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Abstract of Dissertation 
 
 

Effect of Newer Generation of HIV Medication Regimen on The Endothelial 
Function 

 
 

Purpose: To determine the effect of newer generation antiretroviral therapy (Integrase 

inhibitor and NNRTI) on the endothelial dysfunction, on patients without diabetes.  

Methods: 30 subjects, aged between 40 and 65 years with body mass index between 25.0- 

39.9kg, were enrolled in the study. Male only and subjects are stratified into 2 groups based 

on their HIV medication regimen. 80 mls of blood drawn, where 55mls are used for stem 

cells progenitor cell harvest. Mononuclear cell extract from whole blood, analyzed by flow 

cytometry and cultured for functional analysis (CFU). 15-20mls for biochemistry analysis 

followed by biophysical parameters (i.e. weight, blood pressure, waist size, BMI) were 

assessed and lipid profiles. Since it is a small sample study, the result was divided into 

cellular and non-cellular parameters. Cellular parameters, fraction of CD34+ mononuclear 

cells were compared to the total mononuclear popular. 

Results:  The number of patients taking NRTI + NNRTI (Arm 1) increase and NRTI + II 

(Arm 2) was decreased with the following CD34+ in Arm1 was 3.89% (SD of 1.9%) and 

Arm 2 was 1.06% (SD of 0.93%) Fig 1-3, CFU in Arm 1 forms10.25 colonies of cells at 

day 14(SD+10.2), Arm 2 forming 6.05 colonies (SD+ 6.8) colonies. Non-cellular: To 

mention but few, Fig 9 and 10 lipid profiles such as LDL was 137 (SD+ 94.25) on Arm 1 

compared to 94.25 (SD+ 38.86) on Arm 2. HDL in both groups of drugs (Arm 1 and Arm 

2) were equivalent. Average HDL on both Arms was 53 (SD+ 14.5). CRP (C- reactive 
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protein) Arm1 mean was 1.88 (SD+ 1.89) while Arm 2, mean of 1.3 (SD+ 0.9). IL6, mean 

in Arm 1 was 2.6(SD+ 1.7) and Arm 2 was 3.14 (SD+ 2.49). 

 
Conclusion: Based on the limited data, subject population, and basic statistical analysis 

we can conclude that it is possible that an HIV medication regimen containing NNRTI 

might be better for endothelial health. Hence the relationships are not clear and require 

further investigation. 

 
Key words: NNRTI (Non-nucleoside reverse transcriptase), NRTI (Nucleoside reverse 

transcriptase inhibitor), II (Integrase Inhibitor), Endothelial dysfunction. 
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Chapter 1: Introduction 

Highly active antiretroviral therapy (HAART) or ARTs are often initiated at the time of HIV 

diagnosis. Strongest indications for patients presenting with AIDs-defining illness are low CD4+ 

cell counts (about; 500 cells/mm3) {1}, or high viral load. Regimens treating HIV usually consist 

of 3 drugs to prevent resistance in different combinations such as NRTIs (Nucleoside Reverse 

Transcriptase inhibitors) and NNRTIs (Non-Nucleoside Reverse Transcriptase inhibitors). (1). 

Since NRTIs and NNRTs work through different mechanisms on the same target. Combination 

therapies, where one or more drugs of each class are administered simultaneously, should be 

expected to- and do- provide a synergistic effect, not only through combined reduction in net RT 

(Reverse Transcriptase) activity, but also by making mutational escape from inhibition dramatically 

less likely. It’s possible that a single mutation RT can confer some level of resistance to either a 

specific NRTI or NNRTI, but for an RT to be resistant to a multidrug cocktail containing both, that 

RT must simultaneously gain both mutations.  

That’s suddenly a vastly harder statistical challenge to meet, and the basis for what’s more generally 

known in HIV treatment circles as Highly Active Antiretroviral Therapy (HAART). In practice, 

HAART strategies can include not just mixtures of NRTIs and NNRTs, but drugs against other 

steps in the HIV cycle, such as the viral integrase and a specific viral protease. Therefore, in recent 

times we use 2 NRTIs and preferably an integrase inhibitor (protease inhibitor or NNRTI was 

preferred in the past) {1}. This regimen leads to a decrease in viral load, opportunistic infection 

due to immunodeficiency and an increase in life expectancy. Endothelial dysfunction triggered by 

HIV infection has been recognized as a serious link between infection and immune activation. 

Endothelial dysfunction relies on both HIV encoded proteins as well as. 
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inflammatory mediators released in the micro- environment by the HIV- infected cells, which is 

stimulated by the fact that there is difficulty of HIV to actively replicate in the endothelial cells 

{2}. HIV infection itself and first -generation antiretroviral (ART) therapies, have been associated 

with adipose tissue / lipodystrophy changes and disorders of glucose and lipid metabolism {3}. 

Infected individuals may be at risk of Atherosclerotic disease and metabolic syndrome. Based on 

this, it is important to know if the current HIV medication regimen has any effect on endothelial 

dysfunction and cardio-metabolic health. Endothelial progenitor cells (EPC) normally plays a role 

in the repair of damaged vascular endothelium, established biomarker for cardiovascular risk 

measure which is more reliable than serum-based markers for CVD risk estimation {3}. Once the 

serum inflammatory markers are increased, this suggests that the endothelium is already damaged, 

possibly irreversibly. Hence a cell-based marker might give us a window where endothelium 

damage may be reversed or slowed down.  

In general, initial medication regimen for HIV infected patients offer sustained virologic efficacy, 

high barrier to resistance, better tolerability and toxicity profile and ease to use. Which includes 

two NRTIs plus INSTI, an NNRTIs, or a PI boosted with either Cobicistat or Ritonavir. Certain 

ARTs have raised concerns about metabolic dysfunction such as PIs, which makes it important to 

determine if other combination medications will promote or decrease the probability of endothelial 

or metabolic dysfunction {3}. Therefore, our purpose is primarily to discern the effect of NRTI + 

NNRTI and NRTI + Integrase Inhibitor on endothelial function (cellular and serum-based factors). 

Newer ARTs have been found to have fewer impacts on metabolic parameters, however these 

agents may or may not trigger processes that may have negative effects on the endothelium and 

metabolic pathways. 

 

  



3 
 

Chapter 2: Methodology 

The goal of this study is to see if there is a difference in the degree of metabolic 

derangement and endothelial dysfunction among HIV- infected patients who are taking 

different HAART regimens. Total of 30 candidates will be enrolled in this study. The 30 

candidates will be stratified into three (3) different groups based on their HIV medication 

regimens. We have group A, B, and C. Each of the groups will have 10 candidates. Based 

on current medication regimens that are used within (2017-2018 ART guidelines) which 

includes NRTI any such as TAF (tenofovir alafenamide) or TDF (tenofovir disoproxil 

fumarate) plus any medications from one of the classes shown below: 

Group A: NNRTI (Non- nucleoside reverse transcriptase inhibitor) 

Group B: PI (boosted protease Inhibitor) 

Group C: II (Integrase inhibitor). Integrase inhibitor is included because it has become the 

most popular regimen for newly infected HIV patients. These candidate with HIV-infection 

for at least one (1) year will have no known Diabetes, no established coronary or 

cerebrovascular event, with known some cardio-metabolic disease predisposition such as 

overweight, but only mild to moderate obesity (BMI 25.0 -39.9), severe obesity was 

deliberately excluded. At present time our group is presenting data only on group A (4 

patients) and group C (9 patients) medication combinations. 
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80mls of blood is drawn on each visit (total of 3 visits was estimated) from the 30 

candidates. Out of the 80mls, 55mls is used for Stem cells / progenitor cell harvest. 15-

20mls for biochemistry analysis. We also check their biophysical parameters ( ie Weight, 

Waist size, blood pressure, pulse, and Basal metabolic index). In these experiment, only 

Male candidate are involved because of gender variation of progenitor cells along with 

effect of estrogen, may lead to difficult in data presentation, Age is between 40 – 65 years, 

BMI between 25.0 – 39.9, eGFR &gt; 50mL /min/1.73 m2 by MDRD. 

For biochemical analyses: where about 15-20 mls of blood is drawn as mentioned above, 

then isolate, centrifuged at 40C and plasma stored at -800C, analyzed, sent to LabCorp for 

the following:  

Chemistry Panel (ALT/AST, BUN, Electrolytes, fasting glucose)  

Hemoglobin A1C (HbA1C) (Blood sugar) 

Lipid Panel (Cholesterol) 

C-Reactive Protein (Inflammation) 

Fasting Insulin levels (measure of insulin resistance) and 

Interleukin-6 (Inflammation) 

Finally, the patients on each group are taking one of the above-mentioned HAART 

regimens (group A, B, or C). Body composition scale was measured and Arterial stiffness 

measurement which was carried out using Sphygmacor machine measuring pulse wave 

velocity (PWA) and pulse wave analysis (PWV). The data analysis presented in this thesis 
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is done at a midpoint. At this stage, N (number) used was 13 patients. 9 subjects on group 

C (Arm 2) and 4 on group B (Arm 1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



6 
 

Chapter 3: Results. 

Cellular Component: We are presenting two of the most prominent cellular parameters that 

we studied as part of this study. These two parameters such as EPC/ total MNC percentage 

as in Fig 1 and colony formation unit (CFU) Fig 2, have been repeatedly associated with 

better endothelial function and cardiovascular outcomes (cite Hill 2003, NEJM, Werner 

2005, NEJM, Domingues et al, Cardiovascular Diabetology). We studied the cell count of 

CD34+ endothelial progenitor cells, EPC Mononuclear cells and derived the fraction of 

those cells compared to the total Mononuclear population. We compared the mean between 

the Arms. The percent of CD34+ (CD34+ EPCs) in Arm 1 was 3.89% (with standard 

deviation, SD of 1.9%) and in Arm 1 was 1.06 (SD of 0.93%). We see a similar trend on 

the EPC colony forming unit parameters at day 14, see Fig 2 with Arm 1 forming 10.25 

colonies of cells at day 14 SD+ 10.2 and Arm 2 forming 6.05 colonies (SD +6.8 colonies). 

It shows CD34+ endothelial progenitor cells might be more robust in function hence able 

to form more colonies in the Arm with NRTI and NNRTI.  

Clinical Component: As HIV medications such as protease inhibitors have been shown to 

have to have a negative effect on lipid parameters and because lipid parameters reflect 

endothelial function when HIV disease has been shown to cause acquired lipodystrophy 

(reference please) and is a prominent pro-inflammatory disease. We will comment on the 

results we observed on the lipid profile and inflammatory markers such as CRP and IL6, 

Fig 6 and Fig 7. Average LDL was 137 (SD+ 94.25) on Arm 1 compared to 94.25 (SD+ 

38.86) on Arm 2. This might mean that the group with NRTI and NNRTI might have a 

worse lipid profile compared to the group on NRTI + Integrase Inhibitor. Even though LDL 

was high on Arm 1, we observed HDL numbers that were equivalent in Fig 10. Average 
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HDL on both Arms was 53 (SD+ 14.5). HsCRP, also known as highly sensitive C- reactive 

protein, is an inflammatory marker which was compared on both arms. In Arm 1, mean 

was 1.88 (SD 1.89) and mean of 1.3 (SD+ 0.9), which might mean medications on Arm 1 

are more proinflammatory compared to Arm 2. Interestingly, IL6 result in Fig 7 did not 

corroborate with that of hsCRP. Mean in Arm 1 was 2.6 (SD+ 1.7) and Arm 2 was 3.14 

(SD+ 2.49). Patients on Arm 2 produce more proinflammatory IL6. Relationship of 

inflammatory markers to HIV medications at this stage of the study /analysis is unclear. 

 

Figure 1: Percent CD34+ EPC cells as a proportion of total MNC.  
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Figure 2 Colony Forming Unit, Number of Colony formed from the CD34+ cells at day 14 

 

Figure 3: Migration of CD34+ EPCs in response to SDF1a 
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Figure 4 Adiponectin 

 

Figure 5 Leptin 
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Figure 6: C Reactive Protein  

 

Figure 7: IL6 
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Figure 8: LDL 

 

Figure 9: HDL 
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Figure 10: LDL over HDL ratio 

 

Figure 11: AST 
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Figure 12 ALT 
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Chapter 4: Discussion 

In these small sample studies, we see that among the HIV regime mentioned above (A, B, 

or C) there are differences in the degree of metabolic derangement and endothelial 

dysfunction. Note, we are only comparing group A (Arm 1) and C (Arm 2), Objective of 

the experiment on this study was divided into Primary and Secondary outcome. Where 

Primary outcomes include Cellular assay ie CD34+ /total MNC percentage, Colony 

formation capacity, Migratory function in response to SDF1 alpha and targeted gene 

expression of EPC as in Fig 3. Secondary Outcome: Includes biochemical and Arterial 

stiffness parameters, which were used to determine if these HIV medication regimens 

predisposes this patient to weight gain, metabolic syndrome and diabetes. 

We believe that cellular parameters of endothelial progenitor cells (which is CD34+) 

studied along with clinically relevant parameters such as arterial stiffness helps to evaluate 

how the anti-retroviral medication can damage the endothelium but mainly in a group. 

Some of these parameters, especially the secondary outcome came out positive towards 

our expectation but not conclusive because of some limitations, example sample size. This 

is a midpoint analysis done on a study which is at its midpoint of trial enrollment, hence 

our N is small which limits our ability to draw reliable conclusions. We enrolled 9 patients 

on Arm 2 and 4 patients on Arm 1. We used group means and its corresponding standard 

deviation as a mode of comparison. As this is a midpoint analysis, we did not do a t- test 

to compare the groups which would have given us a statistical significance. 
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In the cellular component, we found high % CD34 cells on Arm 1, group consisting of 

combination NRTI and NNRTI, which would have been different than our hypothesis as 

we would expect newer regimen consisting integrase inhibitor would be better for 

endothelial health, Similar pattern can be appreciated in CFU, which is colony forming 

unit, CFU denotes the functional parameter of CD34+ EPCs as being able to form robust 

colonies speaks to the health of the EPCs. Here we see higher colonies forming units in 

groups on NNRTS. 

In the clinical components, the inflammatory marker parameters showed conflicting data 

with CRP being high in Arm1 with IL6 being high in Arm 2. Hence this component is 

inconclusive. 

We also checked lipid parameters, to ascertain which group might have better lipid profile 

and Arm 2 came out on top with lower LDL numbers. This goes with the hypothesis that 

newer HIV medication regimen (NRTI and II) has better lipid profile. HDL on both was 

equal, demonstrating this regimen does not have an adverse outcome on lipids that was 

considered good. NOTE, that due to study design, low N and midpoint analysis it was hard 

to control for other confounding variables. 
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Chapter 5 Conclusion 

Based on the limited data, subject population, and basic statistical analysis we can deduce 

that it is possible HIV medication regimen containing NNRTI might be better for 

endothelial health hence having better cardiovascular outcome in the long run but our lipid 

profile parameters was better on the group with integrase inhibitor, hence the relationships 

are not clear and require further investigation. 
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