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CLINICAL AND EPIDEMIOLOGIC RESEARCH

Beyond the HIV Care Continuum and Viral Suppression:
Broadening the Scope of Quality Metrics

for Total HIV Patient Care

Michael A. Horberg, MD, MAS,1,2 Julia M. Certa, MPH,1 Kevin B. Rubenstein, MS,1 Leo B. Hurley, MPH,3

Derek D. Satre, PhD,3,4 Peter M. Kadlecik, MD,2 and Michael J. Silverberg, PhD, MPH3

Abstract

Assessing quality care for people with HIV (PWH) should not be limited to reporting on HIV Care Con-
tinuum benchmarks, particularly viral suppression rates. At Kaiser Permanente Mid-Atlantic States
(KPMAS), an integrated health system providing HIV care in the District of Columbia, Maryland, and
Virginia, we created a comprehensive measure of HIV quality care, including both preventative measures
and clinical outcomes. We included PWH ‡18 years old with ‡6 months KPMAS membership between 2015
and 2018. Process quality metrics (QMs) include: pneumococcal vaccination and influenza vaccination;
primary care physician (PCP) and/or HIV/infectious disease (HIV/ID) visits with additional HIV/ID visit;
antiretroviral treatment medication fills; and syphilis and gonorrhea/chlamydia screenings. Outcome QMs
include HIV RNA <200/mL and other measurements within normal range [blood pressure, body mass index
(BMI), hemoglobin, blood sugar, alanine transaminase, low-density lipoproteins, estimated glomerular fil-
tration rate]; no hospitalization/emergency department visit; no new depression diagnosis; remaining or
becoming a nonsmoker. Logistic models estimated odds of achieving QMs associated with sex, age,
race/ethnicity, insurance type, and HIV risk. A total of 4996 observations were analyzed. 45.6% met all
process QMs, while 19.6% met all outcome QMs. Least frequently met process QM was PCP or HIV/ID visit
(74.5%); least met outcome QM was BMI (60.2%). Significantly lower odds of achieving all QMs among
women {odds ratio (OR) = 0.63 [95% confidence interval (CI): 0.49–0.81]} and those with Medicaid and
Medicare [vs. commercial; OR = 0.48 (95% CI: 0.30–0.76) and 0.47 (95% CI: 0.31–0.71)]. Broadening the
scope of HIV patient care QMs beyond viral suppression helps identify opportunities for improvement.
Successful process metrics do not necessarily coincide with greater outcome metrics.

Keywords: HIV/AIDS, quality metrics, quality care, process metrics, outcome metrics

Introduction

S ince its inception, the HIV Care Continuum1 has been a
benchmark for measuring successful HIV care. The

Continuum includes linkage to care, retention, treatment, and
viral suppression as outcomes, but comprehensive HIV care
requires a broader view of defining high quality. Today, HIV
is considered a chronic health condition due to advances in
antiretroviral treatment (ART). As people with HIV (PWH)
with sustained viral suppression live longer lives, additional

health processes and outcomes must be considered to deter-
mine whether PWH are receiving adequate care.2,3

The Centers for Disease Control and Prevention reports
that almost half of PWH in the United States have the virus
under control, defined as a viral load test of <200 copies/mL.4

While this demonstrates incredible progress toward im-
proving HIV testing and treatment, it is juxtaposed by in-
creases in other comorbidities among PWH, such as type II
diabetes mellitus,5,6 obesity,7–10 sexually transmitted infec-
tions (STIs),11–13 and psychiatric and substance use (SU)

1Kaiser Permanente Mid-Atlantic States Mid-Atlantic Permanente Research Institute, Rockville, Maryland, USA.
2Kaiser Permanente Mid-Atlantic Permanente Medical Group, Rockville, Maryland, USA.
3Kaiser Permanente Northern California Division of Research, Oakland, California, USA.
4Department of Psychiatry, Weill Institute for Neurosciences, University of California, San Francisco, California, USA.
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disorders.14,15 These upward trends expose the need to expand
the definition of high-quality HIV care. In 2009, the HIV/
AIDS Expert Panel Work Group16 developed national HIV
care quality metrics (QMs) that helped inform the Department
of Health and Human Services Adult HIV Treatment
Guidelines17 and the HIVMA HIV Primary Care Guide-
lines.18,19 These QMs included processes of care (e.g., re-
tention in care, health screenings, immunizations) as well as
outcome measures, focusing primarily on viral control, pre-
vailing as the primary measure of HIV care quality. Others20

found a reduction in mortality rates among PWH veterans
who achieved over 80% of a defined set of quality indicators
(QIs), which included both traditional QMs (e.g., CD4 counts)
and lesser-utilized QMs for patients in HIV care (e.g.,
screening for hyperlipidemia). However, gaps in care quality
persisted, resulting in disparities in HIV care and mortality.

We have previously discussed the benefits of redefining
QMs and retention in care to be more inclusive of alternative
encounter types;21,22 in this study, we proposed the expansion
of what is considered a QM. Based on recommendations from
the HIV/AIDS Expert Panel Work Group16 as well as an
internal HIV expert panel and literature review, we identified
a comprehensive measure of quality care for HIV patients in
Kaiser Permanente Mid-Atlantic States (KPMAS), which
includes critical process measures (care delivery pathways;
e.g., frequency of encounters with a care provider, vaccina-
tions, screenings) and outcome measures [the result of de-
fined care; e.g., viral suppression, blood pressure (BP)
control] obtained from electronic health records (EHRs).
Subsequent analyses assessed the frequency at which these
metrics were met among KPMAS members longitudinally
and examined associations between patient characteristics
and meeting metrics, indicating quality HIV care.

Methods

Setting

Kaiser Permanente (KP) is one of the largest not-for-profit
integrated health systems in the United States, currently
serving 12.4 million members overall, with *771,000 mem-
bers in the Mid-Atlantic area.23 KP provides comprehensive
care for its members; PWH benefit from multidisciplinary
HIV care teams [which in KP includes HIV/infectious dis-
eases (HIV/ID) specialty physician, HIV registered nurse,
HIV clinical pharmacist, dedicated clinic assistant, HIV case
management, and access to KP specialists, including behav-
ioral health] a dedicated HIV quality measurement and im-
provement program, and continual provider education.24

Currently, KPMAS provides care to over 3500 PWH members
in the District of Columbia, Maryland, and Virginia. The PWH
population in KP (including KPMAS) is representative of its
respective states; data indicate that members overall are very
similar to the general population with regard to age, gender,
and race/ethnicity. Moreover, PWH in KP with low incomes
are eligible for state Medicaid and charity coverage in KP.24,25

Study design and subjects

To evaluate the likelihood of achieving select process and
outcome quality measures, we conducted a retrospective
study using EHR data of eligible KPMAS PWH members
that were ‡18 years old throughout the study period. Ob-
servations were recorded in two, 2-year time periods: January

1, 2015 to December 31, 2016, and January 1, 2017 to
December 31, 2018. Included patients had ‡6 months KP
membership in both years of a time period to ensure that our
outcomes reflected care delivery by KPMAS (and not another
health system) as well as to track metrics over time. This study
was approved by the KPMAS Institutional Review Board,
which waived the requirement for informed patient consent.

Measurements

Participant data were drawn from the KP EHR, a compre-
hensive health information system described elsewhere.26–29

Process QMs data included ever vaccinated for pneumococcal
disease [pneumococcal conjugate vaccine (PCV13) or pneu-
mococcal polysaccharide vaccine (PPSV23)],30 vaccinated
for influenza31 in either year of study period; ‡1 in-person
visit to primary care physician (PCP) or HIV/ID specialist
each year, with an additional visit to HIV/ID specialist of any
type (in-person, telephone, or secure message in the KP pa-
tient portal) each year; ‡1 ART medication fill each year;
screening for syphilis and gonorrhea/chlamydia (any orifice;
either year). Outcome QMs included HIV RNA <200 cop-
ies/mL; no hospitalization or emergency department (ED)
visit in either year; nonsmoking status;32,33 BP <140 mmHg
systolic and <90 mmHg diastolic; no incident diagnosis of
depression in time span either year; body mass index (BMI)
>15 and <30 kg/m2; hemoglobin ‡12 g/dL; blood sugar
<140 mg/dL; alanine aminotransferase (ALT) <51 U/L; low-
density lipoprotein (LDL) cholesterol <130 mg/dL; and esti-
mated glomerular filtration rate (eGFR) ‡60 mL/min/1.73 m2.
Smoking status, BMI, BP, and all laboratory results were as
last measured in the study period. Many of these laboratory
measurements are designated in the 2016 Department of
Health and Human Services (DHHS) Adult HIV Treatment
Guidelines for monitoring PWH before and after initiation
ART.17 In addition to the primary endpoint of achieving all
outcome QMs, outcomes were also clustered into three
groups: (1) major outcomes (HIV RNA, no hospitalization, no
ED visit, no incident depression diagnosis); (2) laboratory
outcomes (hemoglobin, blood sugar, ALT, eGFR, LDL); and
(3) anthropometric outcomes (smoking status, BP).

While previous studies of QIs informed our selections, we
ultimately decided on the above metrics and recognized that
we had diverged in some instances. For example, we chose not
to include hepatitis B and C screening as process outcomes, as
KPMAS has developed innovative hepatitis screening pro-
grams that use electronic medical record alerts, dedicated care
coordinators, and laboratory testing pathways to close gaps in
screening and improve care.34–36 In addition, no incident
depression diagnosis was considered a positive indicator, as
screening for depression is a routine part of preventative care
for all KPMAS members. Biomarkers were used in lieu of
diagnoses of certain chronic comorbidities as they allow for
more targeted measures of success (or failure) to achieve
metrics.37 Laboratory results, for example, can better show
fluctuations in health over time than diagnosis codes.

Demographic data were also collected from the EHR. Age
was categorized as 18–29 years, 30–49 years, 50–64 years,
and ‡65 years. Self-reported race/ethnicity was classified as
Asian, black, Hispanic, white, or other/unknown. HIV risk
categories were classified as intravenous drug use (IDU), men
who have sex with men (MSM), heterosexual behavior,
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other, or unknown. Patients who identified both sexual and
IDU risk factors were categorized as IDU. Health insurance
coverage plan was categorized as Affordable Care Act
(ACA) Marketplace, Medicaid, Medicare, and Commercial
(private insurance). If PWH had >1 type of health insurance
coverage concurrently, we chose their coverage category in
the following order of prioritization: Medicare, Medicaid,
ACA marketplace, and Commercial. If health insurance
coverage changed during the study period, we used first
coverage plan during the study period.

Statistical analysis

Demographic characteristics and individual process and
outcome QMs in each study period were examined using fre-
quency distributions. The differences in the proportions of
subjects meeting each quality measure between the two time
periods were reported in percentage points. Statistical signifi-
cance of the association between time period and meeting the
quality measure was assessed by logistic regression, using
generalized estimating equations (GEE) with an exchangeable
working correlation structure to account for members who
contributed data in both time periods. Missing data were con-
sidered an unachieved QM. We compared odds of achieving
all process QMs, all outcome QMs, clustered outcome QMs,
and all (process and outcome combined) QMs by patient
characteristics. We purposely chose the ambitious measure of
achieving all QM, as the firm belief that highest quality HIV
care should include measures well beyond viral suppression.
Adjusted odds ratios (ORs) for QM achievement were com-

puted by multivariable logistic regression, using GEE with an
exchangeable working correlation structure, adjusting for age,
sex, race/ethnicity, HIV risk, and health care coverage.

Because many participants did not meet the target BMI
outcome, we conducted a sensitivity analysis to determine the
impact of the BMI measure on our models. We saw similar
associations with and without BMI; we chose to exclude the
measure from our final regression models as BMI can be
considered a mediator for other QMs (BP, DM, LDL). Data
set preparation and quality assurance were performed using
SAS software version 9.4 (SAS Institute Inc., Cary, NC), and
statistical analyses were conducted using R version 3.6.1
(R Foundation for Statistical Computing, Vienna, Austria).

Results

Overall, 3118 patients contributed 4996 observations to
the analysis, with 1878 patients contributing to both study
cohorts (2015–2016 and 2017–2018). Selected population
characteristics are presented in Table 1 for all PWH (2015–
2018) and for discrete study periods. For the recent study
period (2017–2018), PWH were predominantly male
(68.5%) and black (73.9%). The plurality were 50–64 years
of age (40.5%) and covered by commercial insurance
(68.1%). The distributions of all specified demographics re-
mained consistent across the 2-year study periods.

Achieving individual metrics

The percentages of patients achieving individual process
and outcomes measures, as well as comparisons between

Table 1. Characteristics of HIV Patients, 2015–2018

2015–2016 2017–2018 All observationsa

Total population 2273 2723 4996
Sex n (%) n (%) n (%)

Male 1580 (69.51) 1864 (68.45) 3444 (68.94)
Female 693 (30.49) 859 (31.55) 1552 (31.06)

Age, years
18–29 248 (10.91) 316 (11.60) 564 (11.29)
30–49 935 (41.14) 1080 (39.66) 2015 (40.33)
50–64 933 (41.05) 1102 (40.47) 2035 (40.73)
‡65 157 (6.91) 225 (8.26) 382 (7.65)

Race/ethnicity
White 344 (15.13) 384 (14.10) 728 (14.57)
Black 1673 (73.60) 2011 (73.85) 3684 (73.74)
Hispanic 119 (5.24) 169 (6.21) 288 (5.76)
Asian 28 (1.23) 39 (1.43) 67 (1.34)
Other/unknown 109 (4.80) 120 (4.41) 229 (4.58)

Insurance coverage
Commercial 1709 (75.19) 1853 (68.05) 3562 (71.30)
Medicare 309 (13.59) 371 (13.62) 680 (13.61)
ACA marketplace 184 (8.10) 246 (9.03) 430 (8.61)
Medicaid 71 (3.12) 253 (9.29) 324 (6.49)

Risk group
MSM 841 (37.00) 922 (33.86) 1763 (35.29)
Heterosexual 874 (38.45) 1093 (40.14) 1967 (39.37)
IDU 252 (11.09) 348 (12.78) 600 (12.01)
Other 38 (1.67) 43 (1.58) 81 (1.62)
Unknown 268 (11.79) 317 (11.64) 585 (11.71)

aA total of 1878 patients are included in both 2015–2016 and 2017–2018 study periods, and therefore contribute two observations each.
ACA, Affordable Care Act; IDU, intravenous drug use; MSM, men who have sex with men.
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2-year study periods, are presented in Table 2. We found that
45.6% met all process QMs, while 19.6% met all outcome
QMs. The least frequently met process measure was ‡1 face-
to-face visit to a primary care physician (PCP) or HIV/ID
specialist and ‡1 visit to a HIV/ID specialist of any encounter
type in both study years (74.5%). The least frequently met
outcome measure was achieving optimal BMI (60.2%), fol-
lowed by LDL <130 mg/dL (69.0%).

The percentage of patients achieving all process and out-
come measures increased by 3.5 percentage points (pp) from
2015–2016 to 2017–2018 ( p < 0.001; Table 2). We found a
significant increase in achieving the composite of all process
measures (11.6 pp; p < 0.001), as well as measurable in-
creases in each individual process measure from 2015–2016
to 2017–2018 (Fig. 1). The proportion of patients achieving
the composite of all outcome measures combined also in-
creased, although not statistically significantly (1.8 pp;
p = 0.077). Unlike the individual process measures which all
increased, the change in outcome measures over time in-
cluded some declines, ranging from +6.9 pp in patients
achieving viral suppression ( p < 0.001) to -3.5 pp in
achieving BMI between 15 and 30 kg/m2 ( p < 0.001).

Achieving all metrics

We computed adjusted ORs for determining whether
achieving QMs was associated with PWH demographics.
These results are presented in Tables 3–5. Significantly
greater odds of achieving all process QMs were associated
with the MSM risk group {vs. heterosexual; OR = 1.19 [95%
confidence interval (CI): 1.00–1.43]; p = 0.048}. Patients in
the unknown risk group had significantly lower odds of
achieving all process measures [vs. heterosexual; OR = 0.79
(95% CI: 0.63–0.98); p = 0.033]. Significantly lower odds
of achieving all outcome QMs were associated with female
sex [vs. males; OR = 0.73 (95% CI: 0.59–0.90); p = 0.003],
Medicaid and Medicare [vs. commercial; OR = 0.42 (95% CI:
0.28–0.61); p < 0.001 and 0.53 (95% CI: 0.38–0.74);
p > 0.001, respectively], and unknown risk group [vs. het-
erosexual; OR = 0.75 (95% CI: 0.57–0.99); p > 0.041].

Separating outcome QMs into subgroups emphasized
the complexities of these associations. Women had signifi-
cantly lower odds of achieving major outcomes [OR = 0.84
(95% CI: 0.71–0.99); p = 0.042] and laboratory outcomes
[OR = 0.65 (95% CI: 0.55–0.77); p < 0.001] but had

Table 2. Comparison of Percentage of Patients Meeting Quality Measures, 2015–2016 Versus 2017–2018

2015–2016 2017–2018 All observationsa

Total number of observations 2273 2723 4996

Type Measure n (%) n (%)
Change
(pp), % pb n (%)

Process Ever pneumococcal conjugate vaccine 2080 (91.5) 2566 (94.2) 2.7 <0.001 4646 (93.0)
Process Ever pneumococcal polysaccharide vaccine 2002 (88.1) 2541 (93.3) 5.2 <0.001 4543 (90.9)
Process 1 influenza vaccine during study period 1843 (81.1) 2243 (82.4) 1.3 0.089 4086 (81.8)
Process 1 face-to-face visit and 1 ID visit (any type)

in each year
1656 (72.9) 2067 (75.9) 3.1 0.014 3723 (74.5)

Process 1 syphilis screening during study period 1930 (84.9) 2443 (89.7) 4.8 <0.001 4373 (87.5)
Process 1 gonorrhea/chlamydia screening during

study period
1691 (74.4) 2159 (79.3) 4.9 <0.001 3850 (77.1)

Process ART prescription fill; 1 in each year 1870 (82.3) 2350 (86.3) 4.0 <0.001 4220 (84.5)
Outcome HIV RNA <200 copies/mL at last measure;

1 in each year
1608 (70.7) 2115 (77.7) 6.9 <0.001 3723 (74.5)

Outcome Not hospitalized during study period 1966 (86.5) 2359 (86.6) 0.1 0.984 4325 (86.6)
Outcome No ED visit during study period 1779 (78.3) 2128 (78.1) -0.1 0.777 3907 (78.2)
Outcome Nonsmoker at last visit 1850 (81.4) 2232 (82.0) 0.6 0.152 4082 (81.7)
Outcome Systolic BP <140 mmHg at last measure 1902 (83.7) 2219 (81.5) -2.2 0.014 4121 (82.5)
Outcome Diastolic BP <90 mmHg at last measure 2073 (91.2) 2471 (90.7) -0.5 0.344 4544 (91.0)
Outcome No new diagnosis of depression during

study period
2050 (90.2) 2459 (90.3) 0.1 0.807 4509 (90.3)

Outcome 15 < BMI <30 kg/m2 at last measure 1412 (62.1) 1596 (58.6) -3.5 <0.001 3008 (60.2)
Outcome Hemoglobin ‡12 g/dL at last measure 1913 (84.2) 2278 (83.7) -0.5 0.287 4191 (83.9)
Outcome Blood sugar <140 mg/dL at last measure

(random or fasting)
2008 (88.3) 2395 (88.0) -0.4 0.304 4403 (88.1)

Outcome ALT <51 U/L at last measure 1956 (86.1) 2458 (90.3) 4.2 <0.001 4414 (88.4)
Outcome eGFR >60 mL/min/1.73 m2 at last measure 1968 (86.6) 2331 (85.6) -1.0 0.004 4299 (86.0)
Outcome LDL <130 mg/dL at last measure

(fasting or direct)
1542 (67.8) 1905 (70.0) 2.1 0.051 3447 (69.0)

Process All process measure met 892 (39.2) 1384 (50.8) 11.6 <0.001 2276 (45.6)
Outcome All outcome measures metc 423 (18.6) 555 (20.4) 1.8 0.077 978 (19.6)
All All quality measures metc 224 (9.9) 364 (13.4) 3.5 <0.001 588 (11.8)

aA total of 1878 patients are included in both 2015–2016 and 2017–2018 cohorts, and therefore contribute two observations each.
bSignificance level p < 0.05. GEE is used to account for patients included in both time periods.
cExcludes BMI.
ALT, alanine aminotransferase; ART, antiretroviral treatment; BMI, body mass index; BP, blood pressure; ED, emergency department;

eGFR, estimated glomerular filtration rate; GEE, generalized estimating equations; ID, infectious disease; LDL, low-density lipoprotein;
pp, percentage points.
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significantly higher odds of achieving anthropometric out-
comes [OR = 1.45 (95% CI: 1.22–1.73); p < 0.001]. Odds of
achieving all outcome measures were greater among younger
adults compared with those ‡65 years old, although these
results were not statistically significant [OR = 1.09 (95% CI:
0.68–1.74); p = 0.0715]. PWH <65 years old had lower odds
of achieving major outcomes, with an age gradient, but the
youngest age group (18–29 years) had increased odds of
achieving laboratory outcomes compared to the oldest age
group (Table 5). Hispanic patients had 50% higher odds of
achieving anthropometric outcomes than white patients
[OR = 1.57 (95% CI: 1.07–2.30); p = 0.023]. Patients with
Medicaid and Medicare had significantly lower odds of
achieving major outcomes compared with patients having
commercial insurance but did not have significantly different
odds of achieving laboratory or anthropometric outcomes. Un-
known risk group continued to be associated with lower odds of
achieving major and laboratory outcomes (which may be a
proxy for nonengagement in care), while MSM were associated
with higher odds of achieving anthropometric outcomes.

When considering all process and outcome measures to-
gether, associations were similar to achieving all outcome
QMs, with significantly lower odds of achieving all QMs
among females [OR = 0.63 (95% CI: 0.49–0.81); p < 0.001],
those with Medicaid and Medicare [OR = 0.48 (95% CI: 0.30–
0.76); p = 0.002 and 0.47 (95% CI: 0.31–0.71); p < 0.001, re-
spectively], and those whose risk group was unknown
[OR = 0.68 (95% CI: 0.48–0.96); p = 0.030] (Table 5).

Discussion

This study set out to define more comprehensive measures
of quality HIV care than the HIV Care Continuum, consisting
of process and outcome QMs, and to determine the likeli-
hood of PWH meeting these definitions in a large sample of
receiving HIV care in an integrated health plan. Study par-
ticipants were more likely to meet process QMs than outcome
QMs. However, meeting one QM did not indicate that all
measures were met for the same individual patient, especially
with respect to outcomes. This suggests that quality measure
‘‘success’’ is more individualized and not all patients receive
consistent attention to all factors. To our knowledge, this is
the first study to evaluate a comprehensive set of QMs within
a nonpublic health system and broaden the comprehensive
measurement of HIV quality care.

Likelihood of QM completion differed by patient charac-
teristics, with greater odds of achieving all process measures
among MSM or unknown HIV infection risk groups. Our
results suggest that certain outcome QMs merit attention,
particularly for selected PWH, including women, those with
public insurance, and unknown HIV infection risk.

While the results for achieving all outcome measures were
consistent with prior studies that show women have poorer
outcomes than men,3,38,39 there were significant departures
from previous literature with regard to age, race/ethnicity,
and risk group. In this study, the odds of achieving all process
or outcome measures, or all QMs combined, were not sig-
nificantly different for young adults compared with ages

FIG. 1. Change in percent HIV patients meeting quality
metrics over time (2017–2018 vs. 2015–2016). Differences
in the proportions of subjects meeting each quality measure
between 2-year study period, reported in percentage points,
with statistical significance of the differences assessed by
chi-squared tests. ALT, alanine aminotransferase; ART,
antiretroviral treatment; BMI, body mass index; BP, blood
pressure; DX, diagnosis; eGFR, estimated glomerular fil-
tration rate; HGB, hemoglobin; ID, infectious disease; LDL,
low-density lipoprotein; RX, prescription.

Table 3. Logistic Regressions Showing

Associations Between Meeting All Process

Measures and Demographics

Variable OR 95% CI

Sex
Female 0.92 (0.78–1.08)
Male (Ref.) — —

Age, years
18–29 0.82 (0.57–1.16)
30–49 0.93 (0.68–1.27)
50–64 1.08 (0.81–1.46)
‡65 (Ref.) — —

Race/ethnicity
Asian 0.76 (0.42–1.38)
Black 1.14 (0.95–1.38)
Hispanic 1.21 (0.90–1.64)
Other/unknown 0.71 (0.50–1.01)
White (Ref.) — —

Coverage type
ACA marketplace 1.00 (0.81–1.24)
Medicaid 0.94 (0.74–1.20)
Medicare 0.89 (0.70–1.13)
Commercial (Ref.) — —

Risk group
IDU 1.18 (0.96–1.45)

MSM 1.19 (1.00–1.43)
Other 0.8 (0.49–1.31)

Unknown 0.79 (0.63–0.98)
Heterosexual (Ref.) — —

Bold results indicate significance.
CI, confidence interval; OR, odds ratio.
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65+ years, even though young adults are typically less likely
to successfully meet steps along the Continuum.24,40 Break-
ing outcome measures into clusters provided more granu-
larity and consistency with previous literature, showing that
younger adults were less likely to meet major outcomes. As
expected, the youngest adults met eGFR, glucose, systolic
BP, and no hospitalization measures more often than those
aged 65+ years, while diastolic BP, BMI, and ED visit
measures were nearly equal between the oldest and youngest
ages (results available upon request).

A unique contribution to the HIV QM literature is inclu-
sion of insurance coverage in the analysis. We found no
difference in odds of achieving all process QMs by insurance
type, but patients covered by Medicaid or Medicare were
significantly less likely to achieve all outcome or all QMs
combined.41 The implication of this finding is that, while
patients are given all needed medical services regardless of
insurance coverage, other factors contribute to successful
outcomes, including social determinants of health such as
socioeconomic status, are not fully reflected in our metrics.20

Between our two study periods, there were significant in-
creases in patients meeting process QMs, reflecting the on-
going emphasis on preventative care through vaccinations
and screenings by KPMAS leadership, and corresponding
improved patient care due to a ‘‘Hawthorne effect’’ on pro-
viders.42 Simultaneously, results among PWH meeting out-
come measures were mixed, with decreases in meeting BMI
and systolic BP QM. The only outcome QM that experienced

significant increases were viral suppression and optimal
ALT, the latter being possibly explained by implementation
of hepatitis care pathways in 2014–2015 at KPMAS. This
phenomenon implies that optimal HIV RNA measurements
alone do not indicate overall health among PWH.

As life expectancy for HIV patients continues to rise,3 the
need to monitor outcomes beyond viral suppression is criti-
cal. Chronic comorbidities such as kidney or liver disease,
and hyperlipidemia complicate HIV treatment.2 ART must
be altered depending on a patient’s comorbidities.17 We in-
cluded clinical measurements such as eGFR, ALT, and LDL
cholesterol in our outcome measures to address these con-
siderations. We incorporated new diagnosis of depression as
we believe that high-quality care translates to both physical
and mental well-being, and screening for depression is a
routine part of preventative care in KPMAS. Particularly in
PWH, new onset or poorly treated depression is associated
with poorer health outcomes.43 In addition, certain ARTs can
exacerbate psychiatric symptoms and may be associated with
suicidality.17

Even with appropriate ART, comorbidities continue to be
detrimental to PWH. de Coninck et al., found that success-
fully treated PWH are still 2.5 times more likely to die from
non-AIDS causes than HIV-negative persons due to factors
such as coagulation disorders, lipid disturbances, and smok-
ing;44 with the most common non-AIDS-related causes of
mortality being cancer, cardiovascular disease, and accident/
suicide/drug overdose. Analyses of PWH in KP have also

Table 4. Logistic Regressions Showing Associations Between Meeting

All Outcome Measures and Demographics

Patient demographic

All outcomes Major outcomes Laboratory outcomes Anthropometric outcomes

OR 95% CI OR 95% CI OR 95% CI OR 95% CI

Sex
Female 0.73 (0.61–0.90) 0.84 (0.71–0.99) 0.65 (0.55–0.77) 1.45 (1.22–1.73)
Male (Ref.) — — — — — — — —

Age, years
18–29 1.09 (0.68–1.74) 0.34 (0.24–0.50) 1.63 (1.13–2.33) 1.44 (1.00–2.08)
30–49 0.94 (0.62–1.43) 0.51 (0.37–0.70) 1.25 (0.91–1.73) 1.32 (0.96–1.81)
50–64 0.97 (0.64–1.45) 0.63 (0.46–0.86) 1.22 (0.89–1.66) 1.04 (0.77–1.40)
‡65 (Ref.) — — — — — — — —

Race/ethnicity
Asian 1.40 (0.69–2.84) 1.13 (0.63–2.04) 0.95 (0.53–1.71) 1.16 (0.60–2.26)
Black 1.00 (0.79–1.27) 0.91 (0.75–1.11) 1.05 (0.86–1.28) 0.81 (0.65–1.01)
Hispanic 1.26 (0.88–1.81) 1.19 (0.86–1.64) 1.11 (0.81–1.52) 1.57 (1.07–2.30)
Other/unknown 1.16 (0.76–1.76) 0.82 (0.58–1.15) 0.70 (0.49–1.01) 0.61 (0.42–0.89)
White (Ref.) — — — — — — — —

Coverage type
ACA marketplace 1.24 (0.96–1.60) 1.25 (1.00–1.55) 1.34 (1.08–1.67) 1.06 (0.84–1.33)
Medicaid 0.42 (0.28–0.61) 0.46 (0.35–0.59) 0.81 (0.64–1.03) 0.79 (0.62–1.02)
Medicare 0.53 (0.38–0.74) 0.47 (0.37–0.60) 0.81 (0.63–1.04) 0.93 (0.73–1.20)
Commercial (Ref.) — — — — — — — —

Risk group
IDU 0.82 (0.62–1.08) 0.64 (0.52–0.80) 1.16 (0.93–1.43) 0.83 (0.66–1.04)
MSM 1.02 (0.82–1.26) 0.96 (0.80–1.15) 1.04 (0.87–1.24) 1.32 (1.08–1.60)
Other 0.77 (0.40–1.47) 0.66 (0.40–1.10) 0.71 (0.40–1.25) 0.94 (0.55–1.62)
Unknown 0.75 (0.57–0.99) 0.74 (0.60–0.92) 0.74 (0.60–0.92) 0.89 (0.71–1.12)
Heterosexual (Ref.) — — — — — — — —

Reference groups: male; age 65+ years; white, commercial, heterosexual. GEE is used to account for patients included in both time
periods. Bold results indicate significance. Excludes BMI.
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found that psychiatric and SU disorders contributed sub-
stantially to mortality risk.45,46 In addition, Korthuis et al.
demonstrated the impact that sociobehavioral factors have on
HIV care, finding that SU counteracted the protective nature
of meeting quality measures.20 SU led to higher mortality
even among PWH who met >80% of QMs,20 highlighting the
significant interaction of comorbidities on the relationship
between HIV QMs and actual health outcomes. Future
studies need to include ongoing monitoring of socio-
behavioral factors, including SU and psychiatric disorders.

Previous research has shown the benefits of redefining in-
dividual process steps along the Continuum, particularly en-
gagement47 and retention in care.16,21 Expanding HIV QMs to
reflect current trends improves not only QM accuracy but also
the quality of HIV care itself. Although viral suppression is a
key element of successful engagement in care, it is not the only
clinically important outcome.22,25 There was a high percentage
of PWH that did not meet all process and outcome measures,
indicating that only achieving viral suppression masks the
opportunity for more comprehensive care. It also indicates that
these elements of quality care should not be split. For example,
studies indicate that smoking can nearly negate the positive
benefits of antiretroviral therapy, with more life-years lost to
smoking than to HIV.32 While robust improvement in viral
suppression and CD4 counts may be associated with fewer
complications from HIV, this does not mean that patients are
free from other disease or hospitalization. HIV care visits

should also include management of comorbidities and
screening for STIs, SU, and other behavioral health issues.
However, this multifaceted approach is burdened by higher
cost and greater coordination of care.16

Integrated health systems, such as KP and the Veterans
Health Administration, encourage coordination of care
through integrated EHRs. The KP EHR system includes best
practice alerts, and these ‘‘flags’’ can be seen by all clinicians
caring for a patient. For example, an HIV/ID specialist would
see a flag that a patient has not received an annual influenza
vaccine. This integration allows for coordination of care
across specialties, resource settings, and geography. By ex-
panding interconnectedness of providers within a health sys-
tem, the responsibility to accomplish QMs is shared, increasing
the likelihood of QM achievement and improving general
quality of care. Beyond the integrated EHR, direct patient
contact through medical case management and intensive out-
reach may be required to accomplish these QMs and improve
outcomes.47 While providers working outside of integrated
health systems may not have the resources or infrastructure to
identify and measure all components of the comprehensive
QMs presented here, these results should encourage other
health organizations to expand beyond the traditional metrics
for HIV care when addressing quality improvement.

This study does have limitations. In this retrospective
study, we chose to primarily focus on physiological factors
to expand the definition of quality HIV care, as these data
are systematically collected through the comprehensive KP
EHR system. We acknowledge that a retrospective study
design and limiting the inclusion of psychosocial factors
to depression may have contributed to omitting significant
outcomes in our analysis.48–50 Other psychiatric and socio-
behavioral factors should be considered for even more
comprehensive quality-of-life metrics51 and future research
should include prospective data collection of these measures.
In measuring depression, we assumed that the absence of a
diagnosis of depression was due to proper assessment and
ruling out of the condition, as screening for depression is a
part of routine preventative care in KPMAS; however, we
acknowledge that it is possible a lack of diagnosis could
be due to lack of effective screening. Also, treatment of de-
pression was not included in this study, preventing the dif-
ferentiation between ‘‘active’’ depression (negative QI) and
cases ‘‘in remission’’ (positive QI), and should be included in
future studies to further define this mental health component.

We considered all missing data as having not met the
associated measure, potentially introducing differential
misclassification by underestimating PWH meeting specific
QMs. However, the QMs that were selected for this study
provide a critical overall view of KPMAS quality of HIV
care. In addition, it is possible that study analyses did not
capture all tests and treatments done outside of KPMAS;
however, KP health information efforts to capture critical
quality data collected elsewhere mitigate this issue by en-
suring that data are recorded in the EHR and included in study
measurements (vaccinations done outside of KPMAS, for
example). In contrast with prior studies, we did not include
hepatitis B or C screening in our process measures due to our
unique hepatitis care pathways discussed above. Although we
recognize that there has been an overall rise in Hepatitis C
Virus (HCV) infections correlated to the recent opioid epi-
demic in the United States, KPMAS screening rates are over

Table 5. Logistic Regression Showing Association

Between Meeting All Quality Measures

(Process and Outcome Measures Combined)

and Demographics

Variable OR 95% CI

Sex
Female 0.63 (0.49–0.81)
Male (Ref.) — —

Age, years
18–29 1.35 (0.76–2.39)
30–49 1.14 (0.67–1.92)
50–64 1.28 (0.77–2.15)
‡65 (Ref.) — —

Race/ethnicity
Asian 1.20 (0.53–2.68)
Black 1.20 (0.90–1.60)
Hispanic 1.22 (0.78–1.91)
Other/unknown 1.03 (0.59–1.79)
White (Ref.) — —

Coverage type
ACA marketplace 1.21 (0.89–1.65)

Medicaid 0.48 (0.30–0.76)
Medicare 0.47 (0.31–0.71)

Commercial (Ref.) — —

Risk group
IDU 0.83 (0.60–1.14)
MSM 0.99 (0.77–1.27)
Other 0.66 (0.29–1.53)

Unknown 0.68 (0.48–0.96)
Heterosexual (Ref.) — —

Reference groups: male; age 65+ years; white, commercial,
heterosexual. GEE is used to account for patients included in both
time periods. Bold results indicate significance. Excludes BMI.
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95% among PWH, so this was not perceived as a potential
care gap in our population. Further, social determinants of
health, including food, housing, and economic security, as
well as patient-reported quality of life metrics, were not in-
cluded, as these important questions were not part of the
KPMAS EHR during these observation periods. We intend to
include in future HIV QM studies.48–51 Finally, when examin-
ing effect of insurance coverage, we did not consider deductible
level (pertinent to our ACA Marketplace patients), which could
impact health care utilization and ability to meet QMs.

Broadening the scope of HIV QMs beyond the HIV care
continuum helps identify opportunities for improvement.
Among our PWH, successful process QMs do not necessarily
coincide with greater outcome QMs. Certain measures merit
attention, particularly for selected patient demographics. The
metrics we examined in this study should be investigated in
other health care systems. Integrated medical records and
care delivery may serve as methods to improve quality of care
and associated measures.
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