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Abstract

Background: Diastolic dysfunction (DD) is common and occurs at an earlier age among human 

immunodeficiency virus -infected (HIV+) individuals, but the mechanisms and consequences of 

DD among HIV+ individuals are unclear.

Methods and Results: The Characterization of Heart Function on Antiretroviral Therapy 

(CHART) study was a multi-center cross-sectional case-control study of treated and virally 

suppressed HIV+ individuals with (DD+) and without DD (DD−). All patients had normal ejection 

fraction (>50%), no significant valvular disease, and no history of coronary revascularization or 
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persistent atrial fibrillation. Overall, 94 DD+ and 101 DD− patients were included. DD+ patients 

were older with higher body mass index and more likely to have hypertension, renal dysfunction, 

and dyslipidemia. Groups were similar with respect to sex, race, CD4 count, and HIV RNA 

copies. NT-pro-B-type natriuretic peptide levels (median 36 [23, 85] vs. 26 [12, 49] pg/mL, 

p<0.01) and high-sensitivity troponin I (3.6 [2.6, 5.1] vs. 2.5 [1.8, 3.5] pg/mL, p<0.01) were 

higher among DD+ patients. The latter had similar left atrial size, but increased stiffness (conduit 

strain, 23.5 [17.5, 36.9] vs. 30.0 [22.9, 37.0], p<0.01) and impaired relaxation (reservoir strain, 

39.7 [32.0, 58.0] vs. 45.9 [37.0, 60.6], p=0.04). On CMR, the prevalence of focal fibrosis was 

higher among DD+ patients (19.0% vs. 5.3%, p<0.01). DD+ patients demonstrated higher levels 

of carboxyl-terminal telopeptide of collagen type I (p=0.04), and trends towards higher IL-6 and 

oxidized low-density lipoprotein levels (p≤0.08). KCCQ physical limitation (87.1±21.4 vs. 

93.1±18.1, p=0.01) and symptom frequency scores were lower among DD+ patients (86.0±21.5 

vs. 92.5±16.8, p=0.01).

Conclusions: In this contemporary HIV+ population receiving antiretroviral therapy, DD was 

associated with multiple alterations in cardiac structure and function, including myocardial fibrosis 

and left atrial abnormalities, and worse quality of life. Further studies are needed to assess 

longitudinal changes in these parameters and their potential as therapeutic targets to prevent 

progressive cardiac remodeling and dysfunction in HIV.
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INTRODUCTION

With the development and widespread use of modern antiretroviral therapy (ART), the 

natural history of human immunodeficiency virus (HIV) infection has changed from an 

infection with high mortality to a treatable chronic condition with near-normal life 

expectancy.1 Likewise, there has been a shift in the epidemiology of HIV-associated 

cardiomyopathy from a condition of predominantly acute left ventricular (LV) systolic 

dysfunction, sometimes referred to as “HIV myocarditis,” to largely one of chronic LV 

diastolic dysfunction (DD).2, 3 Contemporary studies have reported DD in up to 50% of 

HIV-infected (HIV+) individuals and with earlier age of onset compared with that occurring 

in the general population.4–7 The increasing prevalence of early onset DD among HIV+ 

patients and the associated risks of heart failure (HF) (especially HF with preserved ejection 

fraction [HFpEF]), atrial fibrillation, and mortality represent significant cardiovascular 

health concerns for these patients.8, 9

Limited data are available regarding clinical characteristics and mechanisms underlying the 

heightened burden of DD among HIV+ patients receiving modern ART. Chronic systemic 

inflammation has been proposed as a key mediator of DD and HFpEF in the general 

population, and may also be linked to a state of persistent immune activation and 

inflammation in HIV despite ART and viral suppression.10, 11 Other studies suggest higher 

rates of DD in HIV+ populations may be related to higher prevalence of cardio-metabolic 

risk factors (e.g., impaired glucose tolerance, hyperlipidemia).12, 13 Cardiac magnetic 

resonance (CMR) and serum biomarker studies among HIV+ populations demonstrate 
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several derangements in cardiac structure and function, including accelerated development 

of focal and diffuse myocardial fibrosis and increased myocardial lipid content.14–16

As the prevalence of DD and HFpEF among HIV+ patients is expected to continue to rise, 

there remains a need for comprehensive understanding of the biologic processes related to 

DD in these patients. This Characterization of Heart Function on Antiretroviral Therapy 

(CHART) study was designed to characterize systematically the biologic determinants, 

mechanisms, and consequences of DD among HIV+ patients receiving contemporary ART. 

The primary study hypotheses were that, despite similar ART and viral suppression, HIV+ 

patients with DD demonstrate a higher degree of systemic inflammation, myocardial 

fibrosis, and left atrial dysfunction than HIV+ patients without DD.

METHODS

CHART was a prospective case-control study comparing ART-treated virally suppressed 

HIV+ individuals with DD (HIV+/DD+) versus without DD (HIV+/DD−). The design of the 

CHART study has been previously described.17 Institutional review board or ethics 

committee approval was obtained at each study site. All subjects provided written informed 

consent.

Study Patients

The inclusion and exclusion criteria of the CHART study have been previously published.17 

Briefly, eligible HIV+ patients age >40 years receiving ART for >6 months and with HIV 

RNA level <200 copies/ml were eligible. All patients were required to have an LV ejection 

fraction (EF) >50% as determined by a screening 2D echocardiographic examination. 

Notable exclusion criteria included a history of moderate or severe valve disease or history 

of valve repair/replacement, prior EF <50%, history of prior coronary revascularization or 

active angina, persistent atrial fibrillation, uncontrolled hypertension (systolic >160 mmHg 

or diastolic >100 mmHg), comorbid inflammatory disease (e.g., rheumatoid arthritis, 

systemic lupus erythematosus), active cancer or cancer chemotherapy in past year, and 

chronic use of steroid or anti-inflammatory medication. A history of pericardial disease was 

not a specific exclusion criteria independent of the above noted exclusions.

Study Design

Patients meeting eligibility criteria were stratified by presence or absence of DD (i.e., DD+ 

versus DD−), as defined by pre-specified criteria.17 The presence of DD was defined using 

2d echocardiography as 1) septal e’ velocity <7 cm/s or lateral wall e’ velocity <10 cm/s, 

and 2) evidence of chronically elevated LV filling pressure or LV hypertrophy, including left 

atrial volume index >28 mL/m2, LV mass index >95/m2 in women or >115 g/m2 in men, or 

relative wall thickness >0.42.

Data collection for this cross-sectional study occurred at time of study baseline. Protocol 

pre-specified assessments and data collection included the following: i) history, physical 

examination, laboratory tests, and medications; ii) electrocardiogram; iii) patient-reported 

quality of life (QOL) measured by the Kansas City Cardiomyopathy Questionnaire (KCCQ); 

iv) comprehensive transthoracic echocardiographic assessment including speckle tracking to 
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evaluate ventricular and atrial mechanics (blinded interpretation by the Northwestern 

University Cardiovascular Imaging Core Laboratory, Chicago, IL); v) cardiac magnetic 

resonance (CMR) assessment including delayed-enhancement imaging (blinded 

interpretation by the Duke University Cardiac Magnetic Resonance Core Laboratory, 

Durham, NC); vi) and multiple domains of biomarkers including markers of inflammation, 

oxidative stress, and immune activation (all samples stored at −80° C in the core biobank at 

University of Vermont, Burlington, VT).

Study Endpoints

Given the descriptive and mechanistic nature of CHART, all endpoints were pre-specified as 

exploratory. Endpoints included specific measures of ventricular and atrial structure and 

function as measured by 2D echocardiography and CMR, serum biomarker panels, and 

patient-reported QOL as measured by the KCCQ.

Statistical Analysis

Sample size requirement was estimated based on differences in log-transformed IL-6 levels 

between DD+ and DD− groups assuming a standard deviation (SD) of approximately 0.75. 

CHART was intended to enroll approximately 200 patients, based on a sample size of 100 

patients in each group providing 80% and 90% power to detect differences of 0.30 and 0.35, 

respectively, in a 2-sample t test with 2-sided error type 1 error of 0.05. Comparisons of 

continuous variables between the DD+ and DD− groups were estimated to have 80% and 

90% power to detect differences of 0.40 and 0.46, respectively. Given the single visit nature 

of CHART, statistical models were univariate and were designed as non-parametric rank-

based models. Unadjusted comparisons between DD+ and DD− groups were performed. P 

values for continuous variables and ordinal categorical variables were calculated using 

Wilcoxon rank-sum tests, and P values for remaining categorical variables were calculated 

using Likelihood Ratio Chi-Square or Fisher’s Exact Test. Data are presented as n (%), mean 

± SD, and median (25th–75th), as appropriate. To examine the impact of age on the 

relationship between DD and study endpoints, post-hoc sensitivity analyses of patient 

characteristics, imaging parameters, and serum biomarkers stratified by age ≥55 years/ <55 

years were performed. Given the exploratory and hypothesis-generating nature of the 

CHART study, adjustment for multiple comparisons was not performed. For all analyses, a P 

value of <0.05 was considered statistically significant; P values between 0.05 and 0.10 were 

considered to be trends. In sensitivity analyses, all analyses were repeated after excluding 

patients with a history of heart failure. All analyses were conducted with SAS, version 9.4 

(SAS Institute, Cary, NC).

RESULTS

Patient Characteristics

Patients were screened at 12 sites across the United States, with 11 sites enrolling ≥1 patient.

Of 282 patients screened, 195 patients met eligibility criteria (Figure 1). The DD+ group 

included 94 patients and the DD− group included 101 patients. Table 1 displays baseline 

demographic, clinical, and laboratory data for DD+ and DD− patients. HIV status was 
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similar and well-controlled in both groups with median HIV duration 16.4 (9.4–22.3) years 

and median CD4 count 674 (435–838) cells/mm3. In total, 160 (82%) patients had an 

undetectable HIV RNA viral load. DD+ patients were older with higher blood pressure, 

heart rate, and body mass index and longer QRS duration (all p≤0.04). Laboratory results 

were similar between the groups, with exception of higher creatinine and CD8 count among 

DD+ patients (all p≤0.02). DD+ patients were more likely to have many non-HIV related 

comorbidities including hypertension, hyperlipidemia, and chronic renal dysfunction 

(p<0.01). Rates of prior HF diagnosis were 9% and 2% among DD+ and DD− groups, 

respectively (p=0.05). Rates of prior HIV related infections were similar between DD groups 

(p≥0.08).

Active non-HIV medical therapy was similar between groups, with exception of more 

frequent use of antiplatelet and lipid lowering therapies among DD+ patients (Table 2). 

Regarding HIV medications, a total of 121 (62%) and 76 (39%) patients were receiving 

multiclass combination and nucleoside reverse transcriptase inhibitor (NRTI)/combination 

NRTI therapy at study baseline, respectively. DD+ patients were more likely to have 

received NRTI or combination NRTI therapy in the past (p<0.01), but there were no 

significant differences in active HIV therapy.

Overall, 10 (5.1%) patients had a history of HF at baseline (DD+, n=8 [9%]; DD−, n=2 

[2%]; p=0.05). Characteristics among patients without a history of HF were generally 

similar to the overall study cohort (Supplemental Tables 1 and 2).

Cardiac Structure and Function

2D echocardiographic and CMR data are displayed in Table 3. Median mitral E/A ratio and 

E/e’ ratio were 0.9 (0.8, 1.0) and 9.1 (7.6, 10.9) among DD+ patients, and 1.1 (0.9, 1.3) and 

6.9 (6.0, 7.9) among DD− patients (all p<0.01). Median septal and lateral e’ velocities were 

6.8 (6.0, 7.7) and 8.8 (7.5, 9.6) cm/s for DD+ patients, as compared with 9.9 ±1.9 and 12.9 ± 

2.1 for DD− patients (all p<0.01). By echocardiography, DD+ patients had greater relative 

wall thickness and greater LV mass index (all p<0.01). Compared with DD− patients, DD+ 

patients had lower LV end-diastolic volume index (p=0.01), but similar LA volume index 

(p=0.45). Global longitudinal strain (GLS) was reduced among DD+ patients (p<0.01), as 

were all measures of LA strain (all p<0.04) except LA booster strain (p=0.19). The 

relationships between DD and echocardiographic parameters were similar among patients 

without baseline HF (Supplemental Table 3), with exception that differences in LA reservoir 

strain were not statistically significant (p=0.11).

By CMR, DD+ patients had lower LV EF and cardiac output and greater LV mass (all 

p≤0.032). Focal myocardial fibrosis was more common among DD+ patients (19.0%) 

among DD+ as compared with DD− patients (5.3%) (p<0.01). The relative extent of LV 

fibrosis was greater among DD+ patients (p<0.01), but the extent of fibrosis among those 

with any fibrosis present was similar between DD+ and DD− patients (p=0.93). There were 

no significant differences between DD+ and DD− patients in LV or RV volumes, or RV 

ejection fraction. For all left ventricular segments, wall motion was normal in ≥95% of 

patients. There were no significant differences in wall motion score for any segment between 

DD+ and DD− groups (all p≥0.13), with exception of a trend for greater frequency of 
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abnormal apical anterior wall motion score among DD+ patients (p=0.07). CMR findings for 

DD+ and DD− groups were consistent after excluding patients with a history of HF.

Serum Biomarkers

Both DD+ and DD− groups had median NT-proBNP levels within the normal range (e.g., 

≤100 pg/mL), but elevated levels were more common among DD+ patients (p=0.01) (Table 

4). DD+ patients had a higher degree of myocardial injury, as measured by high-sensitivity 

troponin I (p<0.01). There were trends towards higher levels of inflammatory markers 

among DD+ as measured by IL-6 (p=0.08) and oxidized low-density lipoprotein (LDL) 

(p=0.07), but levels of high sensitivity C-reactive protein (hs-CRP) were similar. Among 

markers of cardiac fibrosis and remodeling, compared with DD− patients, DD+ patients 

showed increased levels of carboxy-terminal telopeptide of collagen type 1 (CITP) (p=0.04), 

a trend towards increased levels of GDF-15 (p=0.07), and similar levels of soluble ST-2 and 

galectin-3. Markers of immune activity were generally similar between DD+ and DD− 

groups, with exception of higher percentages of CD4+/IFNg+ and CD8+/HLADR+ cells 

among DD+ patients (all p≤0.03). Serum biomarker findings were generally consistent after 

excluding patients with a history of HF (Supplemental Table 4).

Patent-reported Quality of Life

KCCQ scores are displayed in Figure 2. Across all measures, baseline QOL was generally 

favorable with all scores for both study groups >85. However, compared with DD− patients, 

DD+ patients reported symptomatic limitation with lower scores for the physical limitation, 

symptom frequency, social limitation, and summary scores (all p≤0.04). Among these 

scores, magnitude of difference was largest for the symptom frequency score (difference of 

means, 6.5), followed by the physical limitation score (difference of means, 6.0). After 

excluding patients with baseline HF, absolute differences between DD+ and DD− were 

attenuated but remained statistically significant for the physical limitation (difference of 

means, 4.6; p=0.04) and symptom frequency scores (difference of means, 4.6; p=0.04) 

(Supplemental Figure 1).

Patient Characteristics and Study Endpoints Stratified by Age

Post-hoc sensitivity analyses of patient characteristics and study endpoints stratified by age 

≥55 years/ <55 years are presented in Supplemental Tables 5–8. In general, although 

absolute values varied by age in some instances, relationships between DD and variables 

were consistent among both older patients and younger patients. Notable exceptions 

included weight and BMI, whereby DD was associated with significantly higher weight and 

BMI among patients age <55 years, as compared with no significant differences in weight 

and BMI for older DD+ versus DD− patients (Supplemental Table 5). In addition, global 

longitudinal strain was significantly impaired among younger DD+ patients as compared 

with younger DD− patients, whereas there was no significant association between DD and 

global longitudinal strain among older patients (Supplemental Table 7).
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DISCUSSION

This cross-sectional CHART study was designed to investigate the mechanisms and 

consequences of DD among treated and suppressed HIV+ patients without overt systolic 

dysfunction or valvular heart disease. Despite generally mild DD and similar LA size, 

compared with DD− patients, HIV+ patients with DD had evidence of LA and LV 

dysfunction by speckle tracking echocardiography and strain measurements. CMR and 

biomarker findings suggest that these functional differences may reflect an increased burden 

of myocardial fibrosis and injury among DD+ patients. In addition, despite nearly all study 

patients reporting no prior history of HF and having NT-proBNP levels within the normal 

range, mild DD and the attendant subclinical alterations in cardiac structure and function 

were associated with statistically significant and clinically relevant impairments in QOL 

scores. Relationships between DD and the various endpoint domains remained generally 

similar after excluding the small number of patients with prior history of HF. Overall, these 

results are consistent with the pre-specified study hypothesis that despite similar ART and 

viral suppression, HIV+ patients with DD demonstrate a higher degree of myocardial 

fibrosis and left atrial dysfunction.

Despite CHART eligibility criteria requiring absence of overt structural heart disease, 

rigorous cardiac assessment using CMR and speckle-tracking echocardiography detected 

several key differences between patients with and without DD. Prior studies have found HIV

+ patients to demonstrate greater myocardial fibrosis.14, 15, 18, 19 In CHART, CMR with late 

gadolinium enhancement demonstrated an increased prevalence of focal fibrosis among HIV

+ patients with DD, findings further supported by concurrently higher levels of CITP, a 

marker of collagen degradation and turnover. Likewise, despite LA size generally within the 

normal range and similar to patients without DD, DD+ patients demonstrated impaired LA 

function as reflected by LA conduit strain (i.e., increased LA stiffness) and LA reservoir 

strain (i.e., impaired LA relaxation). Similar findings were seen in the ventricle where DD+ 

patients had reduced systolic function as measured by GLS despite a preserved EF. The 

fibrosis and strain findings suggest that HIV+ patients with DD demonstrate clear 

subclinical alterations in cardiac structure and function that may go undetected in routine 

practice. These changes are particularly noteworthy as CHART patients generally had mild 

DD (i.e., mean E/A ratio 0.9, E/e’ ratio 9.6, LA volume index 27.2 mL/m2). Further research 

is needed to clarify the natural history of these structural and functional alterations, 

including the risk of subsequent symptomatic cardiovascular disease, the pace at which 

progression may occur, and whether the clinical course can be modified by specific 

therapies. The current data support the possibility of a prevention window, a period during 

which a therapy could possibly attenuate or halt disease progression and prevent clinical 

deterioration. This rationale underlies current guideline recommendations regarding Stage B 

HF (i.e., structural heart disease without signs and symptoms of HF), with the present data 

extending this approach to the HIV population.20

CHART is among the first multi-center investigations of potential mechanisms of DD among 

virally suppressed HIV+ patients effectively treated with contemporary ART. Prior research 

supports a systemic proinflammatory state as the potential cause of structural and functional 

cardiac abnormalities, incident DD, and eventual symptomatic HFpEF.10 Comorbidities 
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common to patients with DD, such as hypertension, obesity, and metabolic syndrome, are 

associated with elevated levels of pro-inflammatory cytokines and endothelial dysfunction in 

the general population.10 Among virally suppressed HIV+ patients, the degree of systemic 

inflammation can vary and prior work has shown higher inflammatory levels associated with 

higher risk of cardiovascular morbidity and mortality.21–23 Although prior work has focused 

near uniformly on atherosclerotic cardiovascular disease and symptomatic HF, the present 

study assessed whether such associations with inflammatory markers may extend to earlier 

stages of development of cardiac abnormalities. Although failing to reach formal statistical 

significance and in need of future confirmation, the observed trends towards higher levels of 

IL-6 and oxidized LDL among DD+ patients are compatible with a potential inflammatory 

mechanism of DD within the HIV+ population. hs-CRP levels were comparable between 

DD+ and DD− patients, but hs-CRP may be a less reliable inflammatory marker among 

patients with HIV and particularly impacted by co-infections.24 However, the lack of robust 

association in this study also highlights the importance of investigating alternate pathways 

that might mediate the earlier stages of pathophysiology. Further studies assessing proteomic 

and metabolomics profiling in these patients may provide further insight in this respect.

Aside from biomarker and imaging findings, associations between DD and patient-reported 

QOL warrant mention. Overall, 4 of 5 KCCQ scores demonstrated statistically significant 

symptomatic limitation among DD+ patients. In the setting of prior data from HF 

populations supporting a score difference ≥5 as clinically relevant, the magnitudes of 

difference between DD+ and DD− patients approached or surpassed this threshold.25 

Despite >90% of DD+ patients having no formal diagnosis of HF and NT-proBNP levels 

generally within the normal range, it is possible that these findings reflect early stages of 

clinical progression towards symptomatic HF. Alternatively, while HIV-specific 

characteristics were relatively similar between groups, it is possible that worse QOL among 

DD+ patients was driven by a modestly greater burden of cardiometabolic comorbidity (e.g., 

hypertension, hyperlipidemia), including higher baseline systolic blood pressure and body 

mass index. Studies with larger sample size and serial assessments are required to validate 

these findings and confirm potential links between mild DD, myocardial fibrosis, impaired 

LA and LV strain, and patient-reported outcomes.

Limitations of this study includes the cross-sectional design that cannot prove causality or 

the directionality of relationships between DD and any of the parameters tested. Given the 

single visit nature of CHART, statistical models were univariate and designed as non-

parametric rank-based models. Multivariable models required a switch to a parametric-based 

approach and none of the tested models were able to meet minimum assumptions for validity 

(e.g., normality of the model residuals). Thus, multivariable modeling was not performed. In 

addition, in keeping with the hypothesis-generating nature of this early phase study, 

correction for multiple comparisons was not performed. Likewise, sample size was modest 

and may have limited power for detecting significant relationships. Although CMR 

assessments were performed in nearly all patients, only a subset of patients had available 

data for the myocardial T1 value pre-contrast and extracellular volume fraction. Larger 

studies with longitudinal assessments of myocardial structure and function are needed to 

confirm the hypotheses derived from the current study.
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In conclusion, in this contemporary experience of virally suppressed HIV+ patients 

receiving ART, DD was associated with multiple alterations in cardiac structure and function 

not evident on routine imaging. These abnormalities corresponded with biomarker 

differences and impaired QOL scores. Collectively, these findings support the clinical 

relevance of even mild DD among well-treated HIV+ patients and suggest a 

pathophysiologic role for myocardial fibrosis and potentially systemic inflammation. Further 

studies are needed to assess changes in fibrosis and inflammatory parameters over time, their 

abilities to predict onset of symptomatic HF, and their potential as therapeutic targets to 

attenuate or halt progressive cardiac remodeling and dysfunction.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Selection of the study cohorts.
DD, diastolic dysfunction; EF, ejection fraction; HIV, human immunodeficiency virus
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Figure 2. Patient-Reported Quality of Life As Measured by the Kansas City Cardiomyopathy 
Questionnaire by Diastolic Dysfunction Status.
Scores range from 0–100 with higher scores reflecting a more favorable response. Data 

presented as mean ± standard deviation
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Table 1.

Baseline Patient Characteristics by Diastolic Dysfunction Status

Diastolic Dysfunction Absent (N=101) Diastolic Dysfunction Present (N=94) P Value

Age 52.5 ± 5.7 58.0 ± 8.1 <0.01

Women 29 (29) 27 (29) 0.99

Race 0.46

 White 42 (42) 44 (47)

 Black 59 (58) 50 (53)

 Other 0 (0) 0 (0)

Hispanic ethnicity 4 (4) 4 (4) 1.00

Vital sign and exam findings

 Systolic blood pressure (mmHg) 124 (116, 134) 130 (122, 143) <0.01

 Diastolic blood pressure (mmHg) 80 (71, 84) 82 (75, 88) <0.01

 Heart rate (bpm) 73 (65, 81) 75 (66, 84) 0.04

 Weight (lbs) 179 (152, 198) 195 (168, 227) <0.01

 BMI (kg/m2) 26.6 (24.3, 30.4) 28.4 (25.5, 34.2) 0.01

 Jugular venous distention 1 (1) 2 (2) 0.61

 Peripheral edema 0.10

  None 95 (97) 83 (91)

  Trace 1 (1) 4 (4)

  Mild (1+) 1 (1) 3 (3)

  Moderate (2+/3+) 1 (1) 1 (1)

  Severe (4+) 0 (0) 0 (0)

 Rhythm on ECG 0.54

  Sinus rhythm 90 (90) 82 (87)

  Atrial fibrillation/flutter 0 (0) 0 (0)

  Other 10 (10) 12 (13)

 QRS Duration 86 (80, 96) 90 (82, 97) 0.04

Non-HIV Related Laboratories

 Sodium (mEq/L) 139 (138, 141) 140 (138, 142) 0.18

 BUN (mg/dL) 13 (11, 18) 15 (13, 19) 0.09

 Creatinine (mg/dL) 1.0 (0.8, 1.2) 1.1 (0.9, 1.2) <0.01

 Albumin (g/dL) 4.3 (4.0, 4.5) 4.2 (4.0, 4.4) 0.57

 ALT (IU/L) 23 (15, 33) 22 (16, 32) 0.91

 Total Bilirubin (mg/dL) 0.4 (0.3, 0.6) 0.5 (0.3, 0.7) 0.51

 HbA1c (%) 5.5 (5.1, 6.7) 5.7 (5.4, 6.3) 0.22

 Hemoglobin (g/dL) 13.8 (13.2, 15.0) 13.8 (13.0, 15.2) 0.76

 LDL (mg/dL) 105 (88, 120) 104 (82, 119) 0.95

 HDL (mg/dL) 49 (41, 60) 46 (38, 57) 0.13

 Triglycerides (mg/dL) 124 (82, 154) 121 (97, 198) 0.19

HIV Related Laboratories

 CD4 Count (cells/mm3) 680 (469, 838) 668 (416, 836) 0.84
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Diastolic Dysfunction Absent (N=101) Diastolic Dysfunction Present (N=94) P Value

 Nadir CD4 Count (cells/mm3) 319 (184, 447) 269 (80, 450) 0.48

 CD8 Count (cells/mm3) 710 (416, 936) 838 (568, 1158) 0.02

 CD4/CD8 Ratio 1.0 (0.7–1.4) 0.8 (0.5, 1.2) 0.14

 HIV RNA (copies/mL)* 27.3 ± 12.8 28.1 ± 16.3 0.74

Non-HIV Related Medical History

 Heart failure diagnosis 2 (2) 8 (9) 0.05

 Prior MI 1 (1) 2 (2) 0.61

 Hypertension 38 (38) 59 (63) <0.01

 Hyperlipidemia 21 (21) 41 (44) <0.01

 Stroke 2 (2) 7 (7) 0.09

 Diabetes 11 (11) 19 (20) 0.07

 Chronic renal insufficiency 2 (2) 14 (15) <0.01

 Cancer (non-AIDS associated) 6 (6) 12 (11) 0.13

 Illicit drug use 39 (39) 31 (34) 0.41

 Smoking history 64 (63) 49 (53) 0.13

HIV Related Medical History

 Duration of HIV Diagnosis (years) 15.2 (9.9, 22.2) 16.5 (9.4, 22.4) 0.44

 Hepatitis B 4 (4) 9 (10) 0.11

 Hepatitis C 14 (14) 13 (14) 0.98

 HIV-associated Cancer 1 (1) 3 (3) 0.35

 Pneumocystis Jiroveci 11 (11) 4 (4) 0.08

 Candida Esophagitis 5 (5) 11 (10) 0.14

 CMV Infection Diagnosed by 5 (5) 2 (2) 0.45

Histopathology

 Pulmonary Tuberculosis 4 (4) 2 (2) 0.68

 Extrapulmonary Cryptococcal Infection 2 (2) 2 (2) 1.00

Data presented as n (%), mean ± standard deviation, or median (25th, 75th).

ALT, alanine aminotransferase; BMI, body mass index; BUN, blood urea nitrogen; CMV, cytomegalovirus; ECG, electrocardiogram; HDL, high-
density lipoprotein; HIV, human immunodeficiency virus; HBA1c, hemoglobin A1c; LDL, low-density lipoprotein; MI, myocardial infarction; 
RNA, ribonucleic acid.

*
Mean viral load data only among patients with detectable values (DD+, n=20; DD−, n=15). Overall, the assay level of detection was available for 

160 total patients. Overall, 118 patients were tested with an assay detection threshold of 20 copies/mL, 1 patient with an assay detection threshold 
of 30 copies/mL, and 41 patients with an assay detection threshold of 40 copies/mL. All patients in CHART had a viral load <200 copies/mL.
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Table 2.

Background Medical Therapy by Diastolic Dysfunction Status

Diastolic Dysfunction Absent (N=101) Diastolic Dysfunction Present (N=94) P Value

Active Non-HIV Related Medications

 Any diuretic 13 (13) 17 (18) 0.31

 ACEI 16 (16) 23 (24) 0.13

 ARB 2 (2) 7 (7) 0.09

 Beta-blocker 8 (8) 13 (14) 0.18

 Any antiplatelet 9 (9) 19 (18) 0.04

 Lipid lowering therapy 31 (32) 45 (49) 0.02

 Insulin 5 (5) 5 (5) 1.00

 Oral glucose lowering therapy 9 (9) 17 (18) 0.06

Active HIV Medications

 ≥2 class ART regimen 58 (57) 63 (67) 0.17

 NRTI or multiple NRTI 42 (42) 34 (37) 0.47

 NNRTI 5 (5) 8 (9) 0.32

 Protease inhibitor 25 (25) 17 (18) 0.27

 Integrase Inhibitor 25 (25) 22 (24) 0.86

Prior HIV Medications*

 ≥2 class ART regimen 34 (35) 39 (43) 0.25

 NRTI or multiple NRTIb 46 (46) 64 (70) 0.01

 NNRTI 15 (15) 16 (18) 0.70

 Protease inhibitor 38 (38) 45 (50) 0.11

 Integrase Inhibitor 19 (20) 17 (19) 0.90

Data presented as n (%)

ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker; NNRTI, non-nucleoside reverse transcriptase inhibitor; 
NRTI, nucleoside reverse transcriptase inhibitor.

*
Describes medications patients received in the past but no longer receiving at time of study baseline.

J Card Fail. Author manuscript; available in PMC 2021 May 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Butler et al. Page 17

Table 3.

Cardiac Structure and Function Characteristics

Diastolic Dysfunction Absent 
(N=101)

Diastolic Dysfunction Present 
(N=94)

P Value

2D Echocardiography

 LV mass index (g/m2) 83.3 (72.8, 96.7) 93.0 (80.4, 109.0) <0.01

 Relative wall thickness 0.4 (0.4, 0.5) 0.5 (0.4, 0.5) <0.01

 LV end-diastolic dimension (cm) 4.5 (4.3, 4.9) 4.5 (4.1, 4.9) 0.40

 LV end-systolic dimension (cm) 3.0 (2.7, 3.3) 3.0 (2.8, 3.3) 0.63

 LV end-diastolic volume index (mL/m2) 45.8 (40.6, 51.8) 42.7 (36.5, 48.5) 0.01

 LV end-systolic volume index (mL/m2) 18.4 (15.0, 21.7) 17.3 (13.8, 20.5) 0.06

 LV ejection fraction (%) 61 (57, 63) 60 (57, 63) 0.82

 LA volume index (mL/m2) 26.3 (21.4, 30.3) 26.5 (21.5, 32.2) 0.45

 Mitral E/A ratio 1.1 (0.9, 1.3) 0.9 (0.8–1.0) <0.01

 E/e’ ratio 6.9 (6.0, 7.9) 9.1 (7.6, 10.9) <0.01

 Septal e’ velocity (cm/s) 9.6 (8.6, 10.8) 6.8 (6.0, 7.7) <0.01

 Lateral e’ velocity (cm/s) 12.8 (11.2, 14.3) 8.8 (7.5, 9.6) <0.01

 Global longitudinal strain (%) 19.6 (17.4, 21.3) 18.2 (15.3, 20.1) <0.01

 LA reservoir strain (%) 45.9 (37.0, 60.6) 39.7 (32.0, 58.0) 0.04

 LA conduit strain (%) 30.0 (22.9, 37.0) 23.5 (17.5, 36.9) <0.01

 LA booster strain (%) 18.4 (13.1, 25.1) 18.8 (14.5, 26.9) 0.32

Cardiac Magnetic Resonance

 Focal Fibrosis by delayed-enhancement 5 (5) 16 (19) <0.01

 Focal Fibrosis as % LV myocardial mass (%) 0.1 ± 0.4 0.5 ± 1.8 <0.01

 Focal fibrosis as % LV myocardial mass among patients 
with delayed-enhancement (%)

1.5 ± 0.9 2.6 ± 3.6 0.93

 Myocardial T1 value pre-contrast* 956 (914, 983) 940 (900, 968) 0.26

 Myocardial extracellular volume (%)
^ 28.0 (25.7, 30.5) 25.2 (23.5, 29.2) 0.06

 LV end-diastolic volume (mL) 123.6 (99.8, 142.1) 120.3 (100.5, 138.9) 0.55

 LV end-systolic volume (mL) 40.7 (31.9, 51.4) 42.2 (32.9, 51.8) 0.56

 LV myocardial mass (g) 118.6 (95.1, 138.5) 141.3 (115.2, 161.1) <0.01

 LV ejection fraction (%) 66.2 (64.0, 68.8) 64.4 (60.6, 67.1) <0.01

 LV cardiac output (L/min) 5.3 (4.2, 6.2) 4.9 (4.1, 5.6) 0.03

 RV end-diastolic volume (mL) 124.5 (105.3, 147.0) 125.8 (108.1, 148.8) 0.96

 RV ejection fraction (%) 59.3 (55.7, 64.2) 58.7 (54.4, 63.1) 0.17

Data presented as n (%), median (25th, 75th), or mean ± standard deviation.

LA, left atrial; LV, left ventricular; RV, right ventricular.

*
Data available for 53 patients in the DD− group and 30 patients in the DD+ group.

^
Data available for 52 patients in the DD− group and 29 patients in the DD+ group.

J Card Fail. Author manuscript; available in PMC 2021 May 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Butler et al. Page 18

Table 4.

Serum Biomarker Profile by Diastolic Dysfunction Status

Biomarker Domain Diastolic Dysfunction Absent (N=101) Diastolic Dysfunction Present (N=94) P Value

Ventricular wall stress

 NT-proBNP (pg/mL) 26.2 (12.0, 46.8) 36.1 (22.7, 85.3) <0.01

 NT-proBNP >100 pg/mL 9 (9) 20 (21) 0.01

Myocardial injury

 High-sensitivity troponin I (pg/mL) 2.5 (1.8, 3.5) 3.6 (2.6, 5.1) <0.01

 High-sensitivity troponin I >3.0 pg/mL 37 (37) 56 (61) <0.01

Inflammation

 hs-CRP (ug/mL) 1.6 (0.8, 4.0) 2.4 (1.1, 5.7) 0.11

 IL-6 (pg/mL) 0.9 (0.5, 1.3) 1.0 (0.7, 1.6) 0.08

 Oxidized LDL (U/L) 55.3 (44.6, 62.1) 57.0 (50.4, 69.1) 0.07

Cardiac fibrosis and remodeling

 CITP (ug/L) 3.7 (2.9, 4.8) 4.1 (3.2, 5.7) 0.04

 ST-2 (ng/mL) 22.4 (18.7, 27.0) 23.1 (19.4, 27.0) 0.54

 Galactin-3 (ng/mL) 9.7 (8.0, 12.2) 10.6 (8.6, 13.4) 0.15

 GDF-15 (pg/mL) 734.8 (569.5, 1078.4) 867.2 (627.5, 1385.2) 0.07

 GDF-15 >1000pg/mL 30 (30) 38 (40) 0.12

 MMP-1 (pg/mL) 6463.0 (4021.0, 9909.0) 6068.4 (3803.2, 9525.0) 0.62

Oxidative stress

 Myeloperoxidase (ng/mL) 19.4 (14.9, 27.0) 20.8 (14.2, 32.7) 0.90

Immune activation

 Classic monocytes (%) 58.6 (46.1, 68.1) 59.1 (51.4, 69.5) 0.66

 Intermediate monocytes (%) 4.6 (3.1, 6.7) 5.1 (3.2, 6.9) 0.67

 Non-classic monocytes (%) 4.8 (2.8, 7.5) 4.5 (2.8, 8.0) 0.72

 sCD163 ng/mL 553.1 (430.1, 787.7) 602.7 (445.8, 816.1) 0.24

 sCD14 (ng/mL 2003.1 (1702.9, 2301.6) 1942.7 (1688.4, 2220.9) 0.49

 CD4+/CD38+ cells (%) 37.1 (23.4, 51.4) 33.4 (24.9, 40.7) 0.07

 CD4+/HLADR+ cells (%) 15.5 (11.4, 19.3) 15.5 (12.4, 19.1) 0.50

 CD4+/IFNg+ cells (%) 16.8 (12.8, 22.4) 20.5 (14.9, 27.2) <0.01

 CD4+/IL-4+ cells (%) 3.2 (2.1, 4.7) 3.1 (2.1, 4.4) 0.95

 CD4+/IL-17+ cells (%) 2.0 (1.4, 3.4) 2.2 (1.5, 2.9) 0.64

 CD8+/CD38+ cells (%) 13.7 (9.6, 20.9) 13.5 (9.2, 17.6) 0.50

 CD8+/HLADR+ cells (%) 17.7 (13.0, 23.3) 21.4 (14.4, 29.9) 0.03

 CD8+/IFNg+ cells (%) 42.5 (31.2, 51.9) 47.6 (35.9, 58.0) 0.06

 CD8+/IL-4+ cells (%) 2.8 (1.9, 3.7) 2.6 (2.0, 3.3) 0.85

 CD8+/IL-17+ cells (%) 1.7 (1.0, 2.5) 1.5 (0.8, 2.5) 0.35

Data presented as n (%) or median (25th, 75th).

CITP, C-terminal telopeptide of collagen I; GDF-15, growth differentiation factor 15; hs-CRP, high sensitivity C-reactive protein; IL, interleukin; 
LDL, low density lipoprotein; MMP, matrix metalloproteinases; NT-proBNP, N-terminal pro-B-type natriuretic peptide; ST-2, suppression of 
tumorigenicity-2
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