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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 diabetes (DM) and chronic kidney disease (CKD) 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 and CKD in MMP was 12.7% and 7.6%, respectively, and the overall
prevalence of DM and CKD in CNICS was 9.9% and 8.3%, respectively; prevalence estimates
increased with age in both data sources. After reconciling the approach to analyzing MMP and
CNICS data, sub-group specific prevalence estimates of DM and CKD was generally similar in
both data sources. Both data sources suggest a considerable burden of disease among older
adults in HIV care. MMP and CNICS can provide reliable data to monitor HIV co-morbidities in
the US.
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Introduction

Although the majority of adults receiving HIV care in
high income countries are virally suppressed (Althoff
et al., 2012; Bradley, Mattson, Beer, Huang, & Shouse,
2016; Raymond, Hill, & Pozniak, 2014), people living
with HIV (PLWH) are nonetheless disproportionately
affected by cancer (Grulich, van Leeuwen, Falster, & Vaj-
dic, 2007; Rasmussen et al., 2015), cardiovascular disease
(Freiberg et al., 2013; Lang et al., 2010; Rasmussen et al.,
2015; Triant, Lee, Hadigan, & Grinspoon, 2007; Womack
et al., 2014), kidney disease (Abraham et al., 2015; Goulet
et al., 2007; Guaraldi et al., 2011; Rasmussen et al., 2015),
liver disease (Goulet et al., 2007; Rasmussen et al., 2015),
metabolic disorders (Monroe, Glesby, & Brown, 2015;
Samaras, 2009), and other chronic diseases (Rasmussen
et al., 2015). 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 (Warriner,
Burkholder, & Overton, 2014). 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, representative-
ness of the PLWH population, and approach to analyses
vary widely. Not surprisingly, the estimated burden of
co-morbidities varies substantially by data source. For
example, the estimated prevalence of kidney disease
was 3% among Veterans Administration patients
(measured by ICD-9 codes) (Goulet et al., 2007), 8%
among Medicare beneficiaries (measured by ICD-9
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codes) (Gilden, Kubisiak, & Gilden, 2007), and 15% in a
CDC cohort study (measured by medical record data on
diagnoses, medications, and lab results) (Buchacz et al.,
2012). The extent to which these differences in estimated
prevalence are attributable to differences in patient
population, case definition, study design, or analytical
approach is difficult to discern. Evaluations of chronic
disease in the general population commonly face these
challenges (Goodman, Posner, Huang, Parekh, & Koh,
2013).

The Medical Monitoring Project (MMP) and the Cen-
ters 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 track-
ing the impact of the NHAS [National HIV/AIDS Strat-
egy] and the ACA [Affordable Care Act] on HIV care”
(IOM, 2012). MMP was designed to monitor health indi-
cators in a sample representative of the HIV care patient
population and provides annual point prevalence esti-
mates for many behavioral and clinical outcomes (Fran-
kel et al., 2012). CNICS collects longitudinal data in a
large cohort of patients receiving care in eight univer-
sity-affiliated clinics, thus enabling patient health trajec-
tories and causal relationships to be assessed (CNICS,
2014). Even though MMP and CNICS have different
purposes and designs, they are often queried to assess
the same health issues, including HIV co-morbidities.
These two data systems have never been directly com-
pared, though they provide the opportunity for data
triangulation.

Our primary objective is to demonstrate methodo-
logical tactics that can enhance the comparability of
independent data sources. Our secondary objective is
to estimate and compare the prevalence of diabetes
(DM) and chronic kidney disease (CKD) in MMP and
CNICS.

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 behav-
ioral data. 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 jurisdic-
tions), and patients who received care at participating
facilities in January–April in a given year. Detailed inter-
views and medical record abstractions (MRAs) are

conducted by health departments in 16 states and Puerto
Rico. Data are weighted for unequal selection probabil-
ities and non-response. A more detailed description of
the MMP methodology is available elsewhere (Frankel
et al., 2012).

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.
For MRAs conducted under surveillance authority with-
out corresponding interview data, records dated within
two years before the date of first contact attempt were
abstracted.

In accordance with guidelines for defining public
health research (CDC, 2010), CDC determined
MMP was public health surveillance used for disease
control, program, or policy purposes. Local insti-
tutional review board approval was obtained when
required. Informed consent was obtained from all
interviewed participants.

Centers for AIDS research network of integrated
clinical systems (CNICS)
CNICS is a research network involving eight large Cen-
ters for AIDS Research (CFAR) clinics that prospectively
collect comprehensive patient data at point-of-care
through electronic medical record data and other
sources. The eight CFAR clinics are located in the follow-
ing locations: Baltimore MD, Birmingham AL, Boston
MA, Chapel Hill NC, Cleveland OH, San Diego CA,
San Francisco CA, Seattle WA. Patients who receive
HIV care at the eight clinics are included in the CNICS
cohort; the median follow-up for each patient is about
4 years. Approximately 1400 patients are newly enrolled
each year; <10% of patients leave the CFAR clinical sites
(and thus CNICS) annually (Kitahata et al., 2008). For
this analysis, we included 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. Sites received institutional review board
approval for CNICS and written informed consent was
obtained from participants.

National HIV surveillance system (NHSS)
To illustrate how MMP and CNICS participants com-
pare to the US PLWH population, we compared the
demographic characteristics of MMP and CNICS partici-
pants to the US PLWH population using aggregate
NHSS data summaries. The NHSS data presented
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corresponds to PLWH diagnosed, reported, and pre-
sumed living in 2013, and were adjusted for reporting
delays (CDC, 2015).

Analysis

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 1.

Management of missing data
In addition to diagnostic and prescription information,
case definitions rely upon laboratory measurements: the
DM definition relies upon HbA1c and glucose measure-
ments, and the CKD definition relies upon creatinine
measurements. If a patient did not have the measures
specified by the case definition in the two year observation
period, and did not otherwise meet the case definition,
their disease status was set tomissing. The percent missing
for each condition is listed in Table 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” analy-
sis), and (3) impute disease status for patients with miss-
ing values. Table 3 contrasts how the approach impacted
prevalence estimates.

Ultimately, we imputed disease status for patients
with missing values by implementing multiple

imputation by chained equations (MICE) using IVEware
Version 0.2, a SAS-callable macro. (Vizcarra&Sukasih,
2013) This process involved: (1) generating ten datasets
in which missing values were imputed (described
below); (2) running the analysis of interest (e.g., generat-
ing sub-group specific disease prevalence estimates) on
each of the imputed datasets; and (3) pooling the esti-
mates of prevalence and standard error1 across the
imputed datasets. For each imputed dataset, regression
models were executed to estimate the relationships
between each variable with missing data and a set of cov-
ariates, which were assumed to fully account for the
occurrence of missingness. The set of covariates used
to impute missing MMP data included five additional
covariates that were unavailable in CNICS; otherwise,
the covariates included in the MI models were identical
in MMP and CNICS.2 The fitted regression models
were used to predict values for individual missing values.

Estimation of diabetes and chronic kidney disease
prevalence
Stratum, cluster, and weighting design variables were
included in all analyses of MMP data, thereby generating
results representative of the population of adults receiv-
ing HIV care in the United States. All analyses were stra-
tified by sex at birth, race/ethnicity (non-Hispanic
White, non-Hispanic Black, Hispanic, and other), and
age group (18–34, 35–54, ≥55 years). For each demo-
graphic sub-group, we calculated a Z statistic to test
whether the proportion classified as having DM or
CKD 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 (the “Population Definition Period
(PDP)”). Using CNICS data, we evaluated whether the
relative risk of meeting the CKD and DM 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 (versus absence) of visit during January –
April, controlling for potential confounders (age, sex,
race, and body mass index), by implementing a Poisson
regression model with robust error variance. If a signifi-
cant association was observed, then we calculated a
modified prevalence estimate based upon following
input parameters: mean and standard error (SE) of dis-
ease by sub-group among MMP participants, aRR and
SE of disease given presence (versus absence) of January
– April visit among CNICS patients, and percent of
CNICS patients with a January – April visit. We assumed

Table 1. Case definitions applied to medical monitoring project
(MMP) and CFAR network of integrated clinical systems (CNICS)
data.
Condition Case Criteria

Chronic Kidney
Disease

Two eGFRa values <60 ml/min 90 or more days apart
without an intervening normal value.

Diabetes 1. HbA1c ≥6.5%;
OR

2. “Diabetes-specific” medicationb;
OR

3. Diabetes diagnosis AND “diabetes-related”
medicationc;
OR

4. ≥ 2 random glucose tests ≥200 mg/dL

Note: All criteria assessed in a 2 year observation period.
aeGFR = Estimated Glomerular Filtration Rate. eGFR is routinely used to assess
kidney function. We applied the CKD-EPI creatinine equation (Levey et al.,
2009) to MMP and CNICS data to estimate participants’ GFR.

bDM-specific medications: Alogliptin, Canagliflozin, Chlorpropamide, Exena-
tide, Glimepiride, Glipizide, Glipizide, Glyburide, Insulin, Linagliptin, Liraglu-
tide, Nateglinide, Pramlintide, Repaglinide, Saxagliptin, Sitagliptin,
Tolazamide, Tolbutamide.

cDM-related medications: Acarbose, Metformin, Miglitol, Pioglitazone, Rosigli-
tazone, Troglitazone.
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disease prevalence and aRR estimates were normally dis-
tributed and ran 1,000 simulated observations in Stata
drawing from these distributions. To estimate disease
prevalence corrected for PDP sampling and account
for uncertainty in the adjusted point estimates, we

applied the following equation to the simulated obser-
vations:

Pc = P × (V1 + (V0 × aRR))

In this equation, P connotes prevalence, c connotes cor-
rection factor, V1 connotes the proportion with a PDP
visit, V2 connotes the proportion without a PDP visit,
and RR connotes the adjusted relative risk of disease.
To obtain the overall adjusted point prevalence, we esti-
mated 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 simi-
larly distributed in MMP and CNICS, with more than
half of patients between the ages of 35 and 54. The age dis-
tribution is older in MMP and CNICS than that of all
prevalent HIV cases reported to the National HIV Sur-
veillance System (NHSS) (see Table 2). The distribution
of sex, race/ethnicity, and region inMMPwas more simi-
lar to NHSS than CNICS. Compared toMMP and NHSS,
a larger proportion of CNICS patients were male, non-
Hispanic (NH) White, and residing in the western U.S.

Comparison of overall prevalence estimates
yielded by three approaches to managing missing
data

The percent missing values for CKD and DMwas similar
between MMP and CNICS (Table 3). Missingness was

Table 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) (n = 933, 941)

% % %

Age group
18–34 15 14 18
35–54 57 58 57
≥55 28 27 25

Race/ethnicity
Non-Hispanic White 31 44 32
Non-Hispanic Black 43 39 43
Hispanic 21 14 20
Other 5 3 5

Sex at birth
Male 73 82 76
Female 27 18 24

Regiona

Midwest 14 7 12
Northeast 19 8 25
South 39 40 43
West 23 45 19
US Territories 5 0 2

Source for NHSS data: Centers for Disease Control and Prevention. HIV Surveil-
lance Report, 2014; vol. 26. http://www.cdc.gov/hiv/library/reports/
surveillance/. Published November 2015. Accessed August 2016.

a“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, IA, 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.
In the above list, jurisdictions that participate in MMP are bolded and jurisdic-
tions with clinics that participate in CNICS are underlined.

Table 3. Overall prevalence of diabetes and chronic kidney disease among MMP and CNICS participants, estimated by three different
approaches to addressing missingness.

% Missing

Disease prevalence when participants with missing values were…

Assumed to NOT
have condition
% (95% CI)

Excluded from Analysis
(“Complete Case”)

% (95% CI)

Assigned Disease Status Given Demographic and
Health Characteristicsa (“Multiple Imputation”)

% (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)

Abbreviations: MMP = Medical Monitoring Project; CNICS = Centers for AIDS Research Network of Integrated Clinical Systems; CKD = Chronic Kidney Disease; DM
= Diabetes Mellitus.

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 HbA1c 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.

aThe following variables were included in the MMP imputation models that assessed CKD and DM : 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 and DM: 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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slightly greater for CKD (10% in MMP and 13% in
CNICS) than DM (9% in MMP and 12% in CNICS);
missingness decreased with age (data not shown).

In both MMP and CNICS, prevalence was 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 and CKD (estimated through
MI) in MMP was 12.7% (95% CI: 12.0, 13.3) and 7.6%
(95% CI: 7.2, 8.0), respectively. The overall prevalence
of DM and CKD (estimated through MI) in CNICS
was 9.9% (95% CI: 9.2, 10.5), 8.3% (95% CI: 7.8, 8.8),
respectively.

Chronic kidney disease (CKD)

The estimated CKD prevalence increased with age
(Table 4, Supplementary Figure 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. The CKD burden found in CNICS was
greater among NH-Black patients than NH-White
and Hispanic patients; however, in MMP, age- and
sex-specific prevalence estimates were similar across
racial groups.

Diabetes (DM)

Among patients classified as having diabetes 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 esti-
mated DM prevalence increased with age (Table 5,
Supplementary Figure 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.

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
and DM was 0.82 (95% CI= 0.71, 0.95) and 0.93 (95%
CI= 0.82, 1.07), respectively. Since a significant associ-
ation existed between having a January – April visit
and CKD, we re-estimated the CKD prevalence, adjust-
ing for MMP’s sampling design, and compared the
adjusted prevalence estimates to the original estimates
presented in Table 4. The adjusted estimates differed
by less than 1 percentage point from the original MMP
prevalence estimates (Supplemental Table 1).

Table 4. Prevalence of chronic kidney disease among adults in
HIV care in 2013, estimated with MMP and CNICS data.

MMP CNICS
Prevalence
% (95% CI)

Prevalence
% (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;
CKD = Chronic Kidney Disease; eGFR = Estimated Glomerular Filtration
Rate; MI = Multiple Imputation.

Notes: The CKD case criterion was two eGFR values <60, which were≥ 90
days apart without an intervening normal value. Prevalence estimates pre-
sented 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 less than one per-
centage point. 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).

AIDS CARE 1555



Discussion

In our effort to reconcile measurement of the burden of
DM and CKD in MMP and CNICS, we encountered sev-
eral common challenges, including 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 and CKD 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 staff. CNICS is a census of almost all patients
receiving care at eight, large university-affiliated clinics
that uses integrated electronic medical record systems

to enable data entered at point-of-care to be readily
deposited into a central repository. Given these differ-
ences, one might expect prevalence estimates to vary
widely by data source. However, the estimated preva-
lence of DM and CKD was generally similar across
MMP and CNICS, which may be attributable to our con-
certed effort to reconcile how DM and CKD are defined
and statistically evaluated.

We have several recommendations for evaluating DM
and CKD and other chronic conditions in the context of
HIV. First, analysts should be cautious about how disease
status is assigned for patients without complete docu-
mentation corresponding to the case criteria. In our
analysis, patients without laboratory 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. This was in con-
trast to the existing literature, which most commonly
assumed that patients lacking documentation corre-
sponding to the case definition are free of disease
(Buchacz et al., 2012; Gilden et al., 2007; Goulet et al.,
2007; Rasmussen et al., 2015; Schoffelen et al., 2015;
Willig et al., 2015), or excluded patients without docu-
mentation from analyses. (Mocroft et al., 2015) While
the absence of laboratory data (and no other diagnostic
or medication data) might connote 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, 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
classified as being a DM case that met each specific com-
ponent of the case definition, illustrating the sensitivity of
disease status classification to decisions about case
definitions. Finally, we recommend that prevalence esti-
mates applied to a heterogeneous group be interpreted
cautiously, as it might reflect the underlying demo-
graphics rather than the actual burden of disease.

With the number of PLWH over 55 years old increas-
ing in the United States (Hood et al., 2017), HIV care
programs should anticipate a growing number of their
patients requiring services related to DM and CKD and
likely other chronic diseases. While data sources like
MMP and CNICS allow for the prevalence and risk fac-
tors of various chronic conditions to be routinely moni-
tored, determining how best to concurrently treat and

Table 5. Prevalence of diabetes among adults in HIV care in
2013, estimated with MMP and CNICS data.

MMP CNICS
Prevalence
% (95% CI)

Prevalence %
(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 5.3 (0, 18.1) 3.2 (0.0, 7.5)
35–54 8.9 (2.7, 15.1) 10.3 (7.0, 13.5)
≥55 17.4 (6.6, 28.2) 12.7 (7.4, 18.0)

NH-Black Women
18–34 3.4 (0, 8.8) 6.7 (2.4, 10.9)
35–54 11.9 (7.5, 16.3) 11.7 (9.7, 13.7)
≥55 25.2 (17.6, 32.9) 18.2 (14.9, 21.5)

Hispanic Women
18–34 8.1 (0, 20.4) 4.4 (0.0, 12.7)
35–54 14.9 (5.9, 23.8) 7.7 (3.0, 12.3)
≥55 40.4 (25.9, 54.9) 22.5 (9.4, 35.6)

Abbreviations: MMP =Medical Monitoring Project; CNICS = Centers for AIDS
Research Network of Integrated Clinical Systems; NH = Non-Hispanic; DM
= Diabetes Mellitus; MI = Multiple Imputation.

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 pre-
sented 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 less than one per-
centage point. 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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manage HIV and common chronic conditions requires
intensive investigation.

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 complete 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 set-
tings. MMP represents these patients, as well as patients
who receive care at clinics that vary with regard to pre-
dominant funding base, size, and 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 contrib-
uted data to this analysis. Although the analyses are
weighted for non-response, the risk of bias is unlikely
eliminated. Prior to 2015, MMP sampled from a list of
patients who had a visit in January–April. We used
CNICS data to explore whether this sampling approach
might affect the estimated prevalence of CKD and DM.
Although we observed a significant association between
having a January – April visit and meeting the CKD
case criteria, it did not appear to substantially affect the
estimated prevalence of CKD (Supplemental Table 1).

Our analytical approach had limitations. As noted
above, we used multiple imputation to assign disease sta-
tus to patients without any documentation correspond-
ing 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 fac-
tors that would affect missingness, compromising the
“missing at random” assumption that underlies MI pro-
cedures. 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 (Abraham et al., 2015),
we expected the CKD prevalence to be considerably
greater among NH-Black participants than participants
of other racial/ethnic backgrounds. This pattern was evi-
dent in CNICS, but not MMP. The root cause of these
discordant findings is unknown.

Large data systems (like MMP and CNICS) play a
pivotal role in monitoring and evaluating population
health, though they face challenges common to observa-
tional studies. In this manuscript, we demonstrated how
these challenges can be addressed analytically. After
reconciling the analytical approach, the sub-group

specific prevalence estimates were fairly consistent
between MMP and CNICS and suggested a considerable
burden of disease among older adults in HIV care. The
consistency between the two data sources may allay con-
cerns regarding the limitations of both data sources.
MMP and CNICS can provide reliable data to monitor
HIV co-morbidities in the US.

Notes

1. Standard error was calculated using Rubin’s Rules
(Rubin, 1987); the Taylor Series approach was used to
obtain variance estimates for MMP, accounting for its
survey design (Vizcarra&Sukasih, 2013).

2. The following variables were included in the multiple
imputation (MI) models: 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. The MI models
implemented on MMP data also included the following
variables that were unavailable in CNICS: dialysis,
reported ever using injection drugs, reported ever enga-
ging in male-to-male sex, birth country, and years since
HIV diagnosis. The inclusion of these five additional
variables did not meaningfully affect the prevalence esti-
mates generated from the multiple imputation models
executed on MMP data.

Acknowledgements

The authors would like to acknowledge the staff, advisory
boards, and participants of the Medical Monitoring Project:
http://www.cdc.gov/hiv/statistics/systems/mmp/resources.
html#StudyGroupMembers.

Disclosure statement

GB has received research support from Bristol Myers Squibb
and Amgen, Inc. and consulted for Definicare, LLC and Meds-
cape. No other potential conflict of interest was reported by the
authors.

Funding

CNICS is an NIH funded program (R24 AI067039) made
possible by the National Institute of Allergy and Infectious
Diseases (NIAID) and the National Heart, Lung, and Blood
Institute (NHLBI). The CFAR sites involved in CNICS include
Univ of Alabama at Birmingham (P30 AI027767), Univ of
Washington (P30 AI027757), Univ of California San Diego
(P30 AI036214), Univ of California San Francisco (P30
AI027763), Case Western Reserve Univ (P30 AI036219),
Johns Hopkins Univ (P30 AI094189, U01 DA036935), Fenway
Health/Harvard (P30 AI060354), and Univ of North Carolina
Chapel Hill (P30 AI50410). Funding for the Medical Monitor-
ing Project is provided by the Centers for Disease Control and
Prevention.

AIDS CARE 1557



References

Abraham, A. G., Althoff, K. N., Jing, Y., Estrella, M. M.,
Kitahata, M. M., Wester, C. W.,…Mendes, A. (2015).
End-stage renal disease among HIV-infected adults in
North America. Clinical Infectious Diseases: An Official
Publication of the Infectious Diseases Society of America,
60(6), 941–949.

Althoff, K. N., Buchacz, K., Hall, H. I., Zhang, J., Hanna, D. B.,
Rebeiro, P.,… Brooks, J. T. (2012). U.S. trends in antiretro-
viral therapy use, HIV RNA plasma viral loads, and CD4 T-
lymphocyte cell counts among HIV-infected persons, 2000
to 2008. Annals of Internal Medicine, 157(5), 325–335.

Bradley, H., Mattson, C., Beer, L., Huang, H., & Shouse, L.
(2016). Increased HIV viral suppression among US adults
receiving medical care, 2009–2013. Paper presented at:
Conference on retroviruses and opportunistic infections,
Boston.

Buchacz, K., Baker, R. K., Palella, F. J., Jr., Shaw, L., Patel, P.,
Lichtenstein, K. A.,… Brooks, J. T. (2012). Disparities in
prevalence of key chronic diseases by gender and race/eth-
nicity among antiretroviral-treated HIV-infected adults in
the US. Antiviral Therapy, 18(1), 65–75.

CDC. (2010). Distinguishing public health research and public
health nonresearch. Retrieved from http://www.cdc.gov/od/
science/integrity/docs/cdc-policy-distinguishing-public-
health-research-nonresearch.pdf

CDC. (2015). HIV surveillance report, 2014.
CNICS. (2014). The CNICS research network. Retrieved from

http://www.uab.edu/cnics/
Frankel, M. R., McNaghten, A., Shapiro, M. F., Sullivan, P. S.,

Berry, S. H., Johnson, C. H.,… Bozzette, S. A. (2012). A
probability sample for monitoring the HIV-infected popu-
lation in care in the U.S. and in selected states. The Open
AIDS Journal, 6, 67–76.

Freiberg, M. S., Chang, C. C., Kuller, L. H., Skanderson, M.,
Lowy, E., Kraemer, K. L.,… Justice, A. C. (2013). HIV infec-
tion and the risk of acute myocardial infarction. JAMA
Internal Medicine, 173(8), 614–622.

Gilden, D. E., Kubisiak, J. M., & Gilden, D. M. (2007).
Managing Medicare’s HIV caseload in the era of suppressive
therapy. American Journal of Public Health, 97(6), 1053–
1059.

Goodman, R. A., Posner, S. F., Huang, E. S., Parekh, A. K., &
Koh, H. K. (2013). Defining and measuring chronic con-
ditions: Imperatives for research, policy, program, and prac-
tice. Preventing Chronic Disease, 10, E66.

Goulet, J. L., Fultz, S. L., Rimland, D., Butt, A., Gibert, C.,
Rodriguez-Barradas, M.,… Justice, A. C. (2007). Aging
and infectious diseases: Do patterns of comorbidity vary
by HIV status, age, and HIV severity? Clinical Infectious
Diseases: An Official Publication of the Infectious Diseases
Society of America, 45(12), 1593–1601.

Grulich, A. E., van Leeuwen, M. T., Falster, M. O., & Vajdic, C.
M. (2007). Incidence of cancers in people with HIV/AIDS
compared with immunosuppressed transplant recipients:
A meta-analysis. The Lancet, 370(9581), 59–67.

Guaraldi, G., Orlando, G., Zona, S., Menozzi, M., Carli, F.,
Garlassi, E.,… Palella, F. (2011). Premature age-related
comorbidities among HIV-infected persons compared
with the general population. Clinical Infectious Diseases:

An Official Publication of the Infectious Diseases Society of
America, 53(11), 1120–1126.

Hood, J. E., Golden, M. R., Hughes, J. P., Goodreau, S. M.,
Siddiqi, A. E., Buskin, S. E., & Hawes, S. E. (2017).
Projected demographic composition of the United States
population of people living with diagnosed HIV. AIDS
Care, 29(12), 1543–1550.

Institute of Medicine (IOM). (2012). Monitoring HIV care in
the United States: Indicators and data systems.
Washington, DC: The National Academies Press.

Kitahata, M. M., Rodriguez, B., Haubrich, R., Boswell, S.,
Mathews, W. C., Lederman, M. M.,… Saag, M. S. (2008).
Cohort profile: The centers for AIDS research network of
integrated clinical systems. International Journal of
Epidemiology, 37(5), 948–955.

Lang, S., Mary-Krause, M., Cotte, L., Gilquin, J., Partisani, M.,
Simon, A.,… Costagliola, D. (2010). Increased risk of myo-
cardial infarction in HIV-infected patients in France, rela-
tive to the general population. AIDS (London, England),
24(8), 1228–1230.

Levey, A. S., Stevens, L. A., Schmid, C. H., Zhang, Y., Castro,
A. F., Feldman, H. I.,…Coresh, J. (2009). A new equation
to estimate glomerular filtration rate. Annals of Internal
Medicine, 150(9), 604–612.

Mocroft, A., Lundgren, J. D., Ross, M., Law, M., Reiss, P., Kirk,
O.,… Bartlett, J. (2015). Development and validation of a
risk score for chronic kidney disease in HIV infection
using prospective cohort data from the D:A:D study. PLoS
Medicine, 12(3), e1001809.

Monroe, A. K., Glesby, M. J., & Brown, T. T. (2015).
Diagnosing and managing diabetes in HIV-infected
patients: Current concepts. Clinical Infectious Diseases: An
Official Publication of the Infectious Diseases Society of
America, 60(3), 453–462.

Rasmussen, L. D., May, M. T., Kronborg, G., Larsen, C. S.,
Pedersen, C., Gerstoft, J., & Obel, N. (2015). Time trends
for risk of severe age-related diseases in individuals with
and without HIV infection in Denmark: A nationwide
population-based cohort study. The Lancet HIV, 2(7),
e288–e298.

Raymond, A., Hill, A., & Pozniak, A. (2014). Large disparities
in HIV treatment cascades between eight European
and high-income countries – analysis of break points.
Journal of the International AIDS Society, 17(4 Suppl 3),
19507.

Rubin, D. B. (1987). Multiple imputation for nonresponse in
surveys. New York: Wiley.

Samaras, K. (2009). Prevalence and pathogenesis of diabetes
mellitus in HIV-1 infection treated with combined antire-
troviral therapy. JAIDS Journal of Acquired Immune
Deficiency Syndromes, 50(5), 499–505.

Schoffelen, A. F., Smit, C., van Lelyveld, S. F., Vogt, L., Bauer,
M. P., Reiss, P.,… Barth, R. E. (2015). Diminished impact of
ethnicity as a risk factor for chronic kidney disease in the
current HIV treatment era. Journal of Infectious Diseases,
212(2), 264–274.

Triant, V. A., Lee, H., Hadigan, C., & Grinspoon, S. K. (2007).
Increased acute myocardial infarction rates and cardiovas-
cular risk factors among patients with human immunodefi-
ciency virus disease. The Journal of Clinical Endocrinology &
Metabolism, 92(7), 2506–2512.

1558 J. E. HOOD ET AL.



Vizcarra&Sukasih. (2013). Comparing SAS® PROC MI and
IVEware callable software. Retrieved from http://analytics.
ncsu.edu/sesug/2013/PO-17.pdf

Warriner, A. H., Burkholder, G. A., & Overton, E. T. (2014).
HIV-related metabolic comorbidities in the current ART era.
Infectious Disease Clinics of North America, 28(3), 457–476.

Willig, A. L., Westfall, A. O., Overton, E. T., Mugavero, M. J.,
Burkholder, G. A., Kim, D.,…Willig, J. H. (2015). Obesity

is associated with race/sex disparities in diabetes and hyper-
tension prevalence, but not cardiovascular disease, among
HIV-infected adults. AIDS Research and Human
Retroviruses, 31(9), 898–904.

Womack, J. A., Chang, C. C., So-Armah, K. A., Alcorn, C.,
Baker, J. V., Brown, S. T.,… Freiberg, M. S. (2014). HIV
infection and cardiovascular disease in women. Journal of
the American Heart Association, 3(5), e001035–e001035.

AIDS CARE 1559



Copyright of AIDS Care is the property of Routledge and its content may not be copied or
emailed to multiple sites or posted to a listserv without the copyright holder's express written
permission. However, users may print, download, or email articles for individual use.


