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Abstract
Background: Patients with human immunode�ciency virus (HIV) are at a signi�cantly higher risk of
cardiovascular disease compared to the general population, and cardiovascular disease (CVD) is a
signi�cant cause of death in patients with acquired immune de�ciency syndrome (AIDS). Accurate
assessment of the cardiac function status of HIV-infected patients is important to guide clinical
treatment and improve the prognosis. The aim of this study was to investigate structural and functional
alterations in the left heart in antiretroviral therapy (ART)-naive HIV infected patients and their associated
risk factors for the development of left ventricular diastolic dysfunction (LVDD).

Methods: We retrospectively included 105 ART-naive HIV-infected patients and 40 healthy subjects who
underwent physical examination during the same period and performed echocardiography to compare
the differences in the left heart structure and function between HIV-infected patients and healthy
subjects. Univariate and multifactorial logistic regression were employed to explore the risk factors of the
development of LVDD in ART-naive HIV-infected patients.

Results: The left ventricular end-diastolic internal diameter (LVEDD), left ventricular mass index (LVMI),
and left atrial volume index (LAVI) were signi�cantly greater in HIV-infected patients than in controls (p
0.05). Left ventricular ejection fraction (LVEF) and left ventricular fractional shortening (LVFS) were not
signi�cantly different between HIV-infected patients and controls (p 0.05). The ratio of peak early-
diastolic �ow velocity to peak end-diastolic �ow velocity (E/A), early diastolic mitral annular velocity (e'),
and deceleration time (DT) of early left ventricular �lling were signi�cantly lower in HIV-infected patients
than in controls (p 0.05). Multifactorial logistic regression analysis showed that age, body mass index
(BMI), and CD4+ count were independent in�uencing factors for LVDD in ART-naive HIV-infected patients
(OR=2.094, 1.229, 0.642, p 0.05).

Conclusions: Left ventricular systolic function did not differ between HIV-infected patients and controls,
and left ventricular diastolic function was lower in HIV-infected patients than in controls. Age, BMI, and
CD4+ count were independent factors affecting LVDD in ART-naive HIV-infected patients.

Trial registration: ChiCTR1900021008 2019/01/24

Background
Acquired immunode�ciency syndrome (AIDS) is a public health issue of global concern. Human
immunode�ciency virus (HIV)-speci�c invasion of CD4 + T lymphocytes leads to severe immune
de�ciency, which can cause damage to organs and tissues in various systems throughout the body. The
risk of cardiovascular disease (CVD) is signi�cantly higher in HIV-infected patients than in the general
population and that CVD has become an important cause of death in HIV-infected patients [1, 2]. Damage
to the cardiovascular system in HIV-infected patients is often subclinical, and its symptoms are easily
masked by other comorbidities. With the prolonged survival of patients with AIDS, the number of patients
with cardiac damage has gradually increased, and types of cardiac involvement have diversi�ed,
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including pericardial effusion, myocarditis, and endocarditis. Left heart dysfunction is the most common
cardiac complication in HIV-infected patients, and diastolic dysfunction is an important predictor of
cardiovascular events [3, 4]. Timely and accurate assessment of the cardiac function status in HIV-
infected patients is important to guide the clinical treatment and improve the management of patients
with AIDS.

Previous studies have focused on cardiac involvement in HIV-infected patients after antiretroviral therapy
(ART) [4], and one study showed a four-fold increase in the annual incidence of myocardial infarction in
HIV-infected patients after the introduction of highly active antiretroviral therapy (HAART) compared to
before the introduction of HAART [5]. The high risk of CVD in HIV-infected patients is associated with ART,
such as the use of protease inhibitors [6]. A few studies have reported the cardiac structure and function
in HIV-infected patients who had not received ART. Simultaneously, the risk factors for cardiac
impairment are unclear, and no clear conclusions have been drawn on whether cardiac impairment
correlates with the degree of CD4 cell involvement.

The aim of this study was to detect changes in the left cardiac structure and function in ART-naive HIV-
infected patients using echocardiography and investigate the risk factors of the development of left
ventricular diastolic dysfunction (LVDD) to provide a reference for selecting subsequent antiviral
regimens and managing CVD in HIV-infected patients.

Methods

Population
This was a case–control study in which we retrospectively included 105 patients with an initial con�rmed
HIV-positive diagnosis who attended the AIDS Clinic at Beijing Youan Hospital, Capital Medical University,
from January 2021 to April 2022. Inclusion criteria were: (1) HIV infection con�rmed by both initial
screening and con�rmatory tests, (2) no initiation of antiretroviral therapy, (3) age of 18–60 years, and (4)
available clinical and laboratory data. Exclusion criteria were: (1) comorbid congenital or acquired cardiac
disease, (2) comorbid cardiac arrhythmias, (3) comorbid respiratory disease, (4) comorbid chronic kidney
disease, (5) comorbid severe HIV-related complications, and (6) breastfeeding or pregnant women. Forty
age- and sex-matched HIV-negative healthy subjects who underwent physical examination with complete
clinical data in the same time period were included in the control group. This retrospective study was
exempted from informed consent and approved by the Research Ethics Committee of Beijing Youan
Hospital, Capital Medical University.

Clinical Evaluation
General information, including age, sex, body mass index (BMI), disease history, and HIV exposure, was
collected from the subjects by two investigators, and laboratory data, including total cholesterol (TC),
triglycerides (TG), low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C),
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CD4 + T lymphocyte count, CD4+/CD8 + ratio, HIV RNA copies, within 1 week of echocardiography were
retrieved.

Echocardiography
Complete transthoracic echocardiography was performed for all subjects using the ACUSON SC2000
ultrasound scanner (4V1c probe, Siemens, Germany). Image acquisition and measurements were
performed by two experienced sonographers in accordance with the latest guidelines recommended by
the American Society of Echocardiography [8]. Left atrial diameter (LAD), left ventricular end-diastolic
diameter (LVEDD), left ventricular end-systolic diameter (LVESD), interventricular septum thickness
(IVST), and left ventricular posterior wall thickness (LVPWT) were measured under the parasternal long-
axis view. Biplane Simpson’s method was used to measure left ventricular ejection fraction (LVEF) and
left ventricular fractional shortening (LVFS), a normal LVEF was > 55%. In the apical four-chamber view,
the pulsed-wave Doppler technique was used to measure peak early-diastolic �ow velocity, peak end-
diastolic �ow velocity, and E-wave deceleration time (DT) to calculate the E/A ratio of the mitral valve;
tissue Doppler imaging was employed to measure early-diastolic mitral annular velocity and calculate the
ratio of E to the mean e' (E/e') in early diastole.

At the end of ventricular systole, the endocardium of the left atrial wall was labelled in the apical four-
and two-chamber views, respectively, to obtain biplane Simpson's left atrial volume (LAV), and the left
atrial volume index (LAVI) was calculated by dividing LAV by body surface area (BSA). Left ventricular
mass (LVM) was calculated according to the formula recommended by Devereux et al [8]: LVM (g) = 0.8*
[1.04*(IVST + LVPWT + LVEDD) 3-LVEDD3] + 0.6(g), and the left ventricular mass index (LVMI) was
obtained by dividing LVM by BSA.

We assessed left ventricular diastolic function according to the 2016 ASE/EACVI guidelines [9]. When
sinus rhythm and LVEF were normal, at least three of the following conditions needed to be met to
suggest LVDD: (1) mean E/e' ratio > 14 cm/s, (2) septal e' <7 cm/s and/or lateral e' <10 cm/s, (3)
Tricuspid regurgitation peak velocity (TRPeak) > 2.8 m/s, and (4) LAVI > 34 mL/m2.

Statistical analysis
Statistical analyses were performed using SPSS 25.0 software. Normality and variance homogeneity
tests were carried out for quantitative data and those with normal distribution are expressed as mean ± 
standard deviation (x¯± s), inter-group comparisons were carried out using independent-samples t-test;
and those with non-normal distribution are expressed as median (P25-P75), inter-group comparisons
were carried out using the Mann–Whitney U test. Qualitative data are expressed as number (percentage),
and the χ2 test was used for inter-group comparisons. Risk factors for LVDD in ART-naive HIV-infected
patients were analyzed using univariate and multifactorial logistic regression, and variables with p < 0.10
in the univariate analysis were included in the multivariate logistic regression model. A forward stepwise
iterative method was used for the multivariate regression analysis. A two-sided test was used, and a
difference with p < 0.05 was considered to be statistically signi�cant.
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Results

Population
The basic characteristics of the enrolled ART-naive HIV-infected patients and control group are detailed in
Table 1. A total of 105 HIV-infected patients were enrolled, with a mean age of 39.1 ± 9.2 years, including
92 men. The control group comprised 40 subjects with a mean age of 37.7 ± 8.8 years, including 32 men.
There were no signi�cant differences in age, sex, BMI, hypertension, diabetes, or smoking history between
HIV-infected patients and controls (p > 0.05). TC and HDL-C were signi�cantly lower and TG was
signi�cantly higher in HIV-infected patients than in controls (p > 0.05).

Table 1
Demographic and clinical characteristiecs of HIV-infected patients and controls

  HIV-infected patients (n = 105) Controls (n = 40) t/Z/χ2 P value

Age (years) 39.1 ± 9.2 37.7 ± 8.8 0.854 0.395

Male (n, %) 92 (87.6%) 32 (80.0%) 1.358 0.244

BMI (Kg/m2) 22.8 ± 3.3 23.1 ± 2.9 -0.492 0.624

Hypertension (n, %) 12 (11.4%) 5 (12.5%) 0.032 0.858

Diabetes (n, %) 8 (7.6%) 4 (10.0%) 0.216 0.642

Smoking history (n, %) 33 (31.4%) 15 (37.5%) 0.482 0.487

HIV exposure        

Sexual (n, %) 86 (81.9%) - - -

Blood (n, %) 11 (10.5%) - - -

Unknown (n, %) 8 (7.6%) - - -

TC (mmol/L) 4.02 (3.45–4.37) 4.66 (3.81–4.98) -3.168 0.002

TG (mmol/L) 1.36 (0.98–2.04) 1.14 (0.98–1.46) -2.418 0.016

LDL-C (mmol/L) 2.45 ± 0.71 2.68 ± 0.62 -1.836 0.068

HDL-C (mmol/L) 1.13 ± 0.35 1.26 ± 0.26 -2.144 0.034

CD4+Count (cells/µL) 420 (219–594) - - -

CD4+/ CD8+Ratio 0.55 (0.34–0.78) - - -

HIV RNA copies (count/µL) 8649 (417-40291) - - -

HIV: human immunode�ciency virus; BMI: body mass index; TC: total cholesterol; TG: triglycerides;
LDL-C: low-density lipoprotein cholesterol; HDL-C: high-density lipoprotein cholesterol
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Comparison of the left heart structures between HIV-
infected patients and controls
The LVEDD, LVMI, and LAVI were signi�cantly greater in HIV-infected patients than in controls (p < 0.05).
There were no signi�cant differences in IVST, LVPWT, LAD, and LVESD between HIV-infected patients and
controls (p > 0.05) (Table 2).

Table 2
Comparison of left heart structure and function between HIV-infected patients and controls

    HIV patients (n = 
105)

Controls (n = 
40)

t/Z P
value

Cardiac
structure

IVST (mm) 8.72 ± 1.84 8.25 ± 1.53 1.446 0.150

LVPWT (mm) 8.25 ± 1.30 7.95 ± 1.06 1.293 0.198

LAD (mm) 35.08 ± 3.62 34.28 ± 3.84 1.171 0.244

LVEDD (mm) 48.47 ± 4.49 46.75 ± 3.76 2.148 0.033

LVESD (mm) 29.32 ± 3.68 28.15 ± 3.38 1.754 0.081

LVMI (g/m2) 81 (74–91) 78 (72–85) 2.102 0.036

LAVI (mL/m2) 32.49 ± 7.01 29.63 ± 6.42 2.247 0.026

Systolic
function

LVEF (%) 67.23 ± 5.69 68.68 ± 5.45 -1.384 0.169

LVFS (%) 37.30 ± 4.80 38.45 ± 4.69 -1.292 0.198

Diastolic
function

Mitral E/A ratio 0.99 ± 0.32 1.13 ± 0.30 -2.458 0.015

Average E/e’ ratio 8.89 ± 2.53 8.07 ± 3.69 1.534 0.127

Septal e’ velocity
(cm/s)

8.52 ± 1.93 9.40 ± 2.14 -2.370 0.019

Lateral e’
velocity(cm/s)

11.46 ± 1.94 12.06 ± 2.28 -1.587 0.115

DT (s) 199.57 ± 27.26 211.33 ± 26.17 -2.345 0.020

IVST: interventricular septum thickness; LVPW: left ventricular posterior wall thickness; LAD: left
atrium diameter; LVEDD: left ventricular end-diastolic diameter; LVESD: left ventricular end-systolic
diameter; LVMI: left ventricular mass index; LAVI: left atrial volume index; LVEF: left ventricular
ejection fraction; e': early diastolic mitral annular velocity; E/A: the ratio of peak early-diastolic �ow
velocity to peak end-diastolic �ow velocity; E/e': early-diastolic mitral annular velocity and calculate
the ratio of E to e'; DT: deceleration time

Comparison of left heart function between HIV-infected
patients and controls
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There were no signi�cant differences in LVEF and LVFS between HIV-infected patients and controls (p > 
0.05). E/A ratio, septal e' velocity, and DT were signi�cantly lower in HIV-infected patients than in controls
(p < 0.05). Average E/e' ratio and lateral e' velocity were not signi�cantly different between HIV-infected
patients and controls (p > 0.05) (Table 2).

We assessed the left ventricular diastolic function of subjects according to the 2016 ASE/EACVI
guidelines [9]: 62 of the 105 (59.0%) enrolled HIV-infected patients had LVDD, and 9 of the 40 (22.5%)
controls had LVDD. The prevalence of LVDD was signi�cantly higher in HIV-infected patients than in
controls (p < 0.05).

Logistic regression analysis of risk factors for LVDD in HIV-
infected patients
To investigate the factors in�uencing LVDD in ART-naive HIV-infected patients, we performed a univariate
regression analysis with the following factors as independent variables: age (per 10-year increase), BMI,
hypertension, diabetes, smoking history, TC, TG, HDL-C, LDL-C, HIV RNA (log-transformed), and CD4 + 
count (per 200 cells/µL increase) (Table 3). Variables with p < 0.1 in the univariate analysis, including age,
BMI, hypertension, TG, HDL-C, LDL-C, and CD4 + count, were included in the multivariate regression
analysis, which �nally showed that age, BMI, and CD4 + count were independent in�uencing factors of
LVDD in ART-naive HIV-infected patients, see Table 3. The risk of LVDD increased 1.094-fold for every 10-
year increase in age of HIV-infected patients, 0.229-fold for every 1 kg/m2 increase in BMI, and 0.642 for
every 200 cells/µL increase in CD4 cell count. Increased CD4 cell count is a protective factor for left
ventricular diastolic function.
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Table 3
Logistic regression analysis of risk factors associated with LVDD in HIV-infected patients

Variable Univariate Multivariate

OR (95% CI) P
value

OR (95% CI) P
value

Age (per 10 year increase) 2.059 (1.303 to
3.255)

0.002 2.094 (1.288 to
3.404)

0.003

BMI 1.249 (1.058 to
1.475)

0.009 1.229 (1.028 to
1.469)

0.024

Hypertension 3.537 (0.942 to
13.282)

0.061 - -

Diabetes 1.697 (0.413 to
6.968)

0.463 - -

Smoking history 1.323 (0.566 to
3.092)

0.518 - -

TC (mmol/L) 1.261 (0.846 to
1.879)

0.255 - -

TG (mmol/L) 1.463 (0.993 to
2.157)

0.055 - -

LDL (mmol/L) 1.631 (0.915 to
2.907)

0.097 - -

HDL (mmol/L) 0.203 (0.056 to
0.739)

0.016 - -

HIV RNA (log-transformed) 1.286 (0.892 to
1.855)

0.178    

CD4+Count (per 200 cells/µL
increase)

0.670 (0.485 to
0.926)

0.015 0.642 (0.449 to
0.918)

0.015

Discussion
Our study showed slightly increased changes in left ventricular internal diameter in ART-naive HIV-
infected patients, suggesting that HIV can cause initial changes in the cardiac structure, including an
increase in LVM [10]. Increased LVM is associated with increased all-cause mortality in both individuals
without HIV infection and children with AIDS [11, 12]. Our �ndings also suggested that the rate of
abnormal left ventricular diastolic function was signi�cantly higher in ART-naive HIV-infected patients
than in the general population and that the occurrence of LVDD was independently associated with age,
BMI, and CD4 + T lymphocyte count.

HIV infection can lead to dyslipidemia, and our study showed that ART-naïve HIV-infected patients had
signi�cantly lower HDL-C and TC and higher TG levels, consistent with the results reported in previous
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papers [13, 14]. The redistribution of visceral adipose tissue after HIV infection, and the development of
dyslipidemia are associated with peripheral fat loss and trunk fat accumulation [15, 16]. HIV infection is
associated with lipid metabolism disorders, and patients with HIV show reduced levels of HDL-C before
ART. HDL-C transports cholesterol from the vascular wall to the liver for catabolism and exerts an anti-
atherosclerotic effect. Decreased HDL-C levels are an independent risk factor for CVD. HDL-C levels in
HIV-infected patients increased signi�cantly after ART as HIV viral load decreased and CD4 + T
lymphocyte count increased. Since high HDL is a protective factor for CVD, effective ART may reduce the
risk of CVD, which suggests the need for early ART.

HIV infection is an independent risk factor for heart failure, and viral replication is associated with a high
risk of heart failure. In a cohort study, involving 2,391 and 6,095 patients with and without HIV infection,
97 HIV infected patients (4.1%) developed heart failure during a mean follow-up period of 7.3 years [17].
The most commonly used clinical evaluation markers, LVEF and LVFS, were used to assess cardiac
systolic function in our study. The results showed no signi�cant difference between LVEF and LVFS in
HIV-infected patients and controls, indicating no signi�cant change in systolic function in HIV-infected
patients, consistent with previous studies [18, 19]. Two of the 105 (1.9%) HIV-infected patients in our
study had abnormal cardiac systolic function. The low incidence of heart failure in our study may be
related to the cross-sectional study design and no long-term follow-up.

The results of our study showed that the E/A ratio, septal e' velocity, and DT were signi�cantly lower in
HIV-infected patients than in healthy controls, indicating that left ventricular diastolic function is reduced
in ART-naïve HIV-infected patients compared to healthy individuals. The main causes of ventricular
dysfunction in HIV-infected patients are: direct myocardial damage by HIV, autoimmune damage, damage
to the myocardium by increased bioactive substances, and damage to myocardial function due to
opportunistic infections [20, 21]. The prevalence of LVDD in HIV-infected patients in our study was 59.0%,
which was signi�cantly higher than the 22.5% in the control group. Previous studies have reported a
decrease in left ventricular diastolic function in 85.7% of 49 HIV-infected patients [22]. The prevalence of
LVDD in our study was lower than that in previous studies, which may be related to the fact that all
patients in our study had new-onset HIV infection, were infected with the virus for a short period of time,
and had no serious complications. Both HIV and the related immune activation and in�ammatory
responses can increase the risk of abnormal cardiac diastolic function in HIV-infected patients [23, 24].
Cardiac steatosis and myocardial �brosis may be the bases of increased cardiac dysfunction and CVD
morbidity and mortality in HIV infected patients [25, 26].

Risk factors for HIV-comorbid CVD include traditional CVD risk factors, ART-related metabolic disorders,
and chronic immune activation and in�ammation associated with HIV infection [27, 28]. In the
multivariate regression analysis, in addition to the traditional factors of increased age and increased BMI,
decreased CD4 cell count was an independent risk factor for LVDD in ART-naïve HIV-infected patients.
CD4 cells are often destroyed in large numbers as target cells for HIV infection, causing severe defects in
human immune function. The main change in AIDS is a progressive decrease in CD4 cell count until
failure, which can destroy the immune system of the patient [29]. The results of our study showed that
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the involvement of cardiac function in ART-naïve HIV-infected patients was positively correlated with the
severity of CD4 cell damage, and the more severe the immune system damage, the more severe was the
cardiac involvement. The lower the number of CD4 + cells, the greater the risk of developing LVDD, which
is a predictor of further increase in the CVD risk as HIV disease progresses. Antiviral therapy is effective in
controlling viral replication and reducing HIV-associated in�ammation. Although the bene�t of ART on
cardiac function has not been demonstrated, previous studies have shown no signi�cant deterioration in
diastolic function in HIV-infected patients after ART [18, 30]. To effectively reduce cardiac involvement in
HIV-infected patients, we recommend regular assessment of cardiac function and reminder to patients to
maintain good lifestyle habits for uncontrollable factors, such as age and BMI; and that ART should be
initiated as early as possible for controllable factors, such as CD4 cell count, thus reducing the
occurrence of cardiovascular events in HIV-infected patients.

Limitation
First, this was a single-center retrospective study with a relatively small sample size that failed to analyze
diastolic dysfunction in HIV-infected patients in a graded and detailed manner. Second, this study used
conventional echocardiography, which may have limitations in evaluating the sensitivity of changes in
cardiac function and cannot accurately re�ect the subtle effects of HIV infection on cardiac function,
particularly systolic function. Future studies should be performed with expanded sample size and
prospective longitudinal design to further evaluate the changes in cardiac structure and function in HIV-
infected patients and their relationship with ART. In addition, in the next study, newer cardiac ultrasound
techniques, such as speckle tracking imaging, should be used to accurately assess cardiac function.

Conclusion
ART-naive HIV-infected patients have a range of structural and functional cardiac changes, with LVDD
being a particularly common presentation. High age, elevated BMI, and decreased CD4 cell counts in ART-
naive HIV-infected patients are independent risk factors for LVDD. To further improve the prognosis of
HIV-infected patients, regular echocardiography is required, particularly for patients with low CD4 cell
counts, for early detecting abnormalities, initiating interventions, controlling risk factors, and reducing the
risk of CVD.
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