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Evaluation of Cardiac Findings in People With
Human Immunodeficiency Virus

ABSTRACT

Objective: Although opportunistic infections and malignancies have declined due to
antiretroviral therapy, the prevalence of cardiovascular disease (CVD) among people
with human immunodeficiency virus (PWH) has increased. This study examines early
markers of CVD using transthoracic echocardiography (TTE) performed at rest and after
a 6-minute walk test (6-MWT) in PWH. This prospective study was conducted in Tirkiye
between 2019 and 2022.

Methods: The PWH and healthy individuals were evaluated for demographic and labora-
tory analysis and examined using TTE at rest and after 6-MWT.

Results: The interventricular septum (IVS) and posterior wall (PW) were significantly
thicker in the PWH group than in healthy controls. Pulmonary pulse transit time (pPTT)
was markedly reduced in PWH (127.5 ms vs. 457 ms, P < .001). In the PWH group, the E/e’
ratio increased after 6-MWT [6.26 (IQR:5.1-7.3) vs. 5.9 (IQR: 4.9-6.9) atrest (P=.028)]. The
PWH with CD4+ counts <350/mm? exhibited a higher E/e' ratio [6.91(IQR: 5.05-8.62)] than
those with CD4+ counts >350/mm?* [5.41 (IQR: 4.87-6.17); P=.035]. A weak inverse corre-
lation was observed between CD4+ count and E/e' ratio (P=.010, r=-0.348).

Conclusions: The IVS thickness, PW thickness, E/e’ ratio, and pPTT may serve as valuable
parameters for the early detection of CVD in PWH. Changesin diastolic indices may offer
insights into disease progression. The pPTT may be a promising marker for evaluating the
pulmonary vascular status and right ventricular function. These findings underscore the
need for further research into the diagnostic and prognostic utility of diastolic param-
etersand pPTT in the clinical management of PWH.

Keywords: Cardiovascular diseases, E/e’, HIV infection, pulmonary pulse transit time, six-
minute walk test, transthoracic echocardiography

INTRODUCTION

Human immunodeficiency virus (HIV) causesimmunosuppression and leads to the
development of opportunistic infections and cancers.’

Highly active antiretroviral therapy (HAART) has been shown to reduce deaths
from these complications in people with HIV (PWH) in recent years. The PWH are
now facing anincreasing burden of chronic non-infectious conditions, particularly
cardiovascular diseases (CVD).>#

Subclinical cardiac dysfunction may precede clinical symptoms, suggesting that
early detection could be beneficial in this population. Inflammation and immune
activation persist to some level, even in patients who have achieved viral sup-
pression. Prolonged inflammation increases the risk of morbidity and mortality
by inducing endothelial dysfunction, vascular remodeling, and myocardial altera-
tions, which contribute to conditions such as diastolic dysfunction (DD) and pul-
monary hypertension (PH). Plexiform lesions, along with cellular proliferation and
hypertrophy, are observed across the intima, media, and adventitia. The HIV-
associated PH is believed to result from the combined effects of HIV viral pro-
teins and proinflammatory cytokines.>” Recent studies estimate the prevalence
of HIV-associated pulmonary arterial hypertension (PAH) to range from 0.46% to
7%, which is approximately 1000 times higher than in the general population.t™
Several mechanisms, such as vascular remodeling, endothelial dysfunction, and
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increased pulmonary vascular tone, may contribute to
increased arterial stiffness in PWH, which in turn acceler-
ates the pulse wave and reduces pulmonary pulse transit
time (pPTT)."™ The 6-minute walk test (6-MWT) provides
a reliable, non-invasive estimate of functional capacity in
PWH.™ Transthoracic echocardiography (TTE) performed
after 6-MWT may reveal dynamic changes in cardiac func-
tion and offer insight into the utility of diastolic indices and
pPTT as early markers of CVD in this population. This study
aims to assess early diagnostic parameters of cardiovascu-
lar dysfunction in PWH by performing TTE at rest and after
6-MWT.

METHODS

This prospective study was conducted at Pamukkale
University Hospital, Departments of Infectious Diseases
and Clinical Microbiology and Cardiology. Between January
2019 and December 2022, all patients who met the inclusion
criteria and had no exclusion criteria were consecutively
enrolled in the study. A post hoc power analysis was per-
formed. The control group consisted of HIV-negative indi-
viduals with no comorbidities. The PWH and control groups
were matched for age and sex in a 2:1 ratio. All study par-
ticipants were evaluated for demographic and laboratory
analysis and examined with TTE at rest and after 6-MWT. A
total of 61 PWH and 30 healthy individuals were included in
the study.

Exclusion criteria included ejection fraction (EF) <50%, con-
genital heart disease, connective tissue disease, PH, chronic
obstructive pulmonary disease, acute or chronic renal fail-
ure, pregnancy, DD grade 2 or higher, obstructive sleep
apneasyndrome, malignancy, valvular heartdisease, chronic
thromboembolic PH, vasculitis, hematological disease,
metabolic storage disease, coronary artery disease, and
inadequate echocardiographic imaging. Echocardiographic
measurements in PWH were compared at rest and after
6-MWT.

Artificial intelligence-supported technologies (e.g., large
language models, chatbots, or image generators) were not
used in this study.

HIGHLIGHTS

e |dentifying predictors of cardiovascular disease in peo-
ple with human immunodeficiency virus (PWH) is essen-
tial for early intervention and improved outcomes.

e Reduced pulmonary pulse transit time may reflect early
vascular alterationsin the pulmonary circulation among
PWH.

e The E/e' ratio, a marker of left ventricular (LV) end-
diastolic pressure, may be valuable for monitoring dia-
stolic function, particularly in PWH with CD4+ count
below 350.

e Structural markers of LV deterioration, such asinterven-
tricular septum and posterior wall thickness, may aid in
the longitudinal assessment of cardiac health in PWH.
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Transthoracic Echocardiography
Philips® Affiniti 50C Vascular Ultrasound System and Philips®
S5-1ultrasound probe were used for the measurements.

All echocardiographic results were analyzed by a cardiolo-
gist blinded to the patient’s clinical and laboratory charac-
teristics. Intraobserver variability of <5% was accepted for
the echocardiographic measurements. Measurements were
repeated 1 week apart. Only 1reader conducted this analy-
sis. The reader was allowed to select the best measure-
ment each time and was blinded to previous measurements.
Intraobserver variability was calculated as the difference
between 2 measurements of the same patient by a single
cardiologist divided by the mean value.

An echocardiographic evaluation was performed after the
participants rested for at least 10 minutes, in the left lateral
recumbent position. After continuous single-lead electro-
cardiography (ECG) monitoring, standard 2-dimensional,
M-mode, and color Doppler evaluations were performed.
The mitral valve flow velocities were measured using the
pulse wave doppler (PWD) technique after the probes were
positioned at the measurement region of the mitral valve
tips from the apical 4-chamber view. Peak early (E) and late
(A) diastolic mitral inflow velocities were obtained. Peak
early (E') and late (A') diastolic myocardial velocities were
measured. Measurements were obtained from both the lat-
eral and septal mitral annuli, and the average of these values
was used for analysis.”™

In a healthy heart during the Valsalva maneuver, early dia-
stolic filling velocity (E wave) decreases, while atrial con-
traction velocity (A wave) remains relatively unchanged
or slightly increases. Thus, the E/A ratio decreases mildly.
However, in latent (hidden) DD, the E wave decreases mark-
edly with Valsalva, and the A wave either remains the same
or becomes relatively higher. The E/A ratio drops signifi-
cantly, often falling below 1 post-Valsalva. The diastolic fill-
ing pattern shifts from a pseudonormal (appearing normal
at rest) to an abnormal relaxation pattern. Thus, a signifi-
cant drop in the E/A ratio during Valsalva suggests latent
DD, which means DD is masked at rest but revealed under
reduced preload conditions.”™ The Valsalva maneuver was
used to unmask latent DD. The 6-MWT was performed to
assess functional capacity. It was conducted in a 30-meter
hallway within the cardiology outpatient clinic, using a stop-
watch and pulse oximeter for timing and monitoring.'™"”

Afteridentifying the location of the flow using color Doppler,
continuous-wave Doppler was applied at the level of the tri-
cuspid valve tips to measure tricuspid regurgitation velocity
(TRV). Systolic pulmonary artery pressure (sPAP) was esti-
mated using the simplified Bernoulli equation by multiplying
4 by the square of the peak TRV and adding the estimated
right atrial pressure (RAP). The RAP was estimated noninva-
sively based on inferior vena cava (IVC) size and its respira-
tory variation.

SPAP =4 x (TRVmax2) + RAP 1

The left atrial volume was calculated using the left atrial
area (A1) obtained at the end of left ventricular (LV) systole,
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when the left atrium is at its largest, the left atrial area (A2)
from the apical 2-chamber view, and the vertical length (L)
of the left atrium.

Left atrial volume index (LAVI) was measured using the
biplane area-length method based onimages obtained from
both the apical 4-chamber (A4C) and apical 2-chamber
(A2C) views.20!

Pulmonary pulse transit time was measured by determining
the timeinterval between the peak of the R-wave inthe ECG
and the peak flow velocity of the pulmonary vein during late
systole. The LV EF was obtained using the modified Simpson'’s
method. In the parasternal short-axis view, pulmonary peak
velocity was measured with PWD, and the pulmonary flow
acceleration time (PAT), defined as the time from pulmonary
valve opening to the systolic peak, was also obtained.

Pulmonary arterial stiffness (PAS) was calculated as the ratio
of the maximum frequency shift (MFS), measured in hertz
(Hz), to the PAT, measured in milliseconds (ms).

PAS =MFS (Hz)/PAT (ms)?

Statistical Analysis

The data were analyzed using IBM SPSS Statistics version
22.0. Normality was assessed with the Shapiro—Wilk test.
Variables with normal distribution were evaluated using the
Student's t-test, while non-normally distributed variables
were analyzed using the Mann—Whitney U-test. Categorical
variables were compared using the chi-square test or
Fisher's exact test, as appropriate. A P-value < .05 was con-
sidered statistically significant. A post hoc power analysis
was conducted to evaluate the reliability of the findings. The
analysis revealed a large effect size (Cohen’s d=1.949) for
the difference in pPTT values between the HIV and control
groups. Based on this effect size, the study achieved a calcu-
lated statistical power of 100% at a 95% Cl, indicating a very
high probability of correctly detecting the observed effect.

To investigate the association between pPTT and various
demographic, clinical, laboratory, and echocardiographic
parameters, univariate and multiple models (multiple linear
regression) were conducted, with pPTT as the dependent
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variable. Two multiple models were constructed. Model 2
included variables obtained after 6-MWT. Variables sig-
nificant in univariate analysis were included in the multiple
models.

RESULTS

Sixty-one PWH and 30 age- and sex-matched healthy sub-
jects were enrolled in this study. Both groups were similar in
terms of demographic and clinical parameters. However,
the prevalence of overweight individuals [body mass index
(BMI)=25-29.9] was significantly higher in the control group
[13(22.8%), P=.002], whereas the prevalence of smoking was
significantly higher among PWH (P=.003) (Table 1).

Five PWH were receiving protease inhibitor therapy: 2 had
transitioned from integrase inhibitors, 2 had used pro-
tease inhibitors consistently, and 1 had switched to inte-
grase inhibitors. Echocardiographic findings are presented
in Table 2. Most standard echocardiographic parameters,
including TRV, LAVI, PAS, and sPAP, showed no significant
differences between the groups. However, the interventric-
ular septum (IVS) thickness (P = .025) and posterior wall (PW)
thickness (P=.003) were significantly greater in PWH. The
IVC (P =.003), pPTT (P < .001), and E/e’ ratio (P < .001) were
significantly lower in PWH. The PAS was calculated as 2417
(17.84-311) (Hz/ms) in PWH and 22.22 (13.9-27.64) (Hz/ms)
in the control group. Although the PAS value was higher in
PWH, it was not statistically significant (P = .215).

A statistically significant but weak negative correlation was
foundin PWH between CD4+ count at diagnosis and the E/e’
ratio (P=.010,r=-0.348) (Figure 1).

Mitral E velocity increased from 74.8 + 13.3 cm/s at rest to
84.6 +16.7 cm/s after 6-MWT. Mitral A velocity rose from 58
cm/s (IQR: 50-74 cm/s) to 66 cm/s (IQR: 58.5-82 cm/s), and e’
velocity increased from 13.5 cm/s (IQR: 10.5-15.5 cm/s) to 14
cm/s (IQR: 11.5-16.5 cm/s). All changes were statistically sig-
nificant (P <.001).

Among PWH, although E/e’ ratio values remained within nor-
mal limits, they increased significantly from 5.9 (IQR: 4.9-6.9)
atrest to 6.26 (IQR: 51-7.3) after 6-MWT (P =.028). TRV also

Table 1. Demographic and Clinical Characteristics of the Study Subjects

HIV-Infected Group, n=61(%) Control Group, n=30 (%) P
Men, n=76 53(86.9) 23(76.7) .240P
Age (years), median (IQR) 30 (24-38) 30 (26-43) .719°
Obesity (BMI > 30) 11(19.6) 2(6.2) 29
Wiaist circumference, cm, median (IQR), n=86 87 (80-99) 94 (81-98) 175
SBP, mm Hg, median (IQR), n=87 120 (115-135) 120 (110-127) 093¢
DBP, mm Hg, median (IQR), n=87 77 (62-82) 76 (70-80) 917¢
Smokers, n=87 42(73.7) 11(36.7) .003°
Alcohol consumption, n=87 52(91.2) 21(70) .015°
Family history of coronary artery disease 20 (35.) 15(50) 178°

Bold valuesindicate P <.05.
°Mann—Whitney U-test.
bChi-square test.

BMI, body mass index; DBP, diastolic blood pressure; IQR, interquartile range; n, participant number; SBP, systolic blood pressure.
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Table 2. Echocardiographic Parameters

Parameters People with HIV, n =61 Control Group, n=30 P
LVEDD, mm, median (IQR) 45 (42.5-47.5) 44 (40-46) .255¢°
LVESD, mm, median (IQR) 28 (27-30) 27.5(25-30) .467°
IVS, mm, median (IQR) 9(8-10) 8.5(7-10) .025°
PW, mm, median (IQR) 9(8-10) 8(7-9) .003
E, cm/s, mean (S) 74 (+13.3) 85 (+13.6) .001°
A, cm/s, median (IQR) 58 (50-74) 60 (54-66) 893
E/A, mean (S) 1.26 (+0.38) 1.39 (+0.28) .093¢
e, cm/s, median (IQR) 13.5(10.5-15.5) 12 (10.3-13.6) 32
E/e’, median (IQR) 594 (4.9-6.9) 7,27 (6.3-7.9) <.001®
LAVI, ml/m? median (IQR) 17 (13-21) 15 (12-19) .016P
TRV, m/s, median (IQR) 1.7 (1.5-2.2) 2(1.8-21) .094°
RA area, cm?, median (IQR) 11.5(10.2-13.4) 11.8 (10.3-14) .694°
RA volume, m? median (IQR) 28 (22.8-36) 26.8 (21.9-35) .587°
RVannularD, mm, mean (S) 33 (+3.93) 33.27 (+3.84) .758¢°
Pulmonary artery diameter, mm, median (IQR) 19 (17.5-21) 19 (17-20.2) .302°
PAT, ms, mean, (S) 127.49 (+21.65) 131.6 (+24.09) .415¢
PAS, Hz/ms, median (IQR), n=78 2417 (17.84-311) 22.22 (13.9-27.64) .215°
IVC, mm, mean (S) 15.9 (+2.86) 17.7 (+2.03) .003°
sPAP mm Hg, mean (S) 18.21(+5.57) 19.02 (+4.19) .437°
TAPSE, mm, median (IQR), 22 (19-24) 21(19-22) .254°
pPTT, ms, median (IQR) 127.5 (107-150) 457 (166-491) <.001®

Bold valuesindicate P < .05.

°Student’s t-test.

®Mann—Whitney U-test.

A, mitral flow A wave; e’, tissue Doppler e’ wave; E, mitral flow E wave; IQR, interquartile range; IVC, inferior vena cava; IVS, interventricular
septum thickness; LAVI, left atrial volume index; LVEDD, left ventricle end-diastolic diameter; LVESD, left ventricle end-systolic diameter; n,
participant number; PAS, pulmonary arterial stiffness; PAT, pulmonary acceleration time; pPTT, pulmonary pulse transit time; PW, posterior wall
thickness; RA, right atrium; RVannularD, right ventricle annular diameter; S, standard deviation; sPAP, systolic pulmonary arterial pressure; TAPSE,
tricuspid annular plane systolic excursion; TRV, tricuspid valve regurgitation velocity.

increased significantly from 1.77 m/s (IQR: 1.5-2.2 m/s) to 1.8
m/s (IQR:1.59-2.22 m/s) (P =.008).

Tricuspid E velocity increased from 54.8 + 11.5 cm/s at rest to
58.5 + 13.4 cm/s after 6-MWT (P=.014), and sPAP increased
from 18.21+ 5.57 mm Hg at rest to 19.26 + 6.53 mm Hg after
6-MWT (P=.014) (Table 3).

12,50+ o

10,00
In 2 separate univariate analyses, CD4+ count atinitial diag-
@ nosis, total cholesterol, mitral E to A ratio post-Valsalva
maneuver, and sPAP were identified as significant predic-
tors of pPTT. Additionally, mitral E velocity after 6-MWT
and post-Valsalva maneuver, TRV after 6-MWT, IVC diam-
eter after 6-MWT, and sPAP after 6-MWT were also signifi-
cantly associated with pPTT. Univariate analysis revealed
no significant association between pPTT and obesity, over-
weight status, smoking, or alcohol consumption. In the mul-
tiple analysis, CD4+ count at diagnosis, sPAP, mitral E/A ratio
post-Valsalva maneuver, and TRV after 6-MWT remained
significant predictors of pPTT (Table 4).
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Figure 1. Correlation of the CD4+ count at the time of

. . - Cardiac findings were assessed via TTE at rest and after
diagnosisandE/e’' parameterinthe PWH (P=.010,r=-0.348).

6-MWT in PWH. The primary findings included a weak
inverse correlationbetween CD4+ countatdiagnosisandthe

CD4+ count.
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Table 3. The Comparison of Cardiac Functions of Rest and After 6-Minute Walk Test Parameters in People with HIV

Parameters Rest 6-MWT P
Mitral E, cm/s, mean (S) 74.8 (£13.3) 84.6 (+16.7) <.001°
Mitral A, cm/s, median (IQR) 58 (50-74) 66 (58.5-82) <.001*
Mitral E/A, median (IQR) 1.3(0.95-1.52) 1.26 (1.08-1.49) .559°
Valsalva E, cm/s, median (IQR) 60 (53-76) 64 (52.5-75) .215°
Valsalva A, cm/s, median (IQR) 54 (47-67.5) 57 (45.5-72) 413
Valsalva E/A, median (IQR) 112 (0.81-1.47) 116 (0.91-1.38) .733b
e, cm/s, median (IQR) 13.5(10.5-15.5) 14 (11.5-16.5) <.001*
E/e’, median (IQR), 59(4.9-6.9) 6.26 (5.1-7.3) .028°
TRV, m/s, median (IQR) 1.77 (1.5-2.2) 1.8 (1.59-2.22) .008*
Tricuspid E, cm/s, mean (S) 54.8 (£11.5) 58.5(+13.4) .014¢
Tricuspid A cm/s, mean (S) 48.4 (+12.7) 49 (£12.2) .689°
Tricuspid E/A, mean (S) 1.2 (+0.3) 1.2 (+0.3) .465°
IVC, mm, mean (S) 15.92 (+2.86) 15.7 (£2.91) .435¢°
sPAP, mm Hg, mean (S) 18.21(+5.57) 19.26 (+6.53) .014°

Bold valuesindicate P < .05.
°Student’s t-test.
®Mann—Whitney U-test.

6-MWT, 6-minute walk test; e', tissue Doppler e’ wave; IQR, interquartile range; IVC, inferior vena cava; Mitral A, mitral flow A wave; Mitral E, mitral
flow E wave; n, participant number; S, standard deviation; sPAP, systolic pulmonary arterial pressure; TAPSE, tricuspid annular plane systolic
excursion; TRV, tricuspid valve regurgitation velocity.

Importantly, no definitive evidence of PH or overt DD was
observed. Although individuals with CD4+ counts <350/mm?
exhibited slightly higher E/e’ ratios, these values remained

E/e' ratio, modest increases in IVS and PW thickness, reduc-
tions in E velocity and pPTT, and a statistically significant
yet clinically modest after 6-MWT increase in the E/e’ ratio.

Table 4. Univariate and Multiple Analyses of Determinants of Pulmonary Pulse Transit Time

Univariate Analysis

Variables Coefficient (95% Cl) P

Overweight (BMI: 25.0-29.9) + Obesity (BMI > 30) —0.049 (—67.496-47106) 723
Obesity (BMI > 30) —0.11(-151.611-50.111) .320
Alcohol consumption 0.103 (—67.823-147.683) .460
Smokers 0129 (—34.296-94.103) .35
CRP 0117 (—6.571-2.746) 41

CD4+/CD8+ ratio 0.09 (-54.199-109.419) .5

CD4+ count atinitial diagnosis 0.317 (0.02-0.25) .022
Total cholesterol —0.292 (-1.745-0.065) .035
Mitral E to A ratio post Valsalva 0.310 (11.2-113.1) .018
sPAP 0.259 (0.014-9.5) .049
Mitral E velocity after 6-MWT and post-Valsalva 0.302(0.233-2.786) .021
TRV after 6-MWT 0.27 (5.5-235.5) .04
IVC diameter after 6-MWT 0.304 (1.33-16.1) .022
sPAP after 6-MWT 0.269 (0.178-811) .041

Multiple Analysis

CD4+ count atinitial diagnosis 0.365(0.048-0.263) .006
sPAP 0.273(0.255-9.967) .04
Total cholesterol —0.241(-1.537-0.047) .07
Mitral E velocity after 6-MWT and Valsalva 0.291(0.114-2.803) .034
TRV after 6-MWT 0.345(33.1- 2751) .014
IVC diameter after 6-MWT 0.219 (-1.573-14.15) n

sPAP after 6-MWT 0.091(-2.79-5.67) .5

6-MWT, 6-minute walking test; BMI, body mass index; CRP, C-reactive protein; IVC, inferior vena cava; sPAP, systolic pulmonary arterial pressure;

TRV, tricuspid valve regurgitation velocity.
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within the normal reference range. In the multiple analysis,
pPTT remained significantly associated with CD4+ count
at diagnosis, sPAP, mitral E/A ratio post-Valsalva maneuver,
and TRV after 6-MWT. No significant structural or diastolic
functional differences were identified between users of
new-generation integrase inhibitors or between users and
non-users of protease inhibitors, despite their established
associations with HIV-related CVD and hyperlipidemia.?
This may reflect the relatively young and otherwise healthy
profile of the study cohort, except for smoking.

Obesity is a well-established risk factor for cardiovascu-
lar mortality. Previous studies have demonstrated that
increased BMI and systolic blood pressure (SBP) are associ-
ated with greater IVS and PW thickness.?* However, in this
study, BMI and SBP were comparable between groups, and
while IVS and PW thicknesses were higher in PWH, the dif-
ferences were minor. These subtle structural changes may
notrepresent early pathological hypertrophy, and their clini-
cal relevance remains uncertain. Furthermore, no significant
associations were observed between reduced pPTT and
obesity, overweight status, smoking, or alcohol consumption
among PWH.

Longitudinal studies are warranted to better understand
the clinical relevance of the echocardiographic changes
observed in this population. Although LV hypertrophy (LVH)
has been associated with chronic inflammatory conditions
such as systemic lupus erythematosus (SLE) and rheumatoid
arthritis, the applicability of these findings to PWH remains
speculative.??¢ Although HIV itself does not directly infect
pulmonary vascular or endothelial cells, HIV-associated pro-
teins (e.g., gp120, Tat) and chronic inflammation may con-
tribute to endothelial dysfunction. Inflammatory pathways
activated by co-infections commonly seen in PWH may also
play a role in pulmonary vascular remodeling, potentially
contributing to the development of PAH.?2 Nonetheless,
the structuraland functionalchangesobservedinthe cohort,
such as mild wall thickening and subtle diastolic alterations,
were within a borderline or subclinical range and should not
be interpreted as definitive evidence of myocardial pathol-
ogy. Although cardiac magneticresonanceimaging (MRI) was
not performed, which could have provided furtherinsight, an
earlier MRI-based study of 90 asymptomatic PWH and 39
uninfected controls, all without known coronary artery dis-
ease, found increased levels of myocardial fibrosis.*

An elevated E/e’ ratio has been associated with increased
CVD risk and mortality and may serve as an early marker
for heart failure with a preserved EF (HFpEF). In this study,
HIV-infected individuals with CD4+ counts <350/mm? exhib-
ited slightly higher E/e’ ratios compared to those with CD4+
counts>350/mm?; however, these valuesremained within the
normal referencerange. Aweakinverse correlation between
CD4+ countand E/e’ ratio was observed, suggesting a poten-
tial relationship between immune status and diastolic func-
tion. While lower CD4+ T lymphocyte levels have been linked
to chronic systemic inflammation,** which may contribute
to cardiovascular alterations, the clinical significance of the
observed E/e’ differencesin the asymptomatic and relatively
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young population remains uncertain. Moreover, the lack of
association between C-reactive protein (CRP) levels and
reduced pPTT in the study further underscores the need for
cautious interpretation of inflammatory markers and their
relationship with subclinical echocardiographic changes.

A study from West Africa reported an association between
reduced LV function and severe DD in PWH with CD4+ T lym-
phocyte counts below 500 cells/mm?.>*> However, that study
involved participants with more advanced diastolic abnor-
malities than those included in the cohort. In contrast, the
study population consisted exclusively of asymptomatic, rel-
atively young individuals without major cardiovascular risk
factors, and participants with DD of grade 2 or higher were
excluded. The subtle echocardiographic changes observed,
such as borderline variations in diastolic parameters, may
reflect early functional alterations potentially linked to
HIV infection, although these findings must be interpreted
with caution. Given that HIV was well controlled in the par-
ticipants, the extent to which these subclinical changes
are attributable to viral effects versus incidental variation
remainsunclear. Previous studies, such asthat by Hsue et al 3¢
have suggested a potential link between HIV infection and
LVH or DD, but the findings do not provide definitive support
for such associations and should be considered preliminary.

In the study by Hsue et al,®* 50% of asymptomatic HIV-
positive patients demonstrated evidence of mild DD on TTE,
compared to 29% of control subjects. Notably, the E/e’ ratio
was higher in individuals with CD4+ counts below 350/mm?,
suggesting that immune dysfunction may contribute to ele-
vated E/e' values. However, this relationship remains asso-
ciative and does not establish causality. In contrast, Mondy
et al*’ reported a DD prevalence of 26%; however, their
analysis found no significant association between the pres-
ence of DD or LVH on TTE and markers of HIV disease status,
such as elevated viremia, CD4+ nadir, or CD4+ count at the
time of echocardiography. These contrasting findings high-
light the heterogeneity across study populations and meth-
odologies. The ongoing Characterizing Heart Function on
Antiretroviral Therapy (CHART) study, which prospectively
enrolls PWH both with and without DD, as well as a non-
HIV control group with DD, is well positioned to investigate
associations between LVH, DD, and immune status indepen-
dently of traditional cardiovascular risk factors.*®

Previous studies have reported DD and LVH as among the
most commonly observed echocardiographic abnormalities
in PWH.**4' This contrasts with earlier literature, which com-
monly identified pericardial disease as the most prevalent
abnormality, followed by myocardial disorders. Only mild
structural and diastolic changes were found, all of which
were still within normal limits.

In diagnosing PH, pPTT, which measures the interval from
the onset of the pulmonary artery pulse wave to its arrival in
the left atrium, is being explored as a novel parameter. First
demonstrated by Wibmer et al,*? pPTT was found to be sig-
nificantly shorter in patients with SLE and PH compared to
controls. Furthermore, a shorter pPTT duration was asso-
ciated with increased vascular wall stiffness. While these
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findings suggest a possible role for pPTT in assessing pul-
monary vascular alterations, its utility as a diagnostic tool
remainsunderinvestigation, and further validationis needed
before its routine clinical application can be recommended.

In 2 studies involving individuals with SLE and systemic scle-
rosis without established PH, pPTT was reported to be lower
than in controls. A negative correlation was also observed
between pPTT and both disease duration and sPAP. The
authorssuggested thatthereductioninpPTTinearly disease
stages may reflect early pulmonary vascular changes.*44In
this study, a reduction in pPTT was observed among PWH
compared to controls. While this finding aligns with previous
reports, the underlying mechanisms remain uncertain. It is
possible that factors such as decreased arterial compliance,
vascular remodeling, or chronic inflammation contribute to
this observation in PWH. However, these remain hypotheses
requiring further investigation. Notably, no significant dif-
ferencesin PAS or CRP levels were observed between groups.
Although reduced pPTT was statistically associated with
CD4+ count atdiagnosis, sPAP, mitral E/A ratio post-Valsalva
maneuver, and TRV after 6-MWT, the clinical significance of
these associations should be interpreted with caution, given
the cross-sectional nature of the data and the modest effect
sizes.

Study Limitations

This study is limited by its relatively small sample size and
single-center design. A single cardiologist performed TTE
due torestrictionsduring the COVID-19 pandemic. The dura-
tion of HIV diagnosis in PWH was unknown. The PWH were
more likely to be overweight, smokers, and alcohol consum-
ers, which may have influenced echocardiographic findings.
Matching between groups was not performed for potential
confounding factors such as genetic background and body
weight. Cardiac MRI could not be obtained due to restric-
tions during the COVID-19 pandemic.

Additionally, the cross-sectional design precludes the estab-
lishment of a causal relationship between HIV infection and
the observed cardiacabnormalities. Inthe controlgroup, dia-
betes mellitus and hypertension were excluded solely based
on medical history, without further laboratory or imaging
confirmation. Comorbidities such as coronary artery dis-
ease, chronic obstructive pulmonary disease, obstructive
sleep apnea syndrome, and acute or chronic renal failure,
which could have influenced echocardiographic findings,
were excluded based on patient history and routine blood
tests. However, further imaging studies were not performed
due to restrictions during the COVID-19 pandemic.

CONCLUSION

With the advent of HAART, life expectancy among PWH
has significantly increased. However, this population
remains at elevated risk for CVD, highlighting the impor-
tance of early detection to reduce morbidity and mortality.
In this study, certain echocardiographic parameters, such
as increased IVS and PW thickness, modest elevations in
E/e’ ratio, and reduced pPTT, were statistically significant
in PWH compared to controls. These findings may reflect

Ozan Kése et al. Evaluation of Cardiac Findings in People

early subclinical changes in myocardial or pulmonary vas-
cular function. However, it is important to interpret these
changes with caution. Most echocardiographic parameters
remained within normal limits, and the clinical relevance
of borderline variations remains uncertain. While reduced
pPTT was associated with CD4+ count at initial diagno-
sis, mitral E/A ratio post-Valsalva maneuver, and TRV after
6-MWT, the observed differences were modest and require
validation in larger, longitudinal studies. Similarly, elevated
E/e' ratios in participants with CD4+ counts below 350 may
suggest a trend toward DD, but fall short of indicating clini-
cally overt heart failure. These findings suggest that echo-
cardiographic assessment, including pPTT, E/e’, IVS, and
PW thickness, could potentially serve as adjunct tools in
the early evaluation of cardiovascular involvement in PWH.
Furthermore, changes in diastolic indices could aid in moni-
toring disease progression or regression. The pPTT, in par-
ticular, may offer insight into the pulmonary vascular status
and right ventricular adaptation. Nonetheless, their utility
as predictive or diagnostic markers requires further investi-
gation. Larger prospective studies using multimodal imag-
ing and incorporating long-term clinical outcomes will be
essential to determine the significance of these preliminary
observations.
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