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Abstract

Objective: To describe retention in HIV care based on various definitions of retention in the
modern treatment era.

Design: A cohort study of people enrolled in care at 7 mostly urban HIV clinics across the
United States, 2010-2018.
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Methods: We estimated retention based on missed visits, kept visits, kept encounters (clinical
visits, CD4 counts, and viral loads), and HIV labs. We contrasted risk factors for retention by
different definitions and estimated odds ratios for of viral suppression and hazard ratios for
mortality in 2 years immediately following the year in which retention was defined (the study
year).

Results: Across 108,171 person-years (N=21,481 people), in 71% of years people kept 275%

of scheduled visits; in 78%, people kept =2 visits >90 days apart; in 74%, people had =2 HIV
labs >90 days apart; and in 47%, people had no gaps >6 months in clinic visits. Missing >25%

of scheduled visits despite attending =2 visits >90 days apart was associated with non-white
non-Hispanic race/ethnicity, history of injection drug use, and prior AIDS diagnosis. In contrast,
attending >75% of scheduled visits while not attending =2 visits >90 days apart was associated
with male sex, white race, no injection drug use history, and no prior AIDS diagnosis. Subsequent
viral non-suppression was more strongly associated with missed- than kept-visit measures of
retention; 2-year mortality was only associated with failure to be retained by missed-visit
measures.

Discussion: Missed and kept-visit definitions of retention capture different constructs. Missed-
visit measures are more strongly associated with poor HIV outcomes.

Keywords

Care continuum; HIV; Measurement error; Missed visits; Retention in care; Survival

Maintaining durable viral suppression in people living with HIV is critical to improving
clinical outcomes and ending the HIV epidemic.[X: 2 One of the largest barriers to viral
suppression is failing to be retained in HIV care.[3-] People diagnosed with HIV but not in
care account for 43% new HIV transmissions.[3] However, classifying patients as retained in
care is challenging.

Retention in care has been defined[® 71 based on missed visits (i.e. scheduled visits that
were not attended without rescheduling)[8: 91 and kept visits (i.e., attended visits in a period
of time). In a prior analysis of patients in 2008-2009, while all measures of retention were
positively correlated, the correlation between visit adherence (a missed-visit measure) and
attending =2 visit >90 days apart in a year (a kept-visit measure) was only 0.53.L7] Retention
in a year by any definition was strongly associated with viral suppression £120 days from
the end of the year.[]

Changes in expected visit frequency, particularly for people with stable viral suppression,[19]
may mean that people who do not need frequent visits are misclassified as not retained
based on kept-visit measures. Additionally, universal ARTIIH could weaken the association
between retention and viral suppression because even people who are not seen frequently
may have access to medication.

Our goal in this analysis was to (1) estimate the prevalence of retention in HIV care based
on various definitions; (2) describe differences in who is retained based on the definition of
retention; and (3) estimate the association of different measures of retention with subsequent
viral suppression and mortality in the modern treatment era.
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Study sample

The Center for AIDS Research (CFAR) Network of Integrated Clinical Systems (CNICS)
is a clinical cohort of patients enrolled in continuity HIV care (defined as attending =2
clinical visits within a 12-month interval) at any of 8 participating CFAR-affiliated HIV
clinics in mostly urban settings across the United States (US) who consented to share
their data.[12] Briefly, data abstracted from the electronic medical record include patient
demographics, HIV acquisition risk factors, dates of scheduled clinical visits and whether
patients kept those appointments, laboratory dates and values, and prescribed medications.
CNICS patients are generally representative of people with HIV in the United States.[13]

Seven CNICS sites that submitted data on kept and missed clinic visits were included:
University of Alabama at Birmingham; Case Western Reserve University; University

of California San Diego; University of Washington; Fenway Health/Harvard University;
University of North Carolina Chapel Hill; and Johns Hopkins University. For this analysis,
we included patients with =1 viral load or CD4 count between 1 January 2009 and 31
December 2017 or =1 clinical visit between 1 January 2009 and 30 June 2018. At one site,
we ended follow-up in 2016, based on cohort-level data availability.

The unit of analysis was a person-year — a calendar year in which we classified people

as retained or not (the “study year”). We included person-years in our analyses based on
encounters (kept HIV clinic visits, CD4 counts or HIV viral loads) in the “prior year” (study
year-1). We considered outcomes (death and viral suppression) in the two years after the end
of the study year (January 1, study year+1 to December 31, study year+2). People could
contribute to analyses for 21 study year.

Study definitions

We defined a “clinic visit” as one that occurred in the HIV clinic with an HIV primary

care provider to focus specifically on HIV-related medical care. “Scheduled” clinic visits
excluded visits that were bumped or cancelled (since they could not be classified as kept or
missed). Walk-in visits were classified as kept and counted in the number of scheduled clinic
visits. An “encounter” was defined as a kept clinic visit, HIV viral load, or CD4 count.

The proportion of the cohort retained in a calendar year requires both a denominator (the
people “expected” to be retained in care) and a numerator (the criteria used to define
“retention”). For the denominator, we operationalized this expectation in four different ways.
The first three, in order of increasing stringency (i.e., fewer people who meet criteria): (1)
had =1 encounter (clinic visit OR HIV lab) in the prior year; (2) had =1 kept clinic visit

in the prior year; and (3) had =1 kept clinic visit in the prior year AND =1 scheduled

clinic visit in the study year. Requiring a scheduled clinic visit in the study year is perhaps
the cleanest criteria for defining people as “expected” to be retained, but may not be
operationalizable outside the clinic level (more on that in the Discussion). Finally, we
considered (4) had =1 kept clinic visit in the study year (this denominator is used to estimate
annual retention by the Health Resources and Services Administration (HRSA) although it
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relies on some circular logic where people “expected” to be seen were those who were seen).
We restricted all denominators to people who survived to the end of the study year.

We considered eleven options for the numerator based on missed visits, kept visits,
completed encounters, and HIV labs (CD4 cell counts and viral loads). For missed visits,
we defined retention as (1) attending 100% of all scheduled visits during the calendar year,
or (2) attending =75% of all scheduled visits. For kept visits, we defined retention as (3)
attending =2 visits >90 days apart (the National Academy of Medicine (NAM) definition
of retention);[14! (4) having no gaps in visits >6 months (>182 days); (5) having no gaps

in visits >9 months (>273 days); or (6) having no gaps in visits >1 year (>365 days). For
completed encounters, we defined retention as (7) having =2 encounters >90 days apart; (8)
having =2 encounters, at least one of which was a clinic visit, >90 days apart (the HRSA
definition of retention); (9) having no gaps in encounters >6 months; or (10) having no
gaps in encounters >1 year. We also report the proportion retained based on (11) having

=2 HIV labs >90 days apart (the CDC definition of retention). We provide an illustration

of encounter patterns of several hypothetical people and their classification according to the
denominator and numerator definitions above in Supplemental Figure 1.

We considered the covariates as possible risk factors for non-retention and as possible
confounders of the associations between retention and subsequent viral suppression and
death. All time-varying (denoted by *) covariates were measured at the start of the study
year. Covariates included: male sex at birth; age in years*(18-34, 35-49, =50); race/ethnicity
(non-Hispanic white, non-Hispanic Black, Hispanic, and non-Hispanic other race); self-
reported route(s) of HIV acquisition, (history of injection drug use prior to diagnosis (IDU),
and someone with birth sex of male who has had sex with men (MSM; includes transgender
women)); years since cohort enrollment*; prior AIDS-defining diagnosis*; ever initiated a
combination ART regimen* (defined as >3 antiretroviral medications together); and prior
viral suppression, if so and for how long*. Duration of prior viral suppression was defined,
looking back from January 1 of the study year, as time (with no gaps >12 months) across
which all of a patient’s viral load values were <400 copies/mL. (Although rare, some viral
load tests during the study period used 400 as the detection limit.[%]) People with no viral
load in the past month were classified as not suppressed. We adjusted all analyses for
calendar year and CNICS site.

Statistical Analysis

We first described time between pairs of kept clinic visits for patients who returned for

a follow-up visit within 18 months from the index visit (to exclude observations with no
follow-up visit). We considered only visit pairs where the index visit was =18 months

prior to the administrative censoring date to avoid biasing our estimates toward shorter visit
intervals. To account for the fact that people with shorter intervals between attended clinic
visits might contribute more visits to the analysis (and thus artificially shift the curves to
the left), we weighted each observation by 1/k;, where kjwas the number of visit pairs
contributed by individual / = 1, ..., \.
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Next, we described the average yearly prevalence of retention according to different
combinations of numerators and denominators described above. We omitted estimates for
combinations where the numerator might be undefined (missed-visit measures for people
with no scheduled clinic visits in the study year), where missing visit data might bias the
numerator but not the denominator (retention based on kept visits when the denominator was
>1 encounter in the prior year), and where there may have been insufficient follow-up time
to meet the numerator definition (having a gap in visits or encounters of >9 or >12 months
among people with =1 visit in the study year).

We calculated Spearman rank correlation statistics between different indicators of retention
among person-years in which persons had >1 visit in the prior year and >1 scheduled visit

in the study year (denominator definition #3; the only denominator for which all numerators
were defined). We also calculated correlations that accounted for non-independence between
observations within the same person;[16] all correlations were the same to within 0.03 (data
not shown).

Next, we looked at risk factors for being unretained by one or both of a kept- (=2 clinic
visits >90 days apart; the NAM definition) or missed-visit definition of retention (=75% visit
attendance) using multinomial logistic regression. Odds ratios (ORs) from this model are
conditional odds of being classified as unretained according to one or both measures versus
the odds of being retained by both measures (the referent group), conditional on having one
of the two outcome levels being compared.

Finally, we estimated the conditional odds of having a subsequent unsuppressed viral
load or no viral load, relative to having a suppressed viral load, using multinomial
logistic regression, and we estimated hazard ratios for the 2-year risk of death using Cox
proportional hazards models. Deaths were ascertained through clinic sources and regular
matches against the Social Security Death Index and National Death Index. The exposure
was nominal categorical variable with levels: (0) retained by both definitions (reference
group); (1) attended >75% of scheduled visits but did not attend =2 clinic visits >90 days
apart (not retained by NAM definition); (2) attended =2 clinic visits >90 days apart but
missed >25% of scheduled visits; and (3) not retained by either definition. We report
both crude and covariate-adjusted estimates, where adjustment was undertaken through
standardization with inverse probability of exposure weights.[17 18]

Secondary analyses

Relative to being retained by both the NAM definition of retention (=2 visits >90 days apart)
and CDC definition of retention (=2 HIV labs >90 days apart), we looked at risk factors for,
and outcomes (viral non-suppression and death) subsequent to, 1) being retained according
to the NAM definition only; 2) being retained by the CDC definition only; and 3) being
retained by neither definition.
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RESULTS

Study sample

From 2010-2018, 21,481 people contributed 108,171 person-years (study years) to this
analysis. The median (interquartile range [IQR]) number of person-years contributed per
person was 5 (2, 8). The sample was majority male (81%), with median age 44 years (IQR:
35, 51) at their first study year. Forty-one percent were non-Hispanic Black and 43% were
non-Hispanic white. Sixty-one percent of people had MSM and 12% had IDU as an HIV
acquisition risk factor. Across all person-years, median years in the cohort at the start of the
study year was 6.0 (IQR: 2.6, 10.9) (Table 1).

Of adjacent kept clinic visits that were <18 months apart: 86% of patients returned for a visit
within 6 months, 94% within 9 months, and 97% within 12 months (Supplemental Figure 2).
Median number of kept visits per person per year (among people who attended >1 visit) was
3(IQR: 2, 4).

Estimates of retention

Among people with a visit in the prior year and =1 scheduled visit in the study year, 58%
kept 100% of scheduled visits, 71% kept >75% of scheduled visits, 78% kept =2 visits >90
days apart (the NAM definition of retention), 82% had =2 encounters (at least one of which
was a clinic visit) >90 days apart (the HRSA definition of retention), 74% had =2 HIV labs
>90 days apart (the CDC definition of retention), and 47% had no gaps >6 months in clinic
visits. Finally, the denominator mattered for measuring retention: percent retained by the
NAM definition was 76% among people with =1 clinic visit in the prior year, 82% among
people with >1 visit in the prior year and =1 scheduled visit in the study year, and 85%
among people with =1 visit in the study year (Table 2). The proportion of people retained
was fairly stable across calendar years included in this study (Supplemental Table 1).

The two missed-visit measures were correlated with each other (Spearman correlation
statistic=0.755), kept-visit measures were correlated with each other (0.416 to 0.748),
kept-encounter measures were correlated with each other (0.411 to 0.970), and kept-visit
measures were correlated with kept-encounter measures (0.353 to 0.897), but there was
poor correlation between the missed-visit and the kept-visit or kept-encounter measures
(-0.072 to 0.211). Additionally, lab-based measures were correlated with kept-visit and
kept-encounter measures (0.453 to 0.783) but not with missed-visit measures (0.033 to
0.162). The correlation between the CDC lab-based measure and the NAM visit-based
measure was 0.703 (Table 3).

Risk factors for not being retained

Among people with =1 clinic visit in the prior year and =1 scheduled visit in the study

year, 61% had both >75% visit attendance and >2 kept visits >90 days apart; 10% attended
>75% of scheduled visits but did not have =2 visits >90 days apart; 17% attended =2

visits >90 days apart but missed >25% of scheduled visits; and 12% were not retained by
either measure. Not being retained was inversely associated with viral suppression just prior
to the study year (adjusted conditional odds ratios (aOR) of 0.60-0.79), more time since
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achieving viral suppression (aOR=0.87-0.97 per year of suppression), older age (aOR=0.53
for people =50 years relative to 25-49 years; aOR=1.62 for people 18-34 years), and fewer
years since cohort enrollment (aOR=1.01-1.02 per year). Relative to being retained by

both measures, risk factors for not attending =2 visits >90 days apart (while not missing
>25% of scheduled visits) included: male sex at birth (aOR=1.07); white, non-Hispanic race/
ethnicity (reference group; aOR=0.73 for Black people, aOR=0.69 for Hispanic people);
non-IDU HIV acquisition risk (aOR=0.79 for people with a history of IDU); and no prior
AIDS diagnosis (aOR=0.77 for prior AIDS diagnosis). Conversely, risk factors for missing
>25% of scheduled visit (while attending =2 visits >90 days apart) included: non-white
race/ethnicity (aOR=1.95 for Black people, aOR=1.29 for Hispanic people); a history of
IDU (aOR=1.95); non-MSM HIV acquisition risk (aOR=0.88 for MSM); and prior AIDS
diagnosis (aOR=1.04; Table 4).

Outcomes of retention

On average, 12% of subsequent, measured viral loads were unsuppressed. The 2-year odds
of having unsuppressed viral load was higher among people defined as not-retained by

both retention measures, in comparison to defined as retained by both retention measures
(aOR=3.78, 95% confidence interval [CI]: 3.46, 4.13), followed by people who missed
>25% of scheduled visits but attended =2 visits >90 days apart (aOR: 2.19, 95% ClI: 2.02,
2.38), and then people who kept >75% of scheduled visits but failed to attend >2 visits >90
days apart (aOR: 1.54, 95% ClI: 1.37, 1.72). Failure to be retained by either measure was
similarly associated with an increased odds of having no follow-up viral load in the 2 years
after the study year (aOR=1.49, 95% CI: 1.40, 1.58). However, having no follow-up viral
load was more strongly associated with good visit attendance but not attending =2 visits >90
days apart (aOR=1.34, 95% CI: 1.27, 1.41) than with attending =2 visits >90 days apart but
missing >25% of scheduled visits (aOR=1.17, 95% CI: 1.11, 1.22). Finally, average 2-year
mortality after a given study year was 2.6%. Mortality was elevated only among people who
missed =75% of scheduled visits (adjusted hazard ratio (aHR): 1.63, 95% ClI: 1.44, 1.84) and
was not associated with failure to attend =2 visits >90 days apart (Table 5).

Secondary analyses

In secondary analyses, younger age was associated with being retained according to the
CDC lab-based measure but not the NAM visit-based measure (aOR=1.56, 95% ClI:
1.41, 1.72 for 18-34-year-olds relative to 35-49-year-olds; aOR=0.75, 95% CI: 0.69, 0.82
for persons =50 years); other variables were similarly associated with both measures of
retention (Supplemental Table 2).

Finally, relative to being retained by both CDC and NAM definitions, failure to be retained
by either or neither was associated with a higher odds of subsequent viral non-suppression
and higher odds of not having a measured viral load. Odds of no subsequent viral load

was higher following a year in which persons were retained by the NAM definition but

not the CDC definition (aOR=1.20, 95% CI: 1.13, 1.28) than following a year in which
persons were retained by the CDC definition but not the NAM definition (aOR=1.06, 95%
Cl: 0.99, 1.14). The 2-year hazard of death following years in which people were retained by
neither definition was 0.81 times (95% CI: 0.72, 0.91) the hazard of death following years
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in which people were retained by both definitions. The hazard of death was slightly higher
following years in which people were retained by one but not the other definitions although
associations were not statistically significant (Supplemental Table 3).

DISCUSSION

In this large, representative sample of people with HIV in routine care the estimated
proportion retained was highly variable depending on how retention was defined. Missed-
and kept-visit measures of retention captured different phenomena. The correlation between
the two measures was poor (even worse than was reported in a prior study of patients

in care in 2008-2009).I7] People who attended >75% of scheduled visits but were not
retained according to the NAM definition (=2 visits >90 days apart) were more likely to

be members of less traditionally vulnerable groups (male, non-Hispanic white, non-1DU,

no prior AIDS diagnosis), and were less likely to die in the 2-years after the study year
compared to people who missed scheduled visits, suggesting that “failure to be retained” by
the kept visit measures might actually be an indicator (for at least some people) that frequent
follow-ups are not deemed clinically necessary. In contrast, people who missed >25% of
scheduled visits were more likely to be members of minoritized and socially vulnerable
groups (non-white race/ethnicity, history of IDU), and had a high risk of subsequent viral
non-suppression and death. Focusing only on kept-visit measures of retention would fail to
identify people at high risk of a poor outcome. Wherever possible, people who are missing
scheduled visits should be targeted to identify and address barriers to their engagement in
care. Additionally, future studies aiming to identify correlates of retention might identify
more clinically meaningful correlates by focusing on missed-visit definitions of retention.

One limitation of this analysis was our inability to distinguish between loss to clinic

(but retained in HIV care elsewhere) and loss to care (and associated access to ART and
other preventive monitoring and treatments).[19 201 \We might further undercount patient-
clinician encounters because these data do not capture encounters that occur outside the
context of a clinic visit (e.g., phone calls, text messages). These limitations might explain
the relative strength of missed visits (which are completely captured) versus kept visits
(which may be under-counted for people who seek care in other clinics) for predicting
viral non-suppression and death. This is a limitation of most clinical cohort studies unless
they are supplemented with additional data (e.g., linkage to surveillance data or tracing
studies).[21-23] Qut-migration can substantially bias estimates of retention in care when
retention is based on kept visits.[24 251 However, when loss to clinic is loss to care (not
seeing an HIV provider at all), it may be more important than having missed some visits
but still occasionally seeing an HIV provider. Finally, although missed clinic visits are
independently associated with subsequent viral suppression and mortality, calculating visit
adherence requires data on scheduled visits (even when not attended), which may only be
available at the clinic-level. Monitoring missed-visit measures of retention may be infeasible
in some settings (e.g., public health surveillance via laboratory tests or HRSA client-level
reporting). There were no clear patterns regarding who would be classified as retained by
kept-visit measures based on clinic visits versus HIV labs.
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We would be bereft if we did not acknowledge the disparities in retention identified in this
analysis. Non-white race/ethnicity, a history of IDU, not having MSM as an HIV risk, and
a prior AIDS diagnosis were all associated with missed visits, and missed visits were, in
turn, associated with subsequent poor clinical outcomes. Monitoring retention according to
missed visits, might, therefore be thought of as an equity issue.

Different definitions of retention capture different constructs. Different definitions identified
different people as not retained . Missed-visit measures of retention appear to be more
strongly associated with subsequent viral suppression and mortality than measures based on
kept visits. Where possible, future evaluations of the HIV care continuum should consider a
nuanced spectrum of retention.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Table 1.

Characteristics (number and percent, unless otherwise specified) of persons in the Center for AIDS Research
Network of Integrated Clinical Studies (CNICS) cohort who had =1 viral load test, CD4 cell count, or clinical
visit, 2010-2018, and person-years they were included in the denominator for estimating the proportion of the
cohort that was retained in care

Personsa Person-years

N 21,481 108,171
Male sex at birth 17,385 (81) 86,757 (80)
Age, yearsb 44 (35, 51) 48 (39, 54)
Race/Ethnicity

Black, non-Hispanic 8,890 (41) 44,779 (41)

White, non-Hispanic 9,132 (43) 46,749 (43)

Hispanic 2,542 (12) 12,607 (12)

Other, non-Hispanic 917 (4) 4,036 (4)
HIV acquisition risk

IDU 2,567 (12) 13,371 (12)

MSM 13,207 (61) 65,983 (61)
Calendar yearb 2011 (2010, 2014) 2014 (2012, 2016)
Prior AIDS diagnosis 4,693 (22) 28,926 (27)
ART-initiated 18,578 (86) 101,961 (94)
Years since cohort enrollmentb 09(05,6.0) 6.0(26,109)
Viral suppression 15,788 (73) 87,558 (81)

Years since most recent viral suppressionb 0.7(03,22) 23(09,9)

Abbreviations: ART, antiretroviral therapy; CNICS, Center for AIDS Research Network of Integrated Clinical Studies; IDU, injection drug use;
MSM, men who have sex with men

a._. . . ] .
Time-varying covariates measured at the first person-year/observation per person

bMedian (interquartile range)

AIDS. Author manuscript; available in PMC 2023 July 01.
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