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Abstract

Background: Optimal management of noncommunicable diseases, including diabetes mellitus 

(DM), is crucially important as people with HIV (PWH) live longer with antiretroviral therapy. 

Our objective was to assess patient-level and clinic-level factors associated with achieving 

hemoglobin A1c (HbA1c) ≤7.0% among PWH and DM.

Setting: The DC Cohort, an observational clinical cohort of PWH, followed from 2011 to 2019 at 

12 sites in Washington, DC.

Methods: Among PWH with diagnosed DM and elevated HbA1c (>7.0%), we examined the 

association between achieving HbA1c ≤7.0% and demographic and clinical factors, including 

time-updated medication data, and clinic-level factors related to services and structure. A 

multilevel marginal extended Cox regression model was generated to identify factors associated 

with time to HbA1c ≤7.0%.

Results: Over half (52.3%) of 419 participants achieved HbA1c ≤7.0%. Individual-level factors 

associated with HbA1c ≤7.0% included a diagnosis of DM after enrollment and a longer time 

since HIV diagnosis [hazard ratio (HR) = 2.65 and 1.13, P < 0.05 for both]. Attending a clinic with 

an endocrinologist was associated with the outcome [adjusted HR (aHR) = 1.41 95% confidence 

interval (CI): (1.01 to 1.97)]. In addition, comparing clinics that treat everyone, refer everyone or 

have a mix of treating and referring, showed an association between attending a clinic that treats 
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everyone [aHR = 1.52 95% CI: (1.21 to 1.90)] or a clinic that refers everyone [aHR = 2.24 95% 

CI: (1.63 to 3.07)] compared with clinics with a mix in achieving glycemic control.

Conclusion: Multiple factors are associated with achieving glycemic control in an urban cohort 

of PWH. Determining if specific services or structures improve DM outcomes may improve health 

outcomes for PWH and DM.
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INTRODUCTION

The availability of combination antiretroviral therapy (ART) has resulted in people with HIV 

(PWH) living longer1 so much that the life expectancy of PWH is approaching that of the 

general population.2–5 Multiple studies have shown ART medications are associated with 

PWH developing noncommunicable chronic diseases (NCDs), including type 2 diabetes 

mellitus (DM),6–11 which is associated with shorter life expectancy11 and a reported decline 

in quality of life.12 The reported prevalence of DM among PWH in the United States varies 

from 5% to 19%.7,10,13–17 The relationship between HIV and DM is essential because (1) 

DM is one of the major NCD that will account for the accelerated proportion of health care 

costs for PWH18 and (2) both HIV and DM are independently associated with a higher risk 

of cardiovascular disease, one of the leading causes of mortality in PWH.19

In recent years, there has been a shift to recommend the inclusion of screening and 

coordinated treatment of multiple chronic comorbidities in HIV care.20,21 Yet, many PWH 

are not being treated for their comorbid conditions where they seek care for HIV.22 Although 

PWH often prefer to receive care where they get their HIV care,20 many board-certified 

infectious disease (ID) physicians have reported feeling uncomfortable providing primary 

care for PWH.23 Integration of general practitioners, nurse practitioners, and physician 

assistants into the HIV care centers to help provide care of non-HIV conditions could be one 

strategy to improve care for NCDs because it would reduce management responsibilities 

placed on the ID physician.23

Evaluating clinic treatment practices, including whether PWH with DM are meeting 

glycemic control targets, among clinics with different care management strategies for DM 

may provide additional knowledge on whether PWH with DM have better health outcomes 

if their HIV care provider treats them or if they are referred to care elsewhere. Clinic factors, 

such as having a clinical pharmacy on-site, the availability of diabetes education, weight loss 

management or smoking cessation programs at the clinic, and whether a patient is treated at 

the HIV clinic or is referred for diabetes care may also play a role in a patient’s ability to 

achieve a specific DM treatment goal.

One management guideline for DM is to maintain a low target Hemoglobin A1c (HbA1c) 

level. The current guideline for PWH with DM is to achieve and sustain an HbA1c level less 

than 7%,24 the same standard of care recommended to the general population of diabetes 

patients by the American Diabetes Association.25 Studies have been conducted looking at 
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individual factors, such as age, viral suppression status, and DM medication usage, 

associated with achieving glycemic control among those with DM and HIV.17,26–28 To the 

best of our knowledge, there is no published literature looking at the effect of clinic-level 

factors and services on glycemic control among PWH with DM, and only a few studies have 

assessed clinic-level factors in DM management in the general population.29–31 In addition, 

all previous studies on assessing glycemic control in PWH with DM have been either cross-

sectional studies assessed at a single time point26,27 or repeated cross-sectional analyses.17 

So, there is no ability to adjust for any time-varying covariates, such as the type of DM 

medication used, which may affect a DM patient’s ability to achieve glycemic control. The 

objective of this analysis was to evaluate what individual-level characteristics and clinic-

level practices and services are associated with the achievement of DM control.

METHODS

Data Source

This analysis used data from the DC (District of Columbia) Cohort study. The DC Cohort is 

a longitudinal observational cohort of PWH receiving HIV care at one of 15 clinics in 

Washington, DC. The complete methods of DC Cohort have been described in previous 

publications.32,33 Briefly, sociodemographic, clinical, and laboratory data documented in 

participants’ outpatient electronic medical record (EMR) systems were abstracted into the 

DC Cohort database prospectively from the date of cohort enrollment. This analysis 

included data from 12 sites collected between January 2011 and March 2019.

In addition to the collected data from the EMR systems at each clinic, a site assessment 

survey of all DC Cohort sites was conducted in the first quarter of 2017. Site principal 

investigators received an electronic questionnaire that captured information about clinic 

characteristics, such as the types of providers, size of the clinic, and availability of an on-site 

pharmacy. In August 2019, the DC Cohort site principal investigators completed a 

supplementary survey specific to diabetes care within the HIV clinic. The complete list of 

variables generated from the original site assessment survey and diabetes care survey are 

listed in Table 1, Supplemental Digital Content, http://links.lww.com/QAI/B487. This 

protocol was approved by multiple institutional review boards, including the George 

Washington University.

Inclusion and Exclusion Criteria

Individuals were included in the analysis if they had a diagnosis of type 2 DM identified by 

ICD-9/ICD-10 codes anytime during follow-up and had at least 1 year of follow-up time in 

the DC Cohort after the DM diagnosis was included in the database. In addition, the 

participant needed an initial HbA1c result above 7.0% and at least one subsequent HbA1c 

result anytime during follow-up to be included in the analysis. Individuals younger than 18 

years at the time of consent and those enrolled at one of the 3 sites primarily providing HIV 

care for a pediatric or adolescent patient population were excluded from the analysis.
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Outcome of Interest

The outcome of interest was the achievement of glycemic control, defined as having at least 

one subsequent HbA1c laboratory result test of 7.0% or below after the initial HbA1c result 

>7.0%. Achievement of glycemic control was assessed as a time-to-event outcome.

Individual-Level Covariates

Individual-level predictors were abstracted from the medical record at the time of the 

baseline HbA1c result unless otherwise stated. Individual-level predictors assessed for an 

association with glycemic control included sociodemographic characteristics (age, sex at 

birth, and race/ethnicity), body mass index, behavioral risk factors (known histories of 

smoking, alcohol abuse, recreational drug use, or intravenous (IV) drug use, each classified 

as ever or never at the time of enrollment), social factors (housing, employment status, and 

insurance status), diabetes-related factors, [baseline HbA1c value, whether the participant 

was diagnosed with DM before enrollment in the DC Cohort and DM medication usage, 

which were time-updated based on medication start and stop dates abstracted from 

prescription EMR data (see Table 2, Supplemental Digital Content, http://

links.lww.com/QAI/B487 for the classification of DM medications)], HIV-related variables 

(primary mode of HIV transmission, having an AIDS defining condition, length of HIV 

diagnosis, nadir CD4 count, most recent CD4 count and HIV viral load, exposure to ART 

associated with DM, and current ART regimen, which were time-updated based on 

medication start and stop dates abstracted from prescription EMR data), and evidence of 

having other specified comorbid conditions (hypertension, dyslipidemia, hypothyroidism, 

chronic renal failure, chronic hepatitis C, anxiety or stress disorder, or depression).

Clinic-Level Covariates

A variety of clinic-level variables were considered related to clinic structure and self-

management opportunities, including the size of the HIV patient population, whether the 

clinic has specific types of clinicians on staff (endocrinologists, nutritionists, nurse 

practitioners, and physicians assistants), whether the clinic has specific lifestyle modification 

programs (diabetes education, weight management, and smoking cessation), the presence of 

an on-site pharmacy or urgent care services, the standard DM screening interval at the clinic, 

and whether PWH are treated for DM in the HIV clinic, if the clinic both treats and refers 

PWH to other clinics within the same medical institution for DM treatment, or if the PWH 

are not treated for care in the HIV clinic (see Table 1, Supplemental Digital Content, http://

links.lww.com/QAI/B487 for the survey questions and variables constructed with the 

responses).

Statistical Analysis

Descriptive statistics for the study sample were generated using χ2 or Fisher exact tests for 

categorical variables and Wilcoxon rank sum tests for continuous variables. These 

descriptive statistics were stratified by whether or not participants achieved glycemic 

control. In addition, all static factors were evaluated with Kaplan–Meier curves and through 

goodness of fit testing, to confirm proportional hazards assumptions were met. To account 

for different lengths of follow-up time among participants and to allow variables with values 
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that change over the course of time, an extended Cox hazards regression34 was performed to 

assess the individual-level and clinic-level factors associated with achieving an HbA1c level 

of ≤7%. This analysis was a marginal multilevel regression, allowing both individual-level 

and clinic-level factors to be assessed for an association with achieving glycemic control. 

Each individual-level covariate was evaluated in a univariate Cox regression model. 

Individual factors determined a priori (age, race/ethnicity, and sex at birth) and those found 

to be significantly associated with achieving glycemic control (P < 0.05) were included in 

the evaluation of clinic-level factors. Each clinic-level variable was evaluated separately, 

adjusting for the selected individual-level factors using marginal extended Cox regression 

with a robust sandwich covariance matrix to account for the intracluster effect of clinic site.
35,36 These results were evaluated by the empirical Wald test37 for each clinic-level outcome 

separately, and those with a P value of less than 0.1 were assessed for inclusion in the final 

model. The final multilevel, multivariate marginal extended Cox regression model included 

all previously selected individual-level variables and clinic-level factors selected based on 

goodness of fit using likelihood-ratio testing37 that were significantly associated with 

achieving glycemic control (P < 0.05). All analyses were performed in SAS (9.4).

RESULTS

Overall, the DC Cohort had 1624 PWH and DM among 10,124 participants (16.1%) at the 

12 sites included in this analysis. The prevalence of DM among the 12 clinics ranged from 

11.1% to 23.0%. Among all DC Cohort participants meeting the inclusion criteria, 419 had a 

diagnosis of DM. Of those, 219 participants (52.3%) achieved glycemic control with an 

HbA1c value of ≤7.0%. The median age of the overall sample (N = 419) was 54 years, and 

the sample was predominately men (66.3%) and non-Hispanic black (87.6%) (Table 1). 

Those who had lower baseline median HbA1c (8.0% vs. 9.3%; P < 0.0001), had been 

diagnosed with HIV for a longer duration (14.9 years vs. 12.3 years; P = 0.01), and did not 

have a DM diagnosis at the time of enrollment into the DC Cohort (70.3% vs. 89.0%; P < 

0.0001) were more likely to achieve glycemic control (Table 1).

As shown in Table 2, all individual-level characteristics were assessed separately for an 

association with time to achievement of glycemic control. In unadjusted analysis, 

participants who had their first recorded diagnosis of DM at their HIV care site after 

consenting to the DC Cohort were more likely to achieve an HbA1c of ≤7.0% compared 

with those diagnosed before enrollment [hazard ratio (HR) = 2.65, 95% confidence interval 

(CI): (1.65 to 4.25)]. Those who had been living with HIV longer [HR = 1.13; 95% CI: (1.01 

to 1.26) for every 5 years since diagnosis] were more likely to achieve glycemic control. The 

use of a noninsulin medication [HR = 1.52; 95% CI: (1.13 to 2.04)] and a history of 

recreational drug use [HR = 1.30; 95% CI: (1.06 to 1.60)] were significant predictors of 

glycemic control. Those with higher baseline HbA1c [HR = 0.78; 95% CI: (0.71 to 0.87) for 

every 1.0% increase in HbA1c] and those with hypertension [HR = 0.73; 95% CI: (0.56 to 

0.95)] were less likely to achieve glycemic control.

Table 3 shows the unadjusted association between clinic-level variables and achieving 

HbA1c ≤7.0%. Attending a clinic with an endocrinologist on staff and having a smoking 

cessation program at the clinic were significantly associated with achieving glycemic control 
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[adjusted HR (aHR) = 1.45 and 1.34, P < 0.05 for both]. Clinics that did not refer patients to 

another clinic at the institution for DM management were more likely to achieve glycemic 

control [aHR = 1.77; 95% CI: (1.20 to 2.61)] as were those that did not treat DM but instead 

referred patients to another clinic within the medical institution [aHR = 1.61; 95% CI: (0.97 

to 2.69)]. These aHRs were both in comparison to clinics that do not have a set clinical 

practice and may treat DM in the clinic or refer patients for DM care to another clinic in the 

institution.

The final multilevel multivariable model evaluating the association of reaching an HbA1c 

value of ≤7.0% revealed that both individual-level and clinic-level factors were associated 

with achieving glycemic control (Table 4). Significant individual-level factors were as 

follows: a recent diagnosis of DM [aHR = 2.43; 95% CI: (1.63 to 3.64)], use of only 

noninsulin medication(s) [aHR = 1.32; 95% CI: (1.01 to 1.73)], a history of using 

recreational drugs [aHR = 1.48; 95% CI: (1.13 to 1.94)], and living with HIV for a longer 

period of time [aHR = 1.13; 95% CI: (1.01 to 1.26)] for every 5 years since diagnosis). 

Participants with a higher initial HbA1c value [aHR = 0.83; 95% CI: (0.76 to 0.90) for every 

1.0% increase in HbA1c] and a comorbid diagnosis of hypertension [aHR = 0.64; 95% CI: 

(0.51 to 0.80)] were less likely to achieve glycemic control.

Attending a clinic with an endocrinologist on staff [aHR = 1.41; 95% CI: (1.01 to 1.97)], 

having a smoking cessation program at the clinic [aHR = 1.33; 95% CI: (1.01 to 1.75)], 

offering urgent care services [aHR = 1.49; 95% CI: (1.04 to 2.13)], and the clinics that treat 

DM and do not refer participants to other clinics [aHR = 1.52; 95% CI: (1.21 to 1.90)], as 

well as the clinics who refer all participants for DM care and do not treat DM in the clinic 

[aHR = 2.24; 95% CI: (1.63 to 3.07)] were all the significant clinic-level variables in the 

final multilevel model associated with achieving glycemic control.

DISCUSSION

To the best of our knowledge, this is the first study to assess both the individual-level and 

clinic-level factors associated with achieving glycemic control in PWH with DM. After 

adjusting for individual-level factors including baseline HbA1c and type of DM medication, 

we found a variety of clinic-level factors associated with improved control, including having 

a clinic with an endocrinologist on staff, a site that offered a smoking cessation program, 

clinic providing urgent care services, and a clinic that either uniformly treats or uniformly 

refers patients for DM. This research provides evidence for the value of certain clinic-based 

services for assisting PWH with DM to achieve a target HbA1c value.

An important finding from this study was that 2 different DM management strategies were 

both associated with a faster time to achieving glycemic control. Participants were more 

likely to achieve glycemic control if the clinic either consistently treated DM within the HIV 

clinic or consistently referred participants to receive DM care in a different clinic within the 

health care institution, where participants at clinics that consistently referred out participants 

with DM had the highest rate of achieving glycemic control. This was in comparison to 

participants who attended HIV clinics where both treatment and/or referral for DM care 

occurred rather than a uniform approach. As PWH live longer and develop NCDs, many 
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HIV providers have begun to manage and treat NCDs in their patient population, whereas 

some providers still prefer to refer treatment for NCDs, such as DM, to specialists. Previous 

research focused on whether care for NCDs should occur within the HIV clinic or if PWH 

should be referred to a specialist for care.21,23 However, more recent research has shifted 

focus to explore whether different models of care, such as the Patient-Centered Medical 

Home (PCMH)38,39 or Chronic Care Model,40 offer better care outcomes for PWH. These 

models have similar elements essential to optimizing care for patients, including patient-

driven care, team-based management, and communication and coordination through clinical 

information systems, such as linked EMRs.38–40 Although there is evidence showing a 

PCMH approach works to provide preventive and primary care for patients with multiple 

morbidities, including both DM41–43 and HIV,22,38,40,44 there is limited data to support 

which treatment model has the most significant benefit on patient outcomes for PWH with 

DM.22,44

There are several possible explanations for the clinic treatment/referral findings. Individuals 

who are treated within the HIV clinic for all their comorbidities are receiving care within the 

patient-driven paradigm of the PCMH. PWH have previously reported they prefer to be 

treated for other comorbid conditions in the HIV clinic rather than be referred to specialty 

care.20,40,45 PWH who are receiving care for DM at their HIV clinic have direct coordinated 

care, where care for both conditions is being managed by the same provider or a team of 

providers working together to manage the patient’s care needs, which has shown to result in 

better health outcomes, especially for DM care.41,42 In addition, PWH and DM at clinics 

that refer out the care for DM were also more likely to achieve glycemic control in this 

analysis. Although this may seem contradictory, other researchers found the PCMH care 

model does not have to be specific to the clinic and can extend to the larger institution or 

even another outside institution if PCMH principles are implemented, primarily through the 

implementation of technology, such as a shared EMR and protocols for care coordination.38 

A clinic must be using an EMR platform for clinical record management to be a clinic site in 

the DC Cohort, and specific data points must be able to be extracted using a specified 

protocol.32 All clinics in the DC Cohort that refer care for the treatment of DM are referring 

their patients to other clinics within the same hospital or medical center. All clinics within 

the same medical institution are using the same EMR platform, so all providers have access 

to the entire EMR record for a patient, regardless of which provider is seeing the patient. By 

staying within the same medical institution, it allows HIV clinicians and specialists for 

referred care to have access to laboratory results and medication information that might not 

be available if the patient was referred outside the institution. However, our surveys did not 

have any questions that addressed how or if communication and care coordination are 

performed. More research is needed to show how larger institutions and/or outside 

institutions can act as a PCMH or medical “neighborhood”39 and what effect these have on 

achieving care outcomes in PWH with other comorbidities.

We also found that having an endocrinologist on staff at the HIV clinic and having urgent 

care services available at the clinic were associated with achieving glycemic control. Having 

a specialist on staff and having colocated urgent care both support the PCMH framework of 

patient-centered management by a multidisciplinary team, which has consistently been 

associated with achieving better care outcomes in PWH38,39,44,46 and DM.41–43,47 A 
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previous study looking at clinic-level factors associated with ART initiation and viral 

suppression also found that team-based care, such as having gynecology and psychiatry 

services, available were associated with a faster time to achievement of both outcomes of 

interest.48 In addition, in the literature, ID physicians have reported feeling uncomfortable 

providing primary care for PWH and are 4 times more likely to refer their HIV patients for 

hypertension or diabetes care rather than treat them in the HIV clinic.49,50 The use of a 

multidisciplinary team within the HIV clinic could reduce the number of referrals for care 

for comorbid conditions while not requiring the ID physicians to take the lead to manage 

these conditions. The promotion of a team-based approach provides a collaborative way to 

address provider concerns and improve health outcomes for PWH with additional 

comorbidities.

We acknowledge certain limitations of this study. The DC Cohort does not currently collect 

data on service utilization, so this analysis could only determine if a service or program was 

present but not if a patient was participating in the service. In addition, the DC Cohort also 

does not capture information on the treating physician, so when specialists are available at 

the clinic, we do not know if care for DM is conducted by an endocrinologist or the HIV 

provider. Future research looking at patient utilization of services and treating physician 

records could greatly enhance our knowledge on the impact of clinic-based resources on 

achieving glycemic control goals. In addition, there may be differences in the 

implementation of services between the clinics in the DC Cohort. The surveys did not 

collect details about the differences in services available at each clinic to capture 

commonalities available between the clinics, and the inclusion of too many correlated 

variables would have been problematic in creating the multilevel model due to the small 

number of clinic sites (n = 12) in this analysis.

To be included in this analysis, we required all participants to have a diagnosis of DM 

because it is hard to determine what factors are associated with achieving glycemic control if 

participants are unaware of their diabetic status. The Center for Disease Control has shown 

that an estimated 21.4% of diabetics in the United States are undiagnosed.51 Therefore, the 

results of this analysis are only generalizable to all those PWH with a known diagnosis of 

DM. Because the DC Cohort is an observational study where all data are obtained from the 

patients’ EMR at routine care visits, we only have data available when a participant attends 

the clinic. Therefore, those participants who have more frequent care visits contributed more 

data to the analysis, had more opportunities to be tested, and may have been more likely to 

achieve an HbA1c of 7%. In addition, almost 80% of the study population included in this 

analysis was diagnosed with DM before enrolling in the DC Cohort. As a result, those who 

had an HbA1c above 7% and have now achieved an HbA1c at or below 7% were not able to 

be included in this analysis. We also did not calculate the cumulative time a participant spent 

at or under an HbA1c level of 7% because of the inability to account for the time and HbA1c 

exposure before enrollment for most of the participants in the study. Future research 

investigating if there are any factors associated with greater time spent at desired HbA1c 

levels in this population be beneficial in helping clinicians treat DM in PWH. Another 

limitation is that the Cohort currently only captures EMR data and does not include 

pharmacy records. The study currently captures prescription records, so we were only able 

to capture data on the type of treatments prescribed and were not able to adjust for 
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medication adherence in the model. Lifestyle modifications, including physical activity and 

diet modification, have been shown to be highly associated with lowering HbA1c levels 

among people with diabetes25; however, the DC Cohort does not capture data on lifestyle 

modifications so these data could not be included in the analysis. These types of data could 

be incorporated using patient self-reported data which is a future goal/initiative of the 

Cohort. Clinicians have also begun to recommend personalized goals for glycemic control 

standards for patients with DM based on multiple factors, including “pharmacotherapy, 

patients’ preferences, patients’ general health and life expectancy, treatment burden, and 

costs of care.”52 We were unable to determine if patients in the DC Cohort were meeting 

personalized glycemic control targets, hence we used the current guideline of ≤7.0% for 

PWH with DM recommended by the HIV primary care guidelines.24

Despite these limitations, our study has many strengths. The use of a multilevel model 

allowed for the assessment of both clinic-level and individual-level covariates and their 

association with achieving an HbA1c level of ≤7%. The use of an extended Cox regression 

model was also strength of this analysis because it allowed us to account for different 

lengths of follow-up time among participants and use time-updated covariates in the analysis 

that would have violated the assumptions of a Cox proportional hazard model.

In conclusion, we found that multiple factors are associated with achieving glycemic control 

in an urban cohort of PWH. Identification of clinic-level services and practices associated 

with the achievement of glycemic control is needed to identify potential programs and 

standard services to be offered for people with HIV with DM. These findings emphasize the 

importance of incorporating treatment strategies for NCDs into care for PWH and that 

continued research on the impact of clinic-level resources and site management practices is 

necessary.

NH, non-Hispanic.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

ACKNOWLEDGMENTS

The authors thank the site principal investigators, research assistants, the community advisory board, the 
participants themselves, the DC Department of Health, and the National Institutes of Health for their contributions 
to the DC Cohort.

Data in this manuscript were collected by the DC Cohort Executive Committee with investigators and research staff 
located at: Children’s National Medical Center Adolescent (Lawrence D’Angelo) and Pediatric (Natella 
Rahkmanina) clinics; the Senior Deputy Director of the DC Department of Health HIV/AIDS, Hepatitis, STD and 
TB Administration (Michael Kharfen); Family and Medical Counseling Service (Michael Serlin); Georgetown 
University (Princy Kumar); the George Washington University Biostatistics Center (Aria Bamdad, Tsedenia 
Bezabeh, Pamela Katzen Burrows, Alla Sapozhnikova, Marinella Temprosa, Susan Reamer, and Naji Younes); the 
George Washington University Department of Epidemiology (Morgan Byrne, Alan Greenberg, Maria Jaurretche, 
Matthew Levy, James Peterson, and Brittany Wilbourn) and Department of Biostatistics and Bioinformatics (Yan 
Ma); the George Washington University Medical Faculty Associates (Hana Akselrod); Howard University Adult 
Infectious Disease Clinic (Ronald Wilcox) and Pediatric Clinic (Sohail Rana); Mid-Atlantic Permanente Research 
Institute; La Clinica Del Pueblo (Ricardo Fernandez); MetroHealth (Annick Hebou); National Institutes of Health 
(Carl Dieffenbach, Henry Masur); Washington Health Institute, formerly Providence Hospital (Jose Bordon); Unity 

Happ et al. Page 9

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2021 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Health Care (Gebeyehu Teferi); Veterans Affairs Medical Center (Debra Benator); Washington Hospital Center 
(Maria Elena Ruiz); and Whitman-Walker Health (Stephen Abbott).

Supported by the National Institute of Allergy and Infectious Diseases at the National Institutes of Health (NIH) 
[Grant number UM1 AI069503]. This work was facilitated in part by the infrastructure and services provided by the 
District of Columbia Center for AIDS Research, an NIH-funded program [Grant number P30 AI117970], which is 
supported by the following NIH Co-Funding and Participating Institutes and Centers: National Institute of Allergy 
and Infectious Diseases; National Cancer Institute; Eunice Kennedy Shriver National Institute of Child Health and 
Human Development; National Heart, Lung, and Blood Institute; National Institute on Drug Abuse; National 
Institute of Mental Health; National Institute on Aging; Fogarty International Center; National Institute of General 
Medical Sciences; National Institute of Diabetes and Digestive and Kidney Diseases; and Office of AIDS Research. 
Y.M. is supported by funding from the NIH [R01MD013901; PI: Y.M.]. The content is solely the responsibility of 
the authors and does not necessarily represent the official views of the NIH.

REFERENCES

1. Marcus JL, Chao CR, Leyden WA, et al. Narrowing the gap in life expectancy between HIV-infected 
and HIV-uninfected individuals with access to care. J Acquir Immune Defic Syndr. 2016;73:39–46. 
[PubMed: 27028501] 

2. Samji H, Cescon A, Hogg RS, et al. Closing the gap: increases in life expectancy among treated 
HIV-positive individuals in the United States and Canada. PLoS One. 2013;8:e81355. [PubMed: 
24367482] 

3. Trickey A, May M, Vehreschild J, et al. Survival of HIV-positive patients starting antiretroviral 
therapy between 1996 and 2013: a collaborative analysis of cohort studies. Lancet HIV. 
2017;4:e349–e56. [PubMed: 28501495] 

4. Boyd MA. Improvements in antiretroviral therapy outcomes over calendar time. Curr Opin HIV 
AIDS. 2009;4:194–199. [PubMed: 19532050] 

5. Life expectancy of individuals on combination antiretroviral therapy in high-income countries: a 
collaborative analysis of 14 cohort studies. Lancet. 2008;372:293–299. [PubMed: 18657708] 

6. Butt AA, McGinnis K, Rodriguez-Barradas MC, et al. HIV infection and the risk of diabetes 
mellitus. AIDS. 2009;23:1227–1234. [PubMed: 19444074] 

7. Brown TT, Cole SR, Li X, et al. Antiretroviral therapy and the prevalence and incidence of diabetes 
mellitus in the multicenter AIDS cohort study. Arch Intern Med. 2005;165:1179–1184. [PubMed: 
15911733] 

8. Capeau J, Bouteloup V, Katlama C, et al. Ten-year diabetes incidence in 1046 HIV-infected patients 
started on a combination antiretroviral treatment. AIDS. 2012;26:303–314. [PubMed: 22089377] 

9. Tien PC, Schneider MF, Cole SR, et al. Antiretroviral therapy exposure and incidence of diabetes 
mellitus in the Women’s Interagency HIV Study. AIDS. 2007;21:1739–1745. [PubMed: 17690572] 

10. De Wit S, Sabin CA, Weber R, et al. Incidence and risk factors for new-onset diabetes in HIV-
infected patients. Diabetes Care. 2008;31: 1224–1229. [PubMed: 18268071] 

11. Deeks SG, Lewin SR, Havlir DV. The end of AIDS: HIV infection as a chronic disease. Lancet. 
2013;382:1525–1533. [PubMed: 24152939] 

12. Rodriguez-Penney AT, Iudicello JE, Riggs PK, et al. Co-morbidities in persons infected with HIV: 
increased burden with older age and negative effects on health-related quality of life. AIDS Patient 
Care STDS. 2013; 27:5. [PubMed: 23305257] 

13. Freiberg MS, Chang CC, Kuller LH, et al. HIV infection and the risk of acute myocardial 
infarction. JAMA Intern Med. 2013;173:614–622. [PubMed: 23459863] 

14. Hernandez-Romieu AC, Garg S, Rosenberg ES, et al. Is diabetes prevalence higher among HIV-
infected individuals compared with the general population? Evidence from MMP and NHANES 
2009–2010. BMJ Open Diabetes Res Care. 2017;5:e000304.

15. Levy ME, Greenberg AE, Hart R, et al. High burden of metabolic comorbidities in a citywide 
cohort of HIV outpatients: evolving health care needs of people aging with HIV in Washington, 
DC. HIV Med. 2017;18:724–735. [PubMed: 28503912] 

16. Polsky S, Floris-Moore M, Schoenbaum EE, et al. Incident hyperglycaemia among older adults 
with or at-risk for HIV infection. Antivir Ther. 2011;16:181–188. [PubMed: 21447867] 

Happ et al. Page 10

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2021 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



17. Colasanti J, Galaviz KI, Christina Mehta C, et al. Room for improvement: the HIV–diabetes care 
continuum over 15 years in the Women’s Interagency HIV Study. Open Forum Infect Dis. 
2018;5:ofy121. [PubMed: 29942823] 

18. Smit M, Cassidy R, Cozzi-Lepri A, et al. Projections of noncommunicable disease and health care 
costs among HIV-positive persons in Italy and the U.S.A.: a modelling study. PLoS One. 2017;12: 
e0186638. [PubMed: 29059202] 

19. Smith CJ, Ryom L, Weber R, et al. Trends in underlying causes of death in people with HIV from 
1999 to 2011 (D:A:D): a multicohort collaboration. Lancet. 2014;384:241–248. [PubMed: 
25042234] 

20. Cheng QJ, Engelage EM, Grogan TR, et al. Who provides primary care? An assessment of HIV 
patient and provider practices and preferences. J AIDS Clin Res. 2014;5:366. [PubMed: 
25914854] 

21. Backus LI, Boothroyd D, Philips B, et al. Assessment of the quality of diabetes care for HIV-
infected patients in a national health care system. AIDS Patient Care STDS. 2011;25:203–206. 
[PubMed: 21406005] 

22. Chu C, Selwyn PA. An epidemic in evolution: the need for new models of HIV care in the chronic 
disease era. J Urban Health. 2011;88: 556–566. [PubMed: 21360244] 

23. Lakshmi S, Beekmann SE, Polgreen PM, et al. HIV primary care by the infectious disease 
physician in the United States - extending the continuum of care. AIDS Care. 2018;30:569–577. 
[PubMed: 28990409] 

24. Aberg JA, Gallant JE, Ghanem KG, et al. Primary care guidelines for the management of persons 
infected with HIV: 2013 update by the HIV Medicine Association of the Infectious Diseases 
Society of America. Clin Infect Dis. 2014;58:1–10. [PubMed: 24343580] 

25. Standards of Medical Care in Diabetes—2018. Diabetes Care. 2018;41: S55–S64. [PubMed: 
29222377] 

26. Bury JE, Stroup JS, Stephens JR, et al. Achieving American Diabetes Association goals in HIV-
seropositive patients with diabetes mellitus. Proc (Bayl Univ Med Cent). 2007;20:118–123. 
[PubMed: 17431444] 

27. Satlin MJ, Hoover DR, Glesby MJ. Glycemic control in HIV-infected patients with diabetes 
mellitus and rates of meeting American Diabetes Association management guidelines. AIDS 
Patient Care STDS. 2011;25: 5–12. [PubMed: 21214374] 

28. Adeyemi O, Vibhakar S, Max B. Are we meeting the American Diabetes Association goals for 
HIV-infected patients with diabetes mellitus? Clinl Infect Dis. 2009;49:799–802.

29. Rehman H, Akeroyd JM, Ramsey D, et al. Facility-level variation in diabetes and blood pressure 
control in patients with diabetes: findings from the Veterans Affairs national database. Clin 
Cardiol. 2017;40: 1055–1060. [PubMed: 28841246] 

30. O’Connor PJ, Rush WA, Davidson G, et al. Variation in quality of diabetes care at the levels of 
patient, physician, and clinic. Prev Chronic Dis. 2008;5:A15. [PubMed: 18082004] 

31. Krein SL, Hofer TP, Kerr EA, et al. Whom should we profile? Examining diabetes care practice 
variation among primary care providers, provider groups, and health care facilities. Health Serv 
Res. 2002;37:1159–1180. [PubMed: 12479491] 

32. Kimmel AD, Martin EG, Galadima H, et al. Clinical outcomes of HIV care delivery models in the 
US: a systematic review. AIDS Care. 2016; 28:1215–1222. [PubMed: 27177151] 

33. Greenberg AE, Hays H, Castel AD, et al. Development of a large urban longitudinal HIV clinical 
cohort using a web-based platform to merge electronically and manually abstracted data from 
disparate medical record systems: technical challenges and innovative solutions. J Am Med Inform 
Assn. 2016;23:635–643.

34. Castel AD, Terzian A, Opoku J, et al. Defining care patterns and outcomes among persons living 
with HIV in Washington, DC: linkage of clinical cohort and surveillance data. JMIR Public Health 
Surveill. 2018; 4:e23. [PubMed: 29549065] 

35. Kleinbaum DG. Survival Analysis : A Self-Learning Text. 3rd ed. New York, NY: Springer; 2012.

36. Wei LJ, Lin DY, Weissfeld L. Regression analysis of multivariate incomplete failure time data by 
modeling marginal distributions. J Am Stat Assoc. 1989;84:1065–1073.

37. SAS Institute Inc. SAS 9.4 Statements: Reference. Cary, NC: SAS Institute Inc; 2013.

Happ et al. Page 11

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2021 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



38. Fitzmaurice GM. Applied Longitudinal Analysis. 2nd ed. Hoboken, NJ: Wiley; 2011.

39. Kendall CE, Shoemaker ES, Porter JE, et al. Canadian HIV care settings as patient-centered 
medical homes (PCMHs). J Am Board Fam Med. 2019;32:158–167. [PubMed: 30850452] 

40. Fix GM, Asch SM, Saifu HN, et al. Delivering PACT-principled care: are specialty care patients 
being left behind?. J Gen Intern Med. 2014; 29(suppl 2):S695–S702. [PubMed: 24715390] 

41. Liddy C, Shoemaker ES, Crowe L, et al. How the delivery of HIV care in Canada aligns with the 
Chronic Care Model: a qualitative study. PLoS One. 2019;14:e0220516. [PubMed: 31348801] 

42. Swietek KE, Domino ME, Beadles C, et al. Do medical homes improve quality of care for persons 
with multiple chronic conditions?. Health Serv Res. 2018;53:4667–4681. [PubMed: 30088272] 

43. Rosland AM, Wong E, Maciejewski M, et al. Patient-Centered Medical Home implementation and 
improved chronic disease quality: a longitudinal observational study. Health Serv Res. 
2018;53:2503–2522. [PubMed: 29154464] 

44. Kahn R, Anderson JE. Improving diabetes care: the model for health care reform. Diabetes Care. 
2009;32:1115–1118. [PubMed: 19460917] 

45. Pollard A, Llewellyn C, Cooper V, et al. Patients’ perspectives on the development of HIV services 
to accommodate ageing with HIV: a qualitative study. Int J STD AIDS. 2018;29:483. [PubMed: 
29059033] 

46. Pappas G, Yujiang J, Seiler N, et al. Perspectives on the role of patient-centered medical homes in 
HIV care. Am J Public Health. 2014;104: e49–53.

47. Tricco AC, Ivers NM, Grimshaw JM, et al. Effectiveness of quality improvement strategies on the 
management of diabetes: a systematic review and meta-analysis. Lancet. 2012;379:2252–2261. 
[PubMed: 22683130] 

48. Monroe AK, Happ LP, Rayeed N, et al. Clinic-level factors associated with time to antiretroviral 
initiation and viral suppression in a large urban cohort. Clin Infect Dis. 2019;ciz1098. 
doi:10.1093/cid/ciz1098.

49. Fultz SL, Goulet JL, Weissman S, et al. Differences between infectious diseases-certified 
physicians and general medicine-certified physicians in the level of comfort with providing 
primary care to patients. Clin Infect Dis. 2005;41:738–743. [PubMed: 16080098] 

50. Duffus WA, Barragan M, Metsch L, et al. Effect of physician specialty on counseling practices and 
medical referral patterns among physicians caring for disadvantaged human immunodeficiency 
virus-infected populations. Clin Infect Dis. 2003;36:1577. [PubMed: 12802759] 

51. Centers for Disease Control and Prevention. National Diabetes Statistics Report, 2020. Atlanta, 
GA: Centers for Disease Control and Prevention, U.S. Dept of Health and Human Services; 2020.

52. Qaseem A, Wilt TJ, Kansagara D, et al. Hemoglobin A1c targets for glycemic control with 
pharmacologic therapy for nonpregnant adults with type 2 diabetes mellitus: a guidance statement 
update from the American College of Physicians. Ann Intern Med. 2018;168: 569–576. [PubMed: 
29507945] 

Happ et al. Page 12

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2021 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Happ et al. Page 13

TA
B

L
E

 1
.

So
ci

od
em

og
ra

ph
ic

 a
nd

 C
lin

ic
al

 C
ha

ra
ct

er
is

tic
s 

of
 D

ia
be

tic
 P

ar
tic

ip
an

ts
 W

ith
 I

ni
tia

l H
bA

1c
 >

 7
.0

%
 a

t t
he

 S
ta

rt
 o

f 
St

ud
y 

O
bs

er
va

tio
n 

by
 A

ch
ie

ve
m

en
t o

f 

G
ly

ce
m

ic
 C

on
tr

ol
 S

ta
tu

s,
 D

C
 C

oh
or

t 2
01

1–
20

19
 (

N
 =

 4
19

) A
ch

ie
ve

d 
H

bA
1c

 <
7%

 (
N

 =
 2

19
)

D
id

 N
ot

 A
ch

ie
ve

 H
bA

1c
 <

7%
 (

N
 =

 2
00

)

In
di

vi
du

al
-L

ev
el

 C
ha

ra
ct

er
is

ti
cs

To
ta

l C
oh

or
t 

(N
 =

 4
19

)
N

 (
%

)
N

 (
%

)
P

A
ge

, m
ed

ia
n 

(I
Q

R
)

54
 (

49
–6

0)
55

 (
50

–6
0)

54
 (

48
–5

9)
0.

14

Se
x 

at
 b

ir
th

0.
58

 
M

al
e

27
8 

(6
6.

3%
)

14
8 

(6
7.

6%
)

13
0 

(6
5.

0%
)

 
Fe

m
al

e
14

1 
(3

3.
7%

)
71

 (
32

.4
%

)
70

 (
35

.0
%

)

R
ac

e/
et

hn
ic

ity
0.

37

 
N

H
 b

la
ck

36
7(

87
.6

%
)

19
4 

(8
8.

6%
)

17
3 

(8
6.

5%
)

 
A

ll 
ot

he
r 

ra
ce

s
52

 (
12

.4
%

)
25

 (
11

.4
%

)
27

 (
13

.5
%

)

B
od

y 
m

as
s 

in
de

x
0.

98

 
N

or
m

al
 w

ei
gh

t (
<

25
 k

g/
m

2 )
64

 (
15

.3
%

)
33

 (
15

.1
%

)
31

 (
15

.5
%

)

 
O

ve
rw

ei
gh

t (
25

–3
0 

kg
/m

2 )
11

2 
(2

6.
7%

)
60

 (
27

.4
%

)
52

 (
26

.0
%

)

 
O

be
se

 (
≥3

0 
kg

/m
2 )

21
0 

(5
0.

1%
)

10
8 

(4
9.

3%
)

10
2 

(5
1.

0%
)

In
su

ra
nc

e 
st

at
us

*
0.

10

 
Pr

iv
at

e
12

7 
(3

0.
3%

)
60

 (
27

.4
%

)
67

 (
33

.5
%

)

 
Pu

bl
ic

28
1(

67
.1

%
)

15
7 

(7
2.

7%
)

12
4 

(6
2.

0%
)

E
m

pl
oy

m
en

t s
ta

tu
s

0.
27

 
E

m
pl

oy
ed

99
 (

22
.6

%
)

46
 (

21
.0

%
)

53
 (

26
.5

%
)

 
U

ne
m

pl
oy

ed
12

6 
(3

0.
1%

)
64

 (
29

.2
%

)
62

 (
31

.0
%

)

 
O

th
er

s/
un

kn
ow

n
19

4 
(4

6.
3%

)
10

9 
(4

9.
8%

)
85

 (
42

.5
%

)

H
ou

si
ng

 s
ta

tu
s

0.
26

 
Pe

rm
an

en
t

34
6 

(8
2.

6%
)

17
7 

(8
0.

8%
)

16
9 

(8
4.

5%
)

 
U

ns
ta

bl
e/

ho
m

el
es

s
34

 (
8.

1%
)

17
 (

7.
8%

)
17

 (
8.

5%
)

 
U

nk
no

w
n

39
 (

9.
3%

)
25

 (
11

.4
%

)
14

 (
7.

0%
)

D
M

 d
ia

gn
os

is
 a

t e
nr

ol
lm

en
t†

33
2 

(7
9.

2%
)

15
4 

(7
0.

3%
)

17
8 

(8
9.

0%
)

<0
.0

00
1

M
ed

ia
n 

in
iti

al
 H

bA
1c

 m
ea

su
re

m
en

t (
IQ

R
)

8.
5 

(7
.5

–1
0.

5)
8.

0 
(7

.4
–9

.1
)

9.
3 

(7
.9

–1
0.

8)
<0

.0
00

1

D
ia

be
te

s 
m

ed
ic

at
io

n‡
0.

03

 
N

o 
m

ed
ic

at
io

n
17

8 
(4

2.
5%

)
10

1 
(4

6.
1%

)
77

 (
38

.5
%

)

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2021 September 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Happ et al. Page 14

A
ch

ie
ve

d 
H

bA
1c

 <
7%

 (
N

 =
 2

19
)

D
id

 N
ot

 A
ch

ie
ve

 H
bA

1c
 <

7%
 (

N
 =

 2
00

)

In
di

vi
du

al
-L

ev
el

 C
ha

ra
ct

er
is

ti
cs

To
ta

l C
oh

or
t 

(N
 =

 4
19

)
N

 (
%

)
N

 (
%

)
P

 
N

on
in

su
lin

 m
ed

ic
at

io
n 

on
ly

13
1 

(3
1.

3%
)

71
 (

32
.4

%
)

60
 (

30
.0

%

 
In

su
lin

 o
nl

y
78

 (
18

.6
%

)
29

 (
13

.3
%

)
49

 (
24

.5
%

)

 
B

ot
h 

in
su

lin
 a

nd
 n

on
in

su
lin

 m
ed

ic
at

io
n

32
 (

7.
6%

)
18

 (
8.

2%
)

14
 (

7.
0%

)

H
is

to
ry

 o
f 

A
R

T
 a

ss
oc

ia
te

d 
w

ith
 D

M
§

13
2 

(3
1.

5%
)

74
 (

33
.8

%
)

58
 (

29
.0

%
)

0.
29

M
ed

ia
n 

H
IV

 d
ur

at
io

n 
in

 y
r 

(I
Q

R
)

13
.5

 (
7.

3–
18

.1
)

14
.9

 (
8.

9–
20

.0
)

12
.3

 (
6.

3–
17

.4
)

0.
01

T
ra

ns
m

is
si

on
 r

is
k

0.
59

 
M

SM
10

8 
(2

5.
8%

)
56

 (
25

.6
%

)
52

 (
26

.0
%

)

 
ID

U
46

 (
11

.0
%

)
28

 (
12

.8
%

)
18

 (
9.

0%
)

 
H

et
er

os
ex

ua
l

18
4 

(4
3.

9%
)

96
 (

43
.8

%
)

88
 (

44
.0

%
)

 
O

th
er

s/
un

kn
ow

n
81

 (
19

.3
%

)
39

 (
17

.8
%

)
42

 (
21

.0
%

)

A
ID

S 
di

ag
no

si
s

20
5 

(4
8.

9%
)

11
4 

(5
2.

1%
)

91
 (

45
.5

%
)

0.
18

U
si

ng
 a

ny
 A

R
T

†
37

1 
(8

8.
5%

)
19

0 
(8

6.
8%

)
18

1 
(9

0.
5%

)
0.

23

U
se

 o
f 

a 
PI

-b
as

ed
 r

eg
im

en
‡

15
4 

(3
6.

8%
)

82
 (

37
.4

%
)

72
 (

36
.0

%
)

0.
76

U
se

 o
f 

a 
N

N
R

T
I-

ba
se

d 
re

gi
m

en
‡

12
1 

(2
8.

9%
)

62
 (

28
.3

%
)

59
 (

29
.5

%
)

0.
79

U
se

 o
f 

a 
IN

ST
I-

ba
se

d 
re

gi
m

en
‡

16
8 

(4
0.

1%
)

80
 (

36
.5

%
)

88
 (

44
.0

%
)

0.
12

C
D

4 
co

un
t (

m
ed

ia
n,

 I
Q

R
)

58
3.

5 
(3

91
.5

, 8
48

)
57

3(
36

7,
 8

34
)

59
3 

(4
14

, 8
59

)
0.

36

N
ad

ir
 C

D
4 

co
un

t (
m

ed
ia

n,
 I

Q
R

)
27

5 
(1

02
,4

28
)

25
1 

(1
03

, 4
09

)
29

4 
(1

01
.5

, 4
62

.5
)

0.
23

H
IV

 v
ir

al
 lo

ad
 (

m
ed

ia
n,

 I
Q

R
)

u 
(u

, 4
0)

u 
(u

, 3
2)

u 
(u

, 4
0)

0.
76

H
is

to
ry

 o
f 

sm
ok

in
g 

at
 e

nr
ol

lm
en

t†
22

5 
(5

3.
7%

)
12

2 
(5

5.
7%

)
10

3 
(5

1.
5%

)
0.

39

H
is

to
ry

 o
f 

al
co

ho
l a

bu
se

 a
t e

nr
ol

lm
en

t†
10

9 
(2

6.
0%

)
59

 (
26

.9
%

)
50

 (
25

.0
%

)
0.

30

H
is

to
ry

 o
f 

re
cr

ea
tio

na
l d

ru
g 

us
e 

at
 e

nr
ol

lm
en

t†
13

3 
(3

1.
7%

)
80

 (
36

.5
%

)
53

 (
26

.5
%

)
0.

03

H
is

to
ry

 o
f 

IV
 d

ru
g 

us
e 

at
 e

nr
ol

lm
en

t†
62

 (
14

.8
%

)
39

 (
17

.8
%

)
23

 (
11

.5
%

)
0.

07

E
vi

de
nc

e 
of

 h
yp

er
te

ns
io

n∥
37

6 
(8

9.
7%

)
19

1 
(8

7.
2%

)
18

5 
(9

2.
5%

)
0.

08

E
vi

de
nc

e 
of

 d
ys

lip
id

em
ia
∥

25
5 

(6
0.

9%
)

12
8 

(5
8.

5%
)

12
7 

(6
3.

5%
)

0.
29

E
vi

de
nc

e 
of

 h
yp

ot
hy

ro
id

is
m

¶
17

 (
4.

0%
)

5 
(2

.3
%

)
12

 (
6.

0%
)

0.
12

E
vi

de
nc

e 
of

 c
hr

on
ic

 r
en

al
 f

ai
lu

re
¶

99
 (

23
.6

%
)

54
 (

24
.6

6%
)

45
 (

22
.5

%
)

0.
60

E
vi

de
nc

e 
of

 c
hr

on
ic

 h
ep

at
iti

s 
C

#
53

 (
12

.7
%

)
32

 (
14

.6
%

)
21

 (
10

.5
%

)
0.

21

E
vi

de
nc

e 
of

 a
nx

ie
ty

/s
tr

es
s 

di
so

rd
er

#
62

 (
14

.8
%

)
35

 (
16

.0
%

)
27

 (
13

.5
%

)
0.

47

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2021 September 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Happ et al. Page 15

A
ch

ie
ve

d 
H

bA
1c

 <
7%

 (
N

 =
 2

19
)

D
id

 N
ot

 A
ch

ie
ve

 H
bA

1c
 <

7%
 (

N
 =

 2
00

)

In
di

vi
du

al
-L

ev
el

 C
ha

ra
ct

er
is

ti
cs

To
ta

l C
oh

or
t 

(N
 =

 4
19

)
N

 (
%

)
N

 (
%

)
P

E
vi

de
nc

e 
of

 d
ep

re
ss

io
n¶

10
3 

(2
4.

6%
)

50
 (

22
.8

%
)

53
 (

26
.5

%
)

0.
38

B
ol

d 
in

di
ca

te
s 

P<
0.

05
.

* Pu
bl

ic
 in

su
ra

nc
e 

in
cl

ud
es

 M
ed

ic
ar

e,
 M

ed
ic

ai
d,

 a
nd

 o
th

er
 p

ub
lic

 in
su

ra
nc

es
.

† V
ar

ia
bl

e 
as

se
ss

ed
 a

t e
nr

ol
lm

en
t i

nt
o 

th
e 

D
C

 C
oh

or
t.

‡ V
ar

ia
bl

e 
w

as
 u

pd
at

ed
 a

s 
it 

ch
an

ge
d 

th
ro

ug
ho

ut
 th

e 
an

al
ys

is
. T

ab
le

 s
ho

w
s 

th
e 

in
iti

al
 v

al
ue

s 
at

 th
e 

st
ar

t o
f 

ob
se

rv
at

io
n.

§ St
av

ud
in

e,
 z

id
ov

ud
in

e,
 d

id
an

os
in

e,
 in

di
na

vi
r, 

or
 s

aq
ui

na
vi

r. 
Pr

ev
io

us
 u

se
 o

f 
th

es
e 

A
R

T
 d

ru
gs

 o
bt

ai
ne

d 
th

ro
ug

h 
a 

ch
ar

t r
ev

ie
w

 o
f 

pr
es

cr
ip

tio
n 

re
co

rd
s 

at
 e

nr
ol

lm
en

t.

∥ Pa
rt

ic
ip

an
ts

 w
er

e 
de

fi
ne

d 
as

 h
av

in
g 

th
e 

co
m

or
bi

di
ty

 if
 th

e 
pa

rt
ic

ip
an

t m
et

 a
t l

ea
st

 o
ne

 o
f 

3 
cr

ite
ri

a:
 (

1)
 a

n 
IC

D
-9

 o
r 

IC
D

-1
0 

(I
nt

er
na

tio
na

l C
la

ss
if

ic
at

io
n 

of
 D

is
ea

se
s,

 9
th

 o
r 

10
th

 R
ev

is
io

n)
 c

od
e 

th
at

 
in

di
ca

te
d 

a 
di

ag
no

si
s,

 (
2)

 a
 d

ru
g 

pr
es

cr
ip

tio
n 

su
gg

es
tin

g 
re

ce
ip

t o
f 

tr
ea

tm
en

t, 
or

 (
3)

 b
as

ed
 o

n 
cl

in
ic

al
 o

r 
la

bo
ra

to
ry

 r
es

ul
ts

 in
di

ca
tin

g 
di

se
as

e 
on

se
t.

¶ Pa
rt

ic
ip

an
t w

as
 d

et
er

m
in

ed
 to

 h
av

e 
th

e 
co

nd
iti

on
 if

 th
e 

pa
rt

ic
ip

an
t e

ith
er

 h
ad

 a
n 

IC
D

-9
 o

r 
IC

D
-1

0 
co

de
 th

at
 in

di
ca

te
d 

a 
di

ag
no

si
s 

or
 b

as
ed

 o
n 

cl
in

ic
al

 o
r 

la
bo

ra
to

ry
 r

es
ul

ts
 in

di
ca

tin
g 

di
se

as
e 

on
se

t.

# Pa
rt

ic
ip

an
t w

as
 d

et
er

m
in

ed
 to

 h
av

e 
th

e 
co

nd
iti

on
 if

 th
e 

pa
rt

ic
ip

an
t e

ith
er

 h
ad

 a
n 

IC
D

-9
 o

r 
IC

D
-1

0 
co

de
 th

at
 in

di
ca

te
d 

a 
di

ag
no

si
s.

ID
U

, m
al

e 
or

 f
em

al
e 

in
je

ct
io

n 
dr

ug
 u

se
r;

 I
N

ST
I,

 in
te

gr
as

e 
st

ra
nd

 tr
an

sf
er

 in
hi

bi
to

r;
 I

Q
R

, i
nt

er
qu

ar
til

e 
ra

ng
e;

 I
V

, i
nt

ra
ve

no
us

; M
SM

, m
en

 w
ho

 h
av

e 
se

x 
w

ith
 m

en
; N

H
, n

on
-H

is
pa

ni
c;

 N
N

R
T

I,
 n

on
nu

cl
eo

si
de

 
re

ve
rs

e 
tr

an
sc

ri
pt

as
e 

in
hi

bi
to

r;
 P

I,
 p

ro
te

as
e 

in
hi

bi
to

r;
 P

W
H

, p
eo

pl
e 

w
ith

 H
IV

.

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2021 September 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Happ et al. Page 16

TABLE 2.

Individual-Level Factors Associated With Achieving Glycemic Control in PWH With DM With Initial HbA1c 

>7.0% Measurement at the Start of Study Observation, DC Cohort 2011–2019

Unadjusted HR (95% CI)

Age (per 5 yrs) 1.05 (0.99 to 1.11)

Sex at birth (female vs. male) 0.88 (0.74 to 1.04)

Race/ethnicity (all other races vs. NH black) 0.95 (0.65 to 1.40)

BMI at start of observation

 Overweight (25–30 kg/m2) vs. normal weight (<25 kg/m2) 0.99 (0.53 to 1.86)

 Obese (≥30 kg/m2) vs. normal weight (<25 kg/m2) 0.98 (0.60 to 1.60)

Insurance status (public/unknown vs. private) 0.97 (0.68 to 1.37)

Employment status (unemployed/unknown vs. employed) 1.15 (0.84 to 1.58)

Housing status (unstable/homeless vs. permanent) 1.14 (0.87 to 1.42)

DM diagnosis at enrollment (no vs. yes) 2.65 (1.65 to 4.25)

Initial HbA1c measurement (per 1%) 0.78 (0.71 to 0.87)

DM medication use

 Noninsulin medication only vs. no medication 1.52 (1.13 to 2.04)

 Insulin only vs. no medication 0.76 (0.53 to 1.09)

 Both insulin and noninsulin medication vs. no medication 0.98 (0.48 to 2.01)

History of ART associated with DM (yes vs. no) 1.04 (0.73 to 1.49)

Length of HIV duration in yr (per 5 yrs) 1.13 (1.01 to 1.26)

Transmission risk

 Heterosexual vs. MSM 0.86 (0.60 to 1.23)

 IDU vs. MSM 1.11 (0.76 to 1.60)

 Others/not reported vs. MSM 0.88 (0.64 to 1.21)

AIDS diagnosis at enrollment (yes vs. no) 1.21 (0.87 to 1.68)

Using any ART (no vs. yes) 0.96 (0.66 to 1.40)

Use of a PI (no vs. yes) 1.02 (0.76 to 1.38)

Use of a NNRTI (no vs. yes) 0.98 (0.85 to 1.14)

Use of a INSTI (no vs. yes) 1.12 (0.85 to 1.48)

CD4 count at start of observation (per 100 cells/mm3) 0.98 (0.94 to 1.02)

Nadir CD4 count at start of observation (per 100 cells/mm3) 0.97 (0.91 to 1.04)

Viral suppression (>200 copies/mL) at the start of observation (no vs. yes) 1.00 (0.68 to 1.48)

Known history of smoking (yes vs. no) 1.04 (0.78 to 1.36)

Known history of alcohol abuse (yes vs. no) 0.94 (0.64 to 1.39)

Known history of recreational drug use (yes vs. no) 1.30 (1.06 to 1.60)

Known history of IV drug use (yes vs. no) 1.34 (0.89 to 2.01)

Hypertension (yes vs. no) 0.73 (0.56 to 0.95)

Dyslipidemia (yes vs. no) 0.90 (0.70 to 1.14)

Hypothyroidism (yes vs. no) 0.72 (0.40 to 1.27)

Chronic hepatitis C (yes vs. no) 1.18 (0.84 to 1.66)

Chronic kidney disease (yes vs. no) 1.10 (0.87 to 1.39)
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Unadjusted HR (95% CI)

Anxiety/stress disorder (yes vs. no) 1.26 (0.91 to 1.75)

Depression (yes vs. no) 0.85 (0.69 to 1.04)

Diabetes medication use and ART medication use are time-updated based on evidence that a prescription was ended or a new prescription was 
prescribed.

Bold indicates P<0.05.

BMI, body mass index; IDU, male or female injection drug user; INSTI, integrase strand transfer inhibitor; MSM, men who have sex with men; 
NH, non-Hispanic; NNRTI, nonnucleoside reverse transcriptase inhibitor; PI, protease inhibitor; PWH, people with HIV.
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TABLE 4.

Final Multilevel Model of Individual-Level and Clinic-Level Factors Associated With Glycemic Control 

Status, DC Cohort, 2011–2019

Adjusted HR (95% CI)*

Individual level

 Age (per 5 yrs) 1.04 (0.97 to 1.11)

 Sex at birth (female vs. male) 1.08 (0.93 to 127)

 Race/ethnicity (all other races vs. NH black) 0.80 (0.51 to 1.28)

 DM diagnosis at enrollment (no vs. yes) 2.43 (1.63 to 3.64)

 Initial HbA1c measurement (per 1%) 0.83 (0.76 to 0.90)

 DM medication use

  Noninsulin medication only vs. no medication 1.32 (1.01 to 1.73)

  Insulin only vs. no medication 1.13 (0.74 to 1.73)

  Both insulin and noninsulin medication vs. no medication 1.35 (0.79 to 2.30)

 Length of HIV duration in yr (per 5 yrs) 1.13 (1.01 to 1.26)

 Known history of recreational drug use (yes vs. no) 1.48 (1.13 to 1.94)

 Hypertension (yes vs. no) 0.64 (0.51 to 0.80)

Clinic level

 At a clinic with an endocrinologist on staff (yes vs. no) 1.41 (1.01 to 1.97)

 Treatment for diabetes at the clinic

  Clinic treats most patients with DM at the HIV clinic but does refer some patients to another clinic within the 
institution

Ref

  Clinic treats most patients with DM at the HIV clinic and does not refer patients to another clinic within the 
institution

1.52 (1.21 to 1.90)

  Clinic does not treat most patients with DM at the HIV clinic but refers most patients to another clinic within 
the institution

2.24 (1.63 to 3.07)

At a clinic with a smoking cessation program (yes vs. no) 1.33 (1.01 to 1.75)

At a clinic with urgent care services (yes vs. no) 1.49 (1.04 to 2.13)

Each point estimate reported in this table is the aHR with all other individual-level and clinic-level factors included in the model.

Bold indicates P<0.05.

*
The overall significance of the model had a P value of < 0.0001 based on the empirical Wald test.
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