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ABSTRACT

Aim: The availability of antiretroviral treatments (ART) has trans-
formed Human Immunodeficiency Virus (HIV) management, turn-
ing it from a fatal infection into a manageable chronic condition by
effectively reducing viral replication and enhancing patient survival
rates. Cardiovascular disease (CVD) is increasingly recognized as
a leading cause of morbidity and death among people living with
HIV, highlighting the need to monitor potential adverse effects of
ART on the cardiovascular system. This study assessed the car-
diovascular effects of ART in a cohort of HIV-infected patients by
analyzing laboratory, echocardiographic strain, and demographic
data before and after treatment.

Material and Methods: A total of 56 patients who attended the
infectious diseases clinic and were scheduled to receive ART
treatment were included in the study. A comprehensive cardiovas-
cular assessment, comprising anamnesis, electrocardiogram, and
transthoracic strain echocardiography, was conducted before and
three months after the initiation of ART therapy.

Results: Examination of lipid parameter changes across treat-
ment regimens revealed a statistically significant elevation in total
cholesterol, low-density lipoprotein (LDL) cholesterol, and high-
density lipoprotein (HDL) cholesterol in the group treated with te-
nofovir alafenamide following treatment initiation. Regarding echo-
cardiographic parameters evaluated post-treatment, there was no
statistically significant change observed in left ventricular systolic
function (LVEF) and diastolic function (septal E/e’ratio) (60.81+5.5
vs. 61.16+4.3, p=0.313, and 9.23+2.2 vs. 9.43+2.6, p=0.214, re-
spectively). Notably, a significant improvement was observed in
left ventricular global longitudinal strain (LV-GLS), with values
changing from -18.74+2.9 to -19.75+2.4 (p<0.001).

Conclusion: Our study demonstrates that ART can exert a beneficial
influence on cardiovascular health by enhancing myocardial strain
and diminishing inflammatory markers in patients infected with HIV.
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Amag: Antiretroviral tedavilerin (ART) kullanulabilirligii, insan immdin
Yetmezlik Virdsi (HIV) yénetimini dndistirerek, virlis replikasyonunu
etkili bir sekilde azaltip hasta sagkalim oranlarini artirarak, éldmcul
bir enfeksiyondan ydnetilebilir kronik bir duruma déndstirmdstur.
Kardiyovaskdiler hastalik (KVH), HIV ile yasayan kisilerde morbidite ve
6limdn énde gelen nedenlerinden biri olarak giderek daha fazla ka-
bul gérmektedir ve bu da ART nin kardiyovaskuler sistem (izerindeki
potansiyel olumsuz etkilerinin izlenmesi ihtiyacini vurgulamaktadir.
Bu calisma, HIV enfeksiyonlu bir hasta kohortunda ART’nin kardli-
yovaskliler etkilerini, tedavi éncesi ve sonrasi laboratuvar, ekokardi-
yografik sus ve demografik verileri analiz ederek degerlendirmistir.

Materyal ve Metot: Enfeksiyon hastaliklari klinigine basvuran
ve ART tedavisi almasi planlanan toplam elli alti hasta calismaya
dahil edilmistir. Antiretroviral tedavisine baslamadan énce ve lg¢
ay sonra, anamnez, elektrokardiyogram ve strain transtorasik eko-
kardiyografiyi iceren kapsamli bir kardiyovaskiler degerlendirme
yapilmigtir.

Bulgular: Cesitli tedavi rejimlerine gére lipit parametrelerindeki
degisikliklerin incelenmesi, tenofovir alafenamid tedavisine tabi
tutulan grupta tedavi uygulamasindan sonra toplam kolesterolde,
dlistik yogunluklu lipoprotein (LDL) kolesterolde ve yiiksek yogun-
luklu lipoprotein (HDL) kolesterolde istatistiksel olarak anlamli bir
artis oldugunu ortaya koymustur. Tedavi sonrasi degerlendirilen
ekokardiyografik parametrelere iliskin olarak, sol ventrikil sisto-
lik fonksiyonunda (LVEF) ve diyastolik fonksiyonunda (septal E/e
orani) istatistiksel olarak anlamli bir degisiklik gézlenmemistir (si-
raslyla 60,81+5,5’e karsi 61,16+4,3, p=0,313 ve 9,23+2,2’ye kar-
s1 9,43+2,6, p=0,214). Ozellikle, sol ventrikiil global uzunlamasi-
na strain’de (LV-GLS) énemli bir iyilesme gb6zlemlendi; degerler
-18,74+2,9°dan -19,75+2,4’e degisti (p<0,001).

Sonuc: Calismamiz, ART’nin HIV ile enfekte hastalarda miyokardiyal

gerilimi artirarak ve enflamatuvar belirtecleri azaltarak kardiyovaskuler
saglik lizerinde faydall bir etki gOsterebilecegini ortaya koymaktadir.

Anahtar kelimeler: antiretroviral tedaviler; insan immdiin yetmezIik virdisti;
strain ekokardiyografi
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Introduction

The Human Immunodeficiency Virus (HIV) remains
a major global health issue, affecting millions of people
worldwide. The 2022 United Nations Programme on
HIV/AIDS (UNAIDS) report states that HIV has
negatively impacted human health and caused socioeco-
nomic problems across the globe (1). The availability of
antiretroviral treatments (ART) has changed the way
HIV is managed, turning it from a deadly disease into
a manageable chronic condition by effectively reducing
viral replication and increasing patient survival rates (2).

Although antiretroviral therapy (ART) offers impor-
tant benefits, it is also associated with some non-AIDS-
related complications. Cardiovascular disease (CVD)
is increasingly recognized as a leading cause of morbid-
ity and death in people living with HIV; highlighting
the need to monitor potential adverse effects of ART
on the cardiovascular system (3,4). Research indicates
that ART may contribute to cardiovascular problems
through metabolic changes, endothelial dysfunction,
and ongoing immune activation (5).

In particular, ART regimens that include protease in-
hibitors or integrase strand transfer inhibitors have
been linked to dyslipidemia, insulin resistance, and
hypertension (6). Each of these conditions is a well-
known risk factor for CVD, and their combined effect
may further increase cardiovascular risks. However,
untreated HIV infection also carries its own risks due
to the virus’ s direct influence on inflammatory path-
ways (7). This chronic inflammation can contribute
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to cardiovascular issues such as myocardial dysfunc-
tion and atherosclerosis. Therefore, understanding
how ART and untreated HIV influence cardiovascular
health is essential for improving patient outcomes (8).

This study assessed the cardiovascular effects of ART
in a cohort of HIV-infected patients by analyzinglabo-
ratory results, echocardiographic strain data, and de-
mographic information before and after therapy.

Material and Method

After receiving approval from the ethics committee,
sixty-five HIV patients who visited the infectious dis-
eases clinic and planned ART treatment were enrolled
in the study. Patients aged 18 years or older who in-
tended to start ART, voluntarily agreed to partici-
pate, and had optimal echocardiographic and labora-
tory data were included. Patients with coronary artery
disease, LVEF <50%, those refusing ART, or lacking
optimal echocardiographic or laboratory data were
excluded. After applying exclusion criteria, fifty-six
patients were included in the study. Routine cardio-
vascular assessments and baseline laboratory tests were
conducted before treatment. The cardiovascular evalu-
ation included medical history, electrocardiogram, and
transthoracic echocardiography. Clinical information
on comorbidities, medical history, and current cardio-
vascular medications was gathered through a thorough
review of each patient’s medical records and a self-
reported questionnaire. Patients were re-evaluated 3
months after initiating ART treatment (Fig. 1).

65 HIV patients who applied to the infectious diseases clinic and
planned antiretroviral therapy (ART) treatment were enrolled in the

\4

After that, the cardiovascular evaluation included medical history,
electrocardiogram, and transthoracic echocardiography. Clinical
information on comorbidities, medical history, and current
cardiovascular medications was gathered through a thorough review
of each patient’s medical records and a self-reported questionnaire.

\4
Patients were re-evaluated 3 months after initiating ART treatment.
This study assessed the cardiovascular effects of ART in a cohort
of HIV-infected patients by analyzing laboratory, echocardiographic
strain, and demographic data before and after treatment.

study (n: 65)
v Exclusion criterias
{ After applying exclusion criteria, 56 patients were included in W fatienéz:;:l;ry artery disease
the study (n:56) >« LVEF <50%, those refusing ART

. Lacking optimal echocardiographic or laboratory data were
excluded

Figure 1. Flowchart.

Kafkas J Med Sci 2026; 16(1):68-73



70

ANT-SEPY

three apical views was regarded as the global longitudinal strain.

Echocardiographic Evaluation

Echocardiographic evaluations were conducted using
the Philips EPIQ 7 ultrasound system (Philips Medical
Systems, USA) equipped with an X5-1 transducer and
analyzed offline via Q-Lab software (version 10, Philips
Medical Systems, USA). Two independent, experienced
cardiologists—blinded to all clinical and outcome-relat-
ed information—carried out batch measurements of all
parameters. The left ventricular ejection fraction (LVEF)
was determined by the biplane Simpson’s method using
apical two— and four-chamber views, with LVEF >50%
considered preserved. Left ventricular systolic and dia-
stolic diameters were obtained from the parasternal long
axis. Mitral inflow velocities—early (E) and late (A)—
were assessed using pulsed-wave Doppler. Pulmonary
artery systolic pressure (PASP) was estimated based on
tricuspid regurgitation velocity (TRV) and right atrial
pressure. For 2D speckle-tracking strain analysis, apical
two-, three-, and four-chamber views were recorded at
frame rates exceeding 50 fps. Strain assessments were
performed offline using the Automated Cardiac Motion

uantification feature within Q-Lab 10. The region of
interest (ROI) was defined by placing a minimum of 15
manual reference points along the endocardial border in
each apical view. Longitudinal systolic strain was com-
puted automatically for each apical view, and the global
longitudinal strain (GLS) was calculated as the average
of these values (Fig. 2a and 2b).

Statistical analysis

Statistical evaluations were conducted using IBM
Statistical Package for Social Sciences (SPSS) program
version 15.0 software for Windows (IBM Inc,, Chicago,
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Figure 2. (a) Systolic longitudinal strain was automatically obtained from the three standard apical views, (b) The average systolic longitudinal strain value from the

IL, USA). The Kolmogorov-Smirnov test was applied
to determine whether continuous data followed a nor-
mal distribution. Continuous variables are summarized
either as the mean + standard deviation (SD) or as the
median with the minimum and maximum values, de-
pending on the distribution. Categorical data are ex-
pressed as frequencies and percentages. For compari-
sons of continuous variables before and after ART, the
paired-samples t-test was used. Differences in categorical
variables were assessed using the Pearson chi-square or
Fisher’s exact test, as appropriate. A p-value below 0.05
was interpreted as indicating statistical significance.

Results
Of the 56 patients included in the study, 49 (87.5%)

were male. The mean age of these patients was
40.12+11.9 years. Hypertension was present in 3
(5.4%) patients, and diabetes mellitus was present in
4 (7.1%) patients. All patients were in sinus rhythm
on baseline ECG. Twenty-four (42.9%) of the patients
were receiving emtricitabine/tenofovir disoproxil +
dolutegravir, 13 (23.2%) lamivudine + dolutegravir,
and 19 (33.9%) bictagravir/emtricitabine/tenofovir
alafenamide regimens (Table 1).

In the laboratory, parameters of the patients were mea-
sured before and 3 months after starting the treatment;
significant increases were observed in total cholesterol
and high-density lipoprotein (HDL) cholesterol levels
(164.7+44.3 vs. 177.1454.1, p=0.01, and 37.6+14.2
vs. 39.8414.3, p=0.011). Additionally, a significant
increase in the CD4 lymphocyte count was noted
with treatment (22.19+14.3 vs. 30.15+15.3, p=0.042)
(Table 2).



Table 1. Baseline demographic and laboratory data of patients
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Table 2. Pre-treatment and post-treatment laboratory data of patients

Variables Patients (n=56)
Age, years (mean =+ SD) 40.12+11.9
Male gender, n (%) 49 (87.5)
Hypertension, n (%) 3(5.4)
Diabetes mellitus, n (%) 4(7.1)
Hyperlipidemia, n (%) 2(3.6)
CKD, n (%) 3(5.4)
CVD, n (%) 1(1.8)
COPD, n (%) 1(1.8)
Smoking, n (%) 38(67.9)
Alcohol, n (%) 40 (71.4)
ECG rhythm, (sinusrhythm), n (%) 56 (100)
ECG heart rate 77.82+12.9
Mild to moderate MR, n (%) 19 (33.9)
Mild to moderate AR, n (%) 3(5.4)
Mild to moderate TR, n (%) 14 (25)
Treatment regimens  Regime 1 24 (42.9)
Regime 2 13 (23.2)
Regime 3 19 (33.9)
Laboratory Data
FBG, mg/dL 93.41+15.9
Urea, mg/dL 30.67+14.3
Creatinine, mg/dL 0.89+0.28
Uricacid, mg/dL 5.43+1.3
Albumin, g/dL 41.3+£5.8
WBC, x 10%/L 6.59+2.8
Neutrophil count, x 10%/L 3.94+2.7
Lymphocyte count, x 10%/L 1.93+0.7
Monocyte count, x 10%/L 0.53+0.2
Hemoglobin, g/dL 13.75+2.1
Platelet count, x 10%/L 225.42+63.3
HbA1 ¢, % 5.41+0.6
CRP, mg/dL 8.52+32.5

SD: standard deviation; n: number of patients; AR: aortic regurgitation; CKD: chronic kidney
disease; COPD: chronic obstructive pulmonary disease; CRP: C reactive protein; CVD:
cerebrovascular disease; ECG: electrocardiography; FBG: fasting blood glucose; MR: mitral
regurgitation; TR: tricuspid regurgitation; WBC: white blood count; Regime 1: emtrisitabin/
tenofovirdisoproksil + dolutegravir; Regime 2: lamuvidin+dolutegravir; Regime 3: biktagravir/
emtrisitabine/tenofaviralafenamid.

(a) Lipid Parameters

. $:0.010

. p:0.454
‘ p:0.039

100

I I p:0.024

44 I I p:0.219
» Total Cholesterc oL C
m Pre-treatment

Pre- Post-
treatment treatment
Variables (mean + SD) (n=56) (n=56) P value

Total cholesterol, mg/dL 164.7+44.3 177.1+£54.1 0.010
LDL, mg/dL 100.3+37.2  106.9+46.1 0.108
HDL, mg/dL 37.6+142  39.8+14.3 0.011
Triglyceride, mg/dL 133.7x71.9 153.6+102.9 0.05
CD4 lymphocyte count, mm3®  22.19+14.3  30.15+15.3 0.042
CD8 lymphocyte count, mm®  48.37+16.7 46.69+12.1 0.634
CRP, mg/dL 8.52+325 7.09+13.5 0.611

SD: standard deviation; n: number of patients; CRP: C reactive protein; HDL: high density
cholesterol; LDL: low density cholesterol.

When examining changes in lipid parameters based on
treatment regimens, a signiﬁcant increase was noted in
total cholesterol, low-density lipoprotein (LDL) cho-
lesterol,and HDL cholesterol in the group treated with
tenofovir alafenamide after treatment (164.3£39.1
vs 187.1+34.1, p: 0.010; 100.5434.7 vs 116.1+34.2,
p: 0.039; and 36.1+£12.8 vs 40.9+£12.9, p: 0.024). In
contrast, no significant changes were observed in these
lipid parameters in the group that did not receive
this treatment (164.8+47.4 vs 172.2+61.6, p: 0.207;
100.2+39.1 vs 102.4£50.9, p: 0.661; 38.4+15.1 vs
39.2415.2, p: 0.219), as shown in Figure 3a and 3b.

When examining the baseline echocardiographic pa-
rameters of the patients, the mean left ventricular ejec-
tion fraction (LVEF) was 60.81+5.5, and the mean left
ventricular global longitudinal strain (LV-GLS) was
-18.74+2.9. Mild to moderate mitral regurgitation
was observed in 19 patients (33.9%), mild to moderate
aortic regurgitation in 3 patients (5.4%), and mild to
moderate tricuspid regurgitation in 14 patients (25%)

(Table 1).

(®)

Lipid Parameters

p:0.207
p:0.073

p: 0.661

® Post-treatment

Figure 3. (a) Post-treatment lipid profile changes in patients receiving tenofoviralafenamide regimen treatment (b) Post-treatment lipid profile changes in patients

treated without tenofoviralafenamide regimen.
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Table 3. Pre-treatmentand post-treatment echocardiography data of the patients

Variables (mean + SD) Pre-treatment (n=56) Post-treatment (n=56) P value
Interventricular septum, mm 9.71+1.4 9.73+1.3 0.709
Posterior wall, mm 9.371.3 9.37+1.2 1
End-diastolicdiameter, mm 47.17+3.9 47+3.5 0.142
End-systolicdiameter, mm 28.01+4.1 27.87+3.7 0.429
Left atrium diameter, mm 32.96+3.7 33.5+3.3 0.067
Ascending aorta, mm 31.45+4.3 31.56+4.4 0.159
SPAP, mmHg 17+6.1 17.48+4.2 0.277
TAPSE, mm 21.41£1.7 21.75+1.8 0.174
E wavevelocity, cm/s 86.08+16.3 87.69+12.9 0171
Septale’wavevelocity, cm/s 9.71+2.6 9.78+2.4 0.604
E/Aratio 1.21+£0.3 1.22+0.21 0.552
SeptalE/e’ratio 9.23+2.2 9.43+2.6 0.214
Enddiastolicvolume, mL 91.22+15.5 90.14+12.3 0.282
Endsystolicvolume, mL 36.17+9.8 36.22+6.5 0.947
LVEF, % 60.81+5.5 61.16+4.3 0.313
LV-GLS, % -18.74+2.9 -19.75+2.4 <0.001

SD: standard deviation; n: number of patients; LV-GLS: left ventricular global longitudinal strain; LVEF: left ventricular ejection fraction; sPAP: systolic pulmonary artery pressure.

When analyzing the changes in echocardiographic
parameters after treatment, there was no significant
difference in the LVEF or diastolic functions (sep-
tal E/e’ratio) (60.81+5.5 vs 61.16+4.3, p: 0.313 and
9.2342.2 vs 9.4342.6, p: 0.214), while a significant
increase was observed in LV-GLS with treatment

(-18.74%2.9 vs -19.75+2.4, p<0.001) (Table 3).

Discussion

This study highlights the cardiovascular effects of an-
tiretroviral therapy (ART) on left ventricular function
in HIV-infected patients, as assessed by strain echocar-
diography. Our findings suggest that ART may have a
positive impact on myocardial strain, supporting the
idea that ART alleviates cardiovascular stress caused by
untreated HIV infection.

HIV infection itselfis linked to an increased risk of car-
diovascular disease (CVD), independent of traditional
risk factors. Chronic immune activation and systemic
inflammation lead to endothelial dysfunction and ath-
erosclerosis, increasing the likelihood of cardiovascu-
lar events (9). Antiretroviral therapy has been shown
to reduce inflammation, but some regimens, especially
protease inhibitors and integrase strand transfer in-
hibitors, are associated with metabolic issues such as
dyslipidemia and insulin resistance (10). Our findings
are consistent with previous research showing elevated
lipid levels in patients taking tenofovir alafenamide, a

known effect of this drug class (6).

Kafkas J Med Sci 2026; 16(1):68-73

A key finding of our study was the notable improve-
ment in left ventricular global longitudinal strain
(LV-GLS) following ART initiation. This indicates a
possible protective effect of ART on heart function,
potentially by lowering systemic inflammation (11).
Prior research has shown similar results, suggesting
that ART may enhance myocardial strain and decrease
subclinical myocardial dysfunction (12). However,
the exact mechanisms behind these effects are still not
tully understood.

Despite improvements in myocardial strain, we ob-
served no significant changes in LVEF or diastolic
function. This suggests that while ART may improve
myocardial deformation parameters, it does not neces-
sarily result in substantial enhancements in traditional
echocardiographic measures of systolic or diastolic
function. Similar findings have been reported in stud-
ies using multimodality imaging techniques (13).

Our study also corroborates the growing body of evi-
dence suggesting that HIV-associated CVD risk is
multifactorial, involving direct viral effects, chronic
inflammation, and ART. Our study also confirms the
expanding evidence that HIV-related CVD risk is
multifactorial, involving direct viral effects, chronic
inflammation, and ART-induced metabolic changes
(14). Notably, studies have shown increased arterial
inflammation and coronary atherosclerotic plaque
burden in HIV-infected patients, even among those

with well-controlled viral loads (15). These findings



emphasize the need for comprehensive cardiovascular
risk assessment and long-term monitoring in this pop-
ulation. Inflammation and coronary atherosclerotic
plaque burden in HIV-infected patients, even in those
with well-controlled viral loads (15). These findings
highlight the importance of comprehensive cardiovas-
cular risk assessment and long-term monitoring in this
population.

Given the metabolic effects associated with certain
ART regimens, personalized treatment strategies are
crucial to reduce cardiovascular risk while maintain-
ing optimal viral suppression. Approaches such as lipid
monitoring, lifestyle changes, and, in some cases, statin

therapy, can be helpful (16).

Limitations

Our study has some limitations. The sample size was
relatively small, and the follow-up period was limited
to three months. Longer-term studies with larger co-
horts are necessary to assess the sustained cardiovas-
cular effects of ART. Additionally, while strain echo-
cardiography offers valuable insights into myocardial
function, further studies using cardiac magnetic reso-
nance imaging could improve our understanding of
myocardial tissue changes (17).

Conclusion

Our study shows that antiretroviral therapy (ART)
can positively influence cardiovascular health by im-
proving myocardial strain and decreasing inflamma-
tory markers in HIV-infected patients. These findings
support previous research suggesting that ART may
reduce cardiovascular strain linked to untreated HIV
infection. However, due to potential metabolic side ef-
fects from certain ART regimens, ongoing monitoring
of cardiovascular health is crucial for optimizing out-
comes in HIV management.
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