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Introduction: We aimed to investigate whether there were changes in fundus picture and retinal microvascularity of patients with
human immunodeficiency virus (HIV)/acquired immune deficiency syndrome (AIDS) who were treated with highly active antire-
troviral therapy (HAART).

Methods: From July 2015 to November 2016, 130 HIV/AIDS patients were collected by the Yunnan Institute of Traditional Chinese
Medicine, including 63 treatment-naive patients and 67 that received HAART for 12 months. Fundus picture lesions, retinal
microvascular diameters, CD4+ T lymphocyte count and HIV-1 plasma viral loads were compared between the two groups. The
recruited patients were mainly young and middle-aged, with more males than females. There were no significant differences in
smoking history, comorbidities and opportunistic infections between the two groups.

Results: According to the analysis results from SPSS 20.0 software, the number of CD4+ T lymphocytes in the treated patients
(563.34+2.56 cells/pL) increased significantly (P=0.009) as compared with untreated patients (451.37+2.10 cells/uL), and the HIV-1
plasma viral load reduced considerably (4794 vs 0 copy/mL, P=0.000). No significant differences were observed from the fundus
picture of patients after effective HAART therapy, including the retinal artery diameter, venous diameter and arteriovenous diameter
ratio.
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Introduction

Microangiopathy has an incidence of 70% in Acquired Immune Deficiency Syndrome (AIDS) patients.'” Known as
human immunodeficiency virus (HIV) retinopathy, microangiopathy mostly occurs in the retina and mainly manifests as
cotton wool plaques.®* Other manifests are telangiectasia, microangioma, retinal hemorrhage, and rarely Roth spots. For
HIV retinopathy patients, their CD4+ T lymphocyte number will decrease to less than 200 cells/ul, and with the decrease
of CD4+ T lymphocytes the incidence of opportunistic infections will increase gradually.” Early treatment of highly
active anti-retroviral therapy (HAART) can restrain HIV replication and increase the number of CD4+ T lymphocytes,
thus reducing the incidence of HIV retinopathy.® However, the use of antiviral drugs during long-term HAART will cause
varying side effects, such as drug-induced liver damage, lipodystrophy, etc.” Reassuringly, these side effects can be
reflected by changes in the retinal microvascular.®’ Abnormalities of retinal microvascular are usually earlier than

clinical symptoms and abnormal organ function indicators, which can be used for monitoring and early warning of
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adverse reactions of AIDS and can be preliminarily predicted to avoid serious consequences before the occurrence of
adverse reactions.'’

To date, the non-invasive detection of retinal can be achieved by using traditional retinal imaging technology and
integrating optical wavelength imaging technology.'' Besides, with the help of retinal image reading technology based on
cloud computing, the retinal vascular diameter and other retinal disease information can be precisely collected, which
makes it convenient to evaluate the efficacy of HAART or predict HAART induced side effects by monitoring the retinal
microvascular changes.'® However, only a few studies on the changes of retinal microvascular in AIDS patients after
HAART have been reported.'*!?

To verify whether there are changes in the fundus picture and the diameters of retinal microvascular in HIV patients
after improved immunity due to HAART, we reviewed the clinical data of 130 HIV/AIDS patients including fundus

lesions, retinal microvascular diameters, CD4+ T lymphocyte counts and HIV-1 plasma viral loads.

Materials and Methods

Patients

From July 2015 to November 2016, 130 HIV/AIDS patients from Yunnan Institute of Traditional Chinese Medicine were
collected. All patients were enrolled in the Yunnan Province Chinese Medicine Treatment AIDS Pilot Project and
confirmed HIV-positive by the local Center for Disease Control (CDC). The Inclusion criteria were as follows: patient
age 18—60 years; participated in the test voluntarily; able to strictly abide by the research requirements; and had full
mental capacity. The exclusion criteria were as follows: pregnant or lactating; enrolled in clinical trials for other AIDS-
related drugs within 1 year prior to enrolment; received AIDS-related immunomodulatory therapy within 1 year before
enrolment; were allergic to the medications used in the study; and had a severe neurological or mental illness.

The enrolled patients were divided into two groups. The untreated group, consisting of 63 patients, did not receive
any treatment. The treatment group included 67 patients, received the first-line HAART regimen for 12 months
recommended by the state. The study was approved by the Ethics Committee of Yunnan Academy of Traditional
Chinese Medicine (No. 2015002). All procedures performed in studies involving human participants were in accordance
with the ethical standards of the institutional and national research committee and with the 1964 Helsinki Declaration and
its later amendments or comparable ethical standards. All included patients provided informed consent.

Fundus Measurement

Before and after treatment, two colored fundus pictures were taken for each eye by the same ophthalmologist using
a Japanese Kowa Nonmyd WX3D nondilated eye camera (with a precision of 9 microns per pixel), at 50° angle with the
optic disc at the center. Then, the fundus pictures and basic information of each patient were uploaded to a fundus
evaluation platform (Figure 1 shows the interface of the platform) for following analysis (Sichuan Heal Thsun Vision
Technology Development Co., Ltd).

For fundus lesion detection, the conditions of fundus bleeding, microhemangioma, cotton-like soft exudation and hard
exudation were observed. For retinal microvascular diameter measurement, four areas within the region 1-1.5 PD from
the edge of the optic disc were selected as the observation area (as shown in the schematic diagram of Figures 2 and 3).
Microvascular diameters of the retinal arteries and veins were extracted from the four quadrants, respectively, as shown

in Figure 4, and the corresponding arteriovenous ratios were calculated.

Absolute CD4+ T Lymphocyte Counts

Firstly, 1.5 mL of peripheral venous blood was collected from the patients with EDTAK2 anticoagulation negative
pressure vacuum blood collection tube. Then, within 48 hours, the blood samples were incubated with FITC-conjugated
CD4 antibody Kit (38939; BD Biosciences), and analyzed by a flow cytometer (Becton, Dickinson and Company)
according to the instructions of the manufacturers.
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Figure | Interface of the fundus picture analysis platform. The general information and fundus picture were uploaded and analyzed on the platform at Sichuan HealthSun Vision
Medical Technology Development Co.,Ltd (Sichuan HealthSun Vision).

Figure 2 Schematic diagram of the 4 areas selected for analysis of right eye. (A) superior temporal, (B) inferior temporal, (C) superior nasal, (D) under nasal.

HIV-1 Viral Load Determination
A 3-5mL of peripheral venous blood was collected from each patient and centrifuged at 3000 rpm for 20 minutes at

room temperature, supernatant was transferred to a sterile centrifuge tube for nucleic acid extraction using a NP968-C
nucleic acid extractor (Xi’an Tianlong Technology Co., Ltd.). The PCR-fluorescent probe method was performed using
a Sun Yat-Sen University Daan Gene Detection Kit (06/2015; Sun Yat-sen University Daan Gene Co., Ltd.) to detect the
blood HIV viral load, on a ABI DA7600RT-PCR instrument.
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Figure 3 Schematic diagram of the 4 areas selected for analysis of left eye. (A) superior temporal, (B) inferior temporal, (C) superior nasal, (D) under nasal.

Figure 4 Retinal microvascular diameter measurement. The measurement area was |1-1.5PD, as outlined by the two circles with a distance of 0.5PD. Red color indicates
artery and green color indicates vein. (A) superior temporal, (B) inferior temporal, (C) superior nasal, (D) under nasal.

Statistical Analysis

Statistical analyses were performed using SPSS 20.0 software. The measurement data with normal distribution were
described as mean = standard deviation (Y%oMathType! Translator2!1!PlainTeX .tdl'\PlainTeX % + s%MathType!End!2!1!),
and those with non-normal distribution were described by median (interquartile range). According to whether the data
follow normal distribution or not, a nonparametric test (Mann—Whitney U-Rank sum test), chi-square test or Fisher’s
accurate probability test were used to analyze differences in age, gender, smoking history, comorbidity and opportunistic

4 https: HIV/AIDS - Research and Palliative Care 2023:15

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Li et al

infection between the two groups. Independent sample ¢-tests or nonparametric test (Mann—Whitney U-test) was used to
compare the vascular diameters of the retinas in the fundus images between the two groups.

Results

The average ages of untreated group and treated group were 36.62+ 8.77 years (range, 22—-54y), and 35.28 £7.45 years (range,
20-69 y), respectively. The majorities of the patients in both groups were male, with the percentages of males in the untreated
group and treatment group being 76.19% and 74.63%, respectively. No statistical difference was found in age and gender
between the two groups (P=0.372, P=0.836), as well as smoking history, comorbidity and opportunistic infection (Table 1).

No obvious lesion was observed on the standard fundus pictures in both two groups before and after treatment. The
retinal artery diameters, including superior temporal, inferior temporal, superior nasal, inferior nasal and mean arterial
diameter of the right eye were 107.91£10.95, 112.37+13.54, 88.86+13.06, 91.52+10.61, 100.30+8.35 micrometers in
untreated group, and 104.12+13.04, 108.72+14.48, 89.35£12.90, 90.78£12.62, 99.04+10.01 micrometers in treatment
group, respectively, no statistical difference was found between the two groups. The average diameter of retinal vein was
relatively larger than artery, but there was also no significant difference between the two groups. Meanwhile, arteriove-
nous diameter ratios of superior temporal, inferior temporal, superior nasal, and inferior nasal in the right eye showed no
significant differences between untreated group and treatment group too (Table 2).

For the left eyes, the retinal artery diameters, including superior temporal, inferior temporal, superior nasal, inferior
nasal and mean arterial diameter were 108.02+10.40, 111.57+12.30, 92.64(13.53), 93.50+15.20 and 101.96+8.59 micro-
meters in untreated group, and 106.00+£11.47, 110.33+13.08, 92.30(13.43), 93.46+16.59 and 93.46+16.59 micrometers in
treatment group, respectively. No statistical difference was found between the two groups in average retinal artery and
retinal vein diameters, as well as the arteriovenous diameter ratios (Table 3).

The absolute CD4+ T lymphocyte count in the treated group was significantly higher than that of un-treated
group at 12 months of HAART treatment (563.3442.56 vs 451.37£2.10 cells/puL, P=0.009), and the plasma viral
load was significantly lower (4794 vs 0 copy/mL, P=0.000) than those in the treatment group (Table 4).

Table | Comparisons of Demographic Characteristics Between the Two Groups

Variable Untreated Group Treatment Group Ziy P
(n=63) (n=67)

Age, years, median (IQR) 35(10) 34(11) —0.893 0.372°

Gender

Male, n(%) 48(76.19) 50(74.63) 0.043 0.836°

Female, n(%) 15(23.81) 17(25.37)

Smoking history, n (%)

Never smoker 6 (9.52) 8 (11.94) 0.576 0.750°

Former smoker 2 (3.17) I (1.49)

Current smoker 55 (87.31) 58 (86.57)

Comorbidity, n (%)

Hypertension 3 (4.76) 4 (5.97) 0.000 1.000°

Diabetes 1 (1.59) 0 (0) 0.485¢

Hyperlipidemia 0 (0) I (1.49) 1.000¢

Renal disease (elevated serum creatinine) 15 (23.80) 19 (28.36) 0.348 0.555°

Opportunistic infection n (%)

Tuberculosis (TB) 5(7.93) 8 (11.94) 0.578 0.447°

Cytomegalovirus infection 1 (1.59) 0 (0) 0.485¢

Notes: *Owing to the skewed distribution, median (IQR) and Mann—Whitney U-test was applied in age. ®Pearson chi-square test were
applied in gender, smoking history, renal disease, tuberculosis. “Likelihood ratio test were applied in hypertension. “Fisher’s exact test was
applied in diabetes, hyperlipidemia, cytomegalovirus infection.
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Table 2 Comparisons of Retinal Diameters in the Right Eye Between the Two Groups (um)

Items Untreated Group Treatment Group tlz P
(n=63) (n=67)

Superior temporal artery diameter, Mean+SD 107.91£10.95 104.12+13.04 1.769 0.079
Inferior temporal artery diameter, Mean+SD 112.37+13.54 108.72+14.48 1.448 0.150
Superior nasal artery diameter, Mean+SD 88.86%13.06 89.35%£12.90 —0.207 0.837
Inferior nasal artery diameter, Mean+SD 91.52+10.61 90.78+12.62 0.348 0.729
Mean arterial diameter; Mean+SD 100.30+8.35 99.04£10.01 0.771 0.442
Superior temporal vein diameter; Mean+SD 139.50+21.09 141.06+18.17 —0.451 0.653
Inferior temporal vein diameter, Mean+SD 145.17+18.88 143.79+16.99 0.434 0.665
Superior nasal vein diameter, Mean+SD 105.72+15.14 102.99+17.15 0.952 0.343
Inferior nasal vein diameter, Mean+SD 105.06+14.99 99.52+17.67 1.871 0.064
Mean venous diameter, Mean+SD 124.50+11.31 121.67+10.91 1.447 0.150
Superior temporal arteriovenous diameter ratio, Mean+SD 0.79+0.14 0.75+0.12 1.917 0.058
Inferior temporal arteriovenous diameter ratio, Mean+SD 0.78+0.12 0.76%0.12 1.080 0.282
Superior nasal arteriovenous diameter ratio, median (IQR) 0.83(0.17) 0.86(0.25) —0.611 0.5412
Inferior nasal arteriovenous diameter ratio, median (IQR) 0.89(0.19) 0.90(0.18) —0.747 0.455%
Mean arteriovenous diameter ratio, um, Mean+SD 0.81+0.09 0.82+0.08 —0.326 0.745

Note: *Owing to the skewed distribution, median (IQR) and Mann—Whitney U-test were applied in superior nasal arteriovenous diameter ratio, inferior nasal

arteriovenous diameter ratio.

Table 3 Comparisons of Retinal Diameters in the Left Eye Between the Two Groups (um)

Items Untreated Group Treatment Group t/z P
(n=63) (n=67)

Superior temporal artery diameter, Mean+SD 108.02+10.40 106.00+11.47 1.036 0.302
Inferior temporal artery diameter, Mean+SD 111.57%£12.30 110.33+13.08 0.549 0.584
Superior nasal artery diameter, median (IQR) 92.64(13.53) 92.30(13.43) —0.569 0.570°
Inferior nasal artery diameter, Mean+SD 93.50+15.20 93.46+16.59 0.014 0.989
Mean arterial diameter, Mean+SD 101.96+8.59 99.97+10.58 1.166 0.246
Superior temporal vein diameter, Mean+SD 139.55+17.77 139.73+15.79 —0.059 0.953
Inferior temporal vein diameter, Mean+SD 142.04+18.21 144.40+14.88 0.797 0.427
Superior nasal vein diameter, Mean+SD 105.30+16.66 106.78+19.49 —0.455 0.650
Inferior nasal vein diameter; median (IQR) 103.13(23.59) 101.85(26.36) —0.707 0.480°
Mean venous diameter, Mean+SD 124.12+11.84 123.20+11.59 0.443 0.658
Superior temporal arteriovenous diameter ratio, median (IQR) 0.75(0.12) 0.75(0.17) —0.605 0.545°
Inferior temporal arteriovenous diameter ratio, median (IQR) 0.90(0.19) 0.83(0.16) —1.650 0.099°
Superior nasal arteriovenous diameter ratio, median (IQR) 0.80(0.13) 0.77(0.12) —-1.204 0.228°
Inferior nasal arteriovenous diameter ratio, Mean+SD 0.89+0.17 0.94+0.19 —1.348 0.180
Mean arteriovenous diameter ratio, median (IQR) 0.82(0.12) 0.81(0.10) —0.865 0.387°

Notes: *Owing to the skewed distribution, median (IQR) and Mann—Whitney U-test were applied in superior nasal artery diameter, inferior nasal vein diameter, superior
temporal arteriovenous diameter ratio, inferior temporal arteriovenous diameter ratio, superior nasal arteriovenous diameter ratio, mean arteriovenous diameter ratio.

Table 4 Comparison of Absolute CD4+T Lymphocyte Counts and Plasma Viral Loads Between the Two

Groups
Untreated Group Treatment Group t/z P
(n=63) (n=67)
CDA4+T lymphocytes, cells/uL, Mean+SD 451.37+2.10 563.34+2.56 —2.645 0.009
HIV RNA, copy/mL, median (IQR) 4794(13,574) 0(9684) —4.503 0.000*

Note: *Owing to the skewed distribution, median (IQR) and Mann—Whitney U-test were applied in superior nasal arteriovenous diameter ratio,

inferior nasal arteriovenous diameter ratio.
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Discussion

In this study, the enrolled patients are mainly young and middle-aged male. We compared the clinical data of fundus
lesions, retinal microvascular diameters, CD4+ T lymphocyte counts and HIV-1 plasma viral loads of the participants
with or without HAART treatment. Apart from the significant increase of CD4+ T lymphocyte number and decrease of
plasma viral load, no significant change was found in the fundus and the retinal microvascular diameters.

It is known that the number of CD4+ T lymphocytes is closely related to body immunological function. As reported
by existing research, the number of CD4+ T lymphocytes in HIV patients was approximately 200/uL, far below the
normal level of 700—1100/uL."*'> With the decrease of CD4+ T lymphocytes, the incidence of opportunistic infections
12.13 and finally lead to HIV retinopathy.'®'®

HAART has been demonstrated to be the most effective treatment for HIV infection. According to our results, the
CD4+ T lymphocyte counts of the patients significantly increased from 451.37+2.10 to 563.34£2.56 cells/pL, and the
plasma viral load of HIV-1 decreased significantly from 4794 to 0 copy/mL (P=0.000) after effective HAART treatment.
However, we did not find any obvious fundus lesion in both research groups. This suggests that if the CD4+
T lymphocyte count is close to the normal level (451.3742.10 cells/uL of untreated group and 563.34+2.56 cells/ul

of treatment group), the HIV patient may not experience obvious fundus lesion. Further study is required to find out at

will increase, threatening the function of blood-retinal barrier

what level of CD4+ T lymphocyte count HIV-related fundus lesion is likely to occur.

The retinal artery is the only artery that can be seen with the naked eye, which reflects the situation of arterial vessel
system. HAART was reported to cause a variety of side effects like peripheral neuritis, liver damage, bone marrow
hematopoietic function inhibition, and abnormal peripheral fat distribution.'*?° Medical staff found that lipidaemia in

AIDS patients is associated with the use of nucleoside reverse transcriptase inhibitors and protease inhibitors,*'**

as
nucleoside reverse transcriptase inhibitors may cause fat loss and protease inhibitors may increase the risk of fat
accumulation.”*~** Besides, the longer patients take this kind of drugs, the more likely they would develop fat metabolism
disorder.?® Finally, patients will suffer from dyslipidaemia induced arterial stenosis and retinal arterial stenosis.”® The
results of the current study showed that there was no significant difference between the untreated group and the treatment
group in terms of artery diameter, inferior temporal artery diameter, superior nasal artery diameter, inferior nasal artery
diameter and mean arterial diameter. Indicating that HAART does not cause stenosis of the retinal central artery in
patients.

Microangiopathy is one of the most common eye-related complications of HIV/AIDS in clinic.?’ It mostly occurs in
the retina, mainly manifests as cotton wool plaques, followed by microvascular dilation, microhemangioma formation,
retinal hemorrhage, and rarely Roth spots.?® The retinal veins tend to show varying degrees of dilation, hyperaemia,
irregular diameter and flexure, and flare-like or irregular bleeding in the adjacent retina ?°>%. In the current study, we
found no significant differences between the untreated group and the treatment group in the mean values of the superior
temporal vein diameter, inferior temporal vein diameter, superior nasal vein diameter, inferior nasal vein diameter and
vein diameter. This is an indication that HAART is unlikely to cause the dilatation of patients’ retinal central venous
vessels (superior temporal vein, inferior temporal vein, superior nasal vein and inferior nasal vein).

Most epidemiological studies about retinal microvascular lesions were based on the arteriovenous ratio, as the
arteriovenous ratio could reveal pathophysiological processes of arterioles stenosis. In this study, the ratio of superior
temporal arteriovenous access, inferior temporal arteriovenous access, superior nasal arteriovenous access and inferior
nasal arteriovenous access showed no significant differences between untreated group and treatment group demonstrating
that HAART probably has no influence on patients’ arterioles stenosis.

Fundus picture combined with relative image analysis techniques have been used to detect and/or predict a range of
cardiovascular risk factors (ie, hypertension, hyperglycemia, and dyslipidemia) and major adverse cardiac events. Studies
found that retinal microtubule morphology may be helpful to evaluate the immune recovery of AIDS patients receiving
HAART and guide the selection of HAART regimens. In this study, we intended to establish the correlation between
retinal vessel caliber and immune status of HIV/AIDS patients. However, no significant changes in retinal microvessels
were observed between HIV/AIDS patients with or without HAART. Research finding, the change in retinal diameter of
HIV/AIDS patients after 9 months of HAART was found to be associated with reduced CD4 + cell numbers on HIV."
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We speculated that the HIV/AIDS patients without HAART were still within a normal immune range, hence no
retinopathy occurred, as evidenced by the high CD4+ cell count.

The present study had some limitations. Most of the patients enrolled in this study were young and middle-aged, with
a treatment duration of 12 months and high CD4+ cell counts. Further studies involving elder patients and those on long-
term HAART medication (=12 months) are required before a solid conclusion could be made.

Conclusion

In this study, HAART treatment was found to increase the CD4+ T lymphocyte counts of HIV/AIDS patients
significantly. However, fundus pictures acquired by nondilated eye camera showed no obvious fundus lesions nor retinal
microangiopathy in the enrolled 130 HIV/AIDS patients with or without HAART. The potential reason may be attributed
to the near-normal CD4+ T lymphocyte level in the treatment-naive patients. Further study is needed to determine
whether HAART had influence on the fundus and retinal microvasculars in HIV/AIDS patients, by recruiting more
participants and prolonging follow-up time.
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