution of responses across the other scale response
options (skewness = -1.1). For this reason, the positive affect score was dichotomized; high
positive affect was defined as a report of positive affect on all or most days of the week
across all four positive affect items at both waves 1 and 2.
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HIV antiretroviral therapy (ART) adherence—Antiretroviral regimens were assessed
using photocards, medication bottles, or by obtaining pharmacy records. This system allows
for an assessment of initiation and persistence of therapy over time (Bae, Guyer, Grimm, &
Altice, 2011). Adherence is measured via self-report at every study visit utilizing 6-month
recall assessments; participants are asked to report the percent of their regimen that they
took over that time (e.g., none of the time, less than 75% of the time, 75-94% of the time,
95-99% of the time, 100% of the time). Responses were dichotomized such that 0 = less
than 95%, 1 = greater than or equal to 95% In the WIHS, self-reported adherence ≥ 95% has
been associated with undetectable viral load and higher quality of life (Kapadia et al., 2008;
Lazo et al., 2007; Wilson et al., 2002).
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Additional covariates—Age, and race/ethnicity were examined as potential covariates of
interest, given known disparities in HIV viral control as a function of these factors (Horberg
et al., 2015), as was relationship status (reporting being married, in a common law marriage,
or living with a partner) at the time of the wave 1 interview (Johnson et al., 2012). Measures
of heavy drinking and of crack, cocaine, or heroin use (“substance use”) were included given
their established relationships with adherence and viral control among women with HIV
infection (Binford, Kahana, & Altice, 2012; Hendershot, Stoner, Pantalone, & Simoni,
2009). Substance use is assessed with quantity/frequency measures of each substance, which
are valid and reliable indicators of drug use severity (McLellan et al., 1992; McLellan et al.,
1985). At each study visit, women are asked whether they had used crack, cocaine, or heroin
since the last interview. We selected these over other substances, such as amphetamines, due
to their closer association with disease risk and progression, because they are the substances
most frequently reported in the WIHS, and based on their association with ART use and
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depression in the cohort (Cook et al., 2008; Cook et al., 2007); substance use was defined as
any substance use at either wave 1 or wave 2. Heavy drinking at wave 1 or 2 was defined as
more than seven drinks per week (Esser et al., 2014).
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Analyses also included the wave 1 and 2 values of the three other CES-D subscales (somatic
disturbances, negative affect, and interpersonal difficulties) in order to help isolate the
impact of positive affect over that of negative affect and other symptoms of depression,
given the clear body of evidence supporting the relationships between depression, poorer
adherence and HIV treatment outcomes (Nanni, Caruso, Mitchell, Meggiolaro, & Grassi,
2015). Response options for these subscales are identical to the positive affect subscale; the
range of responses for both the negative affect subscale and the somatic subscale is 0-21,
with higher scores indicating more negative affect and greater somatic difficulties. These
subscales exhibited adequate internal consistency at wave 1 (Cronbach's alpha for negative
affect = 0.90; for somatic symptoms = 0.77; for interpersonal challenges = 0.73) and at wave
2 (Cronbach's alpha for negative affect = 0.89; for somatic symptoms = 0.76; for
interpersonal challenges = 0.68). Most women (61%) reported no interpersonal challenges
across the two waves; this variable was dichotomized in subsequent analyses (skewness =
2.1).
Site of study recruitment and recruitment cohort were included based on differences in
WIHS study retention (Hessol et al., 2009). Language of administration (English or Spanish)
and country of birth (U.S. versus foreign born) were included because differential item
functioning analyses have been utilized to suggest that the positive affect items in the CES-D
may be under-endorsed among foreign-born Hispanic populations, thus potentially inflating
estimates of depression symptoms in this population (Iwata, Turner, & Lloyd, 2002).
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Data analysis
We used Pearson chi-square and t-tests to examine associations of positive affect and our
viral suppression outcome variable with model covariates. We then constructed in two stages
a generalized linear mixed model to predict viral suppression, modelled as Bernoullidistributed.
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In stage 1 (covariates only), wave 1 values were included for age (4 groups), race/ethnicity
(4 groups), recruitment site (6 sites), enrollment cohort (3 cohorts), whether born in the US,
whether interviewed in Spanish, presence of a spouse/partner, and viral suppression; wave 2
values were included for ART adherence; averaged wave 1 and 2 values were included for
substance use, heavy drinking, interpersonal problems, negative affect score, and somatic
burden score. Variance inflation factors were inspected, to ensure that the predictors were
not unreasonably multicollinear. The possible utility of polynomial effects in the two scored
covariates was investigated. Interaction terms among the covariates were introduced where
statistically significant; for this purpose, a somewhat stringent 0.01 significance threshold
was used to minimize over-fitting, given the large number of possible interactions. KenwardRogers adjustments to standard errors (SEs) & denominator degrees of freedom (df) were
made.
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In stage 2, dichotomized positive affect averaged across waves 1 and 2 was added to the
model; interactions of this with other predictors were investigated. The Nagelkerke pseudoR2 statistic and the c statistic (area under the receiver operating characteristic curve) are
reported at each stage as measures of overall model utility. The Hosmer-Lemeshow test of fit
of model to data was applied at each stage. Reported results are based on study sites being
modelled as a random rather than fixed effect, in order to minimize the size of the model.
Extremely similar results were seen when fixed effects were substituted; R2, c & the
goodness of fit test come from the fixed-effects model. Adjusted odds ratios (AORs) for
positive affect, the predictor of interest, are reported, along with 95% confidence intervals
(CIs). Data modelling was done with SAS (SAS Institute, Cary NC) version 9.4 software
(PROC GLIMMIX, LOGISTIC).

Results
Author Manuscript

Participants ranged in age from 28 to 77 years old (mean = 48, SD = 8) and identified
primarily as non-Hispanic Black (58%), or as Hispanic (27%). One-quarter (25%) were
foreign-born, and 13% completed the interview in Spanish. About one third (32%) were
married, in a common-law marriage, or living with a partner. Recent substance use was
reported by 7% of women, and 13% were classified as heavy drinkers. In terms of overall
burden of depression symptoms, 28% of women at wave 1 scored at the traditional threshold
of 16 or higher on the CES-D, and 30% did so at wave 2 (Radloff, 1977), indicating
significant burden of depressive symptoms. Adherence at wave 2 of 95% or greater was
reported by 83% of women. At wave 1, 77% of women were classified as virally suppressed,
and at wave 3, 81% were virally suppressed.
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Over one-third of women (N = 361/995) met criteria for high positive affect, and among
those with high positive affect, most (68%; N = 245/361) reported a score of below “1” on
the negative affect subscale, suggesting very low negative affect. Those categorized as high
positive affect were more likely to have viral suppression at the final wave (OR 1.92, 95%
CI 1.34, 2.74). As shown in Table 1, positive affect was significantly associated with several
posited covariates and predictors. As would be expected, high positive affect was inversely
associated with other CES-D subfactors; those with high positive affect reported lower
average levels of negative affect, lower average somatic burden, and were more likely to
report having no interpersonal difficulties as compared to women with lower positive affect
(all p < 0.001). Higher positive affect was also associated with a greater likelihood of wave 1
viral suppression (p = 0.001) and with wave 2 adherence to ART (p = 0.005). Women with
high positive affect were also less likely to report recent substance use than were women
with low positive affect and more likely to report being married or living with a sexual
partner (p < 0.001). No statistically significant differences were detected between those
reporting low and high positive affect as a function of age, race/ethnicity, country of birth,
heavy alcohol use, or language in which the interview was administered (all p > 0.05),
although there were differences as a function of enrollment cohort (p = 0.02) and by study
site of recruitment (p < 0.001).
Four women had unknown viral load status at wave 3, leaving N=991 for the regression
model, of whom 801 had undetected virus at study endpoint. After stage 1 of the modeling
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process, R2 was 0.41, c was 0.86, lack of fit test χ2 (8) = 7.39, p = 0.495. After stage 2, R2
was 0.42, c was 0.86, lack of fit test χ2 (8) = 7.54, p = 0.479. A statistically significant
interaction between the predictors representing positive and negative affect was detected (t
(965) = −2.65, p = 0.008), suggesting that the adjusted relationship between positive affect
and viral suppression depends upon values of negative affect. To illustrate this effect, we
estimated the AOR for high positive affect at quartile-defining values of negative affect
(Q1=0, median=2, Q3=5.5). In this model, for the 26% of women in this sample reporting
zero on the negative affect subscale, the AOR was 2.41 (95% CI 1.35, 4.31); among those
scoring 2, the AOR attenuates to 1.44 (95% CI 0.87, 2.36); and among those scoring 5.5, the
AOR was 0.58 (95% CI 0.24, 1.42). A test for an interaction between interview language
and adherence on viral load suppression, adjusted for all other variables in the model, was
not statistically significant (p = 0.24), suggesting that the relationship between positive affect
and viral control did not differ between those who preferred the interview in Spanish versus
English.

Discussion
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In this national study of women living with HIV, those reporting high positive affect over
two consecutive six-month study visits were 1.9 times more likely to have undetectable viral
load at a subsequent observation period in unadjusted analysis. However, the identification
of a statistically significant interaction suggests that the adjusted relationship between
positive affect and viral suppression diminishes in the context of higher negative affect. This
finding is consistent with the broaden and build theory, which posits that the benefits of
positive emotions, at least in the context of measures of overall well-being, are most
apparent when they occur with greater regularity than negative emotions (Fredrickson,
2013b).
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It is notable that over one-third of women reported high positive affect in this sample, and
that of these women, most also reported low levels of negative affect. Such a high level of
positive affect and low negative affect may appear counterintuitive among a population
living with a chronic disease such as HIV, given that it is both a biologic and social
phenomenon, and often co-occurs with a number of factors that would impact poor mental
health, including high levels of depression, poverty, substance use, gender-based violence,
and racism (Gielen et al., 2007; Meyer, Springer, & Altice, 2011). In addition, there is some
evidence that the burden of the disease, associated symptoms, and HIV-related stigma
increase risk for depression (Ickovics et al., 2001; Logie & Gadalla, 2009; Vanable, Carey,
Blair, & Littlewood, 2006), although the relationship between depression symptoms and
stigma has not been consistent across all research studies (Emlet et al., 2013). Reasons for
high positive affect and low negative affect among a large subset of participants within the
WIHS are yet to be explained, but could be understood in part due to the fact that the
majority of women in this study are receiving HIV care, as reflected in rates of ART
utilization, and receive additional support as part of their participation in the study. Care and
treatment of HIV reduces opportunistic infections, while ancillary services that are often
provided as part of HIV care, such as case management, substance use treatment, and mental
health counseling, may improve HIV care and promote overall quality of life (Higa, Marks,
Crepaz, Liau, & Lyles, 2012; Magnus et al., 2001).
Health Psychol. Author manuscript; available in PMC 2018 January 01.

Wilson et al.

Page 10

Author Manuscript

Our findings are generally consistent with those from an earlier study of survival among
HIV-infected men who have sex with men studied from 1984 to 1996 in the San Francisco
Men's Health Study. In that study, which took place prior to the era of highly effective HIV
antiretroviral therapy, men with higher cumulative average positive affect on the CES-D
positive affect subscale had a significantly lower risk of death from AIDS (Moskowitz,
2003).
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The broaden and build theory suggests that there are several psychosocial pathways by
which positive affect may influence HIV care engagement and adherence, including building
social support (Fredrickson et al., 2008; Kok et al., 2013; Schwarzer & Leppin, 1991; Tay et
al., 2013), facilitating greater attention to health-relevant information and creativity in
problem solving situations (Fredrickson & Branigan, 2005; Salovey, Rothman, Detweiler, &
Steward, 2000), and promoting psychological resilience during times of stress (Fredrickson,
1998, 2001, 2013a). Further research in this area should clarify mediating pathways and
identify generalizability of these findings across risk groups, such as by race/ethnicity,
gender, and HIV risk category.

Author Manuscript

From a public health standpoint, these findings are important given that there are an
increasing number of interventions available that have the potential to be implemented at a
population level and which have been shown to effectively promote well-being in general
and positive affect specifically (Bolier et al., 2013; Cohn & Fredrickson, 2010; Howell,
Kern, & Lyubomirsky, 2007; Sin & Lyubomirsky, 2009). These interventions include but are
not limited to meditation (Kok et al., 2013), gratitude-enhancing exercises (Boehm,
Lyubomirsky, & Sheldon, 2011; Sheldon & Lyubomirsky, 2006), and self-affirmation
(Peterson et al., 2012). Given that cultural considerations should drive selection and
implementation of positive affect interventions (Boehm et al., 2011), there still is work to be
done to identify acceptability of these interventions among women living with HIV. Further,
experimental work is required regarding translation of effective positive affect-inducing
interventions to the HIV primary care setting, as an adjunct to more traditional clinical and
mental health services. This would require consideration of whether positive affect can be
increased and sustained at an effect size large enough to produce health improvement even
in the context of elevated negative affect.
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These findings need to be considered within a set of limitations. Although we utilized a
prospective design that assessed viral load following our assessments of positive affect, and
controlled for some factors that are associated with greater health at the start of the
observation period (e.g., somatic symptoms of depression, substance use, and viral
suppression), we are unable to rule out alternative pathways. For instance, it is still plausible
that increased positive affect follows from being and feeling healthy, and that it is
differences in health at baseline that account for the finding of greater viral control at followup. Further research is warranted to assess temporal patterns of affect and to establish
greater evidence for causal pathways.
Another limitation is the reliance on self-report to assess positive affect in this study. Several
researchers have criticized available measures of positive affect, given that current mood and
context may influence estimates of more stable affective states, and that the measures are
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subject to recall bias (Kahneman & Krueger, 2006). Several biological markers of positive
affect have been investigated. For instance, there is growing evidence to suggest that lower
salivary cortisol levels are associated with higher positive affect, and importantly are
independent of depressed mood and negative affect (Polk, Cohen, Doyle, Skoner, &
Kirschbaum, 2005; Steptoe et al., 2005). Other research suggests that positive affect is
related to greater parasympathetic control in general and to faster cardiovascular recovery
following experimentally induced negative emotions (Fredrickson, Mancuso, Branigan, &
Tugade, 2000; Steptoe et al., 2009). For future research examining the potential impact of
positive affect-inducing interventions on HIV control, additional validated measures of
positive affect could be supplemented with biologic correlates to help triangulate the
findings.

Author Manuscript

In summary, this study supports the relationship between positive affect and viral
suppression, under conditions of lower negative affect. Should subsequent research identify
a causal mechanism for the influence of positive affect on these outcomes, a next step could
involve development of interventions designed to effectively promote and sustain positive
affect as a complement to HIV clinical and mental health screening and treatment programs.
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11.8
29.3
9.6
12.9
52.5

Spanish interview (%)

Married or living with partner (%)

Substance use (%)

Heavy drinking (%)

Interpersonal difficulties (%)

17.7
24.1

32.2

18.6

Site F

2011-2012

18.0

Site E

2001-2002

17.2

50.2

13.6

Site C
Site D

1994-1995

20.0

Site B

Foreign born (%)

Enrollment cohort (%)

12.6

3.5

Other

Site A

27.6

Recruitment site (%)

58.5

18.5

Above 55

Hispanic

44.3

45-54

Black, not Hispanic

29.8

35-44

10.4

7.4

Below 35

White, not Hispanic

Race / Ethnicity (%)

Age (%)

Low Positive Affect
(N = 634)

14.7

12.2

3.6

35.7

14.7

25.5

10.8

35.5

53.7

11.6

11.4

17.2

13.6

20.8

25.5

4.2

27.1

56.8

11.9

21.1

43.8

29.1

6.1

High Positive Affect
(N = 361)

(1) = 138.7

χ2 (1) = 12.1

< 0.001

0.73

< 0.001

(1) = 4.3

(1) = 0.1

0.04

χ2

0.20
(1) = 1.7
χ2

χ2

0.63
χ2

0.02

< 0.001

0.82

0.70

p-value

χ2 (1) = 0.2

χ2 (2) = 8.4

χ2 (5) = 35.5

χ2 (3) = 0.9

χ2 (3) = 1.4

Test statistic

43.8

16.7

11.5

26.0

12.50

15.6

14.1

36.5

49.5

15.6

29.2

13.5

7.3

15.1

19.3

5.2

23.4

58.9

12.5

16.2

35.9

38.0

9.9

Viral load not
suppressed (N = 190)

37.6

11.7

6.5

33.0

13.0

26.8

15.4

32.6

51.9

16.2

12.3

18.1

15.1

21.5

16.8

3.4

28.4

57.7

10.6

20.2

46.1

27.5

6.2

Viral load suppressed
(N = 801)

(1) = 3.5

(1) = 0.03

χ2

χ2

(1) = 2.5

(1) = 3.5

χ2 (1) = 5.6

χ2

χ2

χ2 (1) = 10.4

χ2 (2) = 1.1

χ2 (5) = 40.7

χ2 (3) = 3.4

χ2 (3) = 13.7

Test statistic

Characteristics of women with HIV-infection on ART, by positive affect (waves 1 and 2) and by viral load suppression (wave 3) 1-2

0.12

0.07

0.02

0.07

0.87

0.001

0.59

< 0.001

0.34

0.003

p-value
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80.9

87.8

82.8

2.7 (2.5)

0.9 (1.6)

0.001

(1) = 10.6
(1) = 7.9

χ2
0.005

<0.001

χ2

<0.001

t (986.2) = 18.0

t (869.6) = 22.1

p-value

67.7

39.0

6.2 (4.1)

4.6 (4.6)

Viral load not
suppressed (N = 190)

87.2

86.1

4.7 (3.8)

3.4 (4.0)

Viral load suppressed
(N = 801)

χ2

χ2

(1) = 42.4

(1) = 193.7

t (993) = 4.8

t (993) = 3.6

Test statistic

<0.001

<0.001

<0.001

<0.001

p-value

Percentages may not add to 100 due to rounding.

Odds ratio for 1-point increase; higher scores denote greater negative affect, more somatic disturbances.

3

2

Wave 1 values included for age, race and ethnicity, recruitment site, enrollment cohort, country of birth, interview language, relationship status, and viral suppression; wave 2 values for ART adherence;
waves 1 and 2 values for substance use, heavy drinking, interpersonal problems, negative affect, and somatic burden.

Notes:

73.8

Adherent to ART (%)

6.3 (4.0)

Mean somatic disturbances (SD)3

Suppressed viral load (%)

5.1 (4.4)
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1

Author Manuscript

Mean negative affect (SD)3

Test statistic
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High Positive Affect
(N = 361)
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Low Positive Affect
(N = 634)
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