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people living with HiV/AiDS (pLWHA) have a growing life expectancy in the US due to early provision 
of effective antiretroviral treatment. This has resulted in increasing exposure to age-related chronic 
illness that may be exacerbated by HiV/AiDS or antiretroviral treatment. prior work has suggested 
that pLWHA may be subject to accelerated aging, with earlier onset and higher risk of acquiring many 
chronic illnesses. However, the magnitude of these effects, controlling for chronic co-morbidities, 
has not been fully quantified. We evaluate the magnitude of association of HIV infection on 
developing chronic conditions while controlling for demographics, behavioral risk factors, and chronic 
comorbidities. We compare chronic disease risks of diabetes, hypertension, stroke, cancers, lung 
diseases, cardiovascular diseases, and cognitive impairment between pLWHA and HiV- individuals 
in a large, de-identified private insurance claims dataset (~24,000 PLWHA) using logistic regressions. 
HIV status is statistically significantly associated with higher levels for all chronic illnesses examined, 
a result which is robust to multiple model specifications and duration of analysis (2, 5, and 10 years 
from enrollment). our results suggest that pLWHA may be at elevated risk for a wide variety of chronic 
illnesses and may require additional care as the aging pLWHA population grows.

The life expectancy of people living with HIV/AIDS (PLWHA) has significantly increased due to the develop-
ment of antiretroviral therapy (ART) in the mid-1990s. PLWHA who are treated with ART can now expect to 
live into their seventies, provided they are adherent to their ART regimen1–3. According to the US Centers for 
Disease Control and Prevention, almost half (47%) of PLWHA in the US were aged 50 and older in 2015; 18% 
were aged 60–64 and 16% were aged 65 and older4. The age distribution of PLWHA suggests that the US now faces 
the challenge of a growing population of aging PLWHA5. As the aging population of PLWHA increases, chronic 
diseases that are common among elderly populations play a more important role than ever before in the health 
care management of PLWHA. Moreover, these chronic diseases, including diabetes, hypertension, stroke, lung 
diseases, cancers, cardiovascular diseases, and neurocognitive disorders, occur more often in PLWHA than in 
people without HIV/AIDS6–10.

Although the mechanism by which HIV/AIDS is related with chronic diseases is not fully understood, 
researchers have found some possible explanations for the high prevalence of the chronic diseases seen in 
PLWHA. Among the seven aforementioned chronic diseases, diabetes, hypertension, stroke, and cardiovascular 
diseases are closely associated with metabolic syndrome – which includes abdominal obesity, atherogenic dyslipi-
demia, raised blood sugar, insulin resistance, proinflammatory and prothrombotic states11–13–which is one of the 
adverse side effects of antiretroviral therapy14–19. Other chronic diseases may be linked to long-term inflammation 
due to persistent low-level viremia that may occur even with ART20. Inflammation caused by HIV, independent 
of ART status, is associated with obstructive lung disease and cancer20. It is also associated with HIV-associated 
neurocognitive disorder (HAND)21, which is a collective term for HIV-associated dementia, HIV-associated 
mild neurocognitive disorder, and asymptomatic neuropsychological impairment. The high prevalence of these 
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chronic diseases in PLWHA not only complicates the health management of PLWHA but may also pose a burden 
to the healthcare system22–27.

Existing studies have previously examined chronic illness prevalence among PLWHA in Medicare and 
younger cohorts in the United States9,20,28,29, as well as in populations in other countries. Here, we examine a 
population starting at age 50 using a private insurance claims dataset.

It is important to control for chronic comorbidities – a feature that prior studies have typically not exam-
ined – as many chronic conditions may interact. For instance, diabetes may elevate the risk of cardiovascular 
disease; chronic illnesses can exacerbate cognitive impairment or vice versa30,31. We therefore examine diabetes, 
hypertension, stroke, cancers, lung diseases, cardiovascular diseases, and cognitive impairment/dementia in this 
population, instead of focusing on a single chronic illness.

Our objective in this study is to use a large, de-identified private insurance claims dataset to evaluate the 
magnitude of association of HIV infection on developing chronic conditions while controlling for demographics, 
behavioral risk factors, and chronic comorbidities for patients aged 50 and older. We measure the odds ratios for 
acquiring chronic illness among PLWHA compared to non-PLWHA, which will further our understanding of 
what conditions aging PLWHA are most susceptible. In addition, we separately analyze those PLWHA diagnosed 
later in life, and also examine chronic disease onset after 2, 5, or 10 years from enrollment, to identify a potentially 
important subgroup within PLWHA which may be at particularly high risk of chronic disease.

Methods
Study population. This study used data from Optum’s de-identifed Clinformatics® Data Mart Database 
on enrollees aged 50 and above who had been followed for at least one year from Optum for the period between 
January 2007 and December 2016. The seven chronic disease groups of interest were diabetes, hypertension, 
stroke, cancers, lung diseases, cardiovascular diseases, and cognitive impairment and dementia. Cancers included 
prostate cancer, breast cancer, colorectal cancer, endometrial cancer, and lung cancer. Lung diseases included 
asthma and chronic obstructive pulmonary disease (COPD). Cardiovascular diseases included atrial fibrilla-
tion and ischemic heart diseases. Cognitive impairment and dementia included non-Alzheimer’s dementia, 
Alzheimer’s dementia, and cognitive impairment. These chronic diseases were identified by ICD-9 codes or ICD-
10 codes (given in Supplemental Table S1).

We applied the Chronic Conditions Data Warehouse algorithm (CCW)32 to identify new disease onset. This 
included a washout period, where diagnoses for a disease within the washout period from their enrollment were 
not considered a “new” diagnosis. In concordance with the CCW, a 2-year washout period was applied to HIV; 
one-year washout period was applied to hypertension, stroke, cancers, and lung diseases; a two-year washout 
period was applied to diabetes and cardiovascular diseases; and a three-year washout period was applied to 
dementia. Using these washout periods increased the probability that the diagnosis observed was truly new and 
not part of an already-diagnosed condition that started prior to the patient’s enrollment.

We cannot observe the time from diagnosis for the majority of patients with HIV in the dataset – 82.5% of those 
with HIV were diagnosed prior to two years from enrollment, indicating that a sizable proportion were not new 
diagnoses. However, it is likely that time from diagnosis and exposure to antiretroviral treatment is likely to change 
drug toxicity and viral loads and thereby influence the severity of co-morbid chronic conditions in HIV33–35.  
We therefore perform analysis on three groups of PLWHA, which we term cohorts 1, 2, and 3 for convenience. 
Cohort 1 includes individuals diagnosed with HIV infection or AIDS at any time. Cohort 2 was the group of 
PLWHA who were diagnosed with HIV/AIDS at/before enrollment or within 2 years after enrollment. Cohort 3 
was the group of PLWHA that were diagnosed with HIV/AIDS 2 years or more after their enrollment. Cohorts 
2 and 3 are mutually exclusive, and together form Cohort 1. We cannot be certain of the time of HIV acquisition 
for individuals in any of the three cohorts, but those in Cohort 3 are diagnosed after age 50, as all individuals in 
our analysis are over age 50. These are therefore individuals who were living with undiagnosed HIV until later in 
life or acquired HIV after age 50, and we separate out these individuals for subgroup analysis as they may have 
different patterns of chronic disease acquisition.

Analysis techniques and outcome measures. We report the percentage of individuals diagnosed with 
chronic condition for each subgroup for individuals enrolled between 2007–2016. Logistic regressions were used 
to estimate odds ratios of developing each chronic condition by HIV status – the odds ratio would then provide 
an estimate of the relative likelihood of that chronic disease for a PLWHA compared to a HIV- individual. We 
performed this regression for each of our three definitions of having HIV: inclusion in HIV Cohort 1 (diagnosed 
with HIV at any point), Cohort 2 (diagnosed with HIV/AIDS at/before enrollment or within 2 years of enroll-
ment), or Cohort 3 (diagnosed with HIV after two years from enrollment). The dependent variable was whether 
the individual would develop the chronic disease by 2, 5, or 10 years from baseline (time of enrollment; sepa-
rate models for each time point); only individuals without the disease at baseline were used in each regression. 
Other control variables included age at enrollment, sex, race/ethnicity, annual household income level at baseline, 
behavioral risk factors (including obesity, substance abuse, alcohol-related disease, and smoking), and the other 
chronic disease groups at baseline not being used as the dependent variable.

To explore model sensitivity to independent variables, we also examined different model specifications. We 
included demographic characteristics in our regressions because age and gender might affect the risk of acquiring 
chronic conditions; we also chose to include behavioral risk factors including smoking, obesity, drinking, and 
substance abuse as these may increase the likelihood of particular chronic illnesses36–39. We additionally per-
formed sensitivity analyses on year of HIV diagnosis (as ART has changed over our analysis period) and age of 
HIV diagnosis for Cohort 3, where date and age of HIV diagnosis could be observed. An alpha level of 0.05 used 
applied to determine the statistical significance of results. Data cleaning was performed using SAS and statistical 
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analysis were performed in Stata (StataCorp. 2017. Stata Statistical Software: Release 15. College Station, TX: 
StataCorp LLC).

ethics statement. All methods were carried out in accordance with relevant guidelines and regulations. 
On 05/19/2017, a representative of the University Park Institutional Review Board (UPIRB) at the University 
of Southern California determined that this study does not meet the regulatory definition of research involving 
human subjects. This study involved de-identified data that cannot be linked to a specific individual by the inves-
tigator(s) directly or indirectly through a coding system. In accordance with OHRP guidance on this subject (see 
http://www.hhs.gov/ohrp/policy/cdebiol.html), IRB approval is not required as the data cannot be tracked to a 
human subject. In addition, since this study did not meet regulatory definition of research involving human sub-
jects, informed consent does not apply. The tracking number for this study was: UP-17-00343.

Results
A total of 9,141,867 enrollees aged 50 and above who had been enrolled for at least 1 year were included. 24,636 
(0.26%) of them were included in HIV cohort 1 (had been diagnosed with HIV/AIDS at any point) (see Fig. 1). 
Table 1 shows the characteristics of the entire study population at enrollment. PLWHA were more likely to be 
male (74.0% vs 45.8%, p-value < 0.05) and Black (28.7% vs 10.4%, p-value < 0.05). PLWHA were more likely to 
earn less compared to people without HIV/AIDS (45.6% had annual household income less than $50k, compared 
to 33.2% among HIV- individuals). PLWHA were also more likely to be diagnosed with alcohol-related disease 
(2.0% vs 0.7%) and substance abuse (0.6% vs 0.1%). Smoking was more common among PLWHA (21.5% vs 
11%). Individuals diagnosed with HIV after 2 years from enrollment (Cohort 3) were also more likely to be older 
during the analysis period, female, obese, abuse alcohol, and have higher prevalence of diabetes, hypertension, 
cardiovascular disease, and cognitive impairment at enrollment compared to those diagnosed before or soon after 
enrollment (Cohort 2), as shown in Table 1. Summary statistics on chronic disease incidence by cohort is given 
in Supplemental Table S2.

The average length of enrollment in the insurance plan was 4.40 years for PLWHA and 4.54 years for people 
without HIV/AIDS. While this difference of 1.68 months was statistically significant (p < 0.05), it is likely too 
small to be clinically meaningful. PLWHA tended to enroll at younger ages compared to people without HIV/
AIDS. The average age at enrollment was 59.2 years old (95% CI: 59.1–59.3) for cohort 1 and 64.1 years old (95% 
CI: 64.1–64.2) for people without HIV/AIDS. Moreover, 75% of PLWHA were younger than 65 years old at 
enrollment (78% of cohort 2 and 60% of cohort 3), providing a sizable proportion of relatively younger patients 
for our study, even in cohort 3.

In general, PLWHA (in any HIV cohort) were more likely to have chronic conditions at the time they were 
enrolled. PLWHA had higher prevalence of diabetes (28.8% vs 24.2%), hypertension (46.9% vs 46.4%), stroke 
(3.3% vs 2.4%), lung diseases (14.3% vs 11.3%), cardiovascular diseases (22.3% vs 21.2%), and dementia (9.2% vs 
8.0%) at enrollment. People living without HIV/AIDS appeared to have higher prevalence of cancer than PLWHA 
(4.8% vs 5.7%) at enrollment. All differences were statistically significant at an alpha level of 0.05, but not all dif-
ferences may be clinically meaningful.

We ran multivariable logistic regressions for the onset of each chronic condition within two years of enroll-
ment. Results for cognitive impairment/dementia onset when HIV is defined as inclusion in HIV cohort 1 is 
shown in Table 2 as an example; the outcomes for the remaining diseases are shown in the Supplemental Table S3. 
Relative risks (instead of odds ratios) are provided in Supplemental Tables S4–S6 (with description of how this 
analysis was performed). The outcomes when the model specification is varied are shown in Supplemental 
Tables S7–S13). Table 3 provides a summary of the odds ratios of developing the indicated chronic illness for an 
individual in HIV Cohort 1 compared to someone without HIV, controlling for all the covariates listed in Table 2.

We find that the odds ratios for chronic illness for PLWHA, compared to HIV- individuals, were statistically 
significant at the 5% level and were greater than 1. This indicates that the risk for the onset of these chronic 

Figure 1. Flowchart of inclusion.
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conditions were higher among this PLWHA group, even controlling for comorbidities, demographics, and behav-
ioral differences. To examine the robustness of these results, we reran the analysis where the dependent variable 
was changed to the onset of each of these chronic conditions within 5 and 10 years from enrollment; the odds 
ratios remained very similar in magnitude and remained statistically significant, indicating that disease onset risk 
may be relatively constant over time (see Table 3). The odds ratios across all chronic conditions were between 1.1 
and 1.8, with the highest odds ratio for cognitive impairment and dementia. Given the large sample size in this 
study, even small differences would be statistically significant, but in general, these odds ratios are similar in size 
to many of those seen in our outcomes for behavioral risk factors such as smoking, alcohol, or substance use (see 

HIV− Throughout 
Enrollment HIV+ Cohort 1^ HIV+ Cohort 2^ HIV+ Cohort 3^

Mean age 64.1 59.2* 58.6 62.1**

Male (%) 45.8 74.0* 77.0 59.6**

Female (%) 54.2 26.0* 23.0 40.4**

White (%) 76.5 56.2* 56.2 56.2

Black (%) 10.4 28.7* 29.3 25.4**

Hispanic (%) 9.60 13.3* 12.9 15.6**

Education level < High School (%) 0.70 0.90* 0.90 1.20

Annual Household Income < 50 K (%) 33.2 45.6* 46.4 42.2**

Obesity (%) 17.6 17.2* 15.1 27.5**

Alcohol-related disease (%) 0.70 2.00* 1.80 3.20**

Substance abuse (%) 0.10 0.60* 0.60 0.40

Smoking (%) 11.7 21.5* 21.3 22.4

Diabetes (%) 24.2 28.8* 28.0 32.9**

Hypertension (%) 46.4 46.9* 46.4 49.2**

Stroke (%) 2.40 3.20* 3.20 3.30

Cancer (%) 5.70 4.80* 4.70 5.10

Lung disease (%) 11.3 14.3* 14.2 14.7

Cardiovascular disease (%) 21.2 22.3* 21.6 25.3**

Cognitive impairment and dementia (%) 8.00 9.20* 8.60 11.8**

Table 1. Summary Statistics. Baseline Characteristics at Enrollment. ^HIV Cohort 1 (diagnosed with HIV 
at any point), Cohort 2 (diagnosed with HIV prior to two years from enrollment), or Cohort 3 (diagnosed 
with HIV after two years from enrollment). *Differences between HIV- and Cohort 1 values are statistically 
significantly different for every characteristic, with p-values < 0.05. **Differences between Cohort 2 and Cohort 
3 values are statistically significantly different, with p-values < 0.05.

Diabetes Hypertension Stroke Cancer Lung Disease
Cardiovascular 
Disease

Cog. Impairment/
Dementia

HIV/AIDS 
status at 
enrollment

1.30 1.13 1.28 1.44 1.27 1.30 1.66

(1.19–1.42) (1.06–1.20) (1.16–1.40) (1.31–1.58) (1.19–1.35) (1.20–1.40) (1.48–1.86)

Observations 4829266 3381256 6215432 5981854 5658282 5027839 5907482

Table 2. Logistic Regression Outcomes. 2-Year Odds Ratios Compared with HIV- enrollees. *The HIV 
variable is defined by Cohort 1, ever diagnosed with HIV at any point. Control variables include demographic 
variables, comorbidities, and behavioral factors. *Robust 95% CI in parentheses. All values significant at the 
5% level unless in italics. Significance of the HIV odds ratio is robust to model specifications (see Supplemental 
Table S3).

Interval Diabetes Hypertension Stroke Cancer Lung Disease
Cardiovascular 
Disease

Cognitive Impairment 
& Dementia

2-year
1.30 1.13 1.28 1.44 1.26 1.30 1.66

(1.19–1.42) (1.06–1.20) (1.16–1.40) (1.31–1.58) (1.19–1.34) (1.20–1.40) (1.48–1.86)

5-year
1.44 1.22 1.43 1.44 1.25 1.38 1.56

(1.33–1.57) (1.13–1.31) (1.30–1.57) (1.31–1.58) (1.17–1.34) (1.28–1.49) (1.40–1.72)

10-year
1.45 1.36 1.45 1.37 1.33 1.37 1.73

(1.24–1.70) (1.17–1.58) (1.22–1.73) (1.15–1.64) (1.16–1.52) (1.19–1.58) (1.44–2.08)

Table 3. Odds ratios for HIV in logistic regressions for Cohort 1 (ever diagnosed with HIV), using different 
intervals for chronic disease onset. 95% CI in Parentheses. All values statistically significantly different from 1 at 
the 5% level unless in italics.
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tables in Supplemental Information), indicating that the risk due to HIV may be comparable in magnitude to 
these established risk factors for chronic illness.

Table 4 presents the corresponding results when we limit our HIV definition to Cohort 2, PLWHA who were 
diagnosed with HIV/AIDS at/before two years after enrollment (upper half of table), and Cohort 3, PLWHA who 
were diagnosed with HIV/AIDS two years or more after enrollment (lower half of table), controlling for all the 
demographic, disease, and behavioral variables listed above. Here, we find that the odds ratios of developing the 
indicated chronic illness for Cohort 2 compared to HIV- individuals was only sometimes statistically significant, 
depending on the interval on which onset was defined.

Notably, the odds ratio of chronic disease onset was higher when HIV status was limited to Cohort 3. The 
odds ratios were all statistically significant, and many were above 2 (see Table 4). While the odds ratios tended to 
decrease with longer onset intervals, these values are generally larger than those found when HIV was defined 
by Cohort 1 or Cohort 2, meaning that individuals diagnosed with HIV after age 50 are generally at higher risk 
of chronic disease onset compared with HIV- individuals, and even PLWHA who were diagnosed before enroll-
ment. Results from the additional sensitivity analyses on year of HIV diagnosis and age of HIV diagnosis for 
Cohort 3 are shown in Supplemental Tables S14–S17 and show similar results.

Discussion
This study analyzed the risk of developing seven chronic conditions including diabetes, hypertension, stroke, 
cancers, lung diseases, cardiovascular diseases, and dementia using a large de-identified private insurance claims 
database for people who were 50 years of age or older, stratified by HIV status. We found that PLWHA were more 
likely to have chronic conditions even controlling for demographic characteristics, behavioral risk factors, and 
other chronic comorbidities. Our findings were robust to different follow-up periods of analysis and under dif-
ferent model specifications.

HIV infection had an even greater association on the development of these chronic conditions among those 
who were diagnosed with HIV/AIDS later, as evidenced by our results for individuals diagnosed with HIV two 
years after enrollment (Cohort 3). This could be because these individuals had undiagnosed HIV/AIDS for a 
longer period (as they were diagnosed after age 50), or had some other unobserved characteristics correlated to 
acquiring HIV later in life. This finding spurs additional future research on the relationship between HIV diag-
nosis age and long-term health outcomes.

We must acknowledge several limitations of this study. To perform our analysis, we used private insurance 
claims data, which may not be nationally representative. For instance, individuals in our analysis tend to have 
higher than average socioeconomic status, as measured through income (see Table 1). However, this would likely 
mean that this population is, on average, healthier than the national average, leading to conservative estimates of 
the elevated risk of chronic disease in this population. This population may not be generalizable to the national 
US population on other characteristics as well, some of which may not be observable. We chose to limit our anal-
ysis to only those aged 50 and older, as these individuals may be at most risk for chronic conditions which tend 
to be exacerbated by age. Note that these results are also not generalizable to the younger PLWHA population, 
as those who died younger than 50 could be sicker; our results pertain only to the aging PLWHA population. 
In general, we were unable to control for competing mortality risk, and this could have potentially led to some 
counter-intuitive findings (such as higher prevalence of cancer in the HIV- group at enrollment).

We also cannot control for the duration an individual lived with HIV, nor what fraction of that time was spent 
on ART, adherence levels on ART, nor what type of ART was used prior to enrollment in this dataset. Many of the 
PLWHA in our analysis were diagnosed with HIV prior to enrollment (82.5%), and we cannot observe the date 

Interval Diabetes Hypertension Stroke Cancer Lung Disease
Cardiovascular 
Disease

Cognitive Impairment 
& Dementia

Cohort 2

2-year
0.88 0.90 1.02 1.17 1.04 0.94 1.18

(0.78–0.99) (0.84–0.97) (0.90–1.15) (1.04–1.31) (0.97–1.13) (0.85–1.04) (1.01–1.38)

5-year
1.09 1.07 1.23 1.34 1.05 1.11 1.33

(0.97–1.22) (0.98–1.17) (1.08–1.40) (1.19–1.51) (0.96–1.15) (1.00–1.22) (1.15–1.54)

10-year
1.18 1.23 1.40 1.31 1.14 1.19 1.75

(0.95–1.47) (1.00–1.49) (1.09–1.81) (1.03–1.68) (0.95–1.37) (0.97–1.47) (1.34–2.29)

Cohort 3

2-year
2.92 2.10 2.02 2.30 2.04 2.51 2.97

(2.56–3.34) (1.88–2.34) (1.73–2.37) (1.98–2.68) (1.83–2.27) (2.22–2.84) (2.50–3.51)

5-year
2.17 1.55 1.73 1.59 1.63 1.92 1.87

(1.92–2.46) (1.37–1.75) (1.50–1.99) (1.38–1.84) (1.46–1.81) (1.71–2.15) (1.61–2.17)

10-year
1.84 1.57 1.50 1.44 1.58 1.58 1.71

(1.47–2.30) (1.24–1.98) (1.17–1.92) (1.11–1.86) (1.30–1.92) (1.29–1.95) (1.34–2.20)

Table 4. Odds Ratios for HIV in logistic regressions for Cohort 2 & 3*, using different intervals for chronic 
disease onset. 95% CI in Parentheses. All values statistically significantly different from 1 at the 5% level unless 
in italics. *Cohort 2 (diagnosed with HIV prior to two years from enrollment); Cohort 3 (diagnosed with HIV 
after two years from enrollment). Comparison group: HIV- individuals.
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of diagnosis nor their treatment. Prior studies have identified the duration with HIV and on ART as potentially 
important in the acquisition of chronic illness among PLWHA. However, even limiting the PLWHA population 
to those who had been previously diagnosed with HIV (Cohort 2), we found evidence of elevated chronic disease 
risk. Our data was similarly lacking for behavioral factors; we had to rely on coded diagnoses of smoking and 
substance abuse – which are likely to only able to identify extreme cases of these risk factors. We additionally note 
that our analysis does not explicitly account for the timing of diagnosis of HIV relative to chronic illness (instead 
separating out diagnosis of HIV either before two years from enrollment or afterwards), and we cannot conclude 
that HIV causes elevated risk for chronic illnesses, merely that the two are associated.

Despite these limitations, we believe that our findings shed light on the important issue of chronic disease 
among aging PLWHA. Even after controlling for co-morbidities and behavioral effects, we found that PLWHA 
prior to age 65 have elevated risk for a variety of chronic illnesses. While not nationally generalizable, this study 
includes a much larger PLWHA sample size than in many prior studies, and comparable in population size with 
the largest studies on this topic – many studies use hundreds, or even thousands, of patients, while those with over 
24,000 PLWHA are rare16,33. We also control, at least in a limited way, for multiple comorbidities and behavior risk 
factors, which are known to affect the acquisition of further illnesses. We are also able to shed light on the pre-65 
PLWHA age group, which may have had less emphasis in the US in prior work.

Critically, the results of this analysis suggest that while PLWHA are at higher risk in general for acquiring 
chronic illness, those PLWHA who are diagnosed after age 50 are at particular risk. The differences in magnitude 
in the odds ratios between Cohort 2 and Cohort 3 were stark, with odds ratios for chronic illness often above 2 for 
our Cohort 3 results. In our sample, this population tended to be older and more, female, overweight, and abuse 
alcohol, but these results persisted even after controlling for these characteristics. This could be due to acquisition 
of HIV later in life–other studies have documented that women were more likely to be older than diagnosis than 
men40 – or through delayed diagnosis, which could arise for a variety of reasons. These include lack of access to 
care or HIV stigma and fear of testing41. We acknowledge that PLWHA in Cohort 3 tend to be older, and therefore 
subject to bias – they only enter Cohort 3 if they are still alive to be diagnosed two years after enrollment in the 
dataset.

This study contributes towards our understanding of chronic illness among PLWHA prior to age 65. With 
an aging PLWHA population, both medical practitioners and health policymakers must understand the risks 
this growing vulnerable population faces as they are exposed to the natural aging process in addition to unique 
risks due to HIV and HIV treatment. Quantification of the magnitude of chronic disease risk will enable more 
tailored preventative and screening programs for this population. In future work, we hope to explore more finely 
age-stratified chronic disease risk in this population, although this dataset was not large enough to support finely 
stratified age-group analysis, particularly given the number of control variables needed. This study’s results also 
indicate that further work is needed to understand the role of HIV diagnosis age in relationship to chronic disease 
onset. We hope that the findings in this study will contribute to a growing body of literature which will help our 
healthcare system prepare for a rapidly increasing population of aging PLWHA.

Data availability
The data that support the findings of this study, Optum’s de-identifed Clinformatics® Data Mart Database, were 
used under license and are not publicly available. The data are available from Optum for a fee.

Received: 24 July 2019; Accepted: 21 November 2019;
Published: xx xx xxxx

References
 1.  Antiretroviral Therapy Cohort Collaboration (ART-CC). Survival of HIV-positive Patients Starting Antiretroviral Therapy Between 

1996 and 2013: A Collaborative Analysis of Cohort Studies. Lancet HIV 3018 (2017).
 2. Marcus, J. L. et al. Narrowing the Gap in Life Expectancy between HIV-Infected and HIV-Uninfected Individuals with Access to 

Care. In Journal of Acquired Immune Deficiency Syndromes, https://doi.org/10.1097/QAI.0000000000001014 (2016).
 3. May, M. T. et al. Impact on life expectancy of HIV-1 positive individuals of CD4+ cell count and viral load response to antiretroviral 

therapy. AIDS 28, 1193–202 (2014).
 4. Centers for Disease Control and Prevention. HIV Among People Aged 50 and Over (2017).
 5. Centers for Disease Control and Prevention. HIV Among People Aged 50 and Older. Available at: https://www.cdc.gov/hiv/group/

age/olderamericans/index.html (2018).
 6. Bigna, J. J., Kenne, A. M., Asangbeh, S. L. & Sibetcheu, A. T. Prevalence of chronic obstructive pulmonary disease in the global 

population with HIV: a systematic review and meta-analysis. Lancet Glob. Heal., https://doi.org/10.1016/S2214-109X(17)30451-5 
(2018).

 7. Gelpi, M. et al. Higher Risk of Abdominal Obesity, Elevated Low-Density Lipoprotein Cholesterol, and Hypertriglyceridemia, but 
not of Hypertension, in People Living With Human Immunodeficiency Virus (HIV): Results From the Copenhagen Comorbidity 
in HIV Infection Study. Clin. Infect. Dis. 67, 579–586 (2018).

 8. Mayer, K. H. et al. Excess clinical comorbidity among HIV-infected patients accessing primary care in US community health centers. 
Public Health Rep., https://doi.org/10.1177/0033354917748670 (2018).

 9. Friedman, E. E. & Duffus, W. A. Chronic health conditions in Medicare beneficiaries 65 years old, and older with HIV infection. 
AIDS 30, 2529–2536 (2016).

 10. Schouten, J. et al. Cross-sectional comparison of the prevalence of age-associated comorbidities and their risk factors between HIV-
infected and uninfected individuals: the AGEhIV cohort study. Clin. Infect. Dis. 59, 1787–97 (2014).

 11. Grundy, S. M. et al. Definition of metabolic syndrome: report of the National Heart, Lung, and Blood Institute/American Heart 
Association conference on scientific issues related to definition. Arterioscler. Thromb. Vasc. Biol. 24, e13–8 (2004).

 12. Galassi, A., Reynolds, K. & He, J. Metabolic syndrome and risk of cardiovascular disease: a meta-analysis. Am. J. Med. 119, 812–9 
(2006).

 13. Wilson, P. W. F., D’Agostino, R. B., Parise, H., Sullivan, L. & Meigs, J. B. Metabolic syndrome as a precursor of cardiovascular disease 
and type 2 diabetes mellitus. Circulation 112, 3066–72 (2005).

https://doi.org/10.1038/s41598-019-54969-3
https://doi.org/10.1097/QAI.0000000000001014
https://www.cdc.gov/hiv/group/age/olderamericans/index.html
https://www.cdc.gov/hiv/group/age/olderamericans/index.html
https://doi.org/10.1016/S2214-109X(17)30451-5
https://doi.org/10.1177/0033354917748670


7Scientific RepoRtS |         (2019) 9:18514  | https://doi.org/10.1038/s41598-019-54969-3

www.nature.com/scientificreportswww.nature.com/scientificreports/

 14. Barbaro, G. & Iacobellis, G. Metabolic syndrome associated with HIV and highly active antiretroviral therapy. Curr. Diab. Rep. 
(2009).

 15. Echecopar-Sabogal, J., D’Angelo-Piaggio, L., Chanamé-Baca, D. M. & Ugarte-Gil, C. Association between the use of protease 
inhibitors in highly active antiretroviral therapy and incidence of diabetes mellitus and/or metabolic syndrome in HIV-infected 
patients: A systematic review and meta-analysis. Int. J. STD AIDS 29, 443–452 (2018).

 16. Paula, A. A., Falcão, M. C. N. & Pacheco, A. G. Metabolic syndrome in HIV-infected individuals: Underlying mechanisms and 
epidemiological aspects. AIDS Research and Therapy, https://doi.org/10.1186/1742-6405-10-32 (2013).

 17. van Wijk, J. P. H. & Cabezas, M. C. Hypertriglyceridemia, Metabolic Syndrome, and Cardiovascular Disease in HIV-Infected 
Patients: Effects of Antiretroviral Therapy and Adipose Tissue Distribution. Int. J. Vasc. Med. 2012, 201027 (2012).

 18. Wand, H. et al. Metabolic syndrome, cardiovascular disease and type 2 diabetes mellitus after initiation of antiretroviral therapy in 
HIV infection. AIDS 21, 2445–53 (2007).

 19. Palios, J., Kadoglou, N. P. E. & Lampropoulos, S. The pathophysiology of HIV-/HAART-related metabolic syndrome leading to 
cardiovascular disorders: the emerging role of adipokines. Exp. Diabetes Res. 2012, 103063 (2012).

 20. Deeks, S. G., Tracy, R. & Douek, D. C. Systemic effects of inflammation on health during chronic HIV infection. Immunity 39, 
633–45 (2013).

 21. Sheppard, D. P. et al. Does Older Age Confer an Increased Risk of Incident Neurocognitive Disorders among Persons Living with 
HIV Disease? Clin. Neuropsychol., https://doi.org/10.1080/13854046.2015.1077995 (2015).

 22. Brown, T. T., Tassiopoulos, K., Bosch, R. J., Shikuma, C. & McComsey, G. A. Association between systemic inflammation and 
incident diabetes in HIV-infected patients after initiation of antiretroviral therapy. Diabetes Care 33, 2244–9 (2010).

 23. Shiels, M. S. et al. Cancer burden in the HIV-infected population in the United States. J. Natl. Cancer Inst. 103, 753–62 (2011).
 24. Kirk, G. D. et al. HIV Infection Is Associated with an Increased Risk for Lung Cancer, Independent of Smoking. Clin. Infect. Dis., 

https://doi.org/10.1086/518606 (2007).
 25. Ovbiagele, B. & Nath, A. Increasing incidence of ischemic stroke in patients with HIV infection. Neurology 76, 444–50 (2011).
 26. Crothers, K. et al. Increased COPD among HIV-positive compared to HIV-negative veterans. Chest 130, 1326–33 (2006).
 27. Raposo, M. A. et al. Metabolic disorders and cardiovascular risk in people living with HIV/AIDS without the use of antiretroviral 

therapy. Rev. Soc. Bras. Med. Trop. 50, 598–606 (2017).
 28. Yanik, E. L., Katki, H. A. & Engels, E. A. Cancer risk among the HIV-infected elderly in the United States. Aids 30, 1663–1668 (2016).
 29. Deeks, S. G. & Phillips, A. N. HIV infection, antiretroviral treatment, ageing, and non-AIDS related morbidity. BMJ 338, 288–292 

(2009).
 30. Snowden, M. B. et al. Dementia and co-occurring chronic conditions: a systematic literature review to identify what is known and 

where are the gaps in the evidence? International Journal of Geriatric Psychiatry, https://doi.org/10.1002/gps.4652 (2017).
 31. Morley, J. E. Cognition and Chronic Disease. J. Am. Med. Dir. Assoc., https://doi.org/10.1016/j.jamda.2017.02.010 (2017).
 32. CMS.gov. CMS Chronic Conditions Data Warehouse (CCW) CCW Condition Algorithms. Chronic Cond. Algorithms 72, 2015 

(2015).
 33. Odhiambo, C. & Carolina, S. Risk for Cardiovascular Disease in Blacks with HIV/AIDS in America: A Systematic Review and Meta-

analysis. J. Health Dispar. Res. Pract. 10, 121–140 (2017).
 34. Smith, D. M. et al. Mortality among people living with HIV/AIDS with non-small-cell lung cancer in the modern HAART Era. AIDS 

Care - Psychol. Socio-Medical Asp. AIDS/HIV 30, 936–942 (2018).
 35. Yideg Yitbarek, G., Mossie Ayana, A., Bariso Gare, M. & Garedew Woldeamanuel, G. Prevalence of Cognitive Impairment and Its 

Predictors among HIV/AIDS Patients on Antiretroviral Therapy in Jimma University Medical Center, Southwest Ethiopia. 
Psychiatry J. 2019, 1–7 (2019).

 36. Anthonisen, N. R., Connett, J. E. & Murray, R. P. Smoking and lung function of Lung Health Study participants after 11 years. Am J 
Respir Crit Care Med 2002, 166(5):675-9. Am J Respir Crit Care Med 166, 675–9 (2002).

 37. Thomas, V. S. & Rockwood, K. J. Alcohol abuse, cognitive impairment, and mortality among older people. J. Am. Geriatr. Soc., 
https://doi.org/10.1046/j.1532-5415.2001.49085.x (2001).

 38. Lakier, J. B. Smoking and Cardiovascular Disease. Am. J. Med. 93, 8S–12S (1992).
 39. Frishman, W. H., Del Vecchio, A., Sanal, S. & Ismail, A. Cardiovascular manifestations of substance abuse: Part 2: Alcohol, 

amphetamines, heroin, cannabis, and caffeine. Heart Disease, https://doi.org/10.1097/01.hdx.0000080713.09303.a6 (2003).
 40. Almirol, E. A. et al. Gender Differences in HIV Testing, Diagnosis, and Linkage to Care in Healthcare Settings: Identifying African 

American Women with HIV in Chicago. AIDS Patient Care STDS, https://doi.org/10.1089/apc.2018.0066 (2018).
 41. Darlington, C. K. & Hutson, S. P. Understanding HIV-Related Stigma Among Women in the Southern United States: A Literature 

Review. AIDS and Behavior, https://doi.org/10.1007/s10461-016-1504-9 (2017).

Acknowledgements
Research reported in this publication was supported by the National Institute On Aging of the National Institutes 
of Health under Award Number P30AG043073. The content is solely the responsibility of the authors and 
does not necessarily represent the official views of the National Institutes of Health. Research reported in this 
publication was also supported by the National Institute on Aging of the National Institutes of Health under 
award number P30AG024968, which funds the Roybal Center for Health Policy Simulation, part of the Leonard 
D. Schaeffer Center for Health Policy & Economics at the University of Southern California. The content is solely 
the responsibility of the authors and does not necessarily represent the official views of the National Institutes of 
Health or the Schaeffer Center.

Author contributions
H.S.Y. cleaned the data and performed the analyses; M.R.B. provided expertise on HIV epidemiology, designed 
the analysis, and interpreted the results; S.C.S. developed the research question, designed the analysis, and 
interpreted the results. All authors wrote and revised the manuscript.

competing interests
The authors declare no competing interests.

Additional information
Supplementary information is available for this paper at https://doi.org/10.1038/s41598-019-54969-3.
Correspondence and requests for materials should be addressed to S.-c.S.
Reprints and permissions information is available at www.nature.com/reprints.

https://doi.org/10.1038/s41598-019-54969-3
https://doi.org/10.1186/1742-6405-10-32
https://doi.org/10.1080/13854046.2015.1077995
https://doi.org/10.1086/518606
https://doi.org/10.1002/gps.4652
https://doi.org/10.1016/j.jamda.2017.02.010
https://doi.org/10.1046/j.1532-5415.2001.49085.x
https://doi.org/10.1097/01.hdx.0000080713.09303.a6
https://doi.org/10.1089/apc.2018.0066
https://doi.org/10.1007/s10461-016-1504-9
https://doi.org/10.1038/s41598-019-54969-3
http://www.nature.com/reprints


8Scientific RepoRtS |         (2019) 9:18514  | https://doi.org/10.1038/s41598-019-54969-3

www.nature.com/scientificreportswww.nature.com/scientificreports/

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2019

https://doi.org/10.1038/s41598-019-54969-3
http://creativecommons.org/licenses/by/4.0/

	Chronic Disease Onset Among People Living with HIV and AIDS in a Large Private Insurance Claims Dataset
	Methods
	Study population. 
	Analysis techniques and outcome measures. 
	Ethics statement. 

	Results
	Discussion
	Acknowledgements
	Figure 1 Flowchart of inclusion.
	Table 1 Summary Statistics.
	Table 2 Logistic Regression Outcomes.
	Table 3 Odds ratios for HIV in logistic regressions for Cohort 1 (ever diagnosed with HIV), using different intervals for chronic disease onset.
	Table 4 Odds Ratios for HIV in logistic regressions for Cohort 2 & 3*, using different intervals for chronic disease onset.




