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Professor Stephen E. Hawes

Epidemiology

In the United States (U.S.), the purpose of HIV surveillance and related data systems is
changing. Evolving programmatic priorities and complicated care needs of an aging population
has led to greater demand for timely, accurate, and detailed data. My dissertation evaluates three
prominent data systems: (1) National HIV Surveillance System (NHSS), (2) Medical Monitoring
Project (MMP), and (3) CFAR Network of Integrated Clinical Systems (CNICS). Identification

and management of data limitations were goals underlying each aim.

My first aim evaluates the burden of diabetes, chronic kidney disease, and hypertension in MMP,
a nationally representative sample, and CNICS, a clinical cohort. We encountered and addressed
the following challenges: selection bias, missing data, non-standardized case definitions, and

dissimilar patient populations. After using a standardized analytic approach, MMP and CNICS



yielded similar sub-group specific prevalence estimates. Both data sources suggest considerable

disease burden among older adults in HIV care.

My second aim used NHSS and US census data to project the demographic composition of the
U.S. population of people living with diagnosed HIV (PLWDH) through 2045. The model
developed for this aim projects that the US PLWDH population will continue to grow in absolute
size and will increasingly be comprised of racial/ethnic minorities; the number of PLWDH 55

years and older is projected to more than double between 2013 and 2045.

My final aim used King County HIV surveillance data to explore the origins of NHSS data and
how surveillance data is used for HIV control interventions. We discovered that the number of
in-migrants with HIV is increasing concurrently with a decrease in the number of new diagnoses;
that 12% of cases reported to CDC as newly diagnosed had evidence of a prior HIV diagnosis;

and integration of patient care and HIV control activities improved key program metrics.

In conclusion, existing data systems to monitor the U.S. PLWDH population have limitations,
some of which can be addressed through statistical adjustment and some can only be resolved
through adaptation of the data system’s design. As demands on HIV care programs are projected

to grow, the programmatic utility of HIV surveillance systems should be enhanced.
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Chapter 1: Introduction

The first AIDS cases in the United States were first recognized by the Centers for Disease
Control and Prevention (CDC) in 1981.* By 1995, 429,582 (78%) of the 551,515 individuals that
had been diagnosed with AIDS had died.? In June 1995, the Food and Drug Administration
approved the first protease inhibitor, ushering in the era of highly active antiretroviral therapy.®
Soon after, AIDS-related mortality rates plummeted in the United States.* In the last twenty
years (e.g. 1996-2016), treatment of HIV has become more effective (and tolerable), resulting in
tremendous gains in life expectancy.>® My dissertation focuses entirely upon the current and
future context of the HIV/AIDS epidemic in the United States, specifically the demographic
characteristics and health status of people living with HIV, and the data systems in place to

monitor key indicators of the domestic HIVV/AIDS epidemic.

Currently, the population of people who live with diagnosed HIV (PLWDH) in the U.S. is
comprised of nearly 1 million individuals and is disproportionately comprised of men who have
sex with men (MSM) and racial/ethnic minority groups.” In 2013, the U.S. PLWDH population
was 76% male, and 43%, 32%, and 20% non-Hispanic Black, non-Hispanic White, and
Hispanic/Latino, respectively.® Over half of PLWDH were estimated to have contracted HIV
through male-to-male sexual contact; one-quarter through heterosexual sexual contact; and over
15% through injection drug use (IDU).2 By 2013, one-quarter of the PLWDH population was
55-years and older’. The growing numbers of older adults with HIV have received considerable
attention®?®, in part because their care is more costly*® and often complicated by multi-morbidity

and poly-pharmacy.?®*®



The role of HIV surveillance data in HIV control efforts is expanding. With evidence
demonstrating that antiretroviral therapy (ART) prevents HIV transmission®* “°, HIV control
efforts are increasingly focused on identifying cases with undiagnosed HIV, linking new
diagnoses to care, and ensuring people with diagnosed HIV are retained in care and achieve viral
suppression. These endeavors rely upon surveillance data to identify potential new cases,
monitor linkage and retention in care, and to validly estimate the underlying size of the PLWDH

population, the denominator of many key programmatic indicators.**

Without a single-payer healthcare system and central repository of healthcare data, population-
based estimates of patient characteristics and health status are difficult to validly measure. The
National HIV Surveillance System (NHSS) is managed by CDC, but implemented by a vast
network of state and local health departments. As a census of all diagnosed cases in the U.S.,
plays a central role in program planning and resource allocation decisions. There is considerable
heterogeneity, across jurisdiction and over time, with regard to reporting requirements, approach
to data collection, and data completeness and quality. Although all persons with diagnosed HIV
have been reportable, by name, to local and state health departments since April 2008*, only de-
identified data is reported to CDC. Jurisdictions maintain their own surveillance registries.
Cross-jurisdictional migration of PLWDH greatly complicates estimates of the underlying
PLWDH population size, as it is difficult to discern which cases have emigrated out of a
jurisdiction (as opposed to poorly engaged in care) and which cases new to the surveillance
system are in-migrants (as opposed to new diagnoses).”*** It is likely that the size of the
PLWDH population, as measured by case reports submitted to CDC, is overestimated.” The

inflated denominator likely biases downward estimates of the percent retained in care and
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percent virally suppressed.***® The overly pessimistic estimates of these key programmatic

could potentially misdirect program priorities and program targets.

The infrastructure underlying NHSS allows for a limited set of data elements to be collected on
all PLWDH at the time of their diagnosis, including: residence, age at diagnosis, sex at birth,
race/ethnicity, and risk transmission category. The latter is assigned in a hierarchical order of
probability of the most likely route of HIV acquisition: male-to-male sex, injection drug use,
male-to-male sex and injection drug us, heterosexual sex, and unknown/unreported.*’
Additionally, all states have enacted laws requiring laboratory reporting of CD4 and HIV viral
load results, though not all states require complete CD4/viral load reporting.*® For example,
some states may only require that unsuppressed viral load results be reported. Reported lab
results enable public health agencies to monitor, on an ongoing basis, linkage and retention in

care, viral suppression, and potential re-location.

More nuanced data about the health status of PLWDH is collected through other systems. CDC
designs and oversees the implementation of the Medical Monitoring Project, a supplemental
surveillance project that relies upon complex survey design to generate population-based
estimates of hundreds of health indicators pertaining to socioeconomic status, quality of life
measures, mental and physical health issues, access to health and social services, sexual
behaviors, drugs use, immunizations, reproductive health care, and co-morbidities. Similar types
of data are collected in large clinical cohort studies. The CFAR Network of Integrated Clinical
Systems (CNICS) is an example of a large clinical cohort that operates at eight large, university-

affiliated HIV care clinics in sever U.S. states.

My dissertation utilizes these and other data systems to describe the current burden of co-

morbidities among PLWDH (Chapter 2), project the future demographic composition of the US
11



PLWDH population (Chapter 3), and to evaluate how integration of HIV surveillance and field
services activities in King County influences surveillance data quality and program metrics
(Chapter 4). These aims allowed for the limitations of three prominent data systems to be
explored. Where possible, we developed analytic strategies and made programmatic

recommendations on how identified limitations could be addressed. Thus, this dissertation

simultaneously evaluates three large U.S. data systems, as it forecasts how demands on HIV care

programs will shift in the future in light of the changing demographic composition of the U.S.

PLWDH population.
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Chapter 2: Reconciling the Evaluation of Co-Morbidities among HIV Care Patients in Two
Large Data Systems: the Medical Monitoring Project and CFAR Network of Integrated
Clinical Systems

Abstract

The estimated burden of chronic disease among people living with HIV (PLWH) varies
considerably by data source, due to differences in case definitions, analytic approaches, and
underlying patient populations. We evaluated the burden of three chronic conditions [diabetes
(DM), chronic kidney disease (CKD), and hypertension (HTN)] in two large data systems that
are commonly queried to evaluate health issues affecting HIV care patients: the Medical
Monitoring Project (MMP), a nationally representative sample, and the Centers for AIDS
Research Network of Integrated Clinical Systems (CNICS), a clinical cohort. In order to
reconcile these two data sources, we addressed issues common to observational data, including
selection bias, missing data, and development of case definitions. The overall adjusted estimated
prevalence of DM, CKD, and HTN in MMP was 12.7%, 7.6%, and 33.3%, respectively, and the
overall prevalence of DM, CKD, and HTN in CNICS was 9.9%, 8.3%, and 38.1%, respectively.
Prevalence of all three conditions increased with age in both data sources. After reconciling the
approach to analyzing MMP and CNICS data, sub-group specific prevalence estimates of DM,
CKD, and HTN was generally similar in both data sources. Both data sources suggest a

considerable burden of disease among older adults in HIV care.
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Introduction

Although the majority of adults receiving HIV care in high income countries are virally

suppressed*®® people living with HIV (PLWH) are nonetheless disproportionately affected by

28,29 29, 36

cancer®® ?°, cardiovascular disease?®>?, kidney disease®® ***, liver disease®® *, metabolic

disorders®’ %8

, and other chronic diseases”. The excess burden of chronic disease among people
living with HIV (PLWH) is attributable to HIV infection, its treatment, and greater exposure to
traditional chronic disease risk factors, including smoking, drug and alcohol use, and chronic
viral infections. The high prevalence of chronic disease among PLWH has implications for how

HIV medical care is organized, the training of HIV medical providers, and the costs of medical

care.

Large-scale surveillance systems and clinical cohorts have been established in the United States
to monitor the health of PLWH, though their design, representativeness of the PLWH population,
and approach to analyses vary widely. Not surprisingly, the estimated burden of disease varies
substantially by data source. For example, the estimated prevalence of kidney disease was 3%
among Veterans Administration patients (measured by ICD-9 codes)*®, 8% among Medicare
beneficiaries (measured by ICD-9 codes)®?, and 15% in a CDC cohort study (measured by
medical record data on diagnoses, medications, and lab results)®®. The extent to which these
differences in estimated prevalence are attributable to differences in patient population, study

design, or analytical approach is difficult to discern.

The Medical Monitoring Project (MMP) and the Centers for AIDS Research Network of
Integrated Clinical Systems (CNICS) are two of ten data systems considered by the Institute of

Medicine as the "most useful for tracking the impact of the NHAS [National HIV/AIDS
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Strategy] and the ACA [Affordable Care Act] on HIV care".>* Though MMP and CNICS collect
similar data elements and are frequently analyzed and described in the published literature® °°,
they have never been closely compared. Our primary objective is to demonstrate methodological
tactics that can be employed to enhance the comparability of data collected by separate entities.
Our secondary objective is to estimate and compare the prevalence of diabetes (DM), chronic

kidney disease (CKD), and hypertension (HTN) in MMP and CNICS, given our rigorous

approach to reconciling these two data sources.

Methods
Data Sources
Medical Monitoring Project (MMP)

MMP is a Centers for Disease Control and Prevention-funded HIV surveillance project that
collects annual cross-sectional clinical, socio-demographic, and behavioral data on a national
probability sample of adults in HIV care. Prior to the 2015 data collection cycle, MMP used a
three-stage sampling design to generate samples representative of adults receiving HIV care in
the US. The three hierarchical levels of sampling were states/territories, HIV care facilities (in
selected jurisdictions), and patients who received care at participating facilities in January—April
in a given year. Data collection for MMP is conducted by health departments in 16 states and
Puerto Rico. During face-to-face or telephone interviews, information on demographic
characteristics, adherence to HIV medication regimens, behavioral risk factors, and service
utilization is collected. Medical record abstractions (MRA) are conducted to collect clinical data
pertaining to diagnoses, medications, laboratory results, and health service utilization. Data are

15



weighted for unequal selection probabilities and non-response. A more detailed description of

the MMP methodology is available elsewhere.’

For this analysis, we analyzed MRA records from the 2013 MMP cycle (data collected June
2013-May 2014). All sampled jurisdictions participated in MMP. Of the 598 sampled facilities,
480 (85%) facilities participated. Of the 9,371 sampled patients, MRAs were completed for
6,412 patients (70% of eligible, sampled patients). Clinical records dated within two years
before the MMP interview were abstracted for MRA data collection. In some jurisdictions,
MRAs could be completed under surveillance authority. For MRAs conducted under
surveillance authority without corresponding interview data, records dated within two years

before the date of first contact attempt were abstracted.
Centers for AIDS Research Network of Integrated Clinical Systems (CNICS)

CNICS is a research network involving eight large CFAR clinics that prospectively collects
comprehensive patient data at point-of-care through a repository of electronic medical record
data and other sources. The eight CFAR clinics participating in CNICS are University of
Alabama (Birmingham), University of Washington (Seattle), University of California San Diego,
University of California San Francisco, Case Western Reserve University (Cleveland, OH),
Johns Hopkins University (Baltimore, MD), Fenway Health/Harvard (Boston, MA), and

University of North Carolina (Chapel Hill).

Patients who receive HIV care at the eight clinics are included in the CNICS cohort; the median
follow-up for each patient is 49 months. Approximately 1400 patients are newly enrolled each

year; <10% of patients leave the CFAR clinical sites (and thus CNICS) annually.®® For this
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analysis, we created a cohort of CNICS patients who had a visit in 2013 (n=13,842) and analyzed

records dated within the two years preceding each patient’s last visit in 2013.
National HIV Surveillance System (NHSS)

To illustrate how MMP and CNICS participants compare to the US PLWH population, we
included data from the NHSS in Table 2.2. The NHSS data presented corresponds to PLWH

diagnosed, reported, and presumed living in 2013, and were adjusted for reporting delays.*’

Analysis

A key goal of this project was to standardize our analytic approach to augment the comparability
of MMP and CNICS data. To this end, we applied identical case definitions to MMP and

CNICS data, accounted for missing data, stratified all analyses by sex, age, and race, and
evaluated the influence of MMP’s sampling frame on our results in a sensitivity analysis

(described hereafter).
Case Definitions

For this analysis, we applied case definitions developed and validated by CNICS investigators to

MMP and CNICS datasets. The case definitions are described in Table 2.1.
Management of Missing Data

All case definitions rely upon biological measurements: the DM definition relies upon HbAlc
and glucose measurements, the CKD definition relies upon creatinine measurements, and the

HTN definition relies upon blood pressure measurements. If a patient did not have the measures
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specified by the case definition in the two year observation period, and did not otherwise meet
the case definition, their disease status was set to missing. The percent missing for each

condition is listed in Table 2.3.

We considered three approaches to managing missing data: (1) assume that patients with missing
values for a given condition did not have the condition, (2) exclude patients with a missing value
for a given condition from analyses of that condition ("complete case" analysis), and (3) impute
disease status for patients with missing values. In 1.3, we contrast how these three approaches

impacted the estimates of overall CKD, DM, and HTN prevalence.

Ultimately, we decided to implement multiple imputation (MI) for all subsequent analyses. The
MI models were implemented separately in MMP and CNICS. The data were assumed to be
missing at random — that is, missingness was conditional only on the variables included in the
imputation model’. We used IVEware Version 0.2, a SAS-callable macro, to perform multiple
imputation by chained equations (MICE) (also called "sequential regression multivariate
imputation™). MICE formulates separate regression models for each variable with missing data
and uses regression appropriate for the variable type (e.g. linear regression for continuous
variables and logistic regression for dichotomous variables). We imputed ten datasets and

estimated the mean prevalence across the 10 imputed datasets. Standard error was calculated

"The following variables were included in the MMP imputation models that assessed CKD, DM, and HTN: age, sex, race,
ethnicity, nativity, risk transmission category, years since HIV diagnosis, history of male-to-male sex, history of injection drug
use, region, project area, body mass index, average eGFR, average systolic blood pressure, average diastolic blood pressure,
dialysis, CKD status, DM status, HTN status, and dyslipidemia status. The following variables were included in the CNICS
imputation models that assessed CKD, DM, and HTN: age, sex race, ethnicity, risk transmission category, region, body mass
index, site, average eGFR, average systolic blood pressure, average diastolic blood pressure, CKD status, DM status, HTN status,
and dyslipidemia status.
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using Rubin's Rules®; the Taylor Series approach was used to obtain variance estimates for

MMP, accounting for its survey design.
Estimation of Diabetes, Chronic Kidney Disease, and Hypertension Prevalence

Stratum, cluster, and weighting design variables were included in all analyses of MMP data. All
analyses were stratified by sex at birth, race/ethnicity (non-Hispanic White, non-Hispanic Black,
Hispanic, and other), and age group (18-34, 35-54, >55 years). Age group categories were
determined so as to allow comparability and linkage with other data sources. DM, CKD, and
HTN prevalence was estimated separately for MMP and CNICS patients. For each stratum, we
calculated a Z statistic to test whether the proportion classified as having DM, CKD, or HTN

significantly differed between MMP and CNICS.
Sensitivity Analysis: Addressing Potential Selection Bias in MMP

To be included in the MMP sampling frame, patients must have had an HIV care visit during
January —April of the sampling year. Using CNICS data, we evaluated whether the relative risk
of meeting the CKD, DM, and HTN case criteria differed between CNICS patients who did and
did not have a visit during January — April. We estimated the adjusted relative risk (aRR) of
each condition given the presence or absence of visit during January — April, controlling for age,
sex, race, and BMI, by implementing a Poisson regression model with robust error variance. If a
significant association was observed, then we calculated a modified prevalence estimate based
upon the following input parameters: mean and standard error (SE) of disease by sub-group
among MMP participants, aRR and SE of disease given presence or absence of January — April
visit among CNICS patients, and percent of CNICS patients with a January — April visit. To

account for uncertainty in the point estimates, we ran 1000 simulated observations in Stata
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drawing from the prevalence and log(aRR) distributions, assuming normal distributions within
the indicated mean and standard errors, and then applied the following equation to the simulated

observations:

Prevalenceppp correction factor = prevalence*(% with PDP visit + (% without PDP visit*

(@RRgisease|No PDP visit)))

To obtain the overall adjusted point prevalence, we estimated the mean adjusted prevalence
across the 1,000 simulations. The corresponding standard error was the standard deviation of the

simulated mean adjusted prevalence estimates.

Results

Patient Demographic Characteristics

This analysis included clinical records from 6,412 MMP participants and 13,842 CNICS
patients. Age was similarly distributed in MMP and CNICS, with more than half of patients
between the ages of 35 and 54. The age distribution is older in MMP and CNICS than that of all
HIV cases reported to the National HIV Surveillance System (NHSS) (see Table 2.2). The
distribution of sex at birth, race/ethnicity, and region of current residents among MMP
participants was more similar to NHSS data than that of CNICS patients. Compared to MMP
and NHSS data, a larger proportion of CNICS patients were male, non-Hispanic (NH) White,

and residents of the western region of the US.

Comparison of Overall Prevalence Estimates Yielded by Three Approaches to Managing

Missing Data
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The percent missing values for CKD, DM, and HTN was similar between MMP and CNICS
(Table 2.3). Missingness was highest for CKD (10% in MMP and 13% in CNICS) and lowest
for HTN (4% in MMP and 5% in CNICS). For all conditions, the percent missing was highest in

the youngest age group and lowest in the oldest age group.

In both MMP and CNICS, there was a tendency for estimated prevalence to be lowest when
patients with missing values were assumed to be free of disease and highest when patients with
missing values were excluded from analyses. The estimates yielded by the MI models tended to
be closer in value to estimates yielded by the complete case analysis. The overall prevalence of
DM, CKD, and HTN (estimated through MI) in MMP was 12.7%, 7.6%, and 33.3%,
respectively. The overall prevalence of DM, CKD, and HTN (estimated through MI) in CNICS

was 9.9 %, 8.3%, and 38.1%, respectively.

Chronic Kidney Disease (CKD)

The estimated CKD prevalence increased with age (Table 2.4, Figure 2.1). Across MMP and
CNICS, the CKD prevalence ranged from 0-2.4% in the youngest age group (<35 years); 1.2—
10.8% in the middle age group (35-54 years); and 7.5-31.9% in the oldest age group (>55
years). Among NH-White and NH-Black patients, the estimated prevalence was greater for
women than men. Significant differences in age- and sex-specific prevalence estimates were
observed between MMP and CNICS among NH-Blacks >35 years old, with greater prevalence
observed in CNICS than in MMP. Thus, in CNICS the CKD burden appeared considerably
greater among NH-Black patients than NH-White and Hispanic patients; in MMP, age- and sex-

specific prevalence estimates were more consistent across racial groups.

Diabetes (DM)
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Among patients classified as diabetic in MMP and CNICS, respectively, 66% and 76% had >1
HbA1c measures > 6.5%, 63% and 60% had a DM-specific medication, 36% and 18% had a DM
diagnosis and a DM-related medication, and 31% and 44% had >2 random glucose tests >200
mg/dL. Only 3% of CNICS cases and 5% of MMP cases met the glucose criteria and no other
diabetes case criteria. The estimated DM prevalence increased with age (Table 2.5, Figure 2.2).
In the youngest age group (<35 years), the DM prevalence ranged from 1.6-8.1%; in the middle
age group (35-54 years), the DM prevalence ranged from 6.9-14.9%; in the oldest age group
(=55 years) the DM prevalence ranged from 12.7-40.4%. Within demographic strata, prevalence
estimates were fairly consistent between MMP and CNICS. In the youngest age group, DM
prevalence tended to be higher among women than men; in the older age groups DM prevalence
was more similar between men and women. There was a pattern suggesting that prevalence

tended to be lowest for NH-Whites and highest for Hispanics.

Hypertension (HTN)

Among patients classified as hypertensive in MMP and CNICS, respectively, 82% and 88% had
a recorded HTN diagnosis and anti-hypertensive medication prescription, and 45% and 42% had
high blood pressure measurements. The overall HTN prevalence was 33.7% (95% ClI: 31.6%,
35.8%) for MMP participants and 38.1% (95% CI: 37.9, 39.0%) for CNICS participants (Table
2.6, Figure 2.3). The estimated HTN prevalence increased with age. In the youngest age group
(<35 years), the prevalence ranged from 3.1%-19.9%; in the middle age group (35-54 years), the
prevalence ranged from 16.6—51.2%; in the oldest age group (=55 years) the prevalence ranged
from 41.2-76.0%. Significant differences in prevalence estimates were observed between MMP
and CNICS among non-Hispanic Blacks >35 years old and NH-White men >55 years, with

greater prevalence observed in CNICS than in MMP. Regardless of data source, sex, and age
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group, the prevalence was highest for NH-Blacks/African Americans relative to NH-Whites and

Hispanics.

Sensitivity Analysis: Addressing Potential Selection Bias in MMP

Accounting for differences in patients with and without a January — April visit, the adjusted
relative risk of CKD, DM, and HTN was 0.82 (95% CI=0.71, 0.95), 0.93 (95% CI=0.82, 1.07),
and 1.03 (95% CI=0.99, 1.08), respectively. Since a significant association existed between
having a January — April visit and CKD, we re-estimated the CKD prevalence, adjusting for
MMP’s sampling design, and compared the adjusted prevalence estimates to the original
estimates presented in Table 2.4. The adjusted estimates differed by less than 1 percentage point

from the original MMP prevalence estimates (Supplementary Table 2.S1).

Discussion

In our effort to reconcile measurement of the burden of DM, CKD, and HTN in MMP and
CNICS, we encountered several common challenges non-standard case definitions, missing data,
and potential for selection bias. We detailed how we decided to manage these issues and how
these decisions influenced our results. After reconciling our approach to analyzing MMP and
CNICS data, we demonstrated a considerable burden of DM, CKD, and HTN among older adults

receiving care at facilities included in these two prominent data systems.

MMP and CNICS differ dramatically in their design. MMP is a probability sample of HIV care
patients who receive care from clinics located in geographically diverse areas across the United

States; clinical data is manually abstracted from medical records by trained health department
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staff. CNICS is a census of almost all patients receiving care at eight, large university-affiliated
clinics that use integrated electronic medical record systems that ensures that data entered at
point-of-care can be readily deposited into a central repository. Given these differences, one
would expect our analysis to yield prevalence estimates that varied widely by data source.
However, the estimated prevalence of DM, CKD, and HTN was generally similar across MMP
and CNICS, which is likely attributable to our concerted effort to reconcile how DM, CKD, and

HTN are defined and statistically evaluated.

We have several recommendations for evaluating DM, CKD, HTN, and other chronic conditions
in the context of HIV. First, analysts should be cautious about how disease status is assigned for
patients without complete documentation corresponding to the case criteria. In our analysis,
patients without biological measures specified by the case definition who did not otherwise meet
the case definition were assigned missing values for disease status; their probable disease status
was subsequently assigned through multiple imputation. However, this was a departure from the
norm in the literature which has most commonly assumed that patients lacking documentation

corresponding to the case definition are free of disease, 2% %52 53. 6061

or excluded patients
without documentation from analyses.®> While the absence of biological data (and no other
diagnostic or medication data) might connote for many patients that the laboratory test was not
clinically indicated, for some patients, the absence of a laboratory test, diagnostic, and
prescription data could reflect other issues, such as sub-optimal engagement in care. In
summary, we suspect that treating the absence of documentation as being indicative of being free
of disease may cause the burden of disease to be underestimated for prevalent co-morbidities. A

second methodological recommendation is that standard and existing case definitions be

employed, so that studies can be more easily compared. We reported the proportion of patients
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classified as being a DM or HTN case that met each specific component of the case definition,
illustrating the sensitivity of disease status classification to decisions about case definitions.
Finally, we recommend that prevalence estimates applied to a heterogeneous group be
interpreted cautiously, as it might reflect the underlying demographics rather than the actual

burden of disease.

With the number of PLWH over 55 years old increasing in the United States®®, HIV care
programs should anticipate a growing number of their patients requiring services related to DM,
CKD, and HTN, and likely other chronic diseases. While data sources like MMP and CNICS
allow for the prevalence and risk factors of various chronic conditions to be routinely monitored,
determining how best to concurrently treat and manage HIV and common chronic conditions
requires intensive investigation. For example, how to interrupt the causal links between HIV,
HIV-associated inflammation, and development of chronic conditions; how antiretroviral
therapies (ART) interact with the numerous drugs that treat common chronic diseases; how the
various ART regimens might differentially impact chronic conditions; what strategies to
managing multi-morbidity will be feasible for patients to consistently adopt; and the degree to
which PLWH are adherent to clinical recommendations pertaining to chronic disease

management.”® % %

There are limitations shared by MMP and CNICS, limitations unique to each data source, and
limitations of our analytic approach. Both MMP and CNICS are unlikely to capture information
about care received outside of patients’ primary facility. CNICS and MMP are vulnerable to
different types of selection bias. CNICS represents patients who receive care at large, public,
university-affiliated clinics in urban settings. MMP represents these patients, as well as patients

who receive care at clinics that vary with regard to predominant funding base, size, and
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urbanicity. Perhaps consequently, the distribution of sex, race/ethnicity, and regional
distribution among MMP participants is more similar to the census of all adults with diagnosed
HIV (per NHSS data) than that of CNICS. However, only 70% of patients sampled for MMP in
2013 contributed data to this analysis. Although the analyses are weighted to adjust for non-
response bias, the effect of non-response is unlikely to be eliminated. Prior to 2015, MMP
sampled from a list of patients who had a visit in January—April. In a sensitivity analysis, we
used CNICS data to explore whether this sampling approach might affect the estimated
prevalence of CKD, DM, and HTN. Although we observed a significant association between
presence or absence of a January — April visit and meeting the CKD case criteria, it did not

appear to substantially affect the estimated prevalence of CKD (Supplementary Table 2.S1).

Our analytical approach had limitations. As noted above, we used multiple imputation to assign
disease status to patients without any documentation corresponding to the case definition.
Although we included many demographic and clinical variables in our imputation models, it is
unlikely that we fully accounted for all factors that affect missingness, compromising the
‘missing at random’ assumption that underlies MI procedures. A separate limitation is that a
small subset of patients (about 5%) contributed data to both MMP and CNICS, as there are four
clinics that participate in both MMP and CNICS. A final limitation of our analysis is that we did
not rigorously evaluate racial disparities. Based on the existing literature®*, we expected the
CKD prevalence to be considerably greater among NH-Black participants than participants of
other racial/ethnic backgrounds. This pattern was evident in CNICS, but not MMP. The root

cause of these discordant findings is unknown.

In conclusion, after we methodically reconciled how CKD, DM, and HTN were defined and

statistically evaluated in MMP and CNICS, we observed sub-group specific prevalence estimates
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that were fairly consistent across data sources. The consistency between the two data sources
may perhaps allay some concerns regarding the limitations of both data sources. MMP and

CNICS can provide reliable data to monitor HIV co-morbidities in the US.
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Table 2.1 Case Definitions Applied to Medical Monitoring Project (MMP) and CFAR
Network of Integrated Clinical Systems (CNICS) data.

Condition Case Criteria

Chronic Kidney Two eGFR" values <60 ml/min 90 or more days apart without an
Disease intervening normal value.
1. HbAlc >6.5%;
OR
2. “Diabetes-specific” medication”;
Diabetes OR
3. Diabetes diagnosis AND “diabetes-related” medication™;
OR
4. > 2 random glucose tests >200 mg/dL
1. A diagnosis of hypertension AND the presence of any
antihypertensive medication.
OR
2. The average of at least 2 systolic blood pressure (SBP)
measurements >140 mmHg or diastolic blood pressure (DBP)
measurements >90 mmHg.

Hypertension

Note: All criteria assessed in a 2 year observation period.
*eGFR= Estimated Glomerular Filtration Rate. eGFR is routinely used to assess kidney function. We applied the CKD-EPI
creatinine equation® to MMP and CNICS data to estimate participants’ GFR.

ADM-specific medications: Alogliptin, Canagliflozin, Chlorpropamide, Exenatide, Glimepiride, Glipizide, Glipizide, Glyburide,

Insulin, Linagliptin, Liraglutide, Nateglinide, Pramlintide, Repaglinide, Saxagliptin, Sitagliptin, Tolazamide, Tolbutamide.
*DM-related medications: Acarbose, Metformin, Miglitol, Pioglitazone, Rosiglitazone, Troglitazone.
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Table 2.2: Characteristics of Medical Monitoring Project (MMP) and CFAR Network of
Integrated Clinical Systems Patients (CNICS) Participants, Relative to People with an HIV
Diagnosis Reported to the National HIV Surveillance System (NHSS), United States, 2013.

MMP CNICS NHSS*
(n=6,412) (n=13,842) %
% (95% CI) %
Age Group
18-34 14.6 (13.3, 16.0) 14.4 18.4
35-54 57.3 (55.5, 59.1) 58.4 56.5
>55 28.1 (26.3, 29.9) 27.2 25.1
Race/Ethnicity
Non-Hispanic White 31.0 (24.5, 37.5) 44 4 31.8
Non-Hispanic Black 42.8 (33.9, 51.7) 38.6 42.7
Hispanic 21.1(14.7,27.7) 13.5 20.3
Other 5.0 (3.6, 6.3) 3.4 51
Sex at birth
Male 72.9 (70.7, 75.1) 81.9 75.7
Female 26.9 (24.7,29.1) 18.1 24.3
Region”
Midwest 13.9 6.6 11.7
Northeast 18.7 8.3 24.7
South 38.9 40.3 42.7
West 23.1 44.8 18.8
US Territories 54 0.0 2.0

~’Region”= the unweighted percent of the MMP and CNICS sample receiving HIV care in the five listed regions. Regions are
defined by the US Census Bureau and used in CDC’s National HIV Surveillance System:
Northeast: CT, ME, MA, NH, NJ, NY, PA, RI, VT
Midwest: IL, IN, 1A, KS, MI, MN, MO, NE, ND, OH, SD, WI
South: AL, AR, DE, DC, FL, GA, KY, LA, MD, MS, NC, OK, SC, TN, TX, VA, WV
West: AK, AZ, CA, CO, HI, ID, MT, NV, NM, OR, UT, WA, WY.

US Territories: PR, AS, GU, MP.



Table 2.3: Overall Prevalence of Diabetes, Chronic Kidney Disease, and Hypertension among MMP and CNICS Participants,
Estimated by Three Different Approaches to Addressing Missingness

Disease Prevalence when Participants with Missing Values were...

% Missing  Assumed to NOT Excluded from Assigned Disease Status Given
have condition Analysis Demographic and Health
(“Complete Case™) Characteristics”
% (95% CI) (“Multiple Imputation”)
% (95% CI) % (95% CI)
Diabetes
MMP 9.1 10.6 (10.1, 11.1) 13.2 (12.7, 13.7) 12.7 (12.0, 13.3)
CNICS 11.7 8.3(7.8,8.7) 9.4 (8.9,9.9) 9.9 (9.2, 10.5)
Chronic Kidney Disease
MMP 10.3 7.3 (6.9, 7.6) 7.6(7.2,7.9) 7.6 (7.2,8.0)
CNICS 13.2 7.5(7.1, 8.0) 8.7 (8.2,9.2) 8.3(7.8,8.8)
Hypertension
MMP 4.2 32.6 (30.7, 34.6) 34.1(32.0, 36.2) 33.3(31.6, 35.8)
CNICS 4.9 36.4 (35.6, 37.2) 38.3(37.5, 39.2) 38.1 (37.9, 39.0)

Abbreviations: MMP = Medical Monitoring Project; CNICS= Centers for AIDS Research Network of Integrated Clinical Systems

Notes: Patients with less than 2 creatinine measures (separated by 90 days) in the 2 year observation period were considered missing CKD status. Patients without a single HbAlc
or two glucose measures in the two year observation period who did not otherwise meet the case criteria, were assigned missing values for diabetes status. Patients without at least
Ewo blood pressure measurements in the two year observation period, and did not otherwise meet the case criteria, were assigned missing values for HTN status.

The following variables were included in the MMP imputation models that assessed CKD, DM, and HTN: age, sex, race, ethnicity, nativity, risk transmission category, years
since HIV diagnosis, history of male-to-male sex, history of injection drug use, region, project area, body mass index, average eGFR, average systolic blood pressure, average
diastolic blood pressure, dialysis, CKD status, DM status, HTN status, and dyslipidemia status. The following variables were included in the CNICS imputation models that
assessed CKD, DM, and HTN: age, sex race, ethnicity, risk transmission category, region, body mass index, site, average eGFR, average systolic blood pressure, average diastolic
blood pressure, CKD status, DM status, HTN status, and dyslipidemia status.
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Table 2.4: Prevalence of Chronic Kidney Disease among Adults in
HIV Care in 2013, Estimated with MMP and CNICS Data

MMP CNICS
Prevalence Prevalence
% (95% CI) % (95% CI)
Overall 7.6 (7.2, 8.0) 8.3(7.8,8.8)
NH-White Men
18-34 0.1 (0, 3.5) 0.5 (0.0, 2.3)
35-54 4.1 (2.6, 5.6) 3.0 (2.4, 3.6)
>55 16.8 (13.4, 20.3) 12.7 (11.0, 14.4)
NH-Black Men
18-34 0.4 (0, 2.3) 2.4 (0.0, 6.0)
35-54 6.6 (4.4, 8.8)" 9.7 (8.3, 11.0)°
>55 15.4 (12.2,18.7)"  20.8(18.3,23.3)"
Hispanic Men
18-34 1.4 (0, 3.8) 0.5 (0.0, 1.6)
35-54 2.9 (1.3, 4.4) 1.2 (0.5, 1.8)
>55 17.8 (11.3, 24.3) 12.7 (8.5, 16.9)
NH-White Women
18-34 2.2 (0,7.1) 0 (0, 0)
35-54 9.1 (3.6, 14.5) 8.8 (5.7, 12.0)
>55 23.8 (14, 33.6) 23.2 (16.5, 30.0)
NH-Black Women
18-34 2.0 (0, 8.1) 1.4 (0.0, 3.4)
35-54 5.6 (3.8, 7.3)* 10.8 (8.9, 12.8)*
>55 20.2 (16, 24.4)* 31.9 (27.9, 35.9)*
Hispanic Women
18-34 0.3 (0, 3.6) 0 (0, 0)
35-54 4.6 (0,9.1) 2.8 (0.1, 5.6)
>55 17.0 (9.1, 24.8) 7.5 (0.0, 15.8)

Abbreviations: MMP = Medical Monitoring Project; CNICS= Centers for AIDS
Research Network of Integrated Clinical Systems; “NH”=Non-Hispanic.

Notes: The CKD case criterion was two eGFR values <60, which were > 90 days apart
without an intervening normal value. Prevalence estimates presented reflect the results
from multiple imputation model; across all strata and data sources, the difference
between the point estimates estimated from complete case (not presented) and Ml
analyses was <1%. MMP prevalence estimates were adjusted for MMP's sampling
frame (see Methods section). Significant differences in prevalence estimated by MMP
and CNICS are indicated with { (p<.05) and { (p <.01).
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Table 2.5: Prevalence of Diabetes among Adults in HIV Care
in 2013, Estimated with MMP and CNICS Data

MMP CNICS
Prevalence Prevalence
% (95% CI) % (95% CI)
Overall 12.7 (12.0, 13.3) 9.9 (9.2, 10.5)
NH-White Men
18-34 1.8(0,5.1) 1.8 (0.2, 3.4)
35-54 7.6 (5.2, 10) 6.9 (5.8, 7.9)
>55 14.4 (10.6, 18.2) 15.0 (12.8,17.1)
NH-Black Men
18-34 1.6 (0,5.1) 1.9 (0.9, 2.9)
35-54 11.2 (8.1, 14.3) 10.1 (8.7, 11.5)
>55 22.1 (16.6, 27.5) 18.0 (15.7, 20.3)
Hispanic Men
18-34 3.4 (0, 8.9) 1.6 (0.1, 3.0)
35-54 12.8 (9.4, 16.3)" 7.9 (6.0,9.7)
>55 28.2 (19, 37.3) 20.1 (15.0, 25.2)

NH-White Women
18-34
35-54
>55

NH-Black Women
18-34
35-54
>55

Hispanic Women
18-34
35-54
>55

5.3 (0, 18.1)
8.9 (2.7, 15.1)
17.4 (6.6, 28.2)

3.4 (0, 8.8)
11.9 (7.5, 16.3)
25.2 (17.6, 32.9)

8.1 (0, 20.4)
14.9 (5.9, 23.8)
40.4 (25.9, 54.9)

3.2 (0.0, 7.5)
10.3 (7.0, 13.5)
12.7 (7.4, 18.0)

6.7 (2.4, 10.9)
11.7 (9.7, 13.7)
18.2 (14.9, 21.5)

4.4 (0.0, 12.7)
7.7 (3.0, 12.3)
22.5 (9.4, 35.6)

Abbreviations: MMP = Medical Monitoring Project; CNICS= Centers for AIDS
Research Network of Integrated Clinical Systems; “NH”=Non-Hispanic.

Notes: The DM case criteria include (1) HbA1C >6.5% OR (2) diabetes-specific
medication OR (3) diabetes diagnosis AND “diabetes-related” medication OR (4) >
2 random glucose tests >200 mg/dL . Prevalence estimates presented reflect the
results from multiple imputation model; across all strata and data sources, the
difference between the point estimates estimated from complete case (hot presented)
and M1 analyses was <1%. MMP prevalence estimates were adjusted for MMP's
sampling frame (see Methods section). Significant differences in prevalence
estimated by MMP and CNICS are indicated with 1 (p<.05) and { (p <.01).
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Table 2.6: Prevalence of Hypertension among Adults in HIV Care in
2013, Estimated with MMP and CNICS Data

MMP
Prevalence
% (95% CI)

CNICS
Prevalence
% (95% CI)

Overall
NH-White Men
18-34
35-54
>55
NH-Black Men
18-34
35-54
>55
Hispanic Men
18-34
35-54
>55
NH-White Women
18-34
35-54
>55
NH-Black Women
18-34
35-54
>55
Hispanic Women
18-34
35-54
>55

33.3 (31.6, 35.8)

13.1 (3.6, 22.6)
25.0 (19.7, 30.3)
41.2 (35.7, 46.8) *

14.8 (9.0, 20.6)
39.7 (35.8, 43.7)
58.4 (52.3, 64.5)

11.1 (4.1, 18.1)
21.1 (16.7, 25.4)
51.6 (40.2, 62.9)

7.6 (0.0, 24.0)
17.9 (8.5, 27.2)
50.1 (35.5, 64.6)

12.8 (4.5, 21.1)
38.8 (33.7, 43.9) ¢
65.2 (58.6, 71.8) ¢

7.5 (0.0, 18.0)
23.7 (14.2, 33.1)
55.4 (40.0, 70.8)

38.1 (37.9, 39.0)

12.9 (10.2, 15.6)
28.1 (26.6, 29.7)
50.5 (48.0, 53.0) *

19.9 (17.0, 22.9)
48.1 (45.8,50.4)
67.8 (65.0, 70.7) *

6.5 (3.4, 9.6)
21.3 (18.8, 23.7)
47.8 (41.5, 54.1)

7.2 (0.6, 13.9)
30.7 (25.4, 36)
50.9 (42.2, 59.5)

19.5 (11.8, 27.3)
51.2 (47.9, 54.5)*
76.0 (72.3,79.6) ¢

3.1(0.0,9.2)
16.6 (10.1, 23.1)
50.5 (34.6, 66.4)

Abbreviations: MMP = Medical Monitoring Project; CNICS= Centers for AIDS Research

Network of Integrated Clinical Systems; “NH”=Non-Hispanic.

Notes: The HTN case criteria include (1) A diagnosis of hypertension AND the presence of
any antihypertensive medication OR (2) the average of at least 2 systolic blood pressure
(SBP) measurements >140 mmHg or diastolic blood pressure (DBP) measurements >90
mmHg over a 2 year period. Prevalence estimates presented reflect the results from multiple
imputation model; across all strata and data sources, the difference between the point
estimates estimated from complete case (not presented) and MI analyses was <1%.
Significant differences in prevalence estimated by MMP and CNICS are indicated with

(p<.05)and § (p <.01).
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Supplemental Table 2.S1: Comparison of MMP Chronic Kidney
Disease Prevalence Estimates, adjusted and unadjusted for presence
or absence of January — April visit.

Chronic Kidney Disease

% (95% CI)

Unadjusted Adjusted

NH-White Men

18-34 0.1 (0, 3.5) 0(0, 3.3)

35-54 4.1 (2.6, 5.6) 3.9(24,5.4)

>55 16.8 (13.4,20.3) 16.1(12.8,19.5)
NH-Black Men

18-34 0.4 (0, 2.3) 0.4 (0, 2.1)

35-54 6.6 (4.4,8.8) 6.2 (4.2,8.2)

>55 154 (12.2,18.7) 14.8(11.7,17.8)
Hispanic Men

18-34 1.4 (0, 3.8) 1.3 (0, 3.5)

35-54 2.9 (1.3,4.9) 2.8(1.3,4.3)

>55 17.8 (11.3,24.3) 17.6(11.2,23.9)
NH-White Women

18-34 2.2(0,7.1) 2.1 (0, 6.4)

35-54 9.1 (3.6,145) 8.6 (3.5,13.7)

>55 23.8 (14, 33.6) 22.3(12.9, 31.8)
NH-Black Women

18-34 2.0 (0, 8.1) 1.8 (0, 7.5)

35-54 5.6 (3.8, 7.3)* 5.3(3.6,7.1)

>55 20.2 (16, 24.4)* 19.2 (15.2, 23.3)
Hispanic Women

18-34 0.3 (0, 3.6) 0.3 (0, 3.5)

35-54 4.6 (0,9.1) 4.3 (0, 8.6)

>55 17.0 (9.1, 24.8) 16.7 (8.9, 24.5)

Abbreviations: MMP = Medical Monitoring Project; “NH”=Non-Hispanic.
Notes: The CKD case criterion was two eGFR values <60, which were > 90 days apart
without an intervening normal value. Prevalence estimates presented reflect the results

from multiple imputation model; across all strata and data sources, the difference between
the point estimates estimated from complete case (not presented) and M1 analyses was <1%.
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Chapter 3: Projected Demographic Composition of the United States Population of People
Living with Diagnosed HIV

Abstract

Introduction: The transformation of HIV from a fatal disease to lifelong disease has resulted in
an HIV-infected population that is growing and aging, placing new and increasing demands on
public programs and health services. We used National HIV Surveillance System and US census
data to project the demographic composition of the population of people living with diagnosed

HIV (PLWDH) in the United States through 2045.

Methods: The input parameters for the projections include: (1) census projections, (2) number
people with an existing HIV diagnosis in 2013, (3) number of new HIV diagnoses in 2013, and
(4) death rate within the PLWDH population in 2013. Sex-, risk group-, and race-specific
projections were estimated through an adapted Leslie Matrix Model for age-structured

populations.

Results: Projections for 2013-2045 suggest that the number of PLWDH in the U.S. will
consistently grow, from 917,294 to 1,232,054, though the annual growth rate will slow from
1.8% to 0.8%. The number of PLWDH aged 55 years and older will increase from 232,113 to
470,221. The number of non-Hispanic (NH) African Americans/Blacks and Hispanics is
projected to consistently grow, shifting the racial/ethnic composition of the US PLWDH
population from 32 to 23% NH-White, 42 to 38% NH-Black, and 20 to 32% Hispanic between

2013 and 2045.
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Conclusions: Given current trends, the composition of the PLWDH population is projected to
change considerably. Public health practitioners should anticipate large shifts in the age and

racial/ethnic structure of the PLWDH population in the United States.
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Introduction

In settings where antiretroviral therapy (ART) is widely accessible, HIV has transitioned from
being a debilitating and fatal disease to being a lifelong chronic disease.>* This transformation
has caused the population of persons living with diagnosed HIV (PLWDH) to consistently grow

in size® and for the age distribution to shift to older age groups.®

These demographic shifts are evident in the annual HIV surveillance reports published by the
Centers for Disease Control and Prevention (CDC)." ®>®® Between 2008 and 2013, the
proportion of the US PLWDH population that was over-55 increased from 16% to 25%.% Other
demographic characteristics, such as race/ethnicity and risk transmission category, remained
more stable in this six-year period. In 2013, 76% of the PLWDH population was male, and 43%,
32%, and 20%, respectively, was non-Hispanic Black, non-Hispanic White, and
Hispanic/Latino.® Over half of PLWDH were estimated to have contracted HIV through male-
to-male sexual contact; one-quarter through heterosexual sexual contact; and over 15% through

injection drug use (IDU).2

Several publications have explored how effective HIV prevention and care promotion initiatives
could impact the future number of incident cases, prevalent cases, and mortality among PLWDH
in the United States.**"* However, the future demographic profile of the US PLWDH population
has received limited attention, despite its considerable implications for HIV prevention and care
programs. We used National HIV Surveillance System and US census data to project the

demographic composition of the PLWDH population in the United States through 2045.
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Methods
Data source and Input Parameters

The input parameters for the projections are derived entirely from two data sources: National
HIV Surveillance System (NHSS) and the US Census Bureau Population Projections. NHSS is a
population-based surveillance system that collects data on PLWDH in the United States.’? It is
the primary data source for monitoring trends in HIV/AIDS diagnosis, size and composition of
the PLWH population, and mortality rates within the PLWDH population in the United States.”®
The United States Census Bureau produces projections of the US resident population by age, sex,
race, and Hispanic origin by applying a cohort-component method to 2010 Census data and

making assumptions about future births, deaths, and net international migration rates.”

Our projection model of the demographic composition of the US PLWDH population was based
upon four types of input parameters: (1) census projections of the general US population, (2)
estimated number of people known to be living with HIV, (3) estimated number of newly
reported HIV diagnoses in 2013, and (4) estimated mortality rates within the PLWDH population
in 2013. To minimize the influence of random year-to-year variation on estimates of parameters
(3) and (4), we applied multivariate regression models to 2008-2013 data to predict sub-group
specific 2013 diagnosis and mortality rate estimates." Observed versus predicted diagnosis
mortality rates are illustrated in Supplemental Figures 3.1 and 3.2. When very high mortality

rates were observed (e.g. 7-10% annual mortality), the prediction model tended to yield more

" For all sub-groups in 2008-2013, we estimated the annual diagnosis and mortality rates, according to these equations:
Annual Dx Rateye,,= (# of New Diagnoses)yeq/(# in General Population - Estimated # of PLWDH) vyeqr
Annual Mortality Rateye,= (# of Deaths among PLWDH)ye,/(Estimated # of PLWDH) ye,,
Then we used linear regression to estimate trends in estimated new diagnosis rates, using these equations:

log(Diagnosis Rate) = Year + Sex + Race/Ethnicity + Age Group + Risk Transmission Category + (AgeXRace interaction term)
log(Mortality Rate) = Year + Sex + Race/Ethnicity + Age Group + Risk Transmission Category + (AgeXRace interaction term)
We used results from the regression models to predict the estimated diagnosis rate and mortality rate in 2013.
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modest annual mortality rates (e.g. 6% annual mortality); otherwise the observed and predicted
mortality and diagnosis rates were similar. Migration was accounted for in all input parameters:
census projections account for assumptions about future trends in migration and immigrants with
HIV who enter the United States are reported as new diagnoses and are subsequently treated as

prevalent diagnosed cases.

Our projection model was implemented separately for 24 sub-groups, corresponding to (4
race/ethnicity groups X 4 transmission categories for men) and (4 race/ethnicity groups X 2
transmission categories for women). Within each of these 24 sub-groups, the model was
structured by 5-year age groups for MSM and 10-year age groups for the other risk groups. The
four race/ethnicity groups modeled were Non-Hispanic (NH) White, NH-Black/African
American, Hispanic/Latino, Other race/ethnicity groups. The six risk groups were men who
have sex with men (MSM), MSM who inject drugs (MSM-1DU), non-MSM male and female
persons who inject drugs (PWID), and heterosexual men and women. Transmission category
was assigned in hierarchical order of probability; for example, men who reported having male
and female sex partners prior to HIV diagnosis were assigned to the MSM category.*’ For
reported cases without an identified risk factor, CDC uses multiple imputation to assign a
plausible transmission category based upon other characteristics.” The future population size of
MSM, PWID, MSM-IDU, and heterosexuals was estimated by applying current risk group

76-79

estimates’®"® to 2012 census projections® of the US general population (Table 3.1). All

parameters derived from NHSS were statistically adjusted for reporting delays, accounting for

patient-level, facility-level, and jurisdictional-level factors that affect reporting delays.*’

Assumptions and Sensitivity Analyses
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The base model assumes that the HIV diagnosis rate and mortality rate will remain constant
between 2013 and 2045. Acknowledging that the diagnosis rate could decline in the future if
transmission rates decline (e.g. if HIV prevention interventions, including treatment as
prevention and pre-exposure prophylaxis, achieved higher efficacy and/or uptake), we conducted
a sensitivity analysis that illustrated how an annual 1% reduction in diagnosis rates among MSM
and a 0.5% reduction in diagnosis rates among all other risk groups, uniformly applied to all
races and age groups, would impact the projected demographic composition of the PLWDH
population in the United States. This modest reduction was applied relative to the preceding year
(e.g. the diagnosis rate for MSM in 2015 was 99% that in 2014), resulting in a 27.5% and 14.8%
decline in diagnosis rates among MSM and non-MSM, respectively, over the 32 year projection

period.

Model Mechanics

The count of PLWDH in each projected year is a summation of the count of PLWDH in each age
group. The latter corresponds to (1) prevalent cases from the prior time period who were already
in the age group or aged into the age group; and (2) newly diagnosed cases who were already in

the age group or aged into the age group, less the newly cases who died, as described in this

equation:
Hau = [Harosx (1) s (M| # [Ha o (=M )]+ [(Coe 1= Ha e ) % (1) % D] # [ (Cam -1 =B ) o= Dacy
Where the notation is defined as:
Ha ¢ number of individuals with HIV (Hg ¢ ) in an age category a at year t
Na number of years in age category a (e.g. for an age category of 25 to 34, n, =10)
Ma-1 annual mortality rate of HIV-diagnosed individuals in age category a — 1
Da-1 annual HIV diagnosis rate of individuals in age category a — 1

Cat- Hat number individuals not diagnosed with HIV, which equals
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[Census projections of the total number of individuals (Ca )] -
[number of individuals with HIV (H,,1)]

The model was implemented in Stata, Version 14.

Results

Projections for 2013-45 suggest that the number of PLWDH in the U.S. will consistently grow,
from 917,294 to 1,232,054, while the annual growth rate will slow from 1.8% to 0.8% (Figure
3.1). Figure 3.2 depicts the age distribution among men and women with diagnosed HIV
observed in 2013 and projected in 2025, 2035, and 2045. The number of PLWDH aged 55 years
and older will more than double between 2013 and 2045, from 232,113 to 470,221. The largest
shift in age structure will occur between 2013 and 2025, when the proportion of PLWDH aged
55 years and older will increase sharply from 25% to 38%. Thereafter, the relative age
distribution remains fairly stable, while the absolute number of PLWDH in each age group will

consistently grow.

While the size of the non-Hispanic (NH)-White PLWDH population is projected to peak in 2021
and thereafter decline, the number NH-African Americans/Blacks, Hispanics, and people of
other racial/ethnic backgrounds is projected to consistently grow throughout the period 2013-
2045 (Figure 3.3). These dynamics will shift the PLWDH population between 2013 and 2045
from 32% to 23% NH-White, 42% to 38% NH-Black/African American, 20% to 32%
Hispanic/Latino, and 5% to 7% other racial/ethnic background. This shift among PLWDH is
somewhat parallel to projected demographic trends in the general population, the percent of

which is anticipated to shift between 2013 and 2045 from 65% to 50% NH-White, 12 to 13%
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NH-African American/Black, 15% to 25% Hispanic, and 7% to 11% other race/ethnic group.
Because our demographic projections of the PLWDH population apply constant diagnosis rates
to census estimates of the general population, the estimated prevalence of diagnosed HIV is
projected to remain stable. In all projected years, the number PLWDH per 1000 people in the
general population was 2.1 to 2.2 for NH-Whites, 13.1 to 15.1 for NH-Blacks, 5.7 to 5.9 for

Hispanics.

Figure 3.4 details how the PLWDH population age structure currently varies by race/ethnicity
group, and how the age population structure is projected to shift over time. In 2013, the age
distribution for men and women in all four race/ethnicity groups is normally distributed, centered
around the 45-54 year old age group. By 2045, the age distribution of women with diagnosed
HIV is skewed toward older age groups in all race/ethnic groups. Among men with diagnosed
HIV, the age distribution remains fairly normally distributed for NH-Blacks/African Americans
and Hispanics, but is skewed toward older age groups among NH-Whites; specifically, 48% of
NH-Whites, 37% of NH-Blacks/African Americans, and 35% of Hispanics are projected to be
>55 years old in 2045. The percent of PLWDH >55 years old is slightly older than that projected
for the general population in 2045 (per US Census projections), which estimates that 44% of
NH-Whites, 35% of NH-African American/Blacks, and 29% of Hispanics will be >55 years old

in 2045.

The results presented in Figures 3.1-4 were given by the base model, which assumed the
estimated HIV diagnosis rate in 2013 would remain constant over time. In Figure 3.5, we
compare the projected number of PLWDH from the base model to the number given by a model
that allowed for the diagnosis rate to moderately decline over time (an annual reduction of 1%

for MSM and 0.5% for non-MSM). Whereas the base model projected that the PLWDH
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population in 2045 would be 34% larger than the PLWDH population in 2013, the model in the
sensitivity analysis estimated that the PLWDH population in 2045 would be 19% larger than the
population in 2013. The relative distribution across racial groups did not change in the
sensitivity analysis; however, the age distribution was proportionally older in the sensitivity

analysis compared to the base model.

Discussion

Given current trends, we project that the size of the PLWDH population will increase and its
demographic composition will change considerably. Our model projects that the US PLWDH
population will be increasingly comprised of ethnic minorities. While non-Hispanic Blacks will
comprise the largest proportion of the PLWDH population in all projected years, the number of
Hispanics/Latinos with HIV is expected to considerably increase in the coming decades. For
Hispanics/Latinos, the rapid population growth is largely driven by the population dynamics in
the US general population. In contrast, the growth of the non-Hispanic Black PLWDH
population reflects disparities in HIV incidence. These results underscore the importance of
expanding coverage of HIV care, treatment, and prevention programs to ethnic/racial minorities,
ensuring such programs are culturally and linguistically appropriate, and developing an HIV

medical and social services for older patients.

Our model projects that the number of PLWDH 55 years and older will more than double
between 2013 and 2045. An older PLWDH population has many implications for the provision
of HIV care, treatment, and prevention programs. Chronic disease and polypharmacy will
become more prevalent in an older PLWDH population, further complicating the delivery of

HIV care. HIV care providers will need to be more skilled in the care of chronic conditions
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affecting older populations and how those conditions interact with HIV infection and its
treatment; and clinical research will be needed to inform the changing demands of HIV care.
Budget analysts will need to forecast how care costs will change given increasing number of
elderly PLWDH. HIV prevention campaigns and programs may need to be adapted to ensure
that older people at risk for acquiring and transmitting HIV are reached by prevention messages

and services.

The projections made by our model are vulnerable to uncertainty around the input parameter
estimates and limitations of our modeling approach. The model is built upon three types of input
parameters: (1) US Census Bureau population projections, (2) estimates of the proportion of the
general population that is comprised of MSM, PWID, MSM-IDU, and at-risk heterosexuals, and
(3) 2013 National HIV Surveillance System (NHSS) estimates of prevalent HIV cases, new HIV
diagnoses, and deaths among PLWDH. US Census population projections are vulnerable to a
number of sources of error, most notably, unforeseen future departures from historical trends in
birth rates, mortality rates, and migration rates. The population estimates of MSM, MSM-IDU,
PWID, and high risk heterosexuals are crude and derived from national probability surveys,
which have their own sources of limitations. We applied these population estimates to all
demographic sub-groups, though the prevalence of risk behaviors could vary by age and
race/ethnicity and could vary over time. Indeed, existing population estimates suggest that
injection drug use (IDU) is more prevalent among NH-Whites and NH-Blacks/African
Americans than Hispanics and people of other racial/ethnic backgrounds®, and that IDU is
trending downward over time for most sub-groups, except young people who are increasingly

engaging in IDU.%
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There are several limitations of NHSS data, perhaps most notably duplicate case reporting. A
recent comparison of PLWDH population estimates based upon case reports versus an alternative
approach based upon HIV laboratory reports yielded findings that suggested that the former
approach considerably overestimated the number of people with diagnosed HIV in the United
States.”® The authors explain that duplicate case-reports can arise if out-of-state migration and
deaths are improperly accounted for within the surveillance system.* Since our model relied
heavily upon NHSS case report data, our projections might have amplified this bias, yielding

projections that over-estimate the future population size of the PLWDH population.

There are several limitations of our modeling approach. We used a static model that might
inadequately capture complex processes that could affect the demographic composition of the
US PLWDH population. In particular, the base model’s assumption that new diagnosis rates and
annual mortality rates would remain constant over time might be unrealistic. We compared
results from the base model to that of a model that allowed declining diagnosis rates, and found
that the results from the two models diverged over time. This sensitivity analysis serves as a
reminder that uncertainty tends to grow with each projected year. Indeed, major technological
advancements in HIV prevention (e.g. vaccines) and cure could occur in future decades,
potentially nullifying the applicability of our projections to the future context of HIV population
parameters. The projections made by this model did not account for children and adolescents
with HIV, adults who contracted HIV through some other route besides sexual contact and
injection drug use, and r people who died the same year they were diagnosed with HIV.
However, these groups would comprise a very small proportion of the PLWDH population and

would thus have little influence on the composition of the overall PLWDH population.*’
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Although the projections yielded by our demographic model may be imperfect, they are based
upon the best data available on the population structures of the US general and PLWDH
populations, and thus provide insight into how the demographics of the PLWDH population may
change in the future. HIV care and prevention programs in the United States should anticipate
the increasing size of the US PLWDH population and its considerable shift in age and
racial/ethnic composition. These changing population dynamics should be considered in current
decisions about resource allocation, human resource needs, HIV-prevention programs, and

design of research studies.
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Table 3.1: Estimated Proportion of the US Adults in Each HIV Risk Group

Sub-Group Percent of Assumption Source
General
Population
Men
MSM (non-IDU) 3.63% 3.9% of general male population are MSM 8
93.1% of MSM population is non-1IDU
[[931 X .039] =.0363
IDU (non-MSM) 3.22% 3.6% of general male population are IDU .78
89.5% of male IDU population is non-MSM
[.895 X .036] = .0322%
MSM-IDU 0.27% 6.9% of MSM population are IDU 7
[.069 X .039] = 0.0027
Heterosexual 84.1% 84.1% of men have had sex, but never had sex 7
with a man or injected drugs.
Women
IDU 1.6% 1.6% of female population has history of IDU 8
Heterosexual 89.4% 89.4% of women have had sex with a man, but 7

never injected drugs.

Note: A five-year recall period was used for MSM estimate; report of ‘ever’ injecting drugs was used for IDU estimate.
Percentages do not sum to 100%, because it is assumed that some adults do not engage in any behaviors that pose HIV risk.
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Figure 3.1: Projected Growth of the Population of People Living with Diagnosed HIV in the United
States in 2013-2045
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Figure 3.2: Current and Projected Population Age Pyramid Corresponding to People Living with
Diagnosed HIV in the United States in 2013, 2025, 2035, and 2045.
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Figure 3.3: Projected Number of People Living with Diagnosed HIV in the United States in 2013-
2045, by Race/Ethnicity

53



NH-White

|
100 50 0 50

Population in thousands

Hispanic

65+
5-64
54

-44
5-34

<25

|
100 50 0 50

Population in thousands

2013 (Observed)

NH-Black/African American

+

<25

50 0 50
Population in thousands

Other Race/Ethnicity

B85+
5564
45-54
35-44
25-34
<25

50 0 50
Population in thousands

[ vales

B Females |

! |
100 100 50 0 50

Population in thousands

Hispanic

| I
100 100 50 0 50

Population in thousands

2045 (Projected)

NH-Black/African American

<25

1 | |
100 100 50 0 50 100
Population in thousands

Other Race/Ethnicity

1 |
100 100 50 0 50 100
Population in thousands

[ BN vales NN Females |

Figure 3.4: Projected Population Pyramids, by Race/Ethnicity, Corresponding to People Living with Diagnosed HIV in the United States in 2013 and
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Figure 3.5: Evaluating the Influence of the Assumption of Constant Diagnosis Rates on the
Projected Number of People Living with Diagnosed HIV: Comparison of Base Model (in blue) to
Model that Allows Diagnosis Rates to Decline* Over Time (in red).

Notes: The model corresponding to the blue line assumed that estimated diagnosis rates in 2013 would
remain constant across all projected years; the model corresponding to the red line assumed that the
diagnosis rates would decline annually by 1% for MSM and 0.5% for all other risk groups.
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Supplementary Figure 3.1: Comparison of Diagnosis Rates Observed in 2013 (X-axis) to Diagnosis Rates Estimated through Prediction Models, by Risk

Transmission Category.

Note: Panel A and Panel B differ in terms of scale: Panel A presents data corresponding to sub-groups with observed diagnosis rates less than 5 per 1000 people,
whereas Panel B presents data for all sub-groups included in the model. Each point represents one of the sub-groups included in the model (e.g. Hispanic MSM

ages 15-19).
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Supplemental Figure 3.2: Comparison of Annual Mortality Rates among People Living with
Diagnosed HIV in 2013 (X-axis) to Mortality Rates Estimated through Prediction Models, by Risk

Transmission Category.

Note: Each point represents one of the sub-groups included in the model (e.g. Hispanic MSM ages 15-
19). A mortality rate of .06 corresonds to 6 deaths per 100 PLWDH.
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Chapter 4: Integration of HIV Surveillance & HIV Control Interventions:
Impact on Data Quality and Program Metrics

Abstract

Objectives: The purpose of HIV surveillance in the United States is evolving. We describe
Public Health- Seattle & King County's processes for investigating newly reported cases and
integrating HIV surveillance and field services, and we evaluate how integration affects data

quality and program indicators.

Methods: We analyzed HIV case reports, reported laboratory records, medical records, and
partner services databases; estimated program metrics; and assessed the relationship between

partner services and timely linkage to care using multivariate Poisson regression models.

Results: In 2010-2015, 2850 people entered the King County surveillance system, of whom 52%

were newly diagnosed, 41% had a confirmed prior diagnosis in another state, and 7% had an
unconfirmed prior diagnosis. The number of in-migrants increased, while the number of new
diagnoses decreased over time (p<.0001). Participation in partner services was associated with
linking to care within 30 and 90 days of diagnosis (aRR30 days=1.11, 95%CI1=1.03-1.19; aRRgo

days=1.10, 95%C1=1.05-1.16).

Conclusions: Integration of HIV surveillance, partner services, and linkage to care efforts
facilitated the identification of in-migrants with HIV and delivery of a comprehensive outreach

package to newly diagnosed cases.
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Introduction

The purpose of HIV surveillance in the United States is changing. For almost three decades,
state and local health departments in the U.S. have used HIV surveillance data to monitor the
growth of the HIV epidemic and define the populations most affected by HIV/AIDS. Scientific
evidence demonstrating that effective treatment prevents HIV transmission® | that early
treatment initiation improves clinical outcomes®, and that a large number of persons living with
HIV are not engaged with care*” have led to fundamental changes in HIV prevention, with a new
emphasis on case-finding and treatment. This emphasis has also changed the role of surveillance
as many health departments increasingly rely on surveillance data to direct public health
interventions, a strategy the Centers for Disease Control and Prevention (CDC) has called Data-
to-Care.®® In this new paradigm, surveillance data are needed that track specifically which
individuals are currently living in-jurisdiction and their current health status, rather than just case

numbers and demographic descriptions.

Surveillance data with protected health information (PHI) are collected and managed by local
and state health departments, and these departments submit data without names to CDC. CDC
then uses non-name identifiers to attempt to de-duplicate cases. However, without a centralized
repository of truly identifiable case surveillance data, cross-jurisdictional migration can result in
duplicate case reporting.*> To varying extents, health department HIV programs investigate each
case that newly enters their local surveillance system with the goals of 1) determining if a newly
reported case is a new diagnosis and to characterize the epidemiologic features of that case; 2)
ensuring that newly diagnosed cases successfully link to medical care; and 3) providing partner

services, an intervention designed to deliver HIV testing, other prevention services (including
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PrEP referrals®), and treatment (if needed) to the sex and needle sharing partners of newly

diagnosed HIV cases.

In many areas, these three goals are not well integrated. In some instances, separate surveillance,
partner services, and linkage to care teams address each goal with minimal coordination or
communication. Starting in 2001, the Public Health — Seattle & King County (PHSKC)
HIV/STD Program began integrating surveillance and field services with the objective of more
efficiently achieving each of the above goals.®” We have previously described the outcomes of
partner services efforts in identifying new cases of HIV infection in King County.®® % Here we
describe our approach to managing newly reported cases and evaluate how integrating HIV
surveillance with field services affects surveillance data quality and linkage to care and partner

services indicators.
Methods
Description of PHSKC's Approach to HIV Surveillance and Outreach Programs

HIV/AIDS reporting requirements in Washington State have evolved over time. Prior to 1999,
only AIDS and symptomatic HIV were reportable by name. From 1999 to 2006, new HIV
diagnoses were reportable, but Public Health used a confidential code instead of names to
identify cases. Since 2006, Washington State law has required that health care providers report
all new HIV and AIDS diagnoses by name and that laboratories report tests confirming HIV
infection, HIV viral load (detectable and undetectable), and CD4+T-lymphocyte test results of
any value by name.*® While the Washington Administrative Code (WAC) calls for all diagnoses
of HIV disease to be reported to local health authorities within 3 working days of diagnosis, the

majority of all cases are found initially through receipt of an HIV-indicative laboratory test
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result. Most laboratories and healthcare facilities in Washington State submit laboratory data
electronically using either a delimited flat file or via the Public Health Reporting of Electronic
Data (PHRED) system, which is managed by the Washington State Department of Health
(DOH). All data received are formatted for upload into the HIV Laboratory Tracking Database
at DOH and matched bimonthly against the Enhanced HIV/AIDS Reporting System (eHARS), a
web-based platform that enables HIV surveillance data to be securely entered, stored, managed,
and reported to the CDC. Laboratory data that match previously existing cases are retained in
the Laboratory Tracking Database with a corresponding identifier and subsequently uploaded
into EHARS and linked to existing records corresponding to the case. Laboratory results that do
not match a known case are returned to Local Health Jurisdictions (LHJs), such as PHSKC, for

follow up investigation based on the geographic location of ordering provider/facility.

The PHSKC field services unit is divided into specialty teams assigned to specific infections and
populations. The HIV partner services team, which is also tasked with ensuring that persons
with newly diagnosed HIV link to HIV medical care, is one of these, and consists of two Disease
Intervention Specialists (DIS) (1.4 fulltime equivalent) and a surveillance coordinator. The DIS
with primary responsibility for the team’s work is jointly funded using HIV surveillance and
partner services grant funding and shares an office with the HIV surveillance coordinator in the

PHSKC STD Clinic.

When a potentially new case of HIV is identified, the team initially determines whether the case
was previously recorded in Washington State eHARS. If the case does not already exist in
eHARS, staff members review the case’s medical records to retrieve contact and demographic
information, diagnostic and clinical data surrounding their diagnosis, and ascertainment of risk

exposure and reasons for testing. PHSKC has an agreement with the majority of the large
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healthcare organizations in King County that provides surveillance and field services staff
remote access to electronic medical records (EMRs) for case reporting and other disease control
efforts. For smaller facilities in the area, PHSKC DIS complete case reporting activities either
via telephone conversations with staff or with onsite chart reviews. If in the course of chart
review or other investigation activities staff find evidence suggesting that a case moved to
Washington after being diagnosed in another state, staff call the surveillance team in the other
state to determine the case’s earliest HIV diagnosis date and residence at diagnosis, resolve

missing or conflicting case data, and discuss likely current residence.

The field services team attempts to contact all persons without evidence of a prior HIV diagnosis
and all previously diagnosed cases that are not known to be virally suppressed. DIS only
routinely provide partner services to persons with newly diagnosed HIV infection, but seek to
ensure linkage to care for all unsuppressed persons with newly reported HIV infection. DIS in
King County have not undergone any formal training in linkage to care, nor do they employ a
defined behavioral intervention to promote linkage to care. They do not close investigations of
persons with newly reported HIV infection until they have confirmed that a case has linked to
care or until the DIS, DIS supervisor, and program medical officer determine that additional
efforts to promote linkage are futile. We define confirmed linkage based on the presence of a
laboratory test result in surveillance that was ordered by an HIV medical provider or medical
record review or direct communication with a healthcare facility demonstrating attendance at a
visit with an HIV medical provider. Most newly diagnosed cases are invited to participate in the
PHSKC One on One program, which allows patients to be seen by a public health medical

provider for a clinical assessment, initial laboratory evaluation (CD4 lymphocyte count and HIV
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RNA), and counseling, usually within several days of diagnosis.”* Ensuring that all patients link

to care is a central goal of the One on One program.

The HIV program's medical officer, surveillance epidemiologists, field services supervisor, and
DIS who provide HIV partner services meet monthly to discuss the status of all newly reported
cases, facilitating the exchange of information between field services, surveillance and medical
staff, and allowing the team to develop strategies to assist persons with HIV infection thought to
be at high risk for treatment failure or HIV transmission and partners who are at high risk for

HIV acquisition.
Evaluation Overview

We hypothesize that the integrative processes described above have improved (1) surveillance
data quality, specifically in terms of distinguishing newly diagnosed cases from imported cases
(e.g. cases that move into jurisdiction after being diagnosed with HIV in another state or
country), and (2) linkage to care and partner services metrics. These hypotheses are explored

using programmatic and surveillance data.
Data Sources

Several data sources were used in our analyses: eHARS, reported laboratory records, STD Clinic
records, EMRs, and partner services databases. The following elements in eHARS were utilized
in the analysis: year case entered the King County surveillance system, date of HIV diagnosis
(and corresponding facility), date of birth, sex at birth, and risk transmission category. Date of
specimen collection on reported laboratory records was assumed to be a marker for an HIV care
visit and was used to evaluate linkage to care. STD Clinic records corresponding to the One on
One program were used to identify cases who had participated in this program. Since the results
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from CD4 and viral load tests ordered for One-on-One are often subsequently shared with HIV
treating clinicians who may not immediately repeat the tests, we abstracted date of first care visit
(as indicated in EMR) for a subset of One-on-One participants (n=132) who receive care at a
facility that permits PHSKC EMR access for surveillance purposes, rather than relying on

reported laboratory result to approximate date of care initiation.

PHSKC has used a series of locally developed partner services databases designed to meet
programmatic needs. The partner services databases have been used to capture both partner
services interview data, as well as investigative notes. In 2014, we started assigning a
disposition to each newly reported case indicating whether the case was newly diagnosed or had
confirmed or unconfirmed evidence of being diagnosed within or outside the U.S. Prior to 2014,

this information was captured less systematically in other fields.

Analysis

Our analysis describes cases that entered the King County surveillance system between 2010 and
2015. For the purposes of national HIV surveillance, cases with evidence of a prior diagnosis
that is unconfirmed by another jurisdiction’s HIV surveillance program are classified as newly
diagnosed. In this analysis, cases with unconfirmed evidence of a prior diagnosis (obtained
through self-report or medical record review) are differentiated from cases that appear to be true

new diagnoses.

Our analysis has multiple components. First, we illustrate trends in the number of new diagnoses
and imported cases between 2010 and 2015 and show how the classification of cases with
unconfirmed evidence of a prior diagnosis affects estimated trends. Second, we compare

characteristics of cases reported as new diagnoses for the purposes of national HIV surveillance,
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cases that were newly diagnosed without any evidence of a prior diagnosis, and cases that had
unconfirmed evidence of a prior diagnosis; differences between the two latter groups were
assessed with chi-squared tests. All subsequent analyses were restricted to newly diagnosed
cases without any evidence of a prior diagnosis. Third, we report the percent of newly diagnosed
cases that participated in partner services and One-on-One and other program metrics
corresponding to these programs. Finally, we determined the proportion of newly diagnosed
King County cases that appeared to link to HIV care, outside the context of a One-on-One
session, within 30, 60, 90, and 365 days of diagnosis overall and by receipt of partner services.
We used multivariable Poisson regression with robust error variance to assess the relationship
between receiving partner services and linking to care within 30 and 90 days of diagnosis,
adjusting for year of diagnosis, diagnosing facility type, age at diagnosis, sex at birth,
race/ethnicity, nativity status, and risk transmission category. All analyses were performed in

Stata 13 (StataCorp, College Station, TX).

Results

Between 2010 and 2015, 2850 people newly entered the King County HIV Surveillance System.
Of those persons, 1677 (60%) were classified as new HIV diagnoses for the purposes of national
HIV surveillance, 204 (12%) of whom self-reported a prior HIV diagnoses or had information
recorded in their medical record indicating that they had previously been diagnosed with HIV.
Of cases classified as newly diagnosed for the purposes of national HIV surveillance, 87% were
male and 5% non-Hispanic White; 59% were between the ages of 20 and 40 at time of diagnosis;

73% were known to be men who have sex with men (MSM); and 28% were known to have been
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born outside the United States (Table 1). The 204 cases that were reported as new diagnoses in
2010-2015 but had evidence of a prior diagnosis were more likely to be female, a racial/ethnic
minority, foreign-born, heterosexual, and to have entered the King County Surveillance system

in 2014 than cases that did not have evidence of a prior diagnosis.

Figure 1 presents trends in the number of previously reported imported cases and new HIV
diagnoses in King County, 2010 to 2015, separating new diagnoses into those reported as new
for the purposes of national surveillance (regardless of local evidence of a previous diagnosis)
and those that were new diagnoses according to all available data sources, including unconfirmed
self-report. The number of new diagnoses declined from 2010 to 2015, concurrent with an
increase in the number of imported cases. The percentage of all cases entering the surveillance
system that PHSKC reported as being new for the purposes of national surveillance declined
from 67% in 2010 to 51% in 2015. The proportion of cases entering the surveillance system that
were newly diagnosed without any evidence of a prior diagnosis declined from 59% in 2010 to

45% in 2015.

All subsequent analyses excluded cases with confirmed or unconfirmed evidence of a prior HIV
diagnosis. A total of 390 newly diagnosed persons (27%) participated in the One on One
program at the STD Clinic, 56% of whom were seen in One on One within one week of the date
their blood was obtained for HIV testing. After participating in One-on-One, 89% linked to HIV
care within 90 days of their diagnosis. Nearly all (98%) newly diagnosed cases were initiated for
partner services, 84% were successfully contacted, and 80% were interviewed. DIS inability to
locate the case and the case refusing partner services were the most common reasons for not

receiving partner services.
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The percentage of newly diagnosed cases that linked to care within 30 days of diagnosis
significantly increased between 2010 and 2015 (72% to 90%, p<.0001). A modest increase was
observed in the percent linking to care within 90 days of diagnosis (88% to 94%, p=0.213). In
unadjusted analyses, the percent that had linked to care within 30 and 90 days of diagnosis was
greater among cases that had received partner services versus those that had not (30 days: 80%
Vs. 76%, RR: 1.05 (95% CI=10.98, 1.13) p=0.21; 90 days: 92% vs. 86%, RR: 1.09 (95% CI=
1.03, 1.15), p<.0001). Controlling for demographic characteristics and other factors, linkage to
care within 30 and 90 days of diagnosis was significantly greater among cases that had received
partner services compared to those that had not (aRR3q days,=1.11, 95% C1=1.03-1.19, p=.004;
aRRgp days,=1.10, 95% CI=1.04-1.16, p=.001). None of the demographic characteristics were
significantly associated with linking to care within 90 days, though cases diagnosed in 2015 were
significantly more likely to link to care within 30 and 90 days of diagnosis compared to cases
diagnosed in 2010 (aRR3 gays,=1.25, 95% C1=1.15-1.36, p<.0001; aRRgp days,=1.07, 95%

Cl=1.02-1.14, p=.008).

Discussion

Over the course of the last decade, PHSKC has increasingly integrated HIV surveillance
investigations with HIV partner services and efforts to promote linkage to HIV medical care.
This process has improved HIV surveillance data, and our findings suggest that, along with
improvements in national data and surveillance processes, our approach has allowed our health

department to better estimate the true number of new HIV diagnoses in our jurisdiction. It has
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also allowed us to achieve near universal linkage to HIV care through a process that relies

primarily on DIS to coordinate, monitor and assure patients’ entry into medical care.

Our findings suggest that integrating surveillance and field services improves HIV surveillance.
The growing ratio of in-migrants with prior diagnoses (“imported cases”) to new diagnoses in
King County likely reflects population growth in King County®?, much of which is a result of in-
migration®, increased ascertainment of in-migration as HIV surveillance staff have increased
their focus on this disposition, and improved quality of national surveillance data. While our
ratio of imported cases to new diagnoses might be greater than elsewhere, it is plausible that the
ratio of imported cases to new diagnoses is increasing throughout the United States. Newly
diagnosed HIV cases comprise a small and decreasing percentage of all people living with
diagnosed HIV (PLWDH).2  Assuming that the rate of annual out-of-state migration among
PLWDH is fairly constant, the number of prevalent cases that move across state boundaries in a

given year is likely increasing and might soon surpass the number of new diagnoses.

The increase in imported cases has implications for health department surveillance data quality
and the workload associated with new case investigation. Thorough investigation of each case
entering the surveillance system is needed to prevent duplicate case reporting, a data quality
issue that is difficult to resolve® and threatens the validity of surveillance data*, and to improve
the efficiency of outreach programs designed for people newly diagnosed with HIV. In our
experience, strategies that improve a surveillance program’s ability to distinguish imported cases
from new diagnoses include: dedicated staffing, negotiating electronic access to medical record
systems, establishing routine calls with jurisdictions with large PLWDH populations and
integrating surveillance with HIV partner services. A separate, related issue is that cases likely

to have been diagnosed outside the U.S. before immigrating to the U.S. are classified as new
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diagnoses for surveillance purposes. In King County, this led to an almost 12% overestimate of
new diagnoses and an overestimate of the proportion of new diagnoses comprised of non-
Hispanic Blacks, women, and heterosexuals. Although imported cases of HIV need to be
included in surveillance data, efforts to evaluate local transmission patterns and prevention
programs would ideally exclude such cases as they are not avertable through local prevention

activities.

Our findings highlight the feasibility and value of integrating linkage to care with HIV partner
services and public health clinical services. In many areas of the U.S., persons newly diagnosed
with HIV must interact with multiple people from different agencies before seeing an HIV
medical provider, a trying process that contributes to delays in linkage to care. PHSKC strives to
streamline this process. DIS discuss both partner services and linkage to care topics when they
meet with newly diagnosed cases, and One on One enables newly diagnosed cases to receive
immediate clinical evaluation. These activities occur at the PHSKC STD Clinic, illustrating how
such clinics can play a larger role in high impact HIV prevention and can facilitate an integrated
approach to management of newly diagnosed cases of HIV. Program metrics, including time to
linkage to care, appear to have improved after PHSKC integrated its approach to patient care and
HIV control activities (i.e. partner services). The higher level of linkage we observed among
partner services recipients is consistent with a prior report from New York City®® and adds to the
evidence that field services can be an effective population-based approach to promoting linkage
to care. This approach may complement individual level interventions, like the Antiretroviral
Treatment Access Study (ARTAS)®, and are consistent with ongoing efforts in other parts of the
U.S. designed to rapidly initiate antiretroviral therapy among persons with newly diagnosed

HIV.Y
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There are limitations to the surveillance data included in these analyses and perhaps to the
generalizability of our experience. The observed trends in number of new diagnoses and
imported cases might be, to an unknown extent, influenced by changes in surveillance practices.
Many analyses relied upon the date of HIV diagnosis, a field in eHARS that might imperfectly
align with actual diagnosis date. Similarly, date of first reported CD4 or viral load result may
imperfectly align with date of care initiation.”® For example, incomplete laboratory reporting of
CD4 counts and viral loads and care visits without laboratory orders may cause the time from
diagnosis to linkage to care to be overestimated. Also, the multivariate model we used to assess
the relationship between partner services and linkage might have inadequately controlled for all
sources of confounding. Finally, King County has a relatively well funded HIVV/STD program
and a relatively small number of new HIV cases compared to many other U.S. jurisdictions.
Some aspects of our approach may prove difficult to implement in areas with more limited
resources or larger epidemics, though DIS responsible for investigating new HIV cases in King
County carry relatively large caseloads compared to many jurisdictions with larger epidemics. It
should also be noted that despite high levels of linkage to care, 19% of PLWDH in King County

are not suppressed, highlighting the need to address each step on the HIV care continuum.

In summary, we found that integrating surveillance and field staff into a team responsible for
investigating new cases of HIV, providing partner services and ensuring PLWDH link to care
was feasible. This approach allowed us to integrate new data elements into case investigations
that are relevant to understanding our local epidemic (i.e. prior HIV diagnosis, nativity and
timing of immigration), and resulted in near universal linkage to HIV care. Our system of
integration also included an important role for our STD clinic as a site for rapid evaluation of

persons with newly diagnosed HIV infection, further illustrating the benefits of deploying an
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interdisciplinary team that utilizes diverse public health resources to efficiently respond to new
HIV cases. CDC is now encouraging state and local public health HIV/STD programs to better
integrate their surveillance and prevention activities. Our experience supports this direction and

may be a model for some other jurisdictions.

71



Table 4.1: Characteristics of Newly Diagnosed Cases Reported in King County, 2010-15

Of Reported New Diagnoses:

Reported New  No Evidence of Had Evidence of p-value
Diagnosis Prior Diagnosis Prior Diagnosis
(n=1677) (n=1473) (n=204)
# (%) # (%) # (%)
Sex at Birth
Male 1454 (87) 1310 (90) 144 (71) <.0001
Female 223 (13) 163 (11) 60 (29)
Age at HIV diagnosis
13-19 36 (2) 31(2) 5(@3) 0.172
20-29 474 (28) 430 (29) 44 (22)
30-39 523 (31) 456 (31) 67 (33)
40-49 382 (23) 331 (23) 51 (25)
50-59 201 (12) 176 (12) 25 (12)
60+ 61 (4) 49 (3) 12 (6)
Race/Ethnicity
White 915 (55) 859 (58) 56 (28) <.0001
Black 333 (20) 241 (16) 92 (45)
Hispanic 238 (14) 219 (15) 19 (9)
Asian 123 (7) 88 (6) 35 (17)
Am. Indian/Alaskan Native 12 (0.7) 12 (0.8) 0(0.0)
Pacific Islander 13 (0.8) 12 (0.8) 1(0.5)
Multi-Racial 43 (3.0) 42 (3) 1(0.5)
Nativity
US born 1097 (65) 1033 (70) 64 (31) <.0001
Foreign born 471 (28) 338 (23) 133 (65)
Unknown 109 (7) 102 (7) 73)
Risk Transmission Category
MSM 1102 (66) 1023 (70) 79 (39) <.0001
IDU 57 (3) 51 (4) 6 (3)
MSM- IDU 118 (7) 112 (8) 6 (2.9
Heterosexual 251 (15) 175 (12) 76 (37)
Other 6 (0.4) 2(0.1) 4(2)
Not Reported 143 (9) 110 (8) 33 (16)
Year of Diagnosis
<2009" 70 (4) 39 (3) 31 (15)
2010 320 (19) 293 (20) 27 (13) <.0001
2011 269 (16) 248 (17) 21 (10)
2012 281 (17) 256 (17) 25 (12)
2013 247 (15) 218 (15) 29 (14)
2014 270 (16) 222 (15) 48 (24)
2015 220 (13) 197 (13) 23 (11)
Diagnosing Facility*
Outpatient clinic 696 (42) 625 (42) 71 (35) <.0001
PHSKC STD Clinic 351 (21) 336 (23) 15 (7)
HIV/MSM Specialty Clinict 300 (18) 209 (14) 91 (45)
Inpatient 140 (8) 127 (9) 13 (6)
HIV Community Based Org. 102 (6) 102 (7) 0(0)
ED/Urgent Care 56 (3) 50 (3) 6 (3)
Other 32 (2) 24 (2) 8 (4)

"Cases diagnosed in 2009 were included in the analysis if they entered the KC surveillance system in 2010.

*As indicated in eHARS

tRefers to clinics that provide HIV care, including the Harborview Madison Clinic, as well as private practices that are known to explicitly serve
the LGBT community.
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Figure 4.1: Number of Cases Newly Entering King County HIV Surveillance System, by Jurisdiction at Diagnosis
The dashed lines represent what PHSKC reported to CDC. The solid lines represent PHSKC’s classification of cases per locally available data.
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Table 4.2: Time from Diagnosis to Linkage to HIV Care, Overall and by Partner Services Status, among 1468 People
Newly Diagnosed with HIV in King County, 2010-2015"

Percent Linked to Care within: Linked to care within:
30 Days 60 Days 90 Days 365 Days 30 Days 90 Days
aRR” (95% CI) aRR” (95% CI)
All New Cases 79.0 87.7 90.8; 96.131
Received Partner Services 79.7 88.7 92.2 97.5 1.11(1.03,1.19)* 1.10(1.04, 1.16)%
No Partner Services received 76.4 83.8 85.5 90.5 1.00 1.00

#Excludes 209 cases that had evidence of an unconfirmed prior diagnosis (n=204) or were diagnosed in a correctional setting (n=5)
*p<.05, *p<.01, $p<.001, § p<.0001
~Adjusted for age, sex, race/ethnicity, nativity, diagnosis year, risk transmission category, and facility type.
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Chapter 5: Conclusion

This dissertation utilized data from a number of different sources to describe the current burden
of co-morbidities among PLWDH, project the future demographic composition of the US
PLWDH population, and to evaluate how programmatic integration influences surveillance data
quality and program metrics. Evaluating surveillance data, identifying its limitations, and
developing analytic strategies to addressing identified limitations were key goals of each aim.
The description of this process was intentionally detailed in order to inform others who evaluate

HIV surveillance data at the local, state, and federal U.S. government levels.

MMP and CNICS, despite the considerable differences in their design, yielded generally similar
estimates of the prevalence of diabetes, chronic kidney disease, and hypertension after the
definition and statistical evaluation of these conditions were reconciled between the two data
sources. Both data systems suggest a considerable burden of diabetes, hypertension, and chronic
disease among older adults with HIV. This analysis demonstrated the sensitivity of the disease
prevalence estimates to (1) case definitions, (2) assignment of disease status for people without
complete documentation corresponding to case definitions, and (3) the underlying demographics

of the study population.

The demographic model illustrated that the demographic composition of the U.S. PLWDH
population will continue to grow in size and will be increasingly comprised of ethnic minorities.
The model forecasts that the number of older PLWDH will increase while their proportion

relative to other age groups will stabilize by 2025.
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Findings from these first two aims have considerable implications for HIV programs and
planning. The demands of the HIV care population will grow in the future, both in terms of the
number of patients needing services and the nature of the services and care needed. While
observational data, like NHSS, MMP, and CNICS, allow for the demographic and health status
of PLWH to be routinely monitored, determining how best to incorporate the interconnected
issues of aging, co-morbidity, racial/ethnic health disparities, population growth into HIV health
service planning needs to be informed by rigorous study. Additional research is needed on how
antiretroviral therapies (ART) interact with the numerous drugs that treat common chronic
diseases; how the various ART regimens might differentially impact chronic conditions; what
strategies to managing multi-morbidity will be feasible for patients to consistently adopt; the
degree to which PLWDH are adherent to clinical recommendations pertaining to chronic disease

management; and how all of the above might differ by patient characteristics.

The analysis of King County surveillance data was motivated by concerns that the validity of the
results from the demographic model might be threatened by duplicate case reporting. We used
local surveillance data to illustrate how program integration can improve data quality - and vice
versa - how surveillance data can be used to improve program metrics. Our thorough description
of PHSKC’s approach to investigating newly reported cases of HIV and the collaboration
between the HIV surveillance, field services, and clinical services teams might serve as a model
for other HIV control programs looking for strategies to improve program integration. Our
analysis revealed that more than half of cases new to the King County HIV surveillance system
were in-migrants (as opposed to new diagnoses), and the ratio of in-migrants to newly diagnosed
cases is increasing over time. This trend is unlikely unique to King County, as the number of

PLWDH migrating across state boundaries each year is likely growing concurrently with the
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growth of the US PLWDH population. In addition to underscoring the importance of case
investigations as a means to prevent duplicate case reporting, this conclusion raises an important
question of whether the current surveillance system, at least as it's currently designed, is capable

of effectively addressing the growing number of migrants with HIV.

In conclusion, the systems in place to monitor the characteristics and health status of the U.S.
PLWDH population are complex and may need to be adapted in light of the projected growth of
the PLWDH population. Existing data suggest that chronic disease is currently prevalent among
PLWDH, though more research is need to inform how best to manage patients affected by HIV
and other chronic conditions. Given current population parameters, the PLWDH population is
projected to grow more disproportionately comprised of racial/ethnic minorities. Structural
interventions are needed to address health disparities and promote care engagement among all

PLWDH.
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