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Objective: To assess associations between engagement in-care and future mortality.

Design: UK-based observational cohort study.

Methods: HIV-positive participants with more than one visit after 1 January 2000 were
identified. Each person-month was classified as being in or out-of-care based on the
dates of the expected and observed next care visits. Cox models investigated associ-
ations between mortality and the cumulative proportion of months spent in-care (% IC,
lagged by 1 year), and cumulative %IC prior to antiretroviral therapy (ART) in those
attending clinic for more than 1 year, with adjustment for age, CD4þ/viral load, year,
sex, infection mode, ethnicity, and receipt/type of ART.

Results: The 44 432 individuals (27.8% women; 50.5% homosexual, 28.9% black
African; median age 36 years) were followed for a median of 5.5 years, over which time
2279 (5.1%) people died. Higher %IC was associated with lower mortality both before
[relative hazard 0.91 (95% confidence interval 0.88–0.95)/10% higher, P¼0.0001]
and after [0.90 (0.87–0.93), P¼0.0001] adjustment. Adjustment for future CD4þ

changes revealed that the association was explained by poorer CD4þ cell counts in
those with lower %IC. In total 8730 participants under follow-up for more than 1 year
initiated ART of whom 237 (2.7%) died. Higher values of %IC prior to ART initiation
were associated with a reduced risk of mortality before [0.29 (0.17–0.47)/10%,
P¼0.0001] and after [0.36 (0.21–0.61)/10%, P¼0.0002] adjustment; the association
was again explained by poorer post-ART CD4þ/ viral load in those with lower pre-ART
%IC.

Conclusions: Higher levels of engagement in-care are associated with reduced
mortality at all stages of infection, including in those who initiate ART.
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Background

The widespread use of effective antiretroviral therapy
(ART) has led to a dramatic reduction in morbidity and
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mortality among people living with HIV [1]. ART is also
recognized as an effective means of reducing HIV
transmission [2]. However, the individual and public
health benefits of ART can only be achieved if people
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living with HIVare aware that they are HIV positive, have
linked into care, and have sustained engagement with
care thereafter.

Unpublished data from London HIV clinics indicate that
outpatient nonattendance rates can be as high as 25% (Iain
Reeves, personal communication). Poorer health out-
comes, including failure to suppress HIV viraemia,
increased drug resistance and suboptimal CD4þ cell
count responses, are reported among people living with
HIV who engage poorly with care [3–8]. In the United
Kingdom, missed outpatient appointments have signifi-
cant resource implications [9], and the importance of
continuity of care for reducing costs has been recognized
in several disease areas [10–12]. In the HIV setting,
retaining HIV-positive persons in care may also reduce
new infections, treatment costs, and deaths [13,14].

To explore patterns of engagement in HIV care, it is
essential to adopt a valid and reliable measure, and yet
there is no gold standard measure of engagement in HIV
outpatient care. Researchers have assessed retention in
care in several ways, with definitions commonly based on
the quality indicators proposed by the US Health
Resources and Services Administration HIV/AIDS
Bureau (HRSA HAB), the US Institute of Medicine
(IOM), or the US Department of Health and Human
Services (DHHS) [6,15,16]. These measures have their
own strengths and weaknesses [17], but none of them take
into account the fact that frequency of attendance is
related to changes in ART and health status and may also
be affected by external forces or changes in clinic policy.
In the United Kingdom, for example, British HIV
Association (BHIVA) guidelines from 2011 indicated that
HIV-positive persons should be seen within 2–4 weeks of
starting ARTand every 3–6 months thereafter for routine
monitoring if they were considered ‘stable’ [18]; recently
updated guidelines suggest that monitoring frequency can
now be reduced to 6 monthly for those on ART with
stable viral suppression [19].

The REACH study (Exploring patterns of Retention and
Engagement Across specialised Care services for HIV
patients in the United Kingdom) set out to develop a
dynamic measure of engagement in-care that would be
sensitive to changes in an individual’s status over time
[20]. Using this measure, we demonstrated that
individuals were deemed to be in-care for 83.9% of
the total follow-up time. To date, however, we have not
investigated whether this measure is able to identify a
group of individuals at high risk of clinical progression.
One of the main limitations of analyses that investigate
associations between engagement in-care and clinical
outcomes is the potential for reverse causality whereby
those who are sickest may attend for care more frequently
as their health deteriorates, thus creating an artificial
association between higher levels of engagement and an
increased risk of clinical progression. Thus, the objective
of the present analysis was to use data from the UK
Collaborative HIV Cohort (UK CHIC) study to
investigate associations between our measure of engage-
ment in-care and mortality, while reducing any potential
impact of reverse causality.
Methods

The UK CHIC Study was initiated in 2001 and collates
routine data on HIV-positive persons attending many of
the UK’s largest HIV clinical centres. The project was
approved by a Multicentre Research Ethics Committee
and local ethics committees. HIV-positive individuals are
included in the study provided they have attended one of
the collaborating centres at any time since 1 January 1996
and are aged at least 16 years [21]. The data set used for the
present study is based on data submitted from 19 clinics
with data collection up to 31 December 2012. The work
was conducted as part of the National Institute for Health
Research Health Protection Research Unit (NIHR
HPRU) in Blood-Borne and Sexually Transmitted
Infections (UCL in collaboration with London School
of Hygiene and Tropical Medicine), a partnership with
Public Health England. The UK CHIC records are linked
anonymously to mortality data collected as part of
national surveillance programmes conducted by Public
Health England.

Our measure of engagement in-care has been described
[20]. In brief, in the absence of complete data on clinic
attendances, we used CD4þ cell counts, viral loads,
haemoglobin measures and ART start/switch dates as
markers of clinic attendance. As people often return for
repeat laboratory tests over a short period of time to
confirm unexpected findings, resulting in clusters of
attendances around a single ‘index’ date, we grouped
attendances into ‘care episodes’, defined as months where
at least one visit occurred. For each care episode, we
established the lowest CD4þ cell count measured in that
month (and the change from the previous value), the
highest HIV viral load, the person’s ART status and
identified whether the person had received a recent HIV
diagnosis, and used this information to establish the likely
month of the next scheduled visit using our algorithm.
The date of the next observed care visit determined
whether the person had attended at any time in the period
leading up to the expected date. If so, the person-months
up to the observed visit were all classified as being in-care;
if not, the person-months up to the date of the expected
visit were classified as in-care (as the person’s attendance
had not, at that point, deviated from what was expected)
whereas the subsequent person-months until the
observed visit were classified as out-of-care. Each
person-month between consecutive visits was thus
classified as being in or out-of-care.
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Table 1. Characteristics of patients included in the two sets of
analyses.

All study
participants
at baseline

Study
participants
at ART1 start

N 44 432 8730

Sex (%) Men 72.2 78.2
Women 27.8 21.8

Age (years) Median (IQR) 36 (30, 42) 37 (32, 43)
Exposure (%) MSM 50.5 62.3

Heterosexual 39.1 31.1
IDU 3.0 2.9
Other/unknown 7.4 3.7

Ethnic group (%) White 53.3 63.4
Black African 28.9 20.9
Other 8.7 8.9
Unknown 9.2 6.8

CD4þ cell count
(cells/ml)

Median (IQR) 355 (214, 520) 280 (202, 368)

ART, antiretroviral therapy; IQR, interquartile range.
We included all people who attended a participating UK
CHIC clinic on at least one occasion between 1 January
2000 and 31 December 2012. We used Cox models to
assess the association between mortality and the
cumulative proportion of months a person had been
in-care (%IC) and the cumulative proportion of months a
person was in-care prior to ART.

For analyses of the association within the full cohort,
person follow-up started at study entry and ended at the
earliest of death or six months after the person’s last clinic
attendance. Each person’s total follow-up period was split
into consecutive monthly intervals and the cumulative
proportion of previous months she/he had been in-care at
the start of each month was calculated (%IC). In this way,
we were able to include %IC as a continuous time-
updated covariate in regression models. To reduce the
potential for our analyses to be affected by reverse
causality, all measures of %IC were lagged by 12 months
to separate the assessment of engagement and the
outcome by a period of 1 year. Thus, our estimated
relative hazard for %IC will describe the relationship
between %IC and clinical events that occur at least 1 year
into the future. Note that this approach will necessarily
restrict analyses to those who had attended clinic for more
than 1 year. In our primary analyses we adjusted for the
demographic factors: age, year, sex, mode of HIV
acquisition and ethnic group (fixed covariates). This was
followed by additional adjustment for receipt of ARTas a
binary time-updated covariate. We next adjusted for the
latest CD4þ cell count, as a continuous time-updated
covariate and lagged by 12 months, to investigate whether
any association seen with %IC was explained by the fact
that those with the lowest %IC values already had poorer
CD4þ cell counts at the time of assessment of
engagement. Finally, we adjusted for the unlagged values
of CD4þ to explore whether any residual association
between %IC and clinical outcomes was mediated by
lower CD4þ cell counts over the following 12 months.
We did not adjust for the latest viral load given the
expected collinearity between this and our ART variable.

For analyses of the subgroup of patients who started ART,
we calculated the %IC prior to ART in the subset of
people who initiated ART and who had been under
follow-up at the clinic for at least a year prior to ART
start. Pre-ART %IC was stratified into six groups (<50%,
50–69.9%, 70–79.9%, 80–89.9%, 90–99.9%, and 100%)
which were chosen for ease of clinical interpretation and
to ensure that each group was of sufficient size to permit
robust analyses. Cox models then considered the
association between pre-ART %IC (as a fixed baseline
covariate) and mortality after ART initiation; follow-up
started at ART initiation and ended at the earliest of
6 months after the person’s last visit or death. We first
adjusted for age, year, sex, mode of HIV acquisition and
ethnic group, then type of ART received [protease
inhibitor based, NNRTI (nonnucleoside reverse
transcriptase inhibitor) based, other regimen (including
those on both a protease inhibitor and NNRTI)], then the
CD4þ cell count and viral load at ART start (fixed
covariates) and then finally the latest CD4þ cell count and
viral load (as time-updated covariates) measured after
ART start. As before, these latter analyses investigate
whether any associations between pre-ART %IC and
post-ART mortality can be explained by poorer CD4þ/
viral load responses on ART. Note that as we considered
pre-ART %IC and outcome post-ART, then reverse
causality is unlikely to be of major concern in this analysis.
Results

A total of 44 432 UK CHIC participants were included in
the initial analysis (Table 1). Women represented 27.8% of
the sample. Half were white (53.3%), one third were black
African (28.9%), 8.7% were of other ethnicity, and 9.2%
had unknown ethnicity. Around half had acquired HIV
through sex between men (50.5%), with 39.1% acquiring
HIV through sex between men and women, 3.0%
through injection drug use and the remaining 7.4%
through other or unknown routes. The median age at
entry into the study was 36 years (interquartile range
(IQR) 30–42] and the median date of follow-up start was
December 2004 [range January 2000–October 2012).
The median CD4þ cell count at start of follow-up was
355 (IQR 214–520) cells/ml.

Over a median follow-up of 5.5 (IQR 2.0, 10.0) years,
6685 (15.1%) people developed a new AIDS event and
2279 (5.1%) died. Table 2 shows the association between
engagement in-care and mortality, first without adjust-
ment, then after performing an adjusted analysis. The
estimate of the relative hazard after adjustment for fixed
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Table 2. Results from unadjusted and adjusted Cox regression
analyses of associations between %IC and mortality: all patients, and
patients starting antiretroviral therapy.

Mortality

i) All patients RH (95% CI)/10%
higher %IC

Total number (%) deaths 2279 (5.1)
Adjustment for:

None 0.91 (0.88, 0.95)
Fixed covariates 0.91 (0.88, 0.95)
þReceipt of ART (yes/no) 0.90 (0.87, 0.93)
þLatest CD4þ cell count (lagged) 0.96 (0.92, 1.00)
þLatest CD4þ cell count (unlagged) 1.00 (0.96, 1.04)

ii) Patients starting ART RH (95% CI)/10%
higher %IC

Total number (%) deaths 237 (2.7%)
Adjustment for:

None 0.29 (0.18, 0.47)
Fixed covariates 0.31 (0.18, 0.51)
þBaseline ART regimena 0.32 (0.19, 0.53)
þBaseline CD4þ cell count and viral load 0.36 (0.21, 0.61)
þLatest CD4þ cell count and viral load 0.74 (0.42, 1.30)

ART, antiretroviral therapy; CI, confidence interval; RH, relative
hazard.
aProtease inhibitor based, nonnucleoside reverse transcriptase inhibi-
tor based or other.
covariates and ART status demonstrates that higher
engagement in-care is associated with less rapid
progression to death when this is considered at least 1
year into the future. Adjustment for the lagged CD4þ cell
count resulted in an attenuation of the association
between %IC and mortality, demonstrating that a
proportion of the association seen can be explained by
the fact that those with lower %IC values also have lower
CD4þ cell counts. Additional adjustment for the
unlagged CD4þ cell counts led to further attenuation
of the estimate towards 1, suggesting that in addition to
poorer CD4þ cell counts at the time of %IC assessment,
those with lower %IC values also maintained lower CD4þ

cell counts over the subsequent 12-month period.

A total of 8730 individuals had been under follow-up at a
participating clinic before starting ART (Table 1).
Compared with the wider population group, those
Table 3. Associations between preantiretroviral therapy engagement in-ca
therapy.

n (%) of group Men MSM
%months IC prior to ART % % %

<50% 1282 (14.7) 73.1 46.2
50–70% 1239 (14.2) 76.0 59.5
70–80% 1014 (11.6) 77.7 62.8
80–90% 1591 (18.2) 80.1 65.6
90–99% 2092 (24.0) 79.3 66.4
100% 1512 (17.3) 81.0 68.6

ART, antiretroviral therapy; IC, in-care; MSM, men who have sex with me
inhibitor.
starting ART were more likely to be men, were slightly
older, more likely to have acquired HIV through sex
between men, of white ethnicity and had a lower CD4þ

cell count.

At the time of starting ART, the median %IC was 85.7%
(range 3.3–100.0%, IQR 65.5–95.7%); %IC was <50%,
50–70%, 70–80%, 80–90%, 90–99%, and 100% in 1282
(14.7%), 1239 (14.2%), 1014 (11.6%), 1591 (18.2%),
2092 (24.0%), and 1512 (17.3%), respectively. Table 3
shows associations between the pre-ART %IC and several
selected demographic and clinical characteristics. Men
were more likely than women to have spent a greater
proportion of time in-care before starting ART. Other
factors associated with a higher proportion of time spent
in-care were HIV acquisition through sex between men,
white ethnicity, a higher CD4þ cell count at start of ART,
and initiation of ART with an NNRTI-based regimen.

Over a total post-ART follow-up period of 4.3 (IQR 2.1,
6.8) years, 237 (2.7%) people who started ART died.
Table 2 shows the association between pre-ART %IC and
post-ART mortality, after progressively adjusting for
covariates as before. As in the previous analyses, the strong
association between pre-ART %IC and post-ART
mortality that was apparent in unadjusted analyses and
analyses that control for the baseline covariates was
substantially attenuated towards 1 after further adjustment
for post-ART CD4þ cell count and viral load profiles.
Discussion

Using a flexible approach to measuring engagement in-
care that can be adapted to the changing health status of
the individual and to local clinic policies, we have
demonstrated that higher levels of engagement in HIV
care are associated with reduced mortality at all stages of
infection, both in individuals who are receiving ARTand
those who are not. Our findings suggest that this
association is largely explained by poorer CD4þ cell
re and selected demographic/clinical factors at start of antiretroviral

White

Regimen

CD4þ (cells/ml) Median

PI NNRTI

% % %

53.5 250 32.1 60.8
60.9 259 25.3 66.4
62.1 280 25.5 67.5
64.9 283 26.2 67.1
65.6 290 23.0 68.6
70.3 299 21.4 70.0

n; NNRTI, nonnucleoside reverse transcriptase inhibitor; PI, protease
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count profiles in those with suboptimal engagement
in-care.

Definitions of engagement in-care
Although the importance of a high rate of engagement is
well recognised, definitions vary widely between studies
[22]. Within the largely North American literature on the
topic, studies have predominantly used one of the
measures utilized by the US DHHS/HRSA HAB, the
IOM or some modification, all of which assess ‘visit
constancy’ over a period of time. For example, the
DHHS/HRSA HAB indicator defines individuals as
being engaged in-care if they have at least one visit in each
of four consecutive 6-month periods, with visits separated
by more than 60 days [5,17,23–25]. The IOM core
indicator classifies individuals as engaged in-care if they
have at least two visits in a 12-month period, where each
visit is separated by more than 90 days [7,16,17,23,
25–28], although adaptations that require only 60 days of
separation are also used [29,30]. Other measures of visit
constancy consider the proportion of a set number of
consecutive time intervals in which patients attend at least
one scheduled appointment [17,26,27,31] or consider a
patient to be engaged in-care if there is no gap in care
more than 6 months [17,26,27,32].

Although measures of visit constancy provide infor-
mation on visits that are kept, they provide little
information on missed visits. Measures of ‘visit adher-
ence’ have therefore also been proposed that classify
individuals according to the number or proportion of
scheduled visits that have been missed over a period
[26,31]. Collection of data on unscheduled missed visits
may, however, be challenging for many clinics, particu-
larly if visits are not recorded as ‘missed’ if they are
rescheduled in advance. Such measures may also be
difficult to implement at a region-wide level or in large
collaborative studies where computer systems may vary.
For pragmatic reasons, therefore, simpler measures of
engagement in-care are often preferred [33–38].

This variation between studies introduces complexity
into any comparison of rates of engagement in different
settings. Mugavero [26] demonstrated considerable
variability between six measures of retention in terms
of the proportion of patients who were considered as
retained in-care. Although each measure was strongly
correlated with viral load suppression, the correlation
between the various measures of retention was as low
as 0.16.

Associations with clinical and virological
outcomes
Several studies have described the association between
engagement in-care and clinical and virological out-
comes. In the South Carolina, enhanced HIV/AIDS
Reporting System (eHARS) surveillance database [5],
mean decrease in viral load and increase in CD4þ cell
count were both greater in those with optimal retention
in-care, and associations with poorer engagement in-care
and mortality have been reported by several groups
[5,6,39]. In a study from the Centers for AIDS Research
(CEFAR) Network of Integrated Clinical Systems
(CNICS) [23], failure to achieve the IOM and DHHS
indicators was associated with increased mortality; among
those classified as retained in-care by either indicator,
however, having more than two missed visits was also
associated with an additional increase in mortality risk.
The authors noted that lifestyle or behavioural factors that
may have increased the risk of a person missing a clinic
appointment may also have been associated with an
increased risk of mortality. Findings from the ALIVE
study [32], in which a significant association between
reporting no HIV care visit in the past 6 months and
virological failure was lost after adjustment for factors that
included predictors of lapses in care, would support the
concern that reported associations between engagement
in-care and virological suppression may not necessarily be
causal. Findings of a stronger association between
retention in-care and viral suppression among those with
lower CD4þ cell counts and in younger adults [17,27],
raise the interesting prospect that measures of engagement
in-care should be interpreted in light of other individual-
level characteristics.

Limitations of current measures of engagement
Several limitations of the currently used measures of
engagement in-care have been noted [25]. First, although
most approaches generally consider engagement in a
cross-sectional manner, engagement in-care is an evol-
ving process, with individuals often moving in or out of
care as their personal circumstances and health change.
For example, Colasanti reported that while 12-month
retention and virological suppression rates at the
Infectious Disease Program of the Grady Health System
in Atlanta were both high, only 49% of participants had
maintained continued retention and only 39% continu-
ous virological suppression for 36 months [15]. Further-
more, clinic monitoring policies are also changing, in
response to improved outcomes on ART and increasing
patient numbers. Our proposed approach to defining
engagement in-care reflects such changes at both an
individual and clinic level.

Second, associations between calendar year and engage-
ment in-care are often subject to bias. It may be difficult
to differentiate between permanent loss to follow-up and
transient interruptions in-care among patients followed in
more recent periods because of insufficient follow-up
[40], and though it may be tempting to attribute
improvements in engagement in-care rates to the
increased use of interventions to reduce disengagement,
apparent improvements may simply reflect the fact that
those who are diagnosed and/or start ART in later
follow-up periods may have had less opportunity to miss a
clinic appointment.
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Third, most measures of engagement in-care fail to take
consideration of the fact that individuals may seek care
from other providers. The implications of such individ-
uals for the overall care cascade are unclear – in Southern
Alberta, patients who left the HIV care program but who
returned at a later date had deterioration in both CD4þ

cell counts and new AIDS events compared with those
who had never left the program, in whom CD4þ cell
counts increased [41]. In contrast, transfers into the care
centre from outside the area had greater engagement in-
care than local patients [33]. At a population level, the
choice of denominator can be crucial for estimates:
engagement in-care from King County, Washington,
ranged from 66–81% depending on the definition of the
denominator population [42].

Finally, although engagement in-care would ideally be
measured through face-to-face clinical encounters, many
studies have used laboratory markers of disease pro-
gression (e.g. CD4þ cell counts and viral loads) as
surrogates for clinic encounters [43–47]. Reflecting the
fact that the UK CHIC study is a large study which uses
routinely collected electronic data only, our proposed
algorithm also uses a combination of laboratory and
clinical data as a surrogate. The potential for this approach
to underestimate engagement in-care has been assessed,
with studies generally reporting that while laboratory
markers are able to discriminate between persons retained
and not retained in-care, absolute engagement rates are
often lower when estimates are based on laboratory data
[44–46]. In contrast, in a small study of 99 newly
diagnosed patients in Louisiana, Halperin [28] reported
that the use of laboratory markers as a proxy for clinical
visits tended to overestimate currently accepted
definitions of engagement in-care.

Strengths and limitations of the present study
Our analyses benefit from a large, prospectively compiled,
clinical data set with longitudinal data on CD4þ cell
counts, viral loads, and ART use. By separating our
assessment of engagement from clinical outcomes by 12
months, we were also able to reduce the impact of reverse
causality, whereby individuals who are sicker may attend
for care more frequently than those who are well
(although we recognize that some residual reverse
causality bias may remain). However, some limitations
of our study should be noted. By taking this approach, we
are unable to assess the impact of engagement in care on
outcomes within the first 12 months of follow-up for an
individual, and our analyses may not be generalizable to
those under care for periods of less than 12 months. We
attempted to investigate whether the association seen
could be mediated through poorer CD4þ profiles both at
the time of assessment of engagement in-care as well as
over the subsequent period. However, these analyses will
be incomplete if follow-up CD4þ cell counts and viral
loads are more likely to be missing in those with poorer
engagement in-care. Although our algorithm can be
adapted to other settings (e.g. resource-limited settings
where laboratory monitoring is less frequent), general-
izability to those settings is uncertain. Finally, we
recognize that our algorithm does not capture additional
information that might modify a clinician’s decision about
the timing of the next visit (e.g. psychosocial factors).

Summary
In summary, we have shown that, among patients
attending for care for at least a year, a combination of
routinely collected clinical and laboratory data is able to
identify, through engagement patterns, individuals at
increased risk of subsequent mortality both before and
after starting ART.
Acknowledgements

UK CHIC is funded by the UK Medical Research
Council (Grant numbers G0000199, G0600337,
G0900274 and M004236). The REACH study was
supported by the National Institute for Health Research’s
HS&DR Programme (project number 11/2004/50). The
views expressed in this manuscript are those of the
researchers and not necessarily those of the Medical
Research Council or HS&DR Programme.

C.A.S., F.B., V.A. and S.M. were responsible for
designing, obtaining funding for and setting up the
REACH study; along with AH, they all conducted
analyses to develop the REACH algorithm that is used in
the present analysis. C.A.S. was responsible for designing,
obtaining funding for and setting up the UK CHIC study,
undertook all analyses for the present manuscript and
prepared drafts of the manuscript. S.J. and T.H. provided
input to the generation of all analysis datasets. All study
authors contributed to initial discussions around the
application of the REACH algorithm to the UK CHIC
dataset, around the interpretation of study findings, to the
development of the manuscript and all have critically
reviewed and approved the final version of the
submitted manuscript.

UK CHIC Steering Committee: Jonathan Ainsworth,
Sris Allan, Jane Anderson, Abdel Babiker, David
Chadwick, Valerie Delpech, David Dunn, Martin Fisher,
Brian Gazzard, Richard Gilson, Mark Gompels, Phillip
Hay, T.H., Margaret Johnson, S.J., Stephen Kegg,
Clifford Leen, Fabiola Martin, Mark Nelson, Chloe
Orkin, Adrian Palfreeman, Andrew Phillips, Deenan
Pillay, Frank Post, Jillian Pritchard, C.A.S., Memory
Sachikonye, Achim Schwenk, Anjum Tariq, Roy
Trevelion, John Walsh.

UK CHIC Central Co-ordination: University College
London (T.H., S.J., Andrew Phillips, C.A.S.); Medical
Research Council Clinical Trials Unit at UCL (MRC
CTU at UCL), London (David Dunn, Adam Glabay).



Engagement in-care and mortality Sabin et al. 659
UK CHIC Participating Centres: Brighton and Sussex
University Hospitals NHS Trust (M. Fisher, N. Perry, S.
Tilbury, E. Youssef, D. Churchill); Chelsea and West-
minster Hospital NHS Foundation Trust, London (B.
Gazzard, M. Nelson, R. Everett, D. Asboe, S. Mandalia);
King’s College Hospital NHS Foundation Trust, London
(F. Post, H. Korat, C. Taylor, Z. Gleisner, F. Ibrahim, L.
Campbell); Mortimer Market Centre, University College
London (R. Gilson, N. Brima, I. Williams); Royal Free
NHS Foundation Trust/University College London (M.
Johnson, M. Youle, F. Lampe, C. Smith, R. Tsintas, C.
Chaloner, S. Hutchinson, C. Sabin, A. Phillips, T. Hill, S.
Jose, A. Thornton, S. Huntington); Imperial College
Healthcare NHS Trust, London (J. Walsh, N. Mackie, A.
Winston, J. Weber, F. Ramzan, M. Carder); Barts and
The London NHS Trust, London (C. Orkin, J. Lynch, J.
Hand, C. de Souza); Homerton University Hospital
NHS Trust, London (J. Anderson, S. Munshi); North
Middlesex University Hospital NHS Trust, London
(J. Ainsworth, A. Schwenk, S. Miller, C. Wood); The
Lothian University Hospitals NHS Trust, Edinburgh (C.
Leen, A. Wilson, S. Morris); North Bristol NHS Trust
(M. Gompels, S. Allan); Leicester, University Hospitals of
Leicester NHS Trust (A. Palfreeman, K. Memon, A.
Lewszuk); Middlesbrough, South Tees Hospitals NHS
Foundation Trust (D. Chadwick, E. Cope, J. Gibson);
Woolwich, Lewisham and Greenwich NHS Trust (S.
Kegg, P. Main, Dr Mitchell, Dr Hunter), St George’s
Healthcare NHS Trust (P. Hay, M. Dhillon); York
Teaching Hospital NHS Foundation Trust (F. Martin, S.
Russell-Sharpe); Coventry, University Hospitals Coven-
try and Warwickshire NHS Trust (S. Allan, A. Harte, S.
Clay); Wolverhampton, The Royal Wolverhampton
Hospitals NHS Trust (A. Tariq, H. Spencer, R. Jones);
Chertsey, Ashford and St Peter’s Hospitals NHS
Foundation Trust (J. Pritchard, S. Cumming, C.
Atkinson); Public Health England, London (V. Delpech);
UK Community Advisory Board (R. Trevelion)

HPRU: This report is independent research supported by
the National Institute for Health Research. The research
was funded by the National Institute for Health Research
Health Protection Research Unit (NIHR HPRU) in
Blood Borne and Sexually Transmitted Infections at UCL
and in collaboration with the London School of Hygiene
and Tropical Medicine in partnership with Public Health
England. The views expressed in this publication are
those of the author(s) and not necessarily those of the
NHS, the National Institute for Health Research, the
Department of Health or Public Health England.

Conflicts of interest
C.A.S. has received funding for the membership of Data
Safety and Monitoring Boards, Speaker Panels, Advisory
Boards and for preparation of educational materials from
Gilead Sciences, ViiV Healthcare and Janssen-Cilag; S.J.
has received funding for the preparation of lectures from
Gilead Sciences; F.B. has received funding for con-
sultancy, grants and travel from Gilead sciences.
References

1. May M, Gompels M, Delpech V, Porter K, Orkin C, Kegg S, et al.,
UK Collaborative HIV Cohort (UK CHIC) Study. Impact on life
expectancy of HIV-1 positive individuals of CD4R cell count
and viral load response to antiretroviral therapy. AIDS 2014;
28:1193–1202.

2. Cohen MS, Chen YQ, McCauley M, Gamble T, Hosseinipour
MC, Kumarasamy N, et al., HPTN 052 Study Team. Antiretro-
viral therapy for the prevention of HIV-1 transmission. N Engl J
Med 2016; 375:830–839.

3. Horstmann E, Brown J, Islam F, Buck J, Agins BD. Retaining
HIV-infected patients in care: Where are we? Where do we go
from here?. Clin Infect Dis 2010; 50:752–761.

4. Tripathi A, Youmans E, Gibson JJ, Duffus WA. The impact of
retention in early HIV medical care on viro-immunological
parameters and survival: a statewide study. AIDS Res Hum
Retrovir 2011; 27:751–758.

5. Horberg MA, Hurley LB, Silverberg MJ, Klein DB, Quesenberry
CP, Mugavero MJ. Missed office visits and risk of mortality
among HIV-infected subjects in a large healthcare system in the
United States. AIDS Pat Care STDS 2013; 27:442–449.

6. Doshi RK, Milberg J, Isenberg D, Matthews T, Malitz F,
Matosky M, et al. High rates of retention and viral suppression
in the US HIV Safety net system: HIV Care Continuum in the
Ryan White HIV/AIDS Program, 2011. Clin Infect Dis 2015;
60:117–125.

7. Cuzin L, Dellamonica P, Yazdanpanah Y, Bouchez S, Rey D,
Hoen B, Cabie A, Dat’AIDS Study Group. Characteristics and
consequences of medical care interruptions in HIV-infected
patients in France. Epidemiol Infect 2016; 144:2363–2370.

8. Mugavero MJ, Lin HY, Willig JH, Westfall AO, Ulett KB, Rout-
man JS, et al. Missed visits and mortality among patients
establishing initial outpatient HIV treatment. Clin Infect Dis
2009; 48:248–256.

9. Martin S, Bassi S, Dunbar-Rees R. Commitments, norms and
custard creams: a social influence approach to reducing did not
attends (DNAs). J Roy Soc Med 2012; 105:101–104.

10. Cree M, Bell NR, Johnson D, Carriere KC. Increased continuity
of care associated with decreased hospital care and emergency
department visits for patients with asthma. Dis Manag 2006;
9:63–71.

11. Gill JM, Mainous AG, Nsereko M. The effect of continuity of
care on emergency department use. Arch Fam Med 2013;
9:333–338.

12. Hussey PS, Schneider EC, Rudin RS, Fox S, Lai J, Pollack CE.
Continuity and the costs of care for chronic disease. JAMA Int
Med 2014; 174:742–748.

13. Shah M, Risher K, Berry SA, Dowdy DW. The epidemiologic
and economic impact of improving HIV testing, linkage, and
retention in care in the United States. Clin Infect Dis 2016;
62:220–229.

14. Birger RB, Hallett TB, Sinha A, Grenfell BT, Hodder SL. Model-
ing the impact of interventions along the HIV continuum of
care in Newark, New Jersey. Clin Infect Dis 2014; 58:274–284.

15. Colasanti J, Kelly J, Pennisi E, Hu Y-J, Root C, Hughes D, et al.
Continuous retention and viral suppression provide further
insights into the HIV care continuum compared to the
cross-sectional HIV care cascade. Clin Infect Dis 2016;
62:648–654.

16. Yehia BR, Rebeiro P, Althoff KN, Agwu AL, Horberg MA, Samji
H, et al. Impact of age on retention in care and viral suppres-
sion. J Acquir Imm Defic Syndr 2015; 68:413–419.

17. Mugavero M, Davila J, Nevin CR, Giordano T. From access to
engagement: measuring retention in outpatient HIV clinical
care. AIDS Pat Care STDS 2010; 24:607–613.

18. Asboe D, Aitken C, Boffito M, Booth C, Cane P, Fakoya A, et al.,
BHIVA Guidelines Subcommittee. British HIV Association
guidelines for the routine investigation and monitoring of adult
HIV-1-infected individuals 2011. HIV Med 2012; 13:1–44.



660 AIDS 2017, Vol 31 No 5
19. Angus B, Brook G, Awosusi F, Barker G, Boffito M, Das S, et al.
BHIVA guidelines for the routine investigation and monitoring
of adult HIV-1-positive individuals. http://www.bhiva.org/moni
toring-guidelines.aspx.

20. Howarth AR, Burns FM, Apea V, Jose S, Hill T, Delpech VC,
et al. Development and application of a new measure of
engagement in outpatient HIV care. HIV Med 2016doi:
10.1111/hiv.12427.

21. UK Collaborative HIV Cohort Steering Committee. The creation
of a large UK-based multicentre cohort of HIV-infected
individuals: the UK Collaborative HIV Cohort (UK CHIC)
Study. HIV Med 2004; 5:115–124.

22. Mugavero MJ, Amico KR, Horn T, Thompson MA. The state of
engagement in HIV care in the United States: from cascade
to continuum to control. Clin Infect Dis 2013; 57:1164–
1171.

23. Mugavero MJ, Westfall AO, Cole SR, Geng EH, Crane HM,
Kitahata MM, et al., Centers for AIDS Research Network of
Integrated Clinical Systems (CNICS). Beyond core indicators of
retention in HIV care: missed clinic visits are independently
associated with all-cause mortality. Clin Infect Dis 2014;
59:1471–1479.

24. Althoff KN, Rebeiro P, Brooks JT, Buchacz K, Gebo K,
Martin J, et al., North American AIDS Cohort Collaboration
on Research and Design (NA-ACCORD). Disparities in the
quality of HIV care when using US Department of Health and
Human Services Indicators. Clin Infect Dis 2014; 58:1185–
1189.

25. Lesko CR, Sampson LA, Miller WC, Clymore J, Leone PA,
Swygard H, Powers KA. Measuring the HIV care continuum
using public health surveillance data in the United States.
J Acquir Imm Defic Syndr 2015; 70:489–494.

26. Mugavero MJ, Westfall AO, Zinski A, Davila J, Drainoni M-L,
Gardner LI, et al., Retention in Care (RIC) Study Group. Measur-
ing retention in HIV care: the elusive gold standard. J Acquir
Imm Defic Syndr 2012; 61:574–580.

27. Yehia BR, French B, Fleishman JA, Metlay JP, Berry SA, Korthuis
PT, et al., HIV Research Network. Retention in care is more
strongly associated with viral suppression in HIV-infected
patients with lower versus higher CD4 counts. J Acquir Imm
Defic Syndr 2014; 65:333–339.

28. Halperin J, Bean MC, Richey LE. Laboratory markers slightly
overestimate retention in HIV care among newly diagnosed
individuals. AIDS Care 2016; 28:1188–1191.

29. Horberg M, Hurley L, Towner W, Gambatese R, Klein D,
Antoniskis D, et al. HIV quality performance measures in a
large integrated healthcare system. AIDS Pat Care STDS 2011;
25:21–28.

30. Horberg MA, Hurley LB, Klein DB, Towner WJ, Kadlecik P,
Antoniskis D, et al. The HIV care cascade measured over time
and by age, sex and race in a large national integrated care
system. AIDS Pat Care STDS 2011; 29:582–590.

31. Howe CJ, Napravnik S, Cole SR, Kaufman JS, Adimora AA,
Elston B, et al. African American race and HIV virological
suppression: beyond dispartities in clinic attendance. Am J
Epidemiol 2014; 179:1484–1492.

32. Westergaard RP, Hess T, Astemborski J, Mehta SH, Kirk GD.
Longitudinal changes in engagement in care and viral suppres-
sion for HIV-infected injection drug users. AIDS 2013;
27:2559–2566.
33. Krentz HB, MacDonald J, Gill MJ. The impact of transfer
patients on the local cascade of HIV care continuum. J Acquir
Imm Defic Syndr 2015; 68:236–240.

34. Rowan SE, Burman WJ, Johnson SC, Connick E, Reirden D,
Daniloff E, et al. Engagement-in-care during the first 5 years
after HIV diagnosis: data from a cohort of newly HIV-diag-
nosed individuals in a large US city. AIDS Pat Care STDS 2014;
29:475–482.

35. Oramasionwu C, Cooper Bailey S, Johnson TL, Mao L. Engage-
ment in outpatient care for persons living with HIV in the
United States. AIDS Pat Care STDS 2015; 31:177–182.

36. Muthulingam D, Chin J, Hsu L, Scheer S, Schwarcz S. Dispa-
rities in engagement in care and viral supression among per-
sons with HIV. J Acquir Imm Defic Syndr 2013; 63:112–119.

37. Hall HI, Frazier EL, Rhodes P, Holtgrave DR, Furlow-Parmley C,
Tang T, et al. Differences in human immunodeficiency virus
care and treatment among subpopulations in the United States.
JAMA Int Med 2013; 173:1337–1344.

38. Axelrad JE, Mimiaga MJ, Grasso C, Mayer KH. Trends in the
spectrum of engagement in HIV care and subsequent clinical
outcomes among men who have sex with men (MSM) at a
Boston Commity Health Center. AIDS Pat Care STDS 2013;
27:287–296.

39. Korthuis PT, McGinnis KA, Kraemer KL, Gordon AJ, Skanderson
M, Justice AC, et al. Quality of HIV care and mortality rates in
HIV-infected patients. Clin Infect Dis 2016; 62:233–239.

40. Johnson LF, Estill J, Keiser O, Cornell M, Moola H, Schomaker
M, et al. Do increasing rates of loss to follow-up in antiretro-
viral treatment programs imply deteriorating patient reten-
tion? Am J Epidemiol 2014; 180:1208–1212.

41. Krentz HB, Worthington H, Gill MJ. Adverse health effects for
individuals who move between HIV care centers. J Acquir Imm
Defic Syndr 2011; 57:51–54.

42. Dombrowski JC, Kent JB, Guskin SE, Stekler JD, Golden MR.
Population-based metrics for the timing of HIV diagnosis,
engagement in HIV care, and virologic suppression. AIDS
2012; 26:77–86.

43. Lourenco L, Colley G, Nosyk B, Shopin D, Montaner JSG, Lima
VD, STOP HIV/AIDS Study Group. High levels of heterogeneity
in the HIV cascade of care across different population sub-
groups in British Columbia, Canada. PLoS One 2014;
26:e115277.

44. Udeagu C-CN, Webster TR, Bocour A, Michel P, Shepard CW.
Lost: or just not following up: public health effort to re-engage
HIV-infected persons lost to follow-up into HIV medical care.
AIDS 2013; 27:2271–2279.

45. Dean BB, Hart RL, Buchacz K, Bozzette SA, Wood K, Brooks JT,
HOPS Investigators. HIV laboratory monitoring reliably iden-
tifies persons engaged in care. J Acquir Imm Defic Syndr 2015;
68:133–139.

46. Rebeiro PF, Althoff KN, Lau B, Gill J, Abraham AG, Horberg
MA, et al., North American AIDS Cohort Collaboration on
Research and Design. Laboratory measures as proxies for
primary care encounters: implications for quantifying clinical
retention among HIV-infected adults in North America. Am J
Epidemiol 2015; 182:952–960.

47. Hu YW, Kinsler JJ, Sheng Z, Kang T, Bingham T. Frye DM. using
laboratory surveillance data to estimate engagement in care
among persons living with HIV in Los Angeles County, 2009.
AIDS Pat Care STDS 2012; 26:471–478.

http://www.bhiva.org/monitoring-guidelines.aspx
http://www.bhiva.org/monitoring-guidelines.aspx

	Association between engagement in-care and mortality in HIV-positive™persons
	Background
	Methods
	Results
	Discussion
	Definitions of engagement in-care
	Associations with clinical and virological outcomes
	Limitations of current measures of engagement
	Strengths and limitations of the present study
	Summary

	Acknowledgements
	Conflicts of interest



