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Sex, Drugs, and Viral Load: Novel Epidemiologic Methods in HIV Research 

Abstract 

Substance use is highly prevalent among people living with HIV. Although substance use and its 

association with condom use and HIV viral load have been well-documented in people living with HIV, 

these associations may be explained by a number of co-occurring conditions including mental health 

conditions, poor medication adherence, or general health-seeking behaviors. We used two novel 

approaches to address the substantial confounding expected to affect these relationships. In analyzing 

the effect of substance use immediately prior to sex on condom use, we focused on young adults living 

with perinatally-acquired HIV. We also examined sexual reporting agreement and inconsistencies over 

time to determine reliability of self-report in this population of adolescents and young adults.  

In Chapter 1, we examined reliability of oral, vaginal, and anal sex reporting in adolescents and 

young adults living with perinatally-acquired HIV and those perinatally HIV-exposed and uninfected in the 

Pediatric HIV/AIDS Cohort Study (PHACS) Adolescent Master Protocol (AMP) and AMP Up. We also 

assessed associations of inconsistent reports with several demographic and health measures. Young 

adults who reported having sex in adolescence had a much higher proportion of inconsistent responses 

for anal sex compared to vaginal and oral sex measures. In bivariate analyses, there was no significant 

difference in inconsistent reporting between young adults living with perinatally-acquired HIV and those 

perinatally HIV-exposed and uninfected. Living in the South and younger age at first survey were 

associated with multiple measures of inconsistency, while increased time between survey administrations 

and male sex were associated with inconsistent report of age at first vaginal sex.  

In Chapter 2, we employed a case-crossover approach, a case-only design in which each 

individual is compared with him/herself, to determine if there is an effect of alcohol or drug use by young 

adults living with perinatally-acquired HIV or their partners on having condomless sex. All sexually active 

participants in the PHACS AMP Up protocol were asked in annual online surveys to recall the most recent 

time they had vaginal sex with a condom (control period) and without a condom (case period). Information 

about substance use as well as situational confounders (i.e., factors that vary between sexual 
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encounters) immediately prior to sex was obtained. Among inconsistent condom users, substance use by 

a young adult living with perinatally-acquired HIV or their partner increased the odds of having 

condomless sex versus sex with a condom and may be a prime target for interventions to increase 

condom use in this population. 

In Chapter 3, we estimated individual and joint effects in women living with HIV of hypothetical 

alcohol and smoking avoidance and ART medication adherence interventions sustained over three years 

on prevalence of detectable HIV viral load at the end of follow-up. Our estimates can be interpreted as 

arising from a randomized trial in which participants were randomly assigned and adhered to the specified 

substance use interventions. Among women living with HIV in the Women’s Interagency HIV Study 

(WIHS), our estimates do not provide evidence that three-year interventions targeting alcohol use or 

cigarette smoking alone would decrease prevalence of detectable viral load. 
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INTRODUCTION 

Stakeholders, including policymakers, program directors, and researchers, use data on the prevalence of 

sexual behavior to monitor trends, identify target populations, set program priorities and advocate for 

support. One inherent limitation of these data is that sexual behavior history is almost always measured 

through self-report, which can be subject to many forms of bias. For instance, a question’s intent may be 

unclear and misunderstood, or the question may be subject to social-desirability bias, where the 

respondent wants to ‘look good,’ even if the survey is anonymous. Failure to reliably assess self-reported 

sexual behaviors can lead to significant errors in research on sexual health as well as policy creation and 

implementation. 

Among adolescents, inconsistencies in self-reported sexual behaviors are well documented.1,2 

Adolescents may purposely underreport or overreport some behaviors if they believe engaging in these 

behaviors is socially undesirable or desirable, respectively. Cognitive demands associated with recalling 

past behaviors and poor comprehension of survey questions, inattentiveness, and lack of motivation may 

also threaten reliability of self-report. 

In the absence of precise biomarkers that can serve as gold standards to evaluate the accuracy of self-

reported sexual behavior, many studies have evaluated methods of testing reliability and validity. To 

assess the validity of self-report, researchers have used the presence of biomarkers of vaginal exposure 

to semen such as the presence of sperm, prostate-specific antigen, or Y chromosome in vaginal fluids.3-5 

These measures are relevant for evaluation of very recent condomless sexual intercourse in women only 

and may not be relevant in most epidemiological studies where long-term exposure and variety of 

exposures are of interest.6 Other methods include corroboration of partner reports7 of sexual behavior 

and the use of sexual diaries.8 Partner report of sexual behavior may be influenced by the nature of the 

relationship between partners and jeopardizes confidentiality. The use of sexual diaries facilitates long-

term recall of behavior, but the act of recording behaviors may alter the behavior itself. Daily diaries also 

are burdensome on research participants and may lead to high attrition rates, non-compliance, and recall 

bias. 
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Test–retest reliability, which assesses the stability of responses to questionnaires over time, is a pre-

requisite for validity. Findings from several studies on self-reported sexual behavior test-retest reliability 

among American adolescents have varied. For dichotomous items, kappa reliability estimates have 

ranged anywhere from 0.40 to 0.90.9-11 Continuous outcome measures have often performed poorly, 

particularly the frequency of sexual intercourse.9,12 Adolescents also retract earlier-reported behaviors, for 

instance, initially reporting sexual activity and subsequently reporting to never have engaged in the 

behavior. This is a logical inconsistency given the respondent was incorrect in at least one of the two 

surveys.13 An analysis of two waves of the National Longitudinal Study of Adolescent Health found that 

11% of adolescents reclaimed virginity status (i.e., by reporting sex in one survey and subsequently 

denying having sex in the second survey), while only 22% reported the same month and year of age at 

first sex.14 Somewhat better consistency has been demonstrated when timing of sexual initiation is 

reported as age in years, though results from these studies in adolescents have found varying levels of 

consistency in self-reported age at first sex, suggesting that recall may vary across populations and 

survey design.15-17 

Several studies have identified factors associated with inconsistent reporting, including survey design, 

interview modality, and setting, as well as participant characteristics such as age, sex, race and ethnicity, 

living in a single-parent family, HIV status, knowledge about sexually transmitted infections and 

perception of peer norms.2,17,18 Research has shown that adolescents who take a virginity pledge or 

become born-again Christians are more likely to retract earlier reports of sex.19 Studies generally have 

indicated that high-frequency sexual behaviors are reported less consistently than low-frequency sexual 

behaviors, because respondents who engage in a behavior frequently are less likely to remember specific 

instances.16 However, when adolescents report infrequent behaviors, they often retract those behaviors 

later on.20 For instance, if a person had anal sex only once a decade earlier, they may not consider 

themselves to be the type of person who has anal sex. They would then report never having anal sex, 

rendering their report an indicator of whether they currently have anal sex as opposed to actual anal sex 

history.  

Since self-report of sexual behavior may be subject to social desirability bias, which may differ by age, 

sex, and cultural norms, it is important to evaluate reliability in the context of research in HIV-affected 
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adolescents. In 24 states, laws require those who are aware that they have HIV to disclose their status to 

sexual partners. Twenty-five states criminalize behaviors that pose a low or negligible risk for HIV 

transmission.21 Participant knowledge of such laws, or feelings of stigma related to their diagnosis, may 

lead to greater inconsistency in sexual reporting compared to the general US adolescent population. 

Among adolescents living with perinatally-acquired HIV (PHIV) and those perinatally HIV-exposed, 

uninfected (PHEU) in the United States, we aim to examine reporting agreement of oral, vaginal and anal 

sex over time. We also consider associations of inconsistent reports with several demographic, health 

and psychosocial measures. Understanding factors associated with inconsistent responses may help 

identify areas for improvement of questionnaires in this population and inform policymakers of the 

precision of sexual behavior prevalence estimates.  

 

METHODS 

Study participants 

The Pediatric HIV/AIDS Cohort Study (PHACS) Adolescent Master Protocol (AMP) is a prospective 

cohort study following pre-adolescents and adolescents with perinatal HIV infection. Eligibility criteria 

included perinatal HIV infection, age 7 to <16 years at enrollment, and engagement in medical care with 

available antiretroviral (ART) history. Enrollment began in March 2007 at 15 sites in the United States 

including Puerto Rico. A group of PHEU children in a similar age range and from the same clinical sites 

were enrolled for comparison. An audio computer-assisted self-interview (ACASI) was administered 

annually to participants 10 years of age or older with parental consent to collect information on substance 

use and sexual behaviors. Questions related to sexual behavior included prompts to ensure that youths 

understood words or concepts that may have been unfamiliar to them. 

The AMP Up22 study continues follow-up of participants in AMP from clinic-based visits during 

adolescence to a hybrid of online and in-person data collection when they become 18 years of age. In the 

PHIV cohort, those previously enrolled in AMP or with available medical record documentation since early 

childhood were eligible for enrollment. A group of PHEU young adults previously enrolled in AMP were 

enrolled as a comparison group. Enrollment began in May 2014, with up to four years of annual data 
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collected on sexual behaviors as of the time of analysis. Participants in AMP Up are referred to as young 

adults. 

Sexual reporting agreement and prevalence of logical inconsistencies  

Prevalence of logical inconsistencies (e.g., reclaimed virginity status) and agreement between fixed 

responses (e.g., age at first sex) over time were assessed across two different intervals. The first within-

adolescence analysis assesses agreement over an average interval of 1.5 years (range: 0.2-6.3 years) 

among 274 participants. All surveys were administered via audio computer-assisted self-interview 

(ACASI). The second analysis, referred to as the adolescence to adulthood analysis, assesses 

agreement and inconsistencies over an average interval of 2.9 years between first and second report 

(range: 0.5-9.9 years) in 246 participants. ACASIs were administered at first report, and online surveys 

with no audio component were administered at second report. 

Table 1.1 Logical inconsistency definitions 
Question type Response 

permitted a 
Inconsistency definition 

Ever had sex Yes 
No 

‘Yes’ at first survey and ‘No’ at second survey  
(i.e., reclaimed virginity status). 

Lifetime number of 
partners 

Integer 
value 

Lesser number entered at second survey. 

Lifetime condom use  Always 
Sometimes 
Never 

‘Always’ at first survey and ‘Never’ at second 
survey; ‘Never’ at first survey and ‘Always’ at 
second survey; ‘Sometimes’ at first survey and 
‘Always’ or ‘Never’ at second survey. 

Within-survey 
attention check 

Always 
Usually 
Sometimes 
Never 

Participants are instructed to select “Usually.” If 
they select a response other than “Usually” it is 
considered inconsistent. 

a All questions include a “rather not answer” response option 
 
Table 1.1 presents logical inconsistency definitions. Participants in AMP were asked every year about 

whether they ever had vaginal sex with opposite-sex partners, as well as oral or anal sex with opposite- 

or same-sex partners. For instance, these questions asked, “have you ever put your mouth or tongue on 

a boy’s penis” and “has a boy ever put his mouth or tongue on your vagina”, or “have you ever had 

vaginal sex” (see Appendix Tables 1.1 and 1.2 for full list of sexual behavior questions analyzed). All 

participants who reported ever having at least one of those types of sex and had at least one subsequent 

survey response were included in the analysis for that item. The survey immediately following the first 
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report of sex was used as the comparison survey for ‘ever’ measures. If the participant reclaimed virginity 

status, responses were considered inconsistent.  

Participants were also asked, “in your lifetime, how many partners have you had vaginal sex with,” and “in 

your lifetime, how many partners have you had anal sex with.” We considered responses logically 

inconsistent if fewer partners are enumerated in a latter survey when compared to a participant’s first 

response. Participants were asked, “in your lifetime, when you had vaginal sex, how often did your 

partner wear a condom,” and the same was asked of anal sex. Response options were: always, 

sometimes, never. If a participant’s response changed from always to never, never to always, or 

sometimes to either always or never in the subsequent survey, it was considered logically inconsistent. 

Online surveys for young adults also incorporated what is often referred to as an attention check 

question23,24, which has become an increasingly popular, albeit somewhat debated,25 method utilized in 

survey research as a means to filter out careless, or even mischievous,26 respondents. Attention check 

questions are often referred to as trap questions, red herrings, validation questions, verification ratings, 

and instructed response or instructional manipulation questions. Any young adult participant who 

completed at least one online survey was eligible for inclusion in this reliability measure. The attention 

check is a question that instructs the respondent to “please select ‘usually’ from the options below,” and if 

the participant does not select ‘usually,’ their response to the attention check is considered incorrect. 

Table 1.2 Agreement measures for fixed responses 
Question type Response permitted Agreement measure 

Age or partner age at 
first sex 

Integer value Percent agreement within +/- 1 year 

First sex condom use Yes 
No 

Kappa, prevalence-adjusted and 
bias-adjusted kappa (PABAK), 
percent agreement 

Within-survey past 3-
month condom use 

Always 
Sometimes 
Never 

Time since 
last sex with 
and without 
condom 

Kappa, prevalence-adjusted and 
bias-adjusted kappa (PABAK), 
percent agreement 

 
Fixed-response questions assessed for agreement are listed in Table 1.2. For agreement measures, two 

random surveys in which the question was answered were selected for comparison. Participants were 

asked to input an integer value for their own age and partner age at first vaginal sex, as well as their own 

age at first anal sex. We considered responses to be in agreement if the latter report of age was within 
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one year of the first reported age. Participants were also asked about condom use at first sex. We 

reported the simple percent agreement, Cohen’s kappa coefficient27, and prevalence-adjusted bias-

adjusted kappa (PABAK).  

Although kappa is a more robust measure than simple percent agreement, the magnitude of kappa can 

be influenced by several factors including the prevalence of a given response option and bias, which 

refers to the extent of disagreement on the proportion of positive cases. Kappa will be underestimated if 

prevalence is either very high or very low and will be overestimated if bias is high.28,29 Therefore, we also 

calculated PABAK to better account for the influence of prevalence and bias.  

In the adolescent survey, condomless vaginal sex was determined based on two questions: the first 

asked if a condom was used at first vaginal sex, and the second asked those reporting condom use if any 

sex occurred without a condom on that occasion, even for a moment. For the adolescence to adulthood 

analysis, only the first question was asked. Kappas were therefore calculated comparing the young adult 

condom use question to the first condom use question in adolescence only and, second, to the combined 

assessment including the follow-up question classifying partial condom use as no condom use.  

Among online surveys administered to participants as young adults, we assessed within-survey 

agreement of condom use in the prior three months. Any sexually active young adult participant who 

completed at least one survey was eligible for inclusion in this agreement measure, and only the most 

recent survey was used for an individual. Participants were asked within the same survey about prior 

three-month condom use, to which they could respond “always,” “sometimes,” or “never” using a condom, 

as well as two separate questions that requested a time interval for most recent sex with a condom and 

without a condom. From these two questions we could determine if they had always, sometimes, or never 

used a condom in the three months prior to survey completion and compare their within-survey 

agreement using the Fleiss-Cohen weighted kappa. Ninety-five percent confidence intervals (95 % CI) of 

kappa and PABAK were calculated using asymptotic variance. 
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Associations between factors and inconsistent report 

Data collection  

Although ACASIs and online surveys were completed on a yearly basis, data collection for many other 

instruments were staggered among visits to reduce participant burden, generally occurring every two to 

three years. We examined the association of the following factors with inconsistent reporting. 

Sociodemographic data Information was obtained on age, sex, race, ethnicity, and caregiver education. 

The location of a participant’s primary study site was used to ascertain whether the participant lived in the 

South as defined by US Census region. A 4-point scale question from Monitoring the Future, an ongoing 

study of the behaviors, attitudes, and values of Americans from adolescence through adulthood,30 was 

used to determine the importance of religion to the participant and was dichotomized to compare those 

who feel religion is very important in their lives versus those who feel it is less important or not important 

at all.  

Survey administration Data on the time interval between survey administrations and the time to complete 

the first survey were obtained from the DatStat Illume software. 

Cognitive functioning and academic achievement Standardized neuropsychological examinations were 

performed and are explained in greater detail in Appendix 1.4. We used working memory and processing 

speed scores. Impaired working memory has been implicated in inattention, hyperactivity, and mind-

wandering.34-37  Impaired processing speed can be also be linked to inattention as well as anxiety and a 

lack of motivation to complete the task at hand. Word reading and numerical operations scores were 

obtained, assessing phonological awareness, decoding skills, and the ability to identify and write 

numbers. Additionally, crystallized cognition standard scores were obtained. Crystallized abilities, in 

contrast to working memory and processing speed, represent accumulated verbal knowledge and skills, 

and are thus more heavily influenced by education and cultural exposure. 

General and mental health Participants and their caregivers were interviewed separately by a 

psychologist using the Behavior Assessment System for Children- 2nd Edition (BASC-2),31 a series of 

scales assessing their perceptions of the participant’s emotional and behavioral health. We included the 

caregiver-reported Behavioral Symptoms Index (BSI) and participant-reported Emotional Symptoms Index 

(ESI). BSI scales measure hyperactivity, aggression, depression, attention problems, atypicality and 
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withdrawal as reported by the caregiver. ESI scales reflect a composite of social stress, anxiety, 

depression, sense of inadequacy, self-esteem and self-reliance as reported by the participant. 

Psychological instrument validity indices We also examined BASC-2 validity indices for the participant-

reported emotional symptoms index, including the F, L, V, consistency, and response pattern indices. 

Validity indices alert researchers to the presence of questionable data. The F index is a measure of the 

participant’s tendency to be excessively negative about their behaviors or emotions. The L index 

measures the participant’s tendency to give an extremely positive picture of himself or herself. The V 

index rates a respondent’s proclivity to agree with nonsensical or highly implausible statements (such as 

“I drink 50 glasses of milk every day.”). The Consistency index flags cases in which the participant has 

given different responses to items that usually are answered similarly. The Response Pattern index 

detects response patterning in which a participant repeats or cycles through response options. 

Post-survey questions Optional post-survey acceptability questions were included as part of the AMP Up 

online surveys. Six items regarding the acceptability of the survey (e.g., “the survey instructions were 

explained clearly”) included response options: strongly agree, agree, disagree, and strongly disagree.  An 

additional statement asked participants to rate the difficulty of the survey overall on a four-point scale 

from very easy to very hard and another ascertained the location in which the survey was completed.  

Statistical Methods 

Univariate associations between inconsistent reporting and these factors were examined using logistic 

regression. For the within-adolescence analysis, we ran separate models for two outcomes of interest: 

inconsistently reported age at first vaginal sex (> +/- one year) and reclaimed vaginal sex virginity. For the 

adolescence to adulthood analysis we ran models for inconsistently reported age at first vaginal sex (> +/- 

one year) and reclaimed anal sex virginity.  For two items measured in the young adult online survey only, 

we also examined associations with prior three-month within-survey inconsistency of condom use 

reporting and an incorrect attention check response. 

 

 

 

 



 10 

RESULTS 

The within-adolescence analysis assessed agreement over an average interval of 1.5 years (range: 0.2-

6.3 years) among 274 participants. The mean age at first and second report was 15.9 and 17.4 years, 

respectively. The adolescence to adulthood analysis, assessing agreement and inconsistencies over an 

average interval of 2.9 years (range: 0.5-9.9 years) consisted of 246 participants with a mean age at first 

and second report of 17.2 and 20.1 years, respectively.  

 

Table 1.3 Demographic characteristics of 274 eligible participants for within adolescence 
analysis and 246 eligible participants for adolescence to adulthood analysis 

Variable 
 

Within adolescence Adolescence to 
adulthood 

Percent 
(N=274)a 

Percent 
(N = 246)a 

Sex at birth   
  Male 50.0 47.6 
  Female 50.0 52.4 
Race or Ethnicity   
  Black or African American 67.9 66.3 
  White 25.2 25.6 
  Other/ Multi / Unknown 6.9 8.1 
Ethnicity   
  Hispanic or Latino 25.2 28.9 
Perinatal HIV Status   
   PHIV 62.4 65.8 
   PHEU 37.6 34.2 
US Region   
  Northeast 34.7 39.0 
  Midwest 15.3 11.4 
  South 31.0 30.9 
  West 11.3 11.4 
  Puerto Rico 5.8 7.3 
Age, years At T1,b % 

(N=1805)d 
At T2,c % 

  (N=1805)d     
  At T1, % 

  (N=1711)e 
At T2, % 

(N=1711)e 
 10-13 12.4 4.1 6.1 n/a 
 14-16 63.6 30.1 34.8 n/a 
 17-19 23.1 57.0 52.0 49.8 
 20-23 1.0 8.9 7.1 45.9 
 24+ 0.0 0.0 0.0 4.3 
    
Average time between 
surveys 

1.5 years 2.9 years 

a Denominators differ  
b T1: Time 1/first survey 
c T2: Time 2/second survey 
d N=Total number of agreement measures assessed among 274 participants  
e N=Total number of agreement measures assessed among 246 participants  
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Demographic characteristics of participants are described in Table 1.3 for both the within adolescence 

and adolescence to adulthood analyses. About half of participants were male, two-thirds were Black, and 

about a quarter were Hispanic. Almost two-thirds were living with perinatally acquired HIV, while the rest 

were perinatally HIV-exposed but uninfected. About one-third was from the Northeast and another third 

from the South. Most at first report were between 14 and 19 years of age, but for the adolescence to  

adulthood analysis, those at retest were all over the age of 18, with about half under 20 years old. 

Logical inconsistencies 

Agreement in ever and lifetime measures are shown in Table 1.4. Within adolescence, of those who 

reported oral, vaginal and anal sex with an opposite sex partner at first report, 13% (29/224), 12% 

(27/227), and 48% (51/107), later reclaimed oral, vaginal and anal sex virginity at second report, 

respectively. Fifteen percent (31/207), 5% (11/214), and 55% (53/97) reclaimed oral, vaginal and anal sex 

virginity as a young adult, respectively. Of those who reported same-sex oral sex at first report, 34% 

(21/62) and 34% (19/56) reclaimed oral sex virginity at second report in adolescence and adulthood, 

respectively. Of those who reported same-sex anal sex at first report, 50% (5/10) and 13% (1/8) 

reclaimed anal sex virginity at second report in adolescence and adulthood, respectively. 

For lifetime measures, 14% (25/175) and 20% (38/187) were inconsistent in reporting lifetime vaginal sex 

condom use and 22% (39/177) and 21% (37/173) were inconsistent in reporting lifetime number of 

vaginal sex partners in adolescence and adulthood, respectively. Thirty-two percent (20/62) and 37% 

(19/52) were inconsistent in reporting lifetime anal sex condom use and 21% (13/62) and 29% (14/49) 

were inconsistent in reporting lifetime number of anal sex partners in adolescence and adulthood, 

respectively. 

Additionally, 17% (88/526) of participants answered the attention check incorrectly at their most recent 

survey as a young adult. Twenty-two percent (19/88) of those who answered the attention check 

incorrectly selected “rather not answer” instead of “usually.”  If they are removed from the measure, then 

14% (69/507) are considered to have answered inaccurately. 
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Table 1.4 Proportion of logically inconsistent responses in ever and lifetime sexual behavior measures 
across two surveys 

 
 
 
Ever had sex measures 

Within adolescence  Adolescence to adulthood  

Percent 
reclaiming 

virginity 
between T1a 

and T2b 
(proportion) 

Mean time 
between T1 

and T2, 
in years (IQR)c 

Percent 
reclaiming 

virginity 
between T1 

and T2 
(proportion) 

Mean time 
between T1 

and T2, 
in years (IQR) 

Opposite sex partner 

      Oral sex 13 
(29/224) 1.2 (0.9, 1.3) years 15 

(31/207) 2.8 (1.4, 3.8) years 

      Vaginal sex 12 
(27/227) 1.2 (0.9, 1.3) years 5 

(11/214) 2.7 (1.3, 3.7) years 

      Anal sex 48 
(51/107) 1.2 (0.9, 1.3) years 55 

(53/97) 3.5 (2.0, 4.9) years 

Same sex partner 

      Oral sex 34 
(21/62) 1.1 (1.0, 1.3) years 34 

(19/56) 2.8 (1.3, 4.0) years 

      Anal sex 
      (males only) 

50 
(5/10) 1.1 (1.0, 1.1) years 13 

(1/8) 4.2 (2.8, 5.3) years 

 
 
Lifetime sex measures 

Within adolescence Adolescence to adulthood 

Percent 
inconsistent 
between T1 

and T2 
(proportion) 

Mean time 
between T1  

and T2,  
in years (IQR) 

Percent 
inconsistent 
between T1  

and T2 
(proportion) 

Mean time  
between T1  

and T2,  
in years (IQR) 

Vaginal sex 

Lifetime condom use 14 
(25/175) 1.8 (1.0, 2.1) years 20 

(38/187) 2.8 (1.3, 3.8) years 

Lifetime number of sex 
partners 

22 
(39/177) 1.7 (1.0, 2.2) years 21 

(37/173) 2.9 (1.3, 3.9) years 

Anal sex 

Lifetime condom use 32 
(20/62) 1.4 (0.9, 1.8) years 37 

(19/52) 3.7 (2.0, 5.1) years 

Lifetime number of sex 
partners 

21 
(13/62) 1.5 (0.9, 1.9) years 29 

(14/49) 3.6 (1.9, 5.1) years 

a T1: Time 1/first survey 
b T2: Time 2/second survey 
c IQR: Interquartile range 
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Agreement in fixed responses 

Within adolescence, 79% agreed on their own age at first vaginal sex (+/- one year), 71% agreed on their 

first partner’s age, and 74% agreed on their own age at first anal sex (Table 1.5). Across adolescence 

and young adulthood, 71% agreed on their own age at first vaginal sex (+/- one year) and 70% agreed on 

their first partner’s age, while only 47% agreed on their own age at first anal sex. For the within-

adolescence analysis, reported age was about half to three-quarters of a year greater on average at 

second report, with just under a two year mean interval between surveys. For the adolescence to 

adulthood analysis, reported age at second report was about a year greater on average for age and 

partner age at first vaginal sex and a year and half greater for age at first anal sex. 

 

a T1: Time 1/first survey 
b T2: Time 2/second survey 
c IQR: Interquartile range 
d Responses in agreement if age provided at T2 is within +/- 1 year of age provided at T1 
 

 

Table 1.5 Participant and partner age at first sex as reported at time 1 and time 2 

 

Response at T1a Response at T2b 
Percent 
agree-
mentd 

 
 

Mean time 
between T1 
and T2, in 

years (IQR) Mean, in 
years 

IQRc 
  Mean, in 

years 
IQR 

 

Within adolescence       

   Age at first vaginal sex    
   (N=211) 

14.0 (13.0, 16.0) 14.5 (14.0, 16.0) 79 1.8 (1.0, 2.3) 

   Partner age at first  
   vaginal sex (N=213) 

14.9 (14,0, 16.0) 15.7 (15.0, 17.0) 71 1.8 (1.0, 2.3) 

   Age at first anal sex  
   (N=62) 

14.0 (13.0, 16.0) 14.7 (13.0, 17.0) 74 1.6 (0.9, 2.0) 

Adolescence to adulthood      

   Age at first vaginal sex    
   (N=205) 

14.5 (14.0, 16.0) 15.3 (14.0, 16.0) 71 2.8 (1.4, 3.8) 

   Partner age at first  
   vaginal sex (N=206) 

15.6 (15.0, 17.0) 16.5 (15.0, 18.0) 70 2.8 (1.4, 3.7) 

   Age at first anal sex  
   (N=51) 

15.6 (14.0, 17.0) 17.1 (16.0, 19.0) 47 3.1 (1.4, 4.5) 
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Condom use at first vaginal sex (yes/no) had fair agreement in both the within-adolescence analysis 

(kappa = 0.46, 95% confidence interval (CI): [0.33, 0.63], with 73% (156/213) in agreement) and the 

adolescence to adulthood analysis (kappa = 0.49, 95% CI: [0.34, 0.64], with 83% (171/206) in agreement) 

(Table 1.6). When we define even partially condomless sex as no condom use based on the follow up 

question at first survey, adolescence to adulthood agreement drops (kappa = 0.43, 95% CI: [0.31, 0.55], 

with 75% (154/206) in agreement).  

 
Table 1.6 Percent agreement, kappa, and prevalence-adjusted and bias-adjusted kappa (PABAK) 
for different condom use agreement measures 
 Percent 

agreement 
Kappa  

(95% CI) 
PABAK 
(95% CI) 

N Mean time between T1 
and T2, in years (IQR)a 

      
Within-adolescence – 
condom use at first 
sex (both include 
follow-up condom 
question) 

73 0.46 
(0.33, 0.63) 

0.46 
(0.33, 0.59) 

213 1.7 (1.0, 2.1) years 

Adolescence to 
adulthood - condom 
use at first sex 
(no T1 follow-up 
condom question) 

83 0.49 
(0.34, 0.64) 

0.66 
(0.53, 0.79) 

206 2.9 (1.4, 3.8) years 

Adolescence to 
adulthood - condom 
use at first sex 
(T1 follow-up condom 
use question 
included)a 

75 0.43  
(0.31, 0.55) 

0.50  
(0.36, 0.64) 

206 2.9 (1.4, 3.8) years 

Within-survey 
condom use in past 3 
months 

74 0.73  
(0.67, 0.79)b 

-- 422 -- 

PABAK: Prevalence-adjusted and bias-adjusted kappa; CI: Confidence interval; IQR: Interquartile range; 
T1: Time 1/first survey. 
a Reporting at least partially condomless sex based on both questions at T1 is defined as no condom use 
b Weighted kappa 
 

A comparison of reports including the follow-up question at first survey are shown in Table 1.7. When the 

follow-up question is included at first survey, condom use during the entire sexual encounter is assessed 

and there is greater disagreement between report at first and second survey. 
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Table 1.7 Condom use at first sex comparing participant report at time 1 to time 2 

 
 
 

Report at time 2 
Condom used 
  

Condom not used 
  

Total 

Report at time 
1, no follow-
up condom 
use question 
included 

Condom used 145 16 161 

Condom not used 19 26 45 
Total 164 42 206 

Kappa=0.49, 95% CI:(0.34, 0.64); PABAK=0.66, 95% CI:(0.53, 0.79); 83% agreement 
Report at time 
1, follow-up 
condom use 
question 
included 

Condom used 
entire time 118 6 124 

Condom not used 
entire time 46 36 82 

Total 164 42 206 

Kappa=0.43, 95% CI:(0.31, 0.55); PABAK=0.50, 95% CI:(0.36, 0.64); 75% agreement 
CI: Confidence interval 

Table 1.8 compares alternative methods for obtaining condom use in the prior three months within the 

same survey. The question regarding general three-month condom use compared to the use of two 

questions asking about the last time a participant had sex with and without a condom show 74% 

agreement (weighted kappa=0.73, 95% CI:[0.67, 0.79]).  

Table 1.8 Comparison of alternative methods for obtaining condom use in the prior three months 
within the same survey 
 Three-month condom use history corresponding 

to responses from the last time participant had 
sex with and without a condom 

 

Always used Sometimes Never Total 

General three-
month condom 
use question 

Always used 142 37 9 188 

Sometimes 12 100 28 140 

Never 1 24 69 94 

Total 155 161 106 422 
Weighted kappa=0.73, 95% CI:(0.67, 0.79); Simple kappa=0.60, 95% CI:(0.53, 0.66); 74% agreement 

Table 1.9 presents the estimated odds ratios (OR) and 95% confidence intervals (CI) for factors 

associated with inconsistent reporting over time. In bivariate analyses, increased time between survey 

administrations was associated with inconsistent reporting of age at first vaginal sex, but it did not appear 

important for reclaimed virginity status. Older age at first survey appeared to be protective, decreasing  
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Table 1.9 Bivariate factor associations with inconsistent reporting over time 
 Within Adolescence Adolescence to Adulthood 

 Reclaimed vaginal 
virginity status 

Inconsistent age of first 
vaginal sex 

Reclaimed anal 
virginity status 

Inconsistent age of 
first vaginal sex 

Variablea Nb ORc 95% CId N OR 95% CI N OR 95% CI N OR 95% CI 
Administration  
Interval 
between 
survey 
administrations 
(years) 

227 0.73 (0.30, 1.75) 211 1.75 (1.31, 2.34) 97 1.20 (0.97, 
1.48) 205 1.34 (1.12, 

1.60) 

Time to 
complete first 
survey 
(minutes) 

227 0.96 (0.90, 1.01) 211 0.98 (0.96, 1.01) 97 1.00 (0.99, 
1.01) 205 1.00 (0.99, 

1.01) 

Sociodemographic  
Age at first 
survey (years) 227 0.69 (0.55, 0.87) 211 0.63 (0.51, 0.79) 97 0.76 (0.63, 

0.93) 205 0.71 (0.59, 
0.85) 

Age at second 
survey (years) 227 0.71 (0.57, 0.88) 211 0.87 (0.71, 1.07) 97 0.82 (0.65, 

1.03) 205 0.93 (0.78, 
1.11) 

Male 227 2.35 (1.01, 5.48) 211 2.49 (1.26, 4.93) 97 0.95 (0.43, 
2.11) 205 2.01 (1.08, 

3.72) 

Black race 217 2.34 (0.77,  7.09) 201 2.49 (1.04, 5.96) 94 2.04 (0.85, 
4.92) 196 1.93 (0.92, 

4.09) 
Caregiver high 
school 
graduate 

227 0.78 (0.31, 1.94) 211 0.75 (0.36, 1.58) 97 0.91 (0.39, 
2.13) 205 0.87 (0.46, 

1.65) 

Live in the 
South 227 1.06 (0.45, 2.50) 211 2.03 (1.04, 4.00) 97 3.47 (1.31, 

9.22) 205 2.48 (1.32, 
4.65) 

Religion 
extremely 
important 

210 1.35 (0.47, 3.87) 198 1.50 (0.64, 3.53) 88 1.48 (0.52, 
4.27) 193 1.98 (0.88, 

4.47) 

Health  

Living with HIV 227 1.00 (0.43, 2.30) 211 0.98 (0.50, 1.94) 97 1.59 (0.66, 
3.85) 205 1.58 (0.80, 

3.10) 
Behavioral 
symptom index 
(BASC) 

203 1.02 (0.99, 1.06) 183 1.02 (0.99, 1.05) 78 1.01 (0.97, 
1.05) 173 1.00 (0.97, 

1.03) 

Emotional 
symptom index 
(BASC) 

224 0.97 (0.93, 1.02) 209 0.96 (0.93, 1.00) 94 1.00 (0.96, 
1.05) 201 1.01 (0.98, 

1.04) 

Ever marijuana 
use at first 
survey 

225 0.84 (0.38, 1.88) 209 0.70 (0.36, 1.36) 97 0.59 (0.26, 
1.34) 205 1.21 (0.65, 

2.25) 

Ever marijuana 
use at second 
survey 

227 0.53 (0.24, 1.20) 211 0.70 (0.36, 1.39) 97 0.45 (0.20, 
1.03) 203 0.75 (0.40, 

1.38) 
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Table 1.9 (continued) Bivariate factor associations with inconsistent reporting over time 
 Within Adolescence Adolescence to Adulthood 

 Reclaimed vaginal 
virginity status 

Inconsistent age of first 
vaginal sex 

Reclaimed anal 
virginity status 

Inconsistent age of 
first vaginal sex 

Variablea Nb ORc 95% CId N OR 95% CI N OR 95% CI N OR 95% CI 
 

BASC validity indices 

F index 224 1.03 (0.75, 1.41) 209 0.78 (0.53, 1.13) 94 1.46 (0.90, 
2.35) 201 1.22 (0.97, 

1.52) 

L index 223 1.16 (1.02, 1.32) 209 1.06 (0.95, 1.19) 94 0.98 (0.84, 
1.14) 201 1.03 (0.93, 

1.14) 

V index 223 1.76 (1.02,  3.01) 209 0.88 (0.43, 1.82) 94 1.64 (0.75, 
3.61) 201 1.49 (0.85, 

2.60) 

Consistency 
index 215 1.01 (0.93, 1.11) 203 1.05 (0.98, 1.13) 94 1.05 (0.96, 

1.15) 201 1.07 (0.99, 
1.15) 

Response 
pattern index 215 1.01 (0.98, 1.04) 203 1.00 (0.98, 1.03) 94 1.01 (0.98, 

1.03) 201 1.00 (0.98, 
1.02) 

Cognitive functioning and academic achievement  
Processing 
speed  222 1.01 (0.98, 1.03) 207 1.00 (0.98, 1.02) 93 1.02 (0.99, 

1.05) 200 0.98 (0.96, 
1.00) 

Working 
memory  223 1.01 (0.98, 1.04) 208 1.00 (0.97, 1.02) 94 1.02 (0.99, 

1.05) 201 1.00 (0.98, 
1.02) 

WIAT math 
score 197 1.00 (0.98, 1.03) 184 1.00 (0.98, 1.02) 81 1.01 (0.99, 

1.04) 182 1.00 (0.98, 
1.01) 

WIAT word 
score 197 1.00 (0.97, 1.02) 184 0.98 (0.96, 1.00) 81 1.02 (0.99, 

1.04) 182 1.00 (0.98, 
1.02) 

a At time closest to first survey unless otherwise stated 
b Numbers differ due to refusals and missing observations 
c OR: Odds ratio 
d CI: Confidence interval 
 

odds of incorrect reporting of age at first sex or reclaimed virginity status across all inconsistency 

measures. Male sex was positively associated with inconsistent reporting of age at first vaginal sex as 

well as reclaimed vaginal sex virginity within adolescence, while black race was associated with increased 

inconsistent report of age within adolescence only. Living in the South was associated with inconsistent 

reporting of age at first vaginal sex and reclaimed anal sex virginity as a young adult. No health, cognitive 

functioning, or academic achievement measures were associated with inconsistent reporting over time. 

Increased L and V indices, which measure a participant’s tendency to give an extremely positive picture 

of their life and to agree with highly implausible statements, respectively, were associated with increased 

odds of reclaiming virginity status within adolescence.  

Estimated odds ratios and 95% confidence intervals for factors associated with inconsistent reporting 

within the young adult survey only are shown in Table 1.10. The time it took to complete the survey, 
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sociodemographic and health factors did not appear to be associated with inconsistent report of prior 

three-month condom use within the same survey. Processing speed and working memory were not 

associated with inconsistent report, but higher crystallized cognition scores were associated with a slight 

decrease in inconsistent reporting (OR=0.98, 95% CI:[0.97, 1.00]), though the association appears to be 

small. Taking the survey in a clinic versus someplace else did not appear to be associated with 

inconsistent report. No post-survey questions were associated with inconsistent report of condom use 

with the exception of a question asking about the overall difficulty of the surveys. Reporting that the  

 

Table 1.10 Bivariate factor associations with inconsistent reporting within young adult survey 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 At young adult survey only 
 

 Within-survey condom use 
inconsistency n=423 

Incorrect attention 
check response n=526 

Variable a OR b 95% CI c OR 95% CI 
Sociodemographic    
Age 1.00 (0.95, 1.05) 0.98 (0.92, 1.04) 
Female 1.00 (0.63, 1.57) 0.92 (0.57, 1.46) 
Black race 1.40 (0.85, 2.29) 0.89 (0.53, 1.47) 
High school graduate 0.80 (0.46, 1.39) 0.37 (0.21, 0.65) 
Live in the South 1.28 (0.81, 2.03) 0.98 (0.54, 1.52) 
Health     
Living with HIV 0.79 (0.46, 1.38) 0.84 (0.46, 1.53) 
Daily marijuana use 0.60 (0.26, 1.40) 0.86 (0.35, 2.11) 
Ever marijuana use 0.96 (0.62, 1.49) 0.66 (0.41, 1.07) 
Cognitive functioning     
Processing speed 1.00 (0.99, 1.01) 0.99 (0.98, 1.00) 
Working memory 0.99 (0.98, 1.01) 0.97 (0.95, 0.98) 
Crystallized cognition 0.98 (0.97, 1.00) 0.96 (0.95, 0.98) 
Survey administration and post survey questions   
Time to complete survey 
(minutes) 

1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 

Survey completion location     
     Clinic REF  REF  
     Home or elsewhere 0.58 (0.23, 1.46) 0.78 (0.32, 1.91) 
     Rather not answer 2.72 (0.17, 43.98) 20.36 (2.25, 184.61) 
The survey instructions were 
explained clearly 

    

     Strongly agree REF  REF  
     Agree 1.21 (0.76, 1.92) 2.03 (1.21, 3.42) 
     Disagree 0.76 (0.08, 6.92) 9.63 (3.02, 30.77) 
     Strongly disagree 1.43 (0.61, 3.37) 2.75 (1.13, 6.73) 
The survey questions were 
easy to understand 

    

     Strongly agree REF  REF  
     Agree 1.00 (0.63, 1.59) 2.03 (1.20, 3.43) 
     Disagree 2.23 (0.58, 8.62) 9.49 (3.18, 28.32) 
     Strongly disagree 1.24 (0.51, 3.02) 2.53 (0.99, 6.47) 
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a At time closest to first survey unless otherwise stated 
b OR: Odds ratio 
c CI: Confidence interval 

survey was easy (OR=1.62, 95% CI:[1.02, 2.55]) or hard (OR=4.17, 95% CI:[1.35, 12.93]) compared to 

very easy was associated with increased odds of inconsistent 3-month condom use recall. Only 4 out of 

415 participants reported the survey was very hard, limiting comparison with this response. Not 

responding to the attention check correctly was also associated with increased odds of inconsistent report 

of condom use within the same survey (OR=2.78, 95% CI:[1.32, 5.86]). 

Being a high school graduate and all cognitive scores, including higher working memory, processing 

speed, and crystallized cognition scores, were associated with decreased odds of responding incorrectly 

Table 1.10 (continued) Bivariate factor associations with inconsistent reporting within 
young adult survey 
 Within-survey condom use 

inconsistency n=423 
Incorrect attention 
check response 
n=526 

Variable a OR b 95% CI c OR 95% CI 
The survey questions were 
easy to answer 

    

     Strongly agree REF  REF  
     Agree 0.99 (0.62, 1.58) 1.58 (0.94, 2.67) 
     Disagree 1.70 (0.39, 7.38) 8.32 (2.97, 23.32) 
     Strongly disagree 1.33 (0.54, 3.29) 2.25 (0.89, 5.72) 
The online survey format was 
user friendly 

    

     Strongly agree REF  REF  
     Agree 1.04 (0.65, 1.67) 2.07 (1.22, 3.50) 
     Disagree 0.95 (0.19, 4.88) 9.82 (3.07, 31.46) 
     Strongly disagree 1.35 (0.55, 3.31) 2.56 (1.00, 6.55) 
I’m fine with how long it took 
to complete the survey 

    

     Strongly agree REF  REF  
     Agree 1.05 (0.66, 1.68) 1.65 (0.98, 2.78) 
     Disagree 0.47 (0.10, 2.19) 3.26 (1.29, 8.22) 
     Strongly disagree 1.66 (0.71, 3.89) 2.44 (1.00, 5.99) 
The $75 gift card is fair 
compensation for taking part 

    

     Strongly agree REF  REF  
     Agree 1.03 (0.64, 1.66) 1.69 (1.00, 2.86) 
     Disagree 0.86 (0.30, 2.47) 3.25 (1.30, 8.18) 
     Strongly disagree 1.45 (0.63, 3.33) 2.27 (0.98, 5.29) 
Overall, completing this set 
of surveys was 

    

     Very easy REF  REF  
     Easy 1.62 (1.02, 2.55) 1.39 (0.85, 2.28) 
     Hard 4.17 (1.35, 12.93) 3.58 (1.34, 9.60) 
     Very hard -- -- 2.46 (0.46, 13.06) 
Incorrect attention check 
response (n=327) 
 

2.78 (1.32, 5.86) -- -- 
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to the attention check. Taking the survey in a clinic versus someplace else did not appear to be 

associated with an inaccurate attention check. All optional post-survey responses were associated with 

odds of incorrect attention check. Compared to strongly agreeing with post-survey statements, such as  

‘survey instructions were explained clearly’, agreeing (OR=2.03, 95% CI:[1.21, 3.42]), disagreeing 

(OR=9.63, 95% CI:[3.02, 30.77]), and strongly disagreeing (OR=2.75, 95% CI:[1.13, 6.73]) were 

associated with increased odds of an incorrect attention check response. 

 

DISCUSSION 
 
Overall, this study found that participants who reported having sex in adolescence had a higher 

proportion of inconsistent responses across surveys for anal sex compared to vaginal and oral sex 

measures and for same-sex partners compared to opposite-sex partners. This may support findings that 

retraction of earlier-reported risk behaviors is most common among adolescents for experimental 

behaviors initially reported as infrequent, given reports related to anal sex and same-sex anal or oral sex 

were less frequent compared to oral and vaginal sex.13,20 This could also be related to perceived stigma 

attached to these misreported behaviors.39 For lifetime vaginal sex condom use and partner counts, 

anywhere from 14 to 22% of those who responded provided answers at the second survey that were 

logically inconsistent with their responses at the first survey. For anal sex, these inconsistency 

percentages were slightly higher at 21 to 39 percent. Comparing these proportions between the within-

adolescence and adolescence to adulthood analyses, inconsistencies did not appear to differ dramatically 

despite slight differences in wording of questions and administration format, age differences, and almost 

twice the time interval between surveys for the adolescence to adulthood analysis. 

Agreement related to first sexual encounters was reasonable. For the within-adolescence analysis, 

reported age was on average about half to three-quarters of a year greater at second report, while in the 

adolescence to adulthood analysis, average reported age at second report was about a year to a year 

and half greater for age at first sex. Agreement on condom use at first sex was also fair. A follow-up 

question about whether sex was condomless even for a short time produced much higher numbers of 

condomless sex reports, corroborating previous research in PHIV youth.40 Condoms may be applied only 
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for a portion of sex, or condoms may break or slip off during intercourse. Asking only if a condom was 

used is likely to underestimate the actual prevalence of condomless sex. 

There were also two measures of reliability examined within the same survey among young adults. 

Inquiring about the last time a participant had sex with and without a condom compared to asking how 

often they used a condom (i.e., always, sometimes, never) produced higher number of ‘inconsistent’ and 

‘never’ condom use reports within a three-month recall period. Under the assumption that these behaviors 

are underreported, this finding supports use of the former method over the latter to ascertain condom use 

in a given period. Additionally, 17% of participants selected an imperfect attention check response at their 

most recent survey as a young adult, a proportion similar to other studies that have included such a 

question.24,41 

Consistent with other studies, multiple sociodemographic characteristics were associated with 

inconsistent reporting. Older age at first survey was associated with decreased odds of inconsistent 

report across all consistency measures. Living in the South and male sex were associated with multiple 

measures of inconsistency, black race was associated with contradictory reported age at first vaginal sex 

within adolescence only, and older age at second survey was associated with decreased odds of 

reclaimed vaginal virginity within adolescence.  

The protective association seen with older age at first survey may be due to better comprehension of 

questions related to sexual behaviors, though no associations were found between any cognitive 

functioning or academic achievement measures and inconsistent reporting across surveys. It may be the 

case, however, that cognition and achievement measures do not capture participant understanding of 

sexual activities in particular. Though surveys among participants under the age of 18 included prompts 

to define different terms, including body parts, it is possible this was ignored by some, or was still not 

enough for some young participants to understand sexual behavior questions fully. Nonetheless, there 

are a number of other reasons younger age at first report may be associated with inconsistent reporting, 

including immaturity, less care for research goals and stronger compulsion to respond in a socially 

desirable manner. As a means to attain adult status, some adolescents may exaggerate their sexual 

involvement. It is likely, therefore, that socially desirable answers change with age and developmental 

stage.13  
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Prior research has shown a respondent’s belief that fewer peers were engaging in sex and the belief that 

more peers will wait until marriage to have sex were associated with inconsistent report.18 This may clarify 

the association we find between living in the South and inconsistent reports. Among only southern states 

in this cohort, sex education is required to frame sexual activity as appropriate only within marriage.42 

This may create a false sense among participants that peers are waiting until marriage for sex. 

HIV status, behavioral symptoms, and emotional symptoms were not associated with inconsistent report. 

Report of daily marijuana use at second survey appeared to be associated with decreased odds of 

inconsistent reporting, though this finding was only statistically stable for reclaimed anal sex virginity in 

the adolescence to adulthood analysis. This association is likely explained by the fact that those who are 

more likely to report honestly about drug use are also more likely to report honestly about sexual 

behaviors, indicating dependent measurement error is likely to occur if associations are examined 

between two sensitive self-reported covariates. Therefore, care must be taken in interpreting associations 

found between such self-reported covariates, as they may be confounded by dependent measurement 

error leading to over- or under-estimation, regardless of whether measurement error is differential or non-

differential.  

Two BASC validity indices were associated with reclaimed virginity status in adolescence. The L index, 

which measures a participant’s tendency to give an extremely positive picture of their life, was associated 

with increased odds of reclaiming vaginal sex virginity. This suggests that participants who reclaim 

virginity may be more likely to present a positive picture of their life and therefore may choose to report 

based on perceived social desirability. Additionally, the V index, which quantifies a participant’s penchant 

to agree with highly implausible statements, was associated with increased odds of reclaiming vaginal 

sex virginity within adolescence, indicating reports of sex may be made in error and are correlated with 

other inaccurate reports. Given participants who reclaim virginity may be more likely to select nonsensical 

and implausible options, this could point to intentional misreporting, though it may also indicate poor 

comprehension or general carelessness in completing surveys.  

We found different bivariate associations of importance for inconsistent reporting over time versus within 

the same survey. While several sociodemographic variables were associated with inconsistent reporting 

over time, several cognitive measures were associated with consistency within a given survey, suggesting 
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different mechanisms underlying inconsistency in each instance. In examining inconsistency over time, 

identity and beliefs about sensitive reporting, peer norms, and social desirability may be more crucial to 

explaining why responses change over time. Conversely, the social and demographic variables that are 

correlated with identity and beliefs matter less when examining inconsistency at one point in time within a 

survey. Beliefs about sex and what is socially desirable are likely to remain constant and instead, 

cognitive abilities, academic achievement, or general attentiveness or feelings toward completing a 

survey may be better markers of inconsistency in this case. 

Although this study provides a wealth of information regarding self-reported sexual behaviors, there are 

several limitations. First, it remains unclear whether the initial report of sexual activity, the subsequent 

report of virginity, or both are false. Since we did not ask participants about their truthfulness, we can only 

speculate that measures of reclaimed virginity are capturing only some of those adolescents who are 

reporting incorrectly.43 Nonetheless, it is important to identify the extent to which adolescents report 

inconsistently as an indicator of trustworthiness of the self-reports. Second, inclusion in most measures 

required a participant to report at two time periods, and it may be the case that those who remain in the 

study for more than one year are more or less truthful in their responses. Additionally, measures such as 

age at first vaginal sex are inherently examined only among those who consistently reported having ever 

had vaginal sex at both time points. Finally, psychological measures were not always taken at the same 

time as survey administration since most occurred every three years. Therefore, these scores may not 

reflect a participant’s cognitive abilities at the moment they completed the survey and may attenuate an 

association between cognitive scores and inconsistent report.  

Even if carefully worded, sexual behavior questions can be interpreted in ways that differ from a 

researcher’s intent. Our use of detailed descriptions of what was meant by terms such as “vaginal sex” 

(i.e., “by vaginal sex I mean that a boy had his penis in your vagina”), in addition to culturally normative 

terms to describe specific sexual behaviors, presumably helped to provide clarity in these surveys.  

An additional strategy to reduce socially desirable responding would be to reframe questions so that they 

ask “how many times” rather than “if” a participant engaged in a particular sexual behavior, thus placing 

the burden of denial on the participant. 
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Despite the limitations, our study provides prevalence estimates of logically inconsistent sexual behavior 

reports and agreement measures on report of first sex among adolescents and young adults affected by 

HIV. We focused on a wide range of sexual behaviors not often examined, including vaginal, anal and 

oral sex as well as same-sex oral and anal sex. We also assessed associations of inconsistent reports 

with several demographic, health and psychosocial measures and found different types of associations 

for inconsistency across surveys compared to inconsistency within a given survey, suggesting distinctive 

mechanisms behind inconsistent reporting. Strategies should be employed to ensure the precise question 

of interest is being asked, items are chosen based on whether we assume participants are likely to over- 

or under-report a given behavior, and, finally, researchers should stress the importance of accurate 

reporting. Providing repeated information regarding how study data will be utilized and the importance of 

an adolescent’s participation to the research agenda may help those for whom inattentiveness and lack of 

motivation are drivers of inconsistency. 
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INTRODUCTION 

Improvements in the treatment of infants and children living with perinatally-acquired HIV (PHIV) have 

been remarkable, ensuring that most previously infected American infants survive through adolescence to 

adulthood.1 It is estimated that there are more than 10,000 PHIV adolescents and young adults over the 

age of 13 currently in the US, making up the vast majority of PHIV individuals in the US.2 In addition, the 

number of PHIV young adults worldwide is growing substantially in both resource-poor settings and 

locales with higher levels of health care. Thus, a global cohort of 3.2 million PHIV adolescents who have 

been living with HIV infection since birth will soon be aging into young adulthood.3 

HIV infection adds complexity to adolescence, a stage of life which often includes initiation of sexual 

activity. During adolescence, poor adherence to antiretroviral therapy (ART) is common.4,5 The 

substantial risk of viral drug resistance faced by PHIV adolescents and young adults, resulting from 

suboptimal adherence after a lifetime of ART, poses a threat to their own health and increases risk of 

transmitting drug-resistant HIV to sexual partners.6,7  

Newly promoted HIV prevention strategies involving pre-exposure prophylaxis (PrEP) and “treatment-as-

prevention” can substantially decrease the likelihood of sex-based HIV transmission without condom 

use.8-12 However, rates of PrEP uptake are low among young adults, women, and people of color13,14 and 

gaps in the HIV treatment cascade remain, such that only an estimated 25% of young people living with 

HIV in the United States have attained an undetectable HIV viral load.15 In the past decade, data reveal a 

decline in condom use among high school students16 and increases in the rates of certain sexually 

transmitted infections (STIs), including chlamydia, gonorrhea, and syphilis.17 Sexually transmitted co-

infections increase HIV infectiousness through local inflammatory processes.18 As a result, efforts to 

increase condom use in young adults living with HIV are still important to reducing risk of HIV 

transmission as well as STI transmission and acquisition.19-21 

Even within the same individual, factors vary between sexual encounters that may influence condom use. 

Among the many factors that may hinder condom use, alcohol has garnered particular attention; however, 

recent statewide legalization of recreational marijuana and its widespread use among young people,16,22 

in addition to the growing opioid epidemic in the US,23 warrant consideration of other substances in 
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understanding sexual risk behavior. Two primary theories explain how alcohol is thought to inhibit 

condom use. Alcohol myopia theory24 purports that the psychoactive effects of alcohol intoxication reduce 

cognitive capacity, leading to attentional bias to immediate cues of sex (e.g., arousal) rather than distal, 

inhibitory cues that would prioritize condom use to prevent HIV transmission, for example. Whereas 

alcohol myopia theory focuses on pharmacological mechanisms, expectancy theory highlights 

psychological ones. According to alcohol expectancy theory,25 the beliefs a person has about the effects 

of alcohol are what influence their behavior. Similarly, marijuana and other drug use may increase sexual 

desire or decrease ability to correctly negotiate and carry out condom use due to effects on cognitive 

ability, including risk judgment, as well as intentions or beliefs about the effects drug use will have on 

sexual behavior.26,27 Among PHIV youth, global cross-sectional studies examining the overall frequency 

of substance use suggest co-occurrence of substance use and sexual initiation,28,29 and alcohol and 

marijuana have been found to be correlated with sexual risk behaviors, including condomless sex.30 One 

longitudinal study found a global association between alcohol and marijuana use and condomless sex,31 

while another found substance use was not an important predictor of sexual initiation in PHIV youth.6 

Although results from several meta-analyses and reviews support an association between substance use 

and condomless sex in the general population, the evidence has largely been based on cross-sectional 

association studies and global measures of substance use.32,33  Findings from event-level and situational 

analyses, in which substance use is examined on a particular occasion, have been mixed.34-37 In fact, 

most observational studies directly testing the link between drinking before a specific sexual encounter 

and condom use at that encounter find no relationship. Two quantitative analyses of such studies35,36 

reported that alcohol was associated with lower rates of condom use only at first intercourse but not on 

subsequent intercourse occasions and in younger participants only. Experimental studies have found that 

alcohol consumption increases intentions to engage in condomless sex,38 and cocaine use increased 

participants’ sexual desire and willingness to forego condom use39 but these studies require focus on 

theoretical determinants of risky sexual behavior instead of actual risk behavior. Questions therefore 

remain as to the causal nature of the substance use–condomless sex association in non-experimental 

settings.  
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The case-crossover design, where each case serves as their own control, inherently controls for time-

fixed confounding, and is therefore ideally suited to test for an effect of participant and partner use of 

alcohol and drugs before sex on condom use.  The case-crossover design compares, within the same 

individual, case periods in which the outcome occurs (i.e., condomless sex) to periods in which the 

outcome does not occur (i.e., sex with a condom). Confounding is therefore eliminated for factors that can 

differ between participants but are unvarying or slowly changing within person. These stable factors 

include easily measured factors such as sex and race, as well as variables that are unmeasured or 

difficult to obtain, such as proclivity for risk or general health-seeking behaviors. 

Several studies have examined the association between situation-specific factors with condomless sex 

using a case-crossover design. In a cohort of women at risk for HIV infection, partner use of alcohol and 

drugs was associated with condom use.40 Among female bar and hotel workers in Tanzania41 and among 

men who have sex with men in Hong Kong,42 substance use was not independently associated with odds 

of condom use. However, among female sex workers in Kenya, alcohol use during sex was negatively 

associated with consistent condom use with regular sex partners to whom a woman could go for support 

but not associated with condom use with other partners.43 Taking into account that substance use 

patterns differ across cultures and age groups, it is important to assess whether substance use is 

causally related to condomless sex in young adults living with HIV in the United States. 

While case-crossover designs have strong control for unmeasured confounding by patient characteristics, 

they require a participant has variability in the outcome. In this case, participants must have sex both with 

and without a condom, thereby restricting analyses of condom use to inconsistent condom users. 

Therefore, the objective of this analysis was first to describe the differences between consistent, 

inconsistent, and never condom users among PHIV young adults. Second, among inconsistent condom 

users, we aimed to determine if alcohol or drug use by participants or their partners increases the odds of 

having condomless sex. 
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METHODS 

This analysis uses data collected in the AMP Up protocol44 of the Pediatric HIV/AIDS Cohort Study 

(PHACS) network. The AMP Up study population includes PHIV and perinatally HIV-exposed, uninfected 

young adults 18 years of age and older with available lifetime history of ARV use, CD4 and HIV-1 RNA 

viral load measures, and major medical diagnoses. Since April 2014, participants have been recruited 

from one of 14 clinical research sites across the United States, including Puerto Rico. Participants are 

prospectively followed, with yearly online data collection for the majority of self-reported information, 

annual medical chart abstraction and STI specimen collection, and in-person clinic visits every three 

years. For this analysis, we restrict to PHIV young adults who had sex in the 12 months prior to report. 

 

Descriptive condom use 

All sexually active PHIV participants in the AMP Up study were asked in annual online surveys to recall 

the most recent time they had sex with and without a condom. If the most recent sex with a condom 

occurred within the prior 12-month period but the most recent condomless sex occurred more than 12 

months prior to report (or never), the participant was considered to be an always condom user in that 

reporting period. If the participant only had condomless sex in the prior 12 months they were considered 

to be a never condom user, and if they had sex both with and without a condom in the prior 12 months 

they were considered to be an inconsistent condom user. Participants could contribute up to four possible 

12-month condom-use histories. Selected characteristics of participants at each report were examined by 

frequency of condom use. Socio-demographic factors including age, sex at birth, and race/ethnicity were 

collected, and HIV RNA viral load was obtained from the visit at or closest to the time at which the online 

survey was administered within one year. Substance use histories and knowledge of viral load and CD4 

count were obtained from the same yearly online survey as sex and condom use history. 

In the descriptive analysis, risk for hazardous drinking was assessed using the Alcohol Use Disorders 

Identification Test (AUDIT-C), a three-item alcohol screen on a scale of 0-12 that can help identify people 

who are hazardous drinkers or have alcohol use disorders. A score of 4 or higher in males and a score of 

3 or higher in females is considered to be optimal for identifying hazardous drinking.45,46 The Drug Use 
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Disorders Identification Test (DUDIT), an 11-item questionnaire related to problematic drug use, was used 

to identify participants at risk of problems caused by drugs. The DUDIT is scored on a scale of 0-44.  

Males with scores of 6 or higher and females with scores of 2 or higher are considered at risk for 

problems caused by drugs.47  

 

Case-crossover analysis 

The outcome of interest in this analysis is condomless sex compared to sex with a condom, and the 

exposure is a binary indicator of any alcohol or drug use immediately prior to sex of either the participant 

or their partner. Although the study design eliminates slowly changing or time-fixed confounding, some 

situational factors may differ between case and control periods, confounding the association between 

substance use and condomless sex. Thus for each sexual encounter, in addition to substance use, 

information was obtained on the following situational factors immediately prior to sex: partner type 

(serious/casual), age difference between participant and partner, whether the participant had previously 

told their partner they had HIV (yes/no), and whether the participant previously knew their partner’s HIV 

status (yes/no).   

To control for confounding by factors that may change over a year and to decrease recall bias, the study 

was restricted to those who reported both a case and control period (i.e., sex with and without a condom) 

in the prior three-month period.  

Figure 2.1 show that for each individual, case events are paired with control events that occurred within 

the same three-month period prior to report. If only sex with or without a condom occurred in that three-

month window, no data is utilized from that study year. In the example above, the first two participants 

each contribute 1 case-control pair and the last participant contributes 2 case-control pairs, totaling 4 

matched sets of case and control periods among 3 participants. 
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Figure 2.1 Case-crossover design across multiple reporting periods 

 

A form of weighted estimating equations48 were used to down-weight case-control pairs of those 

individuals with more than one matched set of case-control periods, producing an effective sample size 

equal to twice the number of participants rather than twice the total number of matched pairs. The 

univariate associations of each situational factor with the outcome of condomless sex was first examined. 

We then fit a conditional multivariable logistic regression model for the outcome by substance use of the 

participant or their partner adjusted for situational confounders. To examine the robustness of results, 

additional analyses were performed in which the time period restriction was relaxed to include matched 

pairs within 6 and 12 months, only the first or most recent matched pair of case-control periods per 

participant was used, and missing indicator variables for missing categorical confounding variables and 

multiple imputation for a continuous variable were included. 
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RESULTS 

Of 552 PHIV participants enrolled in AMP Up, 532 completed sexual behavior surveys. Of those 532 who 

completed a survey, 444 (83%) reported ever having vaginal sex, 176 (33%) ever having anal sex and 65 

(12%) never having either type of sex. Of the 449 who ever had vaginal or anal sex, 395 (88%) reported 

condom use history in the previous 12 months in at least 1 of up to 4 surveys. 

854 12-month condom use histories were obtained among 395 participants who reported any sex. In 327 

(38%) of the 12-month periods, participants reported always having sex with a condom (always users); in 

97 (12%) of the reporting periods, participants reported never having had sex with a condom (never 

users); and in 430 (50%) of the reporting periods, participants reported sex both with and without a 

condom (inconsistent users).  

Table 2.1 Selected characteristics of participants by level of condom use in prior 12-
month period   

Use of Condoms 

  
Variable 

  
Number in 
Category 

Always 
N=327  
  
n (%) 

Inconsistent 
N=430 
  
n (%) 

Never 
N=97 
  
n (%) 

  Sex at birth         
      Male 305 141 (46.2) 145 (47.5) 19 (6.2) 
      Female 549 186 (33.9) 285 (51.9) 78 (14.2) 
  Race/ethnicity 

    

      Black 534 215 (40.3) 271 (50.7) 48 (9.0) 
      Latino/Hispanic 235 92 (39.1) 111 (47.2) 32 (13.6) 
      White 56 8 (14.3) 33 (58.9) 15 (26.8) 
      Multi/Other/Unknown 29 12 (41.4) 15 (51.7) 2 (6.9) 
  Age group     
      18-24 488 204 (41.8) 244 (50.0) 40 (8.2) 
      Older than 24 366 123 (33.6) 186 (50.8) 57 (15.6) 
  Education level 

    

      < HS Diploma 140 55 (39.3) 67 (47.9) 18 (12.9) 
      t HS Diploma 712 270 (37.9) 363 (51.0) 79 (11.1) 
  HIV RNA viral suppression  
  status 

    

      Virally Suppressed 531 202 (38.0) 275 (51.8) 54 (10.2) 
      Not Virally Suppressed 276 108 (39.1) 137 (49.6) 31 (11.2) 
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Table 2.1 (continued) Selected characteristics of participants by level of condom use in 
prior 12-month period 
  Know HIV RNA viral load and  
  CD4 count 

    

      Yes 518 185 (35.7) 276 (53.3) 57 (11.0) 
      No 303 124 (40.9) 143 (47.2) 36 (11.9) 
  Had oral or anal sex with  
  same-sex partner in past 30  
  days 

    

      Yes 60 15 (25.0) 38 (63.3) 7 (11.7) 
      No 794 312 (39.3) 392 (49.4) 90 (11.3) 
  Ever drank alcohol     
      Yes 645 228 (35.3) 341 (52.9) 76 (11.8) 
      No 203 95 (46.8) 87 (42.9) 21 (10.3) 
  Binge drank in past year          
      Yes 311 102 (32.8) 174 (55.9) 35 (11.3) 
      No 531 219 (41.2) 250 (47.1) 62 (11.7) 
  Ever used marijuana      
      Yes 628 221 (35.2) 337 (53.7) 70 (11.1) 
      No 220 104 (47.3) 91 (41.4) 25 (11.4) 
  Marijuana use in past 30 days            
      Yes 401 145 (36.2) 223 (55.6) 33 (8.2) 
      No 447 180 (40.3) 205 (45.9) 62 (13.9) 
  Ever used opioids to get high     
      Yes 101      27 (26.7) 63 (62.4) 11 (10.9) 
      No 753 300 (39.8) 367 (48.7) 86 (11.4) 
  Ever used prescription drugs    
  to get high 

    

      Yes 123 33 (26.8) 76 (61.8) 14 (11.4) 
      No 729 294 (40.3) 352 (48.3) 83 (11.4) 
  Ever used other illicit drug to  
  get high 

    

      Yes 99 26 (26.3) 64 (64.6) 9 (9.1) 
      No 755 301 (39.9) 366 (48.5) 88 (11.7) 
  At risk for problems caused  
  by drugs 

    

      Yes 181 53 (29.3) 114 (63.0) 14 (7.7) 
      No 673 274 (40.7) 316 (47.0) 83 (12.3) 
  At risk for hazardous  
  drinking 

    

      Yes 104 33 (31.7) 53 (51.0) 18 (17.3) 
      No 750 294 (39.2) 377 (50.3) 79 (10.5) 
  Ever had unplanned sex after  
  alcohol or drug use 

    

      Yes 169 28 (16.6) 119 (70.4) 22 (13.0) 
      No 685 299 (43.6) 311 (45.4) 75 (10.9) 
Unit of analysis is 12-month reporting period (N=854 12-month condom use histories 
among 395 participants) 

Covariates with t1% missing data are as follows: virally suppression status (n=47, 6%); 
knowledge of viral load and CD4 count (n = 33, 4%); binge drank in past year (n = 12, 
1%) 
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The distribution of characteristics across condom use frequency are shown in Table 2.1. Males compared 

to females and those 18 to 24 compared to those older than 24 tended to report always using a condom 

more and never using a condom less in the past year. Condom use in the prior 12 months did not seem 

to differ by HIV-1 RNA viral load suppression status or education level. Participants who reported same-

sex partners in the prior 3 months were more likely to have inconsistent condom use and less likely to 

always use a condom. Across all substance use categories, those who used substances were generally 

more likely to have inconsistent condom use and less likely to always use a condom in the prior 12 

months compared to those who did not use these substances. Those at risk for problems caused by 

drinking were more likely to be inconsistent condom users and less likely to be always and never users of 

condoms. Those at risk for hazardous drinking appeared more likely to never use a condom and less 

likely to always use a condom. Finally, among participants who reported ever having unplanned sex after 

alcohol or drug use, 70% had inconsistent condom use and only 17% always used a condom in the prior 

12 months, compared to those who never had unplanned sex after substance use, of whom 45% were 

inconsistent and 44% always used a condom. 

Sample selection for the case-crossover analysis is shown in Figure 2.2. Of the 430 reporting periods in 

which condom use was inconsistent, 272 (63%) were inconsistent within the prior 3-month period. Only a 

small number of same-sex anal encounters were reported, so they were removed from the primary 

analysis and are described here. Five reporting periods among 4 male participants involved inconsistent 

condom use with male partners and no alcohol or drug use was reported at any of the sexual encounters.  

Thirty (11%) participants reported an intention to become pregnant at condomless sex. For these 30 

sexual encounters, our assumption is that pregnancy intention was the primary reason a condom was not 

used and therefore substance use is not relevant. These events were therefore excluded. Only 

participants with complete data on the outcome, exposure, and all confounders were included in the 

analysis, yielding a sample size of 194 reporting periods among 137 participants. Excluded individuals did 

not differ from included individuals on any demographic or substance use variables examined in the 

descriptive analysis. Included participants had a median age of 23 years (range: 18-36), 70% were black, 
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and 68% were females. Each participant contributed an average of 1.76 reporting periods to the case-

crossover analysis. 

 

 

Figure 2.2 Selection into case-crossover analysis 

 

Univariate associations of each situational factor with condomless sex are shown in Table 2.2. Alcohol or 

drug use occurred 24 times at both sex with and without a condom, 8 times at sex with a condom only, 26 

times at condomless sex only, and 136 times at neither encounter. We found separate independent 
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associations between both participant use and partner use of alcohol or drugs on condomless sex. If the 

participant had previously told their partner they were living with HIV, this was inversely associated with 

having condomless sex. In the multivariate analysis, alcohol or drug use by the participant or their partner 

increased the odds of having condomless sex compared to sex with a condom (adjusted odds ratio = 

5.46, 95% confidence interval: 1.61, 18.56). In sensitivity analyses, we increased the recall period to 6 

and 12 months and included missing indicator variables for missing categorical confounding variables and 

multiple imputation for a continuous variable, greatly reducing missingness, and the adjusted odds ratio 

did not substantially change (see Appendix Table 2.1).   

Table 2.2 Univariate associations of situational factors with condomless sex 

 
 
 
Univariate analyses 

Number 
exposed 
in case 
period 

Number 
exposed 
in control 

period 

Odds ratio 

(95% CI)a 

Substance use (participant or partner) 50 32 3.96 (1.40, 11.25) 

     Participant use 44 27 4.21 (1.40, 12.68) 

     Partner use 43 28 3.77 (1.32, 10.77) 

Steady partner 160 154 2.07 (0.57, 7.54) 

First time with partner 29 32 0.97 (0.39, 2.44) 

Previously disclosed HIV status 112 122 0.20 (0.05, 0.89) 

Previously knew partner’s HIV status 58 63 0.43 (0.12, 1.59) 

Age difference with partner - - 0.97 (0.87, 1.09) 

Multivariate analysis 

Substance use (participant or partner)b - - 5.46 (1.61, 18.56) 

a CI: Confidence interval; Based on 194 matched pairs; Effective sample size = 137 
matched pairs; Weighted to account for multiple matched sets per participant. 
b After controlling for all other event-level factors. 
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Table 2.3 Alcohol and drug use history by reported substance use before sex 

 Alcohol or drug use before sex Total with 
alcohol or 
drug use 
before sex 
with or without 
a condom 
 

No alcohol 
or drug use 
before sex 
with or 
without a 
condom 
 

Alcohol or 
drug use 
before sex 
without a 
condom only 

Alcohol or 
drug use 
before sex 
with a 
condom only 

Alcohol or 
drug use 
before sex 
both with and 
without a 
condom 

N = 25, n (%) 
 

N = 7, n (%) 
 

N = 21, n (%) 
 

N = 53, n (%) 
 

N = 141a,  
n (%) 
 

Ever used 
marijuana 

23 (92.0) 7 (100.0) 21 (100.0) 51 (96.2) 105 (74.5) 

Used marijuana in 
past 30 days 

20 (80.0) 6 (85.7) 20 (95.2) 46 (86.8) 60 (42.6) 

Ever used 
prescription drugs 
to get high 

6 (24.0) 2 (28.6) 6 (28.6) 14 (26.4) 17 (12.1) 

Ever used other 
drugs to get high 

7 (28.0) 3 (42.9) 12 (57.1) 22 (41.5) 21 (14.9) 

Ever used opioids 
to get high 

5 (20.0) 2 (28.6) 4 (19.1) 11 (20.8) 14 (9.9) 

Ever used any 
drugs to get high 

23 (92.0) 7 (100.0) 21 (100.0) 51 (96.2) 108 (76.6) 

Ever used any 
drugs to get high 
excluding 
marijuana 

10 (40.0) 3 (42.9) 13 (61.9) 26 (49.1) 26 (18.4) 

At risk for 
problems caused 
by drugs 

11 (44.0) 1 (14.3) 14 (66.7) 26 (49.1) 25 (17.7) 

Ever drink alcohol 25 (100.0) 7 (100.0) 18 (90.0) 

(N = 20) 

50 (96.2) 

(N = 52) 

106 (75.2) 

Drink in past year 24 (96.0) 6 (85.7) 17 (85.0) 

(N = 20) 

47 (90.4) 

(N = 52) 

88 (62.4) 

Binge drink in past 
year 

20 (83.3) 

(N = 24) 

4 (57.1) 
 

8 (40.0) 

(N = 20) 

32 (62.8) 

(N = 51) 

48 (34.0) 

At risk for 
hazardous drinking 

5 (20.0) 2 (28.6) 4 (19.1) 11 (20.8) 10 (7.1) 

Drink and/or use 
marijuana only 

15 (60.0) 4 (57.1) 8 (38.1) 27 (50.9) 97 (68.8)  

a Includes 18 reporting periods in which participant had never reported substance use. 
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 Substance use by both the participant and their partner occurred in most encounters where substance 

use occurred before sex. Among encounters in which a condom was used, 24 involved substance use by 

both the participant and their partner, 3 were participant use only, and 4 were partner use only. Among 

encounters in which a condom was not used, 39 encounters involved substance use by both the 

participant and their partner, 6 were participant use only, and 4 were partner use only.  

Although specific substances used at the time of the sexual encounter were not ascertained, we were 

able to match the participant’s history of substance use to events in which the participant used 

substances before sex (see Table 2.3). Of the 53 three-month periods in which the participant used 

alcohol or drugs before sex with or without a condom, 51 (96%) had ever used marijuana, 47 (90%) had 

drunk alcohol in the past year, and 23 (43%) had ever used drugs other than marijuana to get high. There 

appeared to be a relatively higher prevalence of risk for problems caused by drugs (67%) among those 

who used alcohol or drugs before sex both with and without a condom. Those who used alcohol or drugs 

before sex without a condom but not sex with a condom seemed to have relatively higher prevalence of 

binge drinking in the past year (83%). 

 

DISCUSSION 

This study examined the distribution of always, inconsistent and never condom using groups across 

selected characteristics and investigated the effect of substance use immediately prior to sex on condom 

use among inconsistent-condom-using PHIV young adults. A small proportion (12%) of reporting periods 

among sexually active PHIV young adults included no condom use in the 12 months prior to report. In 

comparison, national survey results49 among 21 to 30 year old young adults from 2004 to 2017 suggest 

about 41% of those who were sexually active in the past 12 months never used a condom in that time 

period. While 38% of our sample reported always using a condom, only 18% of young adults in the 

general population reported always using a condom in the past 12 months. Half (50%) of reporting 

periods among sexually active PHIV young adults in our study involved inconsistent condom use 

compared to the national average of 41% who reported they “seldom,” “sometimes,” or “most times” used 

a condom in the prior 12 months.  
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Females had a higher prevalence of never condom use (14%) compared to males (6%), a tendency also 

found in the general population (46% compared to 36%, respectively).49 This may be attributed to higher 

rates of steady partnerships among females. In our study at last condomless sex, 82% of females’ 

partners were steady partners compared to 67% of males’ partners. If their male partners are not 

monogamous, however, risk among females may increase without their awareness.49 A higher proportion 

of individuals who binge drank, used marijuana, ever used prescription or other drugs to get high, or were 

at risk for problems caused by drugs were inconsistent condom users compared to those who did not use 

these substances. More than two-thirds of those who ever had unplanned sex after alcohol or drug use 

were inconsistent condom users compared to less than half who never had unplanned sex after 

substance use.  

Though relatively higher consistent use and less never condom use in our cohort of PHIV is encouraging, 

there were still a greater percentage of inconsistent condom users in our cohort compared to young 

adults in the US. Condom use is especially important in PHIV young adults not only because they may 

transmit HIV, but also because of the synergistic effects of STIs and HIV. People living with HIV are at 

heightened risk of acquiring STIs,50 and STI acquisition can enhance HIV shedding at the site of 

inflammation and increase viral load in genital fluids, thereby increasing HIV transmission risk.18,51,52 

Moreover, studies show that PHIV youth in particular have higher prevalence of viral drug resistance and 

are less likely to be virally suppressed than adults living with HIV,6,7 indicating these young adults are at 

greater risk for transmission to others through condomless sex.  

Our findings suggest an effect of substance use on condomless sex among inconsistent condom users, 

contrary to many event-level analyses among HIV-negative individuals in the US, which found no effect.53-

57 These discrepancies may exist because alcohol and drug use can promote, inhibit, or have no effect on 

risky sexual behaviors depending on the specific set of salient cues at that encounter.58 We focus on a 

younger population and on people living with HIV, both populations where, drawing on alcohol myopia 

theory, individuals might experience internal conflict conducive to substance-related disinhibition of 

condom use. If PHIV young adults experienced a type of conflict in which dominant cues favored 

behavioral action (arousal) while peripheral cues favored behavioral inhibition (preventing HIV 

transmission), we would expect alcohol-related disinhibition due to the greater difficulty in processing 
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peripheral inhibitory cues. Similarly, drawing on expectancy theory, beliefs about the effects of substance 

use, once triggered by alcohol or drug use, may strengthen activating cues for condomless sex, bringing 

these individuals for whom costs might otherwise greatly outweigh benefits into a state of high inhibition 

conflict. Furthermore, alcohol and drug use at more extreme levels can hinder an individual’s 

negotiations concerning condom use during sex and lead to clumsy application as well as premature 

removal of condoms in a younger and less sexually experienced population.59 In reality, numerous 

mechanisms may work synchronously to inhibit condom use. In qualitative research, men living with 

HIV in international settings have brought to light these very themes including substance use 

expectancies, impaired decision-making, loss of control, and less concern for others.60 

In univariate analyses, substance use by the participant, their partner, and either the participant or partner 

was associated with increased odds of condomless sex. Most periods in which substance use occurred 

(77% at sex with a condom, 80% at sex without a condom) involved concurrent use by both the 

participant and their partner. Previous disclosure of HIV status to a partner was found to decrease the 

odds of condomless sex in a univariate model. In order to ensure HIV status disclosure occurred before 

alcohol consumption (and was not a downstream consequence of substance use), disclosure was defined 

as taking place if it had occurred previously and not directly before sex. When we define the variable 

instead as any disclosure before sex (immediately prior to or previously occurring) the association 

between disclosure and decreased odds of condomless sex is attenuated (odds ratio = 0.38, 95% 

confidence interval: 0.10, 1.40). It may be that the protective effect of disclosure on condomless sex 

found in the univariate analysis is apropos of relative closeness to a partner that is not captured by 

partner classifications such as “steady” or “casual”. Other studies, however, have found a similar 

association between disclosure and increased condom use.61,62 An analysis of disclosure with proper 

control for confounding in a multivariable analysis might help to explain this finding.  

Among those included in the case-crossover analysis, almost all participants who reported alcohol or 

drug use before sex with or without a condom had ever used marijuana and alcohol. Half of participants 

who reported substance use before sex with or without a condom in this analysis were at risk for 

problems caused by drugs. While only 20% were at risk for hazardous drinking, 63% binge drank in the 

past year. Additionally, 19% reported using two or more drugs at a time in the prior year, not including 
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alcohol, suggesting polysubstance use may occur before sex. When we narrow in on different patterns 

of substance use, binge drinking is extremely common among those who used substances before sex 

without but not with a condom, while risk for problems caused by drugs was especially high for those 

who used substances before sex both with and without a condom.  

These findings suggest that targeting substance use interventions among those who are inconsistent 

condom users and use substances before any sex, not just before condomless sex, may prove most 

efficient, given the high prevalence of risky drug use in this subset of the population. Successful 

substance use interventions among PHIV young adults who are both substance users and inconsistent 

condom users can provide dual benefit by helping those with substance use issues as well as 

decreasing condomless sex. Motivational interviewing (MI), a form of conversational counseling that aims 

to increase people’s awareness of feelings toward behaviors and to develop greater self-efficacy, has 

been a successful tool in guiding behavior change.63 Two trials among youths living with HIV reported 

reductions in viral load and condomless sex.64 Reductions in alcohol use were identified in one trial, while 

neither showed reductions in marijuana use.65,66 In a more recent review of the efficacy of MI in people 

living with HIV, significant declines were seen in six of seven studies of MI on condomless sex, as well as 

decreases in all four MI studies that addressed substance use. Additionally MI appears to be more 

powerful when paired with other therapeutic techniques or interventions. 67 These finding provide 

evidence for the effectiveness of MI-based interventions in improving health behaviors in people living 

with HIV. Further, carefully designed interventions aimed at reducing alcohol and drug use in settings 

where substance use and encountering potential sexual partners co-occur could be effective in PHIV 

young adults. 

This analysis has several limitations. First, as with all analyses of observational data, the validity of our 

estimates relies on the assumptions of no unmeasured or residual confounding, no measurement error, 

and no model misspecification. While the case-crossover design does account for all stable person-level 

confounders, it is likely that some residual or unmeasured confounding by event-level variables still 

exists. Second, participants’ reports of their own and their partner’s drug use in sexual encounters could 

be subject to measurement error, and error may have been related to social desirability bias, although the 

use of computer-based survey administration rather than clinical interviewers generally has been shown 
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to be preferred by patients and to result in more valid responses.68,69 Furthermore, participant recall of 

event-level substance use is less biased than more general measures of substance use utilized in many 

studies. Case and control periods were also restricted to those that occurred within three months prior to 

assessment, reducing bias due to longer recall period. We are unable to examine the effect of specific 

substances, as well as precise timing and quantities of these substances, because this information was 

not obtained at the event level. Finally, a sizeable portion of observations eligible for the case-crossover 

analysis (16%) were dropped due to missing exposure or confounding variables. In sensitivity analyses, 

we included missing indicator variables for missing categorical confounding variables and multiple 

imputation for a continuous variable, greatly reducing missingness, and results did not substantially 

change. 

Despite these limitations, findings from the current study have important clinical and policy implications. 

Our methods allow for inference regarding the causal effect of substance use on condomless sex among 

PHIV young adults. Consistent with strong theories connecting alcohol and drug use to risky sexual 

behavior, our study adds to others that found an association between substance and condom use.37,70-72 

Focusing on inconsistent-condom-using PHIV young adults in the US, we identified an effect of substance 

use by PHIV young adults or their partners immediately prior to sex on condom use, indicating successful 

efforts to reduce substance use before sex should decrease condomless sex in this population.  
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INTRODUCTION 

Of the more than half a million people living with HIV and engaged in care in the United States, an 

estimated 40-50% drink alcohol1,2 and 42% are current smokers.3 Compared to the general population, 

people living with HIV are much more likely to have alcohol use disorders.2,4 Such disorders are 

associated with delays in HIV diagnosis,5 worse retention in care,6 and decreased receipt of and 

adherence to antiretroviral medication (ART).7 Although heavy, or binge, drinking appears to be more 

strongly associated with non-adherence than the number of drinks consumed per week,8 even fewer than 

five drinks per day at least once a week has been found to reduce survival of people living with HIV by 

one year.9 Alcohol has been found to increase HIV viral replication in cell cultures10 and SIV-infected 

rhesus macaques,11 suggesting a direct effect of alcohol on HIV viral load unrelated to medication 

adherence. However, once ART is administered in these settings, the effect no longer exists.10,12  

The results of human observational studies have been mixed. After controlling for ART use, several 

prospective studies suggest no effect of heavy drinking on CD4 cell count or HIV viral load,13,14 while 

others identified an increased risk of virological failure associated with heavy alcohol use.15-17 In a recent 

meta-analysis, among seven studies intervening on alcohol consumption among people living with HIV, 

participants in the intervention arm had reductions in viral load and increases in medication adherence 

relative to controls. Almost all studies had multiple target interventions, thus improvements in viral load 

may be due to intervention on other related factors.18 

Mild-to-moderate tobacco smoking is approximately three times more prevalent in people living with HIV 

than in the general population.19 Several reports suggest that smoking is associated with increased HIV-1 

replication and infectivity.20,21 Most research suggests oxidative stress is a possible mechanism for 

enhanced viral load.22-24 Though HIV-positive smokers are less likely to be adherent to their medications, 

a recent longitudinal analysis found smoking status measured at baseline was not significantly related to 

adherence over time.22 Several studies have found that smokers experience virologic failure sooner than 

non-smokers, even after controlling for medication adherence.20,25,26 Other analyses have not found an 

association between smoking and viral load or CD4 count.27,28 Although several trials have examined 
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smoking cessation interventions among people living with HIV, reports of post-intervention viral load are 

rare.29 

These mixed findings highlight the complexity of studying human behavior over a lengthy and variable 

disease course when people with HIV who smoke or drink may face a variety of psychological, 

environmental, and economic challenges. Many of these characteristics, including depression and other 

substance use, are associated with high risks for drinking or smoking and higher viral loads.13 Though 

inconsistent results regarding the effect of drinking and smoking on HIV disease progression may in part 

be attributed to the differing characteristics of study populations, adjustment for important potential 

confounders has not consistently occurred. Furthermore, valid estimation of chronic alcohol or tobacco 

use over several years requires appropriate adjustment for many time-varying confounders.  

In this analysis we provide estimates of the effects of individual and joint interventions on alcohol 

consumption, smoking, and medication adherence on the prevalence of detectable viral load at the end of 

three years. To do so, we implemented the parametric g-formula to estimate the average prevalence of 

detectable viral load after three years of simulated substance use and medication adherence 

interventions in participants of the Women’s Interagency HIV Study. Under the same identifying 

assumptions common to all observational analyses, our estimates can be interpreted as per-protocol 

effects of a randomized trial in which participants were randomly assigned and perfectly adhered to the 

specified substance use interventions. This is an informative estimate for researchers considering 

whether, under ideal conditions, a successful intervention on smoking or alcohol use will decrease 

prevalence of detectable viral load in a similar population.  
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METHODS 

Study population 

The Women’s Interagency HIV Study (WIHS) is a well-established, national multicenter cohort of women 

living with or at risk for HIV-infection in the US.30-32  The study opened enrollment in 1994, and after four 

waves of recruitment, enrolled 4,982 women in New York, Chicago, Los Angeles, San Francisco and 

Washington DC. Data were collected every six months from structured interviews and standardized 

physical, psychological, and laboratory assessments, including a blood draw for CD4 cell count and HIV-1 

RNA in peripheral blood (viral load) in participants with HIV. We used the WIHS public use dataset with 

data available through 2015. 

Eligible participants for this analysis were women living with HIV on ART with at least three consecutive 

visits beginning in 2003 or later. The first two visits were required to adjust for a year of pre-baseline 

covariates. Participants who had died, had incomplete follow-up (defined as a missing exam), or were 

pregnant within the three baseline/pre-baseline visits were excluded. Additionally, participants were 

excluded at baseline if they had missing data on alcoholic drinks per week, cigarettes smoked per day, 

medication adherence, detectable viral load status, pregnancy status, depressive symptoms, employment 

status, or other drug use (marijuana, crack, cocaine, or heroin use). Participants were followed from 

baseline until three years of follow-up or death. For skipped visits and missing time-varying covariates, 

including alcoholic drinks per week, cigarettes smoked per day, medication adherence employment 

status, depression and other drug use, we carried forward the last observed value for one visit. 

Participants were censored at the second visit with missing values.  

Covariate measures 

Our outcome variable is prevalence of detectable viral load at end of follow-up (i.e., three years after 

baseline), which was measured semi-annually using standard laboratory techniques (undetectable: <80 

copies/mL, coded as 0; detectable: >80 copies/mL, coded as 1). Most exposure and covariate data were 

collected through interviewer administered surveys. Participants were asked about average alcohol 

frequency and quantity on days when they did drink, which was used to calculate average number of 

drinks per week. If frequency or quantity responses were categorized, then the midpoint was used in the 
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calculation. Participants were also asked about frequency and average quantity of cigarettes smoked on 

days when they did smoke, which was used to calculate average cigarettes smoked per day. A positive 

response, since the last six-month visit, to use of cocaine/crack, heroin, or marijuana was regarded as 

evidence of other substance use. Participants who reported taking all drugs as prescribed at least 95% of 

the time since the previous six-month visit were classified as adherent. A score of ≥16 on the Center for 

Epidemiological Studies Depression scale (CES-D) indicated presence of depressive symptoms.33 The 

CES-D has been shown to have 95% sensitivity and 70% specificity among low-income women,34 and a 

recent WIHS analysis demonstrated items assessed via CES-D operated equivalently for women with and 

without HIV.35 

Baseline covariates included age (years), education (≤ high school graduate, high school graduate, some 

college or greater), marital status (single, married, widowed/divorced), time since diagnosis (years), and 

indicators for history of hepatitis B or C, Black race, and Hispanic ethnicity. Positive results at or near 

baseline on total hepatitis B core antibody or hepatitis C antibody tests indicated history of hepatitis B or 

C at or before baseline. In our primary analysis, time-varying covariates included indicator variables for 

detectable viral load at previous exam, employment, depressive symptoms, and other substance use. 

Missing data for baseline covariates were assigned to the referent group for education (n=22, 2.0% 

missing), marital status (n=75, 6.7%) and hepatitis B or C (n=42, 3.8%). 

Hypothetical interventions 

We simulated a trial in which women living with HIV are assigned to the following sustained three-year 

interventions: (1) avoid drinking, (2) avoid smoking, (3) adhere to ART regimen, (4) avoid drinking and 

smoking, (5) avoid drinking and adhere to ART regimen, (6) avoid smoking and adhere to ART regimen, 

(7) avoid drinking, avoid smoking, and adhere to ART regimen. We then compared the three-year 

prevalence of detectable viral load under each of these interventions to the three-year prevalence of 

detectable viral load given the natural course (i.e., under no intervention).  
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Statistical analysis 

The standard parametric g-formula36,37 was used to estimate the total effect of substance use and 

medication adherence interventions compared to the natural course on viral load after three years, by the 

SAS GFORMULA macro (available at: http://www.hsph.harvard.edu/causal/software). The parametric g-

formula has previously been described in detail and used in observational cohorts to estimate the effects 

of dynamic monitoring and treatment strategies on numerous HIV-related outcomes.38-44 Briefly, we 

specified models for the probability of detectable viral load at three years, as well as for each time-varying 

covariate (including exposure and confounders) at each six-month follow-up time. We then used a Monte 

Carlo simulation to generate a population of 10,000 individuals under each of the intervention strategies, 

including under the ‘natural course’ in order to compute the estimated prevalence of detectable viral load 

at three years in this population. These risks are used to calculate an effect measure of interest (e.g., 

three-year prevalence ratio or prevalence difference), and 95% confidence intervals were obtained by 

repeating these steps in 500 bootstrap samples.  

If all time-varying confounders have been correctly measured and modeled at all time points, our effect 

estimates can be interpreted as arising from a randomized trial in which participants were randomly 

assigned and adhered to the specified interventions. Adjustment for pre-baseline values of substance use 

enables us to estimate the effect of changes in substance use versus the effect of lifelong substance use 

habits. We compared the observed and simulated probability of detectable viral load at the end of three 

years as well as observed and simulated curves for all time-varying covariates (see Appendix Figure 

3.1) to assess possible model misspecification.  

Sensitivity Analyses 

We assessed robustness of our estimates to various alternative assumptions by altering the order in 

which time-varying covariates are modeled; defining different functional forms for the covariates; 

additionally adjusting for baseline income, mother’s education, and an indicator of living in a home with 

immediate family only; dropping participants with missing variables for baseline education, history of 

hepatitis B or C, and marital status; and not carrying the last observation forward for one visit to see if 

results changed substantially.  
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RESULTS 

Of 1612 women living with HIV in the WIHS who completed relevant components of the study, 1107 

women were ultimately eligible for this analysis. Figure 3.1 depicts the flowchart for selection into the 

study.  

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 
 

 
 

 
 

  
 

 
 

 
 
 

 
 
 
 

 
 

 
 
 
 

 
Figure 3.1 WIHS participant selection into study 
 
 

1612 with at least 3 consecutive surveys 
containing information on demographics, 
substance use, ART medication use, 
and viral load measures since 2002. 

1508 with full data on all covariates of 
interest in baseline and 2 pre-baseline 
surveys. 

104 missing covariate data in 
either baseline, or pre-
baseline surveys 

1151 start study at least 4 years before 
latest available study visit 

357 started study too late to 
have 4 years of data 

1107 women living with HIV available for 
analysis 

44 were pregnant within 1 year 
before or at baseline 

2125 women on ART with visits starting 
in 2002 or later 

513 with fewer than 3 
consecutive surveys for pre-
baseline and baseline data 

3678 women living with HIV 

1553 not on ART or without 
any study visits after 2002 

4982 women in WIHS 

1304 not HIV-infected 
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Table 3.1 Baseline characteristics of 1107 women eligible for inclusion  

Characteristic Median (IQR)a or N (%) 

Age (years) 43 (37, 48) 

Race  

     American Indian or Alaskan Native 7 (0.6) 

     Asian 9 (0.8) 

     Black or African American 642 (58) 

     White 259 (23) 

     Other 190 (17) 

Hispanic ethnicity 294 (27) 

Education b  

     Less than high school graduate 416 (38) 

     High school graduate 314 (28) 

     Some college 280 (25) 

     College graduate / post-graduate 75 (7) 

Employed in past 6 months 376 (34) 

Current alcohol use   

     No alcohol 620 (56) 

     Drinker, <5 drinks per week 281 (25) 

     Drinker, 5+ drinks per week 206 (19) 

Current cigarette smoking  

     No smoking 635 (57) 

     Smoker, <10 cigarettes a day 243 (22) 

     Smoker, 10+ cigarettes a day 229 (21) 

Current marijuana use 165 (15) 

Current heroin/crack/cocaine/injection drug use 84 (8) 

Current depressive symptoms c 423 (38) 

History of hepatitis B or C 496 (45) 

Detectable viral load 417 (38) 

95%+ adherent to ART in past 6 months 837 (76) 

Time since diagnosis (years) 8 (2, 9) 
a IQR: Interquartile range 
b Missing data for education (n=22, 2% missing), marital status (n=75, 7%) and  
   hepatitis B or C (n=42, 4%). 
c Defined as score of ≥16 on the Center for Epidemiological Studies Depression  
   scale (CES-D) 
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Table 3.1 shows the baseline characteristics of eligible participants. Of 1107 women in the WIHS who 

met inclusion criteria, 58% were Black, 17% were Hispanic and 60% had at least a high school degree. 

Median age was 43 years (interquartile range [IQR]: 37, 48) and median time since diagnosis was 8 years 

(IQR: 2, 9) at baseline. Over the three-year follow-up period, 33 (3%) died and 277 (25%) were censored 

due to incomplete follow-up or missing data on time-varying covariates.  

 

Table 3.2 Estimated prevalence of detectable viral load at end of three-year follow-up among 1107 
WIHS participants a 

Intervention 
Strategy 

Prevalence 
of detectable 
viral load at 3 
years, % 
(95% CI)  

Prevalence 
Difference, 
% (95% CI) 

Prevalence 
Ratio  
(95%) 

Cumulative % 
Intervened On 

Average % 
Intervened On 

Natural course 29.4 
(26.8, 33.0) 

0 (Ref.) 1.0 (Ref.) 0 0 

Avoid drinking 28.0 
(24.9, 32.3) 

-1.4 
(-3.8, 1.2) 

0.95 
(0.87, 1.04) 

75 28 

Avoid smoking 27.0 
(22.7, 32.6) 

-2.3 
(-5.9, 1.8) 

0.92 
(0.80, 1.06) 

55 18 

Adhere to ART 
regimen 

20.0 
(17.1, 24.4) 

-9.4 
(-12.2, -6.6) 

0.68 
(0.59, 0.79) 

58 12 

Avoid drinking 
and adhere to 
ART regimen 

19.3 
(16.1, 24.0) 

-10.1 
(-13.3, -7.0) 

0.66 
(0.56, 0.77) 

88 34 

Avoid smoking 
and adhere to 
ART regimen 

18.8 
(14.5, 25.3) 

-10.6  
(-14.7, -5.8) 

0.64 
(0.51, 0.81) 

78 26 

Avoid smoking 
and drinking 

25.8 
(21.3, 31.6) 

-3.6 
(-7.8, 0.9) 

0.88 
(0.74, 1.03) 

89 38 

Avoid smoking 
and drinking and 
adherent to ART 
regimen 

18.1 
(14.0, 24.2) 

-11.3 
(-15.5, -6.5) 

0.62 
(0.48, 0.79) 

94 42 

a Estimated using the parametric g-formula with fixed covariates: age, Black race, Hispanic ethnicity,  
   education, marital status, time since diagnosis, history of hepatitis B or C; and time-varying  
   covariates: lagged detectable viral load, cigarettes smoked per day, alcoholic drinks per week,  
   adherence to ART, employment status, depressive symptoms, and other drug use. 
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 At baseline, 15% used marijuana, 8% used heroin, crack, cocaine, or other injection drugs, 38% had 

depressive symptoms. Fifty-six percent did not drink alcohol, 25% drank fewer than 5 drinks per week, 

and 19% drank 5 or more drinks per week in the six months prior to baseline. Fifty-seven percent did not 

smoke, 22% smoked fewer than 10 cigarettes a day, and 21% smoked 10 or more cigarettes a day on  

average in the six months prior to baseline.  

Prevalence of detectable viral load was 37.7% at baseline and 28.2% at three-year follow-up. Our 

estimated prevalence of detectable viral after three years of follow-up under the natural course was 29.4 

(95% Confidence Interval [CI]: 26.8, 33.0) percent. Compared with the natural course, we found no 

meaningful decrease in prevalence of detectable viral load at three-year follow-up under a drinking or 

smoking intervention alone (<3%), but if everyone adhered to their ART regimen, we found a much larger 

decrease in prevalence of detectable viral load after three years (9.4%). If everyone was adherent to their 

ART regimen and avoided drinking and smoking over the three-year period, very little additional benefit of 

smoking or alcohol avoidance was observed over ART adherence alone (11.3% compared to 9.4% 

decrease in detectable viral load) (Table 3.2). 

Estimated prevalence of detectable viral load at the end of three years, prevalence ratios, the average 

proportion of the population intervened on at one time point, and the cumulative proportion of people 

intervened on under each strategy over the course of follow-up are also shown in Table 3.2. Our findings 

did not change substantially in any of the sensitivity analyses conducted (see Appendix Tables 3.2-3.3). 

 

DISCUSSION 

Using observational data from the WIHS, our g-formula estimates do not provide evidence that three-year 

interventions targeting alcohol use or cigarette smoking decrease prevalence of detectable viral load 

among women living with HIV. Specifically, if we do not intervene on ART adherence, three-year 

interventions of drinking cessation, smoking cessation, and both drinking and smoking cessation do not 

appear to have an effect on prevalence of detectable viral load at the end of follow-up. If we intervene on 

ART adherence alone, we find a reduction in prevalence of detectable viral load of about 9% compared to 

the risk if we did not intervene over three-years. When we supplement this adherence intervention with an 
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intervention on alcohol or cigarette use, the reduction in prevalence of detectable viral load does not 

meaningfully change, suggesting there is no direct effect of these substances on viral load.  

Our findings are in accordance with previous cohort studies that did not detect an association between 

drinking or smoking and HIV disease progression,13,14 but are in contrast with many that have reported 

drinking or smoking increases HIV viral load.15-17 For instance, another analysis in WIHS found that 

smokers on highly-active antiretroviral therapy had poorer virologic and immunologic responses 

compared to non-smokers.20 Importantly, depressive symptoms, which are highly prevalent in this 

population and positively associated both with viral load and smoking,45,46 were not considered as a 

confounder.  A recent study in WIHS also using the g-formula showed that if everyone initiated ART 

immediately after diagnosis, a hypothetical intervention to decrease the prevalence of depressive 

symptoms in women with HIV would moderately reduce five-year mortality.44 These results warrant further 

investigation into the effects of depressive symptom interventions on viral load. Discrepancies may also 

exist because several studies have examined the effect of these substances in the absence of ART. 

Though animal model and cell culture studies have found viral load to increase after administration of 

alcohol, the effect no longer exists after ART has been administered, suggesting ART may counteract any 

negative effects of drinking or smoking on viral load.10,12   

Our intervention effect estimates also differ from those of other studies because they are contrasted with 

the natural course, providing realistic estimates of the effect that interventions on substance use may 

deliver. They therefore rely on the level of substance use and medication adherence in the population 

under no hypothetical intervention. Smoking is highly prevalent in this group of women; alcohol use is 

much lower than we might expect to find in some groups, particularly in men; and medication adherence 

appears to be high. Nonetheless, it is arguably more clinically meaningful to report that given the level of 

ART adherence in this population, interventions on alcohol and tobacco use are expected to have little to 

no effect on prevalence of detectable viral load. 

The validity of our causal estimates relies on the assumptions of no unmeasured or residual confounding, 

no measurement error, and no model misspecification. First, we adjusted for many potential common 

causes of exposure-outcome relationships, but the possibility of residual or unmeasured confounding 
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cannot be excluded. Attendance to medical appointments, for instance, may be an important confounder 

of the relationship between substance use and viral load. Second, we relied on self-report which is 

subject to recall and social desirability biases, likely resulting in underestimated reports of substance use 

and overreporting of medication adherence. Third, there are possibly multiple versions of the substance 

use intervention, but we assume that the effects of all versions of our interventions are in the same 

direction and of a comparable magnitude. Fourth, our estimates may not be generalizable to other 

populations with a different distribution of risk factors.  

Another limitation of our analysis is that alcohol use was modeled as average number of drinks per week 

when it has been found that binge drinking (drinking a high quantity on one occasion) is most strongly 

associated with medication adherence.8 Although we attempted to model alcohol as usual frequency (i.e., 

how often you drink) and usual quantity (i.e., how many drinks on one occasion), heavy drinking was too 

uncommon. Regardless, these measures remain averages of ‘usual’ drinking patterns, and likely do not 

capture instances of binge drinking in which women drink an unusually high amount on one occasion. 

Alcohol and tobacco may also selectively affect target organs, such as the liver and lungs, and viral load 

obtained from peripheral blood will not capture this. We therefore cannot rule out the potential effect these 

substances may have on virus which is not in peripheral blood. Samples derived from sites other than the 

peripheral blood would likely address this issue. 

We provided estimates of the effects of individual and joint interventions on alcohol consumption, 

smoking, and medication adherence compared to no intervention on the prevalence of detectable viral 

load after three years. The WIHS cohort included large numbers of women of color and women of lower 

socioeconomic status recruited from both clinical and non-clinical settings, accurately mirroring the 

population of women living with HIV in the US. Implementation of the parametric g-formula allowed us to 

estimate the prevalence of detectable viral load after three years of simulated alcohol and smoking 

cessation as well as medication adherence interventions in this population. Drinking and smoking 

interventions, although possibly beneficial for many other outcomes in this population, may not impart 

substantial benefits for prevention of detectable viral load in women with HIV. 
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Appendix Table 1.1 Sexual behavior survey items in AMP   

Variables Question format Responses permitted 

Continuous variables   

Age at vaginal sex 
debut 

Now I want to ask you about the very first 
time you had vaginal sex, meaning the first 
time a boy ever had his penis in your vagina.  
How old were you the first time this 
happened? 

Integer value 

Partner age at vaginal 
sex debut  

How old was the boy when this happened? Integer value 

Age at anal sex debut 
 

How old were you the first time this 
happened? 

Integer value 

Categorical variables   

Vaginal sex debut 
condom use 

Did the boy wear a condom the first time you 
had vaginal sex? 

Yes 

No 

If participant selects 
‘yes,’ follow-up 
question 

The first time you had vaginal sex, did the 
boy ever have his penis in your vagina, even 
for a short amount of time, while he was NOT 
wearing a condom?       

Yes 

No 

Variables with possible logical inconsistency   

Ever had vaginal sex  Now I want to ask you some questions about 
vaginal sex.  By vaginal sex I mean that a boy 
had his penis in your vagina.  Some people 
also call this sexual intercourse.  Have you 
ever had vaginal sex? 

Yes 

No 

Ever had oral sex  
 
 

Have you ever put your mouth or tongue on 
a boy’s penis?  

Yes 

No 

Has a boy ever put his mouth or tongue on 
your vagina? 

 

Ever had anal sex Has a boy ever had his penis in your rectum?   Yes 

No 

Ever same sex oral 
sex  
 
 
 

Have you ever put your mouth or tongue on a 
girl’s vagina? 

Yes 

No 

 Has a girl ever put her mouth or tongue on 
your vagina?  
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Appendix Table 1.1 (continued) Sexual behavior survey items in AMP 

Variables Question format Responses permitted 

   

Ever same sex anal 
sex (men only) 

Have you ever had your penis in a boy’s 
rectum?  
Has a boy ever had his penis in your rectum?   

 
Yes 

No 

Lifetime number of 
vaginal partners  

In your lifetime, how many boys have you had 
vaginal sex with?  If you are not sure, please 
try to guess the best that you can. 

Integer value 

Lifetime number of  
anal sex partners  

How many boys have you done this with? Integer value 

Lifetime vaginal sex 
condom use 

You said you had vaginal sex with one [or 
number of] boy(s).  When you had vaginal 
sex with this boy, how often did he wear a 
condom?   

Always 

Sometimes 

Never 

Lifetime anal sex 
condom use 

When a boy had his penis in your rectum, 
how often did he wear a condom? Always 

Sometimes 

Never 
Note: All items included "rather not answer" and some “I don’t know” as a response option.  
These questions represent those asked of females, with the exception of same-sex anal sex. 
Questions for males varied slightly. 
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Appendix Table 1.2 Sexual behavior survey items in AMP Up   

Variables Question format Responses permitted 

Count variables   
Age at vaginal sex 
debut 

How old were you the first time you had 
vaginal sex? 

Integer value 

Partner age at 
vaginal sex debut  

How old was the person you had vaginal sex 
with the first time? 

Integer value 

Age at anal sex debut  How old were you the first time you had anal 
sex? 

Integer value 

Categorical variables   
Vaginal sex debut 
condom use  

The first time you had vaginal sex, did you 
wear a condom? 

Yes 
No 

Anal sex debut 
condom use  

The first time you had anal sex, did you wear 
a condom? 

Yes 
No 

Within-survey 3-
month vaginal 
condom use  

In the past 3 months, when you had vaginal 
sex, how often did you wear a condom? 

Always 
Sometimes 
Never 

Variables with possible logical inconsistency   
Ever had vaginal sex  Have you ever had vaginal sex? Yes 

No 

Ever had oral sex  Have you ever performed oral sex on a 
female or has a female ever performed oral 
sex on you? 

Yes 
No 

Ever had anal sex  Have you ever had anal sex with a female? Yes 
No 

Ever same sex oral 
sex  

Have you ever performed oral sex on a male 
or has a male ever performed oral sex on 
you? 

Yes 
No 

Ever same sex 
(males only) Have you ever had anal sex with a male? 

Yes 
No 

Lifetime number of 
vaginal partners  

In your lifetime, how many partners have you 
had vaginal sex with?  

Integer value 

Lifetime number of  
anal sex partners   

In your lifetime, how many people have you 
had anal sex with?  

Integer value 

Lifetime vaginal sex 
condom use 

In your lifetime, when you had vaginal sex, 
how often did your partner wear a condom? 

Always 
Sometimes 
Never 

 
Lifetime vaginal sex 
condom use 

In your lifetime, when you had vaginal sex, 
how often did your partner wear a condom? 

Always 
Sometimes 
Never 

Note: All items included "rather not answer" and some “I don’t know” as a response option.  
These questions represent those asked of males. Questions for females varied slightly. 
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Appendix Table 1.3 Bivariate association measures between two surveys 
Covariate Functional 

form as 
independent 
variable 

AMP measure assessed AMP UP measure 
assessed 

Survey administration 
  Interval between survey    
  administration 

Continuous Time between AMP & AMP Up survey administration 
(years) 

  Time to complete survey Continuous Average time to complete AMP & AMP Up surveys 
(minutes) 

Demographics 
  Age Continuous Age at time of AMP survey 

administration 
Age at time of AMP Up 
survey administration 

  Race Categorical Black/Hispanic/White/Other  
  Biological sex Dichotomous Male/Female 
  Education Categorical Caregiver less than high 

school graduate/HS graduate 
or more education 

Participant less than high 
school graduate/HS 
graduate or more 
education 

  Living in the South Dichotomous Attending a clinic in the southern region of the United 
States as defined by the US Census 

General and mental health 
  HIV status  HIV+/HIV- 
  Emotional Symptoms  
  Index (ESI)* 

Continuous BASC-2 ESI T-score at AMP 
visit 

-- 

  Behavioral Symptoms  
  Index (BSI)** 

Continuous BASC-2 BSI T-score at AMP 
visit 

-- 

  BASC validity indices  Continuous BASC F, L, V, consistency, 
and repeating pattern indices 
at AMP visit 

-- 

  Daily marijuana use Dichotomous Daily marijuana use reported 
in 3 months prior to AMP visit 

Daily marijuana use 
reported in 30 days prior 
to AMP Up visit 

Cognitive functioning 
  Processing speed 
 

Continuous WISC-IV or WAIS-IV 
Processing Speed Index 

NIH Toolbox Processing 
Speed Score 

  Working memory Continuous WISC-IV or WAIS-IV Working 
Memory Index 

NIH Toolbox Working 
Memory Score 

  Academic achievement 
and crystallized cognition 

Continuous WIAT-II-A word score, math 
score 

NIH Toolbox Crystallized 
Cognition Score  

*Parent-reported BSI scales measure hyperactivity, aggression, depression, attention problems, 
atypicality and withdrawal.  
**Self-reported ESI scales measure social stress, anxiety, depression, sense of inadequacy, self-esteem 
and self-reliance.  
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Appendix 1.4 Detailed description of cognitive function, academic achievement, psychological instrument 
validity indices, and general and mental health variables for bivariate analyses 
 
Cognitive functioning and academic achievement  

Standardized neuropsychological examinations (Wechsler Intelligence Scale for Children, Fourth Edition 

(WISC-IV) (6–16 years)32 and Wechsler Adult Intelligence Scale, Fourth Edition (WAIS-IV) (17 years and 

older)) were performed. We used working memory and processing speed scores standardized with a 

mean of 100 and standard deviation of 15 in the general population. Working memory is the ability to hold 

information in mind temporarily while performing some operation or manipulation with that information or 

engaging in a task and then reproducing the information accurately.33 Impaired working memory has been 

implicated in inattention, hyperactivity, and mind-wandering.34-37 Processing speed assesses speed and 

accuracy of identifying visual information, making decisions, and acting on these decisions.38 Impaired 

processing speed can be also be linked to inattention as well as anxiety and a lack of motivation to 

complete the task at hand. Decreased processing speed can also impair the effectiveness of working 

memory. The Wechsler Individual Achievement Test, Second Edition, Abbreviated 33 (WIAT-II-A) is a 

standardized measure of academic achievement. Word reading and numerical operations scores were 

obtained standardized with a mean of 100 and standard deviation of 15 in the general population. Word 

reading assesses pre-reading (phonological awareness) and decoding skills (naming letters, reading 

words from lists). Numerical Operations evaluates the ability to identify and write numbers (counting, 

solving hand calculations). The NIH Toolbox cognitive battery was administered every 3 years as part of 

AMP Up for young adults. Age-corrected working memory, processing speed, and crystallized cognition 

standard scores were utilized, with a mean of 100 and standard deviation of 15 in the general population. 

Crystallized abilities, in contrast to working memory and processing speed, represent an accumulated 

store of verbal knowledge and skills, and are thus more heavily influenced by education and cultural 

exposure. 

General and mental health  

Participants and their caregivers were interviewed separately by a psychologist using the Behavior 

Assessment System for Children- 2nd Edition (BASC-2),31 a series of scales assessing the participant’s 

(Self-Report of Personality) and caregiver’s (Parent Rating Scale) perceptions of the participant’s 

emotional and behavioral health. Scales yield T-scores with a mean of 50 and standard deviation of 10 in 
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the general population. We included the caregiver-reported Behavioral Symptoms Index (BSI) and 

participant-reported Emotional Symptoms Index (ESI). BSI scales measure hyperactivity, aggression, 

depression, attention problems, atypicality and withdrawal as reported by the caregiver. ESI scales 

measure social stress, anxiety, depression, sense of inadequacy, self-esteem and self-reliance as 

reported by the participant. 

Psychological instrument validity indices  

We also examined BASC-2 validity indices for the participant-reported emotional symptoms index, 

including the F, L, V, consistency, and response pattern indices. Validity indices alert researchers to the 

presence of questionable data. The F index is a measure of the participant’s tendency to be excessively 

negative about their behaviors, self-perceptions, or emotions. The L index measures the participant’s 

tendency to give an extremely positive picture of himself or herself. The V index rates a respondent’s 

proclivity to agree with nonsensical or highly implausible statements (such as “I drink 50 glasses of milk 

every day.”). The Consistency index flags cases in which the participant has given different responses to 

items that usually are answered similarly. The Response Pattern index detects response patterning in 

which a participant repeats or cycles through response options. 
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Appendix Table 2.1 Adjusted substance use effect estimate and 95% confidence interval under 
alternative conditions 

 3-month period 6-month period 12-month period 

Primary analysis 
(complete case 
analysis) 

194 observation 
periods among 137 
participants (43 missing 
observations) 

243 observation periods 
among 162 participants 
(59 missing 
observations) 

304 observation periods 
among 189 participants 
(75 missing 
observations) 

All unweighted 3.69 (1.57, 8.64) 3.77 (1.72, 8.25) 3.32 (1.66, 6.66) 

All weighted 5.46 (1.61, 18.56) 4.85 (1.56, 15.11) 3.69 (1.39, 9.79) 

Most recent report 3.47 (1.24, 9.72) 3.71 (1.35, 10.19) 2.88 (1.23, 6.74) 

First report 32.99 (3.72, 292.79) 24.66 (2.93, 207.34) 11.12 (2.69, 45.96) 

Include those 
attempting to get 
pregnant (complete 
case analysis) 

217 observation 
periods among 151 
participants  
(50 missing 
observations) 

270 observation periods 
among 179 participants 
(67 missing 
observations) 

339 observation periods 
among 210 participants 
(84 missing 
observations) 

All unweighted 3.95 (1.69, 9.23)  4.13 (1.89, 9.02) 3.59 (1.80, 7.18) 

All weighted 5.96 (1.79, 19.85) 5.69 (1.84, 17.60) 4.18 (1.58, 11.07) 

Most recent report 3.65 (1.35, 9.89) 3.78 (1.48, 9.68) 2.99 (1.29, 6.93) 

First report 28.52 (3.61, 225.29) 28.62 (3.36, 243.74) 12.68 (3.11, 51.77) 

Missing indicator for 
2 situational 
confounders: prior 
disclosure to partner 
and previously knew 
partner’s status 

214 observation 
periods among 149 
participants  
(23 missing 
observations) 

273 observation periods 
among 178 participants 
(29 missing 
observations) 

342 observation periods 
among 207 participants  
(37 missing 
observations) 

All unweighted 2.89 (1.35, 6.22) 3.10 (1.52, 6.31) 2.89 (1.52, 5.50) 

All weighted 3.53 (1.28, 9.72) 4.03 (1.44, 11.30) 3.42 (1.34, 8.72) 

Most recent report 2.49 (1.03, 5.98) 3.32 (1.30, 8.45) 2.61 (1.16, 5.87) 

First report 7.77 (2.06, 29.36) 5.91 (1.81, 19.36) 6.09 (1.95, 18.97) 

Multiple imputation 
for continuous, 
missing indicator for 
all categorical 
confounders 

223 observation 
periods among 150 
participants  
(14 missing 
observations) 

282 observation periods 
among 179 participants 
(20 missing 
observations) 

355 observation periods 
among 210 participants 
(24 missing 
observations) 

All unweighted 2.88 (1.46, 6.07) 3.14 (1.56, 6.32) 3.01 (1.38, 5.68) 

All weighted 3.35 (1.22, 9.18) 4.03 (1.44, 11.27) 3.40 (1.34, 8.64) 

Most recent report 2.27 (0.98, 5.26) 2.72 (1.18, 6.27) 2.50 (1.13, 5.49) 

First report 7.54 (1.97, 28.78) 6.31 (1.86, 21.37) 6.04 (1.93, 18.82) 
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Appendix Table 3.1 Baseline and time-varying covariates and details for their inclusion as dependent 
and independent variables in models as part of the parametric g-formula 

Variable Model type as 
dependent variable 

Functional form 
As independent 

variable 
Baseline   
Age  Not predicted Continuous and quadratic 
Black race  Not predicted 2 categories 
Hispanic ethnicity Not predicted 2 categories 
Education  Not predicted 3 categories a b 
Marital status  Not predicted 3 categories c b 
Baseline hepatitis B or C history Not predicted 2 categories b 
Baseline lagged viral load d Not predicted Continuous 
Baseline cigarettes per day d Not predicted 3 categories e 
Baseline alcoholic drinks per week d Not predicted 3 categories f 
Baseline ART adherence d Not predicted 3 categories g 
Baseline marijuana use d Not predicted 2 categories 
Baseline heroin/crack/cocaine use d Not predicted 2 categories 
Baseline employment status d Not predicted 2 categories 
Baseline depressive symptoms d Not predicted 2 categories 
Baseline time since diagnosis Not predicted Continuous 
Time-varying   
Lagged detectable viral load Logistic 2 categories 

Cigarettes per day Logistic, log-linear h 

Restricted cubic splines, 
3 knots, most recent 

measure and cumulative 
average of remaining 

history 

Alcoholic drinks per week Logistic, log-linear h 

Restricted cubic splines, 
3 knots, most recent 

measure and cumulative 
average of remaining 

history 

Adherent to ART regimen Logistic 
2 categories and 

cumulative average of 
remaining history 

Employment status Logistic 2 categories 

Depressive symptoms Logistic 2 categories 

Other drug use Logistic 
2 categories and 

cumulative average of 
remaining history 

Time period Not predicted 7 categories 
a Categories: < high school graduate, high school graduate, some college or higher education. 
b Observations with missing values included in reference category. 
c Categories: single, married/living with partner, widowed/divorced/separated. 
d Pre-baseline values of the time-varying covariates were included as fixed covariates in all models; these  
   were assessed at exams 6 or 12 months prior to baseline. 
e Categories: no smoking; smoker, < 7 cigarettes/day; 7+ cigarettes/day. 
f  Categories: no alcoholic drinks; drinker, d 3 drinks/week; > 3 drinks/week. 
g Categories: < 95% adherent, 95-99% adherent, 100% adherent. 
h Variables with many zero values were predicted in two stages. First, we fit a logistic model on an  
   indicator that the variable is nonzero. Second, we fit a linear model for the natural log of nonzero  
   values. Simulated values were truncated so as to remain in the observed range.   
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Appendix Figure 3.1 Mean difference between observed and simulated values and their 95% confidence 
intervals for (a) number of cigarettes smoked per day, (b) number of alcoholic drinks per week, (c) 
probability of being ART adherent, (d) lagged probability of detectable viral load, (e) probability of being 
employed, (f) probability of having depressive symptoms, and (g) probability of other drug use. 
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Appendix Figure 3.1 (continued) Mean difference between observed and simulated values and their 
95% confidence intervals for (a) number of cigarettes smoked per day, (b) number of alcoholic drinks per 
week, (c) probability of being ART adherent, (d) lagged probability of detectable viral load, (e) probability 
of being employed, (f) probability of having depressive symptoms, and (g) probability of other drug use. 
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Appendix Figure 3.1 (continued) Mean difference between observed and simulated values and their 
95% confidence intervals for (a) number of cigarettes smoked per day, (b) number of alcoholic drinks per 
week, (c) probability of being ART adherent, (d) lagged probability of detectable viral load, (e) probability 
of being employed, (f) probability of having depressive symptoms, and (g) probability of other drug use. 
 
 
 
 
  g) 
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Appendix Table 3.2 Estimated prevalence of detectable viral load at 3-year follow up for different 
substance use and ART adherence interventions under various modelling orders of time-varying 
covariates among 1107 women with HIV 
Order of 
time-
varying 
covariates 
a 

Natural 
course 
prevalence 
of detectable 
viral load at 
3-year 
follow-up, % 
(95% CI) 

Avoid 
drinking 
prevalence 
of detectable 
viral load at 
3-year 
follow-up, % 
(95% CI) 

Avoid 
smoking  
prevalence 
of 
detectable 
viral load at 
3-year 
follow-up, 
% 
(95% CI) 

Adherent to 
ART regimen 
prevalence 
of detectable 
viral load at 
3-year 
follow-up, % 
(95% CI) 

Avoid 
drinking & 
adherent to 
ART regimen 
prevalence of 
detectable 
viral load at 3-
year follow-
up, (95% CI) 

Avoid smoking 
& adherent to 
ART regimen 
prevalence of 
detectable 
viral load at 3-
year follow-up, 
(95% CI) 

A 29.6 
(26.7, 32.8) 

28.3 
(24.6, 31.9) 

27.2 
(22.7, 32.9) 

20.2 
(17.2, 24.5) 

19.6 
(16.3, 24.0) 

18.9 
(14.5, 24.9) 

B 29.3 
(26.7, 32.9) 

28.7 
(25.0, 32.2) 

26.7 
(22.4, 32.4) 

20.1 
(17.4, 24.4) 

19.8 
(16.2, 24.1) 

19.0 
(14.6, 25.0) 

C 29.8 
(26.7, 32.9) 

27.7 
(24.8, 32.1) 

27.0 
(22.6, 33.0) 

20.3 
(17.1, 24.4) 

19.8 
(16.2, 24.0) 

18.6 
(14.6, 25.0) 

D 29.2 
(26.6, 32.9) 

28.0 
(24.9, 32.2) 

26.9 
(22.4, 32.6) 

20.3 
(17.2, 24.7) 

19.9 
(16.0, 24.2) 

18.9 
(14.4, 25.1) 

E 29.6 
(26.6, 32.9) 

28.2 
(24.7, 31.9) 

26.6 
(22.5, 32.7) 

20.0 
(17.2, 24.6) 

19.8 
(16.2, 24.1) 

19.0 
(14.7, 25.1) 

a Order of time-varying covariates (intervention variables bolded): 
A: lagged viral load, cigarettes smoked per day, alcoholic drinks per week, ART adherent,  
    employment, depressive symptoms, other drug use (primary analysis ordering) 
B: lagged viral load, ART adherent, alcoholic drinks per week, cigarettes smoked per day,  
    employment, depressive symptoms, other drug use 
C. lagged viral load, alcoholic drinks per week, cigarettes smoked per day, ART adherent,  
    employment, depressive symptoms, other drug use 
D: lagged viral load, ART adherent, cigarettes smoked per day, alcoholic drinks per week,  
    employment, depressive symptoms, other drug use 
E: lagged viral load, cigarettes smoked per day, alcoholic drinks per week, ART adherent, other drug  
   use, depressive symptoms, employment 
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Appendix Table 3.3 Estimated prevalence of detectable viral load at end of 
three-year follow-up among 982 women not missing baseline education, marital 
status or hepatitis B or C history a 

Intervention Strategy 

Prevalence of 
detectable  
viral load at 3 years, % 
(95% CI) b 

Prevalence 
Difference, % 
(95% CI) 

Natural course 31.08 (27.9, 34.5) 0 

Avoid drinking 29.6 (26.2, 34.0) -1.5 (-3.9, 1.6) 

Avoid smoking 28.9 (23.4, 34.2) -2.2 (-6.4, 2.0) 

Adhere to ART regimen 20.9 (17.4, 25.0) -10.2 (-13.1, -7.1) 

Avoid drinking and adhere 
to ART regimen 

20.4 (16.7, 24.7) -10.7 (-14.1, -7.3) 

Avoid smoking and adhere 
to ART regimen 

19.7 (15.2, 25.4) -11.3 (-15.5, -6.2) 

Avoid smoking and 
drinking 

27.3 (22.3, 33.4) -3.8 (-8.1, 1.2) 

Avoid smoking and 
drinking and adherent to 
ART regimen 

19.4 (14.7, 25.2) -11.7 (-16.6, -6.9) 

a  Estimated using the parametric g-formula with fixed covariates: age, Black  
   race, Hispanic ethnicity, education, marital status, time since diagnosis, 
   hepatitis B or C history; and time-varying covariates: lagged detectable viral  
   load, cigarettes smoked per day, alcoholic drinks per week, adherence to ART,  
   employment status, depressive symptoms, and other drug use. 
 
b Observed prevalence of detectable viral load at 3 years is 29.7% 
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