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Abstract
AIM: To evaluate cardiac function and structure in un-
treated human immunodeficiency virus (HIV) patients 
without clinical evidence of cardiovascular disease.

METHODS: Fifty-three naïve untreated HIV-infected 
patients and 56 healthy control subjects underwent 
clinical assessment, electrocardiography (ECG) and 
echocardiography, including tissue doppler imaging. 
Moreover, a set of laboratory parameters was obtained 
from all subjects, including HIV-RNA plasma levels, 
CD4 cell counts and tumor necrosis factor-α levels. 

RESULTS: The two groups showed normal ECG traces 

and no differences regarding systolic morphologic 
parameters. In contrast, a higher prevalence of left 
ventricular diastolic dysfunction (abnormal relaxation 
or pseudonormal filling pattern) was found in the HIV 
patients (36% vs  9% in patients and controls, respec-
tively, P <0.001). 

CONCLUSION: Subclinical cardiac abnormalities ap-
pear in an early stage of the HIV infection, indepen-
dent of antiretroviral therapy. The data suggest that 
HIV per se  plays a role in the genesis of diastolic dys-
function.
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INTRODUCTION
The introduction of  highly active antiretroviral therapy 
(HAART) has greatly improved the morbidity and 
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mortality of  human immunodeficiency virus (HIV) 
patients[1]. However, the spectrum of  cardiovascular 
complications occurring in HIV infection has gradually 
evolved from opportunistic infections, such as pericar-
ditis, myocarditis and endocarditis, to clinical pictures of  
atherosclerosis such as myocardial infarction and cere-
brovascular events[2,3]. Today, more than 10% of  HIV 
patients experience cardiovascular complications that 
might have been prevented and require treatment[4]. 

Cardiovascular complications and metabolic effects 
of  highly active antiretroviral therapy are well known[5-7]. 
In particular, abnormalities of  vascular structure and 
function[8,9] and echocardiographic patterns of  diastolic 
dysfunction[10] have been frequently reported in HIV pa-
tients treated with HAART.

An unresolved issue, however, is whether HIV plays 
a role in the genesis of  the cardiovascular alterations. In 
a previous paper, we observed a reduction of  brachial 
flow mediated dilation (FMD) and an increase of  intima-
media thickness (IMT) in naïve HIV patients[11], due to 
HIV atherogenic effects and/or the associated impair-
ment of  the immunological system.

The aim of  this study was to establish whether HIV 
per se plays a role in the genesis of  cardiac abnormalities 
reported in HIV infected patients. To this end, we as-
sessed left ventricular morphology and performance in 
53 HIV-positive naïve patients without clinical history 
and/or evidence of  cardiovascular disease. Patients were 
consecutively referred to the infectious disease ambula-
tory clinic during the last year. Our study also included 
56 well-matched healthy control subjects. 

MATERIALS AND METHODS
Patients
Fifty-three HIV-positive patients, who had never re-
ceived antiviral treatment, were consecutively recruited 
from the ambulatory clinic of  the Infectious Disease 
Department of  the University of  Naples Federico Ⅱ 
during the last year, and 56 healthy HIV-negative control 
subjects recruited from university personnel, matched 
for age, sex, body mass index, and cigarette smoking 
characteristics, were enrolled in the study. 

Exclusion criteria were: co-infection with hepatitis B 
or hepatitis C virus, recent opportunistic infection, histo-
ry of  major cardiovascular events (myocardial infarction, 
transient ischemic attack or stroke), arterial hypertension, 
use of  lipid-lowering agents, glycemia > 100 mg/dL, 
body mass index > 25 kg/m2 and renal or liver disease. 
These criteria were chosen to exclude patients with a his-
tory of  cardiovascular disease. No patient was taking anti-
hypertensive or antiplatelet drugs. Clinical assessment of  
the subjects included physical examination and 12-lead 
electrocardiography (ECG).

All participants gave their informed written consent 
and the protocol was approved by the University of  
Naples Federico Ⅱ Ethics Committee.

Analytical methods
Total cholesterol, high-density lipoprotein cholesterol, 
triglycerides, glucose, homocysteine, and C-reactive pro-
tein values were determined using standard laboratory 
procedures. HIV-RNA plasma levels (copies/mL) were 
determined by ultrasensitive assay (Roche diagnostics). 
CD4 cell counts were determined by flow cytometry. Tu-
mor necrosis factor (TNF)-α assays were performed by 
a chemiluminescent enzyme immunometric method. 

Echocardiography
Echocardiography was performed in each subject accord-
ing to the recommendations of  the American Society of  
Echocardiography[12]. An ultrasound system equipped 
with a 2.5 MHz multifrequency transducer (Aplio XG 
imaging system, Toshiba, Japan) was used for complete 
M-mode, two-dimensional, doppler and tissue doppler 
imaging (TDI) echocardiographic analyses. Electrocardio-
graphic leads were connected and patients were laid in the 
left lateral position and examined in standard parasternal 
long and short axis and apical views. Data were recorded 
digitally for further blinded offline analysis. Measure-
ments were based on the average of  three cardiac cycles. 
Global intra- and interobserver coefficients of  variation 
were < 7%. A blinded investigator (U.O.) read the echoes 
offline. 

M-mode and two-dimensional measures of  left ven-
tricular (LV) architecture were assessed according to 
standard formulae. The methods are described in detail 
elsewhere[13]. The following systolic parameters were 
measured: LV diameters in end diastole and end systole, 
interventricular septum and LV posterior wall thickness 
in diastole and systole. LV ejection fractions were as-
sessed using Simpson’s biplane rule using conventional 
apical four- and two-chamber views. 

Diastolic function indices were first analyzed by 
pulsed doppler recordings, with the sample volume 
located between the tips of  the mitral leaflets. The fol-
lowing parameters of  diastolic function were measured: 
peak velocity of  early (E wave) and late (A wave) mitral 
outflow and the E/A ratio, mitral deceleration time (Dct), 
and the isovolumic relaxation time (IVRT) defined as 
the time interval between aortic valve closure and mitral 
valve opening. 

Quantitative diastolic data were derived from TDI 
analysis. The sample volume (4 mm3) was placed in the 
left ventricular basal portions of  the septal and lateral 
walls (using the four chambers images) and each param-
eter was calculated as the mean of  both measures. The 
following parameters were derived: early (Em) and late 
(Am) diastolic velocities and the Em/Am ratio. The com-
bined index E/Em ratio, a method of  estimating LV fill-
ing pressures[14], was also calculated. 

Statistical analysis
The data are expressed as mean ± SD. Comparisons of  
echocardiographic and TDI parameters between HIV 
patients and controls were performed by the unpaired 
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Student’s t-test. Pearson’s correlation was used when ap-
propriate. Statistical analysis was performed using the 
SPSS package (SPSS Inc., Chicago, IL).

RESULTS
The two groups (HIV patients and control subjects) 
were similar in terms of  sex, age, and body mass index. 
Blood pressure levels, metabolic parameters and bio-
markers were comparable in the two groups (Table 1). 
Physical examination did not show any alteration and 
electrocardiographic data were in the normal range in all 
subjects. 

The viral load, the duration of  infection, the immu-
nological data and the cytokine TNF-α mean values are 
reported in Table 2. The duration from HIV-infection 
and study enrollment was 29.7 ± 28.0 mo. We did not 
detect patients who remained untreated for more than 
5 years after HIV infection. As shown in Table 2, a sig-
nificant difference was observed between the TNF-α 
values in HIV patients and controls (P < 0.001).

The LV ejection fraction was in the normal range 
both in HIV patients and controls. No differences re-
garding systolic morphologic parameters were found 
between the two groups (Table 3). 

Data of  diastolic function are reported in Table 4. 
HIV patients with an E/A ratio < 1 were considered to 

have an abnormal relaxation pattern. Patients with an 
E/A ratio > 1, and a TDI diastolic parameter Em/Am < 
1, were considered to have a pseudonormal relaxation 
pattern. An abnormal relaxation pattern was detected in 
16 patients (30%) and 4 controls (7%). Using TDI find-
ings in subjects with an E/A ratio > 1, pseudonormal-
ized flow patterns were observed in 3 more patients (6% 
of  HIV patients) and in 1 control subject (2%). Taken 
together, 36% of  the HIV patients showed an altered 
diastolic filling pattern (abnormal relaxation or pseudo-
normal filling) compared with 9% in the control group (P 
< 0.001).

Among all altered diastolic parameters, the E/A ratio 
(r = -0.84, Figure 1A) and the combined index E/Em (r = 
0.83, Figure 1B) were strongly correlated with viral loads. 
We next analyzed the diastolic data in HIV naïve patients 
in relation to the circulating levels of  TNF-α, using a 
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Table 1  Clinical and laboratory parameters of HIV patients 
and control subjects (mean ± SD)

HIV patients 
(n  = 53)

Control subjects 
(n  = 56)

Sex (M/F) 36/17 38/18
Age (yr)   38 ± 7   39 ± 8
Body mass index (kg/m2)   22 ± 3   23 ± 3
Current smoking (%) 38 36
Systolic blood pressure (mmHg) 128 ± 5 120 ± 9
Diastolic blood pressure (mmHg)   78 ± 3   76 ± 7
Total cholesterol (mg/dL)   158 ± 27   160 ± 33
HDL cholesterol (mg/dL)   44 ± 4   45 ± 6
Triglycerides (mg/dL)   127 ± 45   125 ± 40
Glucose (mg/dL)     80 ± 14     82 ± 13
Homocysteine (mg/dL)   11.5 ± 5.1     8.1 ± 4.3
High-sensitivity C reactive protein 
(mg/L) 

    0.68 ± 0.79     0.47 ± 0.35

HIV: Human immunodeficiency virus.

Table 2  Viral and immunological parameters of HIV patients 
and controls (mean ± SD)

HIV patients 
(n  = 53)

Control subjects 
(n  = 56)

HIV-RNA (copies/mL)    9.754 ± 13.172
Duration of HIV infection (mo)  29.7 ± 28.0
CD4+ (cells/mm3)  370 ± 295
TNF-α (pg/mL) 18 ± 9b 8 ± 6

bP < 0.001 vs controls. TNF-α: Tumor necrosis factor α.

Table 3  Systolic function in HIV patients and control subjects 
(mean ± SD)

HIV patients 
(n  = 53)

Control subjects 
(n  = 56)

M-mode measurements 
   LV-ED dimension (mm) 45.6 ± 5.9 46.2 ± 5.1
   LV-ES dimension (mm) 31.1 ± 5.9 30.7 ± 6.5
   LV-IS diastole (mm) 10.30 ± 2.03   9.90 ± 3.30
   LV-IS systole (mm) 13.20 ± 2.85 13.10 ± 3.20
   LV-PW diastole (mm)   9.06 ± 2.30   9.30 ± 2.50
   LV-PW systole (mm) 12.9 ± 2.7 11.8 ± 3.1
B-mode measurements
   EDV  (mL) 107.6 ± 29.9 110.0 ± 33.6
   ESV (mL)   44.2 ± 16.5   42.0 ± 17.1
   LV-EF ( biplane Simpson's) (%) 63.3 ± 7.1 65.1 ± 8.2
   SV (mL)   26.0 ± 20.8   24.6 ± 18.9
   LV-ET (ms) 308.0 ± 40.8 306.0 ± 41.2

LV-ED: Left ventricular end diastole; LV-ES: Left ventricular end systole; 
LV-IS: Left ventricular interventricular septum; LV-PW: Left ventricular 
posterior wall; EDV: End-diastolic volume; ESV: End-systolic volume; 
LV-EF: Left ventricular ejection fraction; SV: Stroke volume; LV-ET: Left 
ventricular ejection time.

Table 4  Diastolic function in HIV patients and control subjects 
(mean ± SD)

HIV patients 
(n  = 53)

Control 
subjects 

(n  = 56)

P

Transmitralic Doppler 
   Peak E wave velocity (cm/s)   62.7 ± 18.3   79.1 ± 16.4 < 0.001
   Peak A wave velocity (cm/s)   57.8 ± 15.7   65.5 ± 21.1 < 0.050
   E/A ratio   1.11 ± 0.26   1.25 ± 0.20 < 0.001
   Dct (ms) 190.7 ± 24.8 178.1 ± 26.5 < 0.050
   IVRT (ms)   98.1 ± 14.3   86.9 ± 14.4 < 0.010
Tissue Doppler
   Peak Em wave velocity (cm/s) 12.7 ± 8.2 18.9 ± 5.6 < 0.001
   Peak Am wave velocity (cm/s) 10.0 ± 6.9 14.3 ± 4.9 < 0.001
   Em/Am ratio   1.18 ± 0.36   1.36 ± 0.24 < 0.010
Combined index
   E/Em ratio   6.6 ± 3.5   4.5 ± 1.9 < 0.001

Dct: E wave deceleration time (ms); IVRT: Isovolumetric relaxation time (ms).
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cut-off  value corresponding to the upper limits of  the 
physiologic range of  the cytokine in our healthy popula-
tion (16 pg/mL). The HIV patients with TNF-α levels 
> 16 pg/mL showed lower E/A (P < 0.001, Figure 2A) 
and higher E/Em (P < 0.001, Figure 2B) indexes.

DISCUSSION
In a previous paper, we observed early vascular abnor-
malities in naïve untreated HIV-infected patients[11].

The aim of  this study was to characterize the dia-
stolic function in naïve untreated HIV-infected patients, 
consecutively referred during the last year to the Ambu-
latory Clinic of  Infectious Disease.

The appearance of  abnormalities in diastolic func-
tion certainly plays an important role in the increase of  
the cardiovascular risk in HIV treated patients. Schuster 
et al[15] observed a high prevalence (64%) of  diastolic 
dysfunction in a cohort of  HIV-positive patients receiv-
ing HAART for > 2 years with no clinical evidence of  
cardiovascular disease. However, it has proven difficult 
to distinguish the relative importance of  the main po-
tential players; i.e. HIV infection itself, HAART, and the 
metabolic abnormalities that often cluster with HIV in-
fection. 

In this paper, we present the first evidence of  dia-
stolic dysfunction in HIV-infected patients who have 
never received antiretroviral treatment. Because of  our 

exclusion criteria, the metabolic parameters of  the HIV 
patients were within normal ranges and were very similar 
to the control values. Thus, our results suggest that HIV 
per se can trigger mechanisms that lead to diastolic dys-
function at an early stage of  the infection.

HIV may impair diastolic function by inducing ab-
normalities of  both cardiomyocytes and myofibrils with a 
consequent increase of  cardiac stiffness. Indeed, Pozzan 
et al[16] showed cardiac alterations in 83% of  untreated 
AIDS patients’ necropsies. In particular, these authors 
detected cardiomyocyte apoptosis and ultrastructural 
damage, such as mithocondriosis with increased dense 
bodies, increased lipofuscin pigment granules, and reduc-
tion and disarray of  myocardial myofibrils. 

Moreover, HIV may determine diastolic dysfunction 
through the inflammatory and immunological responses 
caused by the infection and related to the viral load.

In our study, in fact, we observed a clear correlation 
between both the E/A ratio and E/Em ratio with the 
HIV-RNA copy number, suggesting that the viral load 
plays a role in the genesis of  cardiac alterations. 

Monsuez et al[17] reported cardiac involvement with 
cardiomyocyte apoptosis and an increase of  connective 
trabeculae in the course of  HIV infection primarily due 
to proinflammatory cytokines.

We also detected elevated plasma levels of  TNF-α in 
our HIV infected patients and the levels of  TNF-α were 
directly correlated with plasma HIV-RNA copies. More-
over, the diastolic indexes E/A and E/Em were more 
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Figure 1  Individual E/A and E/Em values in human immunodeficiency virus 
(HIV) patients according to viral load (r = -0.84). A: E/A values (r = -0.84); B: 
E/Em values (r = 0.83).
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Figure 2  Individual E/A and E/Em ratio values in HIV patients subdivided 
into two subgroups according to tumor necrosis factor (TNF)-α levels. A: 
E/A ratio values; B: E/Em ratio values.
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often altered in HIV patients with increased TNF-α val-
ues, and high levels of  TNF-α have been reported in pa-
tients with coronary artery disease who showed diastolic 
dysfunction but preserved systolic function[18]. 

In conclusion, our data support the hypothesis that 
HIV per se can play a role in the genesis of  diastolic dys-
function detected in our patients from an early stage of  
the infection. 

The major limitation of  the study is represented 
by the absence of  structural findings in our “naïve pa-
tients”, such as histological samples of  cardiomyocytes 
infected by HIV. For these reasons, the relation between 
the diastolic dysfunction observed in our patients and 
HIV infection must be considered a strong association, 
but not a clear cause-effect relationship. Further studies 
with possible tissue analysis and findings suggestive of  
HIV infection derived from the cardiac muscle before 
starting HAART protocols are needed to confirm the 
hypothesis that HIV is responsible for the genesis of  the 
impairment of  the cardiac diastolic indexes.

However, cardiovascular risk assessment and regular 
cardiovascular evaluation, including echocardiography, 
should be considered in HIV infected patients from the 
beginning of  the disease. The early detection of  cardio-
vascular involvement might be useful in order to start 
a program of  preventive medicine as soon as possible, 
which should be instituted even if  the clinical relevance 
of  early diastolic dysfunction and the eventual progres-
sion to diastolic heart failure or HIV cardiomyopathy 
have not been completely clarified. This program should 
primarily include the treatment of  coexisting risk factors 
(e.g. diabetes, hypertension and dislipidemia) and lifestyle 
interventions, restricting pharmacologic treatments to 
selected cases with early signs of  diastolic heart failure[19]. 

COMMENTS
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