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Abstract 
Background:  HIV-associated cardiac dysfunction has severe consequences, and 

traditional measures of echocardiography underestimate disease. Novel 

echocardiographic measures may detect early disease in time for intervention. The aims 

of this study are to define the prevalence of early cardiac dysfunction in children living 

with HIV, and the relationships between cardiac function and same-day plasma HIV 

RNA levels.   

Methods: Using a cross-sectional study design, we performed echocardiograms and 

obtained plasma HIV RNA levels on perinatally HIV-infected children engaged in care 

at Moi Teaching and Referral Hospital in Eldoret, Kenya. Early cardiac dysfunction was 

defined as normal ejection fraction but left ventricular global longitudinal strain (LV 

GLS) z-score < -2 or myocardial performance index (MPI) ≥ 0.5. The relationship 

between measures of cardiac function and HIV RNA levels and the assessment of other 

clinical covariates (age, sex, duration on antiretrovirals, and AZT exposure) with 

measures of cardiac function were modeled using multivariable regression. 

Results:  302 perinatally HIV-infected children (mean age 9.8±3.2 years, range 2-16 years) 

were enrolled. The mean BMI-for-age z-s core was -1.0±1.1. The median duration on 

antiretrovirals was 5.4 years (IQR 3.2, 7.6). One hundred and sixteen children (38.4%) 

had been exposed to AZT (median duration of exposure 2.6 years, IQR 0.2, 5.4). One 
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hundred and one of 298 (33.9%) had HIV RNA measurements ≥ 40 copies/ml. Only 1 of 

302 children had LV GLS-for-BSA z-score ≤ -2 and normal ejection fraction meeting the 

criteria for early cardiac dysfunction, and 65 of 292 (22.3%) children had an MPI ≥ 0.5 

and normal ejection fraction. In multivariate analysis, neither LVGLS z-score nor MPI 

were associated with HIV RNA levels ≥ 40 copies/ml or any clinical variables in the 

model [β -0.08 (95%CI -0.39, 0.23) and β 0.01 (95%CI -0.01, 0.03), respectively]. MPI was 

very weakly correlated with LVGLS z-score (r -0.15; 95%CI -0.26, -0.04). 

Conclusions:  Nearly one quarter of these perinatally HIV-infected children 

demonstrated echocardiographic evidence of early cardiac dysfunction, based primarily 

on abnormal MPI measurements. This finding was not correlated with same-day HIV 

RNA levels or other clinically relevant variables. Further investigation into the clinical 

significance of this finding is urgently needed as abnormal MPI measurements have 

been shown to be predictive of heart failure in at risk populations. 
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1. Introduction  
Globally, there are 1.8 million children living with human immunodeficiency 

virus (HIV), and an estimated 150,000 children become newly infected with HIV every 

year.1 The introduction and up-scale of anti-retroviral therapy (ART) availability 

throughout Africa has led to near normal life expectancies.2 Consequently, clinical and 

research agendas have shifted from short-term survival to chronic management of the 

HIV infection and its associated co-morbidities including cardiac diseases. 

HIV-associated cardiomyopathy is a devastating chronic cardiac co-morbidity 

that progresses in a preclinical phase, often going undiagnosed until late in the disease 

course. Following symptomatic diagnosis, prognosis for patients with HIV-associated 

cardiomyopathy is poor. Mortality rates approach 20% and median survival is less than 

a third of that seen in patients with similar viral loads but with normal cardiac function.3 

Thus, HIV-associated cardiomyopathy is a disease that exposes children with the 

infection to significant morbidity and mortality. 

Prior to widespread availability of antiretroviral therapy (ART), HIV-infected 

children demonstrated a high incidence (10-44%) of cardiomyopathy (usually defined as 

z-score < -2 for fractional shortening and z-score > 2 for left ventricular (LV) dimensions) 

with increasing rates as time-infected increases.4-6 The mechanism of myocardial injury 

in cardiomyopathy has been attributed to nonspecific inflammatory infiltrates, noted to 
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be present on histopathology.7,8 Additionally, some specific ART drugs have been 

implicated as cardiotoxic, including zidovudine (AZT).9,10 However since the 

introduction of ART, several studies in children have investigated the effects of ART on 

the fetus,11 during infancy,12,13 and after receiving long-term therapy.14,15 These studies 

have documented general preservation of cardiac systolic function when using 

traditional echocardiographic measures of cardiac function such as left ventricular 

dimensions and calculations of left ventricular shortening and ejection fractions (EF).  

Newer ultrasound-based cardiac imaging techniques such as strain imaging 

detect decreased myocardial performance prior to changes in left ventricular ejection 

fraction (LV EF).16-18 Strain is a segmental parameter calculated from standard 2-

dimensional echocardiographic images that has less angle dependence, tethering, and 

translational effects than traditional 2-dimensional measurements (Figure 1).19 Within 

the segments defined in the ventricular myocardium, speckles or dots on the image are 

tracked by imaging software, termed speckle-tracking strain. The relative change in 

distance (or percent change) between speckles of the same segment during the cardiac 

cycle generates strain values. For strain values, the greater that the percent shortening in 

segment length compared to the baseline length is hypothesized to approximate 

stronger myocardial contraction of the analyzed segment. Strain can be measured in 

different chambers and from different echocardiographic views. The most reliable data 
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come from apical long-axis imaging of the left ventricle, referred to as longitudinal 

strain.20 

 

Figure 1: Example of longitudinal strain from the apical 3-chamber view of the 
left ventricle. The image in the top left defines the color-coded segments for tracking the 

myocardium during the cardiac cycle. The graph in the top right demonstrates the 
synchronicity of contraction by comparing the segments throughout the cardiac cycle. 
The bottom left shows the individual strain values of the segments which are averaged 

together to give global longitudinal strain. 

Utilizing strain measurements, a few small studies of adults and children living 

with HIV have demonstrated differences in systolic function despite normal EF 

compared to controls.21-24 These findings highlight that longitudinal strain (measured 

from the long axis) detects impairments in cardiac function of patients living with HIV, 

even when LV EF does not. A recent cardiac magnetic resonance imaging study noted 
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similar findings, with normal LV EF but lower global longitudinal strain (GLS) in people 

living with HIV compared to controls.25 Additionally, the study showed that 76% of 

those with HIV had evidence of myocardial fibrosis compared to 13% of controls, and 

had 47% higher intra-myocardial lipid content than uninfected controls. Thus, people 

living with HIV have cardiac injury that has been underappreciated until now.  

Other assessments of global ventricular function, such as myocardial 

performance index, have not been fully evaluated in HIV-infected individuals. Tissue 

Doppler imaging derived LV myocardial performance index (MPI) is global measure of 

ventricular systolic and diastolic function generated by combining systolic and diastolic 

time intervals, and are not influenced by preload or heart rate changes (Figure 2).26 

Abnormal LV MPI has been shown to be predictive of cardiac injury and death in 

children.27,28 In HIV literature, LV MPI was shown to be abnormal in 19.4% of HIV-

infected adults.29 To date, there have not been any investigations into the prevalence of 

abnormal LV MPI values in HIV-infected children or the significance of abnormal LV 

MPI in this population. 
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Figure 2: Example of tissue Doppler LV MPI from the lateral mitral valve 
annulus. MPI – myocardial performance index, LVET – left ventricular ejection time, 

MCOT – mitral valve closure to opening time, ICT – isovolumic contraction time, IRT – 
isovolumic relaxation time 

Strain imaging and myocardial performance index represent promising means to 

identify early dysfunction, but to date there have been no large studies using these 

measures to assess cardiac function in children with HIV.29 Further, no studies have 

established predictors of worse cardiac function such as viral burden, immune status, 

zidovudine-containing ART regimens, and inflammatory state. These studies are 

critically important as earlier diagnosis and possible intervention represent the best 

means to alter the course of HIV-associated cardiomyopathy.  
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We performed comprehensive echocardiographic evaluation in a cohort of 

children living with HIV in Eldoret, Kenya. The specific aims of the study were: 1) To 

describe the prevalence of early cardiac dysfunction using novel echocardiographic 

measures of function; and 2) to evaluate the association between concurrent plasma HIV 

RNA levels and echocardiographic measures of function.  
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2. Methods 
This is a cross-sectional echocardiographic study on children attending their HIV 

care clinic at Moi Teaching and Referral Hospital in Eldoret, Kenya (approximately 2000 

m above sea-level). 

2.1 Setting 

This project leveraged an established research collaboration between Duke and 

Moi Universities in western Kenya. The Academic Model Providing Access To 

Healthcare (AMPATH) program is a partnership between three entities: Moi Teaching 

and Referral Hospital (MTRH), Moi University College of Health Sciences, and a 

consortium of North American universities.30 Within AMPATH, Duke is the lead North 

American institution for cardiovascular disease (CVD) research and clinical care. In that 

capacity, Duke led the establishment of one of the NHLBI’s Cardiovascular and 

Pulmonary Disease Centers of Excellence (COE).31 The collaboration has built the 

capacity for advanced cardiac care in western Kenya and enhanced the existing 

infrastructure related to HIV for CVD efforts, producing numerous abstracts and 

publications related to CVD in Kenya.32-40 This success in CVD research has been 

facilitated by AMPATH’s investment in core research infrastructure including 

biobanking, international air transportation for biologic samples, and an extensive 

electronic medical record for data management.41,42 
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2.2 Participants 

We performed a cross-sectional echocardiographic study of children and 

adolescents attending their HIV care clinic at Moi Teaching and Referral Hospital. The 

inclusion and exclusion criteria are displayed in Figure 3. Following introduction by 

clinic care providers, caregivers of children attending their regularly scheduled HIV care 

clinic visit were approached by the research study team for detailed study description 

and to obtain informed consent. Consented participants then underwent study 

procedures.  

 

Figure 3: Overview of study recruitment criteria and procedures 

2.3 Procedures 

2.3.1 Informed Consent 

Informed consent was obtained from the caregivers of all participants meeting 

inclusion criteria. Any child older than 10 years was asked for assent to participate in the 

study. In the consenting and assenting processes, the study procedure and the intended 
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purpose of the study was given and informed consent was obtained by a member of the 

research team fluent in English and Swahili. 

2.3.2 Data Collection 

Participant data was collected in the private check-in space of the clinic. In 

addition to participant collected data, data was also extracted from the electronic 

medical record. Data variables collected are listed in section 2.4 and the clinic enrollment 

instrument is displayed in Appendix A.  

2.3.3 Echocardiogram 

All study participants underwent a research echocardiogram with 2D, color 

Doppler, spectral Doppler, and tissue Doppler imaging on the same day as study 

consent was obtained. The image acquisition protocol is provided in Appendix B. The 

echocardiogram was performed in a private room within the HIV care clinic. The 

echocardiogram was performed using a General Electric Vivid iq (General Electric 

Healthcare, Little Chalfont, England) equipped with 6 and 12 MHz tissue-harmonic 

imaging probe. Images were acquired with raw data and DICOM data at frame rates 60-

100 frames/min.  Electrocardiographic leads were attached during image acquisition for 

cardiac gating. The echocardiogram protocol took approximately 10 minutes of 

procedure time for the patient.  
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2.3.4 Laboratory Data 

Following the completion of the participant’s regular clinic visit, the participant 

underwent a venipuncture for blood sample collection. Plasma was utilized for plasma 

HIV RNA level testing. Remaining plasma was stored for the establishment of a biobank 

for this participant cohort. 

2.3.5 Ethics 

All study procedures were approved by the ethical review boards of Moi 

University and Duke University.   

2.4 Measures 

The study consisted of three sources of data: clinical, echocardiographic, and 

laboratory. 

2.4.1 Clinical Data 

Data were collected during enrollment and extracted from the electronic medical 

record for key demographic and historical data including markers of HIV infection (e.g., 

white blood cell counts, nadir and most recent CD4 counts, and previous HIV RNA 

levels), date of initiation of ART, regimen, regimen changes, anthropomorphic data (age, 

weight, height, and sex), blood pressure measurements, and comorbidities. 
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2.4.2 Echocardiographic Data 

A standardized imaging protocol was utilized for image acquisition and image 

interpretation. All echocardiograms were interpreted by a single reader who was 

blinded to the clinical and laboratory data. All echocardiograms were read and 

interpreted within one week of the examination. The clinical and laboratory data were 

combined with echocardiographic data following the conclusion of enrollment within a 

particular clinic. Image acquisition and measurements were made utilizing the 

American Society of Echocardiography standards.43-45 Measured values were referenced 

to a body-surface area (BSA – Haycock formula) z-score calculator based on the Boston 

Children’s Hospital database, where applicable.46,47 All echocardiographic findings were 

discussed with the families by a pediatric cardiologist, and the children in need of 

continued cardiac care were referred to a local pediatric cardiology clinic.  

2.4.2.1 LV Chamber Dimensions and Systolic Function 

Left ventricular size was measured from the parasternal short axis in end-systole 

and end-diastole by M-mode. BSA z-score values are presented. For traditional 

measures of LV systolic function, fractional shortening was derived from LV chamber 

dimensions [LV end-systolic dimension (LVESD) and LV end-diastolic dimension 

(LVESD)] given by the formula:  

Fractional Shortening (%) = LVEDD – LVESD  *  100 
                                         LVEDD 
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LV EF was generated by General Electric’s Auto-EF software utilizing the modified 

Simpson’s rule. Volumes were generated from apical 4-chamber and 2-chamber views of 

the left ventricle.  

2.4.2.2 Assessment and Definition of Diastolic Function 

Assessment of diastolic function was comprised of several measurements 

including Doppler measurements of pulmonary venous waveform systole peak velocity 

to diastole peak velocity ratio, mitral valve inflow velocity measurements (including E/A 

ratio and E deceleration time), and from tissue Doppler imaging e’ measurement for E/e’ 

ratio. The study definition for evidence of diastolic dysfunction is displayed in Figure 4. 

If an echocardiogram had a mitral valve inflow E/A ratio of < 1 or > 2.8, the 

echocardiogram was determined to have evidence of diastolic dysfunction.44,45,48-50 For 

echocardiograms not meeting this criterion, they were assessed with a composite 

definition of diastolic dysfunction. If 3 or more of the 5 criteria of the composite 

definition were met, then the echocardiogram was determined to have evidence of 

diastolic dysfunction.43,51 
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Figure 4: Study definition of diastolic dysfunction 

2.4.2.3 Assessment of Right Ventricular Function 

Right ventricular function was assessed by longitudinal strain from the apical 4-

chamber view utilizing General Electric Vivid Automated Functional Imaging software. 

Additionally, tricuspid valve annular plane systolic excursion (TAPSE) was measured 

using M-Mode from the apical 4-chamber view. The TAPSE value was converted to z-

score using Boston Children’s Hospital database and calculator. Pulmonary arterial 

pressures were estimated using spectral Doppler to give the tricuspid regurgitation jet 

velocity with no adjustment for central venous pressure. Tricuspid regurgitation jet 

velocity was converted to a pressure estimate of pulmonary arterial pressure using the 
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simplified Bernoulli equation. Septal geometry was assessed using eccentricity index of 

the left ventricle from the parasternal short axis at the level of the mid-papillary 

muscles.52 Eccentricity index is given by the equation: 

Eccentricity index = Diameter of LV cavity parallel to septum 
                                       Diameter of LV cavity perpendicular to septum 

The main pulmonary artery was measured at mid-systole from the parasternal short axis 

view. The main pulmonary artery z-score is presented. 

2.4.2.4 Assessment and Definition of Early Cardiac Dysfunction 

Left ventricular global longitudinal strain (GLS) measurements were made using 

General Electric Vivid Automated Function Imaging software using the myocardial 

speckle tracking method.53 The study definition of early cardiac dysfunction based on 

LV GLS is a z-score of < -2 and a EF ≥ 50%. Lateral mitral valve annulus myocardial 

performance index (MPI) was measured using tissue Doppler imaging from the apical 4-

chaber view (Figure 2). MPI was measured in 3 separate beats, and the 3-beat average is 

reported. MPI is given by the formula: 

MPI = Mitral Valve Closure to Opening Time – LV Ejection Time 
LV Ejection Time 

The study definition of early cardiac dysfunction based on MPI is an MPI of ≥ 0.5 and an 

EF ≥ 50%.29,54-58 Components of mitral valve closure to opening time, including 
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isovolumic contraction time (ICT) and isovolumic relaxation time (IRT) were also 

measured independently. The attributable percent of ICT to MPI was calculated by: 

ICT Attributable % = ICT 
                                       ICT + IRT 

2.4.3 Laboratory Data 

Blood plasma samples were collected and transported daily to the AMPATH 

Clinical Care Laboratory or the AMPATH Reference Laboratory at MTRH (KENAS ISO 

15189, accredited 2015). HIV RNA level testing was done utilizing the Abbot Realtime 

HIV-1 assay. Additionally, a complete blood count was obtained on 75 consecutive 

samples to assess for confounding of the cardiac function assessment due to anemia.  

The remainder of the plasma was stored for future analysis including markers of 

inflammation in order to understand mechanisms of cardiomyopathy in the HIV-

infected: tumor necrosis factor alpha (TNF- α), interleukin (IL) -1b, and IL-6.  

2.5 Analysis 

Standard summary statistics were used to compile data including medians with 

interquartile range or means with standard deviations for continuous variables / 

percentages for discrete variables. The cohort is summarized by age, sex, plasma HIV 

RNA levels, cumulative exposure to ART, and AZT exposure. Weight-for-age, height-

for-age, and BMI-for-age z-scores were computed using World Health Organization 

(WHO) growth standards with WHO Anthro Macros (version 3.2.2, January 2011).  
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Observed frequencies and continuous variables were assessed using bivariate 

testing including chi-squared and t-tests. Risk factors for worsening cardiac function (LV 

GLS and MPI) were assessed with multivariable linear regression for continuous 

outcomes and with multivariable logistic regression for dichotomous outcomes. Final 

model covariates were included based on the backward elimination method and based 

upon clinical relevance of variables. Pearson’s correlation coefficient was used for main 

exposure and outcome relationships. Statistical analysis was completed using R-project 

software.59 

To assess for factors potentially confounding the relationship between plasma 

HIV RNA levels and LV GLS, hemoglobin was measured in 75 consecutive participants. 

Anemia has been associated with increased absolute values of LV GLS compared to 

controls 60. Hemoglobin levels were added to multivariable models as well as tested for 

correlation with Pearson’s correlation coefficient. Additionally, percent heart rate change 

was added as a potential covariate due to the concern for stress related to the 

echocardiogram itself manifested by elevation in heart rate over baseline. Percent 

change was measured comparing the heart rate obtained during routine clinic triage and 

the heart rate obtained during the strain analysis. Heart rate change was not expected to 

impact tissue Doppler derived MPI.26 
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3. Results 

3.2 Patient Population 

Three-hundred and eleven children met enrollment criteria and of those 305 

were recruited. Two children were unable to tolerate the echocardiogram. Subsequently, 

one participant was excluded from analysis due to presence of significant congenital 

heart disease. Table 1 displays the participants’ descriptive characteristics. The mean age 

at enrollment was 9.8 ± 3.2 years (range 1.6 to 16.4). All participants were determined to 

be perinatally infected with HIV given age of diagnosis, maternal HIV infection, and 

lack of additional risk factors for virus acquisition. By WHO standard, 83.9% of the 

study participants were virally suppressed (< 1000 copies/mL), and there was no 

significant difference between our study population and the remainder of the clinic for 

August 2017 (not recruited n=452, 80% virally suppressed, p=0.21). There was a high rate 

of deceased biological parents with 19.2% and 24.2% of caregivers reporting the child’s 

biological mother and father were deceased, respectively. Anthropomorphic measures 

and vital signs are noted in Table 1. BMI-for-age z-score mean was -1 ± 1.1 with 49 

children (16.2%) having BMI-for-age z-scores less than -2.  
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Table 1: Socio-demographic and clinical characteristics at enrollment 

Variable N Mean (SD) or Median (IQR) 
or n (%) 

Age at enrollment (Years) 302 9.8 (3.2) 
             Range (Min. – Max.)  1.6 – 16.4 
Male 302 147 (48.7%) 
Biological mother alive   

Yes  227 (75.2%) 
No 302 58 (19.2%) 
Unknown  17 (5.6%) 

Biological father alive   
Yes  194 (64.2%) 
No 302 73 (24.2%) 
Unknown  35 (11.6%) 

Child’s household average income (Ksh.) 299 6000 (3000.0, 14500) 
Range (Min. – Max.)  450 – 100000 

Heart rate (beats per minute) 302 93.0 (14.4) 
Pulse oximetry 302 96.2 (2.5) 
Systolic blood pressure (mm Hg) 295 90.0 (11.9) 
Diastolic blood pressure (mm Hg) 295 52.2 (10.8) 
Weight-for-age z-scoresǂ 141 -0.9 (1.0) 

Range (Min., Max.)  -3.5 – -1.3 
Height-for-age z-scores 302 -1.1 (1.3) 
             Range (Min., Max.)  -4.2 – -2.6  
BMI-for-age z-scores 302 -1.0 (1.1) 
             Range (Min., Max.)  -4.3 – -2.7  
Body surface area 302 1.0 (0.2) 
Cumulative Time Prior to ART (Years) 299 4.1 (1.9, 6.7) 
             Range (Min., Max.)  0.0 – 15.2 
Cumulative ART Exposure (Years) 295 5.4 (3.2, 7.6) 

Range (Min., Max.)  0.0 – 14.0 
AZT exposed 302 116 (38.4%) 
Cumulative AZT Exposure (Years) 116 2.6 (0.2, 5.4) 

Range (Min., Max.)  0.0 – 12.4 
Hemoglobin (g/dL) 75 12.9 (1.6) 
CD4 Nadir (count/mm3) 235 579.0 (346.5, 867.5) 
Virally Suppressed (< 1000 copies/mL) 298 250 (83.9%) 
Detectable HIV RNA (≥ 40 copies/mL) 298 101 (33.9%) 
HIV RNA (log base 10, copies/mL) 101 3.1 (1.1) 
ǂ WHO Weight-for-age z-score calculator is only validated for children up to age 10 years 
Ksh – Kenya Shillings, ART – antiretroviral treatment, AZT – zidovudine 
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3.2 Echocardiographic Measurements 

Table 2 displays the summary of the echocardiography measurements obtained. 

In addition to the summary measurements, two children were newly diagnosed with 

borderline rheumatic heart disease and were included in the analysis. One child was 

found to have previously unknown significant congenital heart disease (transitional 

atrioventricular septal defect) and excluded from the analysis. There was no evidence of 

pericardial effusion greater than trace or physiologic effusion in any participant. 
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Table 2: Echocardiographic Measurements 

Variable N Mean (SD) or Median (IQR) 
or n (%) 

Traditional LV Measurements   
LV end-systolic diameter – z score 302 0.0 (0.9) 
LV end-diastolic diameter – z score 302 0.1 (0.8) 
Shortening fraction (%) 302 38.4 (4.8) 
LV auto – ejection fraction (%) 302 58.9 (4.9) 

   
Diastolic Function Measurements   
Mitral inflow – E/A 302 1.9 (0.5) 
Mitral inflow deceleration time (msec) 291 140.6 (26.6) 
E/e` ratio 291 6.1 (1.1) 
Septal e` (m/s) 292 0.1 (0.0) 
Lateral e` (m/s) 292 0.2 (0.0) 
Pulmonary venous systole/diastole ratio 301 0.8 (0.2) 
   
Assessment of RV   
RV apical 4-chamber longitudinal strain (%) 269 -24.6 (3.9) 
TAPSE z-score 302 1.3 (1.9) 
Tricuspid Regurgitation Jet Velocity (m/s) 112 2.2 (0.2) 
Tricuspid Regurgitation Jet Gradient (mmHg) 112 19.6 (3.9) 
End-systole eccentricity index 300 1.1 (0.1) 
Main pulmonary artery diameter z-score 291 0.4 (0.7) 
   
Assessment of Early Cardiac Dysfunction   
LV GLS (%) 302 -22.3 (2.6) 
LV GLS z-score 302 1.2 (1.6) 
Heart rate (during strain measurement) 302 86.7 (15.3) 
LV MPI 292 0.4 (0.1) 
LVET (msec) 292 279.2 (24.1) 
MCOT (msec) 292 401.9 (39.2) 
MPI ICT (msec) 292 71.4 (18.1) 
MPI IRT (msec) 292 51.6 (9.5) 
LV – left ventricle, RV – right ventricle, TAPSE – tricuspid annular plane systolic excursion, GLS 
– global longitudinal strain, MPI – myocardial performance index, LVET – left ventricular 
ejection time, MCOT – mitral valve closure to opening time, ICT – isovolumic contraction time, 
IRT – isovolumic relaxation time 
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3.2.1 Traditional Left Ventricular Measurements 

 One participant had an LV end-diastolic diameter z-score greater than 2 (2.43). 

However, the remaining measurements of the echocardiogram were normal and thus 

the child was determined not to have any abnormality. Ten participants (3.3%) were 

found to have an ejection fraction less 50% (range 43% to 49%). Of those, only 3 had LV 

GLS z-score < -2 (range -3.76 to -2.66).  

3.2.2 Diastolic Function Measurements 

 Eighteen participants had evidence of diastolic dysfunction based on the study 

definition. An additional 3 participants had inadequate images for all measurements in 

the diastolic function definition, and were defined as unable to assess diastolic function. 

The most common abnormality leading to evidence of diastolic dysfunction was mitral 

inflow E/A > 2.8 (n = 13) with 2 having E/A < 1. Three participants had evidence of 

diastolic dysfunction based on 3 or more of the 5 criteria of the diastolic function 

composite score (Figure 4).  

3.2.3 Assessment of the Right Ventricle 

 RV apical 4-chamber longitudinal strain was able to be performed on 269 

participants (89.1%). Adequate tricuspid regurgitation jet for measurement was present 

in 112 of 303 participants (37.1%). End-systole eccentricity index and main pulmonary 
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artery diameter z-score values were within normal limits. There was no evidence of 

elevated pulmonary pressures or significant right ventricular dysfunction. 

3.2.4 Assessment of Early Cardiac Dysfunction 

LV GLS was able to be measured on all participants. The mean LV GLS z-score 

was 1.2 ± 1.6.  Only 1 participant met the LV GLS study criteria (LV GLS z-score < -2 and 

EF ≥ 50%) for early cardiac dysfunction. Three participants had LV GLS z-score < -2 and 

EF < 50%, indicating mild left ventricular dysfunction.  

MPI was able to be measured on 292 participants. Of those 65 of 292 (22.3%) met 

the MPI study criteria of early cardiac dysfunction (MPI ≥ 0.5 and EF ≥ 50%). An 

additional 2 participants had abnormal MPI and EF < 50%. The average LV ejection time 

(LVET) for all participants was 279.2 ± 24.1 msec with mitral valve closure to opening 

time (MCOT) of 401.9 ± 39.2 msec. Between normal and abnormal MPI participants, 

there was no difference between LVET (279.8 vs. 277.2, p=0.43) with the difference 

coming in the prolongation of MCOT (394.5 vs. 426.8 msec, p<0.001). Thus, the variable 

components of MCOT include isovolumic contraction time (ICT) and isovolumic 

relaxation time (IRT). The relative contribution of ICT to MPI increased from 56.9% in 

normal measurements to 60.6% in abnormal measurements (p<0.001). There was a 

proportionate decrease in the relative contribution of IRT to MPI from 43.5% to 39.3% 

(p<0.001).  
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3.3 Relationship between Cardiac Function and Plasma HIV RNA 
Levels 

 Table 3 displays the results of the bivariate analysis with each variable compared 

with the outcome measures of cardiac function (MPI and LV GLS). For MPI, the results 

are displayed with MPI as a continuous outcome variable and MPI as a dichotomous 

variable (normal or abnormal) based on study definition of abnormal value ≥ 0.5. Older 

participants in the study population have a slightly higher MPI [β 0.02 (95%CI 0.01, 

0.03)], which is expected as the population moves closer to adult MPI values. 

Hemoglobin level and AZT exposure also showed a modest effect increasing MPI values 

[β 0.01 (95%CI 0.00, 0.01) and β 0.01 (95%CI 0.00, 0.03), respectively]. Cumulative ART 

exposure was noted to be associated with increased MPI [β 0.02 (95%CI 0.00, 0.03)], but 

this is prior to adjustment for participant’s age. LV GLS is displayed as a continuous 

variable of the absolute value of the raw value and continuous variable of z-score.  

Table 4 displays the results of the multivariable regression analysis to test the 

association between detectable HIV RNA levels and measures of cardiac function based 

on hypothesized covariates. Utilizing the backward elimination method, no combination 

of variables or lack of covariates led to a significant association between HIV RNA levels 

and measures of cardiac function. Table 5 displays the results of the multivariable 

regression analysis, excluding assessments of viral load with continuous MPI as the 

outcome measure with only age affecting the MPI value [β 0.01 (95%CI 0.00, 0.03)]. 
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Table 3: Bivariate associations with measures of cardiac function 

  MPI  LV GLS 

   Continuous Dichotomousǂ   (%)₤ z-score 

Variable  N β (95% CI) UOR (95% CI)  N β (95% CI) β (95% CI) 

Virally Suppressed (< 1000 copies/mL)  288 -0.01 (-0.03, 0.01) 0.88 (0.43, 1.81)  298 0.24 (-0.56, 1.05) 0.18 (-0.30, 0.66) 
Detectable HIV RNA (≥ 40 copies/mL)  288 -0.01 (-0.02, 0.01) 1.35 (0.77, 2.37)  298 0.19 (-0.44, 0.81) 0.04 (-0.33, 0.41) 
HIV RNA level (log copies/mL)  99 0.01 (-0.01, 0.03) 0.84 (0.54, 1.29)  101 -0.27 (-0.74, 0.20) -0.14 (-0.42, 0.13) 
Cumulative Time prior to ART (Years) / 5  289 0.00 (-0.01, 0.02) 1.01 (0.65, 1.55)  299 -0.32 (-0.80, 0.16) -0.04 (-0.33, 0.24) 
Cumulative ART Exposure (Years) / 5  285 0.02 (0.0, 0.03) 1.26 (0.80, 1.98)  295 0.18 (-0.32, 0.68) 0.27 (-0.02, 0.57) 
Age (Years)  292 0.02 (0.01, 0.03) 1.27 (0.82, 1.95)  302 -0.10 (-0.56, 0.37) 0.25 (-0.03, 0.53) 
Female  292 0.01 (-0.01, 0.03) 1.45 (0.84, 2.52)  302 0.29 (-0.30, 0.89) 0.17 (-0.19, 0.52) 
AZT exposed  292 0.01 (0.00, 0.03) 1.76 (1.02, 3.06)  302 0.01 (-0.60, 0.62) 0.14 (-0.23, 0.50) 
Cumulative AZT exposure (Years) / 5  292 0.01 (-0.01, 0.02) 1.22 (0.76, 1.98)  302 -0.10 (-0.65, 0.44) 0.04 (-0.29, 0.36) 
Hemoglobin level (g/dL)  75 0.01 (0.00, 0.01) 1.21 (0.80, 1.82)  75 0.28 (-0.02, 0.59) 0.19 (0.01, 0.38) 
BMI-for-age Z scores  292 0.00 (-0.01, 0.01) 1.12 (0.87, 2.98)  302 0.00 (-0.28, 0.28) -0.01 (-0.18, 0.16) 
Wellness score (SA, A vs. N, SD, D)  292 0.00 (-0.02, 0.02) 0.84 (0.45, 1.58)  302 -0.03 (-0.73, 0.67) -0.01 (-0.43, 0.41) 
On TB treatment  274 -0.03 (-0.12, 0.05) 1.62 (0.15, 18.51)  283 0.26 (-2.78, 3.30) 0.00 (-1.81, 1.81) 
Heart Rate % Gain (> 5% vs. ≤ 5%)   - -  302 0.57 (-0.25, 1.39) 0.25 (-0.24, 0.75) 
ǂ Abnormal MPI ≥ 0.5         
₤ Absolute value of LV GLS         
MPI – myocardial performance index, LV GLS – left ventricle global longitudinal strain, UOR – Unadjusted Odds Ratio, ART – 
antiretroviral therapy, AZT – zidovudine, SA – Strongly Agree, A – Agree, D – Disagree, SD – Strongly Disagree, TB – tuberculosis 
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Table 4: Adjusted association between HIV RNA levels (log copies/mL) and measures of cardiac function 

 MPI  LV GLS 
 Continuous Dichotomous  (%)₤ z-score 

Variable Adjusted β  
(95% CI) 

AOR 
(95% CI) 

 Adjusted β  
(95% CI) 

Adjusted β 
(95% CI) 

HIV RNA Level (log copies/mL) 0.01 (-0.01, 0.03) 0.85 (0.54, 1.35)  -0.14 (-0.68, 0.71) -0.08 (-0.39, 0.23) 
Age (Years) 0.02 (-0.01, 0.05) 1.38 (0.60, 3.14)  -0.11 (-1.06, 0.84) 0.24 (-0.31, 0.79) 
Female 0.03 (0.01, 0.07) 1.15 (0.45, 2.93)  -0.18 (-1.27, 0.91) -0.10 (-0.74, 0.53) 
Cumulative ART exposure (Years) / 5 0.00 (-0.03, 0.03) 1.14 (0.46, 2.79)  0.42 (-0.64, 1.48) 0.24 (-0.37, 0.85) 
AZT exposed 0.00 (-0.04, 0.04) 0.95 (0.34, 2.60)  0.02 (-0.67, 0.72) -0.03 (-0.76, 0.71) 
Heart Rate % Gain (>5% vs. ≤5%) - -  1.35 (-0.21, 2.90) 0.77 (-0.13, 1.67) 
Sample Size 94 94  96 96 
ǂ Abnormal MPI ≥ 0.5 
₤ Absolute value of LV GLS 
MPI – myocardial performance index, LV GLS – left ventricle global longitudinal strain, AOR – Adjusted Odds Ratio, ART 
antiretroviral therapy, AZT – zidovudine 
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Table 5: Adjusted model assessing covariates with continuous MPI 

 MPI Continuous 
Variable Adjusted β (95% CI) 
Age (Years) 0.01 (0.00, 0.03) 
Female 0.01 (-0.01, 0.03) 
Cumulative ART exposure (Years) / 5 0.01 (-0.01, 0.03) 
AZT exposed 0.01 (-0.01, 0.03) 
Sample Size 285 
MPI – myocardial performance index, ART – antiretroviral therapy, AZT – zidovudine 
 

Figure 4 displays the correlation between measures of cardiac function (MPI and 

LV GLS z-score) and plasma HIV RNA levels (log copies/Ml) among those with 

detectable virus. There is no evidence of correlation between these continuous measures 

of cardiac function and plasma HIV RNA levels. A small degree of association was 

found between MPI and LV GLS z-score (r = -0.151, 95% CI -0.26, -0.04). 
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Figure 5: Pearson’s correlation coefficient between measures of HIV RNA 
levels and measures of cardiac function 

3.4 Assessment of Potential Confounders on LV GLS 

Due to the concern for clinical factors influencing the unusually elevated LV GLS 

z-scores, potential confounders of hemoglobin and physiologic stress (estimated by 

percent heart rate change from clinic triage to echocardiogram) were assessed. Seventy-

five consecutive patients had a hemogram obtained in addition to plasma HIV RNA 

level testing. There was evidence of an unadjusted effect of hemoglobin increasing LV 

GLS z-score by 0.19 (95% CI 0.01, 0.38) for every 1 increase of hemoglobin (g/dL). Once 

adjusted for age and sex, the association was no longer significant [β 0.17 (95% CI -0.01, 

0.36)].  

 Due to concern for physiologic stress related to unfamiliarity with the cardiac 

ultrasound equipment and sonographer, percent heart rate change was calculated from 

clinic triage to the echocardiogram. As seen in Tables 3 and 4, there was no effect of 

percent heart rate change on the LV GLS z-score. Additionally, Figure 5 shows no 

correlation between LV GLS z-score and percent heart rate change. 
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Figure 6: Pearson’s correlation coefficient between LV GLS z-score and percent 
heartrate change 
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4. Discussion 
In the current era of highly effective ART, the historical high prevalence of overt 

cardiac dysfunction has diminished. Given the predicted near-normal life expectancy for 

many people living with HIV, the focus is now on mitigating cardiovascular disease risk 

and detecting signs of early cardiac dysfunction for possible intervention. In this current 

study, nearly one quarter of perinatally HIV-infected children demonstrated 

echocardiographic evidence of early cardiac dysfunction, based primarily on abnormal 

MPI measurements. This is the largest reported prevalence of abnormal MPI 

measurements in pediatric patients with structurally normal hearts.56,58,61 Additionally, 

we present the first data to demonstrate that there is no correlation between measures of 

cardiac function and same-day HIV RNA levels or assessed clinically relevant variables.  

While it is reassuring that there is not a high prevalence of HIV-associated 

cardiomyopathy in children perinatally infected with HIV, it is concerning that nearly a 

quarter of participants had elevated MPI measurements. Using tissue Doppler derived 

MPI, the measurement has been shown to be predictive of morbidity and mortality in 

patients at risk for heart failure.62,63 While there are very few studies assessing children 

with elevated MPI and clinical outcomes, there is evidence in pediatric oncology 

literature that MPI increases directly with dose-related exposure to a cardiac toxin.27,28 

Some increase in MPI is expected with age.58 However, the abnormal values among this 
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study’s children and adolescent participants exceed adult abnormal cutoffs.62,63 This 

current study only suggests a significant problem with cardiac function may exist for 

this portion of perinatally HIV-infected children. There was no relationship found 

between current HIV viral replication and MPI or assessed clinical covariates. The 

proportion of abnormal MPI values is similar to a previous study of European adults 

living with HIV. In that cross-sectional study, Reinsch et al found that 19.4% of clinic 

attending HIV-infected adults had an MPI > 0.49.29 However, the study did not 

differentiate individuals with abnormal MPI alone versus those with abnormal MPI and 

other measures of cardiac dysfunction such as low EF.  

As there is no evidence that abnormal MPI is associated with plasma HIV RNA 

levels, the next question must attempt to discern the underlying process that is driving 

these abnormal values. Current HIV co-morbidities research has focused on systemic 

immune activation as a potential source of end-organ sequelae, such as cardiac 

dysfunction. This includes investigating the association between inflammatory markers 

and risk of cardiovascular disease and events in adults with HIV.64 Additionally, there is 

currently an ongoing clinical trial investigating the effect of inhibition of IL-1β in HIV-

infected adults on cardiovascular risk.65  

Mediated by chronic inflammation, other cardiac diseases states such as heart 

failure with preserved ejection fraction (HFpEF) and hypertrophic cardiomyopathy may 
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provide insight into understanding HIV-associated cardiac dysfunction.66,67 In HFpEF, 

systemic inflammation signals a cascade that results in induction of reactive myocardial 

fibrosis.68 Additionally in hypertrophic cardiomyopathy associated with familial genetic 

mutations, the degree of fibrosis and ultimate severity of myocardial hypertrophy is 

directly related to the degree of systemic inflammation present.66 MPI is abnormal in 

both HFpEF and hypertrophic cardiomyopathy even when EF is normal, and it may be 

predictive of important clinical outcomes.63,69 These cardiac diseases may parallel HIV-

associated cardiac injury as high levels of residual immune activation and evidence of 

myocardial fibrosis are noted.25,70,71 MPI may serve as a clinically available, non-invasive 

measurement monitoring this disease process.   

Finally, LV GLS was not useful in demonstrating patterns of early cardiac 

dysfunction in this population. In fact, LV EF detected more abnormal findings than LV 

GLS. The mostly normal LV GLS values is consistent with previous work in sub-saharan 

Africa utilizing different ultrasound equipment and software.72 Further MPI and LV GLS 

were weakly correlated in this study. MPI is a combined measure of systolic and 

diastolic function and may be capturing abnormality not represented in LV GLS 

mesaurements. 
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4.1 Implications for policy and practice 

This cross-sectional study provides insights into possible early cardiac 

dysfunction in a large percentage of children living with HIV. However, the connections 

in the literature for abnormal MPI and progression of dysfunction have not been studied 

in children of any disease state. Thus, this work does not suggest practice or policy 

change alone, but does provide critical directions for further research.  

4.2 Implications for future research 

Further work is urgently needed to understand the clinical significance of an 

abnormal MPI in an HIV-infected child. This work was not able to suggest associations 

with abnormal MPI. Next steps should include closer analysis of individuals’ history 

with inflammatory and fibrosis biomarker testing to correlate with MPI values. 

Additionally future work should include HIV negative controls. If strong correlations 

are found, particularly those that may be modifiable, subsequent research steps should 

include longitudinal follow up of children with abnormal MPI for clinical outcomes, 

serologic assessment of cardiac injury, and repeat echocardiographic measurements.  

4.3 Study strengths and limitation 

This study is the largest echocardiographic study in children living with HIV. 

Additionally, it is the first to show an absence of relationship between measurements of 

cardiac function and concurrent HIV RNA levels. However, the study does have several 
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limitations. First, the cross-sectional design does not allow for understanding changes in 

the measurements over time in the same patient. Cross-sectional studies are at risk for 

subject selection bias. However, we are able to compare our sample with the reported 

metrics for the entire clinic and find there is not a significant difference between our 

sample and the entire clinic. This was aided by being able to sample over 40% of the 

actively managed patients in this clinic. The results specifically relate to children on ART 

that are actively engaged in clinical care. Next, the echocardiographic measures of this 

study could be subject to measurement error. As MPI values were the most notably 

abnormal, there is a need to replicate this work in analogous populations as well as 

evaluate inter-observer reliability of the measurement. While widely accepted cut-offs 

for normal MPI values were used, this measurement has not been reported in normal 

children in sub-Saharan Africa. Future work should include age-matched healthy 

controls. Finally, altitude may have contributed to abnormal findings in MPI.73,74 While 

the feature of prolonged IRT seen in these studies of individuals living above 13,000 feet 

do not connect with this study’s findings or altitude, this issue should certainly be 

addressed in future work. 
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5. Conclusion 
Nearly one quarter of these HIV-infected children demonstrated 

echocardiographic evidence of early cardiac dysfunction, based primarily on abnormal 

MPI measurements. This finding was not correlated with same-day HIV RNA levels or 

other clinically relevant variables. Further investigation into the clinical significance of 

this finding is urgently needed as abnormal MPI measurements have been shown to be 

predictive of heart failure in at risk populations. 
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Appendix A: Clinic Enrollment Instrument  
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Appendix B: Echo Protocol 
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