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Background. There are limited data on human immunodeficiency virus (HIV) quality indicators according to model of HIV care
delivery. Comparing HIV quality indicators by HIV care model could help inform best practices because patients achieving higher
levels of quality indicators may have a mortality benefit.

Methods. Using the Partners HIV Cohort, we categorized 1565 patients into 3 HIV care models: infectious disease provider only
(ID), generalist only (generalist), or infectious disease provider and generalist (ID plus generalist). We examined 12 HIV quality
indicators used by 5 major medical and quality associations and grouped them into 4 domains: process, screening, immunization,
and HIV management. We used generalized estimating equations to account for most common provider and multivariable analyses
adjusted for prespecified covariates to compare composite rates of HIV quality indicator completion.

Results. We found significant differences between HIV care models, with the ID plus generalists group achieving signifi-
cantly higher quality measures than the ID group in HIV management (94.4% vs 91.7%, P = .03) and higher quality measures
than generalists in immunization (87.8% vs 80.6%, P = .03) in multivariable adjusted analyses. All models achieved rates that
equaled or surpassed previously reported quality indicator rates. The absolute differences between groups were small and ranged
from 2% to 7%.

Conclusions. Our results suggest that multiple HIV care models are effective with respect to HIV quality metrics. Factors to con-

sider when determining HIV care model include healthcare setting, feasibility, and physician and patient preference.
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The human (HIV)/acquired

immune deficiency syndrome (AIDS) epidemic has transi-

immunodeficiency virus

tioned over the past 2 decades, from a focus on treatment
of opportunistic infections and management of complex
antiretroviral therapy (ART) regimens to a chronic disease
model for care of patients with near-normal life expectancy
[1-3] and an increased focus on noncommunicable disease
prevention and management while maintaining high-quality
HIV care [1, 2, 4].

There are multiple approaches to provide HIV care that
include HIV and primary care provided by infectious disease
(ID) specialist alone, by generalist alone, or by a combination
model, where HIV care is provided by ID specialist and pri-
mary care is provided by a generalist. These models vary by
geography, population density, and type of clinic and provid-
er(s) [5-8]. There are no formal recommendations for preferred
HIV care model.

Received 3 August 2016; editorial decision 31 October 2016; accepted 9 November 2016.

Correspondence: C. M. Rhodes, MD, MPH, University of Pennsylvania, Division of General
Internal Medicine, 3701 Market Street Suite 640 Philadelphia, PA 19104 (corinne.rhodes@uphs.
upenn.edu).

Open Forum Infectious Diseases®

Published by Oxford University Press on behalf of Infectious Diseases Society of America 2017.
This work is written by (a) US Government employee(s) and is in the public domain in the US.
DOI: 10.1093/ofid/ofw240

There are limited data comparing HIV care models. Multiple
papers examining generalist and specialist care have called for
additional research to help identify optimal care models and
roles for generalist and specialty care providers [4, 5, 9]. This
topic is timely, because recent work showed a mortality benefit
for patients who achieve >80% of HIV quality indicators [10].

We sought to compare HIV quality indicator outcomes across
HIV care models. We previously found no difference across
HIV care models in cardiovascular and cancer screening out-
comes, standard measures of general medical care in non-HIV
populations. In the current analysis, we focus on HIV quality
indicators across HIV care models.

METHODS

Cohort

We used the Partners HIV cohort, derived from the Research
Patient Data Registry, to define and create a database catego-
rizing HIV patients in terms of HIV care models. The Partners
HealthCare System (PHS) is associated with large, urban, aca-
demic teaching institutions. Inclusion criteria were as follows:
(1) age 218 as of January 1, 2012; (2) HIV/AIDS as defined by
>3 International Classification of Diseases, Ninth Revision codes
for HIV (042 and all subtypes and V08) within a 5-year time
frame from January 1, 2008 to December 31, 2012; and (3)
active primary care in PHS defined as >1 visit to primary care
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physician or ID during 2012. This HIV definition was assessed
by chart review in a randomly selected sample of 100 patients in
the Partners HIV cohort, and 100% were found to be infected
with HIV. Exclusion criteria included known death in 2012 or a
provider outside PHS in 2011-2012. Institutional review board
approval was obtained from the Partners Human Research
Committee.

Human Immunodeficiency Virus Care Models

We defined 3 HIV care models: ID doctor provides HIV and
primary care (“ID”), generalist provides HIV and primary care
(“generalist”), and ID doctor provides HIV care while generalist
provides primary care (“ID plus generalist”). Detailed HIV care
model classification with validation is available in Supplemental
Methods including Supplemental Table 1. In brief, the primary
exposure of interest was type of HIV care model based on
clinic visits to the corresponding type of provider(s) between
January 1, 2011 and December 31, 2012: (1) ID, (2) generalist,
or (3) ID plus generalist. Human immunodeficiency virus care
model assignment underwent iterative random chart review
validations (see Supplemental Methods). Validation of HIV
care model classification by random 100-person final cohort
chart review identified correct exposure classification in 94%
of patients (see Supplemental Methods). We chose not to col-
lapse the smaller generalist group into ID or ID plus general-
ists because this group was thought to represent a unique care
model.

Covariates

Covariates included patient demographics, primary language
(English vs non-English), CD4 and HIV viral load (most recent
2011 laboratory values), weighted Charlson comorbidity index
score [11, 12], and socioeconomic status, estimated by house-
hold income using zip code-level medians from the American
Community Survey [13] and transformed median household
income to percentage of the state-wide median household
income [14] with prespecified cut points [15].

Outcomes

We derived our quality indicators based on expanded HIV qual-
ity indicators [16-18] endorsed by 5 major medical and qual-
ity associations including the American Medical Association,
National Committee for Quality Assurance, Infectious Diseases
Society of America, HIV Medicine Association, and Health
Resources and Services Administration. We grouped these met-
rics into 4 domains: processes of care, screening, immunization,
and HIV management.

Processes of care included retention in care (defined as 2+ vis-
itsannually 260 days apart) and CD4 cell count measurement (=2
annually vs <2). Screening included one-time chlamydia, tuber-
culosis (either purified protein derivative or interferon-gamma
release assays), hepatitis B and C tests. Immunization included
pneumococcal immunization (any formulation), annual influ-
enza, and initial hepatitis B vaccine (excluding patients with

hepatitis B infection or documented immunity). For HIV man-
agement metrics, we examined Prneumocystis jiroveci pneumo-
nia (PCP) prophylaxis if CD4 count <200 cell/uL, appropriate
current ART use (in 2012, defined as CD4 <500), and achiev-
ing viral suppression (defined as <400 copies/pL) if prescribed
ART. Current ART use was determined from individual physi-
cian review of 2012 notes and medication lists. Patients with-
out viral loads in 2012 were also confirmed by physician chart
review 2012 notes to capture laboratory tests outside of PHS.
Outcomes were ascertained from structured electronic medical
record (EMR) data including encounters, procedure and diag-
nosis codes, laboratory and microbiology tests, structured health
maintenance and problem lists, and both medication orders and
current medication lists. Outcomes were validated by review of
100 randomly selected charts from the final cohort, comparing
physician EMR review results to results derived from structured
data (Supplemental Table 2).

Analysis

Analysis was conducted at the patient level. To assess differ-
ences in patient demographic and clinical characteristics across
care models, we used analysis of variance and Kruskal-Wallis
tests to compare normally and nonnormally distributed contin-
uous variables, respectively, and * tests or Fisher’s exact tests
for categorical variables among our 3 exposure groups.

We initially examined unadjusted individual quality indica-
tor rate of completion in each HIV care model, comparing the
binary quality indicators in the 3 groups using logistic regres-
sion with generalized estimating equations (GEEs) techniques
to take into account clustering by the most common provider,
defined as the ID or generalist physician with the most 2012
patient encounters. We presented overall comparisons among
our 3 exposure groups.

We then examined patient domain composite scores defined
as percentage complete out of eligible measures as of December
31, 2012. Each patient had a minimum of 8 measures within 3
domains (process, screening, and immunization), with an addi-
tional 4 measures depending on CD4 count (PCP prophylaxis
if CD4 <200 and ART use if CD4 <500), prior hepatitis B status
(vaccination if no hepatitis B), and current ART status (viral
suppression if on ART) for 12 total possible quality measures.
We conducted both simple (unadjusted) and multivariable
(adjusted) linear regression models with GEEs accounting for
the most common provider for all domain outcomes. We pre-
sented overall comparisons and pairwise comparisons from the
3 exposure groups.

For the multivariable analysis, we included the following
prespecified covariates in the models selected on the basis of
clinical importance: age, sex, race, language (English speak-
ing vs not), median household income, number of 2012 clinic
visits, baseline viral load and CD4 counts (most recent 2011
values), and weighted Charlson score. We also performed a
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Figure 1. Cohort development. The flowchart indicates specific exclusion criteria
applied in a stepwise manner to develop the final cohort for the study.

sensitivity analysis where we did not adjust for number of 2012
visits because number of visits was expected to be higher in the
ID plus generalist model given 2 separate providers. We used
SAS version 9.4 (SAS Institute Inc., Cary, NC) for all analyses.
A 2-sided P < .05 was considered statistically significant.

RESULTS

Our final cohort included 1565 persons (Figure 1) with HIV
care model distribution of 875 ID, 90 generalist, and 675 ID plus
generalist. The ID group had higher proportions of male, white,
and English-speaking patients. The generalist group had higher
proportions of Hispanic and non-English-speaking patients and
patients with household income below the statewide median.
The ID plus generalist group had higher proportions of black
patients, patients with higher Charlson scores, and higher num-
ber of 2012 visits compared with ID and/or generalist providers
(Table 1). There were no significant differences with respect to
recent or nadir CD4 counts among groups.

Table 2 shows individual domain measures by HIV care
models. The ID group had the lowest retention rate (96.0% vs
100% [generalist] and 99.3 [ID plus generalist]). All other indi-
vidual quality indicators in screening, immunization, and HIV
management were not significantly different between HIV care
models.

Table 3 reports the unadjusted and adjusted results of the
composite score for each domain with overall comparison
scores. Process and screening domain measure analyses were
similar in the 3 groups with unadjusted and adjusted analy-
ses. For the immunization domain, the overall comparison
showed significant differences between groups in unadjusted
(P =.04) but not adjusted analyses (P = .18) Pairwise testing for
the immunization domain shows ID plus generalists achieved
significantly higher composite scores than generalists in both
unadjusted and adjusted models (87.8% vs 80.6%, P = .01 and
87.6% vs 79.0%, P = .03, respectively), whereas ID plus gener-
alist vs ID and ID vs generalist both approached significance
(P = .06 and P = .09, respectively), but the effects attenuated
in the adjusted model. For the HIV management domain,
the overall comparison was not significant in the unadjusted
analyses (P = .12) but was significant in the adjusted analyses
(P =.045). Pairwise testing showed that ID plus generalists had
nonsignificantly higher composite scores than ID in unadjusted
models (93.4% vs 91.4%, P = .10) and significantly higher scores
in adjusted models (94.4% vs 91.7%, P = .03), whereas ID plus
generalists were higher than generalists, approaching statisti-
cal significance in both unadjusted (93.4% vs 88.0%, P = .053)
and adjusted (94.4% vs 88.0%, P = .06) models. Results of the

Table 1. Characteristics of Patients by HIV Care Model
Total, n = 1565* IDn=2875 Generalist n = 90 ID Plus Generalist n = 600 PValue'
Age: mean (SD) 49.9 (9.8) 471 (11.6) 50.4 (10.1) .06
Male 677 (77.4%) 57 (63.3%) 378 (63.0%) <.0001
Race: White 490 (56.0%) 31 (34.4%) 254 (42.3%) <.0001
Black 224 (25.6%) 22 (24.4%) 216 (36.0%)
Hispanic 121 (13.8%) 36 (40.0%) 100 (16.7%)
Other 40 (4.6%) 1(1.1%) 30 (5.0%)
English Language 814 (93.0%) 54 (60.0%) 519 (86.5%) <.0001
Median household income by statewide median: <60% 165 (19.4%) 11 (12.4%) 130 (22.0%) <.0001
60%-100% 351 (41.2%) 58 (65.2%) 241 (40.7%)
100%-140% 258 (30.3%) 9(10.1%) 172 (29.1%)
>140% 78 (9.2%) 11 (12.4%) 49 (8.3%)
Median 2012 visits (IQR) 4 (3-6) 5 (3-6) 6 (4-9) <.0001
Weighted Charlson: 8 (7-10) 7 (6-10) 9 (7-11) <.0001
median (IQR)
Recent CD4: 583 (384-795) 561 (349-840) 576.5 (390-802) .80
median (IQR)*
Nadir CD4: 190 (60-327) 233 (64-322) 213 (63-342) 49
median (IQR)*

Abbreviations: ANOVA, analysis of variance; HIV, human immunodeficiency virus; ID, infectious disease; IQR, interquartile range; SD, standard deviation.
*Median household income, n = 15633; CD4 cell count, n = 1452; otherwise all data reflect N (%).

TP values testing overall differences using ANOVA, Kruskal-Wallis, Fisher's exact, or xz test.

*Missing laboratory data was 6.6%, 5.6%, and 6.3% for ID, generalist, and ID plus generalist groups.
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Table 2. Individual Quality Indicator Outcomes by HIV Care Models

Total, n = 1565 Outcome IDn =875 Generalist n = 90 ID Plus Generalist n = 600 PValue*
Process
Retention (%) 96.0 100 99.3 <.0001
CD4 test (%) 82.4 85.6 81.8 .53
Screening
Chlamydia (%) 79.4 78.9 79.8 74
Tuberculosis (%) 80.9 82.2 815 .36
Hepatitis B (%) 94.9 96.7 94.3 .70
Hepatitis C (%) 95.0 85.6 95.0 .31
Immunization
Influenza (%) 89.1 878 91.7 .27
Pneumonia (%) 85.7 82.2 875 .16
(n =667) Hepatitis B (%) 76.2 61.5 74.8 21
HIV management
(n=108) PCP prophylaxis (%) 82.1 100 875 .32
(n =538) ART (CD4 <500) (%) 90.3 84.9 94.2 15
(n = 1153) VL suppression (%) 91.4 86.4 919 .67

Abbreviations: ART, antiretroviral therapy; HIV, human immunodeficiency virus; ID, infectious disease; PCR Pneumocystis jiroveci pneumonia; SD, standard deviation; VL, viral load.

"Pvalues testing overall differences among the 3 groups.

adjusted models are depicted in Figure 2. Sensitivity analyses
that did not adjust for 2012 visits had similar results (data not
shown).

DISCUSSION

We examined 4 HIV quality metric domains in a northeast US
urban healthcare system and found that all HIV care models
achieved high HIV quality metric scores with minimal differ-
ences. There were differences between groups in adjusted anal-
yses with the ID plus generalists group achieving significantly
higher quality measures than the ID group in HIV management
and higher quality measures than generalists in immunization.
However, the absolute differences between groups were small
(between 2% and 7%), suggesting that multiple approaches to
HIV care delivery can be effective with respect to HIV qual-
ity indicators. The small group differences observed should be
interpreted in the context of cost and use and patient and/or
physician preference.

Regardless of who delivered HIV and primary care, care
delivery was robust and quality indicator screening and HIV
management were effective, because all groups performed at or
above previously reported HIV quality indicator rates [19-24].
Our study inclusion criteria (1 patient visit in 2012) may have
eliminated nonengaged patients and resulted in inflated qual-
ity indicator rates. It is also possible that case management or
outreach models contributed to these high numbers. Clinics
differed with various initiatives and/or resources when compar-
ing a hospital-based ID clinic to an academic community clinic
moving toward patient-centered medical home status, which is
why we clustered our analyses by provider to incorporate the
practice environment. We conclude that the high-quality indi-
cator rates suggests that many approaches are feasible, especially
because HIV care is increasingly streamlined and because many
settings are addressing HIV treatment scale up and integration
of HIV and chronic disease management [1, 2, 5].

Data from the 1990s showed that generalists provided HIV
care equivalent to that provided by specialists and that level of

Table 3. Unadjusted and Adjusted Quality Indicator Domains for HIV Care Models

Quality Indicator Domains Outcome IDn =875 Generalist n = 90 ID Plus Generalist n = 600 PValue*
Process (mean + SE) Unadjusted 89.2 + 1.6 928+ 35 90.6 + 1.1 16
Adjusted 90.6 + 1.4 90.4 + 3.3 89.0+ 13 .69
Screening (mean + SE) Unadjusted 875+ 13 85.8+24 877 +1.2 13
Adjusted 845+ 14 83.2+25 854 + 13 .62
Immunization (mean + SE) Unadjusted 86.2 + 1.5 80.6 + 2.5 878 + 1.2 .04
Adjusted 83.7 £ 1.7 79.0 £ 3.0 86.7 £ 1.4 .18
HIV management (mean + SE) Unadjusted 914 £ 1.2 88.0 £ 3.0 93.4 + 1.1 A2
Adjusted 917 £ 1.2 88.0 + 3.5 94.4 +1.2 .045

Abbreviations: HIV, human immunodeficiency virus; ID, infectious disease; SE, standard error.
"Pvalues testing overall differences among the 3 groups.
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Figure 2. Composite human immunodeficiency virus (HIV) care model quality metrics. The adjusted proportion of composite quality metrics by domain is shown comparing

HIV care models. ID, infectious disease provider only.

HIV experience affected both mortality and ability to incorpo-
rate new data into practice [25-31]. Studies from the mid-2000s
found no differences in retention, ART prescription, or viral
suppression in hospital versus community-based clinics [32]
or in viral suppression by provider level factors [33]. However,
further studies did show that integrated specialist and muti-
disciplinary teams in the veterans affairs system and providers
with larger HIV panel size in the Kaiser system for ART-naive
patients achieved better viral suppression rates [33, 34]. Recent
work using 2010 data showed provider experience affects viral
suppression and that family providers are less likely to prescribe
ART than specialists or providers in combined family and spe-
cialist models [35-37]. These contradictory data may suggest
that multidisciplinary approaches or large panel size impact
HIV quality metrics such as viral suppression more than the
make-up of the physician HIV care team. The family practi-
tioner data from Canada is more difficult to generalize to US
HIV care models because internists are considered specialists in
Canada, but they are considered generalists in this study.

In the current study, the small but significant differences
between groups could be the effect of multiple providers,
because the ID plus generalist group had the highest com-
pletion rates for immunizations and HIV management in
adjusted analyses. The differences could also be explained by
inherent differences in the patient populations, with higher
comorbidity rates and visit number in the ID plus generalist
group indicating a population more medically complex and
engaged in care.

In a previous study, we showed no difference in noncom-
municable disease (NCD) screening between HIV care models

[38], and in this study we show small absolute differences in HIV
screening and HIV management quality metrics. Together, these
results support the role of the ID provider as the primary care
provider managing both HIV and NCD screening. To date, there
is alack of data for chronic disease management by ID providers,
including common disorders such as hypertension and diabetes.
Prior survey data suggest ID providers are less comfortable man-
aging these disorders [39], which likely explains why patients
with more comorbidities are more likely to be in the ID plus gen-
eralist models. We plan to examine differences in NCD manage-
ment between groups to help elucidate whether specific patient
populations would benefit from certain HIV care models.

There are limitations generalizing our results to other pop-
ulations given the variation in HIV care models geographi-
cally and by population density as well as in underresourced
locations given that our study was conducted in an urban aca-
demic medical system. Our assessment of the generalist group
performance was limited by a relatively small sample size. We
attempted to minimize misclassification and measurement bias
through validation of exposure and outcomes. Another limi-
tation was use of 2010 guidelines for our outcomes: providers
may have incorporated more recent literature into their practice
and be penalized in our accounting of guidelines. For example,
2007 data indicating patients with CD4 counts between 100 and
200 and viral suppression do not need PCP prophylaxis [40]
and/or the trend to collect less frequent CD4 counts. Finally,
although we adjusted for factors previously linked to differences
in quality metrics, we did not adjust for other factors impacting
quality indicator performance such as mental health or drug
use [10, 19, 22, 41], patient or physician preference, or provider
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panel size because the provider panel size data was limited by
a single year analysis instead of a 3-year panel size as recom-
mended by the HIV Medicine Association [42]. Strengths of the
study include (1) a large healthcare system-based cohort with
rich data and (2) rigorous HIV care model classification that
examines a question that existing national databases cannot
currently address.

CONCLUSIONS

In conclusion, we found minimal differences in HIV quality
metrics between HIV care models, with performance across
groups surpassing previous results reported in the literature.
Small but significant differences favoring care delivered by ID
and generalist providers combined over either individual spe-
cialty were observed in immunizations and HIV management,
suggesting that this model may offer an incremental benefit.
Whether these differences translate into improved morbidity or
mortality remains unknown. Our results suggest many models
of HIV care are effective for HIV-related screening and man-
agement and that healthcare system, feasibility, and patient and
physician preference may guide HIV care model selection.

Supplementary Data

Supplementary material is available at Open Forum Infectious Diseases
online.
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