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Abstract

Improvement in survival in patients living with human immunodeficiency virus (PLHIV) has led 

to increased prevalence of cardiovascular disease. Whether HIV-associated immune dysfunction is 

associated with preclinical left ventricular (LV) dysfunction despite normal LV ejection fraction 

(LVEF) is unclear. Accordingly, we investigated the relation of immune status and LV function in 

PLHIV. Global longitudinal strain (GLS) analyses were performed retrospectively on all 

echocardiograms for PLHIV who had available HIV-1 RNA viral load, nadir, and proximal CD4 

cell count data at Duke University Medical Center between 2001 and 2012. The relation between 

HIV-1 RNA viral load, nadir, and proximal CD4 count and GLS as a continuous dependent 

variable was assessed with unadjusted and adjusted linear regression. GLS was calculated for 253 

PLHIV. Median GLS in our cohort was — 15.1% with interquartile range from (−16.7 to −13.6). 

All participants had an LVEF ≥50%. In adjusted analyses, proximal CD4 <500 cells/mm3 and 

nadir CD4 <250 cells/mm3 were significantly inversely correlated with GLS (p = 0.01 and p = 

0.004, respectively). In PLHIV, patient with plasma HIV RNA < 400 copies/ml at baseline had a 

trend toward significantly more negative values of GLS compared with those patients without viral 

suppression at baseline (p = 0.08). In conclusion, this study is the first to demonstrate such a high 

prevalence of abnormal GLS in PLHIV, and the first to identify that proximal and nadir CD4 cell 

count are independently associated with GLS despite normal LVEF.
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With the advent of antiretroviral therapy (ART), human immunodeficiency virus (HIV) 

infection has become a long-term health condition, with near normal life expectancy.1 

Improvement in survival has led to a shift in mortality and increased prevalence of serious 

nonacquired immune deficiency syndrome related conditions, including cardiovascular 

disease (CVD).2,3 Although the underlying mechanism leading to the increased risk of CVD 

in patients living with HIV (PLHIV) is most likely multifactorial and includes co-morbid 

conditions and toxicity from ART,4 chronic HIV-associated inflammation, viral replication, 

and immune dysfunction are recognized as key factors.5,6 Early detection of myocardial 

dysfunction has predominantly relied upon serial cardiac imaging to identify a reduction in 

LV function before signs or symptoms of heart failure (HF) develop (stage B HF).7 

Accordingly, we investigated the prevalence of abnormal global longitudinal strain (GLS) in 

PLHIV with normal left ventricle ejection fraction (LVEF) and HIV-associated immune 

dysfunction. We also explored whether GLS could serve as a predictor of preclinical 

abnormalities in PLHIV, who might be candidates for enhanced CVD prevention.

METHODS

This was a single-center, retrospective, observational cohort study. The data sources for the 

present study included the Duke Echocardiography Laboratory Database, Duke HIV Clinical 

Database, and Duke Enterprise Data Unified Content Explorer.8 For the purpose of the 

present study, data from Duke HIV Clinical Database were linked to Duke 

Echocardiography Laboratory Database to form a cohort of PLHIV who had at least one 

transthoracic echocardiography (TTE). All PLHIV with available viral loads and CD4 

counts were included in the study. Clinical data, including medical and cardiovascular 

history, as well as CVD risk factors (i.e., hypertension, diabetes, and hyperlipidemia) were 

obtained from the Duke Enterprise Data Unified Content Explorer, a web-based electronic 

medical record query tool. All 2 dimensional (2D) TTE examinations which had been 

acquired using standard clinical protocols were uploaded to an independent software 

package (2D Cardiac Performance Analysis version 4.5, Tom Tec Imaging Systems, 

Unterschleissheim, Germany) at frame rate ≥50/s for offline speckle tracking 

echocardiography (STE) analyses. All analyses were interpreted by a single experienced 

reader blinded to the clinical, HIV specific markers, and immune system status [F.A]. LV 

volumes and LVEF were calculated by the modified biplane Simpson’s method, according to 

the American Society of Echocardiographic.9 For STE, LV endocardial border was manually 

traced in end-systole. The integrity of speckle tracking was visually ascertained. In case of 

insufficient tracking, manual correction of the endocardial tracing was attempted and if still 

unsatisfactory, or inadequate image quality (defined as poor visualization or poor tracking of 

>2 ventricular segments, segment dropout, missing view, or significant foreshortening of the 

LV) the study was excluded from the final analysis. GLS was the average of the 3 apical 

peak longitudinal strain measurements (apical 4, 3, and 2 chamber views).10 Intraobserver 

variability was also tested.

Baseline clinical characteristics were stratified by quartiles of GLS (−24.5% to −16.65%, 

−16.65% to −15.1%, −15.1% to −13.6%, and −13.6% to −3.9%). Continuous variables are 

presented as medians and twenty-fifth to seventy-fifth percentiles. Categorical variables are 
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presented as frequencies and percentages. Baseline TTE characteristics are presented 

similarly. HIV-associated variables are also presented stratified by GLS quartile. The relation 

between HIV-1 RNA viral load, proximal CD4, and nadir CD4 cell count with GLS (as a 

continuous dependent variable) was assessed with unadjusted and adjusted linear regression. 

Adjustment variables believe to be potential confounders were prespecified by the 

investigators and included: age, race, hypertension, hyperlipidemia, and diabetes. 

Exploration for nonlinear relations between continuous CD4 measurements with GLS 

yielded significant non-linear relations for proximal CD4 and nadir CD4 measurements in 

relation to continuous GLS. Investigators implemented use of piece-wise linear splines with 

single cut-points of 500 and 250 cells/mm3 for proximal and nadir CD4, respectively. 

Scatterplots with regression lines including 95% confidence intervals were provided to 

visually demonstrate the linear relations between continuous GLS and piece-wise splines for 

proximal and nadir CD4 cell counts. Boxplots for distribution of continuous GLS for levels 

of plasma HIV RNA, proximal CD4, and nadir CD4 were provided to visually demonstrate 

mean GLS comparisons across groups of categorical variables. Analyses were performed 

using SAS software version 9.4 and a p value <0.05 was considered statistically significant.

RESULTS

The database yielded 323 unique patients. From that group, 43 patients were excluded due to 

baseline LVEF being <50%, and an additional 27 patients were excluded due to inadequate 

image quality for speckle tracking-based assessment of GLS, providing a final analysis 

cohort of 253 PLHIV (Figure 1). Of the 253 patients included in the analysis, 72% were 

Black, 38% were female, and the median age was 44 years (interquartile range [IQR] 37 to 

50). Forty percent of cohort members had hypertension at baseline and 19% had a diagnosis 

of diabetes. In addition, 42% of cohort members actively smoked cigarettes at the time of 

their echocardiogram. The median CD4 count for the cohort was 295 cells/mm3 (IQR 118 to 

469). On assessing for cardiac strain, the median cohort GLS was −15.1% with IQR ranging 

from −16.7% to −13.6% (Table 1).

In the unadjusted analysis, higher proximal CD4 counts up to 500 cells/mm3 were associated 

with more negative (“further in the normal range”) GLS values (p = 0.008). There was no 

further correlation between CD4 counts and more negative GLS values for CD4 counts 

above 500 cells/ mm3. In analysis of continuous GLS with categorical proximal CD4, 

patients with proximal CD4 < 200 cells/mm3 had less negative values of GLS compared 

with patients with proximal CD4 > 200 cells/mm3, but this difference was not statistically 

significant (p=0.08). Higher CD4 nadir counts were associated with more negative GLS 

values up to a CD4 count of 250. There was no correlation between CD4 counts higher than 

250 cells/mm3 and GLS. Viral suppression (defined as viral load less than 400 copies/ml) 

also trended towards an association with more negative GLS values (p = 0.08) (Table 2).

After adjusting for relevant cofounding covariates, higher CD4 counts were independently 

associated with more negative GLS values up to a threshold of 500 cells/mm3 (Table 2). 

When using the diagnostic cutoff of proximal CD4 cell count >200 cells/mm3, there was no 

significant association between values of GLS in patients with proximal CD4 <200 

cells/mm3 compared to patients with proximal CD4 >200 cells/mm3 (Table 2). Also, in the 

Alenezi et al. Page 3

Am J Cardiol. Author manuscript; available in PMC 2019 December 02.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



adjusted analysis, GLS was significantly inversely correlated with continuous nadir CD4 cell 

count <250 cells/mm3, such that increasing nadir CD4 cell count was associated with more 

negative GLS values (p = 0.004). We found no significant linear relation with GLS for 

continuous nadir CD4 ≥250 cells/mm3 (Table 2). Finally, after adjustment, there was no 

change in relation between continuous GLS and plasma HIV RNA <400 copies/ml (p = 

0.08) (Table 2 and Figure 2) and (Supplemental material: Figures 3 to 5).

In unadjusted and adjusted linear regression analyses we found no significant correlation or 

association between GLS and viremia copy-years, or years of known untreated viremia 

(Table 2). Of the 280 study subjects, 27 were excluded from the final analysis because of 

inadequate image quality for STE analysis (feasibility of LV STE function assessment > 

90%). In a subset of 25 subjects, intraobserver variability was tested with no significant 

systematic difference observed and an intraclass coefficient of correlation of 0.70 (95% 

confidence interval 0.74 to 0.97).

DISCUSSION

We studied a population of PLHIV who were treated with ART, and had normal LVEF. This 

study is the first to demonstrate such a high prevalence of abnormal GLS in PLHIV, a group 

now recognized to be at higher risk for major CAD events and sudden cardiac death. In 

addition, we identify that proximal and nadir CD4 cell counts are independently associated 

with GLS despite normal LV ejection fraction. Recent evidence implicates that long-term 

inflammation and immune dysfunction despite effective ART are strongly linked to CVD,11 

a phenomenon noted globally.12 This study suggests that patients with low HIV-1 RNA viral 

load <400 copies/ml tend to have normal LV function as assessed by more negative values of 

GLS compared to those with higher HIV-1 RNA viral load. This finding may supports the 

aggressive control of HIV-1 RNA viral load as a potential means to limit myocardial injury 

over the lifespan of PLHIV. A large epidemiological study has also recently shown that 

HIV-1 RNA viral load of at least 500 copies/ml compared with <500 copies/ ml is a risk 

factor for LV dysfunction.13

Previous study demonstrated that compared with CD4 cell count >500 cells/mm3, CD4 cell 

count <200 cells/ mm3 is a risk factor for HF with preserved or reduced EF.13 Our study 

goes a step further by studying the correlation of CD4 cell count with preclinical evidence of 

myocardial dysfunction and demonstrated for the first time that GLS is significantly 

inversely correlated with proximal CD4 cell count, with increasing proximal CD4 being 

associated with more negative values of GLS. In addition, we find that CD4 cell count <200 

cells/mm3 is significantly associated with abnormal values of LV function assessed by less 

negative values of GLS. Our study findings suggest that immune status as represented by 

proximal and nadir CD4 cell count are independent risk factors for subclinical myocardial 

dysfunction. Low CD4 nadirs have been associated with increased MI events presumably 

through increased atherosclerotic plaque burden associated with long-term inflammation and 

increased immune turnover.14

There are limited literature and guidelines on the appropriate method and timing to detect 

early myocardial changes in PLHIV. Although, several imaging modalities can be employed 
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in the evaluation of myocardial function, the benefit of echocardiography comes from its 

versatility, lower cost, and ability to assess more than ventricular function.15 Although LVEF 

measurements pump efficiency, it does not assess contractility and is limited in its ability to 

detect subtle regional myocardial abnormalities with a low sensitivity for incident HF. More 

recently, several studies show that GLS changes occur before, or even in the absence of, 

changes in traditional diastolic parameters.16

The strength of the GLS parameter also includes the ability to more readily detect regional 

abnormalities in LV function, improved measurement reproducibility due to the 

semiautomated nature of some measurement systems, and the ability to forecast subsequent 

LV dysfunction. Our study showed that more than two-thirds of PLHIV have an abnormal 

LV GLS, despite having normal LVEF. This is although the cohort was relatively young 

(median age 44), only 40% of the cohort had diagnosed hypertension and only about 20% 

had diabetes. This study is the first to demonstrate such a high prevalence of GLS in PLHIV 

a group now recognized to be at higher risk for major CAD events and sudden cardiac death. 

Our study also showed that patients with less negative LV GLS have higher LV end-diastolic 

and end-systolic volumes compared to those with more negative GLS, supporting that solely 

relying on deterioration of standard echocardiographic measurements of LVEF may be 

misguided and can miss early cardiac dysfunction.17 Much remains to be understood about 

the role of GLS in the identification and management of myocardial dysfunction PLHIV. 

Whether strain measurements are required at multiple time points, the natural history of 

GLS in PLHIV with viral suppression and the predictive value of GLS for future cardiac 

outcomes need to be determined.

The strengths of this study include being the first to demonstrate a correlation between 

immunologic parameters of HIV infection and myocardial function as identified by STE. In 

addition, this is the largest observational cohort study on the prevalence of GLS in PLHIV 

where the feasibility of GLS measurement was high (> 90%). Nevertheless, some limitations 

should also be considered when interpreting our results. The TTEs were acquired for clinical 

indications which would potentially bias our results towards detecting more abnormalities 

compared with the group in whom providers did not identify a reason to request a TTE. 

Twenty-seven studies were excluded due to an adequate echogenicity. Lastly, this is a single-

center study performed at an academic health center which limits generalizability.

In conclusion, in a large HIV clinic, analyzing clinically obtained echocardiograms over a 

10-year period, PLHIV had a high prevalence of abnormal GLS and proximal and nadir CD4 

cell count are independently correlated with LV GLS despite normal LV ejection fraction. 

STE analysis may be a useful adjunct for diagnosing subclinical LV dysfunction and allow 

targeted therapies to prevent incident cardiovascular syndromes in PLHIV.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Flow chart for extracting Duke HIV unique cohort (n = 253). Abbreviations: CD4 = cluster 

of differentiation 4; DELD = Duke Echocardiography Laboratory Database; DHIVCD Duke 

HIV Clinical Database; HIV = human immunodeficiency virus; PLHIV patients living with 

HIV; STE = speckle tracking echocardiography; TTE = transthoracic echocardiography.
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Figure 2. 
Boxplot of mean GLS for viral load (plasma HIV RNA) (<400 vs ≥400). Abbreviations: 

GLS = global longitudinal strain; HIV = human immunodeficiency virus; RNA = 

ribonucleic acid.
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