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ABSTRACT 

Background: Managing hypertriglyceridemia in HIV-infected patients often requires multiple pharmacologic strategies. 
Many protease inhibitors (PIs), one of 6 classes of drugs used to treat HIV, have been associated with hypercholes-
terolemia and drug interactions. For this study, we examined a dual strategy to manage hypertriglyceridemia in HIV- 
infected patient taking PIs: 1) switching patients to fosamprenavir (FPV), a PI with fewer drug interactions, and 2) add-
ing prescription fish oil (LOVAZA®), which has been shown to reduce triglycerides. Methods: This multicenter, 
24-week study enrolled 36 patients virologically suppressed (HIV-1 RNA < 50 copies/mL) on PI-containing therapy 
with screening triglyceride levels of 200 - 1200 mg/dL and LDL cholesterol levels ≤ 160 mg/dL. At baseline, patients 
were switched to ritonavir (RTV)-boosted fosamprenavir (FPV 1400 mg/RTV 100 mg QD) and any lipid-lowering 
agents were stopped. At Week 6, LOVAZA 4 g QD was added. Results: Five patients prematurely discontinued due to 
adverse events (2), non-compliance, lost-to-follow up, and protocol violation. Median triglyceride concentration was 
303 mg/dL at screening, 262 mg/dL at baseline, 290 mg/dL at Week 6 (+8% from baseline), and 218 mg/dL at Week 24 
(–30% from Week 6). At Week 24, 39% (12/31) of patients had triglycerides < 200 mg/dL. Among patients reaching 
Week 24, 100% (31/31) and 90% (28/31) had HIV-1 RNA < 400 and < 50 copies/mL, respectively. Conclusions: In 
this study, a switch to FPV/RTV followed by LOVAZA decreased median triglyceride levels and modestly increased 
the percentage of patients with triglyceride levels < 200 mg/dL while maintaining virologic suppression in HIV-infected 
subjects with hypertriglyceridemia. Our data suggest that baseline PI may affect the likelihood of achieving triglyc-
erides < 200 mg/dL after 18 weeks on study. A larger study would be needed to understand the relative contributions of 
choice of protease inhibitor and LOVAZA to triglyceride concentrations in HIV-infected patients. 
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1. Introduction 

Ritonavir (RTV)-boosted protease inhibitor (PI)-contain- 
ing regimens are favored by many clinicians because of 
their virologic potency, strong immunologic response, 
durability, and high barrier to resistance [1]. However, 
boosted PI regimens are also associated with gastrointes- 
tinal side effects, insulin resistance, and dyslipidemia, par- 
ticularly hypertriglyceridemia (triglyceride blood concen- 
tration ≥ 150 mg/dL) [1].  

Hypertriglyceridemia is an independent risk factor for 
coronary heart disease in both the general population [2] 
and among people living with HIV [3]. While first-line 

therapy for hypertriglyceridemia involves lifestyle changes 
(e.g., diet, exercise, weight management) [2], such inter- 
ventions often require significant effort from the patient 
and are unlikely to be sustained long-term [4]. The use of 
lipid-lowering agents is increasing among the HIV-in- 
fected population [5], but the choice of medication is 
limited by drug-drug interactions and overlapping toxici- 
ties between the lipid-lowering agents and antiretroviral 
therapy (ART) [3,6]. 

In particular, there are known pharmacologic interact- 
tions between many PIs and HMG-CoA reductase in- 
hibitors (statins) that increase the plasma concentrations 
of the statins to unacceptably high levels [1]. Fibrate 
therapy in patients with HIV infection has been associ- *Corresponding author. 
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ated with 40% - 50% decreases in serum triglyceride 
levels [7-9], but treatment guidelines recommend fibrates 
only in patients with very high triglyceride levels (>500 
mg/dL) or when combined with a statin [2,3]. Extended- 
release niacin has also had positive effects on triglyc-
erides in HIV-infected patients [10], but concerns re-
garding insulin resistance, cutaneous flushing, gastroin-
testinal upset, and hepatotoxicity highlight the need for 
other treatment strategies for hypertriglyceridemia [2,3]. 

One such strategy utilizes omega-3 fatty acids (fish 
oils), particularly long-chain, polyunsaturated eicosapen-
taenoic acid (EPA) and docosahexaenoic acid (DHA) 
[11], to reduce the synthesis and secretion of very-low- 
density lipoprotein (VLDL) particles and increase triglyc- 
eride removal from VLDL and chylomicron particles 
through upregulation of enzymes (i.e., lipoprotein lipase) 
[12]. Data from multiple studies have shown that omega- 
3 fatty acids are effective in reducing serum triglycerides 
by 20% - 50% in the general population [13-15], particu-
larly in patients with very high triglyceride levels (>500 
mg/dL), and are associated with low rates of adverse 
events [11]. 

While omega-3 fatty acids are available over-the- 
counter in the United States, the number of pills required 
to achieve a significant decrease in triglycerides can be 
daunting. LOVAZA® is a prescription combination of 
highly purified omega-3-acid ethyl esters that contains 
EPA 465 mg, DHA 375 mg, and other omega-3 fatty 
acids for a total of at least 900 mg of omega-3 fatty acids 
in each 1-g gel capsule. The normal daily dose of 
LOVAZA is 4 g (4 capsules) per day [16].  

The current study examines the therapeutic effect of 
two novel approaches for the management of hyper-
triglyceridemia: switching HIV-infected patients who are 
virologically suppressed on PIs to fosamprenavir (FPV), 
a PI with fewer drug-drug interactions; and adding 
LOVAZA, a purified formulation with a lower pill bur-
den compared with non-prescription fish oil capsules. In 
this study, FPV 1400 mg once daily is boosted with RTV 
100 mg once daily, which has been shown to provide 
similar efficacy, safety, and pharmacokinetic exposure as 
FPV/RTV 1400/200 mg daily [17-19]. 

2. Methods 

BuLLET was a 24-week, single-arm, open-label, pro-
spective trial examining the effect of a switch to fosam-
prenavir/ritonavir (FPV/RTV) and the addition of fish oil 
(omega-3-acid ethyl esters) in virologically suppressed 
HIV-infected patients with hypertriglyceridemia on other 
PI-containing regimens. At baseline, patients were swi- 
tched from their current PI to FPV (LEXIVA®, ViiV 
Healthcare Limited, Research Triangle Park, NC) 1400 

mg QD and RTV (Norvir®, Abbott Laboratories, North 
Chicago, IL) 100 mg QD. Background therapy was not 
changed. After a 6-week lead-in period, fish oil 
(LOVAZA, GlaxoSmithKline, Research Triangle Park, 
NC) 4 g QD was added for the duration of the 18-week 
treatment period. Throughout the study, patients main-
tained a diet low in saturated fat and an exercise pro-
gram.  

Enrolled patients were ≥18 years of age, had been tak-
ing a stable ART regimen consisting of a first- or second- 
line PI plus optimized background therapy for ≥3 months 
prior to screening, and had HIV-1 RNA < 50 copies/mL 
at screening and for ≥3 months prior to screening. At 
screening, patients were required to have fasting serum 
triglycerides ≥ 200 mg/dL (but <1200 mg/dL), fasting 
LDL cholesterol ≤ 160 mg/dL, CD4 cell count > 50 cells/ 
mm3, and be participating in a lipid-lowering diet and 
exercise program for ≥28 days. For females of child- 
bearing potential, appropriate use of at least one form of 
non-hormonal contraception was required during and 4 
weeks after the end of the study. All patients provided 
written informed consent to participate in the study, and 
the protocol was approved by the institutional review 
board for each study site. 

Exclusion criteria included: significant laboratory ab-
normalities in hemoglobin, platelets, prothrombin time, 
absolute neutrophil count, serum creatinine, total bilirubin, 
alanine or aspartate aminotransferase, thyroid stimulating 
hormone, or lipase ≤ 28 days prior to baseline; any grade 
4 laboratory abnormality at screening; current treatment 
with fosamprenavir or amprenavir; use of a second RTV- 
boosted PI for reasons of virologic failure; known car-
diovascular disease, congestive heart failure, uncon-
trolled hypertension, or risk for atherosclerotic disease; 
and pregnancy or breastfeeding. Use of lipid-lowering 
agents (either prescription or over-the-counter medica-
tions and supplements) was not permitted during the 
study. Any lipid-lowering agents in use prior to the study 
were discontinued at baseline. Patients who had previous 
resistance testing could not have evidence of resistance 
to FPV. 

Patients were evaluated at screening, baseline, and at 
weeks 4, 6, 12, 18, and 24, and routine biochemistry, 
hematology, and immunology tests were conducted at 
each assessment. HIV-1 RNA was measured using the 
standard or ultrasensitive Roche Amplicor HIV-1 Moni-
tor assay (version 1.5; Roche Diagnostics, Branchburg, 
New Jersey, USA). All laboratory tests were performed 
centrally by Quest Diagnostics (Van Nuys, California, 
USA). AEs and laboratory toxicities were graded using 
the 2004 Division of AIDS Toxicity Grading Scale. Vi-
rologic failure was defined as having confirmed virologic 
rebound (HIV-1 RNA ≥ 400 copies/mL). 
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The primary safety endpoint of the study was the per- 
centage of patients with fasting triglycerides < 200 mg/dL 
at Week 24. The primary efficacy endpoint was the per-
centage of patients with HIV-1 RNA < 50 copies/mL at 
Week 24. Secondary endpoints included changes in other 
lipid parameters and inflammatory bio- markers, the in- 
cidence, severity, and causality of adverse events and 
laboratory abnormalities, and changes from baseline in 
CD4 cell count. 

A sample size of 50 patients was planned for this study 
based on practical considerations. Statistical analyses for 
fasting triglycerides and HIV-1 RNA were performed 
using the intent-to-treat: exposed (ITT:E) population that 
included any enrolled patient who took at least one dose 
of study medication. Two analyses were used: missing or 
discontinuation equals failure analyses (MD = F), in 
which missing assessments or assessments taken after 
discontinuation from study drugs were considered fail- 
ures; and observed analyses, in which missing assess- 
ments at any scheduled time point were considered un- 
evaluable and were not imputed. The primary endpoint 
was the number and proportion of subjects with fasting 
triglycerides < 200 mg/dL at Week 24 (with 95% confi- 
dence intervals determined by Clopper-Pearson method). 
Results were stratified by baseline fasting triglyceride 
levels < 200 mg/dL, 200 - 499 mg/dL, and 500 - 1200 
mg/dL.  

Statistical analysis for all other secondary endpoints 
and safety evaluations were based on the observed 
analyses. Changes from baseline were assessed using the 
median change from baseline with 95% confidence in- 
tervals determined by the Jeffreys method [20]. Most 
safety results used descriptive summary statistics.  

3. Results 

3.1. Patient Characteristics and Accountability 

Thirty-six patients with a median age of 48 years were 
enrolled in the study (Table 1). Almost all were white  
 
Table 1. Baseline patient demographics, characteristics, and 
medical history. 

 N = 36 

Median age, years (range) 48.0 (36 - 65)

Male, n (%) 35 (97%) 

Geographic ancestry, n (%)  

African American/African heritage 1 (3%) 

White/Caucasian/European heritage 35 (97%) 

Hispanic or Latino ethnicity, n (%) 14 (39%) 

Median CD4 cell count, cells/mm3 (range) 460 (193 - 913)

CDC classification for HIV infection, n (%)  

Continued 

Category A 10 (28%) 

Category B 15 (42%) 

Category C 11 (31%) 

Hepatitis serology test positive, n (%)   

Hepatitis B surface antigen test 3 (8%) 

Hepatitis C 2 (6%) 

Median fasting triglycerides, mg/dL (range) 262 (106 - 1004)

<200 mg/dL, n (%) 10 (28%)* 

200 to 499 mg/dL, n (%) 21 (58%) 

500 to 1200 mg/dL, n (%) 5 (14%) 

Baseline protease inhibitor, n (%)  

Atazanavir/ritonavir 10 (28%) 

Darunavir/ritonavir 11 (31%) 

Lopinavir/ritonavir 10 (28%) 

Other† 5 (14%) 

Other antiretroviral therapy‡, n (%)  

Tenofovir and emtricitabine 23 (64%) 

Raltegravir 8 (22%) 

Abacavir sulfate and lamivudine 7 (19%) 

Zidovudine and lamivudine 4 (11%) 

Etravirine 2 (6%) 

Abacavir sulfate  2 (6%) 

Abacavir sulfate, lamivudine, and zidovudine  1 (3%) 

Stavudine 1 (3%) 

Efavirenz 1 (3%) 

Nevirapine 1 (3%) 

Median body mass index (BMI) (range) 27.6 (17.6 - 52.2)

Underweight (BMI < 18.5), n (%) 1 (3%) 

Normal (18.5 ≤ BMI < 25), n (%) 7 (19%) 

Overweight (25 ≤ BMI < 30), n (%) 17 (26%) 

Obese (BMI ≥ 30), n (%) 11 (31%) 

Tobacco use, n (%)  

Never smoked 19 (53%) 

Former smoker 10 (28%) 

Current smoker 7 (19%) 

Hypertension, n (%)  

No history 25 (69%) 

Past 1 (3%) 

Current 10 (28%) 

Currently treated 9 (25%) 

Current hypercholesterolemia, n (%) 32 (89%) 

Current type II diabetes, n (%) 1 (3%) 

*Triglyceride levels in these patients were ≥200 mg/dL at screening; †Other 
protease inhibitors were saquinavir/ritonavir (n = 3) and nelfinavir (n = 2); 
‡Listings are not mutually exclusive. 
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males, but 39% (14/36) of patients self-identified as 
Hispanic or Latino. Median baseline CD4 cell count was 
460 cells/mm3, but 31% (11/36) of patients had CDC 
category C disease. At baseline, median fasting triglyc-
erides ranged from 106 to 1004 mg/dL. Ten patients 
(28%) had a decrease in fasting triglycerides from ≥200 
mg/dL at screening to <200 mg/dL at baseline. Most pa-
tients (28/36, 78%) were overweight or obese (body mass 
index ≥ 25), and 89% (32/36) had hypercholesterolemia 
at baseline. Approximately one-third of patients (11/36, 
31%) had a history of hypertension, and one patient (3%) 
had type II diabetes. 

Thirty-one of 36 patients (86%) completed the 24-week 
study. Between baseline and Week 6, 1 patient prema- 
turely discontinued due to an adverse event. Between 
Week 6 and Week 24, 4 patients prematurely discontinued 
the study due to adverse event (n = 1), non-compliance (n 
= 1), lost to follow-up (n = 1), and investigator discre- 
tion (for protocol violation; n = 1).  

3.2. Fasting Triglycerides 

The percentage of patients with fasting triglycerides < 
200 mg/dL increased during the study (Table 2). At 
Week 24, 33% (12/36) of patients had triglycerides < 200 
mg/dL. Ten subjects (28%) had a decrease in triglyceride 
levels between screening (≥200 mg/dL) and baseline 
(<200 mg/dL). Seven of these 10 patients completed the 
study: 4 with triglycerides below 200 mg/dL and 3 with 
triglyceride levels between 237 and 277 mg/dL.  

Median triglyceride concentration was 262 mg/dL at 
baseline (when lipid-lowering agents were stopped), and 
290 mg/dL at week 6 (8% increase) when LOVAZA was 
initiated. By week 24, median triglycerides were 218 
mg/dL (30% decrease from week 6). Between baseline 
and Week 24, there were no statistically significant 
changes in lipids (total, HDL, and LDL cholesterol, 
triglycerides, and total: HDL cholesterol ratio) (Table 3). 
However, between Weeks 6 and 24, there was a statisti-
cally significant increase in LDL cholesterol and statisti-
cally significant decreases in triglycerides and total:HDL 
cholesterol ratio. 

Examining NMR lipoproteins, there were statistically  

significant increases from baseline to Week 24 in total 
LDL, small LDL, very small LDL, and VLDL particles 
and statistically significant decreases in total HDL parti- 
cles, VLDL size, and large VLDL/chylomic. Between 
Weeks 6 and 24, there was a statistically significant in- 
crease in small LDL and statistically significant de- 
creases in VLDL size, large VLDL/chylomic, and VLDL 
triglycerides.  

The percentage of patients with fasting triglycerides < 
200 mg/dL at each time point varied by baseline PI 
(Figure 1). Comparing baseline with Week 24, more 
patients who were switched from lopinavir/RTV had 
fasting triglycerides < 200 mg/dL, fewer patients who 
were switched from darunavir/RTV had fasting triglyc-
erides < 200 mg/dL, and approximately the same per-
centage of patients who switched from atazanavir/RTV 
or other PI had had fasting triglycerides < 200 mg/dL. 
Between baseline and Week 6, median triglyceride levels 
increased for patients switched from atazanavir/RTV, 
darunavir/RTV, or other PI and decreased slightly for 
patients switched from lopinavir/RTV. Between Week 6 
and Week 24, median triglyceride levels decreased for all 
baseline PIs.  

3.3. Virologic and Immunologic Results 

Most patients (90%, 28/31) who completed the study 
maintained HIV-1 RNA < 50 copies/mL (Figure 2), and 
all patients who completed the study had HIV-1 RNA < 
400 copies/mL. There was no relationship between vi-
rologic suppression and baseline triglyceride strata or 
baseline PI. One non-compliant patient experienced con-
firmed virologic failure at Week 6. At time of virologic 
failure, no major treatment-emergent resistance associ-
ated mutations were detected in virus isolated from this 
patient. In this virologically suppressed population, me-
dian CD4 cell count increased by 55 cells/mm3 between 
baseline and Week 24.  

3.4. Safety and Tolerability 

Both FPV/RTV and LOVAZA were generally well-tol- 
erated, with few reported adverse events (AEs). Between  

 
Table 2. Percentage of patients with triglycerides < 200 mg/dL at Week 24, stratified by baseline triglyceride concentration; 
ITT, MD = F analysis*. 

Baseline Triglyceride Concentration 
 All Patients (N = 36) 

<200 mg/dL (n = 10) 200 - 499 mg/dL (n = 21) >500 mg/dL (n = 5) 

Week 6 25% (12 - 42) 50% (19 - 81) 19% (5 - 42) 0% (0 - 52) 

Week 12 28% (14 - 45) 40% (12 - 74) 24% (8 - 47) 20% (1 - 72) 

Week 24 33% (19 - 51) 40% (12 - 74) 33% (15 - 57) 20% (1 - 72) 

*Data are percentages with 95% confidence intervals by Clopper-Pearson method. 
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Table 3. Change from baseline in median (95% confidence intervals) in lipid and NMR lipoprotein parameters. 

Baseline Week 6 Week 24 

Lipids 
n Median  n Median n Median

Median % 
Change from 

Baseline
95% CI 

Median % 
Change from

Week 6 
95% CI 

Total cholesterol, mg/dL 35 197  34 218 31 212 6.0 –0.4, 11.2 –4.3 –9.8, 4.2

HDL cholesterol, mg/dL 35 38  34 37 31 36 –7.0 –10.8, 5.9 4.3 –5.1, 10.8

LDL cholesterol, mg/dL 35 101  34 112 31 124 18.1 –0.3, 33.5 14.7* 6.3, 31.4

Triglycerides, mg/dL 35 262  34 290 31 218 –13.0 –31.5, 0.8 –30.4* –43.7, –6.2

Total/HDL ratio 35 5.44  34 5.95 31 5.57 3.8 –2.5, 19.9 –8.5* –12.6, –0.1

NMR Lipoproteins            

Total HDL particles, μmol/L 34 31.85  32 29.6 29 28.8 –10.3* –17.6, –0.1 –4.3 –13.1, 1.5

HDL size, nm 34 8.5  32 8.6 29 8.6 0 –0.8, 1.2 0 –1.15, 1.18

Total LDL particles, nmol/L 34 1500  32 1759 29 1782 14.3* 4.0, 27.8 4.7 –2.2, 16.0

LDL size, nm 34 20.0  32 19.8 29 19.9 –0.8 –2.0, 0.3 –0.5 –1.0, 1.1

Large LDL, nmol/L 34 183.5  32 156.5 29 153.0 –4.0 –23.0, 43.0 8.8 –15.4, 61.7

Small LDL, nmol/L 34 1231  32 1446 29 1467 18.5* 4.8, 34.5 7.5* 0.3, 15.0

Very small LDL, nmol/L 34 975  32 1152 29 1149 22.2* 5.2, 34.1 11.0 –1.1, 16.8

VLDL particles, nmol/L 34 98.9  32 133.6 29 133.6 23.6* 7.4, 42.4 4.67 –13.6, 15.2

VLDL size, nm 34 54.4  32 50.5 29 45.8 –16.3* –24.3, –8.0 –11.6* –23.7, –3.8

Large VLDL/chylomic, nmol/L 34 8.1  32 7.5 29 2.3 –56.2* –91.9, –18.8 –83.3* –91.8, –34.1

VLDL triglycerides, mg/dL 34 169.5  32 211.5 29 175.0 –5.6 –38.2, 29.1 –27.7* –42.0, –2.4

*Statistically significant difference; Abbreviations: HDL, high-density lipoprotein; LDL, low-density lipoprotein; NMR, nuclear magnetic resonance; VLDL, 
very low density lipoprotein. 

 

 

Figure 1. Percentage of patients with fasting triglycerides < 200 mg/dL over time stratified by baseline protease inhibitor 
(ITT-exposed population, observed analysis). 
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Figure 2. Percentage of patients with HIV-1 RNA < 50 copies/mL or <400 copies/mL over time (ITT-exposed population, M/D 
= F and observed analyses). 
 
baseline and Week 6, one patient reported diarrhea and 
gastrointestinal upset and withdrew from the study. Be-
tween Weeks 6 and 24, 5 patients reported treatment- 
emergent grade 2 - 3 AEs. The most common AE was 
hypercholesterolemia (2 patients with grade 2 and 2 pa-
tients with grade 3), which led to study discontinuation in 
one patient. Other AEs (all reported in the same patient) 
were influenza, bronchitis, and vomiting. There were no 
grade 4 or serious AEs. One-half of patients experienced 
a grade 3 - 4 laboratory abnormality, the most common 
being increases in LDL cholesterol [7 (19%)], triglyc- 
erides [6 (17%)], total cholesterol [5 (14%)], and total 
bilirubin [4 (11%)].  

Results with inflammatory biomarkers were mixed, 
and, due to the small sample size, the statistical signifi-
cance of the changes was not calculated. The median 
percentage change from baseline to Week 24 was nega-
tive for interleukin-6 (–18%), positive for B-100/A-1 
ratio (+16%), and unchanged for high sensitivity C-reac- 
tive protein (0).   

4. Discussion 

In this population of virologically suppressed patients 
taking a variety of PIs, switching to FPV/RTV at base-
line and adding LOVAZA at Week 6 were associated 
with decreased median triglyceride concentrations in all 
baseline PI groups, and a larger percentage of patients 
achieved triglycerides < 200 mg/dL at Week 24 (39%) 
compared with baseline (28%) using an observed analy-
sis. This regimen was also associated with continued 
virologic suppression (HIV-1 RNA < 50 copies/mL), 

continued immunologic improvement, and few adverse 
events. Consistent with studies in the general population 
[13,14], the decrease in triglycerides was accompanied 
by statistically significant decreases in VLDL size, large 
VLDL/chylomic particles, and VLDL triglycerides.  

These results are similar to three previous trials exam-
ining the effects of fish oil in the HIV-positive popula-
tion. The first trial, published by Wohl, et al., random-
ized 52 HIV-infected patients on ART with triglycerides 
> 200 mg/dL to receive nutritionist-administered dietary 
and exercise counseling with or without fish oil supple-
mentation (approximately 3 g/day) [4]. Mean baseline 
triglyceride levels were high: 461 mg/dL for the fish oil 
group and 502 mg/dL for the diet and exercise group. 
After 16 weeks, the group receiving fish oil experienced 
a 19.5% mean decrease in triglycerides (a statistically 
significant change from baseline) compared to a 5.7% 
decrease in the group receiving only counseling. Mean 
LDL levels increased significantly (22.4%) in the fish oil 
group and the diet and exercise group (18.4%). These 
results are generally similar to our study, in which there 
were statistically significant changes in triglycerides 
(–15.5%) and LDL (+19.9%) between Week 6 and Week 
24 despite a much lower mean baseline triglyceride level 
(312 mg/dL). 

DeTruchis, et al. conducted a double-blind trial of 122 
HIV-infected patients with triglyceride levels between 
200 and 1000 mg/dL [21]. After a 4-week period of diet 
intervention alone, patients were randomized to receive 6 
g of fish oil or placebo for 8 weeks. Median baseline 
triglyceride levels were 400 mg/dL for the fish oil group 
and 410 mg/dL for the placebo group. After 8 weeks, the 
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median percent change in triglycerides was –25.5% for 
the fish oil group and +1.0% for the placebo group, a 
statistically significant difference that was similar in 
magnitude to the results of our trial. Data on changes in 
LDL cholesterol were not reported, although total cho-
lesterol was unchanged in the fish oil group (–0.4%). Our 
study found a larger percent decrease in total cholesterol 
(–4.3% at from Week 6 to Week 24), but the change was 
not statistically significant. 

The third previous study of fish oil in HIV-infected 
patients, published by Gerber, et al., was an open-label 
trial in patients with baseline fasting triglyceride concen-
trations ≥ 400 mg/dL [22]. In this study, unlike the other 
two studies, results were analyzed with respect to 
screening triglyceride values. The 100 patients, who had 
a median screening triglyceride level of 668 mg/dL, were 
randomized to 3 g of fish oil or 160 mg of fenofibrate per 
day. After 8 weeks, triglycerides had decreased by 46% 
in the fish oil group and 58% in the fenofibrate group. 
Both changes were statistically different from screening. 
LDL levels increased significantly in the same time pe-
riod (+37% for fish oil group, +46% for the fenofibrate 
group) but total cholesterol levels were stable. However, 
very few patients achieved triglycerides < 200 mg/dL 
(8.5% of the fish oil group, 16.7% of the fenofibrate 
group), presumably due to the high screening concentra-
tions. Our study included 4 patients with baseline triglyc- 
erides > 500 mg/dL, and only 1 (25%) had triglycerides < 
200 mg/dL at the end of the study.  

While the previous trials of fish oil in the HIV-infected 
population included patients with considerably higher 
pre-treatment triglyceride levels, the numerical results of 
the three previous trials are very similar to our study. All 
four studies found a statistically significant decrease in 
triglyceride concentrations, a statistically significant in-
crease in LDL cholesterol, and no change in total choles-
terol. These results are also similar to observations in the 
general population, where fish oil monotherapy (not 
combined with fibrates or statins) has been associated 
with an approximately 20% to 50% decrease in triglyc-
erides and a 10% to 50% increase in LDL [23]. As re-
viewed by McKenney and Sica, this increase in LDL is 
hypothesized to occur because the presence of fish oil 
decreases the number of VLDL particles and increases 
the rate at which VLDL particles are converted to LDL 
particles [11].  

Our study also incorporated a change in PI therapy, 
offering an opportunity to assess the impact of different 
PIs. However, these results are difficult to interpret be-
cause of two competing modifications at baseline (a 
change in daily RTV dose for some patients and the ces-
sation of any lipid-lowering agents) and the small sample 
size for each PI.  

For patients originally taking atazanavir/RTV and da-
runavir/RTV, the RTV dose was unchanged from 100 mg 
per day. The larger triglyceride increase in patients for-
merly taking darunavir/RTV was unexpected, as a recent 
study of 51 HIV-infected patients with hypertriglyc-
eridemia on lopinavir/RTV or FPV/RTV found similar 
decreases in triglyceride levels over 24 weeks when 
switched to atazanavir/RTV (–99 mg/dL) or darunavir/ 
RTV (–126 mg/dL) [24]. One explanation may be the 
larger range of triglyceride levels at baseline for darun-
avir/RTV (129 - 1004 mg/dL) compared with atazanavir/ 
RTV (172 - 696 mg/L) in this relatively small patient 
population.  

This study design did not capture the use of lipid- 
lowering agents at baseline, a significant limitation of 
this study. Other limitations include the self-reported 
nature of adherence to the lipid-lowering diet and exer-
cise program, and, although the need for fasting was 
stressed in the protocol, the possibility that not all pa-
tients followed the guidelines at every time point. This 
study was also challenging in terms of the inherent vari-
ability of triglyceride measurements, as evidenced by the 
large percentage of patients who had triglycerides ≥ 200 
mg/dL at screening but <200 mg/dL at the baseline visit 
no more than 28 days later. Studies in healthy individuals 
have documented a 25% intra-individual variation in 
triglyceride measurements in the fasting state, with varia-
tions up to 65% for non-fasted blood draws [25]. In addi-
tion, triglyceride measurements are affected by sample 
collection and handling procedures, including storage 
and shipping, patient posture during collection, venous 
occlusion, and the use of anticoagulants [25]. Despite our 
efforts to standardize procedures, we cannot rule out the 
possibility of these issues confounding our data. 

5. Conclusion 

In this study of 36 HIV-infected patients with hyper-
triglyceridemia at screening, a switch to FPV 1400 mg/ 
RTV 100 mg QD followed by the addition of LOVAZA 
4 g QD decreased median triglyceride levels and mod-
estly increased the percentage of patients with triglyc-
eride levels < 200 mg/dL. Virologic suppression was 
maintained in >90% of patients who completed 24 weeks 
on study. Our data suggest that baseline PI may affect the 
likelihood of achieving triglycerides < 200 mg/dL after 
18 weeks on study. A larger study would be needed to 
understand the relative contributions of choice of prote-
ase inhibitor and LOVAZA to triglyceride concentrations 
in HIV-infected patients.  
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