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Abstract Accurate beliefs about partners’ viral suppres-

sion are important for HIV prevention and care. We fit

multilevel mixed effects logistic regression models to

examine associations between partners’ viral suppression

beliefs and objective HIV RNA viral load tests, and whe-

ther relationship dynamics were associated with accurate

viral suppression beliefs over time. Male couples (N = 266

couples) with at least one HIV-positive partner on

antiretroviral therapy completed five assessments over

2 years. Half of the 407 HIV-positive partners were virally

suppressed. Of the 40 % who had inaccurate viral load

beliefs, 80 % assumed their partner was suppressed. The

odds of having accurate viral load beliefs decreased over

time (OR = 0.83; p = 0.042). Within-couple differences

in dyadic adjustment (OR = 0.66; p\ 0.01) and commit-

ment (OR = 0.82; p = 0.022) were negatively associated

with accurate viral load beliefs. Beliefs about a partner’s

viral load may factor into sexual decision-making and

social support. Couple-based approaches are warranted to

improve knowledge of partners’ viral load.

Resumen Creencias precisas de la supresión viral de la

pareja de una persona son importantes para la prevención y

atención del VIH. Nos usamos una regresión logı́stica

multinivel modelos de efectos mixtos para examinar las

asociaciones entre las creencias acerca de la supresión viral

y pruebas objetivas de la carga viral de ARN del VIH de la

pareja de una persona, y si dinámica de la relación se aso-

ciaron con preciso las creencias supresión viral con el

tiempo. Pareja hombres (N = 266 parejas) con al menos

una pareja con VIH en terapia antirretroviral completado

cinco evaluaciones de más de dos años. La mitad de las 407

parejas con VIH habı́a conseguido una supresión viral. Del

40 % que tenı́a creencias inexactas de carga viral, el 80 %

asume su pareja fue suprimida. Dentro de parejas diferen-

cias de ajuste diádico (OR = 0.66; p\ 0.01) y compromiso

(OR = 0.82; p = 0.022) se asociaron negativamente con

las carga viral creencias. Las creencias sobre la carga viral

de la pareja pueden tener en cuenta en la toma de decisiones

sexuales y el apoyo social. Las probabilidades de tener

creencias precisas de carga viral disminuyó con el tiempo

(OR = 0.83; p = 0.042). Los enfoques que utilizan las

parejas están justificadas y puedan mejorar el conocimiento

de la carga viral de la pareja de una persona.

Keywords HIV/AIDS � Viral suppression � Partner

beliefs � Relationship dynamics � Couples

Introduction

HIV-positive individuals with an undetectable viral load

are significantly less likely to transmit HIV to their sexual

partners [1–3]. Growing recognition of the prevention

benefits of HIV treatment, coupled with the rapid expan-

sion of antiretroviral therapy (ART), has prompted the

adoption of new HIV risk reduction approaches that

incorporate viral load information—a process referred to as

‘‘viral sorting’’ [4]. Viral sorting is one of many HIV risk-
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reduction strategies used among men who have sex with

men (MSM) to prevent the transmission of HIV through

condomless anal intercourse (CAI) [5]. Among same-sex

male couples, discussions of viral load are relatively

common [6] and partners incorporate this information

into decisions to engage in CAI [4, 5, 7, 8]. Studies of

men in serodiscordant relationships suggest that CAI is

more likely to occur when HIV-positive partners are

perceived to have an undetectable viral load [7, 8]. In

comparison to partner perceptions, actual viral load test

results from the HIV-positive partner’s perspective may

be less important in decision-making around CAI. A

study with gay men in Sydney found that for HIV-

negative partners, the belief that a partner had an

undetectable viral load was associated with CAI; how-

ever, viral load test results indicating an unde-

tectable viral load were not associated with HIV-positive

men’s reports of CAI [8]. Indeed, a meta-analysis

examining studies conducted across many different

samples concluded that patients on ART did not exhibit

increased sexual risk behavior even if they were virally

suppressed [9].

If heightened sexual risk is more related to partner

beliefs than actual viral load test results, it would be

important to assess the accuracy of these beliefs. Correct

beliefs about a partner’s viral suppression are needed to

make informed, and potentially safer, decisions around

sexual behavior. Other research on seroadaptive strategies

among MSM suggests that even if men know their sex

partners, they may practice ‘‘seroguessing’’ based on

assumptions of a partner’s HIV status rather than

‘‘serosorting’’, which involves direct discussions of a

partner’s HIV status [10]. In the case of viral sorting,

relying on assumptions as opposed to disclosed information

may undermine the effectiveness of these practices. Fur-

thermore, viral load test results are dynamic and can

change over time. Failure to disclose new viral load test

results could contribute to outdated and thus inaccurate

beliefs about a partner’s viral load.

Even if viral information is routinely disclosed, couple

communication is a complex process that requires both a

transmitter and a receiver with the opportunity for error on

both sides of the interaction [11]. Indeed, there is evidence

to suggest that partner beliefs about viral load could be

inaccurate. Studies on heterosexual couples conducted

outside of the US have found that perceptions of a partner’s

HIV status and actual serostatus are often mismatched [12]

and that there can be discrepancies between partners about

whether HIV status disclosure has occurred [13–15]. Yet,

little research, if any, has examined the accuracy of partner

beliefs about viral suppression and whether these beliefs

change as treatment and relationship trajectories evolve

over time.

Beyond the implications for HIV transmission, having

accurate knowledge of partner viral suppression is impor-

tant for the provision of social support related to HIV care

and treatment. Social relationships can enhance medication

adherence by reminding, prompting, aiding, and supporting

the patient, assisting the patient in expressing feelings, and

by offering feedback that reinforces treatment success [16].

Among people living with HIV, social support is associated

with better mental health [17–19], higher ART adherence

[20–22], and slower disease progression [23]. For male

couples affected by HIV, partners provide an important

source of social support [24, 25], which may be associated

with higher ART adherence than similar support received

from non-partners [26]. In addition, it has been shown that

HIV interventions emphasizing or including elements of

partner social support are relatively efficacious at increas-

ing ART adherence [27, 28].

The intensity and type of social support provided by

partners may hinge on having accurate beliefs about health

information such as viral load. According to the interde-

pendence model of communal coping [29], couple mem-

bers’ perceptions of a health threat may serve as a cue to

action that elicits behavior change through the process of

‘‘transformation of motivation’’ [30]—or the movement

from a self-centered orientation to one that is more pro-

relationship and health-enhancing. When couples undergo

this process, they would be more likely to engage in

‘‘communal coping’’ efforts by working collaboratively

together to reduce the threat of a particular health issue. For

example, men who assume their partner is virally sup-

pressed could provide less social support (e.g., less com-

munal coping) than if they believed their partner was

unsuppressed and more ill. Thus, the failure or delay to act

based on inaccurate knowledge of a partner’s viral sup-

pression may result in missed opportunities to provide

social support, with the potential to improve partner health

and well-being.

An important set of factors influencing the accuracy of

partner beliefs about viral suppression may be relationship

dynamics. Relationship dynamics such as intimacy, trust,

communication, satisfaction, and commitment affect the

dyadic capacity for successful coordination of health

behaviors related to HIV [31]. In other areas of HIV

research, couples-based studies have shown that relation-

ship dynamics such as trust, satisfaction, and commitment

have been associated with CAI [32–35], use of sexual

agreements [36, 37], and viral suppression [38]. The

interdependence model of communal coping [29] also

posits that positive relationship dynamics such as satis-

faction and commitment foster a transformation of moti-

vation, which facilitates the process of communal coping.

If communal coping occurs, we would expect partners to

hold highly accurate beliefs about each other’s HIV health
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status so that they can effectively support each other and

cope with the threat of HIV together. While we do not

measure communal coping in this study, we hypothesize

that positive relationship dynamics (e.g., higher intimacy)

will be positively associated with accurate beliefs about a

partner’s viral load. New information on relationship

dynamics and beliefs about partner viral suppression could

inform couples-based interventions to enhance partner

social support as a pathway to optimal health.

Given this background literature and theory, the objec-

tives of this study were: (1) to evaluate the extent to which

partner beliefs about viral suppression correspond with

objective biomarkers of viral load from blood tests; (2) to

assess whether the accuracy of partner beliefs about viral

suppression changes over time; (3) to identify which rela-

tionship dynamics may affect the accuracy of beliefs about

a partner’s viral suppression; and (4) to determine whether

associations between relationship dynamics and accurate

beliefs about a partner’s viral suppression depends on

couple HIV status.

Methods

Study Procedures

The data come from the ‘‘Duo Project’’, which is a longi-

tudinal study on same-sex male couples with at least one

partner who is HIV-positive and on an acknowledged ART

regimen. Data collection spanned 2 years for each couple,

starting in January 2009. Participants were recruited from

the San Francisco Bay Area in the United States (US) using

passive recruitment strategies and participant and provider

referrals. Flyers were posted in clinics, community bulletin

boards, AIDS service organizations, and at other commu-

nity-based organizations. Media ads were placed in publi-

cations targeting HIV-positive and gay/bisexual men.

Interested participants could contact study staff for more

information on the study. Male couples were eligible for

the study if the couple met the following criteria: (1) in a

primary relationship, which was defined as ‘‘currently (for

at least 3 months) in a relationship with someone you feel

committed to above anyone else and with whom you have

had a sexual relationship’’; (2) at least 18 years old; (3)

born male and currently identify as male; (4) has at least

one partner who is HIV-positive and on an acknowledged

ART regimen for at least 30 days; (5) English-speaking;

and (6) able and willing to provide informed consent.

Each partner was screened separately over the phone to

assess eligibility and if both partners were eligible, couples

were scheduled for an in-person interview at the study

research center. Both partners were required to attend the

assessment appointments together, however, they were

separated during data collection. Data were collected using

a combination of Computer Assisted Personal Interviewing

(CAPI) and Audio Computer Assisted Self Interviewing

(ACASI) methods, which optimize data integrity through

the reduction of data entry errors while minimizing the

effects of social desirability bias [39]. Couples were asked

to participate in a total of five assessments, occurring every

6 months. At each assessment, participants were asked

about relationship dynamics (e.g., commitment, satisfac-

tion, intimacy) and perceptions of their partner’s viral load.

All HIV-positive participants had blood drawn for viral

load tests at baseline, 12-, and 24-months.

Ethical approval was obtained from the Committee on

Human Research at the University of California, San

Francisco. Written informed consent was obtained from

all participants. Each partner of the couple was paid US

$50 for each survey completed and HIV-positive partici-

pants were paid an additional $10 for providing a blood

sample.

Measures

Background and Control Variables

Given the literature on couples and HIV [32, 38], we

controlled for the following relationship factors as potential

confounders: cohabitation status, relationship length, and

couple HIV status. For example, it is possible that couples

who are together longer might have more positive rela-

tionship dynamics and may also have better knowledge

about their partner’s HIV health information—which could

confound the association between relationship dynamics

and accurate beliefs about a partner’s viral suppression.

Relationship length was assessed by asking participants,

‘‘How long have you and your partner been together as a

couple?’’ (calculated in months). We computed the average

relationship length using both partners’ accounts. Cohabi-

tation status was a binary variable assessed by the partic-

ipants, ‘‘Are you currently living with your partner?’’ (yes/

no). Couple HIV status was a binary variable computed

using self-reported HIV status from both partners (discor-

dant/concordant). Because HIV-negative men did not have

confirmatory HIV tests performed, we relied on self-re-

ported HIV status to compute couple HIV status (HIV-

positive men’s HIV status was directly confirmed through

ART verification and indirectly confirmed via viral load

testing).

Explanatory Variables (Relationship Dynamics)

We used validated scales to capture six relationship factors:

relationship satisfaction, dyadic adjustment, relationship
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commitment, intimacy, equality, and constructive com-

munication. Coefficient alphas were computed for the

baseline sample of 407 HIV-positive men with viral load

information. For all scales, higher scores indicate more

positive relationship dynamics. Relationship satisfaction

was measured using the 4-item Couples Satisfaction Index

[40]. Men were asked their level of agreement with

statements such as ‘‘I have a warm and comfortable rela-

tionship with my partner’’ (a = 0.93). Response options

ranged from 0 (not true at all) to 5 (completely true).

Dyadic adjustment was measured using the 6-item Dyadic

Adjustment Scale [41, 42], which taps into perceptions of

how well things are going in the relationship and how

often the partners confide in each other, laugh together,

and calmly discuss matters. Men were asked questions

such as: ‘‘In general, how often do you think that things

between you and your partner are going well?’’

(a = 0.83). Response options ranged from 0 (never) to 5

(all of the time). Relationship commitment, intimacy, and

equality were assessed with an adapted set of scales from

Kurdek’s work with couples [43]. Relationship commit-

ment was a 4-item scale consisting of statements such as

‘‘I am committed to maintaining my relationship with my

partner’’. Response options ranged from 1 (not at all true)

to 9 (extremely true) (a = 0.95). Intimacy was a 6-item

scale consisting of statements such as ‘‘I spend as much

time as possible with my partner’’ (a = 0.72). Response

options ranged from 0 (not at all true) to 9 (extremely

true). Equality was an 8-item scale consisting of state-

ments such as ‘‘My partner and I have equal power in the

relationship’’ (a = 0.92). Response options ranged from 0

(not at all true) to 9 (extremely true). Constructive com-

munication was measured using the 5-item constructive

communication subscale of the Communications Patterns

Questionnaire [44]. Men were asked their level of

agreement with statements such as ‘‘When a problem or

issue arises, both of us try to discuss the problem’’

(a = 0.74). Response options ranged from 1 (very unli-

kely) to 9 (very likely).

For each explanatory variable, we computed the couple-

level means and differences to separately estimate

between-couple and within-couple effects and to reduce

bias that would otherwise occur if we were to assume these

two effects were equivalent for a given explanatory vari-

able [45, 46]. In particular, couple-level differences were

computed using the absolute value of the difference

between both partners’ scores. We hypothesized that a

greater difference between partners (regardless of which

partner has a higher/lower value) would be negatively

associated with accurate beliefs about a partner’s viral

suppression and that a higher couple-level mean would be

positively associated with accurate beliefs about a partner’s

viral suppression.

Dependent Variable (Accurate Partner Beliefs About Viral

Suppression)

HIV RNA viral load tests were performed using the

COBAS� AmpliPrep/COBAS� TaqMan� HIV test kit

(Roche Molecular Systems, Inc.), which has a threshold for

undetectability of B48 copies/ml. Viral suppression was

dichotomized as detectable versus undetectable using this

cutoff value. A binary variable was used to capture accu-

rate partner beliefs about viral suppression using viral load

tests and partner reports. Partner reports were captured with

the question, ‘‘Was your partner’s last viral load

detectable or undetectable?’’ Response options included:

detectable, undetectable, or refuse to answer. Very few

men refused to answer the question. If the blood test

indicated the participant was virally suppressed and their

partner reported they had an undetectable viral load, ac-

curate partner beliefs was coded as ‘‘1’’. Similarly, if the

blood test indicated that the participant was not virally

suppressed and their partner reported that they had a

detectable viral load, accurate partner beliefs was coded as

a ‘‘1’’. If blood test results and partner reports did not

match, accurate partner beliefs was coded as ‘‘0’’.

Data Analysis

One-way frequency tables and measures of central ten-

dency were generated to characterize the sample at base-

line. For the main analysis, we used a hierarchical

modeling approach. The data structure was hierarchical at

three levels: time (level 1), within individuals (level 2), and

within couples (level 3). Starting with the couple-level, we

computed the Intraclass Correlation Coefficient (ICC) for

each relationship dynamic to assess the degree of similarity

between the two dyad members. ICCs can also be used to

further justify the use of a multi-level approach with

hierarchical data. The value ranges from 0 to 1, with a

higher ICC indicating that individuals within dyads are

more similar in their relationship dynamic than any other

two individuals in the study [47]. The ICC was computed

using a one-way ANOVA with the couple identifier as the

grouping variable. The ICCs were non-zero and statisti-

cally significant with the exception of commitment, which

was marginally significant (p = 0.059). Overall, the value

and significance of the ICCs (shown in Table 1) indicated

the presence of shared variance at the couple-level and

justified the use of a multi-level model to account for

dyadic clustering.

Moving on to the longitudinal structure of the dyadic

data, we tested for associations between six continuous

explanatory variables (satisfaction, dyadic adjustment,

commitment, intimacy, equality, and constructive com-

munication) and the binary outcome of accurate partner
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beliefs. We used random effects models to investigate the

accuracy of partner beliefs over time. In comparison to

standard regression, random effects models allow for the

inclusion of one or more random effects to quantify the

within-individual variability across repeated measurements

[48]. Random effects can include random intercepts, which

estimate the variability in individuals’ initial beliefs about

a partner’s viral suppression, and random slopes, which

estimate the variability of individuals’ trajectories of

beliefs about a partner’s viral suppression over time. While

it is feasible to have a random slope for individuals nested

within visits (level 2), the random slopes for the couple-

level (level 3) are constrained to be equal across all dyads.

Dyads do not have enough lower-level units (i.e., dyad

members) to allow the slopes to vary from dyad to dyad

[47].

To aid in model selection, we fit two sets of models for

each of the six explanatory variables: (1) models with a

random slope for individuals across time and separate

random intercepts for the couple-level and individual-level;

(2) models with random intercepts only (no random

slopes). The models were fit using multilevel mixed effects

logistic regression, which included the couple-level means

and differences for the explanatory variable, and the visit

number (as a proxy for time). We computed AIC and BIC

statistics for the two sets of models (random intercept plus

slopes vs. random intercept-only) for each of the six

explanatory variables and examined the differences in

values. All six models that included the random slope for

time produced higher AIC and BIC statistics, indicating

poorer model fit in the Stata software program and a

preference for the intercept-only models [49]. Therefore,

the final models included only random intercepts for the

couple-level and individual-level. The visit number (time)

was entered as a fixed effect in all models. For the bivariate

models, we fit six separate models for each relationship

dynamic by including couple-level means and differences

and the fixed effect for time. For the adjusted models, we

included 12 explanatory variables (couple-level means and

differences corresponding to the six relationship dynam-

ics), a fixed effect for time, and three potential confounding

variables (relationship length, cohabitation, and couple

HIV status). All models were fit in Stata 13.1 using the

melogit command with robust standard errors clustering on

the couple identifier.

Prior to fitting the final models, we evaluated whether

accurate beliefs about a partner’s viral suppression differed

by couple HIV status—as these differences could have

implications for HIV prevention. We fit a model with 12

explanatory variables (couple-level means and differ-

ences), a fixed effect for time, a main effect for couple HIV

status, and 12 interaction terms between each explanatory

variable and couple HIV status. Then we performed a

global test of association for the interaction terms using the

Wald test [50]. Because there was no evidence of any

significant interactions (v2(12) = 12.62; p = 0.397), we

presented the results for the main effects model only.

Additional checks were performed to evaluate multi-

collinearity among all predictor variables and the level of

missing data at baseline, 12-, and 24-months. The variance

inflation factor (VIF) for all variables was well below the

recommended cutoff of 10 [51], indicating that multi-

collinearity was not an issue. There was no missing data on

any explanatory or control variables for those who partic-

ipated in each study visits. Only a few HIV-positive men

Table 1 Baseline characteristics of 407 HIV-positive men with viral

load tests from the Duo Project

Variable %, Mean (SD)

Demographic characteristics

Age (years) 45.5 (10.0)

Race

Black 17.7

White 54.1

Other 28.2

Latino ethnicity 18.9

Income level (per year)

\$10,000 23.3

$10,000–19,999 30.7

$20,000–29,999 10.8

[$30,000 35.2

Employed 42.3

Relationship characteristics

Living together 79.9

Relationship duration (years) 6.3 (6.5)

Seroconcordant positive 71.5

Both on ART 53.8

Relationship dynamics Within-couple

mean (SD)

Within-couple

difference (SD)

ICC

Relationship

satisfaction (range

0–5)

3.7 (0.9) 0.9 (0.8) 0.40*

Closeness (dyadic

adjustment) (range

0–6)

3.7 (0.7) 0.7 (0.6) 0.35*

Commitment (range

1–9)

8.0 (1.2) 1.2 (1.6) 0.15�

Intimacy (range 1–9) 6.3 (1.1) 1.4 (1.2) 0.25*

Equality (range 1–9) 7.0 (1.4) 1.4 (1.3) 0.35*

Constructive

communication (range

1–9)

5.1 (0.6) 0.8 (0.7) 0.37*

ICC intraclass correlation coefficient
� p\ 0.10; *p\ 0.05
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had missing viral load information because they did not

receive a blood draw (for example, at baseline, 5 partici-

pants had missing viral loads). There were missing data for

the outcome across time due to attrition (see sample sizes

in Table 2); however, one of the advantages of a multilevel

approach with estimation performed via maximum likeli-

hood is the ability to handle unbalanced data by using all

available data in the analysis under the missing at random

(MAR) assumption [52].

Results

Of the 532 men who participated in the study at baseline,

a subset of HIV-positive men (407 men nested within 266

couples) supplied outcome data by having a viral load test

result available to compare against their partner’s per-

ception. Characteristics of the full baseline sample of 532

men are presented elsewhere [53]. For the 407 HIV-

positive men in our analysis, the majority were on ART at

baseline (91 %). The men were, on average, middle-aged

(mean = 45.5 years; SD = 10.0), and many were white

(54.1 %) and non-Latino (81.1 %) (see Table 1). The men

had relatively low levels of income (64.8 % had an

annual income of less than $30,000), which may reflect

high unemployment rates in the sample (57.7 %). The

majority of men were living with their partner (79.9 %)

and had been together on average for 6.3 years

(SD = 6.5; range: 3 months–33 years). Most men were in

an HIV-positive seroconcordant relationship (71.5 %) and

in approximately half of the couples, both partners were

on ART (53.8 %). For the six relationship dynamics, the

within-couple means and differences are presented in

Table 1.

Table 2 presents the descriptive statistics for the viral

load test results, partner beliefs about viral load, and

accurate partner beliefs across the three study visits. For

the sample of 407 HIV-positive men, rates of viral sup-

pression (as measured by blood tests) were relatively

constant across time—with approximately 50 % of the

sample being virally suppressed. Partners of the HIV-pos-

itive men were more likely to believe the men were virally

suppressed, which also increased over time (from 74.2 % at

baseline to 89.7 % at the 24-month visit). Thus, using both

viral load test results and partner beliefs to measure ac-

curate partner beliefs, the results show a steady decrease in

accuracy over time (from 60.0 % at baseline to 53.6 % at

the 24-month visit; see Fig. 1 and Table 3). Among the

men who were incorrect about their partner’s viral sup-

pression at baseline, 80.4 % of these men had assumed

their partner was virally suppressed when they were not.

The incorrect belief that a partner was virally suppressed

became more prevalent over time with 93.4 % of men

incorrectly assuming their partner was virally suppressed at

the 24-month visit.

Table 2 also presents the corresponding results for HIV-

positive men with viral load tests who were in HIV-posi-

tive seroconcordant and serodiscordant relationships. At

baseline, rates of viral suppression were higher among the

men in serodiscordant than HIV-positive seroconcordant

relationships (45.0 vs. 62.1 %; F(1, 262) = 9.2; p\ 0.01).

However, this difference was attenuated over time such

Table 2 Viral load test results, partner beliefs, and accurate partner beliefs about viral suppression at three study visits of the Duo Project

Visit 1 Visit 2 Visit 3

Total sample (N) 407 319 263

Virally suppressed (blood test) (%) 49.9 51.1 49.4

Virally suppressed (partner belief) (%) 74.2 84.9 89.7

Accurate partner belief about viral suppression (%) 60.0 55.5 53.6

For those who were inaccurate, did they believe partner was unsuppressed? (%) 80.4 88.0 93.4

Seroconcordant couples (N) 291 227 192

Virally suppressed (blood test) (%) 45.0 48.9 49.0

Virally suppressed (partner belief) (%) 72.9 84.1 90.1

Accurate partner belief about viral suppression (%) 59.8 53.3 54.7

For those who were inaccurate, did they believe partner was unsuppressed? (%) 84.6 87.7 95.4

Serodiscordant couples (N) 116 92 71

Virally suppressed (blood test) (%) 62.1 56.5 50.7

Virally suppressed (partner belief) (%) 77.6 87.0 88.7

Accurate partner belief about viral suppression (%) 60.3 60.9 50.7

For those who were inaccurate, did they believe partner was unsuppressed? (%) 69.6 88.9 88.6
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that by the 24-month visit, the rates of viral suppression

between the two groups were essentially the same (49.0 vs.

50.7 %; F(1, 169) = 0.06; p = 0.809). HIV-negative

partners in serodiscordant relationships were not any more

or less likely to believe their partners were virally sup-

pressed—at any visit—as compared to HIV-positive part-

ners in seroconcordant relationships (see Table 2 for

percentages; all F-statistics indicated non-significant dif-

ferences between the two groups).

To assess whether accurate partner beliefs changed over

time, we included a fixed effect for time in the multilevel

mixed effects regression models. In line with the down-

ward trend shown in Fig. 1, the bivariate multilevel

regression models showed that the odds of correctly

assessing a partner’s viral suppression decreased by 17 %

over time (OR = 0.83; 95 % CI 0.69–0.99; p = 0.042; see

Table 3). When the fixed effect of time was included in

each of the six bivariate models for each relationship

dynamic, the ORs for the fixed effect of time ranged from

0.81-0.83 and were all statistically significant at the

p\ 0.05 level (results not shown in tables for sake of

brevity). This association held after controlling for other

variables in the multivariate model (AOR = 0.79; 95 % CI

0.66–0.96; p = 0.016).

We hypothesized that positive relationship dynamics

would be positively associated with accurate partner beliefs

and conversely, greater discrepancies between partners on

these relationship dynamics would be negatively associated

with accurate partner beliefs. The multilevel mixed effects

regression results for the bivariate analysis showed that

greater couple-level differences in dyadic adjustment

(OR = 0.66; 95 % CI 0.50–0.87; p\ 0.01) and commit-

ment (OR = 0.82; 95 % CI 0.70–0.97; p = 0.022) were

associated with a decreased odds of having accurate partner

60%  
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55.5% 
(N=319) 

53.6% 
(N=263) 

Baseline visit 12-month visit 24-month visit

%
 o
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es
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Fig. 1 Percentage of HIV-positive men with partners who had

accurate beliefs about their viral suppression over three study visits of

the Duo Project

Table 3 Odds ratios and 95 %

CIs from multilevel mixed

effects logistic regression

models predicting accurate

partner beliefs about viral

suppression (N = 412

individuals; 265 couples; 989

observations)

Predictor variable OR 95 % CI p AOR 95 % CI p

Fixed effect for time 0.83 0.69–0.99* 0.042 0.79 0.66–0.96* 0.016

Confounding variables (adjusted models only)

Relationship duration – – – 1.00 1.00–1.01� 0.079

Cohabitation – – – 1.14 0.74–1.75 0.562

Couple HIV status – – – 0.98 0.65–1.47 0.912

Relationship dynamics (couple-level means)

Relationship satisfaction 1.01 0.84–1.23 0.908 1.36 0.84–2.20 0.216

Dyadic adjustment 0.91 0.72–1.16 0.461 0.84 0.49–1.44 0.532

Commitment 0.87 0.74–1.02� 0.081 0.80 0.63–1.01� 0.062

Intimacy 1.03 0.90–1.18 0.681 1.09 0.91–1.31 0.385

Equality 0.92 0.80–1.05 0.218 0.80 0.62–1.01� 0.065

Constructive communication 1.00 0.88–1.15 0.948 1.12 0.91–1.39 0.281

Relationship dynamics (couple-level differences)

Relationship satisfaction 0.85 0.67–1.07 0.169 1.05 0.78–1.42 0.736

Dyadic adjustment 0.66 0.50–0.87** 0.003 0.69 0.49–0.98* 0.038

Commitment 0.82 0.70–0.97* 0.022 0.87 0.73–1.04 0.125

Intimacy 0.99 0.85–1.14 0.852 1.08 0.91–1.31 0.385

Equality 0.88 0.75–1.04 0.128 0.94 0.78–1.11 0.447

Constructive communication 0.96 0.82–1.13 0.663 1.08 0.90–1.28 0.417

Six bivariate models were fit for each relationship dynamic by including couple-level mean and differences,

and a fixed effect for time. A single multivariate model was fit for all variables listed

OR odds ratio, AOR adjusted odds ratio, CI confidence interval
� p\ 0.10; * p\ 0.05; ** p\ 0.01; *** p\ 0.001
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beliefs (Table 3). After controlling for other variables, the

association for couple-level differences in dyadic adjust-

ment remained statistically significant and negatively asso-

ciated with accurate partner beliefs (AOR = 0.69; 95 % CI

0.49–0.98; p = 0.038). Relationship length, cohabitation,

and couple HIV status were not significantly associated with

accurate partner beliefs in the multivariate model.

Discussion

While knowledge of a partner’s viral load status is

important for HIV-risk reduction and for social support for

HIV care and treatment, it remains unclear whether partner

beliefs about viral suppression are accurate. To our

knowledge, the present study is the first to address this

issue. First, we found that primary partners were frequently

inaccurate, with a tendency to overestimate that their

partner was virally suppressed. More importantly, when

partners were inaccurate, the majority (around 80 % at

baseline) assumed their partner was virally suppressed

when they were not. We also found that accuracy about a

partner’s viral suppression declined over the 2-year follow-

up period. Together, these findings highlight the critical

need for couple-based interventions to increase accurate

partner knowledge about viral suppression.

Several explanations for these findings are possible.

HIV-positive men may disclose their viral load status early

on in the relationship while developing positive relation-

ship dynamics and negotiating sexual risk reduction prac-

tices, but not revisit these discussions later after trust and

commitment have been established. While the net change

in viral suppression for the entire sample was negligible,

intra-individual change was relatively common. From

baseline to the 12-month follow-up visit, 119 out of 407

men had a change in viral load status (approximately half

of the 119 men went from unsuppressed to suppressed).

From the 12- to 24-month follow-up visit, an additional 43

men had a change in viral load status. If these changes were

not re-communicated to partners, it is understandable that

partners could report outdated information. It is also pos-

sible that sexual activity with a primary partner changed

(e.g., not having sex) such that it was not necessary to re-

assess or communicate about a partner’s viral load. Other

longitudinal research on gay couples has found that CAI

decreases over time, which may be attributed, in part, to

decreases in sexual frequency as the relationship continues

[32]. Finally, optimistic beliefs about ART may also lead

partners to overestimate the likelihood of a partner’s viral

suppression as a function of their time spent on ART—a

process that may be best labeled as ‘‘viral guessing’’ rather

than ‘‘viral sorting’’. Several studies have shown that

people living with HIV often hold optimistic beliefs that

ART reduces the risk of HIV transmission [54, 55] and

such beliefs have been linked to engaging in condomless

sex with HIV-negative or unknown status partners [55].

Future studies are needed to investigate the sources of error

on both sides of the dyadic interaction, which could be

used to tailor couple-based intervention efforts aimed at

reducing HIV transmission risk with primary and casual

partners.

We also found that couples with greater within-couple

differences in dyadic adjustment and commitment had

lower odds of accurate beliefs about partner viral sup-

pression. In accordance with interdependence theory,

effective communal coping strategies occur when couples

hold congruent health beliefs and goals [29]. While we did

not find any associations between constructive communi-

cation and beliefs about viral suppression, it stands to

reason that incongruence between partners’ in their per-

ceptions of relationship quality may be indicative of

communication difficulties about health-related issues.

Alternatively, couples members who hold incongruent

perceptions of relationship quality may be less invested in

the process of viral sorting; and therefore, partners may be

more likely to possess inaccurate knowledge about viral

suppression. Thus, future research is warranted to better

understand whether and how partner communication is

associated with partner beliefs about viral suppression.

Finally, while we expected that HIV-negative partners

would have more accurate beliefs about their partner’s viral

suppression because of the risk for HIV, we did not find

differences by couple HIV serostatus. These findings sug-

gest that associations between discrepancies in relationship

dynamics and accurate beliefs about partner viral sup-

pression exist for all of these couples, regardless of couple

HIV serostatus. While HIV-negative men may be moti-

vated by protection, they may be equally motivated by

concerns for their partner’s health—at levels similar to men

in HIV-positive seroconcordant relationships. Another

explanation for a lack of difference by couple HIV status

may relate to the type of partnerships studied. In primary

partnerships, both partners may be more comfortable with

their couple HIV status if they are in longer term, more

committed relationships as compared to other types of

relationships (e.g., casual partnerships). Qualitative

research on gay couples in the US illustrates that HIV

serodiscordant couples often come up with an accept-

able level of risk based on the underlying dynamics of their

relationships such as trust and feeling safe [56]. Because

our sample consisted of men in primary partnerships with

high levels of commitment, the majority of whom lived

together and had been together for years, couple serostatus

may play less of a role in risk-reduction practices such as

viral sorting. Viral sorting is also likely to be one of many

HIV risk-reduction strategies used by MSM male couples,
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and there may be subtle differences between serodiscordant

and seroconcordant couples regarding the number and

types of risk-reduction strategies employed [5].

To the contrary, we might expect that HIV-positive

partners in seroconcordant relationships would hold more

accurate beliefs about each other’s viral suppression,

compared to partners in serodiscordant relationships, so

that they can jointly monitor and support each other with

regards to healthy living [57, 58]. If the threat of HIV is

perceived as greater in HIV concordant positive couples,

interdependence theory [29] would suggest that partners

would be more likely to undergo a transformation of

motivation and engage in communal coping around HIV

infection and ART adherence support. HIV-positive part-

ners may also be better able to understand and communi-

cate about their viral load because it is within their own

direct experience. However, we did not find higher levels

of accurate beliefs among these men. It is possible that the

lack of differences in accurate beliefs by couple HIV status

is attributed to a combination of both shared and divergent

motivations for knowing a partner’s viral load. Future

qualitative studies are needed to characterize the range of

motivations for engaging in viral sorting, under which

scenarios these practices are employed, and how partner

type may shape the frequency and priority given to viral

sorting.

Several limitations are noteworthy. First, because this

was a study on primary partners from the San Francisco

Bay Area, we cannot generalize to other types of couples,

contexts, and geographic regions. The relatively high

prevalence of inaccurate beliefs in this study comes from a

sample of men in primary relationships in which levels of

communication, trust, and disclosure about private health

information may be higher than for other types of couples

(e.g., casual sexual relationships). For example, a study

among MSM engaged in three types of partnerships with

varying degrees of commitment (one-night stands, multi-

ple-time sexual partners, and regular sex buddies) found

that men reported more serosorting with regular sex bud-

dies than with casual partners such as one-night stands

[59]. If the frequency of viral sorting is lower among men

in non-committed relationships, these men may be even

less accurate about their sexual partner’s viral suppression

and may be at higher risk for HIV infection (although this

risk may be offset by generally lower levels of CAI with

casual or secondary partners [34, 60] and for those who do

engage in CAI, they may be aware of their partner’s viral

suppression). Despite this, we believe our findings are

relevant to many gay men. Other US-based studies have

found that primary partnerships are common among gay

men [61, 62]. Further, research shows that HIV transmis-

sion among MSM is most likely to occur from primary sex

partners as compared to casual-type partners [62].

Second, this was a longitudinal study and therefore

participant loss-to-follow up could be a concern if those

who participated were different from those who did not.

For example, the results could be biased by the increased

participation of higher-functioning couples who stayed

together over the study period—which has been noted as a

limitation in other couples studies on primary relationships

[15, 63]. However, our modeling approach was robust

enough to account for missing data under the relatively

mild MAR assumption and made use of all data available

from participants at each visit, which would enhance

generalizability. Third, one explanation for the tendency of

partners to overestimate their partner’s viral suppression

may relate to the belief that taking ART and having an

undetectable viral load are synonymous. Because the index

partner was required to be on ART for this study, we

cannot assess partner beliefs about viral suppression among

men who are not on ART. Future qualitative research is

needed to understand how these beliefs are formulated and

the reasons for inaccurate beliefs within couples. Fourth,

we would like to note a lack of specificity in the survey

question on partner beliefs about viral load. Partners could

refuse to answer the question, but could not indicate if they

were uncertain about a partner’s viral load and therefore

those who did not know the results of their partner’s last

viral load test may have been more inclined to guess. We

cannot assess the extent to which the men were told/knew a

partner’s viral load test results versus those who did not

know and guessed, which may partially explain the dis-

crepancy found between viral load tests and partner beliefs.

Fifth, our analysis also used the criteria of 48 copies/ml as

a cutoff value for viral suppression (the level of detection

for the assay used). In clinical practice, recent changes to

definitions of viral suppression and virologic failure have

prompted clinicians to use the less stringent criteria of

200 copies/ml [64, 65]. If HIV-positive men were told their

viral status based on the higher cutoff value and commu-

nicated this to their partners, it is possible that this may

explain, in part, the differences between the viral load test

results and partner perceptions. However, when we looked

at the distribution of values for the viral load data at

baseline, only 10 % of men had a viral load within the

range of 50-200 copies/ml and could have been misclas-

sified in the worst-case scenario. Sixth, while we did not

find any differences by couple HIV status, there is the

possibility that we may have had limited power to detect a

significant interaction due to differences in the group sizes

for the two types of couples. Future studies with larger,

equally weighted samples of seroconcordant and discordant

men should attempt to replicate our findings.

Finally, it is important to point that the data from this

paper were collected prior to the implementation of

Treatment as Prevention (TasP) as policy in San Francisco
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[66] and therefore these issues could play out differently

within couples today. As of 2013, an estimated 72 % of

people living with HIV in San Francisco were virally

suppressed [67] and the time to viral suppression among

newly diagnosed San Franciscans decreased significantly

following the adoption of universal ART in 2010 [68].

While Duo participants were recruited throughout the

greater San Francisco Bay Area, including areas that have

not implemented a TasP approach, the study population

may be more likely to be virally suppressed today—sur-

passing the 50 % viral suppression rate we found and more

in line with what their partners believed (upwards of 73 %

believed that their partners were suppressed). In addition,

partners may be more likely to believe their partners are

suppressed due to a heightened awareness of TasP and viral

suppression. Thus, discrepancies between actual partner

viral load and partner perceptions may be less pronounced

if the study was conducted today.

Limitations aside, the main strengths of this paper

include the use of longitudinal dyadic data allowing for

temporal assessment of beliefs and the application of

objective biomarkers of viral load to compare with sub-

jective partner beliefs. We highlight several important

implications of the findings for HIV programming with gay

men in primary partnerships. As HIV treatment gains

momentum as an effective form of biomedical prevention

[69], it will be critical to ensure that couples have the

correct and up-to-date biomedical knowledge to effectively

incorporate these messages into their toolbox of HIV risk-

reduction strategies. For example, both partners need to be

informed that viral load is subject to change over time and

thus viral sorting is not a foolproof strategy in the absence

of regular viral load testing. The findings also raise con-

cerns about potential untapped social support within pri-

mary partnerships among men who incorrectly assume

their partners are virally suppressed, which could be har-

nessed to improve medication adherence and treatment

outcomes. Couples-based interventions that encourage

viral sorting through routine disclosure of viral status and

also build the necessary communication skills within cou-

ples will help to minimize viral-guessing practices that may

be less effective at preventing HIV. Involving partners in

other aspects of HIV care such as couples testing for HIV

and in treatment literacy classes may help to generate an

increased understanding of viral load information and

awareness about a partner’s viral status. Further, couples-

based interventions that foster positive relationship

dynamics to reduce discrepancies in relationship dynamics

such as dyadic adjustment and commitment may provide a

pathway to encourage effective communal coping around

ART support. Such behavioral interventions for couples

have been shown to be relatively efficacious at addressing

other HIV-related outcomes such as sexual risk [70] and

could be further adopted to target couple communication

around HIV-related health information such as viral load.
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