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Abstract

Initial descriptions of the HIV engagement continuum are limited by short-term follow-up and incomplete data.
We evaluated engagement in a newly HIV-diagnosed cohort. Our goals were to assess long-term engagement-in-
care, evaluate the effects of out-of-state migration on engagement estimates, and determine whether engagement
has improved in more recently diagnosed individuals. This is a retrospective cohort study of individuals newly
HIV-diagnosed at two large HIV care centers in the Denver metropolitan area from 2005 to 2009. Clinical data
were obtained from three public HIV providers and two clinical trial groups. For statewide evaluation, we used
mandated laboratory reporting databases for CD4 lymphocyte counts and HIV-1 RNA levels. From 2005 to 2009,
615 individuals were diagnosed with HIV. By 18 months after HIV diagnosis, 84% of the cohort had linked to
care, 73% were retained in care, 49% were prescribed antiretroviral therapy, and 36% had viral suppression. By 5
years after HIV diagnosis, 55% of the cohort were retained in care, 37% had viral suppression, 15% had moved
out of state, and 3% were deceased. When censoring for outmigration and death, 66% of the cohort were retained
in care and 45% of the cohort had viral suppression 5 years after HIV diagnosis. Engagement-in-care 18 months
after diagnosis was better in individuals diagnosed more recently. Retention in care declined while viral sup-
pression increased over time after HIV diagnosis. Accounting for outmigration and death significantly increased
estimates of engagement-in-care. Performance in the engagement continuum 18 months after diagnosis improved
significantly in individuals more recently diagnosed with HIV.

Introduction

For HIV-infected individuals, suppressed HIV-1 RNA
levels are associated with markedly improved health

outcomes and decreased risk of HIV transmission to others.1,2

The engagement-in-care continuum is a method for eval-
uating the success of HIV care, from diagnosis through
achievement of viral suppression. Previous estimates suggest
only 19–25% of HIV-infected individuals in the United
States have complete viral suppression, but the analytic
methods for describing the engagement-in-care continuum
are still being developed.3–8 Studies from single institutions

are limited by the frequency with which patients change their
HIV care sites.9–14 Though analyses of jurisdictional data-
bases containing mandatory reports of CD4 lymphocyte
counts and HIV-1 RNA levels can track patients who transfer
care within the same jurisdiction, such analyses may fail to
account for out-of-state migration, may be missing laboratory
reports from some providers of HIV care (clinical trial par-
ticipants and persons in care in federal institutions such as the
Veteran’s Administration), and commonly have no metric to
estimate the completeness of reporting in their jurisdic-
tion.12,15–17 Finally, engagement-in-care is a dynamic process
and likely varies over time.18

1Department of Infectious Disease, Denver Health and Hospital Authority, Denver, Colorado.
2School of Medicine, University of Colorado Denver, Denver, Colorado.
3Department of Adolescent Medicine and Infectious Disease, Children’s Hospital Colorado, Aurora, Colorado.
4Department of Disease Control and Environmental Epidemiology, Colorado Department of Public Health and Environment, Denver,

Colorado.
Meetings at which data were presented: 19th Conference on Retroviruses and Infections, Seattle, WA, March 2012; AIDS 2012: XIX

International AIDS Conference, Washington, DC, July 2012.

AIDS PATIENT CARE and STDs
Volume 28, Number 9, 2014
ª Mary Ann Liebert, Inc.
DOI: 10.1089/apc.2013.0340

475



We used clinical record review and statewide HIV labo-
ratory reporting databases to describe engagement-in-care
over 5 years following the initial HIV diagnosis. Our goals
were to assess (1) variations in the engagement-in-
care continuum over time; (2) the impact of outmigration
and death on engagement-in-care estimates, and (3) whether
engagement-in-care is better in more recently diagnosed
individuals. These analyses and considerations may be
helpful as HIV treatment centers and municipalities use
estimates of the engagement-in-care continuum as the basis
for system-wide quality improvement.

Methods

Study population

We evaluated patients diagnosed with HIV in two large
publically funded HIV care programs in the Denver metro-
politan area. Denver Health (DH) is an integrated safety-net
health care system and includes the public health department
(which has the largest HIV testing program in the area, in-
cluding outreach testing, and a large HIV clinic), community-
based clinics caring for *170,000 individuals, and a 500-bed
hospital. The University of Colorado Denver (UCD) includes
a tertiary academic medical center that has the largest HIV
care clinic in the state. Individuals diagnosed with HIV
through DH or the UCD hospitals, clinics, or their associated
outreach programs from 2005 to 2009 were identified through
a combination of laboratory records, sexually transmitted
diseases (STD) clinic data, outreach testing data, and DH
linkage-to-care program data.

Individuals with a positive HIV enzyme-linked immuno-
sorbent assay (ELISA) and a positive HIV Western blot were
included in the study. Once identified, records were cross-
checked with Colorado Department of Public Health and
Environment HIV diagnosis data to identify persons who had
tested positive for HIV prior to 2005 or tested at a location
other than those associated with DH and UCD. Those persons
were excluded from the review. Children younger than 13
years of age and individuals who tested anonymously were
also excluded. Pregnant women were included in the study if
they were HIV-diagnosed at DH or UCD. Individuals diag-
nosed with HIV while incarcerated were excluded as they
were not diagnosed with HIV at DH or UCD. Individuals who
were diagnosed at one of the two study institutions, then later
incarcerated, remained in the study as their labs were avail-
able through the statewide database.

The study was approved by the Colorado Multiple In-
stitutional Review Board and the Colorado Department of
Public Health and Environment Institutional Review Board,
and reviewed by the Federal Office of Human Research
Protection.

Data abstraction and definitions

A complete medical record review was performed for in-
dividuals who received care through DH, UCD, the Chil-
dren’s Hospital Colorado, or the local sites of two national
clinical trial units. Information abstracted included demo-
graphics, testing locations, follow-up locations, countries of
birth, preferred language for health care visits, HIV acqui-
sition risk factors, outpatient HIV visits, antiretroviral ther-
apy prescriptions, CD4 lymphocyte counts, HIV-1 RNA

levels, out-of-state migration, and death. During the study
period, all CD4 lymphocyte counts less than 500 cells/lL,
CD4 lymphocyte percentages less than 29%, and detectable
HIV-1 RNA levels that were drawn in the state of Colorado
were reported to CDPHE. Despite the regulations, most
clinical laboratories operating in the state of Colorado during
this study reported all HIV-1 RNA levels, including sup-
pressed viral loads.13 Laboratory results were reviewed for all
individuals included in the study and these results were used
as a proxy for engagement-in-care in Colorado at sites other
than those with complete record review.

To estimate the total number of HIV-infected individuals
in our testing catchment area, we assumed that the individuals
who were newly diagnosed in our study period represented
80% of all HIV-infected individuals in the community. This
estimate was based on national data from the Centers for
Disease Control and Prevention for the years of diagnosis, as
well as from Denver-specific data from the National HIV
Behavioral Surveillance System (NHBS) MSM cycle, both
reporting 20% of HIV-infected individuals were undiag-
nosed.19–21

Linkage to care is the process of engaging newly diag-
nosed HIV-infected individuals into HIV primary care. We
considered the first HIV visit or lab documented in the
medical record or statewide surveillance database as evi-
dence of linkage to care, excluding labs drawn on or near the
day of HIV diagnosis to which we had complete access
during institutional data review. In the literature, retention in
care has not been consistently defined, but generally refers to
attendance at medically necessary visits with an HIV primary
care provider. In our study, patients were considered retained
in care if they had a visit or lab in the prior 6- or 12-month
interval (depending on the specific analysis), excluding the
initial linkage to care visit.

Information regarding initiation of antiretroviral therapy
(ART) was obtained via chart review. For those individuals
engaged in care outside of the institutions with full chart
review, a two log drop in HIV-1 RNA levels was considered
evidence of probable antiretroviral initiation. For the data
analyses in this article we considered viral suppression as an
HIV-1 RNA < 200 copies/mL. As we present engagement-
in-care over time, we considered the most recent HIV-1 RNA
level within the past 12 months as a marker of current viro-
logic status. If there were no HIV-1 RNA levels reported
during the past 12 months, we considered the HIV-1 RNA
level to be unsuppressed (missing = failure).

Individuals were considered to have moved out of state if a
request for records from an out-of-state clinic was included in
the medical record or if an individual told his or her provider
he or she was moving out of state and had no subsequent
visits. Death records were obtained from CDPHE and chart
review. The data collection included the first 5 years after
HIV diagnosis or until July 1, 2011, whichever came first.

Data analyses

We first present the characteristics of the cohort, and then
describe the proportions engaged in each step of the HIV care
continuum at 18 months after HIV diagnosis using basic
descriptive statistics. We used the Chi-square test and Wil-
coxon rank-sum test to compare characteristics of individuals
with suppressed viral loads to those with unsuppressed viral
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loads at a given time point. Factors associated with viral
suppression at 18 months were evaluated by bivariate and
multivariate logistic regression. The multivariate model
utilized forward selection. To evaluate engagement-in-care
by year of diagnosis, we calculated Pearson correlation
coefficients between year of diagnosis and engagement-
in-care categories. We compared characteristics of out-of-
state migrators with those of nonmigrators using the Chi-
square test and Wilcoxon rank-sum test. We used SAS
statistical software version 9.1 (SAS Institute, Inc., Cary,
NC) for all analyses.

Results

Demographics

From 2005 to 2009, 615 individuals were diagnosed with
HIV infection through DH and UCD. Most were male (559,
90%) and had an HIV acquisition risk factor of having sex
with other men (498, 78%) (Table 1). Significant proportions
were Hispanic (205, 33%) or black (96, 16%). The median
age at the time of diagnosis was 34 years [interquartile range
(IQR) 27–42 years]. Nine women were known to be pregnant
at the time of HIV diagnosis. No other women had docu-

mentation of pregnancy during the study follow-up period.
One-hundred twenty individuals (20%) were foreign-born,
80 of whom were born in Mexico (13% of the total newly
HIV-diagnosed cohort). Spanish was the preferred language
for health care visits for 76 individuals (12%). The median
CD4 lymphocyte count and log10 HIV-1 RNA level at di-
agnosis were 401 cells/lL (IQR 221–603) and 4.6 copies/mL
(IQR 3.9–5.1).

Two-hundred eighty-two individuals (46%) were diag-
nosed in the DH STD clinic, ninety-nine individuals (16%)
were diagnosed at gay bathhouses, and the rest of the cohort
were diagnosed through other outreach services, the emer-
gency departments, inpatient wards, or affiliated clinics of
the two hospitals. Two-thirds of individuals in the cohort
(n = 408) followed-up at the HIV care clinics of the three
hospitals with complete record review. One hundred forty-
nine individuals (24%) followed-up at other clinics including
20 individuals (3%) with initial follow-up out of state, 63
individuals (10%) participated in clinical trials, and 59 in-
dividuals (10%) had no evidence of linkage to HIV care. The
median duration of follow-up was 33 months (IQR 16–53).

Engagement-in-care continuum 18 months
after HIV diagnosis

To estimate the total number of HIV-infected individuals
in our testing catchment area, we assumed that the 615 in-
dividuals who were newly diagnosed in our study period
represented 80% of the total HIV-infected individuals in the
community. Therefore, we estimated that 769 individuals in
our HIV testing area were either newly HIV-diagnosed or
HIV-infected but undiagnosed from 2005 to 2009 (Fig. 1a).

Linkage to care was 70% at 3 months and increased to 84%
at 18 months. We evaluated retention in care using several of
the definitions that have been proposed. Depending on the
definition used, 63–75% of newly-diagnosed individuals
were retained in care 18 months after initial HIV diagnosis
(Supplementary Table S1; supplementary material is avail-
able online at www.liebertpub.com/apc).

Three hundred and three individuals (49% of the newly-
diagnosed cohort) were prescribed ART 18 months after
HIV diagnosis, and 218 individuals (28% of estimated HIV-
infected individuals, 36% of the newly-diagnosed cohort,
72% of those on ART) were virologically suppressed 18
months after diagnosis.

Factors associated with achievement
of viral suppression

In bivariate analyses, more recent year of HIV diagnosis,
lower initial CD4 lymphocyte count, older age, female gender,
and heterosexual acquisition of HIV were associated with
greateroddsofviral suppression18monthsafterHIVdiagnosis.

In multivariate logistic regression analyses (Table 2), full
engagement-in-care as evidenced by suppressed HIV-1 RNA
levels 18 months after diagnosis was associated with more
recent year of diagnosis and lower initial CD4 lymphocyte
count. Of the 257 individuals with initial CD4 counts £ 350
cells/lL, 140 (54%) had viral suppression 18 months after
HIV diagnosis, and of the 137 individuals with an initial CD4
count < 200 cells/lL, 85 (62%) were virologically suppressed by
18 months. Older age and female gender were also independently
associated with viral suppression 18 months after diagnosis.

Table 1. Demographic Characteristics for 615
Newly HIV-Diagnosed Individuals from

2005 Through 2009 at Two Large Public

Institutions in Denver, Colorado, USA

Demographic
Total newly HIV-diagnosed

cohort, n = 615

Median age at diagnosis 34 years (IQR 27–42 years)

Gender 9% female
91% male

Race 81% White (47%
Non-Hispanic White)

16% Black
2% Asian/Pacific Islander
1% American Indian/Alaskan

Native

Ethnicity 33% Hispanic
64% Non-Hispanic

Place of birth 20% Foreign-born
80% US-born

Place of diagnosis 46% STD clinic
24% Outreach
11% Primary or specialty

clinic
10% Emergency department
9% Inpatient

HIV acquisition
risk factor

73% MSM

15% Heterosexual
4% IDU
5% IDU/MSM
4% Unknown/other

Median initial CD4
count (cells/mm3)

40 (IQR 221–603)

Median initial log10 HIV-1
RNA (copies/mL)

4.6 (IQR 3.9–5.1)

IDU, injection drug user; MSM, men who have sex with men;
STD, sexually transmitted diseases.
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We evaluated the correlations between linkage to care and
viral suppression 18 months after diagnosis among subgroups
who received care exclusively at the institutions with com-
plete medical record review. Excluding individuals who
never linked to care or who linked more than 18 months after
diagnosis, we found that those who linked to care within 3
months were more likely to achieve viral suppression than
those who linked between 3 and 18 months after diagnosis
(45% vs. 29%, p = 0.005). Of those who linked to care after 90
days but within a year of diagnosis, the percentage of indi-
viduals with viral suppression at 18 months remained sta-
tistically significantly lower than those who linked within 90
days (32% vs. 45%, p = 0.03).

Correlation between retention in care and viral suppression
by 18 months after diagnosis was limited by the short time
interval for these analyses. Among those who linked to care
within 6 months of HIV diagnosis (473 individuals), 398 had
good early retention as defined by a lab or visit in months 6

through 12 after HIV diagnosis. Of those with good early
retention, 52% were virally suppressed by 18 months after
HIV diagnosis compared to 5% of those with poor early re-
tention ( p < 0.001). When censoring the group with poor
early retention for outmigration and death, 12% were virally
suppressed by 18 months after HIV diagnosis ( p < 0.001).

Engagement-in-care 5 years after HIV diagnosis

The proportion of individuals engaged in HIV care chan-
ged with follow-up beyond 18 months. By 24 months after
HIV diagnosis, 65% of the newly-diagnosed cohort were
known to be retained in care, and that percentage did not
differ significantly in the subsequent years of follow-up
(Supplementary Fig. S1). Similarly, the percentage of HIV-
diagnosed individuals with suppressed HIV-1 RNA levels
increased over the first 2 years and then stabilized at 42–45%
(Fig. 2).

FIG. 1. The engagement-in-
care continuum 18 months (a)
and 60 months (b) after HIV
diagnosis for a cohort of 615
individuals diagnosed with
HIV from 2005 through 2009.
ART, antiretroviral therapy.
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Outmigration and death

By 5 years after HIV diagnosis, 15% of the original cohort
had moved out of state and 3% had died. Of the HIV-diag-
nosed individuals alive and residing in the state of Colorado 5
years after diagnosis, 66% were engaged in care and 45%
were virologically suppressed (Supplementary Fig. S1).
Figure 1b displays the care continuum at 5 years after diag-
nosis for individuals in the cohort, and accounts for the ad-
ditional 20% of individuals presumed to be HIV-infected but

undiagnosed. Figures 1b and 2 show the effect of censoring
for outmigration and death on the estimate of effective en-
gagement in care, as evidenced by viral suppression.

The demographic characteristics of the migrators did not
vary significantly from those who did not outmigrate. Spe-
cifically, there were no significant differences between mi-
grators and nonmigrators by gender, median age at time of
diagnosis, race, ethnicity, foreign- versus US-born, test lo-
cation, median initial CD4 lymphocyte level, or median ini-
tial HIV-1 RNA level (data not shown).

Table 2. Factors Associated with Likelihood of Achieving Suppressed HIV-1 RNA Levels 18 Months After

HIV Diagnosis in Cohort of 615 Individuals Diagnosed with HIV from 2005 through 2009

Variable
Number (%) HIV-1
RNA < 200 cps/m

Bivariate OR
(95% CI)

Bivariate
p value

Multivariate
OR (95% CI)

Multivariate
p value

Gender (female vs. male) Female: 27 (47%)
Male: 191 (34%)

1.7 (1.0–3.0) 0.05 2.0 (1.0–3.7) 0.04

Age at diagnosis (per 10 year
increase)

16–25: 29 (26%)
26–35: 67 (31%)
36–45: 60 (37%)
46–55: 46 (52%)
> 55: 16(50%)

1.5 (1.2–1.7) < 0.001 1.4 (1.2–1.7) < 0.001

Race (black vs. non-black) Black: 41 (43%)
Non-black: 177 (34%)

1.5 (0.9–2.3) 0.09

Risk factor (heterosexual
vs. non-heterosexual

Heterosexual:
45 (48%)
Non-heterosexual:

173 (33%)

1.8 (1.2–2.9) 0.007

Baseline CD4 level
(per 100 cell increase)

0–100: 62 (68%)
101–200: 23 (50%)
201–300: 38 (54%)
301–400: 32 (35%)
401–500: 16 (21%)
> 500: 45 (20%)

0.7 (0.7–0.8) < 0.001 0.8 (0.7–0.8) < 0.001

Foreign-born (yes vs. no) FB: 51 (41%)
Non-FB: 167 (34%)

1.4 (0.9–2.0) 0.14

Diagnosis year (per 1 year
advance 2005–2009)

2005: 37 (27%)
2006: 38 (30%)
2007: 41 (39%)
2008: 52 (39%)
2009: 50 (45%)

1.2 (1.1–1.4) < 0.001 1.3 (1.1–1.4) < 0.001

FIG. 2. Percentages of newly
HIV-diagnosed individuals with
viral suppression in the 5 years
following HIV diagnosis, com-
paring results when censoring for
outmigration and death.
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Changes in the engagement continuum
by year of diagnosis

Linkage to care, retention in care, and attainment of viral
suppression 18 months after HIV diagnosis all improved
significantly with each subsequent year of HIV diagnosis
from 2005 through 2009 (Fig. 3). Of those diagnosed in 2005,
81% linked to care in 18 months, 39% were on antiretroviral
therapy at 18 months, and 27% had suppressed HIV-1 RNA
levels 18 months after diagnosis. Of those diagnosed in 2009,
90% linked to HIV care within 18 months of diagnosis, 58%
were prescribed antiretroviral therapy, and 45% had sup-
pressed HIV-1 RNA levels 18 months after diagnosis.

Discussion

To monitor progress toward achieving the goals of the Na-
tional HIV/AIDS Strategy, accurate estimates of engagement in
HIV care are crucial. Using clinical follow-up through three
major HIV care providers, two research sites, and a statewide
surveillance data, we evaluated long-term engagement-in-care
for a large cohort of newly HIV-diagnosed individuals in an
urban setting in the United States. Our analysis demonstrates
that estimates of engagement-in-care vary markedly depending
on the completeness of available data. Using clinic records, we
found that outmigration, either at the time of initial diagnosis or
later, was common (15% of the cohort). Similarly, surveillance
laboratory data showed that movement of care to sites other than
the three large clinics included in the study was also common
(24% of the cohort). We also accessed clinical trial records for
the 10% of the cohort who participated in clinical trials. These
records are not included in mandated state databases in Color-
ado but revealed additional evidence of engagement-in-care.
Without these three sources of data, we would have markedly
underestimated engagement-in-care. Finally, we showed that all
engagement parameters improved steadily for individuals
newly HIV-diagnosed over the years of the study (2005–2009).

Linkage to care over time

Linkage to care occurred within 3 months for 70% of the
newly-diagnosed cohort, but had increased to 79% by the last

year of the study (2009). These linkage rates are consistent
with meta-analyses reported by Marks et al., in which an
average of 72% of HIV-infected individuals linked to care
within 4 months of diagnosis.18 However, they fall short of
the National HIV/AIDS Strategy goal of linkage to care for
85% of newly-diagnosed HIV-infected individuals within
3 months,22 a goal already met by some HIV care centers.23

Retention in care over time

Our calculations of retention in care varied greatly with
time since diagnosis and when censoring for outmigration
and death. We calculated proportions of newly HIV-diag-
nosed individuals retained in care as low as 52% 4 years after
HIV diagnosis in a missing-equal-failure analysis and when
we required a visit in the prior 6 months to be considered
‘‘retained.’’ When we liberalized the definition of retention in
care to one visit in the prior 12 months and censored the
cohort for outmigration and death, the proportion of indi-
viduals retained in care 4 years after HIV diagnosis was 71%,
nearly 20% higher. This difference in the estimates of re-
tention in care likely underlies some of the wide variation
(45–81%) in published estimates of retention. The higher
estimates required only one visit in the prior 1 year and/or
censored the denominators for outmigration, while lower
estimates were derived from definitions requiring at least one
visit in multiple 6-month intervals or from state databases
alone.4,5,17,18,23–25

Out-of-state migration

In the entire US population, rates of out of state migration
are approximately 2% per year.26 Hence, in a 5-year interval,
we could expect that up to 10% of the overall US population
moved between states. Estimates of outmigration among
HIV-infected cohorts report 5–25% of the cohort outmigrated
from the study jurisdiction, though not necessarily the state
during the study interval.10–12,14,23,27,28 To our knowledge,
outmigration data obtained through chart review has not been
previously described for a cohort of newly HIV-diagnosed
individuals. By 5 years after HIV diagnosis, we determined

FIG. 3. Proportions of newly
HIV-diagnosed individuals en-
gaged in care 18 months after HIV
diagnosis, by year of HIV diag-
nosis, for a cohort of individuals
newly HIV-diagnosed from 2005
through 2009.
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that 15% of the original cohort had moved out of state, 8% in
the first year after diagnosis and between 2% and 3% in each
subsequent year. This is comparable to the findings reported
by Buskin and colleagues in which 1196 individuals of a
cohort of 8484 people living with HIV/AIDS (14%) were
determined to have relocated, leading to a reduction in per-
centage of individuals thought to be out of care from 27% to
16%.12 We believe that our figures underestimate true out-
migration as documentation of outmigration may not be
present in the medical record for all individuals who moved
out of state. Although our data may differ from the migration
patterns of HIV-infected individuals in other geographic ar-
eas, we hope it underscores the impact of outmigration on
retention in care estimates. We believe a rigorous evaluation
of the impact of migration on HIV engagement-in-care esti-
mates at the national level is necessary to help further clarify
our findings.

Attainment of suppressed HIV-1 RNA levels

We also noted significant variations in proportions of the
cohort with suppressed HIV-1 RNA levels based on time
since diagnosis and denominator for the population evalu-
ated. Although only 36% of the newly-diagnosed cohort were
virologically suppressed 18 months after diagnosis (28% of
the estimated total HIV-infected population), 45% of the
newly-diagnosed cohort were virologically suppressed 5
years after HIV diagnosis (adjusted for outmigration and
death), which was 37% of the estimated total HIV-infected
population at that time interval. This is significantly higher
than national estimates of suppressed HIV-1 RNA levels
which range from 19% to 25% of HIV-infected individu-
als.4,5,7 To better determine the true percentage of HIV-in-
fected individuals with suppressed HIV-1 RNA levels, a
process that considers outmigration, death, and changes in
ART use over time should be employed.

We attribute improved performance in the engagement
continuum by year of diagnosis (Fig. 3) to better linkage to
care programs, more aggressive retention efforts at the clinic
level, and changes to the HIV treatment guidelines in the past
few years. Studies by Dombrowski and colleagues8 and
Montaner and colleagues29 have demonstrated higher rates of
viral suppression in more recent years. Our analysis of viral
suppression by year of diagnosis suggests that trends of en-
gagement-in-care and ART use among more recently diag-
nosed individuals may be impacting the higher rates of viral
suppression overall, consistent with findings by Axelrad and
colleagues,30 in which individuals diagnosed in 2010 and
retained in care were more likely to achieve viral suppression
1 year after HIV diagnosis than individuals diagnosed in 2000
and retained in care.

This study had three significant limitations. First, this was
a retrospective study that relied on documentation in medical
records, clinical trials records, and statewide databases.
Second, because our estimate of migration outside the state of
Colorado was based on medical records at just three clinics, it
is likely that we underestimated outmigration. Third, though
the state laboratory surveillance system provides a valuable
tool for monitoring engagement in care, reporting of CD4
lymphocyte counts above 500 cells/lL was not mandatory
until January 2014, and mandatory reporting of suppressed
HIV-1 RNA levels did not start until April 2010. Therefore,

we may have underestimated engagement-in-care among
persons receiving care at clinics other than the three with
complete medical record review in the study. However, of the
129 individuals who followed-up at sites in-state for whom
we did not have complete medical record review, fewer than
10% of these individuals were seen at sites that did not report
all viral load and CD4 lymphocyte results.13

In conclusion, our findings underscore the variability in
engagement-in-care calculations when actual patient data is
used for analyses. While large cross-sectional studies provide
snapshots of the HIV epidemic in the US, following patient
data simultaneously through state databases and chart review
over longer periods of time may elicit more precise and nu-
anced information. For example, knowing that retention in
care decreases after the first 2 years after HIV diagnosis may
help target efforts to improve engagement-in-care in that time
interval, ultimately improving proportions of individuals re-
tained in care in later years. Because retention in care is as-
sociated with increased likelihood of viral suppression, efforts
at this stage would likely have downstream effects.15,31,32

Similarly, as proportions of individuals with suppressed viral
loads are lower in the first 2 years after diagnosis, starting
antiretroviral therapy sooner after HIV diagnosis could im-
prove rates of viral suppression earlier, possibly decreasing
new infections, particularly from those recently infected.2,33

A means to facilitate better data collection and help states
to account for outmigration in their HIV-infected populations
is needed to prevent underestimates of engagement-in-care at
the state level. A real-time, updated database of current ad-
dresses shared between states could address this problem.
Additionally, further investigation of outmigration effects in
other jurisdictions would corroborate our findings and help
define reasonable estimates for modifications to engagement
estimates when outmigration data are not available. Finally,
we demonstrate that substantial improvements in estimates of
engagement-in-care are possible with accurate data collec-
tion and we document actual improvements along the con-
tinuum in more recent years.
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