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Abstract 
 
Background: 

Individuals receiving antiretroviral therapy (ART) for their HIV infection are getting 

older, but optimal management of care is complicated by the development of age-

associated comorbidities. The goals of this dissertation are to examine the development 

of age-associated comorbidities as well as disparities in their occurrence, and assess the 

changing prevalence of their co-occurrence by demographics, route of HIV acquisition, 

and geographic residence, using data within 2000-2013. 

Methods: 

We analyzed data from the North American AIDS Cohort Collaboration on Research and 

Design (NA-ACCORD). We estimated rates of first occurrence for hypertension, 

diabetes, and chronic kidney disease by demographic subgroup using Poisson regression 

methods. Cumulative incidences by age 70 were estimated for each outcome, accounting 

for the competing risk of death using the Fine and Gray method. Trends and disparities in 

the prevalence of multimorbidity, defined as the co-occurrence of ≥2 age-associated 

conditions (inclusive of: hypertension, diabetes, chronic kidney disease, 

hypercholesterolemia, end-stage renal disease, and non-AIDS-related malignancies), 

were assessed by logistic and Poisson regression with robust variance, respectively, using 

generalized estimating equations to adjust for within person correlation over time. 

Results: We identified significant disparities in the occurrence of hypertension, diabetes, 

and chronic kidney disease between black and non-black men and women, even after 

adjusting for individual-level characteristics. Rates of first occurrence (per 100 person-

years) were: 2.6 (hypertension), 1.2 (diabetes), and 0.6 (chronic kidney disease). 
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Multimorbidity prevalence increased from 8.2% in 2000 to 22.4% in 2009 (ptrend<0.001) 

and the most commonly occurring conditions were hypertension and 

hypercholesterolemia.  Adjusting for age, sex, race, HIV risk, year, other HIV-related 

variables, individuals residing in the South (aPR=1.55 [1.30,1.85]) and the West 

(aPR=1.33 [1.11,1.60]) relative to the Northeast were more likely to have multimorbidity. 

There was no difference by sex and blacks were less likely to have multimorbidity 

(compared to whites, aPR=0.86 [0.75,0.98]). 

Conclusions: In a population with equal access to clinical care and ART, disparities 

between sex and race persist, and the rise in the prevalence of multimorbidity is likely to 

continue. The increase in the number of patients who will require complicated care plans 

will require evidence-based strategies to improve their health outcomes.  
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OVERVIEW AND SPECIFIC AIMS 
 
 
 Antiretroviral therapy (ART) has extended the life expectancy of persons living 

with human immunodeficiency virus (HIV).[1] Age-associated conditions are now 

increasingly commonplace and the outlook of HIV clinical care in adults is poised to 

become more complex. Age-associated conditions accrue with older age, leading to 

multimorbidity, frequently defined as the co-occurrence of ≥2 chronic conditions.[2] In 

recognition of this, and of the anticipated growth of individuals with HIV who will be 

>50 years of age, the National Institutes of Health’s Office of AIDS Research has 

prioritized the advancement of research understanding HIV as a chronic disease.[3] 

 

Accordingly, the goals of this dissertation are to 1) quantify the first occurrence of 

three clinically significant age-associated conditions, and 2) estimate the annual burden 

of multimorbidity, with a particular emphasis on their associations with age, sex, and 

race/ethnicity. This dissertation is nested within the North American AIDS Cohort 

Collaboration on Research and Design (NA-ACCORD), the largest cohort collaboration 

of HIV-infected adults in the U.S. and Canada.[4] This source population is uniquely 

positioned to address the study objectives given its large sample size, broad age 

distribution, geographic heterogeneity, and demographic similarity to the broader 

population of adults living with HIV and receiving care in the U.S. By describing age-

associated conditions, independent of one another and in aggregate, this dissertation will 

alert federal policymakers to a potential growth in the demand for healthcare resources in 

the face of a plateau of funds available for publicly funded insurance programs.[5] In 

order to respond to the National HIV/AIDS Strategy for the United States: Updated to 
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2020 call to improve health outcomes among aging adults living with HIV,[6] a 

fundamental understanding of the epidemiology of age-associated conditions is first 

needed. Therefore, the specific aims of this proposal are: 

 

Specific Aim 1: To quantify the rates of first occurrence for chronic kidney disease, type 

2 diabetes mellitus, and treated hypertension, by sex and race among individuals in 

clinical care during 2000-2013, controlling for age, risk of HIV acquisition, a history of 

smoking, and HIV-related factors. 

Hypothesis: Rates of age-associated conditions will be higher among black 

women and men, despite adjustment for age, risk of HIV acquisition, risk 

behavior, cohort, and HIV-related factors. 

 

Specific Aim 2: To assess the annual period prevalence of multimorbidity among 

individuals in clinical care during 2000-2010, describe common combinations of co-

occurring conditions, and determine which demographic subgroups experience a higher 

prevalence of multimorbidity, controlling for HIV-related factors and calendar time.  

Hypothesis: The burden of multimorbidity will increase with each passing 

calendar year and be higher among individuals who are older, female, black, and 

acquired HIV by injection drug use.  
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BACKGROUND 
 
 
Demography of Aging in the HIV Epidemic 

 

HIV has come far from its conception as being a young person’s disease. Two 

predominant reasons underlie this. First, the advent of effective ART has led to an 

increase in survival.[1] The US Centers for Disease Control (CDC) projects that by 2017 

half of the population living with HIV in the US, currently estimated to be 1.2 million 

individuals, will be greater than 50 years of age.[7] Secondly, new HIV infections 

continue to occur among those who are >50 years of age in the US. Of the estimated 

47,352 HIV diagnoses that occur annually, approximately 18% are in adults older than 50 

years of age.[7]  

The risk of HIV infection among older, adults persists for several reasons. For 

one, risk behaviors traditionally associated with HIV acquisition are evident among 

elderly adults. Drug and alcohol use are prevalent among older populations.[8] In 1994, 

Stall et al assessed the prevalence of risk behaviors among individuals greater than 50 

years of age and found that the majority did not undergo HIV testing. That they perceived 

themselves to be not at risk for HIV infection is consistent with findings that HIV 

diagnosis can be delayed in older patients [9] and that older patients are likely to 

underreport high-risk sexual activity.[10] As a result, calls for effective prevention 

programs targeting older adults have been mounting.[11] 

However, the pool of adults aging with HIV is not limited to those who are 

infected at >50 years of age.  The low rate of incident infection among individuals >50 

years of age, approximately 6.5 / 100,000 persons,[12] suggests that the number of adults 
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who will be aging with HIV will largely stem from those who were infected at younger 

ages.  In North America, persons less than 30 years of age account for approximately 

25% of all new HIV infections.[13, 14] High incidence rates of HIV in younger persons, 

in conjunction with 2010 guideline changes to initiate ART regardless of CD4 T-

lymphocyte (CD4) count, may translate to an increase in the number of individuals who 

will age with HIV as well as be on lifelong ART. 

 
 
HIV as a chronic disease 
 

  ART dramatically alters the clinical outlook of living with HIV. AIDS-associated 

morbidity and mortality has dramatically declined and non-HIV related conditions, 

henceforth referred to as age-associated conditions, have emerged as significant sources 

for concern.[15] Compared to demographically similar uninfected individuals, those with 

HIV have a 1.5 to 2 fold increased risk of myocardial infarction,[16, 17] and are also at 

increased risk for non-AIDS-related cancers,[18] metabolic conditions,[19, 20] 

neurocognitive disorders,[21] and bone disorders.[22] The projected growth of an aging 

population with HIV, in tandem with their greater risk for age-associated conditions, 

engenders a need to consider the clinical management, policy, and program implications 

of a growth in the epidemiology of age-associated conditions in HIV-infected adults.[23, 

24] In fact, both the 2017 Trans-National Institutes of Health Plan for HIV-related 

Research and the National HIV/AIDS Strategy for the United States: Updated to 2020 

acknowledged the inherent challenges of these age-associated conditions in HIV and 

proposed further research in this area. [3, 6] 
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Contributing Factors to the Development of Age-Associated Conditions 

 

Three reasons are thought to underlie the development of age-associated 

conditions among persons living with HIV. First, immune dysfunction and inflammation 

have been consistently implicated as playing a key role in the excess risk of comorbidity 

development. Inflammatory monocytes, cytokines, and biomarkers associated with a 

hypercoagulable state, are elevated in HIV-infected individuals compared with age-

matched uninfected adults.[25] Secondly, individuals with HIV have a higher prevalence 

of risk factors, including smoking,[26] substance abuse,[27] hepatitis C virus (HCV) 

coinfection,[28] and comorbidities such as hypertension (HTN).[29] Lastly, chronic 

exposure to ART has been linked to long-term toxicities such as pancreatitis, kidney 

irregularities, glucose impairment, and dyslipidemia.[10] In addition to the general 

burden of declining health with older age, these factors will greatly steer the health 

trajectory and care demands of individuals with HIV as age-associated comorbidities 

ensue.  

 

Hypertension  

 

 The prevalence of HTN increases with age, yet it is relatively understudied in 

populations with HIV. Longitudinal and cross sectional assessments of HTN are few.[15, 

29-35] To-date, traditional risk factors such as older age, black race/ethnicity, higher 

body-mass-index (BMI), and smoking have been associated with its occurrence.[30-32, 

35]  But, the evidence base has been mixed with regard to HIV-related factors. Prolonged 
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use of specific ARTs,[33, 35] CD4 nadir,[32] and detectable virus [29] have been 

identified as risk factors for HTN. Elsewhere, no difference in its occurrence was 

observed among those with an increased cumulative duration of protease inhibitor (PI) 

[29, 32] or nucleoside reverse transcriptase inhibitors (NRTI) use,[33] decreased CD4 

count,[31] higher viral load levels,[31] or by HIV serostatus.[31, 35]  

Furthermore, management and control of HTN in individuals with HIV is not well 

described.[36-39] Treated HTN is not synonymous with controlled HTN, and can be 

inclusive of individuals who are receiving pharmacological treatment but still have 

uncontrolled HTN.[40] Adequate control is necessary for effective prevention of CVD, 

but disparities in its management within individuals being treated for HTN may lead to 

higher CVD rates compared to what would be expected had these same individuals 

controlled their HTN.[36] 

Given the advancing age of HIV-infected individuals and that HTN is a 

preeminent determinant of CVD-related events, describing its epidemiology will be 

important.[17, 41, 42] Specific Aim 1 attempts to fill this gap, determining rates of HTN 

occurrence and identifying whether demographic disparities are present in an ART-

treated population with access to clinical care.  

   

Diabetes 
 
 As in the general population, the burden of diabetes (DM) in HIV-infected 

individuals is significant, ranging from 2.6-14%.[20, 43] Abnormal glucose metabolism 

can arise due to HCV [44] or use of earlier generations of unboosted PIs from the late 

1990s, such as indinavir or ritonavir.[20] Lipoatrophy, which in turn can lead to insulin 
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resistance and diabetes thereafter, is associated with stavudine (NRTI) use.[45] However, 

traditional risk factors remain critically important. High rates of obesity have 

accompanied long-term treatment with ART.  Within 3 years of ART initiation HIV-

infected individuals’ BMI can exceed that of comparable HIV-uninfected individuals.[46] 

Moreover, an HIV-infected individual does not need to be obese to be at high risk of 

diabetes. Increases in visceral and subcutaneous fat post ART initiation predisposes 

diabetes risk, mediated by hormonal pathways involved in the regulation of arterial blood 

pressure.[47] Importantly, age is a significant risk factor for diabetes [48, 49] and its 

burden can only be expected to grow among those aging with treated HIV. Specific Aim 

1 seeks to describe the rate of diabetes occurrence in a diverse ART-treated population 

aging with HIV.  

 
Chronic Kidney Disease 

 

Preserving renal health is a challenge in light of the many etiologies contributing 

to chronic kidney disease (CKD) in individuals living with HIV.[50] In part due to an 

increased frequency of DM and HTN,[29] both leading causes for end-stage renal disease 

(ESRD) in the general population,[51] CKD has emerged as a source of concern. In 

populations with HIV, CKD prevalence ranges from 4.7-9.7% and in longitudinal studies 

from 3.9 to 11.2 per 1000 person-years. Traditional risk factors include older age,[52] 

female sex,[53] DM,[54] HTN,[54] and a genetic susceptibility among individuals of 

African American lineage.[52] HIV-related predictors include advanced 

immunosuppression,[55] use of specific ARTs (such as tenofovir, tenofovir plus 

ritonavir-boosted PI, indinavir, atazanavir, and lopinavir),[42, 56, 57] higher viral load, 
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and as with DM, HCV co-infection.[58] In recognition of the kidney’s functional decline 

with older age,[59] within a diverse population of aging adults requiring lifelong 

treatment of ART no less, monitoring CKD occurrence will be of heightened importance. 

Specific Aim 1 will complement findings from the HTN and DM analysis by similarly 

describing CKD occurrence among individuals aging within HIV. 

There is a paucity of longitudinal assessments of HTN, DM, and CKD in extant 

literature. Monitoring rates of these three age-associated comorbidities merits particular 

attention given the overlap in their pathophysiology, and their establishment as precursor 

risk factors for vascular disease,[60, 61] a leading cause of death among individuals with 

HIV.[62]  

 

Hypercholesterolemia 

 

Hyperlipidemia is a common lipid abnormality in HIV-infection. ART-treated, 

HIV-infected individuals commonly exhibit increased levels of total cholesterol, low-

density lipoprotein (LDL), and triglycerides, as well as low levels of high-density 

lipoprotein (HDL).[63] ARTs are essential in suppressing viral replication, but prior use 

of specific NRTIs, such as stavudine and zidovudine, have been associated with 

metabolic disturbances such as increased visceral adiposity.[64]   

Total cholesterol, a global measure of the aforementioned lipid particles, may 

play an important role in the future of HIV clinical care. Heightened attention has been 

given to the management of high cholesterol and triglyceride levels in HIV infection.[65] 

Statin therapy exerts pleiotropic anti-flammatory and immunomodulatory effects,[66] and 
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lowers LDL in HIV-infected individuals without increasing viral load.[67] It follows that 

findings from the Randomized Trial to Prevent Vascular Events (REPRIEVE), the largest 

trial to-date evaluating the efficacy of pitavastatin in preventing CVD among those with 

HIV, are eagerly awaited.[65] In the meantime, concerns regarding drug-drug 

interactions between statins and ARTs remain given their shared pathways of 

metabolism, and may exacerbate polypharmacy issues in HIV-infected adults.[63, 68]  

 
End-stage liver disease  
 

 Hepatic function is an important determinant of health in individuals with HIV.  In 

the absence of HCV coinfection, direct liver damage due to HIV itself,[69] ART-induced 

hepatotoxicity,[70] and excessive alcohol abuse [27] can compromise liver health. 

However, approximately one third of individuals with HIV are co-infected with HCV due 

to their shared routes of transmission, namely, a history of injection drug use (IDU).[71] 

HCV exacerbates the progression of cirrhosis through chronic hepatic inflammation,[72] 

and significantly increases the risk of liver-related morbidity and mortality.[73] Liver-

related mortality is one of the leading causes of death among HIV-infected 

individuals,[62] and HIV-HCV coinfected individuals are more likely to experience end-

stage liver disease (ESLD) as compared with those who are HIV-monoinfected.[74] 

Although there is a decline in the proportion of individuals who have acquired HIV by 

IDU and the development of new directly-acting antivirals may mitigate the progression 

of fibrosis,[75] early identification and thorough management of ESLD will remain 

important, particularly among individuals infected with HIV during earlier years of the 

epidemic and who are aging now.  
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Non-AIDS-related malignancies 

 

 The incidence of non-AIDS-related malignancies has been driven by an aging 

population and is now the leading cause of non-AIDS death among individuals with 

HIV.[18, 62] As with many age-associated conditions, a higher than expected burden of 

cancer in HIV-infected individuals is derived from a high prevalence of risk factors,[26, 

27] chronic inflammation,[25] and viral coinfections.[76] Less certain has been whether 

ART exerts a similar effect on non-AIDS cancer risk, as the majority of approaches 

questionably compare individuals from the pre- and post-ART eras.[77] A recent 

observational study comprehensively described calendar trends in cancer incidence, 

identifying anal, colorectal, liver, lung, Kaposi sarcoma, and non-Hodgkin lymphoma as 

being of significant burden.[18] Only 20 years into the ART era, continued monitoring of 

these trends will be important given the long latency period of cancer and its potential to 

increase in prevalence.[78] 

 

Multimorbidity 

  

As individuals get older, age-associated conditions can accumulate within an 

individual, leading to multimorbidity. Frequently defined as having ≥2 chronic 

conditions,[2] multimorbidity poses a public health concern. In geriatric literature, these 

individuals are at increased risk of receiving fragmented care,[79] experience effects 

beyond individual diseases alone,[80, 81] are large consumers of healthcare 

resources,[82, 83] and have an increased risk of mortality,[79] as compared to those with 
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no disease. Hence, there is great interest in designing appropriate healthcare delivery 

models to comprehensively meet the care needs of individuals with concurrent 

diseases.[84] In the context of HIV, addressing parallel challenges precipitated by 

multimorbidity may benefit by using the geriatric lens of providing integrated care.[11] 

For this reason, it is worth distinguishing the multimorbidity framework from 

Feinstein’s concept of ‘comorbidity’. Feinstein defined a comorbidity as ‘any distinct 

additional clinical entity that has existed or may occur during the clinical course of a 

patient who has the index disease under study’.[85] In contrast, the multimorbidity 

perspective contends that the index condition is not of central interest. ‘Overlapping, 

potentially interacting, diseases co-exist’ and a clinical approach should not focus on the 

application of treating one disease at a time but be cognizant of what patients prioritize as 

important.[86] In other words, now that HIV-infected individuals can suppress their viral 

load when motivated and adherent to ART, Feinstein’s concept of comorbidity may lack 

applicability now that HIV may not necessarily be the dominant condition. 

Yet, studies in HIV frequently take a silo-approach, focusing on single age-

associated comorbidities as endpoints rather than the co-occurrence of them. This 

apparent shortfall is a necessary step; understanding the epidemiology of component age-

associated comorbidities acknowledges the importance of risk factors, ART regimen, 

viral co-infection, and clinical care practices that may be dynamic. For example, 

describing the epidemiology of age-associated conditions in Specific Aim 1 by important 

traditional factors such as age, sex, and race, will permit a sense of which subgroups may 

be prone to health disparities in a heterogeneous population of individuals aging with 
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HIV. Moreover, the burden of individual age-associated conditions will in turn inform 

what is driving multimorbidity occurrence. 

 

Review of Literature Published on Multimorbidity 

 

The body of literature available on multimorbidity in settings of HIV is nascent. 

To-date, 21 studies report on it either as an exposure or outcome, and the majority of 

studies are cross sectional, with prevalence estimates ranging from 10.8 % to as high as 

69%.[15, 34, 37, 87-103] Recent work forecasts an unsettling growth of multimorbidity 

in developed settings of HIV-infected populations.[15] Using data from the Dutch 

ATHENA cohort, projections for the incidence of eight age-associated conditions (HTN, 

hypercholesterolemia, DM, cancer, CKD, heart attacks, osteoporosis, and stroke) by age 

and sex were generated. Authors reported that by 2030, multimorbidity prevalence will 

reach 73% (from 29% in 2010), driven primarily by diabetes, cardiovascular disease, and 

malignancies. Although these projections have direct relevance to high-income settings, it 

is difficult to discern whether a similar extent of multimorbidity will exist among North 

American individuals with HIV. A history of disparities on multiple fronts including, 

access to healthcare,[104] uptake of prevention services,[105] and ART initiation,[106] 

may tell a different story.  

A prevailing challenge, in both geriatric and HIV research, is that no consensus 

on what conditions should comprise multimorbidity has been reached. As a result, direct 

comparisons of multimorbidity prevalence between studies are challenging. For instance, 

the number of chronic diseases assessed by individual studies ranged from 3 to 19, 
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representing 51 different diseases. Their selection was motivated by either 1) 

comorbidities observed in the general population, 2) comorbidities observed in the HIV-

infected population, or 3) conditions included in the Charlson Comorbidity index, a 

commonly used method of grouping comorbidities to yield a single, weighted 

comorbidity score.[107]  

Furthermore, there is a dearth of longitudinal assessments of multimorbidity in 

HIV. Apart from the Dutch modeling study, four studies incorporated longitudinal 

follow-up in their analysis of multimorbidity.[34, 92, 100, 103] Of these, only two 

studied multimorbidity as an outcome, both studies being from the Swiss HIV Cohort 

study. While a distinguishing strength of this European cohort has been its extensive data 

collected on numerous age-associated conditions, authors were investigating the role of 

age or HIV as their primary exposure. There remains a need to demonstrate how 

multimorbidity prevalence has evolved over time and report on common combinations of 

age-associated conditions. In doing so, we can inform public health program planners and 

federal budget plans of a need to allocate resources to a segment of the population that 

may become a significant source of health care demand and expenditures. Specific Aim 2 

will describe trends in multimorbidity over time, identify common patterns of its 

composition, and explore whether disparities by demographic subgroups are evident. 

 

Study Population: DATA SOURCE  

 

 Quantifying the development of age-associated conditions among HIV-infected 

adults by leveraging existing data sources would be enhanced if a national data resource 
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linking multiple disparate systems was available, and included: HIV medical clinic 

records, registries (such as SEER, USRDS), administrative systems (such as the Chronic 

Data Warehouse), and public health surveillance systems. No single data source 

approximates this degree of healthcare data linkage in HIV, however, the Medical 

Monitoring Project (MMP) was created to monitor clinical and behavioral characteristics 

of U.S. HIV-infected persons receiving medical care. The MMP is a nationally 

representative, population-based surveillance data source of individuals diagnosed with 

HIV from 23 areas in the US (17 states and 6 cities).[108] Data are collected by medical 

record abstraction and through interviews to describe health care needs of those with 

HIV. In 2014 it was expanded to collect data on individuals not receiving medical care. 

Despite the external validity of this population-based study, a large drawback of the 

MMP is that it is a cross sectional study, conducted annually since 2007, precluding the 

ability to assess age-associated conditions in a longitudinal manner. 

For these reasons this dissertation uses data already collected within the NA-

ACCORD. The NA-ACCORD is the North American regional representative for the 

International Epidemiological Databases to Evaluate AIDS (IeDEA) project, an NIH-

sponsored initiative aiming to conduct research unanswerable by single cohorts of HIV-

infected individuals.[4] Participants include HIV-infected patients being seen in academic 

and community-based facilities for care, who are enrolled in well-established longitudinal 

studies. Individual cohorts submit data at scheduled intervals, securely transmitting data 

to the Data Management Core at the University of Washington, where data undergo 

checks for completeness, accuracy, and harmonization procedures to integrate data and 

achieve comparability between cohort data elements. Harmonized data include: 
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demographics (age, sex, race/ethnicity, HIV transmission risk factors), laboratory test 

results (e.g. viral loads, CD4, hemoglobin A1C measure, etc.), clinic encounters (e.g. 

primary versus specialty care visits), medications (e.g. antihypertensive medications, 

statin therapy, etc.), diagnoses (e.g. kidney disease, liver disease, cancer, etc.), and causes 

of death. Clinical cohort data is based primarily on medical records (electronic or paper) 

that result from patient care. Established in 2006, to-date the cohort has accumulated 

n=157,701 HIV-infected individuals from over 200 sites from over 20 collaborating 

cohorts, amounting to a total follow up time of 1,007,332 person-years (median follow-

up: 5.0 years (interquartile range (IQR)=2.2-9.9)). As of Dec 31st, 2013, 18.6% of 

participants are <40, 27.5% are 40-49, 33.7% are 50-59, and 20.3% are greater than 60 

years of age. It is also heterogeneous with respect to several other covariates, including: 

sex (22% female), race/ethnicity (42% non-Hispanic white, 31% non-Hispanic black, 8% 

Hispanic, and 19% other/unknown), and HIV transmission risk (47% are men who have 

sex with men (MSM), 13% are IDU, 22% are heterosexual, and 19% are other/unknown). 

This collaboration of cohorts is well positioned to evaluate specific aims 1 and 2 of this 

dissertation, given its geographic diversity, collection of data during a time when the age 

distribution of HIV-infected adults is shifting, and demographic similarity to the US 

population of individuals living with HIV and receiving care.[109]  

Our interest was in an ART-treated population. These individuals are most likely 

to age with HIV and be susceptible to the development of age-associated conditions. 

Previous evidence suggests that median survival among individuals not on ART, having a 

baseline CD4 between 100 to 200 cells/mm3, is approximately 2.5 years [110] - a narrow 

window of time likely precluding the manifestation of age-associated conditions. 
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Therefore, the study population for Specific Aim 1 includes HIV-infected adults in 

clinical care being followed during 2000-2013. Individuals had to be ART-experienced, 

reside in the US or Canada, and followed for at least 1 of the following age-associated 

conditions: HTN, DM, or CKD.  For Specific Aim 2, the study population includes HIV-

infected adults in clinical care, who are ART-experienced, and were followed for all age-

associated conditions that contributed to our multimorbidity definition.  

 

Conceptual Framework 

 

 Among adults aging with HIV, the development of age-associated conditions has 

been attributed to several factors (Figure 1-1). Specific types of ART are associated with 

age-associated comorbidities through mechanisms such as regimen toxicity. An increased 

prevalence of traditional risk factors (such as obesity, substance abuse, and HTN) among 

HIV-infected adults compared with the general population increases the risk of age-

associated conditions. Lastly, and the most consistently supported by research, are the 

effects of HIV itself, manifest in pathways of inflammation and immune dysfunction. 

Overall, the burden of multiple age-related comorbidities underscores the role of 

continual and integrated management of clinical care.  

 

Measures: Study Variables and Definitions 

Outcome 
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 For Specific Aim 1, three outcomes were assessed. Using age as the time metric, 

HTN, DM, and CKD were assessed between study entry (defined as the later date of 

either: ART initiation, baseline, start date of data collection for an age-associated 

condition, or 1 Jan 2000) and study exit (defined as first date of either: event, 

administrative censoring at 31 Dec 2009, death, cohort close, one year past the last date 

of viral load or CD4 measure as a proxy for loss to follow-up, or stop date of data 

collection for an age-associated condition).  

 

For Specific Aim 2, a binary outcome of multimorbidity was used, defined as 

having a count of ≥2 age-associated conditions. It was assessed for each calendar year 

between 2000 and 2010. Conditions that comprised multimorbidity included: HTN, DM, 

CKD, hypercholesterolemia, ESLD, or non-AIDS-related malignancies. 

 

Covariates 

 

 Covariates of interest included in the analysis were: age, sex, race/ethnicity, HIV 

transmission risk, region of residence, history of smoking, laboratory measures of CD4 

and viral load, diagnosis of AIDS, BMI, year of ART initiation, and ART regimen. ART 

was defined consistent with U.S. guidelines during our study period as a regimen of ≥3 

antiretroviral agents from at least two classes or a triple nucleoside/nucleotide reverse 

transcriptase inhibitor regimen containing abacavir or tenofovir. 
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Overview of this dissertation 

 

 This dissertation is organized into two publishable manuscripts, designated as 

Chapters Two and Three, and a summary of additional results and approaches not 

intended for publication:  

 

Chapter Two presents the rates of first occurrence for HTN, DM, and CKD during 2000-

2013, by sex and race, while accounting for the competing risk of death. Preliminary 

findings from this analysis were presented at the 2015 annual Conference on Retroviruses 

and Opportunistic Infections (CROI), and a manuscript was provisionally accepted for 

publication at Clinical Infectious Diseases in September 2016.  

 

Chapter Three presents results for Specific Aim 2 which quantifies the annual period 

prevalence of multimorbidity among HIV-infected individuals in clinical care during 

2000-2010, and appropriately accounts for repeated outcomes within individuals over 

time.   Findings from this aim have been submitted for presentation at CROI 2017 and 

will be submitted to Clinical Infectious Diseases for review by November 2016.   

 

Chapter Four presents a discussion of additional approaches and results obtained during 

the conduct of this dissertation, including efforts to: establish start and stop dates of data 

collected for each age-associated condition, construct a control population of HIV-

uninfected adults, select age as the time scale, and determine an appropriate statistical 

method to report on results for Chapter Three. 
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Importance of the Knowledge Gained 

 

 The benefits accrued from ART requires a shift in focus from viral load, CD4, and 

AIDS-defining illnesses, towards elucidating approaches to optimal management of HIV 

infection as a complex chronic disease. The clinical reality that age-associated conditions 

and multimorbidity will establish itself as the norm for aging HIV-infected adults 

underscores the need for understanding its epidemiology. Findings from this study will 

support formalizing concurrent care considerations within HIV primary care so that 

guidelines have the intended effect of extending quality and quantity of life among aging 

HIV-infected individuals. Further, study findings may assist policy makers in identifying 

individuals who stand to benefit from targeted care management. Greater understanding 

of where the burden of age-associated conditions is concentrated will form a foundation 

to argue in favor of establishing meaningful services that facilitate continuity of care, if it 

can be shown that certain clinical or demographic subgroups have poorer health 

outcomes than others.  

 Collectively, this project will fill an important research gap by evaluating the 

prevalence of age-associated conditions by important demographic subgroups among 

HIV-infected adults in North America. In anticipation of the growth of individuals living 

with HIV that will be >50 years of age by 2017, it will be critical to effectively manage 

HIV care in order to achieve the National HIV/AIDS Strategy for the United States: 

Updated to 2020 goal to improve health outcomes in those aging with treated HIV.   
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ABSTRACT  

Background: There remains concern regarding the occurrence of non-communicable 

diseases (NCDs) among individuals aging with HIV but few studies have described 

whether disparities between demographic subgroups are present among individuals on 

antiretroviral therapy (ART) with access to care. 

Methods: We assessed the first documented occurrence of type 2 diabetes mellitus (DM), 

chronic kidney disease (CKD), and treated hypertension (HTN) by age, sex, and race 

within the North American AIDS Cohort Collaboration on Research and Design. HIV-

infected adults (≥18 years) who initiated ART were observed for first NCD occurrence 

between 1 January 2000 - 31 December 2013. Cumulative incidences as of age 70 were 

estimated accounting for the competing risk of death; Poisson regression was used to 

compare rates of NCD occurrence by demographic subgroup. 

Results: We included >50,000 persons with >250,000 person-years (PY) of follow-up. 

Median follow-up was 4.7 years (interquartile range (IQR): 2.4-8.1). Rates of first 

occurrence (per 100 PY) were: 1.2 for DM, 0.6 for CKD, and 2.6 for HTN. Relative to 

non-black women, the cumulative incidences were increased in black women (68% vs. 

51% for HTN, 52% vs. 41% for DM, and 38% vs. 35% for CKD; all p<0.001); this 

disparity was also found among men (73% vs. 60% for HTN, 44% vs. 34% for DM, and 

30% vs. 25% for CKD; all p<0.001).  

Conclusions: Racial disparities in the occurrence of DM, CKD, and HTN emphasize the 

need for prevention and treatment options for these HIV populations receiving care in 

North America. 
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BACKGROUND  
 
 

HIV-infected individuals are living longer due to the use of effective antiretroviral 

therapy (ART).[1] Principally because of this increased life-expectancy, it is projected 

that by the end of 2017, 50% of the US population living with HIV/AIDS will be >50 

years old.[2] This public health success is tempered by concerns for long-term health and 

quality of life. Non-communicable diseases (NCDs) typically associated with aging in the 

general population have emerged as significant sources of clinical concern.[3]   

 Type 2 diabetes mellitus (DM), chronic kidney disease (CKD), and hypertension 

(HTN) are important NCDs that result in significant morbidity. They have great 

implications on cardiovascular disease, a leading cause of death in those with HIV [4], 

having been identified as risk factors for atherosclerotic heart and other vascular 

diseases.[5, 6]  However, whether and to what extent disparities of these NCDs in HIV 

patients receiving care is unclear. Prospective data are lacking among specific 

demographic subgroups with HIV previously identified as being differentially at risk for 

age-related diseases.[7] The objective of this study was to estimate the rates of first 

documented occurrence of HTN, DM, and CKD, by age, sex, and race, among ART-

experienced adults living with HIV. 

METHODS 

Study Population 

We analyzed data from the North American AIDS Cohort Collaboration on 

Research and Design (NA-ACCORD), a multi-site collaboration of single- and multi-site 

US and Canadian cohorts of HIV-infected adults that has been described previously.[8] 

Briefly, cohort participants eligible for inclusion in NA-ACCORD were required to have 
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at least 2 HIV care visits within 12 months. Each cohort has standardized methods of data 

collection and submits data on enrolled participant characteristics, diagnoses, laboratory 

measures, prescribed medications and vital status to the Data Management Core 

(University of Washington, Seattle, WA). The completeness and accuracy of data are 

evaluated before data elements are harmonized across cohorts. Data are then sent to the 

Epidemiology/Biostatistics Core (Johns Hopkins University, Baltimore, MD), where 

additional quality control procedures are executed and analytic files are created.  

For this analysis, clinical cohorts were included if data elements to ascertain 

HTN, DM, and CKD were readily available. There were 16 cohorts that contributed data 

for HTN, 20 cohorts for DM, and 22 cohorts for CKD. As our interest was in an ART-

treated population since these individuals are most likely to age with HIV and be 

susceptible to these NCDs, the study population was restricted to participants who were 

ART-experienced and contributed data at least twice between 1 January 2000 and 31 

December 2013. 

Outcomes: Type 2 diabetes mellitus, chronic kidney disease, and treated 

hypertension 

The outcomes of interest were the first documented occurrence of DM, CKD, and 

HTN during the study period. Any DM was defined as having either: a glycosylated 

hemoglobin (HgbA1c) of ≥6.5%; documented use of a diabetes-specific medication; or 

documented use of a diabetes-related medication in addition to a diagnosis of diabetes. 

CKD was lab-based, defined as two values of estimated glomerular filtration rate (eGFR) 

<60 mL/min/1.73m2 (>90 days apart without an intervening normal value) and calculated 

by the CKD-Epi equation.[9] HTN was defined as ever having a diagnosis of 
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hypertension in conjunction with documented use of anti-hypertensive medication, thus 

capturing treated hypertension. Details on the rationale and list of medications used for 

these definitions can be found in the Appendix. 

We attempted to account for detection bias by excluding prevalent cases defined 

as evidence of these outcomes prior to, at, or within 9 months after study entry.  For our 

CKD analysis, to account for a bias in the rate of CKD progression between individuals 

entering the study with low versus high renal function, participants were required to have 

an eGFR >90 mL/min/1.73m2 within 6 months prior to or after they began contributing 

person-time to the analysis. 

 Covariates 

Sex, race (‘black’ for those reporting black or black Hispanic, and ‘non-black’ 

otherwise, due to the small number events that occur within more granular racial strata), 

and injection drug use as a risk factor for HIV transmission (categorized as self-reported 

IDU, or IDU and men who have sex with men) were reported at enrollment into the NA-

ACCORD. For our study, HIV transmission risk group was collapsed by IDU status 

because of previous evidence to suggest that IDUs are more disadvantaged in terms of 

health, receiving less than optimal health care compared to other HIV 

subpopulations.[10] 

Smoking status was assigned based on all self-reported and medical record data 

contributed to the NA-ACCORD. Any individuals who reported using tobacco or had a 

clinician-documented diagnosis of smoking were designated as ‘smokers’; individuals 

with no evidence of smoking were categorized as ‘non-smokers’; individuals with a 

missing report or diagnosis were deemed missing. Body mass index (BMI), calculated as 
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(kg) / [height (m)]2, was obtained no more than 6 months prior to when a participant 

began contributing data to the analysis. Calendar year at ART initiation was categorized 

as 1996-1999, 2000-2005, or 2006-2013. ART prescription was defined consistent with 

US guidelines as a regimen of ≥3 antiretroviral agents from at least two classes or a triple 

nucleoside/nucleotide reverse transcriptase inhibitor regimen containing abacavir or 

tenofovir.[11] A history of an AIDS diagnosis at entry into our study was defined 

according to 1993 criteria from the Centers for Disease Control and Prevention, 

excluding the CD4 T-lymphocyte count (CD4) <200 cells/mm3 criterion to avoid 

collinearity when adjusting for time-varying CD4 in our analysis.[12]  

CD4 was categorized as <200, 200-349, 350-499, and ≥500 cells/mm3. A 

combined time-varying measure of viral suppression (HIV RNA value ≤400 copies/mL) 

and ART use was created due to the collinearity of these variables, and was categorized 

as: 1) ART-experienced but not currently prescribed ART, 2) currently prescribed ART 

but not virally suppressed, and 3) currently prescribed ART and virally suppressed. 

Statistical Analyses 

 Differences in demographic and clinical characteristics were explored with 

Pearson chi-squared tests for categorical variables.  

We calculated incidence rates (IR) per 100 person-years (PY) and 95% 

confidence intervals (CI) for each disease outcome. To examine the association between 

sex-race subgroup (non-black women, black women, non-black men, and black men) and 

NCDs, crude (IRR) and adjusted (aIRR) incidence rate ratios and 95% CI were estimated 

using Poisson regression models. The person-time contributed by an individual under 

observation for the outcome of interest was accrued from study entry, defined as the later 
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date of either: ART initiation or 1 January 2000. Participants were followed until the 

outcome of interest, death, one year after the last CD4 or HIV RNA measure, 70 years of 

age, or 31 December 2013, whichever came first. We censored person-time at and 

beyond age 70 to avoid skewed disease rates and cumulative incidence estimates since 

these individuals had small risk set sample sizes. 

Cumulative incidence estimates as of age 70 and as of 14 years in study were 

obtained for each disease outcome accounting for the competing risk of death.[13] Two 

time metrics were used to calculate cumulative incidence: age and time on study. The 

proportional subdistribution hazard assumption was assessed by including an interaction 

term between age and sex-race in our competing risks regression model. Finally, to 

account for confounding by BMI, we conducted a subgroup analysis restricting to those 

with BMI measurements.  

Analyses were performed using SAS version 9.4 (SAS Institute, Cary, NC) and 

Stata version 12.1 (Statacorp, Collegestation, TX). All statistical tests were two-sided and 

a p-value <0.05 guided statistical interpretation. 

RESULTS 

Study Population Characteristics 

For each analysis, the majority of the study population was less than 50 years of 

age at study entry, male, non-black, did not report IDU, had not experienced AIDS, had a 

recent CD4 of <200 cells/mm3, and was on ART but not virally suppressed (Table 2-1). 

Among participants with BMI measured at study entry, less than a fifth were overweight 

or obese for the HTN and DM analysis, but almost half were overweight or obese in the 

CKD analysis. Participants who developed any one of the NCDs during the study period 
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differed by demographic and clinical characteristics at study entry when compared to 

persons who remained event-free. Older age, black race, IDU, a history of smoking, and 

having initiated ART in earlier calendar periods were each associated with increased rates 

of first occurrence of HTN, DM, and CKD (Table 2-2).  

Overall, rates of first occurrence for each disease were: 2.6 per 100 PY for HTN 

(n=9,547 events; n=4,198 for non-Hispanic whites, n=4,711 for non-Hispanic blacks, 

n=487 for Hispanics, and n=151 for other), 1.2 per 100 PY for DM (n=5,881 events; 

n=2,275 for non-Hispanic whites, n=2,988 for non-Hispanic blacks, n=498 for Hispanics, 

n=120 for other), and 0.6 per 100 PY for CKD (n=1,785 events; n=742 for non-Hispanic 

whites, n=901 for non-Hispanic blacks, n=100 for Hispanics, n=42 for others). The 

median follow-up time for each analysis was: 4.4 (IQR: 2.1-8.0) years, 4.8 (IQR: 2.8-8.0) 

years, and 5.0 (IQR: 2.5-8.5) years, respectively. Median age at diagnosis for HTN, DM, 

and CKD for the observed cases was 48 (IQR=43-54), 49 (IQR=43-55), and 51 (IQR=45-

57) years old, respectively. Median follow-up for those with and without: HTN was 3.6 

(IQR=2.0-6.2) and 4.6 (IQR=2.2-8.1) years, respectively; DM was 3.3 (IQR=1.5-6.0) and 

5.0 (IQR=2.4-8.1) years, respectively; CKD was 5.3 (IQR=3.2-8.0) and 5.1 (IQR=2.5-

8.5) years, respectively.  

Estimation of outcomes by subgroup of sex and race 

We observed disparities by sex and race after adjusting for age, risk behavior, and 

HIV-related factors in our Poisson analyses. Regardless of sex, black race was 

significantly associated with higher rates of HTN (relative to non-black men, black 

women aIRR=1.8 [1.6-2.1] and black men aIRR=1.6 [1.4-1.7]). For DM, black men, 

black women, and non-black women experienced significantly higher rates of DM 
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relative to non-black men (aIRR=1.5 [1.3-1.7], aIRR=1.5 [1.3-1.9], aIRR=2.1 [1.8-2.5], 

respectively). Lastly, black and non-black women had significantly higher CKD rates 

compared to non-black men (aIRR=1.9 [1.5-2.3] and aIRR=1.7 [1.3-2.3], respectively). 

 We also assessed whether the relationship between age and NCD was 

significantly different by sex-race subgroup (Figure 2-1).  Adjusted rates of NCD 

occurrence increased with older age for each sex-race subgroup (Table 2-3), and was 

significantly different between sex-race subgroups for HTN and DM (all p-values ≤ 

0.02).   

Evidence for disparities in cumulative incidences between sex-race group was 

observed, regardless of the time metric employed. Using age as the time metric, 

cumulative incidence estimates between sex-race groups for HTN by age 70 ranged from 

51-73% (Figure 2-2A), from 34-52% for DM (Figure 2-2B), and from 25-38% for CKD 

(Figure 2-2C). The proportional hazards assumption was met (all p-values ≥0.9). 

When time on study was the time metric, HTN by study end ranged from 16-31% 

for HTN, from 11-16% for DM, and from 7-10% for CKD (Figure 2-2D, 2-2E, and 2-2F, 

respectively). These differences are driven by how person-time is aligned with respect to 

the time metric’s origin and we report both metrics to: 1) to compare people of similar 

age, thus having the greatest possible control for age as a confounder (time metric = 

age);[14] and 2) present our data using a scale that is comparable with other studies (time 

metric = time on study).[15-19] As an example of the difference in their interpretations, 

using time on study and HTN as the outcome of interest, “among black men who have 

been followed in our study for at least 4 years the probability of experiencing HTN is 

12%, conditional on their surviving free of HTN.” If age is the time metric the 
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interpretation becomes, “among black men who have reached the age of 55, the 

probability of experiencing HTN is 51%, conditional on their surviving free of HTN up 

until that age.” For a concise discussion of findings we will henceforth refer to 

cumulative incidence estimates using age as the time scale. 

Given the potential influence of BMI on NCD development, we conducted a sub 

analysis for the minority of participants for whom BMI data were available at study entry 

(n=21,615 for HTN, n=28,963 for DM, n=18,996 for CKD). Sex-race disparities 

persisted after adjusting for BMI (results not shown). 

 
 
DISCUSSION 

Sex-race disparities in the occurrence of HTN, DM, and CKD persisted among 

men and women aging with HIV with access to care. As ART-treated adults age with 

HIV, it becomes increasingly important to describe NCD epidemiology.[20] Estimating 

the occurrence of HTN, DM, and CKD by specific sex-race subgroups of adults aging 

with HIV further develops the evidence of the persistent racial disparity as shown in other 

studies of incidence by age, sex, or race.[15, 17, 18, 20, 21]. Our findings are a call to 

action to: 1) better understand the drivers of these disparities that persist in an 

environment with equal access to care in attempts to meet the Healthy People 2020 goals; 

and 2) fill the gaps in NCD prevention services among adults aging with HIV.[22]  

Our study population experienced lower rates of HTN and CKD, and rates of DM 

within range of those reported in other HIV-infected populations. In previous literature 

HTN, DM, and CKD rates have been reported to range from 34.4 - 220/1,000 PY, 3.1–

26/1,000 PY, and 8.8-11.2/1,000 PY, respectively; among HIV-uninfected individuals, 
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ranges were 5.9 – 91.1 / 1,000 PY, 6.2 – 7.1 /1,000 PY, and 10.4 – 44.6 / 1,000 PY, 

respectively.[15-21, 23-28] Heterogeneity in measurement of the outcomes is partially 

responsible for the large ranges of incidence estimates. We focused on treated HTN and 

did not include fasting glucose measures in our DM definition. Additionally, high eGFRs 

at study entry restricted the rate of decline.  

As observed in other studies, the rates of NCDs were frequently higher among 

black compared to non-black persons. [16, 18, 29] Despite blacks comprising only 12% 

of the US population, blacks have a disproportionate burden of HIV with infection rates 8 

times higher than that of whites.[30] The confluence of this disproportionate burden of 

HIV infection and the associations of race with NCDs indicates an important clinical and 

public health issue. The already complex clinical management of HIV-infection, [31] and 

evidence supporting that disease preventive services are less common among 

disadvantaged communities [32], suggest a need for primary and secondary disease 

prevention strategies directed at minorities.   

  Consistent with accumulating evidence identifying women at greater risk for 

several adverse health outcomes compared with men,[7] women in our study experienced 

higher rates for DM and CKD.  In the setting of HIV infection, reasons for sex disparities 

are likely multifactorial, and may include biological differences,[33] and differences in 

care retention.[34] In light of this, women aging with HIV may require approaches to 

care that are distinct from those routinely used for men in terms of devising effective 

prevention and treatment plans for NCDs. 

The foreseeable growth of NCDs among HIV-infected individuals will have 

implications for clinical care and health-care resources.[20] As HIV-infected individuals 
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age an increasing number of treatable NCDs may give rise to issues related to 

polypharmacy, with management of both ARTs and treatment of NCDs.[35] To date, 

there is a dearth of guidelines on how best to clinically manage older individuals with 

multiple diseases [36] and it is unclear whether undertaking earlier or intensified 

screening for specific age-related diseases is justifiable.[37] Appropriate healthcare 

delivery models that are diverse in medical expertise will be fundamental to the care of 

HIV-infected persons.   

Our results should be interpreted in acknowledgement of their limitations. As our 

study population excludes persons who did not successfully access HIV care, our 

findings that HTN, DM, and CKD are more likely to be diagnosed among blacks may 

reflect an underestimate of true disparity, reinforcing the urgency of linking minorities to 

care.[38] We may have underestimated HTN and CKD events by excluding individuals 

with untreated hypertension, and excluding individuals who may have progressed to 

CKD more rapidly by requiring an eGFR <90 mL/min/1.73m2 at study entry, 

respectively. It is also feasible that NCD rates are higher among individuals being 

followed for care for longer periods of time. But, we contend that it is important to 

describe what is being seen in clinical settings as individuals seek care. The extent of 

missing data on BMI is another limitation. However, our sub-analyses confirmed the 

persistence of the sex-race disparity after adjusting for BMI. Given previous evidence to 

suggest that BMI after ART initiation is relatively stable,[39] adjusting for BMI in a 

time-varying manner may not add more than what we have shown. Given that our goal 

was to quantify rates of first occurrence for HTN, DM, and CKD, the analysis for each 

outcome was independent and we reported results that did not adjust for concomitant 
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disease. Finally, although an HIV-uninfected comparison group would have provided 

estimates as to the role of HIV in the disparities shown, the objective was not to examine 

the HIV effect, but rather to describe the epidemiology of NCDs among individuals with 

access to HIV clinical care.  

In summary, we found increased rates of HTN, DM, and CKD, especially among 

HIV-infected black men and women.  Minimizing sex-race health disparities through 

more proactive preventive care, such as smoking cessation, physical activity, and 

nutritional assistance programs, will shape the quality of extended life made possible by 

effective ART in this population engaged in medical care. Understanding North 

American rates of NCDs in HIV-infected persons, and sex-race disparities in NCD 

occurrence, is a necessary step for responding to the US National HIV/AIDS Strategy’s 

call to improve long-term health outcomes among HIV-infected individuals and to 

prepare for the clinical and public health challenges that may lie ahead.[38]  
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Table 2-1. Characteristics of ART-experienced, HIV-infected adults at study entry during 2000-2013. 
  HTN No HTN DM No DM CKD No CKD 

N 9,547 58,858 5,881 80,908 1,785 50,626 

pyrs 41,291 323,788 23,918 452,258 10,053 288,382 

Variable N % N % N % N % N % N % 

Age (yr)             

   <40 2,734 29 27,002 46 1,488 25 33,831 42 430 24 24,012 47 

   40-49 4,201 44 21,555 37 2,530 43 30,270 37 782 44 18,553 37 

   50-59 2,234 23 8,673 15 1,601 27 13,789 17 480 27 7,044 14 

   60-69 378 4 1,628 3 262 4 3,018 4 93 5 1,017 2 

Sex             

   Male 8,464 89 48,908 83 4,842 82 67,621 84 1,481 83 42,200 83 

Race             

   non-black 4,836 51 35,330 60 2,893 49 47,838 59 884 50 28,592 56 

   black 4,711 49 23,528 40 2,988 51 33,070 41 901 50 22,034 44 

IDU             
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   No 6,829 72 47,617 81 4,230 72 63,921 79 1,191 67 39,948 79 

Smoking             

   Never 717 8 5,927 10 397 7 9,153 11 146 8 5,653 11 

   Ever 2,615 27 20,798 35 1,565 27 30,142 37 646 36 19,692 39 

   Missing 6,215 65 32,133 55 3,919 67 41,613 51 993 56 25,281 50 

BMI (kg/m2)             

   <18.5 913 10 10,268 17 429 7 14,001 17 28 2 727 1 

   18.5-24.9 685 7 5,961 10 408 7 8,688 11 284 16 9,293 18 

   25-29.9 334 3 2,184 4 353 6 3,401 4 150 8 5,655 11 

   30-40 58 1 304 1 73 1 473 1 55 3 2,391 5 

   >40 57 1 851 1 35 1 1,102 1 12 1 401 1 

   missing 7,500 79 39,290 67 4,583 78 53,243 66 1,256 70 32,159 64 

AIDS             

   No 7,811 82 47,252 80 4,668 79 65,016 80 1,341 75 40,770 81 

Calendar Period of             
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ART Initiation 

   1996-1999 4,651 49 17,707 30 2,804 48 25,534 32 851 48 14,895 29 

   2000-2005 3,669 38 21,231 36 2,361 40 29,892 37 766 43 19,204 38 

   2006-2013 1,101 12 17,595 30 638 11 22,624 28 138 8 14,962 30 

CD4 (cells/mm3)             

   >500 1,684 18 10,208 17 1,257 21 14,474 18 284 16 9,345 18 

   350-499 1,219 13 8,223 14 852 14 11,790 15 197 11 7,701 15 

   200-349 1,772 19 11,964 20 1,021 17 17,167 21 351 20 11,118 22 

   <200 4,870 51 28,458 48 2,751 47 37,471 46 953 53 22,459 44 

ART & HIV RNA 

(copies/mL) 

            

   ≤400, on ART 1,392 26 8,267 24 888 30 12,251 26 219 21 7,823 27 

   >400, on ART 1,643 31 11,916 34 918 31 16,654 36 418 41 11,572 40 

   Off ART 2,252 43 14,869 42 1,203 40 17,516 38 392 38 9,555 33 

Abbreviations: PYRS = person-years, IDU = injection drug use as HIV transmission risk, BMI = body-mass-index, AIDS = acquired immunodeficiency 
syndrome, ART = antiretroviral therapy, HIV RNA = human immunodeficiency virus viral load.  
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Statistical differences were assessed comparing cases to non-cases for each NCD. All covariates were statistically significant (p<0.05) with the exception of sex 
and BMI for the CKD analysis. 
 
Smoking data in the NA-ACCORD included observed and imputed observations. Across all 3 study populations, 3% of participants were imputed to be never 
smokers, 10% were imputed to be ever smokers, 7-8% were observed as never smokers, 24-29% were observed as ever smokers, and 50-56% had missing 
smoking data. Results of our analyses pooled smoking coefficients across five datasets with imputed smoking status, and we obtained valid inferences by 
accounting for associated covariance matrices between imputed datasets. 
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Table 2-2. Non-communicable disease rates (per 100 PYRS) among ART-experienced, HIV-infected adults from 2000-2013. 
 
Variable Treated Hypertension (n=68,405) Type 2 Diabetes (n=86,789) Chronic Kidney Disease (n=52,411) 

 Events PY IR 95% CI Events PY IR 95% CI Events PY IR 95% CI 

Age                   

  <40 1,388 109,425 1.3 1.2 - 1.3 806 130,208 0.6 0.6 - 0.7 167 92,767 0.2 0.2 - 0.2 

  40-49 3,804 148,131 2.6 2.5 - 2.7 2,232 190,276 1.2 1.1 - 1.2 605 122,913 0.5 0.5 - 0.5 

  50-59 3,407 87,322 3.9 3.8 - 4.0 2,190 124,127 1.8 1.7 - 1.8 694 68,786 1.0 0.9 - 1.1 

  60-69 948 20,202 4.7 4.4 - 5.0 653 31,565 2.1 1.9 - 2.2 319 13,968 2.3 2.0 - 2.5 

Sex                   

  Male 8,464 310,127 2.7 2.7 - 2.8 4,842 399,860 1.2 1.2 - 1.2 1,481 248,835 0.6 0.6 - 0.6 

  Female 1,083 54,953 2.0 1.9 - 2.1 1,039 76,315 1.4 1.3 - 1.4 304 49,599 0.6 0.6 - 0.7 

Race                   

  Non-black 4,836 220,407 2.2 2.1 - 2.3 2,893 283,628 1.0 1.0 - 1.1 884 169,906 0.5 0.5 - 0.6 

  Black 4,711 144,672 3.3 3.2 - 3.4 2,988 192,547 1.6 1.5 - 1.6 901 128,529 0.7 0.7 - 0.8 

IDU                   
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  No 6,829 287,518 2.4 2.3 - 2.4 4,230 370,127 1.1 1.1 - 1.2 1,191 230,247 0.5 0.5 - 0.6 

  Yes 2,718 77,562 3.5 3.4 - 3.6 1,651 106,048 1.6 1.5 - 1.6 594 68,187 0.9 0.9 - 0.9 

Smoking                   

  Never 729 41,021 1.8 1.7 - 1.9 297 57,707 0.7 0.6 - 0.8 146 35,927 0.4 0.4 - 0.5 

  Ever 2,636 125,111 2.1 2.0 - 2.2 1,565 179,512 0.9 0.8 - 0.9 646 119,984 0.5 0.5 - 0.6 

  Missing 6,365 212,274 3.0 2.9 - 3.1 3,919 238,956 1.6 1.6 - 1.7 993 142,524 0.7 0.7 - 0.7 

BMI at 

Entry 

(kg/m2) 

                  

  <18.5 913 60,520 1.5 1.4 - 1.6 429 82,159 0.5 0.5 - 0.6 28 3,834 0.7 0.5 - 1.1 

  18.5-24.9 685 34,790 2.0 1.8 - 2.1 408 51,176 0.8 0.7 - 0.9 284 55,107 0.5 0.5 - 0.6 

  25-29.9 334 11,874 2.8 2.5 - 3.1 353 19,503 1.8 1.6 - 2.0 150 33,341 0.5 0.4 - 0.5 

  30-40 58 1,533 3.8 2.9 - 4.9 73 2,673 2.7 2.2 - 3.4 55 13,568 0.4 0.3 - 0.5 

  >40 57 4,314 1.3 1.0 - 1.7 35 5,606 0.6 0.4 - 0.9 12 2,338 0.5 0.3 - 0.9 

  missing 7,500 252,049 3.0 2.9 - 3.0 4,583 315,057 1.5 1.4 - 1.5 1,256 190,246 0.7 0.6 - 0.7 
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AIDS at 

Entry 

                  

  No 7,811 298,095 2.6 2.6 - 2.7 4,668 383,941 1.2 1.2 - 1.3 1,341 240,786 0.6 0.5 - 0.6 

  Yes 1,736 66,984 2.6 2.5 - 2.7 1,213 92,234 1.3 1.2 - 1.4 444 57,648 0.8 0.7 - 0.9 

Calendar 

Year at ART 

Initiation 

                  

  2006-2013 1,101 67,973 1.6 1.5 - 1.7 638 80,535 0.8 0.7 - 0.9 138 53,031 0.3 0.2 - 0.3 

  2000-2005 3,669 141,696 2.6 2.5 - 2.7 2,361 189,319 1.3 1.2 - 1.3 766 123,619 0.6 0.6 - 0.7 

  1996-1999 4,651 146,738 3.2 3.1 - 3.3 2,804 195,250 1.4 1.4 - 1.5 851 116,228 0.7 0.7 - 0.8 

ART & HIV 

RNA 

(copies/mL) 

                  

  ≤400, on                     
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  ART 2,595 46,500 5.6 5.4 - 5.8 2,097 65,275 3.2 3.1 - 3.4 807 42,387 1.9 1.8 - 2.0 

  >400, on   

  ART 

 

873 

 

14,720 

 

5.9 

 

5.5 

 

- 

 

6.3 

 

680 

 

19,177 

 

3.6 

 

3.3 

 

- 

 

3.8 

 

260 

 

12,636 

 

2.1 

 

1.8 

 

- 

 

2.3 

  Off ART 1,809 113,763 1.6 1.5 - 1.7 1,193 140,820 0.9 0.8 - 0.9 310 83,122 0.4 0.3 - 0.4 

                   
Abbreviations: PY = person-years, IR = incidence rates per 100 person-years, CI = confidence interval, IDU = injection drug use as HIV transmission risk, BMI 
= body-mass-index, AIDS = acquired immunodeficiency syndrome, ART = antiretroviral therapy, HIV RNA = human immunodeficiency virus viral load. 
 
Confidence intervals that do not overlap 1 are represented in bold. 
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Table 2-3. Crude and adjusted incidence rate ratios for non-communicable diseases among ART-experienced, HIV-infected 
adults by age, sex, and race from 2000-2013. 
 

 Univariate Analysis Multivariable Analysis 

 IRR 95% CI aIRR 95% CI 

Hypertension 

(n=68,405) 

    

   Non-black women     

      <40 1 Ref 1 Ref 

      40-49 1.7 (1.3 – 2.3) 1.6 (1.1 – 2.3) 

      50-59 2.8 (2.1 – 3.7) 2.4 (1.6 – 3.7) 

      60-69 2.9 (1.8 – 4.6) 2.0 (0.9 – 4.4) 

   Black women     

      <40 1 Ref 1 Ref 

      40-49 2.0 (1.7 – 2.3) 1.5 (1.2 – 2.0) 

      50-59 2.4 (1.9 – 2.9) 1.6 (1.1 – 2.2) 

      60-69 1.6 (1.0 – 2.7) 1.1 (0.4 – 2.9) 
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   Non-black men     

      <40 1 Ref 1 Ref 

      40-49 2.0 (1.9 – 2.2) 2.0 (1.7 – 2.4) 

      50-59 3.2 (2.9 – 3.5) 2.6 (2.2 – 3.1) 

      60-69 4.1 (3.7 – 4.6) 2.6 (1.9 – 3.5) 

   Black men     

      <40 1 Ref 1 Ref 

      40-49 2.0 (1.8 – 2.2) 1.8 (1.5 – 2.2) 

      50-59 2.9 (2.6 – 3.2) 2.3 (1.8 – 3.0) 

      60-69 3.6 (3.1 – 4.1) 1.8 (1.1 – 3.0) 

Type 2 Diabetes 

(n=86,789) 

    

   Non-black women     

      <40 1 Ref 1 Ref 

      40-49 1.8 (1.4 – 2.4) 1.7 (1.1 – 2.7) 
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      50-59 2.4 (1.8 – 3.3) 3.0 (1.9 – 4.8) 

      60-69 2.5 (1.6 – 4.0) 2.6 (1.2 – 5.5) 

   Black women     

      <40 1 Ref 1 Ref 

      40-49 1.7 (1.4 – 2.0) 1.5 (1.1 – 2.0) 

      50-59 2.1 (1.8 – 2.6) 1.5 (1.0 – 2.1) 

      60-69 2.7 (1.9 – 3.8) 2.1 (1.1 – 4.0) 

   Non-black men     

      <40 1 Ref 1 Ref 

      40-49 2.2 (1.9 – 2.5) 2.0 (1.6 – 2.6) 

      50-59 3.7 (3.2 – 4.2) 3.4 (2.6 – 4.4) 

      60-69 4.6 (3.9 – 5.3) 4.8 (3.5 – 6.6) 

   Black men     

      <40 1 Ref 1 Ref 

      40-49 1.9 (1.7 – 2.2) 1.4 (1.1 – 2.0) 
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      50-59 2.7 (2.3 – 3.1) 2.2 (1.6 – 3.1) 

      60-69 3.1 (2.6 – 3.7) 2.6 (1.7 – 4.2) 

Chronic Kidney 

Disease (n=52,411) 

    

   Non-black women     

      <40 1 Ref 1 Ref 

      40-49 3.2 (1.9 – 5.6) 2.5 (1.2 – 4.9) 

      50-59 4.5 (2.4 – 8.3) 4.3 (2.0 – 9.4) 

      60-69 14.3 (7.4 – 27.8) 16.3 (7.1 – 37.7) 

   Black women     

      <40 1 Ref 1 Ref 

      40-49 2.5 (1.7 – 3.6) 2.4 (1.5 – 4.0) 

      50-59 4.3 (2.9 – 6.4) 4.2 (2.5 – 7.2) 

      60-69 7.0 (3.9 – 12.5) 10.4 (5.0 – 21.7) 

   Non-black men     
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Abbreviations: IRR = incidence rate ratio, CI = confidence interval, aIRR=adjusted incidence rate ratio, ref=reference. 
 
Adjusted Poisson analyses controlled for: injection drug use, history of smoking, calendar year at ART initiation, cohort, AIDS at entry, and time-updated CD4, 
ART and viremia status (where viral suppression ≤400 copies/mL).  
 
Confidence intervals that do not overlap 1 are shown in bold. 
	  

      <40 1 Ref 1 Ref 

      40-49 4.1 (3.0 – 5.5) 3.2 (2.1 – 4.9) 

      50-59 8.4 (6.2 – 11.4) 6.9 (4.5 – 10.5) 

      60-69 22.1 (16.1 – 30.4) 14.5 (9.0 – 23.4) 

   Black men     

      <40 1 Ref 1 Ref 

      40-49 2.0 (1.5 – 2.7) 1.9 (1.2 – 3.1) 

      50-59 4.5 (3.4 – 5.9) 3.5 (2.1 – 5.9) 

      60-69 8.8 (6.4 – 12.0) 8.2 (4.3 – 15.7) 
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Appendix  

Defining hypertension 

Currently, there is no available gold standard measure for hypertension within the 

NA-ACCORD. For this study, hypertension was defined as documented use of anti-

hypertensive medication and ever having a diagnosis of hypertension. In line with clinical 

guidelines recommending medication-based treatment at time of treatment diagnosis,[1] 

this definition aims to identify true hypertensive cases and be reflective of clinical 

practice 

Additionally, to facilitate capture of clinically meaningful events, sensitivity and 

specificity of the outcome was explored using a Venn Diagram (Appendix Figure 2-1).  If 

hypertension was to be defined as having 2 consecutive elevated blood pressure 

measurements, evidence of anti-hypertensive medication use,(Appendix Table 2-1) or a 

hypertension diagnosis then 19,500 hypertension cases would be identified within the 

NA-ACCORD. Approximately 20% of cases would be identified based on blood pressure 

criteria alone. However, relying on consecutive measures alone is problematic. Events 

become a function of missing data and specificity hypertension decreases. Further, 15% 

(3,018/19,500) of cases identified based on anti-hypertension medication alone may 

similarly result in a greater proportion of false positives because some medications may 

be indicated for non-hypertensive purposes.[2] Among the 15% (2,847/19,500) of 

potential cases identified by a history of diagnosis alone, further steps were taken to 

corroborate hypertensive status.  

It was necessary to assess whether each cohort concurrently collected any data on 

hypertension medication. We hypothesized that if this was observed for the majority of 
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cohorts, it would strengthen the validity of relying on hypertension diagnoses codes alone 

to define untreated hypertension.  Indeed, we found that 12 clinical cohorts follow-up on 

anti-hypertensive medication overlapped with the time during when diagnoses were 

occurring in 2000-2010.  However, as any medical diagnosis of hypertension should be 

accompanied by the initiation of anti-hypertensive medication use, per clinical practice 

guidelines, diagnosis alone was deemed insufficient as a standalone definition for 

hypertension. 

 

Defining Diabetes 

 

Currently, there is no available gold standard measure for type 2 diabetes mellitus 

within the NA-ACCORD. For this study, diabetes was defined as having a glycosylated 

hemoglobin (HgbA1c) of ≥6.5%, or documented use of diabetes-specific medication, or 

documented use of a diabetes-related medication in conjunction with a diagnosis. This 

definition aims to minimize false positive cases in the absence of reliable laboratory data 

on fasting status of glucose measures. 

 As presented, Appendix Figure 2-2 demonstrates that data collected on 

hemoglobin A1c, medication use,(Appendix Table 2-1) and diabetes diagnosis would 

capture approximately 5,933 T2DM cases among 75,148 individuals the NA-ACCORD 

as of 2010. Areas of the Appendix Figure 2-2 where diabetes is not confirmed by a 

secondary or tertiary source of data, were of primary interest in order to distinguish 

between true disease and false positive status. Among individuals that had a history of 

HgbA1c≥6.5% only, or had a history of using a diabetes-specific medication only, it was 
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reasonable to assume that these criteria were sensitive measures of diabetic status. 

Hgba1c reflects average blood glucose control and diabetes status during previous 

months, even if lifestyle modification (not captured in data collection) in lieu of medical 

treatment was the first course of action at diagnosis.[3] Approximately 16% of cases (963 

of 5,933) that would be categorized as diabetic based on a history of diagnosis alone was 

further explored. Of 963 potential diabetics, 43% had no history of HgbA1c measures 

collected, 22% had HgbA1c measures at least 1 year prior to their diagnosis date, and 

34% had HgbA1c measures less that 1 year prior to their diagnosis date. Among 

participants with a diagnosis of diabetes that had any history of HgbA1c measures, no 

one had a history of an HgbA1c≥6.5%. This suggested that relying on a clinical diagnosis 

alone would result in an increased proportion of false positive T2DM events. Hence, a 

diabetes diagnosis alone did not constitute a definition for diabetes in this study. Lastly, 

232 (4%) of diabetes cases that would be identified based on diabetes-related medication 

alone was deemed insufficient evidence to use as criteria for a T2DM case. This is 

because diabetes-related medications may be used for clinical purposes other than 

diabetes alone.[4] 

 

Defining Chronic Kidney Disease 

 

For this study, CKD was defined as two values of estimated glomerular filtration 

rate that are <60 mL/min/1.73 m2 for >90 days in duration, without an intervening 

normal value, as calculated by the CKD-Epi equation. This approach was selected 
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because the CKD-Epi calculator performs better at eGFR levels>60 [5] and has been 

validated in an HIV-infected population.[6] 
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Appendix Table 2-1. Medications Used to Categorize Anti-Hypertension, Diabetes-
Related, and Diabetes-Specific Prescriptions for Treated Hypertension and Type 2 
Diabetes Mellitus. 
 
Medication Name (NA-ACCORD 
P2012 DATA) Category 

Report 
Group 

Diabetes Specific 

LIRAGLUTIDE Diabetes 
Diabetes 
Specific 

SAXAGLIPTIN Diabetes 
Diabetes 
Specific 

INSULIN Insulin 
Diabetes 
Specific 

NATEGLINIDE Meglitinide 
Diabetes 
Specific 

REPAGLINIDE Meglitinide 
Diabetes 
Specific 

REPAGLINIDE + METFORMIN Meglitinide + Biguanide 
Diabetes 
Specific 

SITAGLIPTIN Miscellaneous anti-diabetic 
Diabetes 
Specific 

PRAMLINTIDE 
Miscellaneous anti-diabetic 
(Amylin analog) 

Diabetes 
Specific 

EXENATIDE 
Miscellaneous anti-diabetic 
(incretin mimetic) 

Diabetes 
Specific 

SITAGLIPTIN + METFORMIN 
Miscellaneous anti-diabetic + 
Biguanide 

Diabetes 
Specific 

CHLORPROPAMIDE Sulfonlyurea 
Diabetes 
Specific 

GLICLAZIDE Sulfonlyurea 
Diabetes 
Specific 

GLIMEPIRIDE Sulfonylurea 
Diabetes 
Specific 

GLIPIZIDE Sulfonylurea 
Diabetes 
Specific 

GLIPIZIDE EXTENDED-
RELEASE Sulfonylurea 

Diabetes 
Specific 

GLYBURIDE Sulfonylurea 
Diabetes 
Specific 

TOLAZAMIDE Sulfonylurea 
Diabetes 
Specific 

TOLBUTAMIDE Sulfonylurea 
Diabetes 
Specific 

GLIPIZIDE + METFORMIN Sulfonylurea + Biguanide 
Diabetes 
Specific 

GLYBURIDE + METFORMIN Sulfonylurea + Biguanide Diabetes 
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Medication Name (NA-ACCORD 
P2012 DATA) Category 

Report 
Group 

Specific 
PIOGLITAZONE + 
GLIMEPIRIDE 

Thiazolidinedione + 
Sulfonylurea 

Diabetes 
Specific 

ROSIGLITAZONE + 
GLIMEPIRIDE 

Thiazolidinedione + 
Sulfonylurea 

Diabetes 
Specific 

Diabetes Related 

ACARBOSE Alpha-glucosidase inhibitor 
Diabetes 
Related 

MIGLITOL Alpha-glucosidase inhibitor 
Diabetes 
Related 

METFORMIN Biguanide 
Diabetes 
Related 

METFORMIN + 
ROSIGLITAZONE Biguanide + Thiazolidinedione 

Diabetes 
Related 

PIOGLITAZONE Thiazolidinedione 
Diabetes 
Related 

ROSIGLITAZONE Thiazolidinedione 
Diabetes 
Related 

TROGLITAZONE Thiazolidinedione 
Diabetes 
Related 

PIOGLITAZONE + METFORMIN Thiazolidinedione + Biguanide 
Diabetes 
Related 

DIABETES MEDICATION 
UNSPECIFIED Diabetes 

Diabetes 
Related 

Anti-hypertensives 

BENAZEPRIL ACE Inhibitor (ACEI) 
Anti-
hypertensives 

CAPTOPRIL ACE Inhibitor (ACEI) 
Anti-
hypertensives 

CILAZAPRIL ACE Inhibitor (ACEI) 
Anti-
hypertensives 

ENALAPRIL INJECT ACE Inhibitor (ACEI) 
Anti-
hypertensives 

ENALAPRIL ORAL ACE Inhibitor (ACEI) 
Anti-
hypertensives 

ENALAPRIL UNSPECIFIED ACE Inhibitor (ACEI) 
Anti-
hypertensives 

ENALAPRILAT INJECT ACE Inhibitor (ACEI) 
Anti-
hypertensives 

FOSINOPRIL ACE Inhibitor (ACEI) 
Anti-
hypertensives 

LISINOPRIL ACE Inhibitor (ACEI) 
Anti-
hypertensives 

MOEXIPRIL ACE Inhibitor (ACEI) Anti-
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Medication Name (NA-ACCORD 
P2012 DATA) Category 

Report 
Group 

hypertensives 

PERINDOPRIL ACE Inhibitor (ACEI) 
Anti-
hypertensives 

QUINAPRIL ACE Inhibitor (ACEI) 
Anti-
hypertensives 

RAMIPRIL ACE Inhibitor (ACEI) 
Anti-
hypertensives 

TRANDOLAPRIL ACE Inhibitor (ACEI) 
Anti-
hypertensives 

ENALAPRIL + FELODIPINE 
ACEI + Calcium channel 
blocker 

Anti-
hypertensives 

TRANDOLAPRIL + 
VERAPAMIL 

ACEI + Calcium channel 
blocker 

Anti-
hypertensives 

BENAZEPRIL + 
HYDROCHLOROTHIAZIDE ACEI + Diuretic 

Anti-
hypertensives 

CAPTOPRIL + 
HYDROCHLOROTHIAZIDE ACEI + Diuretic 

Anti-
hypertensives 

CILAZAPRIL + 
HYDROCHLOROTHIAZIDE ACEI + Diuretic 

Anti-
hypertensives 

ENALAPRIL + 
HYDROCHLOROTHIAZIDE ACEI + Diuretic 

Anti-
hypertensives 

FOSINIPRIOL + 
HYDROCHLOROTHIAZIDE ACEI + Diuretic 

Anti-
hypertensives 

LISINOPRIL + 
HYDROCHLOROTHIAZIDE ACEI + Diuretic 

Anti-
hypertensives 

MOEXIPRIL + 
HYDROCHLOROTHIAZIDE ACEI + Diuretic 

Anti-
hypertensives 

QUINAPRIL + 
HYDROCHLOROTHIAZIDE ACEI + Diuretic 

Anti-
hypertensives 

DOXAZOSIN Alpha blocker 
Anti-
hypertensives 

PRAZOSIN Alpha blocker 
Anti-
hypertensives 

TERAZOSIN Alpha blocker 
Anti-
hypertensives 

PRAZOSIN + POLYTHIAZIDE Alpha blocker + Diuretic 
Anti-
hypertensives 

CANDESARTAN 
Angiotensin receptor blocker 
(ARB) 

Anti-
hypertensives 

EPROSARTAN 
Angiotensin receptor blocker 
(ARB) 

Anti-
hypertensives 

IRBESARTAN 
Angiotensin receptor blocker 
(ARB) 

Anti-
hypertensives 

LOSARTAN Angiotensin receptor blocker Anti-
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Medication Name (NA-ACCORD 
P2012 DATA) Category 

Report 
Group 

(ARB) hypertensives 

OLMESARTAN 
Angiotensin receptor blocker 
(ARB) 

Anti-
hypertensives 

TELMISARTAN 
Angiotensin receptor blocker 
(ARB) 

Anti-
hypertensives 

VALSARTAN 
Angiotensin receptor blocker 
(ARB) 

Anti-
hypertensives 

CLONIDINE Antiadrenergic 
Anti-
hypertensives 

GUANADREL Antiadrenergic 
Anti-
hypertensives 

METHYLDOPA Antiadrenergic 
Anti-
hypertensives 

PHENOXYBENZAMINE Antiadrenergic 
Anti-
hypertensives 

CLONIDINE + 
CHLORTHALIDONE Antiadrenergic + Diuretic 

Anti-
hypertensives 

METHYLDOPA + 
CHLOROTHIAZIDE Antiadrenergic + Diuretic 

Anti-
hypertensives 

METHYLDOPA + 
HYDROCHLOROTHIAZIDE Antiadrenergic + Diuretic 

Anti-
hypertensives 

GUANABENZ Antiadrenergic 
Anti-
hypertensives 

GUANFACINE Antiadrenergic 
Anti-
hypertensives 

CANDESARTAN + 
HYDROCHLOROTHIAZIDE ARB + Diuretic 

Anti-
hypertensives 

EPROSARTAN + 
HYDROCHLOROTHIAZIDE ARB + Diuretic 

Anti-
hypertensives 

IRBESARTAN + 
HYDROCHLOROTHIAZIDE ARB + Diuretic 

Anti-
hypertensives 

LOSARTAN + 
HYDROCHLOROTHIAZIDE ARB + Diuretic 

Anti-
hypertensives 

OLMESARTAN + 
HYDROCHLOROTHIAZIDE ARB + Diuretic 

Anti-
hypertensives 

TELMISARTAN + 
HYDROCHLOROTHIAZIDE ARB + Diuretic 

Anti-
hypertensives 

VALSARTAN + 
HYDROCHLOROTHIAZIDE ARB + Diuretic 

Anti-
hypertensives 

ACEBUTOLOL Beta blocker 
Anti-
hypertensives 

ATENOLOL Beta blocker 
Anti-
hypertensives 

BETAXOLOL Beta blocker Anti-
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Medication Name (NA-ACCORD 
P2012 DATA) Category 

Report 
Group 

hypertensives 

BISOPROLOL Beta blocker 
Anti-
hypertensives 

CARTEOLOL Beta blocker 
Anti-
hypertensives 

CARVEDILOL Beta blocker 
Anti-
hypertensives 

ESMOLOL Beta blocker 
Anti-
hypertensives 

LABETALOL Beta blocker 
Anti-
hypertensives 

METOPROLOL Beta blocker 
Anti-
hypertensives 

NADOLOL Beta blocker 
Anti-
hypertensives 

NEBIVOLOL Beta blocker 
Anti-
hypertensives 

OXPRENOLOL Beta blocker 
Anti-
hypertensives 

PENBUTOLOL Beta blocker 
Anti-
hypertensives 

PINDOLOL Beta blocker 
Anti-
hypertensives 

PROPRANOLOL Beta blocker 
Anti-
hypertensives 

TIMOLOL Beta blocker 
Anti-
hypertensives 

ATENOLOL + 
CHLORTHALIDONE Beta blocker + Diuretic 

Anti-
hypertensives 

BISOPROLOL + 
HYDROCHLOROTHIAZIDE Beta blocker + Diuretic 

Anti-
hypertensives 

METOPROLOL + 
HYDROCHLOROTHIAZIDE Beta blocker + Diuretic 

Anti-
hypertensives 

NADOLOL + 
BENDROFLUMETHIAZIDE Beta blocker + Diuretic 

Anti-
hypertensives 

PROPRANOLOL + 
HYDROCHLOROTHIAZIDE Beta blocker + Diuretic 

Anti-
hypertensives 

AMLODIPINE Calcium channel blocker 
Anti-
hypertensives 

BEPRIDIL Calcium channel blocker 
Anti-
hypertensives 

CLEVIDIPINE Calcium channel blocker 
Anti-
hypertensives 

DILTIAZEM Calcium channel blocker Anti-
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Medication Name (NA-ACCORD 
P2012 DATA) Category 

Report 
Group 

hypertensives 

FELODIPINE Calcium channel blocker 
Anti-
hypertensives 

ISRADIPINE Calcium channel blocker 
Anti-
hypertensives 

NICARDIPINE Calcium channel blocker 
Anti-
hypertensives 

NIFEDIPINE Calcium channel blocker 
Anti-
hypertensives 

NIMODIPINE Calcium channel blocker 
Anti-
hypertensives 

NISOLDIPINE Calcium channel blocker 
Anti-
hypertensives 

VERAPAMIL Calcium channel blocker 
Anti-
hypertensives 

AMLODIPINE + BENAZEPRIL 
Calcium channel blocker + 
ACEI 

Anti-
hypertensives 

AMLODIPINE + OLMESARTAN 
Calcium channel blocker + 
ARB 

Anti-
hypertensives 

AMLODIPINE + VALSARTAN 
Calcium channel blocker + 
ARB 

Anti-
hypertensives 

AMLODIPINE + VALSARTAN + 
HYDROCHLOROTHIAZIDE 

Calcium channel blocker + 
ARB + Diuretic 

Anti-
hypertensives 

ACETAZOLAMIDE Diuretic 
Anti-
hypertensives 

AMILORIDE Diuretic 
Anti-
hypertensives 

AMILORIDE + 
HYDROCHLOROTHIAZIDE Diuretic 

Anti-
hypertensives 

BENDROFLUMETHIAZIDE Diuretic 
Anti-
hypertensives 

BUMETANIDE Diuretic 
Anti-
hypertensives 

CHLOROTHIAZIDE Diuretic 
Anti-
hypertensives 

CHLOROTHIAZIDE + 
RESERPINE Diuretic 

Anti-
hypertensives 

CHLORTHALIDONE Diuretic 
Anti-
hypertensives 

ETHACRYNIC ACID Diuretic 
Anti-
hypertensives 

FUROSEMIDE Diuretic 
Anti-
hypertensives 

HYDROCHLOROTHIAZIDE Diuretic Anti-
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Medication Name (NA-ACCORD 
P2012 DATA) Category 

Report 
Group 

hypertensives 

HYDROFLUMETHIAZIDE Diuretic 
Anti-
hypertensives 

INDAPAMIDE Diuretic 
Anti-
hypertensives 

METHYCLOTHIAZIDE Diuretic 
Anti-
hypertensives 

METOLAZONE Diuretic 
Anti-
hypertensives 

POLYTHIAZIDE Diuretic 
Anti-
hypertensives 

QUINETHAZONE Diuretic 
Anti-
hypertensives 

SPIRONOLACTONE Diuretic 
Anti-
hypertensives 

SPIRONOLACTONE + 
HYDROCHLOROTHIAZIDE Diuretic 

Anti-
hypertensives 

THIAZIDE Diuretic 
Anti-
hypertensives 

TORSEMIDE Diuretic 
Anti-
hypertensives 

TRIAMTERENE Diuretic 
Anti-
hypertensives 

TRIAMTERENE + 
HYDROCHLOROTHIAZIDE Diuretic 

Anti-
hypertensives 

TRICHLORMETHIAZIDE Diuretic 
Anti-
hypertensives 

HYDRALAZINE ORAL Peripheral vasodilator 
Anti-
hypertensives 

HYDRALAZINE + ISOSORBIDE 
DINITRATE 

Peripheral vasodilator + Anti-
anginal 

Anti-
hypertensives 

HYDRALAZINE + 
HYDROCHLOROTHIAZIDE 

Peripheral vasodilator + 
Diuretic 

Anti-
hypertensives 

HYDRALAZINE + 
HYDROCHLOROTHIAZIDE + 
RESERPINE 

Peripheral vasodilator + 
Diuretic 

Anti-
hypertensives 

HYDRALAZINE INJECT Peripheral vasodilator 
Anti-
hypertensives 

HYDRALAZINE UNSPECIFIED Peripheral vasodilator 
Anti-
hypertensives 

ALISKIREN Renin inhibitor 
Anti-
hypertensives 

ALISKIREN + 
HYDROCHLOROTHIAZIDE Renin inhibitor + Diuretic 

Anti-
hypertensives 
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Medication Name (NA-ACCORD 
P2012 DATA) Category 

Report 
Group 

MINOXIDIL Vasodilator 
Anti-
hypertensives 

HYPERTENSION MEDICATION 
UNSPECIFIED Anti-hypertensives 

Anti-
hypertensives 
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CHAPTER THREE 
 
Multimorbidity Among HIV-Infected Adults in Clinical Care During 2000-2010 
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ABSTRACT  
 
Background: HIV-infected individuals are experiencing multimorbidity with life 

expectancy gains afforded by effective antiretroviral therapy (ART). Trends in 

multimorbidity among HIV-infected adults in North America, particularly among the 

most heavily affected subgroups, have not been studied. 

Methods: Our study population included ART-experienced, HIV-infected adults in 

clinical care during 2000-2010 from the North American AIDS Cohort Collaboration on 

Research and Design. Multimorbidity was defined as having two or more of the 

following age-associated conditions: hypertension, diabetes, chronic kidney disease, 

hypercholesterolemia, end-stage liver disease, and non-AIDS-related cancer. Annual 

period prevalence of multimorbidity was estimated among individuals with at least one 

CD4 count measurement for each calendar year. Adjusted (aPR) prevalence ratios and 

95% confidence intervals ([,]) for multimorbidity were estimated by Poisson regression 

with robust variance using generalized estimating equations for repeated measures.  

Results: Our analysis included n=22,969 adults. From 2000-2009, multimorbidity 

prevalence increased from 8.2% to 22.4% (ptrend<0.001). Hypertension and 

hypercholesterolemia were the most common co-occurring conditions. An independent 

risk of having ≥2 conditions was associated with older age (compared to <40 years, 40-49 

aPR=1.34 [1.24, 1.44]; 50-59 aPR=1.67 [1.51, 1.85]; 60+ aPR=1.92 [1.63, 2.27]) and 

residing in the South (aPR=1.55 [1.30,1.85]) and the West (aPR=1.33 [1.11,1.60]) 

relative to the Northeast. There was no difference by sex and blacks were less likely to 

have multimorbidity (compared to whites, aPR=0.86 [0.75,0.98]). 
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Conclusion: The prevalence of multimorbidity has increased among those living with 

HIV. Older age, white race/ethnicity, and living in the West and Southern U.S. are 

associated with multimorbidity occurrence. 
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BACKGROUND 
 
 The extended life expectancy of HIV-infected adults afforded by antiretroviral 

therapy (ART) has led to a decline in AIDS-related mortality and age-associated 

conditions now account for an increasing source of morbidity.[1, 2] The effects of ART 

toxicity, higher prevalence of risk behaviors, and role of HIV itself combined with a 

heightened state of inflammation, play key roles in the excess risk of age-associated 

conditions.[3] However, the co-occurrence of these age-associated conditions, otherwise 

known as multimorbidity, is not well described. 

Multimorbidity, frequently defined as the co-occurrence of ≥2 chronic 

diseases,[4]  poses a public health concern. In the general population, those with 

multimorbidity may receive fragmented care and experience treatment complications 

beyond the effects of individual comorbidities.[5-7] In the context of HIV, 

multimorbidity may have far-reaching implications given the anticipated number of older 

adults living with HIV, the multiplicative effect of concurrent age-associated diseases in 

HIV, its impact on the clinical complexity of HIV care, as well as influence on the 

psychosocial and physical well-being of individuals living with HIV.[8-12] 

 Yet, studies of multimorbidity among populations living with HIV are few. To-

date, the majority of studies are cross-sectional and to our knowledge, no study has 

described how multimorbidity prevalence has changed over time within a large, ART-

experienced, HIV-infected population.[13-19] We therefore aimed to: 1) quantify the 

annual prevalence of multimorbidity among the largest cohort of HIV-infected adults in 

clinical care in the U.S. during 2000-2010, 2) identify demographic subgroups in which 

its prevalence is the highest, and 3) report on common combinations of multimorbidity. 



 

	  
	  

93	  

METHODS 
 
Study Population 

We analyzed data from the North American AIDS Cohort Collaboration on 

Research and Design (NA-ACCORD), a multi-site collaboration of single- and multi-site 

US and Canadian cohorts of HIV-infected adults (≥18 years old) that has been described 

previously.[20] Briefly, cohort participants eligible for inclusion in NA-ACCORD were 

≥18 years old and required to have at least 2 HIV care visits within 12 months. [20] Each 

cohort has standardized methods of data collection and submits data on enrolled 

participant characteristics, diagnoses, laboratory measures, prescribed medications and 

vital status to the Data Management Core (University of Washington, Seattle, WA). The 

completeness and accuracy of data are evaluated before data elements are harmonized 

across cohorts. Data are then sent to the Epidemiology/Biostatistics Core (Johns Hopkins 

University, Baltimore, MD), where additional quality control procedures are executed 

and analytic files are created.  

For our study, 8 clinical cohorts were included in our analysis as we required that 

cohorts contribute the necessary data elements to define hypertension (HTN), diabetes 

(DM), chronic kidney disease (CKD), hypercholesterolemia (HC), end-stage liver disease 

(ESLD), and non-AIDS-defining malignancies. Further selection criteria restricted the 

analysis to those who were: 1) ART-experienced, and 2) had at least 1 CD4 measure to 

serve as a surrogate for clinical care.[21] The participating cohorts were dynamic, not 

closed. Participants could contribute information to more than one calendar year through 

this longitudinal cohort collaboration. Study entry was defined as the later date of either: 

enrollment into the NA-ACCORD, ART initiation, 1 Jan 2000, or date at which cohort 
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follow-up on all outcomes of interest was available. Study exit was defined as the date of 

death, 1.5 years after the last measured CD4 count or HIV RNA (as a surrogate marker 

for loss to follow-up), 31 Dec 2009, or date at which cohort follow-up on all outcomes of 

interest stopped, whichever came first. See Supplement Figure 3-1 for details on the 

extent of overlap in follow-up by cohort and calendar year. 

Outcome:  

  Multimorbidity was time-varying and defined as the presence of 2 or more age-

associated conditions; this choice of 2 or more conditions in addition to HIV is consistent 

with DHHS guidelines.[4] We included conditions: 1) amenable to primary and 

secondary prevention, 2) for which we had laboratory, medication, and diagnosis data to 

assess, 3) were previously demonstrated to have higher occurrence in those with HIV, 4) 

contributed to underlying causes of death in those living with HIV, or 5) were included in 

other studies of HIV and multimorbidity.[2, 13, 14, 16, 17, 19, 22-26] Multimorbidity 

was comprised of: hypertension, type 2 diabetes, chronic kidney disease, 

hypercholesterolemia, end-stage liver disease, and non-AIDS-related malignancies. HTN 

was defined as ever having a diagnosis of HTN as well as documented use of anti-

hypertensive medication, thus capturing treated HTN. DM was defined as having a 

glycosylated hemoglobin (HgbA1c) of ≥6.5%, or documented use of a diabetes-specific 

medication, or documented use of a diabetes-related medication and diagnosis of 

diabetes. HC was defined as having a total cholesterol measure >240 mg/dL, evidence of 

having been prescribed lipid lowering therapy, or statin therapy. CKD was defined as an 

estimated glomerular filtration rate (eGFR) calculated using the CKD-Epi equation.[27] 

CKD stage was determined according to National Kidney Foundation guidelines [28]; 
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stage 3 was identified by two eGFRs measured at least 90 days apart between 30-59 

mL/min/1.73 without an intervening normal value, stage 4 was identified by eGFRs 

between 15-29 mL/min/1.73m2, and stage 5 was identified as eGFRs <15 

mL/min/1.73m2. ESLD and cancer were validated with medical record review and 

registry matching; validation methods have been described elsewhere.[29, 30] Briefly, 

ESLD was validated by comprehensive medical record review to confirm evidence for 

one of the following diagnoses: ascites, variceal hemorrhage, spontaneous bacterial 

peritonitis, hepatic encephalopathy, or hepatocellular carcinoma. Only non-AIDS-related 

cancers were included (types: anal, biliary tract, bladder, bone, brain and nervous, breast, 

colon, esophageal, eye, hodgkin’s, intestinal, kidney, larynx, leukemia, liver, lung, 

multiple myeloma, nasal, oral/pharyngeal, other (endocrine, female/male genital, 

lymphatic and hematopoietic, urinary), ovary, pancreas, penis, peritoneum, pleura, 

prostate, skin, soft tissue, stomach, testicular, thyroid, and uterine).  

Covariates of interest 

Time-fixed variables. Self-reported sex, race/ethnicity (defined as non-Hispanic 

white, non-Hispanic black, Hispanic, or “other” inclusive of American Indian, Asian, 

Hispanic, Pacific Islander, multiracial, or other), and risk factor for HIV transmission 

(defined as men who have sex with men (MSM), injection drug use or injection drug use 

and men who have sex with men (IDU), heterosexual, or other) were measured at 

enrollment into NA-ACCORD. Geographic residence was used to classify individuals 

into U.S. regions; when these data were not available, geographic region of the clinic at 

which the person was receiving care was used as a surrogate. The US Census Bureau’s 

definitions of geographic regions (Northeast, South, West, Midwest) were employed.[31]  
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CD4 T-cell lymphocyte (CD4) count at ART initiation was categorized as <200, 

200-349, 350-499, and ≥500 cells/mm3. The CD4 count closest to the date of ART 

initiation was used, within the window of 6 months prior to 3 months after ART 

initiation.  

Time-varying variables. Age (calculated as age at the beginning of the calendar 

year) and calendar year were time-varying. Annual CD4 count was obtained by selecting 

the CD4 measure closest to mid-year (June 30st). Annual viral suppression status was 

based on a participant’s viral load measure taken closest to December 31st and an HIV 

RNA value ≤400 copies/mL was considered suppressed. ART prescription was defined 

consistent with US guidelines at the time of receipt as a regimen of ≥3 antiretroviral 

agents from at least two classes or a triple nucleoside/nucleotide reverse transcriptase 

inhibitor regimen containing abacavir or tenofovir.[32] We defined ART use as the 

regimen prescribed for the largest proportion of the year, and dichotomized it as PI-based 

(dual PI/NNRTI, PI-based, or PI-boosted regimens) or non-PI-based (NNRTI-based, 3 or 

more NRTIs, or entry, fusion, or integrase-based). Years since ART initiation was 

obtained by subtracting ART initiation date from January 1st of the calendar year. An 

AIDS diagnosis was defined according to 1993 criteria from the Centers for Disease 

Control and Prevention, excluding the CD4 <200 cells/mm3 criterion to avoid collinearity 

when adjusting for time-varying CD4 in our analysis. [33]  

Statistical Analyses 

 To compare trends in demographic and clinical characteristics between calendar 

years, generalized linear models using generalized estimating equations to account for 

repeated measures. Calendar year was modeled as an ordinal variable, allowing us to test 
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the null hypothesis that there was no difference in multimorbidity prevalence from one 

year to the next. As well, since individuals could contribute to more than 1 calendar year 

we assumed an independent working correlation matrix (normal variance and identity 

link for continuous variables; binomial variance and log link for categorical variables).  

 The annual period prevalence of age-associated conditions was obtained by taking 

the number of individuals with one or more conditions divided by the number of 

individuals that had a CD4 measure for each calendar year.  

To describe the relationship between demographic covariates and multimorbidity, 

we employed a Poisson regression with robust variance model, as an approximation of a 

log binomial model, using generalized estimating equations to account for intragroup 

correlation. An exchangeable working correlation structure was assumed and 

overestimated standard errors were remedied by sandwich estimation.[34] This method 

was selected to facilitate direct estimation of prevalence ratios, knowing that odds ratios 

would overestimate the prevalence ratios given the high proportion of individuals with 

the outcome.[35] We report crude (PR) and adjusted (aPR) prevalence ratios and 

accompanying 95% confidence intervals. Variables included in our adjusted model were 

selected based on 1) previous literature suggesting an association with multimorbidity, 

and 2) data availability. Covariates included: age, sex, race/ethnicity, HIV transmission 

risk, region, calendar year, CD4, viral suppression status, ART regimen, years on ART, 

CD4 at ART initiation, and AIDS. Finally, in a sensitivity analysis we implemented the 

final model for each constituent NCD to explore whether any one age-associated 

condition was overly influencing our observations. 

All analyses were performed using Stata (version 12.1, Stata Corp, Collegestation, 
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TX). Statistical tests were two-sided and a p-value <0.05 guided statistical interpretation. 

 
RESULTS 
 

 Overall, n=22,969 participants were included in our study (Table 3-1). The 

median number of calendar year visits was 3 years (interquartile range (IQR): 2-5 years); 

participants were followed for a median of 3.8 years (IQR: 2.0-5.9). The median age of 

participants increased from 38 (IQR: 33-45) to 44 (IQR: 37-50) years during the study 

period. In any given year, the majority of participants were male, white, reported MSM as 

the HIV transmission risk, and approximately one third had an AIDS diagnosis. Median 

CD4 increased from 355 (IQR: 189-552) to 439 (IQR: 264-651) cells/mm3 during the 

study and the proportion of individuals who were virally suppressed increased from 60% 

in 2000, to 82% in 2009. In general, the proportion of individuals on PI-based therapy 

decreased from 56% to 42%. Conversely, non-PI-based therapy use increased from 31% 

to 52%; more specifically, the proportion using NNRTIs increased from 30% to 46%. For 

all covariates, differences by calendar year were statistically significant (p-trend<0.001). 

Trends in prevalence of age-associated conditions 

 The annual period prevalence of having ≥1 condition was persistently high, 

increasing from 36.5% in 2000 to 54.7% in 2009 (Figure 3-1; p-trend<0.001). To assess 

whether this was an artifact of differences in cohort observation windows (defined as the 

calendar period during which a clinical cohort was collecting data for all components of 

an age-associated condition’s definition), we restricted our analysis to a subset of 6 

clinical cohorts that collected a minimum of 7 years of data on each condition, and an 
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analogous increase in prevalence of ≥1 condition was found (results not shown). As 

expected, multimorbidity prevalence increased with age (Figure 3-2). 

Multimorbidity among sub-groups 

 Several factors were independently associated with multimorbidity occurrence. 

The single most important factor was age (Table 3-2). As with the shift in the age 

structure of HIV-infected individuals towards older ages in the U.S., in our open cohort 

we observed an increase in multimorbidity prevalence in 2009 compared with 

2000.(Figure 3-2). In the adjusted analysis, in addition to age, living in the South and 

West (relative to the Northeast) was significantly associated with an increased prevalence 

of multimorbidity (Table 3-2). No disparity in the prevalence of multimorbidity was 

observed by sex and in an age-stratified analysis multimorbidity prevalence was not 

significantly higher in women. White adults (all aPRs for non-whites were protective 

relative to whites) and those reporting heterosexual contact as the HIV acquisition risk 

factor (relative to MSM; aPR=1.16 [1.0, 1.35]) were more likely to experience ≥2 

conditions.  

Further supplementary analyses were conducted to understand our observations 

with respect to the relationship between race/ethnicity, HIV transmission risk and 

multimorbidity. During our study period when ART was available, the occurrence of 

death by calendar year and race did not provide reason to believe that a competing risk of 

death belied our finding; from 2000 to 2009 the proportion of mortality ranged from 1.1-

2% among whites, 1.3-2.9% among blacks, 0.3-1.5% among Hispanics, and 0.3-2.3% 

among other (chi-square p-value<0.0001). As well, whites and those reporting 

heterosexual contact had a persistently increased prevalence of multimorbidity when we 
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adjusted for either: clinical cohort (as opposed to region), a history of any hepatitis C 

coinfection and smoking, or CD4 at presentation to the NA-ACCORD. Lastly, we 

conducted separate analyses for each age-associated condition and observed that whites 

and those reporting heterosexual contact had an increased prevalence of HC and cancer 

(Supplement Table 3-1).  

Patterns in constituent NCDs of multimorbidity 

  Although HC and HTN were two of the most frequently occurring conditions in 

2000 and 2009 (18.2%-19.7% and 5.9-8.7%, respectively), the third most frequently 

occurring condition in 2000 was DM but was CKD by 2009 (Figure 3-3 and Supplement 

Figure 3-2i). By 2009, the three most frequently occurring disease dyads were the 

following: HTN-HC (8.9%; 329/3,705), HTN-CKD (1.6%; 58/3,705), and DM-HC 

(1.3%; 49/3,705) (Supplement Table 3-2 and Supplement Figure 3-2ii). Although less 

than 6% of individuals had a triad of disease in 2009, the three most frequent 

combinations were identical to those found in 2000 and included: HTN-DM-HC (2.5%; 

n=93), HTN-CKD-HC (1.6%; n=63), and HTN-HC-cancer (0.6%; n=23) (Supplement 

Figure 3-2iii).  Combinations of 4 or more conditions were uncommon.  

 

DISCUSSION 

 

 The prevalence of multimorbidity is increasing among HIV-infected adults who 

have successfully linked to care. Building upon the work of earlier cross sectional 

studies, we demonstrate that the proportion of adults with ≥2 age-associated conditions 

has risen from 8.7% in 2000 to 22.4% in 2009 for the six conditions of interest, and that 
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HTN and HC were prominent components of multimorbidity. Older age, residing in the 

West and South, and being white were significantly associated with an increased 

prevalence of multimorbidity. Based on these observations, and resonating with national-

level initiatives developed by the US. Department of Human and Human Services and 

Office of AIDS Research, there is an expanding need for clinical care that addresses the 

complexities of multiple, and potentially interacting, diseases.[4, 36]  

 The increase in multimorbidity prevalence by calendar year may be reflective of 

our aging clinical cohort. Our estimates in any given year are similar to or less than what 

has been previously reported in other cross sectional studies (10.8%-67.3%).[9, 13, 14, 

16, 17, 26, 37-40] Importantly, ART toxicities, risk behaviors, and the effects of the virus 

itself, may convey a higher risk of age-related disease among individuals living with 

HIV.[41] However, we aim to highlight an expansion in multimorbidity prevalence and 

of the need to continue to monitor its epidemiology. The clinical outlook of 

multimorbidity may be shaped by several factors apart from a shift in age composition 

towards older ages. Renewed emphasis on “test and treat” efforts to identify HIV early 

and link individuals to care,[42] revised guidelines to initiate ART regardless of 

CD4,[32] a decline in use of ARTs with poor toxicity profiles,[43] and improvements in 

HIV clinical care[44] may all be contributing factors that alter the trajectory of 

multimorbidity development.  

  This dynamic profile of individuals living and aging with HIV underscores the 

importance of describing multimorbidity occurrence by subgroup.[9, 14, 26, 45] Sex, 

race/ethnicity, and risk of HIV acquisition, redundant predictors of negative health 

outcomes in individuals living within HIV,[26, 46-48] and heterogeneous with regard to 
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factors such as ART-experience, health behaviors, and retention in care, [49, 50] may be 

inherently linked to multimorbidity development. To our knowledge, evidence of the 

association between race/ethnicity and multimorbidity is conflicting,[14, 16, 17, 26, 51] 

or study designs preclude comparisons within sex or race/ethnicity.[18, 19] Two 

investigations described multimorbidity in populations exhibiting specific risk behaviors, 

[14, 40] and previous studies have identified females as being at higher risk of 

multimorbidity compared with males.[14, 16, 26, 51] By conducting a longitudinal 

analysis in a diverse population of HIV-infected individuals with access to care, we found 

that multimorbidity was similar by sex, higher among those reporting heterosexual 

contact as a risk factor for HIV acquisition and, consistent with another study, higher 

among whites.[17] Monitoring multimorbidity by non-modifiable risk factors in a study 

population representative of the broader population of individuals with HIV in the 

U.S.,[52] may help direct preventive efforts to minimize disparities between demographic 

subgroups.  

 The prevalence of multimorbidity varied by region in our study, with higher 

proportions in the South and Western U.S. Regional differences in multimorbidity will be 

important to identify as states play an increasing role in the financing, regulation, and 

delivery of health care.[53] In the general population, substantial state-level differences 

in multimorbidity, healthcare utilization, and expenditures have been observed.[54] 

Although adjustment for unmeasured confounders such as socioeconomic status,[55] 

differences in the distribution of body-mass-index (BMI) at ART initiation,[17] and 

patterns in retention in care,[56] may improve the validity of our finding, our regional 

differences persisted after adjustment for important demographic and HIV-related 



 

	  
	  

103	  

covariates. Future research in HIV should assist in informing resource projections and 

public health programming by region for health policy makers to facilitate improved care 

delivery for those with multimorbidity. 

There is no universally accepted definition of multimorbidity and its prevalence is 

a function of the number of conditions considered. In our study, HIV and hepatitis C 

(HCV), the latter an important chronic disease typically affecting one third of individuals 

with HIV given their shared routes of parenteral transmission,[57] were excluded from 

our metric. This may have resulted in a reduced annual prevalence of multimorbidity, 

particularly in earlier years when the proportion of IDUs was higher. Additionally, our 

sensitivity analysis of constituent conditions offers evidence in support of the need to 

make cautious interpretations when using a composite definition for multimorbidity.[58] 

For our study, we aimed to include important conditions potentially amenable to public 

health or clinical prevention such as improved screening and earlier management. 

However, other geriatric conditions will become increasingly relevant to measure as the 

population ages, including outcomes such as arthritis and limitations to physical 

function.[3] Although unavailable for this study, mental health issues, such as depression, 

will remain of significant public health importance given its association with HIV-related 

stigma [59] and the development of other age-related conditions.[60] 

The evidence-base for multimorbidity prevention interventions among individuals 

with HIV is not well established. Based on our study, heightened emphasis on screening 

for and treatment of non-HIV-related conditions across the age spectrum may be merited 

as concurrent conditions occurred in individuals who were less than 50 years of age 

throughout our study period.[14] Tracking overall health through informative prediction 
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tools to help structure follow up intensity,[61] interventions such as smoking cessation, 

sodium intake reduction, and excess weight gain prevention, particularly at ART 

initiation,[62] at care entry and thereafter will be important strategies to address the 

common dyads and triads of conditions in our study. The frequency of HC and HTN as 

components of multimorbidity in our study has important clinical implications. Both are 

risk factors for cardiovascular events,[63] a major cause for CVD-related mortality 

among HIV-infected adults.[2]. Their shared pathophysiologic risk as precursor 

conditions for later diseases, such as DM-related complications and renal disease, may be 

ripe for synergistic lifestyle interventions, particularly if adults are being under-diagnosed 

and under-treated.[14, 64]  

  Other limitations to our study warrant further discussion. We may have 

underestimated the true prevalence of HTN and DM, having excluded adults with 

untreated hypertension and applied an Hgba1c threshold that may underestimate 

hyperglycemia in HIV-infected populations.[65] Our observed racial/ethnic differences, 

not fully explained by adjusting for other demographic or clinical characteristics, may be 

due in part to a bias in differential screening as our data are based on clinic settings. We 

were unable to adjust for BMI at ART initiation due to the extent of its missing data in 

our study population, however, its inclusion may have potentially attenuated our findings 

given evidence to suggest that increased BMI is risk factor associated with 

multimorbidity.[17] Our cohorts are not representative of populations at the state-level, 

nor does our study population include adults not being seen for clinical care. However, 

our cohort’s geographic diversity and previous work demonstrating its demographic 
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similarity to the broader population of HIV-infected adults in the U.S. confers its unique 

position to address our research question.[52] 

Overall, the public health significance of our findings are that the co-occurrence 

of 2 or more age-associated conditions is increasing in a population of HIV-infected 

adults receiving clinical care and that preventable conditions constitute a significant 

proportion of multimorbidity. Older age, residing in the South and the Western U.S., 

being white, and reporting heterosexual contact as an HIV risk factor was associated with 

an increased prevalence of multimorbidity. Coordinated, interdisciplinary teams of 

medical providers will be essential to delaying multimorbidity onset, providing effective 

healthcare delivery, and addressing the complexity of caring for multiple conditions in 

this heterogeneous population.  
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Table 3-1. Characteristics of ART-experienced, HIV-infected adults in clinical care during 2000-2009 (n=22,969). 

  
2000 2001 2002 2003  2004 2005 

 
2006 2007 2008 2009 

 
N=4,172 N=6,325  N=8,365  N=9,121 N=9,733 n=10,861 n=11,166 n=12,277 N=9,074  N=3,705 

  % % % %  % % % % %  % 
Age (years)          

 Median 38 40 41 42 42 43 43 44 45 44 
IQR 33-45 35-46 36-47 36-48 37-48 37-49 37-49 38-50 39-51 37-50 

Sex           
Male 83 79 76 77 77 77 80 81 80 80 

Female 17 21 24 23 23 23 20 19 20 20 
Race            

White 58 46 42 42 43 43 50 51 47 51 
Black 28 34 42 41 40 40 34 33 38 40 

Hispanic 8 16 13 13 13 13 10 10 9 5 
Other/Unknown 7 5 4 4 4 4 5 6 7 5 
HIV Risk            

MSM 55 49 44 32 45 46 53 54 52 54 
IDU/ IDU & 

MSM 
12 16 16 11 15 13 11 10 11 14 

Heterosexual 23 28 32 23 32 32 28 27 30 30 
Other 1 1 2 1 1 1 1 1  0 

missing 8 6 7 34 7 7 8 8 6 6 
Region           

Northeast 0 26 20 20 19 18 0 0 0 0 
Midwest 0 0 0 0 0 6 6 6 8 22 

South 37 29 43 42 43 40 42 40 39 37 
West 62 45 37 37 38 36 52 54 52 41 
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Note: ptrend < 0.0001 for all variables 

Mid-Year CD4+ 
(cells/mm3) 

          

Median 355 354 358 355 365 387 417 422 455 439 
IQR 189-552 196-550 198-549 197-546 213-554 226-583 243-610 256-617 284-651 264-651 

Year End Viral 
Suppression 
(copies/mL) 

       

Unsuppressed 40 43 43 40 35 30 25 22 18 18 
Suppressed 60 57 57 60 65 70 75 78 82 82 

CD4 at ART 
(cells/mm3) 

         

>500 11 12 11 11 10 10 8 8 9 9 
350-499 13 13 13 12 12 12 10 10 11 12 
200-349 17 18 18 18 19 19 18 19 20 21 

<200 32 32 33 33 33 33 32 32 32 34 
missing 27 24 25 25 26 26 31 32 28 24 

ART regimen           
non-PI-based 31 37 43 44 41 39 39 41 47 52 

PI-based 56 52 44 43 48 51 51 51 46 42 
missing 13 11 13 13 12 10 9 8 7 6 

Years since 
ART start 

          

Median 2.1 2.4 3.0 3.5 4.0 4.5 5.1 5.5 6.0 5.4 
IQR 0.5-3.5 0.6-4.0 1.0-5.0 1.2-5.8 1.4-6.5 1.5-7.5 1.8-8.3 1.9-9.0 2.0-10.2 1.6-10.5 

AIDS diagnosis           
no 72 75 68 67 66 66 64 64 63 70 

yes 28 25 32 33 34 34 36 36 37 30 
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Table 3-2. Univariate and adjusted prevalence ratios for multimorbidity among 
ART-experienced, HIV-infected adults in clinical care during 2000-2010 (n=22,969). 
 

             Crude 
 PR*                   95% CI 

Adjusted 
PR†       95%CI 

     
Age (yrs) 
 <40 

 
1 

 
Ref 

 
1 

 
Ref 

 40-49 2.36 [2.17,2.57] 1.34 [1.24,1.44] 
 50-59 4.56 [4.15,5.01] 1.67 [1.51,1.85] 
 60+ 7.63 [6.86,8.49] 1.92 [1.63,2.27] 
Sex 
 Male 
 Female 

 
1 

1.04 

 
Ref 

[0.96,1.13] 

 
1 

0.98 

 
Ref 

[0.84,1.15] 
Race/Ethnicity 
 White 

 
1 

 
Ref 

 
1 

 
Ref 

 Black 1.01 [0.94,1.08] 0.86 [0.75,0.98] 
 Hispanic 0.68 [0.60,0.77] 0.72 [0.58,0.88] 
 Other 0.80 [0.67,0.95] 0.52 [0.33,0.81] 
HIV 
transmission 
risk 
 MSM 

 
 
 

1 

 
 
 

Ref 

 
 
 

1 

 
 
 

Ref 
IDU/IDU+MSM 0.76 [0.68,0.85] 0.90 [0.74,1.09] 
 Heterosexual 1.02 [0.94,1.10] 1.16 [1.00,1.35] 
 Other 0.92 [0.72,1.18] 0.53 [0.22,1.28] 
Region 
 Northeast 

 
1 

 
Ref 

 
1 

 
Ref 

 Midwest 2.63 [2.20,3.15] 1.20 [0.95,1.51] 
 South 2.85 [2.47,3.28] 1.55 [1.30,1.85] 
 West 2.54 [2.21,2.92] 1.33 [1.11,1.60] 
      
* all univariate PRs are age-adjusted. 
† Poisson regression with robust variance using GEE assumed an exchangeable working 
correlation structure.  Model adjusted for: age, sex, race, risk, region, year, AIDS, 
regimen, years on ART, CD4, viral suppression status, and CD4 at ART initiation.	  
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Figure 3-3. The three most common age-associated conditions among ART-experienced, HIV-infected adults in clinical care in 2000 
and 2009 
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Supplement Table 3-1. Adjusted Prevalence Ratios (and 95% CIs) for Constituent Conditions of Multimorbidity Among ART-
Experienced, HIV-infected Adults in Clinical Care During 2000-2010 (n=22,969). 

 HTN 
  aPR      95%CI 

DM 
aPR      95%CI 

CKD 
aPR      95%CI 

High Cholesterol 
aPR      95%CI 

ESLD 
aPR      95%CI 

Cancer 
aPR      95%CI 

Age 
<40 
40-49 

 
1 

1.3 

 
ref 

[1.2,1.3] 

 
1 

1.2 

 
ref 

[1.1,1.3] 

 
1 

1.3 

 
ref 

[1.2,1.5] 

 
1 

1.2 

 
ref 

[1.1,1.2] 

 
1 

1.7 

 
ref 

[1.2,2.5] 

 
1 

1.5 

 
ref 

[1.1,2.0] 
50-59 1.4 [1.3,1.5] 1.4 [1.2,1.6] 2.0 [1.8,2.3] 1.3 [1.2,1.4] 1.9 [1.2,2.8] 2.0 [1.5,2.8] 
60+ 1.5 [1.3,1.8] 1.6 [1.3,2.1] 3.3 [2.6,4.2] 1.4 [1.3,1.5] 2.9 [1.7,5.1] 2.5 [1.6,4.0] 
Sex 
Male 
Female 

 
1 

1.0 

 
ref 

[0.9,1.1] 

 
1 

1.1 

 
ref 

[0.9,1.5] 

 
1 

1.3 

 
ref 

[1.1,1.5] 

 
1 

1.0 

 
ref 

[0.9,1.1] 

 
1 

0.9 

 
ref 

[0.5,1.6] 

 
1 

0.7 

 
ref 

[0.5,1.2] 
R/E 
White 
Blacks 

 
1 

1.2 

 
ref 

[1.1,1.3] 

 
1 

1.1 

 
ref 

[0.8,1.4] 

 
1 

1.3 

 
ref 

[1.1,1.6] 

 
1 

0.7 

 
ref 

[0.7,0.8] 

 
1 

0.4 

 
ref 

[0.3,0.7] 

 
1 

0.7 

 
ref 

[0.5,1.0] 
Hisp 0.7 [0.5,0.8] 1.2 [0.8,1.6] 0.8 [0.6,1.1] 0.9 [0.8,1.0] 1.2 [0.7,2.1] 0.2 [0.1,0.5] 
Other 0.8 [0.6,1.1] 1.1 [0.6,2.0] 0.7 [0.4,1.2] 0.8 [0.7,1.0] 0.3 [0.1,0.9] 0.3 [0.1,1.2] 
Risk 
MSM 
IDU 

 
1 

1.1 

 
ref 

[0.9,1.2] 

 
1 

1.2 

 
ref 

[0.9,1.7] 

 
1 

1.4 

 
ref 

[1.1,1.8] 

 
1 

0.6 

 
ref 

[0.6,0.7] 

 
1 

1.8 

 
ref 

[1.1,2.9] 

 
1 

1.0 

 
ref 

[0.6,1.6] 
Hetero 1.1 [0.9,1.2] 1.2 [0.9,1.6] 1.2 [1.0,1.5] 1.1 [1.0,1.2] 1.4 [0.8,2.3] 1.0 [0.7,1.6] 
Other 0.7 [0.4,1.2] 0.5 [0.08,2.9] 1.2 [0.7,2.3] 0.9 [0.7,1.2] 1.1 [0.3,3.9] 0.2 [0.03,1.7] 
Region 
NE 
MW 

 
1 

2.1 

 
ref 

[1.7,2.6] 

 
1 

0.7 

 
ref 

[0.5,1.0] 

 
1 

0.80 

 
ref 

[0.6,1.1] 

 
1 

1.3 

 
ref 

[1.2,1.5] 

 
1 

2.7 

 
ref 

[1.0,7.0] 

 
1 

3.9 

 
ref 

[1.4,11.2] 
S 2.5 [2.1,3.0] 1.0 [0.8,1.3] 0.73 [0.6,0.9] 1.2 [1.1,1.3] 2.5 [1.2,4.9] 7.7 [3.2,18.9] 
W 2.7 [2.2,3.2] 0.8 [0.6,1.0] 0.62 [0.5,0.8] 1.1 [1.0,1.2] 2.5 [1.2,5.0] 5.2 [2.1,12.9] 
Year 
2000 
2001 

 
1 

1.3 

 
ref 

[1.2,1.4] 

 
1 

1.2 

 
ref 

[1.0,1.3] 

 
1 

1.0 

 
ref 

[0.9,1.2] 

 
1 

1.1 

 
ref 

[1.1,1.2] 

 
1 

1.3 

 
ref 

[0.7,2.4] 

 
1 

1.2 

 
ref 

[0.9,1.8] 
2002 1.4 [1.2,1.5] 1.3 [1.1,1.5] 1.2 [1.0,1.5] 1.3 [1.2,1.4] 1.8 [0.9,3.4] 1.5 [0.9,2.4] 
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2003 1.5 [1.4,1.7] 1.5 [1.2,1.8] 1.3 [1.1,1.6] 1.4 [1.3,1.5] 1.6 [0.8,3.0] 1.7 [1.0,2.8] 
2004 1.7 [1.6,1.9] 1.6 [1.3,2.0] 1.5 [1.2,1.8] 1.4 [1.3,1.5] 1.4 [0.8,2.8] 2.1 [1.2,3.5] 
2005 1.9 [1.7,2.1] 1.7 [1.4,2.1] 1.6 [1.3,2.0] 1.4 [1.3,1.6] 1.9 [0.9,3.6] 2.3 [1.3,4.0] 
2006 2.0 [1.8,2.2] 1.8 [1.5,2.3] 1.8 [1.4,2.22] 1.4 [1.3,1.5] 2.1 [1.0,4.2] 2.6 [1.5,4.4] 
2007 2.1 [1.8,2.3] 1.9 [1.5,2.4] 2.0 [1.6,2.5] 1.4 [1.3,1.6] 1.8 [0.9,3.7] 2.8 [1.6,5.0] 
2008 2.1 [1.9,2.4] 2.0 [1.6,2.5] 2.1 [1.7,2.7] 1.4 [1.3,1. 6] 2.1 [1.0,4.4] 3.3 [1.8,6.1] 
2009 2.2 [1.9,2.5] 2.2 [1.7,2.8] 2.3 [1.8,3.0] 1.5 [1.4,1.7] 1.8 [0.9,3.9] 3.6 [1.9,6.8] 
 
HIV 
RNA  
≥400 
<400  

 
 
 
1 

1.0 

 
 
 

ref 
[1.0,1.1] 

 
 
 
1 

1.0 

 
 
 

ref 
[0.9,1.0] 

 
 
 
1 

1.1 

 
 
 

ref 
[1.0,1.2] 

 
 
 
1 

1.1 

 
 
 

ref 
[1.1,1.1] 

 
 
 
1 

1.1 

 
 
 

ref 
[0.9,1.3] 

 
 
 
1 

1.1 

 
 
 

ref 
[1.0,1.3] 

CD4 
>500 
350-
499 

 
1 

1.0 

 
ref 

[1.0,1.0] 

 
1 

1.0 

 
ref 

[0.9,1.0] 

 
1 

1.0 

 
ref 

[1.0,1.1] 

 
1 

0.9 

 
ref 

[0.9,1.0] 

 
1 

1.4 

 
ref 

[1.1,1.6] 

 
1 

1.2 

 
ref 

[1.0,1.5] 

200-
349 1.0 [1.0,1.0] 1.0 [0.9,1.1] 1.1 [1.0,1.2] 0.8 [0.8,0.9] 2.0 [1.5,2.6] 1.4 [1.2,1.8] 

<200 1.0 [0.9,1.0] 0.9 [0.8,1.0] 1.1 [1.0,1.2] 0.7 [0.7,0.7] 3.2 [2.3,4.44] 1.6 [1.2,2.1] 
CD4 at 
ART 
>500 
350-
499 

 
 
1 

0.9 

 
 

ref 
[0.7,1.0] 

 
 
1 

1.2 

 
 

ref 
[0.8,1.7] 

 
 
1 

1.5 

 
 

ref 
[1.1,2.1] 

 
 
1 

0.9 

 
 

ref 
[0.8,1.0] 

 
 
1 

1.7 

 
 

ref 
[0.8,3.9] 

 
 
1 

0.5 

 
 

ref 
[0.2,1.3] 

200-
349 0.8 [0.7,1.0] 0.9 [0.6,1.3] 1.4 [1.0,1.9] 0.9 [0.8,1.0] 0.9 [0.4,2.0] 1.0 [0.5,2.1] 

<200 0.9 [0.8,1.1] 0.96 [0.7,1.3] 1.8 [1.4,2.5] 1.0 [1.0,1.1] 1.2 [0.6,2.5] 1.3 [0.6,2.8] 
ART 
Non-PI-
based 
PI-

 
 
1 
 

 
 

ref 
 

 
 
1 
 

 
 

ref 
 

 
 
1 
 

 
 

ref 
 

 
 
1 
 

 
 

ref 
 

 
 
1 
 

 
 

ref 
 

 
 
1 
 

 
 

ref 
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Based 0.9 [0.9,1.0] 1.1 [1.0,1.2] 1.1 [1.0,1.2] 1.1 [1.0,1.1] 1.2 [1.0,1.5] 1.0 [0.9,1.3] 
 
 
Yrs 
ART 

 
 
1.0 

 
 

[1.0,1.0] 

 
 

1.0 

 
 

[1.0,1.1] 

 
 

1.0 

 
 

[1.0,1.1] 

 
 

1.1 

 
 

[1.1,1.1] 

 
 

1.2 

 
 

[1.1,1.2] 

 
 

1.1 

 
 

[1.0,1.1] 

AIDS 
No 
yes 

 
1 

1.1 

 
ref 

[1.0,1.2] 

 
1 

1.2 

 
ref 

[1.0,1.4] 

 
1 

1.3 

 
ref 

[1.1,1.5] 

 
1 

1.1 

 
ref 

[1.1,1.2] 

 
1 

1.6 

 
ref 

[1.1,2.3] 

 
1 

1.7 

 
ref 

[1.2,2.4] 
Note: Poisson with robust variance model using GEE assumed an exchangeable working correlation structure; model adjusted for age, 
sex, race/ethnicity, HIV transmission risk, region of residence, calendar year, viral suppression, CD4, CD4 at ART initiation, regimen, 
years since ART, and AIDS. 
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Supplement Table 3-2 Combinations of age-associated conditions among ART-experienced, HIV-infected adults in clinical 
care in 2009 (n=3,705). 

 
<40 (n=1236) 40-49 (n=1534) 50-59 (n=771) 60+ (n=169) 

  Age-associated 
conditions 

n % n % n % n % Total N Total 
% 

No comorbidities 829 22 630 17 195 5 25 1 1679 45.3 
Single (n=1,195)           
hypertension 72 2 149 4 88 2 14 0 323 8.7 
diabetes 11 0 13 0 12 0 2 0 38 1.0 
ckd 12 0 13 0 16 0 9 0 50 1.3 
hc 204 5 352 9 150 4 24 1 730 19.7 
esld 2 0 5 0 4 0 1 0 12 0.3 
cancer 5 0 16 0 17 0 4 0 42 1.1 
subtotal 306 8 548 15 287 8 54 1 1195 32.2 
Dyad (n=562)           
htn-dm 4 0 15 0 9 0 1 0 29 0.8 
dm-ckd 0 0 1 0 5 0 1 0 7 0.2 
htn-ckd 11 0 22 1 18 0 7 0 58 1.6 
ckd-hc 6 0 17 0 19 1 6 0 48 1.3 
dm-hc 6 0 23 1 16 0 4 0 49 1.3 
htn-hc  42 1 154 4 116 3 17 0 329 8.9 
hc-esld 0 0 0 0 0 0 0 0 0 0.0 
ckd-esld 0 0 0 0 1 0 0 0 1 0.0 
dm-esld  0 0 0 0 0 0 0 0 0 0.0 
htn-esld  1 0 1 0 1 0 0 0 3 0.1 
esld-cancer 0 0 0 0 0 0 0 0 0 0.0 
hc-cancer 3 0 13 0 6 0 0 0 22 0.6 
ckd-cancer 0 0 1 0 2 0 1 0 4 0.1 
dm-cancer 0 0 1 0 0 0 0 0 1 0.0 
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htn-cancer 0 0 6 0 4 0 1 0 11 0.3 
subtotal 73 2 254 7 197 5 38 1 562 15.1 
Triad (n=214)           
htn-dm-ckd 2 0 5 0 0 0 5 0 12 0.3 
htn-ckd-hc 7 0 20 1 22 1 12 0 61 1.6 
dm-ckd-hc 1 0 2 0 4 0 0 0 7 0.2 
htn-dm-hc 13 0 42 1 32 1 6 0 93 2.5 
htn-hc-esld 0 0 1 0 1 0 0 0 2 0.1 
dm-hc-esld 0 0 0 0 1 0 0 0 1 0.0 
ckd-hc-esld 0 0 1 0 0 0 0 0 1 0.0 
htn-ckd-esld 0 0 0 0 1 0 0 0 1 0.0 
dm-ckd-esld 0 0 0 0 0 0 0 0 0 0.0 
htn-dm-esld 0 0 1 0 0 0 0 0 1 0.0 
htn-esld-cancer 0 0 0 0 0 0 0 0 0 0.0 
dm-esld-cancer 0 0 0 0 0 0 0 0 0 0.0 
ckd-esld-cancer 0 0 0 0 0 0 0 0 0 0.0 
hc-esld-cancer 0 0 2 0 0 0 0 0 2 0.1 
htn-hc-cancer 2 0 5 0 9 0 7 0 23 0.6 
dm-hc-cancer 1 0 0 0 3 0 0 0 4 0.1 
ckd-hc-cancer 0 0 0 0 1 0 2 0 3 0.1 
htn-ckd-cancer 0 0 1 0 0 0 0 0 1 0.0 
dm-ckd-cancer 0 0 0 0 0 0 1 0 1 0.0 
htn-dm-cancer 0 0 1 0 0 0 0 0 1 0.0 
subtotal 26 1 81 2 74 2 33 1 214 5.8 
Tetrad  (n=57)           
htn-dm-ckd-hc 1 0 9 0 7 0 16 0 33 0.9 
htn-dm-hc-esld 0 0 0 0 0 0 0 0 0 0.0 
dm-ckd-hc-esld 0 0 0 0 0 0 0 0 0 0.0 
htn-ckd-hc-esld 1 0 3 0 0 0 1 0 5 0.1 
htn-dm-ckd-esld 0 0 1 0 0 0 0 0 1 0.0 
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hth-dm-esld-cancer 0 0 0 0 0 0 0 0 0 0.0 
dm-ckd-esld-
cancer 0 0 0 0 0 0 0 0 0 0.0 

htn-ckd-esld-
cancer 0 0 0 0 1 0 0 0 1 0.0 

ckd-hc-esld-cancer 0 0 0 0 0 0 0 0 0 0.0 
dm-hc-esld-cancer 0 0 0 0 0 0 0 0 0 0.0 
htn-hc-esld-cancer 0 0 0 0 0 0 0 0 0 0.0 
htn-dm-hc-cancer 0 0 5 0 1 0 1 0 7 0.2 
dm-ckd-hc-cancer 0 0 0 0 0 0 0 0 0 0.0 
htn-ckd-hc-cancer 0 0 2 0 3 0 0 0 5 0.1 
htn-dm-ckd-cancer 0 0 0 0 0 0 0 0 0 0.0 
subtotal 2 0 20 1 12 0 18 0 52 1.4 
Pentad (n=3)           
htn-dm-ckd-hc-
esld 0 0 0 0 0 0 0 0 0 0.0 

htn-dm-ckd-esld-
cancer 0 0 0 0 0 0 0 0 0 0.0 

htn-ckd-hc-esld-
cancer 0 0 0 0 0 0 0 0 0 0.0 

dm-ckd-hc-esld-
cancer 0 0 0 0 0 0 0 0 0 0.0 

htn-dm-hc-esld-
cancer 0 0 0 0 0 0 0 0 0 0.0 

htn-dm-ckd-hc-
cancer 0 0 1 0 1 0 1 0 3 0.1 

subtotal 0 0 1 0 1 0 1 0 3 0.1 
Note: In 2009, not one individual had all six age-associated conditions. 
Abbreviations:	  htn	  =	  treated	  hypertension,	  dm	  =	  type	  2	  diabetes	  mellitus,	  ckd	  =	  chronic	  kidney	  disease,	  hc	  =	  hypercholesterolemia,	  esld	  =	  end-‐stage	  
liver	  disease	  
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The purpose of this chapter is to present additional approaches and findings not intended 

to be publishable supplements to the manuscripts presented in Chapters Two and Three.  

 

Establishing observation windows for age-associated conditions 

 

We defined an observation window as the calendar period during which a clinical 

cohort was collecting data for all components of an age-associated condition’s definition.  

As the NA-ACCORD is a collaboration of multiple interval and clinical cohorts, each 

with their own established protocols of data collection, there is heterogeneity in the start 

and stop dates of data collected on labs, diagnoses, and medications. For this reason, 

observation windows are unique to each cohort and each age-associated condition, and 

inherently assume that clinical cohort data is being collected on all cohort participants. 

That is, if there was an indication to be tested for a condition during clinical care, our 

data would capture it non-differentially between individuals in a cohort.  

By establishing observation windows for our clinical cohort data we aimed to 

mitigate information bias.  In clinical cohort data, visit structure is not standardized. 

Rather, it is a direct function of individuals seeking medical care, resulting in differences 

in the timing and frequency of information. In light of this, we attempted to avoid 

overestimating the number of events resulting from extended follow-up of a single data 

element, beyond a condition’s observation window.  Consequently, age-associated 

outcomes had similar opportunities to be identified by any one of their constituent 

components within the boundaries of our observation windows.  
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Several steps were taken to establish observation windows for each clinical cohort 

and age-associated condition. For each component of an age-associated condition that 

was lab-based, upper and lower limit thresholds were imposed based on clinician input 

after visualizing histograms of lab values’ ranges (Table 4-1). As well, histograms of 

measurement frequency by calendar time were plotted for each element of a condition’s 

definition in order to identify when data ascertainment commenced and ended. In general, 

the start date of an observation window for an age-associated condition was determined 

to be the latest date of either the: basic inception date, cohort start date, lab, medication, 

or diagnosis date. The end date of an observation window was either the cohort close 

date, or the date at which labs, medication, and diagnosis data were last available, 

whichever came first.   

However, establishing start and end dates of observation windows were not 

always straightforward. At times, measurement frequency was artificially small, and 

jumps, gaps, or crescendos in data volume were observed. To understand this, caveats to 

start and stop dates were established after contacting individual cohorts to clarify their 

data collection procedures. Once observation windows were finalized summary files for 

conditions (HTN, DM, CKD, dyslipidemia, anemia, hepatitis C and B) were generated, 

and updated as new waves of data became available. 

 

Identifying an appropriate HIV comparator group 

 

 The lack of an appropriate HIV-uninfected comparison group precluded our 

ability to study an effect of ART-treated HIV on the development of age-associated 
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conditions in our study population.  Elsewhere, studies have used the general population 

as a control group in efforts to determine how the incidence of age-associated conditions 

in individuals living with HIV compare to individuals not infected with HIV.[1-3] 

However, fundamental differences in the distribution of demographic, socioeconomic, 

lifestyle risk factors, and frequency of clinical care encounters may threaten the validity 

of study inferences and lead to an overestimation in the effect of HIV.[4, 5] Individuals 

identical to those living with HIV, with the exception of being infected with HIV, would 

be better suited to isolating the effect of treated HIV.[6-10]  

 As an alternative, we harnessed longitudinal data from existing sources.[11] We 

attempted to construct a pool of HIV-uninfected individuals to which we would apply 

propensity score methodology to select HIV-negative controls, having a similar 

prevalence of risk factors.[12] First, we began with an online search to identify and 

compile a list of federal routine health information systems, public administrative 

databases, cohort studies, clinical trials, or private administrative and electronic medical 

record databases. Data collection on variables of interest were verified by screening data 

dictionaries, study protocols, raw questionnaire forms, abstracts, and publications. 

Ultimately, 213 studies were identified. Of these, 61 captured data on covariates of 

interest and age-associated events, were longitudinal, set in the U.S., were not pediatric 

populations, were not specimen repository studies, were not intervention trials, and were 

not trials requiring the presence of disease for participant enrollment (Figure 4-1). 

Following this, we prioritized data acquisition based on cost and type of age-associated 

event, and for the purposes of data harmonization, mapped variables between each data 

source to those of the NA-ACCORD. In the end, studies with data on cardiovascular 
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events were obtained from the Biologic Specimen and Data Repository Information 

Coordinating Center (BioLINCC)[13] and included the following cohorts: the Multi 

Ethnic Study on Atherosclerosis (MESA),[14] Atherosclerosis Risk in Communities 

(ARIC),[15] Framingham Offspring Study,[16] Jackson Heart Study,[17] Multiple Risk 

Factor Intervention Trial (MRFIT),[18] Coronary Artery Risk Development in Young 

Adults Study (CARDIA),[19] and the Prevention and Treatment of Hypertension Study 

(PATHS).[20] 

 Although individuals from these cohorts were ultimately not used in the analysis 

for Chapters Two and Three, as originally intended, this initiative resulted in other 

achievements. A discussion of the methodological and epidemiological issues that 

entailed this endeavor led to a publication.[4] Moreover, a manuscript assessing 

myocardial infarction rates in NA-ACCORD versus ARIC participants has been 

submitted to a journal for review.[21]  

 

Epidemiologic Considerations of Selecting Age as the Timescale 

 

 Aligning individuals to a common time origin and metric allows for the 

construction of biologically meaningful risk sets. For the analysis in Chapter Two, the 

use of late entry methods, implemented by left truncating data with age as a time metric, 

facilitates the comparison of similarly aged individuals.[22] This is particularly 

important, as individuals are technically at-risk for age-associated conditions at earlier 

ages before study entry. Additionally, our approach employs an important method to 

control for age, a strong predictor of HTN, DM, and CKD, as well as our competing 
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event of interest, death. Using age as the time scale allows for the heterogeneity of age at 

study entry to characterize the development of events across the spectrum of ages 

represented. 

In contrast, a timescale of time on study assumes that all individuals are at equal 

risk of having an event once they enter the study, regardless of age. This strong 

assumption may result in survival bias since it does not account for the proportion of 

individuals that never make it into our study and our outcomes of interest in Chapter Two 

were all age-related. Despite this, a recurrent issue within the NA-ACCORD Writing 

Group was the thought that time on study makes fewer assumptions; avoiding the use of 

late entry methods allows for survival probabilities to be based on risk sets that are 

followed from a single, uniform time origin until event, death, or administrative 

censoring. However, time on study is a scale that is more applicable to clinical trial 

settings where participants have a truly common origin (exposure randomization).  

 

Details of modeling multimorbidity   

 

In Chapter Three, our research interest was in comparing the probability of being 

multimorbid, between levels of covariates, and obtaining prevalence ratios. Although 

parameterizing multimorbidity as a count variable lends itself well to being modeled as a 

nominal response variable in a multinomial logistic regression, by this method, ratios of 

relative risk (or equivalently, conditional odds ratios) are obtained. In light of the fact that 

multimorbidity consistently exceeded a prevalence of 10% in any given calendar year, 

and with the knowledge that odds ratios may overestimate prevalence ratios when the 
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outcome is prevalent,[23] we obtained prevalence ratio estimates using more than one 

method. 

Two statistical approaches, in addition to the method used in Specific Aim 2, 

were undertaken to estimate prevalence ratios. Multimorbidity remained as a binary 

outcome (0 or 1 age-associated conditions as compared with 2 or more) and methods to 

derive prevalence ratios included the logistic and log-binomial regressions.[23] A logistic 

regression was implemented so that we could take advantage of the canonical link 

between odds ratios and prevalence ratios. We selected a log-binomial regression given 

its feature to estimate relative risk directly. [24] 

We present and compare findings from the three regression models in Table 4-2. 

As literature indicates that converting measures of associations between odds ratios and 

relative risks can be biased, and that confidence intervals are not valid, nor remedied by 

an increase in sample size, we decided against reporting study findings based on this 

model.[25] A log-binomial model can produce unbiased estimates of the relative risk, 

however, is a problematic method given its frequent issues with convergence.[26] Indeed, 

despite increasing the number of iterations, assuming either an independent or 

exchangeable working correlation structure, the log-binomial regression did not converge 

in our study.  

We reported Chapter Three findings using results from the Poisson regression for 

several reasons. Poisson regression, with an added robust variance option, can directly 

estimate prevalence ratios.[27] Previous work by Camy et al demonstrated the utility of 

applying a Poisson regression to multinomial outcome data, by fitting separate binary 

models. Using simulated data, the precision and accuracy of prevalence ratios were 
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identical between log-binomial and Poisson regression analyses.[28] Importantly, by 

reporting relative risks we retain the ability to communicate our research results in a 

meaningful way.  For example, it is more intuitive to convey to health policy makers 

deciding how to allocate healthcare dollars that individuals residing in the West or 

Southern U.S. have a higher probability of being multimorbid, as opposed to findings 

from a multinomial logistic model that may be more esoteric to the research community.   
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Table 4-1. Upper and lower limit cut-offs for lab values of age-associated conditions. 
 
 
Condition Lab Value Lower limit 

cut-off 
Upper limit 
cut-off 

DM HgA1C (%) 
4-5.9% = normal 
>6.5%  = diabetes 
 

<1.5% >15% 

CKD Serum creatinine 
0.5-1.2 mg/dL=normal 
 

<0.2 mg/dL ≥30.0 mg/dL 

High 
Cholesterol 

Total cholesterol 
≥240 mg/dL=high 
 

<20 ≥600 mg/dL 
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Table 4-2. Comparing Prevalence Ratios Obtained from Three Statistical Approaches. 

 
Note: all models assumed an exchangeable working correlation structure and adjusted for age, sex, race, risk, region, year, annual CD4, CD4 at ART start, CD4 
at entry, regimen, years since ART, AIDS, viral suppression. 

 Poisson with Robust Variance 
      aPR                     95% CI    

Logistic Regression 
aOR                     95% CI    

Log-Binomial Regression 
aPR                     95% CI    

Age (yrs) 
<40 

 
1 

 
Ref 

 
1 

 
Ref 

 
1 

 
Ref 

40-49 1.33 [1.24,1.43] 1.35 [1.24,1.47] NA NA 
50-59 1.66 [1.50,1.84] 1.85 [1.64,2.09] NA NA 
60+ 1.91 [1.62,2.25] 2.54 [2.08,3.11] NA NA 
Race/ethnicity 
Whites 

 
1 

 
Ref 

 
1 

 
Ref 

 
1 

 
Ref 

Blacks 0.87 [0.76,0.99] 0.86 [0.74,1.01] NA NA 
Hispanic 0.71 [0.58,0.88] 0.65 [0.51,0.82] NA NA 
Other 0.51 [0.33,0.80] 0.42 [0.24,0.71] NA NA 
HIV risk 
MSM 

 
1 

 
Ref 

 
1 

 
Ref 

 
1 

 
Ref 

IDU 0.90 [0.74,1.09] 0.86 [0.68,1.08] NA NA 
Hetero 1.15 [0.99,1.34] 1.21 [1.01,1.45] NA NA 
Other 0.53 [0.22,1.28] 0.34 [0.08,1.33] NA NA 
Sex 
Female 

 
0.99 

 
[0.84,1.16] 

 
0.99 

 
[0.82,1.20] 

 
NA 

 
NA 

Region 
NE 

 
1 

 
Ref 

 
1 

 
Ref 

 
1 

 
Ref 

MW 1.20 [0.95,1.51] 1.17 [0.88,1.56] NA NA 
S 1.55 [1.30,1.85] 1.70 [1.39,2.07] NA NA 
W 1.33 [1.11,1.60] 1.44 [1.17,1.78] NA NA 
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CHAPTER FIVE 
 
Conclusion 
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 Summary of Findings 

 

This dissertation examined the epidemiology of age-associated comorbidities 

among individuals aging with HIV. Using data collected from the largest observational 

cohort collaboration of individuals living with HIV, the NA-ACCORD, we observed sex 

and racial/ethnic disparities for individual age-associated comorbidities and an increased 

prevalence of multimorbidity over a ten-year span. The complex and evolving needs of 

individuals living with HIV will have important implications on disease management, 

and the demand for care resources may rise for multiple reasons, including: 1) the 

enactment of the Affordable Care Act expanded healthcare coverage to previously 

uninsured, HIV-infected individuals in need of healthcare services, such as assistance 

with chronic disease management,[1, 2] 2) the anticipated growth in the number of older 

HIV-infected individuals will fuel the development of age-associated conditions,[3]  3) 

the renewed emphasis on screening for undiagnosed HIV infection and treating at the 

time of diagnosis may culminate in an expansion of individuals on lifelong ART 

therapy,[4] with important implications on the development of age-associated 

comorbidities known to be linked with ART class.[5] Increased care access necessitates 

an understanding of the epidemiology of age-associated conditions. In turn, this will 

inform the direction of healthcare demand, prompt the design of care models that will 

deliver comprehensive care, and promote healthy ageing by targeting primary and 

secondary prevention efforts.  

 As shown in Chapter Two, we quantified the rates of first documented occurrence 

for HTN, DM, and CKD from 2000-2013. After accounting for HIV-related factors, risk 



	   148	  

of HIV acquisition, and differences in clinical cohort, we identified a disparity in the rates 

of each condition between combined groups of sex and race. By age 70, using age as the 

time metric and accounting for the competing event of death, cumulative incidences for 

HTN, DM, and CKD were significantly higher among black women and men, as 

compared with their non-black counterparts. Overall, by age 70 cumulative estimates 

ranged between 51-73% for HTN, 34-52% for DM, and 25-38% for CKD (all p<0.001).  

 In Chapter Three, we examined trends in multimorbidity prevalence during 2000-

2010, identified demographic subgroups in which prevalence was the highest, and 

reported on the most frequently occurring combinations of constituent comorbidities. 

From 2000 to 2009, multimorbidity prevalence increased significantly from 8.2% to 

22.4% (ptrend<0.001). Multimorbidity was higher among individuals who were older 

(compared to those who were <40, aPRs for older ages ranged from 1.3 to 1.9), and those 

who resided in the West or Southern U.S. (relative to the Northeast, it was increased by a 

factor of 1.3 and 1.5, respectively). Interestingly, we observed no disparity by sex, and 

blacks were less likely to have co-occurring conditions, despite adjustment for important 

factors such as calendar year, AIDS, ART regimen, years on ART, CD4 at ART 

initiation, CD4, and viral suppression.  

 

Public Health Implications 
 

Research 

This dissertation responds to national-level priorities delineated in the Trans-

National Institutes of Health’s 2017 Strategic Plan and the US Department of Health and 

Human Services’ “Strategic Framework for Multiple Chronic Conditions”, calling for 
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increased research that is attentive to the challenges of aging with HIV and the 

epidemiology of multimorbidity, respectively.[6, 7] A large focus of research in HIV and 

aging hones in on identifying etiologic causes of age-associated conditions. However, the 

research presented in this dissertation complements this growing body of literature, and 

describes the rates and trends of potentially lifelong conditions that will drive morbidity 

among individuals aging with HIV.  By first understanding this, according to 

demographic risk factors that are redundantly associated with negative clinical outcomes 

in the HIV epidemic,[8] can we deliver high quality care by maturing the evidence-base 

for targeted screening and monitoring protocols.[9, 10]  

 
Clinical Care 
 

Age, sex, and race/ethnicity are not modifiable factors but existing tools are 

available to help improve the quality of life for individuals aging with HIV. Early 

screening and management for individual age-associated conditions, particularly among 

black men and women, will be instrumental in preventing the progression of end-organ 

disease. Behavioral changes such as practicing physically active lifestyles free of 

smoking, or avoiding excessive weight gain after starting ART, and limiting sodium 

intake with nutritional assistance programs, offer multiple points of intervention.  

Secondly, initiating safe ART regimens immediately after diagnosis and monitoring their 

effectiveness may mitigate HIV-related inflammation and toxicities, respectively.[11, 12]  

 Findings in Chapter Three are demonstrative of the evolving clinical care outlook 

in a contemporary, ART-treated, HIV-infected population. Our findings heighten the 

importance of addressing a gap in clinical care guidelines. The wisdom and clinical 

feasibility of applying of multiple disease-specific guidelines to individuals with multiple 
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conditions has been questioned.[13] Currently, recommendations are to annually screen 

for non-HIV-related conditions and provide insight on treatment strategies for pairs of 

conditions (such as HIV and diabetes), however, do not offer providers a framework for 

prioritizing the management of a constellation of conditions.[14] Integrated, holistic care 

is needed, but there are limited assessments of care models designed to achieve this.[15] 

We evaluated common combinations of age-associated conditions and identified 

that HTN and HC were prominent components of multimorbidity. This is important for 

two reasons. As concordant precursor risk factors for CVD that are frequently under 

diagnosed, under treated, or informally assessed, targeted prevention and management of 

this highly prevalent dyad may be warranted.[16, 17] For example, adopting system-wide 

approaches such as electronic reminders of guidelines, or alerts that notify clinicians of a 

previously abnormal measure or predisposing condition may prove useful.[17] Secondly, 

HTN and HC may not have direct bearing on activities of daily living since they are not 

always symptomatic. However, management issues related to polypharmacy arising from 

the treatment of concurrent non-HIV-related comorbidities will remain.[18] 

Encouragingly, changes in the prescribing practices of statins to remedy hyperlipidemia 

among individuals living with HIV may result from the REPRIEVE trial (participant 

enrollment and follow-up is currently ongoing) and, to some extent, help offset the risk of 

polypharmacy.[19] But, medical reconciliation will gain increasing importance in 

managing concomitant medications to minimize drug-drug interactions. [20]   

 

Healthcare Resources 
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Increases in age-associated conditions may be an important driver of healthcare 

costs among individuals living with HIV. Presently, the average cost of lifetime care for 

those with HIV can range between $253,000- $400,000.[21] Arguably, with prolonged 

life, earlier diagnosis and treatment of HIV, the prevalence and lifetime cost of care for 

individuals with HIV may increase. The U.S. budget request for domestic HIV care and 

treatment services in FY 2017 was $20.8 billion.[22] Funding for the Ryan White 

HIV/AIDS Program, the largest source of federal funding for individuals with HIV after 

Medicaid and Medicare, has risen from $257 million in 1991 to $2.3 billion in FY 

2016.[22]  However, funding has plateaued in recent years. Evidence from Chapter Three 

may inform health policy makers of a pending rise in health care expenditures and 

encourage them to divert resources to HIV care services. 

 

Applicability to International Settings 

 

HIV as a chronic disease has the potential to overwhelm healthcare systems 

outside of the U.S. as well. Although Rabkin et al contend  that lower and middle income 

countries have already established chronic disease programs concurrent with their scale 

up of HIV/AIDS services, multiple infrastructural challenges and contextual factors 

unique to developing settings must be taken into consideration.[23] For example, Sub-

Saharan Africa bears the biggest burden of HIV/AIDS, where approximately 68% of the 

global population of individuals with HIV reside (amounting to 23 million), and the 

number of individuals in Africa who will be > 50 years of age will triple from 3 million 

in 2011 to 9 million by 2040.[24] The changing age composition of individuals who will 
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be aging with HIV will have widespread consequences on the organization and demand 

of care services in Sub-Saharan Africa, including for those with age-associated 

comorbidities.[24] 

 
Generalizability of Findings  

 

 This dissertation merits discussion with regard to the applicability of its findings 

to other study populations. The target population to which this dissertation aims to 

generalize its findings are: 1) individuals being followed for HIV care and are treated 

with ART, 2) in North America, and 3) are a contemporary cohort of individuals with 

HIV. Our express interest was in an ART-treated population as these individuals are most 

likely to age with HIV and be susceptible to age-associated conditions. The NA-

ACCORD is uniquely positioned as a source population to address the research questions 

of this dissertation. In addition to the benefit of having a large sample size, longitudinal 

follow-up, and high data quality, based on data collected through 2008, it was previously 

demonstrated to be demographically representative of the broader U.S. population of 

individuals with HIV (using national surveillance data).[25] Furthermore, participants 

have successfully linked to care (defined as having ≥2 HIV care visits within a 12 month 

time span). Although the NA-ACCORD excludes a population of individuals not engaged 

with clinical care, assuming that 80% of adults with HIV have linked to care within the 

first 5 years of being diagnosed with HIV, we believe that the NA-ACCORD has 

captured the majority of individuals who are aging with treated HIV.[4]  

 For Specific Aim 1, the study populations for each analysis were comprised of 

individuals that were ART-experienced, contributed information from 2 time points 
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during 2000-2013, and were followed for each component of our outcome definitions. Of 

the n=158,890 individuals with HIV that were followed through 2013 in the NA-

ACCORD, depending on the outcome, approximately 30-50% of these individuals were 

represented in our analytic samples after imposing study exclusions. A comparison 

between each of the three study populations with the source population indicated a 

similar distribution of participant’s demographic characteristics. With this integrity intact, 

and based on estimates derived from the HIV cascade of care,[4] our findings may 

therefore be relevant to a large number of individuals with HIV. The HIV cascade of care 

estimates that n=262,217 individuals in the U.S. have been diagnosed with HIV, linked to 

care, and placed on ART therapy. However, with renewed emphasis on population-based 

interventions to test and treat individuals with previously undiagnosed HIV, regardless of 

CD4,[4] we can speculate that the number of individuals who will be aging with treated 

HIV in our target population will far exceed current cascade estimates.  

 
 Specific Aim 2 derived a notably smaller study population from the source 

population in 2010. This was largely driven by our criterion that individuals needed to 

have evidence of follow up on all six-age associated conditions, as we were concerned 

that multimorbidity prevalence estimates might be an artifact of data availability. This 

criterion alone reduced our study population such that it represented 38% of the source 

population in 2010 (n=75,148). As a result, the degree of demographic similarity between 

study and source population in 2010 was diminished. In our study population there was a 

higher proportion of women, individuals reporting white race/ethnicity, individuals 

reporting heterosexual contact as a risk factor for HIV transmission, and individuals with 

a diagnosis of an AIDS-defining event. It is therefore possible that by design, we limited 
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the generalizability of findings to our target population, particularly if our study 

population was 1) more adherent to clinical care follow-up that allowed for the detection 

of age-associated conditions, or 2) were followed more closely for provider-initiated care 

(for example, providers monitored patients for adverse events if taking specific ARTs).  

  

Strengths and Limitations 

 

 We expand on the strengths and limitations of this dissertation, in addition to 

those outlined in Chapters Two and Three. This section will discuss macro-level aspects 

of using the data source.  

 

 We cannot exclude the possibility that our observations were the result of 

unmeasured variables. At the time during which this dissertation was conducted, mental 

health status, substance abuse, and socioeconomic status were not collected in the NA-

ACCORD. Each specific aim adjusted for the risk of HIV acquisition, which captures 

injection drug use, an imperfect surrogate for disadvantaged health. However, the 

availability of these data would have enabled us to quantify rates of individual age-

associated conditions and multimorbidity prevalence by important predictors of health 

outcomes.[26-28]  

 

 Four out of the six age-associated conditions included in this dissertation were not 

validated. Only ESLD and non-AIDS-defining malignancies underwent an extensive 

screening and validation process; otherwise, outcomes were diagnosis-based, treatment-
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based, laboratory-based, or some combination of the above. Consequently, for these four 

outcomes, our data are reflective of actual care received instead of date of biological 

onset. However, our goal was to quantify rates and prevalence of comorbidity occurrence 

reflective of actual care needs for the higher purpose of foreshadowing healthcare 

resource demand. As well, it is also possible that events were under ascertained. For 

example, individuals may have been diagnosed with an age-associated condition while 

receiving clinical care elsewhere (before NA-ACCORD enrollment). For outcome 

definitions that required evidence of medication use in addition to a history of diagnosis, 

such individuals would not have been identified as having an event.    

 Distinguishing between controlled and uncontrolled HTN status would better 

direct efforts for prevention. By identifying which predictors are associated with 

uncontrolled disease, preventive efforts may be directed at specific subgroups rather than 

expending efforts on all individuals with HTN. For instance, efforts may include HTN-

specific health education, or a simplification of regimens to reduce pill burden (HIV or 

non-HIV-related).[29]  

 Despite these limitations, this dissertation capitalizes on data from the largest 

cohort collaboration of HIV-infected adults in North America. The extensive longitudinal 

follow-up and geographic diversity, made available by the participation of more than 

70,000 individuals, was essential in being able to identify age-associated events in 

sufficient number. 

   

Future Directions 
 
Research 
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Incredible advances in the prioritization of HIV prevention and care have been 

made in the past 5 years. In 2015, the White House issued an update to the 

comprehensive National HIV/AIDS Strategy for the U.S., with the goal of “improving 

health outcomes for people living with HIV”.[30] This document specified that “many 

people with HIV have co-occurring conditions, such as heart disease” and that future 

research should endeavor to “to meet HIV treatment needs while also responding to co-

occurring conditions”. The NA-ACCORD continues to accumulate more participants and 

the continued standardized collection of existing data will facilitate continued therapeutic 

monitoring of important age-associated conditions as individuals continue to interact with 

the health care system. For example, extended validation of non-AIDS-related 

malignancies through 2013 is currently underway and mental health diagnoses were 

recently made available. In addition, findings from this dissertation will inform another 

NA-ACCORD study that will project multimorbidity prevalence, polypharmacy burden, 

and associated healthcare costs in the U.S. through to the year 2030. The distinct but 

complementary features of this data source with others, such as the MMP, will continue 

to play a key role in bringing intersecting issues of aging, HIV, and care complexity to 

the forefront of the research agenda for individuals living with HIV. 

  

Clinical Care 

 More research is needed to surmount the current limitations of applying disease-

specific guidelines to individuals with co-occurring conditions.[15] Unfortunately, 

evidence-based strategies to support a geriatrics, patient-centered approach to managing 

multimorbidity in HIV are lacking.[15]] HIV primary care guidelines draw on those 
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developed for uninfected populations.[14] However, a growing criticism of clinical trials, 

on which guidelines are largely based, is that they exclude older individuals with 

comorbidities.[31] Without this important information, it is incumbent upon physicians to 

extrapolate the evidence base as they care for their patients. Analogously, in HIV, the 

exclusion of older individuals from trials of ART have ignited concerns over the 

tolerability of ART at older ages since the restoration of immunodeficiency may not be 

the same as in younger individuals with HIV.[32]  

A viable alternative to narrowing this gap may reside in conducting research 

within non-clinical trial settings. Future generations of guidelines for HIV primary care 

would be benefit if age, race, and sex-specific patterns of multimorbidity were identified 

in large, representative populations of individuals with HIV.[33] This would have great 

utility in directing guidelines to focus on scenarios that are most commonly encountered 

in clinical practice, as opposed to addressing every possible combination of disease, and 

help providers avoid incurring drug-drug and drug-disease interactions.[33]   

 Additional research is needed to characterize drivers of multimorbidity onset. 

Sequencing the occurrence of successive conditions may offer physician’s evidence and 

insight into 1) opportunities of preventions to delay its onset if it can be shown that 

individuals with 1 type specific comorbidity are predisposed to rapidly developing 2 or 

more comorbidities, or 2) individual- or HIV-related characteristics that may be 

associated with developing concurrent diseases more rapidly, signaling opportunities for 

aggressive management.     Assuming that individuals have achieved viral suppression 

and optimal levels of ART adherence, this information may provide further evidence to 

support developing shared management plans for concordant, potentially interacting, 
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conditions with overlapping pathophysiology,[34] and help delay the accrual of multiple 

conditions, particularly if by targeting them other existing, unrelated comorbidities are 

simultaneously treated.[35]  

  

Field of HIV & Aging 

 

 There are differing views on the ramifications of HIV and aging.[36] For some 

time, “skeptics” ascribed the development age-associated conditions to harmful health 

behaviors (such as smoking and drug use) or to ART toxicities (previous exposure to 

earlier versions of ART). However, findings from the SMART trial provided evidence 

against this notion.[37] On average, ART decreased the risk for comorbidity 

development, even after adjustment for important risk behaviors. Elsewhere, 

“accelerated” aging, the idea that HIV itself can rapidly age individuals, was heavily 

debated.[38] But, discussions have been tempered by work that has emphasized the 

importance of accounting for differences in age structure.[39, 40] The fact remains that 

ART has allowed for the unmasking of important age-associated conditions. Yet, for all 

the intense focus on identifying mechanisms of comorbidity occurrence, aging and HIV 

is only beginning to be understood.[36]  

   
Conclusion  

 

 In summary, we identified disparities in the rates of age-associated conditions, as 

well as a growth in the burden of their co-occurrence. It will be important to continue to 

monitor the development of these conditions in light of their potential to shape the overall 
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burden of multimorbidity. The clinical management, policy, and public health 

implications will cut across the interests of several stakeholders, including: patients, 

clinicians, federal health policy makers, and research funding agencies as their priorities 

are set. Limited health resources, an absence of guidelines to direct care for multiple 

conditions, projected growth of individuals aging with treated HIV, and heterogeneity in 

the demographic and risk behavior composition of HIV-infected individuals, will all be 

reasons to deliver effective, efficient, and targeted care.  
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