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Abstract

Irregular participation in HIV medical care hinders HIV RNA suppression and impacts health 

among people living with HIV. Cluster analysis of clinical data from 1,748 patients attending a 

large academic medical center yielded three HIV service usage patterns, namely: ‘engaged in 

care’, ‘sporadic care’, and ‘frequent use’. Patients ‘engaged in care’ exhibited most consistent 

retention (on average, >88 % of each patient’s observation years had ≥2 visits 90 days apart), 

annualized visit use (2.9 mean visits/year) and viral suppression (>73 % HIV RNA tests <400 c/

mL). Patients in ‘sporadic care’ demonstrated lower retention (46–52 %), visit use (1.7 visits/year) 

and viral suppression (56 % <400 c/mL). Patients with ‘frequent use’ (5.2 visits/year) had more 

inpatient and emergency visits. Female, out-of-state residence, low attendance during the first 

observation year and detectable first-observed HIV RNA were early predictors of subsequent 

service usage. Patients ‘engaged in care’ were more likely to have HIV RNA <400 than those 

receiving sporadic care. Results confirm earlier findings that under-utilization of services predicts 

poorer viral suppression and health out-comes and support recommendations for 2–3 visits/year.
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Introduction

In the United States, the average survival time for persons living with HIV (PLWH) is now 

nearly equivalent to that of the general population [1]. This achievement is due in large part 

to widespread use of antiretroviral therapy (ART), which reduces plasma HIV viral load 

(VL) and arrests progression to AIDS. Increasingly, the marker of successful primary HIV 

care is the reduction of HIV RNA copies in blood plasma to below a detectable threshold. 

Reaching and sustaining a state of viral suppression comes through adopting healthy 

medical care behaviors, which includes keeping scheduled clinic visits, taking all 

medications as prescribed, and having regular laboratory assessments. However, many 

patients find these health behaviors difficult and are challenged to attend medical 

appointments regularly or are lost-to-follow-up for extended periods, preventing effective 

management of HIV disease [2]. Estimates vary widely by setting, but recent reports 

indicate that in the United States only between 40 and 80 % of patients in medical care 

achieve a suppressed HIV RNA [3–8].

Low or sporadic use of medical care is associated with poor HIV outcomes, including death. 

The Veterans Administration HIV cohort study found that irregular patterns of medical 

visits in the year following ART initiation were associated with increased mortality [9]. 

Similarly, in a study conducted at a medical center in Alabama, missed appointments in the 

first year of HIV care were associated with increased mortality [10]. To explore the utility of 

regular medical care beyond 12 months, HIV patients in Kentucky were followed from the 

initiation of ART until either achieving VL suppression or the end of observation. Only half 

were optimally retained in care during the observation period, i.e., had at least one visit in 

each 6-month interval. Time to VL suppression was found to be twice as long for patients 

with suboptimal retention. Other risk factors for poor retention were having public versus 

private insurance, and having no AIDS diagnosis versus being diagnosed with AIDS 

(suggesting a lower level health-related concern). These data suggest that both poverty and 

complacency about one’s health can affect health outcomes in addition to care-seeking 

behaviors [11]. AIDS-related mortality has also been found to be associated with geographic 

region [12]. Nine of the ten states with the highest mortality, North Carolina among them, 

are located in the southeastern United States, a traditionally impoverished area.

Although there is general consensus about how to treat HIV, the optimal frequency of 

medical visits needed to achieve and sustain viral suppression and good health of PLWH is a 

matter of ongoing deliberation. Care delivery research does not lend itself to randomized 

designs, and understanding health outcomes and medical care is a complex phenomenon, 

therefore, a variety of observed measures have been analyzed [13–16]. These include: (1) 

number of missed visits, (2) appointment adherence (percent of visits not missed), (3) gaps 

in care (time interval without a visit), and (4) visit constancy (e.g., patient was seen at least 

once in 80 % of all 6-month intervals over a 5-year time period). The US Public Health 

Service Guidelines state that the current standard of care is one medical evaluation every 3–

4 months for at least 1–3 years (until medically stable and virally suppressed), and then 

every 4–6 months thereafter [17]. The HIV/AIDS Bureau (HAB) defines retention in care as 

having at least two visits each year, at least 90 days apart [18]. Their measure, hereafter 

referred to as HAB-Medical Visit (HAB-MV) performance measure, is arguably the most 
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appropriate for program evaluation. However, the HAB guidelines were based on expert 

opinion, and the optimal measure to use when examining different outcomes has not been 

empirically demonstrated. In short, there is no ‘gold standard’ measure of medical care for 

PLWH [19].

To extend prior work and assess the degree to which the use of medical care influences 

patient outcomes, we examined medical care usage in PLWH attending a large academic 

medical center in the southeast. Using the HAB-MV performance measure (visit constancy) 

and annualized attended visits (average number of attended appointments per year), 

retention in care was categorized. Cluster analysis was undertaken to determine HIV service 

use patterns in the years subsequent to the first 12 months in a patient’s observation period. 

The primary research questions we sought to answer were the following: (1) What patterns 

of HIV care use are prevalent in a clinic based cohort? (2) Are there demographic or early 

clinical characteristics that are associated with these patterns? (3) Are these patterns of 

medical care use associated with subsequent VL suppression, immune recovery and hospital 

or emergency department (ED) admissions? Insights from cluster construction and early 

cluster membership predictors could inform targeted intervention development for 

individuals who appear to be at increased risk of falling out of care or having impaired 

health in later years.

Methods

Data Sources

The study population was comprised of patients receiving care at the University of North 

Carolina Infectious Diseases (UNC ID) Clinic. Data was provided for all HIV primary care 

appointments scheduled or completed between 1 Jan 2005 and 1 Feb 2012. Scheduling 

system data included appointment and demographic information; these were linked to lab 

test results (HIV RNA and CD4 count tests), medical center ED visits and hospitalizations 

for the same time period. Study procedures were reviewed and approved by the UNC 

Institutional Review Board.

Inclusion/Exclusion Criteria

The sample of HIV appointment data included 43,195 unique visits by n = 3,390 patients. Of 

the scheduled visits, 12,032 (28 %) were cancelled, rescheduled or missed, and 31,163 (72 

%) were attended. We excluded patients who either had attended none of their scheduled 

visits (n = 315); were enrolled after 1 Feb 2011 (i.e., those who did not have an opportunity 

to be observed for at least one year; n = 288); or whose insurance information was not 

collected (n = 555). After excluding for missing data, n = 2,232 remaining patients were 

potentially eligible for analysis. We further excluded patients with insufficient follow-up: 

those who did not receive a VL test (n = 208); and who dropped out of care at the UNC 

clinic before one year (n = 276). A final total of n = 1,748 patients (78 % of eligible 

patients), representing 27,091 attended visits, were retained for cluster analysis (Fig. 1).
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Cluster Formation

In order to identify patients who were already in care at the onset of the observation period, 

we stratified patients by their first HIV RNA test into ‘detectable’ or ‘suppressed’ (using a 

400 copies/mL cut-point). We chose a threshold of 400 copies/ml to accommodate the 

varied commercial tests performed over the observation period. A ‘detectable’ first VL test 

(dVL, defined as C400 copies/mL) was viewed as an indication that more intense medical 

monitoring was indicated because patients were not yet on anti-retroviral therapy (usually 

new to care), or were non-adherent to prior ART recommendations. Patients with a 

‘suppressed’ first VL (sVL, defined as <400 copies/mL) were considered individuals who 

were in care prior to the observation period either at the UNC ID clinic or who transitioned 

from elsewhere. A few of the sVL patients (usually *1 %) are likely elite controllers who 

have suppressed HIV RNA despite lack of ART [20]. Stratification of the total n = 1,748 

patients yielded n = 949 patients with a detectable first VL and n = 799 patients with a 

suppressed first VL (Fig. 2).

Following stratification, we performed cluster analysis to create groups of patients with 

similar HIV service use patterns using two measures: percent years retained in care (using 

HAB-MV) and number of annualized attended visits. We used these two variables in order 

to capture both visit constancy and demand for HIV care. Cluster analysis was limited to 

data following the patient’s first year of care (defined as ‘subsequent years’) to capture long-

term service use patterns. These variables are typically available to most providers of HIV 

care, and the construction of these clusters in other clinical care settings is possible. 

Evaluation-years were based on the date of their first appointment in the observation time 

and extended at 365-day intervals ending at the time of the last appointment, rather than by 

calendar year. Therefore, patients contributed maximal time independent of the month or 

year in which they first showed up in the data system.

Two analysis sets were constructed from the available data: one for cluster construction and 

one for cluster validation. A random number generator selected approximately 50 % of the 

cases (n = 882) for cluster formation and the remainder (n = 866) for validation. We 

performed cluster analysis using the SPSS two-step cluster analysis procedure, which first 

assigns cases to pre-clusters (first step) and subsequently performs hierarchical cluster 

analysis on these pre-clusters (second step). We initially used the SPSS two-step cluster 

analysis program for its applicability to both categorical and continuous variables and 

efficiency with large datasets. We used the log-likelihood distance measure, which 

determines cluster membership by maximizing likelihood of the data given the final cluster 

solution. Schwarz’s Bayesian information criterion was used initially to determine the 

number of clusters, which is automatically performed by the two-step cluster algorithm. The 

initial cluster procedure yielded three clusters, however, we replicated analysis on the 

construction sample forcing up to six cluster solutions. More than three clusters (per 

stratum) did not reveal meaningfully different patterns of appointment utilization and some 

clusters were very small and difficult to interpret, limiting their utility in further analyses. 

Hence, three clusters per stratum were used for the analysis.

These three clusters described patients with the following HIV service use patterns: 

‘engaged in care’, ‘sporadic care’ or ‘frequent use’ (Fig. 2). The ‘engaged in care’ cluster 
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was the largest group, comprising 55 % of each stratum. This cluster exhibited the highest 

proportion of years in care that met the HAB-MV (dVL: on average, 88 % of each patient’s 

observation years were retained in care; sVL: 90 % patient-years retained) and annualized 

attended visits during subsequent years indicating compliance with public health service 

guidelines recommending one visit every 4 months (mean = 2.9 visits/year in both strata). 

The ‘sporadic care’ cluster was the second largest group, with patients attending less than 2 

visits per year, and meeting HAB-MV during only half of the observation years (dVL: 46 %; 

sVL: 52 %). The ‘frequent use’ cluster was the smallest group, exhibiting slightly lower 

HAB-MV measure retention than the ‘engaged in care’ group (dVL: 74 %; sVL: 84 %) but 

very high annualized attended visits (dVL: 5.8 visits/year; sVL: 6.2 visits/year). This three-

cluster solution was confirmed using the validation sample (n = 866), by assessing 

concordance of the cluster profiles with r correlation coefficients. These clusters were 

replicated in the validation sample, with each cluster in the construction sample exhibiting a 

correlation of 0.9 or more with at least one cluster in the validation sample (data not shown). 

Following cluster confirmation, subsequent analyses were performed using the full sample.

Variables Predicting Cluster Membership

By construction, cluster membership represented multi-year health behaviors contributing to 

HIV-related health. We sought to identify early HIV-care variables that predict long-term 

service usage (i.e., in subsequent years). Reasonable candidates for service-use predictors 

included time-invariant demographics such as patient race/gender group (white male, white 

female, non-white (black/Hispanic/other) male, and non-white female), age at first visit in 

the dataset, insurance status (self-reported insurance at first visit: self-pay, public or private), 

and county of residence (grouped in order of increasing distance by clinic target catchment 

areas: primary, secondary, outer counties or out of state). We also considered first-year 

medical care behaviors (number of attended visits, percent visits missed) and clinical HIV 

indicators (percent of CD4 tests C350 cells/lL, percent of HIV RNA tests suppressed). CD4 

counts were dichotomized at a cut-point of <350 or C350 cells/lL also to accommodate the 

varied commercial tests performed in the observation period. Each of these early clinical 

predictors was restricted to the patient’s first evaluation-year.

Clinical Outcome Variables

We calculated the percent of CD4 tests C350 and percent of HIV RNA tests suppressed in 

the final year of observation to represent final clinical outcomes. Patients were considered to 

have achieved desirable final CD4 counts if 100 % of CD4 tests performed in the final year 

were C350 or desirable VL suppression if 100 % of VL tests performed in the final year 

were suppressed. Other outcome variables included hospitalization (‘‘ever been hospitalized 

at the UNC ID clinic?’’) and ED usage (‘‘ever visited ED at the UNC ID clinic?’’) during 

the full observation time for each patient.

Data Analysis

We report cluster descriptions (e.g., demographic, lab test and other service use variables) 

using means and standard deviations for continuous variables and counts and percentages 

for categorical variables. We performed Chi squared tests of independence and F tests for 

Palma et al. Page 5

AIDS Behav. Author manuscript; available in PMC 2016 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



one-way analysis of variance (ANOVA) to estimate the extent to which predictor variables 

differed by cluster membership.

The associations between cluster membership (‘engaged in care’, ‘sporadic care’, ‘frequent 

use’) and the variables used to predict cluster membership (race/gender, insurance status, 

age, county of residence, first year attended visits, percent of visits missed, percent of CD4 

counts C350, and percent of VL tests suppressed) were assessed using multinomial logistic 

regression models, from which we estimated risk ratios (RRs) and 95 % confidence intervals 

(CIs) [21]. The ‘engaged in care’ cluster was used as the reference category for the 

multinomial comparison because it allowed us to determine characteristics associated with 

either suboptimal or excessive HIV service utilization. Binary logistic regression was used 

to predict achievement of desirable final VL suppression and CD4 counts, ED use, and 

hospitalizations from cluster membership, adjusted for demographic covariates (i.e. race/

gender, insurance status and age). RRs, risk differences (RDs) and 95 % CIs are reported for 

the relative and absolute associations for cluster membership and subsequent health 

outcomes. Risk differences (RDs) provide a measure of public health impact by estimating 

the difference in likelihood of achieving optimal final outcomes (CD4 and VL) attributable 

to cluster membership in ‘sporadic care’ and ‘frequent use’ as compared to those in the 

‘engaged in care’ cluster (i.e., an RD of -0.01 means that an additional 1 % of individuals 

could have had a CD4 count [350 cells/lL if they exhibited retention in care behavior 

characteristic of the ‘engaged in care’ cluster instead). Two-step cluster analyses were 

conducted using SPSS v20 (SPSS Inc, Chicago, IL, USA) and multinomial and binary 

logistic regression analyses were conducted using STATA v12 (StataCorp, College Station, 

TX, USA).

Results

Cluster Description

Demographic distributions across the three clusters were similar in both strata (Table 1). In 

the dVL stratum only, females comprised a greater proportion of the ‘frequent use’ group 

regardless of race (F2,946 = 16.1, p = .013). Insurance status was also significantly associated 

with cluster membership (F2,946 = 12.0, p = .017); in general, patients who reported self-pay 

were more likely to be in ‘sporadic care,’ and those on public insurance were more likely to 

be in the ‘frequent use’ group. Lower age at entry was associated with the ‘sporadic care’ 

cluster in both strata (F2,946 = 7.8, p < .001), though mean differences were within three 

years of age. County of residence, a proxy for distance to the clinic, was not significantly 

associated with cluster membership (F2,946 = 9.3, p = .155). First year clinic use differed by 

cluster membership, where ‘sporadic care’ patients consistently attended fewer 

appointments and missed twice as many visits as the other clusters in both strata (F2,946 = 

20.3, p < .001). ‘Frequent use’ patients exhibited the lowest achievement of CD4 counts 

C350 and fared no better than ‘sporadic care’ patients in achieving viral suppression in the 

dVL stratum (F2,940 = 7.1, p < .001). Cluster characteristics in subsequent years also differed 

in both strata. ‘Engaged in care’ and ‘frequent use’ clusters were associated with longer 

overall follow-up time (F2,946 = 34.8, p < .001). The number of appointments missed and 

percent of CD4 counts C350 followed the same patterns as seen in the first year of 
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observation. In addition, the ‘sporadic care’ clusters exhibited the lowest viral suppression 

(dVL: 56 % of ‘sporadic care’ patients vs. 73 % of ‘engaged in care’ patients were virally 

suppressed (F2,893 = 22.0, p < .001); sVL: 84 % ‘sporadic’ versus 91 % ‘engaged in care’ 

were virally suppressed (F2,893 = 22.0, p < .001)). Lastly, ‘frequent use’ patients were 

almost twice as likely to have ever visited the ED or ever been hospitalized at UNC than the 

other clusters (ER: dVL: F2,946 = 29.0, p < .001; sVL: F2,796 = 12.4, p < .001. 

Hospitalizations: dVL: F2,946 = 15.7, p < .001; sVL: F2,796 = 10.8, p < .001).

Early Clinical Predictors of Cluster Membership

The multinomial logistic regression model predicted cluster membership (using ‘engaged in 

care’ as the reference cluster; see Table 2) from early clinical characteristics. In the dVL 

stratum, being female was associated with a three-fold increased risk in being ‘frequent use’ 

versus ‘engaged in care’ as compared to males. Attending more visits in the first year of care 

was associated with a significantly lower risk of being in the ‘sporadic care’ cluster and 

higher risk of being in the ‘frequent use’ cluster as compared to the reference cluster [for 

each additional first-year visit: dVL: RR = 0.85, 95 % CI (0.79, 0.91); sVL: RR = 1.13, 95 

% CI (1.04, 1.22)]. First year missed visits were not associated with significant changes in 

cluster membership. Lastly, in the dVL stratum, a 10 % increase in suppressed first year VL 

tests or CD4 tests C350 was associated with decreased risk of becoming a ‘frequent use’ 

patient [RR = 0.88, 95 % CI (0.80, 0.95); CD4: RR = 0.93, 95 % CI (0.88, 0.98)].

Cluster Membership as a Predictor of Long-Term Health Outcomes

A binary logistic regression model predicted final (last year) CD4 and VL outcomes, as well 

as ED visits and hospitalizations in subsequent years from cluster membership, adjusting for 

demographic covariates (Table 3). In the dVL stratum, both ‘sporadic’ and ‘frequent’ use 

were associated with a significantly lower likelihood of an optimal final CD4, as compared 

to the ‘engaged in care’ group (RR = 0.82, 95 % CI (0.73,0.92) and RR = 0.67, 95 % CI 

(0.51,0.83), respectively). Final VL tests were a third less likely to be optimized compared 

with the engaged in care cluster [‘sporadic care’: RR = 0.66, 95 % CI (0.55,0.76);

‘frequentuse’:RR = 0.70,95 %CI (0.55,0.86)]. Associations for sporadic care were similar in 

the sVL strata. ‘Sporadic care’ was associated with lower final suppressed VL [RR = 0.87, 

95 % CI (0.79,0.96)]. ‘Frequent use’ was not associated with final lab outcomes in sVL 

patients but in both sVL and dVL strata, ‘frequent use’ was associated with an over two-fold 

increase in risk of ever visiting the ED or being hospitalized, whereas ‘sporadic care’ was 

associated with a decreased risk of ED use in the sVL stratum.

In the dVL stratum, 13 per 100 ‘sporadic care’ patients were less likely to have an optimal 

final CD4 (95 % CI 6–19 %) and 24 % fewer patients had an optimal final VL (95 % CI 13–

35 %), as compared to patients ‘engaged in care’. ‘Frequent use’ patients were at even 

greater risk of failing to achieve optimal final CD4 (RD = -24 %, 95 % CI -13–35 %) and 

VL (RD = 23 %, 95 % CI 11–34 %). In the sVL stratum, cluster membership was not a 

statistically significant predictor of CD4 outcomes, and only ‘sporadic care’ is associated 

with lower likelihood of optimal VLs in the final year. Emergency and inpatient department 

use was associated with cluster membership. ‘Frequent use’ was associated with over 11–33 

% increased absolute risk of ever having an ED visit or hospitalization. The ‘sporadic care’ 
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cluster was associated with a 4–7 % decreased risk of ever having an ED visit or 

hospitalization.

Discussion

In the cohort described here, long-term HIV medical care behaviors, defined by average 

number of appointments per year and proportion of follow-up years where visit attendance 

met the HAB-MV performance measure, were represented by three outpatient medical care 

use patterns: routine (engaged), sporadic and frequent. Similar patterns were seen regardless 

of HIV RNA status at entry (dVL/ sVL). The characteristics that were negatively associated 

with engaged cluster membership in the dVL stratum were being female, and out of state 

residence. Increased frequency of suppressed VL and CD4 counts [350 cells/lL during the 

first evaluation-year were positively associated with engaged cluster membership. For each 

visit attended in the first year, patients were less likely to be in the ‘sporadic care’ cluster but 

more likely to be in the ‘frequent use’ cluster. The number of missed visits was not 

associated with any cluster. Similar results were found for patients who entered the 

observation period with a suppressed VL (sVL). In addition, sVL patients with private 

insurance were significantly less likely to be in the ‘frequent use’ group. The sporadic level 

of care predicted a loss of viral control and a fall in CD4 counts in sVL patients. Sporadic 

cluster members were less likely to have consistently suppressed VLs or CD4 counts [350 

cells/lL throughout the final observation year. Frequent use cluster members were also less 

likely to have consistently suppressed VLs or CD4 counts [350 cells/lL but more likely to 

have used both emergency and inpatient hospital services. Neither ‘sporadic care’ nor 

‘frequent use’ were associated with final CD4 counts in the sVL stratum. However, in the 

sVL stratum, ‘sporadic care’ members were significantly less likely to have a consistently 

suppressed final VL compared with those ‘engaged in care’.

The finding that ‘sporadic care’ patients have reduced VL suppression frequencies compared 

with patients ‘engaged in care’ is particularly important. This observation contributes to 

prior work that attempts to define the adequacy of medical care for patients living with HIV. 

Buscher et al. [22] examined 3, 6 and 12-month outcomes in patients who were 

recommended by their medical provider to return to clinic in 4–6 months versus 3–4 months 

and found comparable outcomes. They found that in the current ART era, when HIV RNAs 

are suppressed, visit intervals of 3–4 months do not improve outcomes compared to visit 

intervals of 4–6 months. Our study examined outcomes at the end of a 4-year observation 

period. We also found that visit intervals of 4 months maintained viral suppression in 70 or 

90 % in patients who have a detectable or suppressed VL, respectively, when first seen. In 

addition, our work also suggests that patients who are seen an average of every 7 months 

(1.7 visits/year), and are retained in care for 46–52 % of the observed years, have less than 

optimal care. This is observed even when patients enter the observation period with a 

suppressed VL. For those with a detectable VL at entry, the sporadic cluster is also 

associated with lower CD4 counts.

We identified a small cluster in each stratum with a high demand for care. In the dVL 

stratum, women were more likely to be in this cluster compared with men. This cluster also 

had fewer members with completely suppressed VL or 100 % of CD4 counts[350 cells/lL 
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during the final observation year in the dVL stratum only. This group was just as likely to 

fail to achieve viral suppression as those in sporadic care but less than those in usual care. 

AIDS-related and non-AIDS-related co-morbid conditions are likely explanations for this 

pattern of service usage. One possible explanation for the association with gender and this 

cluster is pregnancy, which is associated with a new diagnosis of HIV, is specific to women, 

and requires an increased number of visits.

We did not find an association with race/ethnicity and ‘sporadic care’ membership. 

Nationally, race and ethnicity based differences in HIV care and treatment have been noted 

[6]. At a clinic level, race and gender differences are reported in some clinical settings but 

not all. Racial parity was also observed in the private care setting, as reported by the Moore 

clinic in Baltimore, but disparity in clinic attendance was seen by race and ethnicity at the 

CORE clinic in Chicago [23–25].

This is one of just a few reports using the HAB-MV performance measure to characterize 

the quantity of medical care received [26]. This measure has also been compared to visit 

constancy and gaps in care [16] and found to provide similar estimates of care retention. 

Established in 2008, it is similar to other measures of care insofar as it identifies patients 

with suboptimal retention. In an examination of care retention, the proportion of observation 

years that a patient met the HAB-MV performance measure retention goal was consistent 

with visit constancy and proportion of time gaps of care that were 6 months or longer [16]. 

Retention using the HAB-MV performance measure was also associated with VL 

suppression at 12 months, but when HAB-MV was assessed over a 5.6 year follow-up 

period and dichotomized to patients who met the criterion in all years of follow-up or not, 

the measure was not associated with a greater likelihood of VL suppression [13]. More 

recently this measure was shown to have the highest optimal predictive value compared with 

VL outcomes [27]. Our work adds to a small but growing body of evidence supporting the 

usefulness of readily available electronic medical record data and the HAB-MV measure as 

a performance metric.

Though this dataset was from a high-volume medical center in North Carolina, a notable 

limitation of our analysis is the potential truncation of a patient’s episode of care at the 

beginning or end of the dataset. We attempted to account for this uncertainty by 

stratification into detectable and suppressed first VLs, conceptualizing a suppressed first VL 

as a proxy for receiving ART and medical care prior to the observation period. We found 

more statistically significant early predictors in the dVL stratum, which may suggest that 

interventions to foster retention in care in populations who are new or returning to care may 

have greater impact. We found that the sporadic care group displayed the lowest ER/

hospitalization rates. We do not have any information suggesting why patients are not in 

care. Existing literature has shown that asymptomatic patients will often feel that they no 

longer need to continue taking medication. Conversely, we cannot rule out health reasons 

prompting more scheduled visits and thus higher service usage since the dataset of visit 

instances did not include information on reason for visit or pregnancy status. We attempted 

to address this by defining cluster membership using only measures of attended visits so that 

clusters describe actual visit uptake rather than needs. We ensured temporal precedence of 

the cluster predictors by using only demographic and first-year predictors in the multinomial 
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regression to minimize reverse causation. Our final-year CD4 measure is also an absolute 

measure that does not account for CD4 at study enrollment, therefore probability of 

achieving lower CD4 is subject to variability in duration of observation between patients. 

We used an absolute (versus relative change from baseline) measure because a 350 cut-point 

was being used clinically as a minimum level to which immunosuppression was allowed 

prior to providing ART during the study period.

The site reported here is a Ryan White funded academic clinic and generalizations made to 

patient populations in other care settings should be made with caution. Our study design also 

necessitated the exclusion of individuals with less than one year of follow-up time from 

cluster analysis, a group comprising both patients with extremely early dropout and those 

seeking care elsewhere (e.g., non-local patients who are referred to other outpatient sites for 

care). Similarly, we could not observe emergency, inpatient or outpatient HIV visits sought 

at other healthcare sites and cannot make conclusions about actual care received by these 

patients during periods of poor retention at the UNC ID clinic. However, patients who 

receive care at multiple sites have poorer outcomes than those who receive care at a single 

site [28]. Nonetheless, our results have limited generalizability to patients at risk for early 

dropout, which is a clinically important group that warrants further study, and we cannot 

infer with certainty the care behaviors of patients out of care at this clinic. Finally, this is an 

observation cohort and the conclusions are subject to the effect of unmeasured confounding, 

for example, from income, employment or other socioeconomic characteristics that could 

affect both access to care and attendance, as well as medical and psychiatric co-morbidities 

and diminished physiological responses to treatment that would trigger increased referral to 

care and probability of negative outcomes.

In the context of current US treatment guidelines, achievement of HIV viral suppression is 

the primary goal of care and treatment for HIV-infected individuals [29]. Yet, despite recent 

advances in HIV treatment options, individuals with HIV are still experiencing very low 

rates of viral suppression (28 %) due to inadequate entry into and retention in care and 

adherence to ART [6, 30]. Evidence has shown that decreased life expectancy and other 

negative outcomes result from poor retention and early discontinuation of therapy, and these 

outcomes exhibit disparities by sex and race [31]. Thus, it is of paramount importance to 

identify patients who are most at risk for falling out of care and failing to achieve viral 

suppression early in care and refer them for additional support. A recent systematic literature 

review of interventions to improve retention in HIV primary care in the US resulted in 

recommendations to use evidence based strategies comprising a broad range of services: 

strengths-based case management, patient navigation, appointment facilitation, 

transportation assistance, co-location of other services, bilingual/bicultural health care 

teams, and peer outreach and education, among others [32]. Successful programs were 

observed to feature a multi-component approach tailored specifically to patients with the 

greatest need, for which these early prediction models could provide assistance. Further 

study to adapt and validate the utility of risk prediction models with tailored programs is 

necessary. With increased life expectancy due to improved HIV treatment options, PLWH 

are living longer and the resource burden on providers to deliver HIV care is strained by 

these growing populations. Thus, it is important to determine accurately what HIV care 

means and how often it should be delivered.
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Fig. 1. 
Analytic procedures based on patient-time contributed to dataset
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Fig. 2. 
Sample selection and cluster analysis flowchart
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Table 2

Multinomial logistic regression models to predict cluster membership compared with the engaged in care 

cluster

Stratum Detectable first viral load (dVL)a Suppressed first viral load (sVL)a

Service use cluster Sporadic care Frequent use Sporadic care Frequent use

Risk ratio (95 % CI) Risk ratio (95 % CI)

Race/gender group

 White male (Reference) (Reference) (Reference) (Reference)

 White female 0.94 (0.42, 2.08) 3.32 (1.17, 9.42) 1.21 (0.59, 2.51) 2.27 (0.49, 10.57)

 Non-white male 1.09 (0.74, 1.61) 1.34 (0.66, 2.72) 1.49 (0.99, 2.22) 0.77 (030, 1.99)

 Non-white female 1.18 (0.76, 1.85) 2.85 (1.36, 5.97) 1.20 (0.77, 1.88) 0.52 (0.16, 1.74)

Insurance status

 Self-pay (Reference) (Reference) (Reference) (Reference)

 Private 0.69 (0.47, 1.01) 0.98 (0.52, 1.84) 1.00 (0.64, 1.56) 0.17 (0.03, 0.77)

 Public 0.72 (0.50, 1.03) 1.17 (0.68, 2.02) 0.91 (0.60, 1.39) 0.72 (0.28, 1.88)

County of residence

 Primary (Reference) (Reference) (Reference) (Reference)

 Secondary 1.14 (0.80, 1.60) 0.78 (0.47, 1.29) 1.13 (0.77, 1.65) 1.60 (0.57, 4.48)

 Outer 1.18 (0.77, 1.81) 0.67 (0.34, 1.31) 1.02 (0.65, 1.62) 1.23 (0.34, 4.45)

 Out of state 2.53 (1.03, 6.21) 0.51 (0.06, 4.18) 1.27 (0.41, 3.98) 12.63 (1.85, 86.2)

Age at entry (for each additional 10 years) 1.00 (1.00, 1.00) 100 (1.00, 1.00) 1.00 (1.00, 1.00) 1.00 (1.00, 101)

Attended first year visits (for each additional 1 visit) 0.84 (0.78, 0.91) 112 (1.04, 1.21) 0.72 (0.64, 0.81) 1.61 (1.33, 1.94)

Missed visits first year (for each additional 10 % visits missed) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00)

VL suppressed first year (for each additional 10 % suppressed) 0.98 (0.93, 1.04) 0.88 (0.81, 0.95) 0.95 (0.87, 1.04) 0.92 (0.75, 1.13)

CD4 ≥ 350 first year (each additional 10 % above 350) 1.00 (0.96, 1.03) 0.93 (0.88, 0.99) 0.99 (0.94, 1.03) 1.02 (0.92, 1.14)

a
Detectable or suppressed first viral load (dVL, sVL) are categorized using a cut-point of ≥400 copies/mL or <400 copies/mL, respectively
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Table 3

Risk ratios and risk differences of selected outcomes with the engaged in care cluster

Stratum Detectable viral load
1st HIV RNA ≥ 400 c/ml (dVL)

Suppressed viral load
1st HIV RNA < 400 c/ml (sVL)

Service use cluster
Outcome

Sporadic care
Risk ratio (95 % CI)

Frequent use Sporadic care
Risk ratio (95 % CI)

Frequent use

100 % last year HIV tests suppressed 0.86 (0.55, 0.76) 0.70 (0.55, 0.86) 0.87 (0.79, 0.96) 0.95 (0.82, 1.09)

100 % last year CD4 tests ≥350 0.82 (0.73, 0.92) 0.67 (0.51, 0.83) 0.94 (0.88, 1.02) 0.95 (0.80, 1.11)

Ever visited ER in subsequent years 0.72 (0.52, 0.91) 2.41 (1.75, 3.07) 0.71 (0.51, 0.92) 2.54 (1.44, 3.64)

Ever been hospitalized in subsequent years 0.78 (0.56, 1.01) 2.60 (1.80, 3.41) 0.63 (0.43, 0.84) 1.91 (0.80, 3.01)

100 % last year HIV tests suppressed −0.27 (−0.34, −0.19) −0.23 (−0.34, −0.11) −0.11 (−0.18, −0.04) −0.04 (−0.16, 0.08)

100 % last year CD4 tests ≥350 −0.13 (−0.19, −0.06) −0.24 (−0.35, −0.13) −0.04 (−0.10, 0.01) −0.04 (−0.17, 0.09)

Ever visited ER in subsequent years −0.07 (−0.12, −0.01) 0.33 (0.22, 0.44) −0.06 (−0.11, −0.01) 0.30 (0.12, 0.49)

Ever been hospitalized in subsequent years −0.04 (−0.09, 0.01) 0.29 (0.17, 0.41) −0.04 (−0.08, −0.01) 0.11 (−0.02, 0.24)

a Estimated for service use cluster membership (column) on each (row), adjusted for race/gender, insurance status and age at entry into care
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