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INTRODUCTION

• HIV-infected patients are at increased risk of coronary artery disease (CAD) than 
what is predicted by traditional cardiovascular risk factors.  But, the exact 
mechanism is unknown.  

• There is emerging evidence that metabolism of dietary choline in relationship to 
the gut is a potential pathway contributing to CAD in non-HIV-infected patients.  
In non-HIV-infected patients, trimethylamine-N-oxide (TMAO), a metabolite of 
choline, has been associated with CAD.

• Recent studies have shown altered gut microbiota and increased inflammatory 
and immune markers in HIV-infected patients.  The aim of this study was to 
compare choline metabolites among HIV-infected individuals and healthy 
controls and investigate whether increased metabolism of choline is associated 
with atherosclerosis in HIV-infected patients. 

METHODS

• Eighty-two HIV-infected individuals were compared to 20 healthy controls.  
Serum samples were sent to Stanley Hazen’s lab at Cleveland Clinic for analysis.  
Choline and its metabolite TMAO and other TMA containing species such as 
betaine and carnitine were quantified with the use of high-performance liquid 
chromatography with electrospray ionization tandem mass spectrometry.  

• Carotid intima-media thickness (IMT) was assessed using high resolution 
ultrasound.  IMT was measured in 12 segments that included the near and far 
walls of the common carotid, bifurcation region, and internal carotid region on 
both the left and right sides.  Multivariable analysis was performed to identify 
the relationship between TMAO and mean IMT in HIV-infected individuals.  
TMAO levels were log transformed in order to better fit a normal distribution. 

CONCLUSIONS

• TMAO levels are not different but carnitine levels are 
significantly lower in the HIV cohort.

• TMAO and carnitine are associated with mean carotid 
IMT in the HIV cohort, but the correlation weakened 
after adjusting for covariates.  

• Further studies, with larger cohorts, need to be done to 
determine the role of TMAO in HIV-associated CAD.

RESULTS

• Compared to controls, the HIV cohort had higher triglycerides and lower HDL.

• TMAO levels were not significantly different but carnitine levels were 
significantly lower in the HIV group compared to controls.   

• In adjusted analysis, age, current cigarette smoking, triglycerides, and current 
ARV use was associated with TMAO levels in the HIV cohort.  Viral load and CD4 
count were not associated with TMAO levels.  

• In the HIV cohort, TMAO per doubling and carnitine were associated with 
increased mean carotid IMT in univariate analysis, but the association weakened 
for both in the adjusted model. 

• In the HIV cohort, Age, Latino race, HTN, cigarette smoking, total cholesterol, 
and lipodystrophy were associated with increased mean carotid IMT. 

Table 1. Characteristics of Controls and HIV-infected patients

†Data are presented as mean (standard deviation) or numbers (percent).
‡All patient characteristics were candidate covariates.

Controls 

(n = 20)

HIV-Infected 

Individuals (n = 82)
p-value

Choline (µM)
8.6 (7.1 –

9.9)
8.6 (7.4 – 9.9) 0.68

TMAO (µM)‡
3.0 (2.0 –

4.6)
3.7 (2.5 – 6.3) 0.25

Carnitine (µM)
32.9 (30.6 

– 39.9)
29.8 (26.1 – 36.5) 0.04

Betaine (µM)‡
49.8 (40.1 

– 60.0)
43.8 (35.9 – 52.1) 0.13

Table 3. TMA-Containing Species in HIV vs Control

†Data are presented as medians (interquartile range).
‡Based on log transformed data.

Table 4. Factors Associated with TMAO in HIV-infected patients

Unadjusted (95% CI), p-value Adjusted (95% CI), p-value

Age (per decade) 37% (9%, 71%), p = 0.007 34% (12%, 60%), p = 0.001

Male 14% (-41%, 118%), p = 0.70 16% (-36%, 11%), p = 0.62

African American -25% (-51%, 15%), p = 0.19 8% (-36%, 83%), p = 0.78

Latino -47% (-58%, -32%), p = 0.00 -19% (-52%, 38%), p = 0.44

Other 214% (-25%, 1224%), p = 0.12 161% (-7%, 629%), p = 0.07

Diabetes -29% (-53%, 7%), p = 0.11 -21% (-42%, 7%), p = 0.13

Current Smoking 59% (-9%, 177%), p = 0.10 61% (9%, 136%), p = 0.02

HDL (per 10 mg/dL) -13% (-27%, 3%), p = 0.10 -6% (-15%, 5%), p = 0.28

Triglycerides (per 10 mg/dL) 2% (1%, 3%), p = 0.00 1% (1%, 2%), p = 0.001

Current ARV Use 78% (22%, 162%), p = 0.003 58% (5%, 138%), p = 0.03

HIV RNA >75 copies/mL -20% (-37%, 20%), p = 0.28 6% (-45%, 104%), p = 0.86

Table 5. Factors Associated with mean Carotid IMT in HIV-infected patients

†Data are presented as percent difference (Tables 4 & 5).
‡Only candidate covariates listed were used in the adjusted model, other covariates did not have a 
statistically significant association with TMAO or mean carotid IMT (Tables 4 & 5). 

Unadjusted (95% CI), p-value Adjusted (95% CI), p-value

Age (per decade) 14% (9%, 21%), p = 0.00 7% (0%, 15%), p = 0.05

Male 12% (-12%, 43%), p = 0.34 5% (-16%, 30%v), p = 0.67

African American -13% (-25%, 0%), p = 0.04 -2% (-12%, 10%), p = 0.77

Latino 16% (-14%, 55%), p = 0.34 45% (16%, 81%), p = 0.001

Other 19% (10%, 30%), p = 0.00 25% (12%, 39%), p = 0.00

Hypertension 22% (8%, 38%), p = 0.002 18% (7%, 29%), p = 0.001

Smoking (pack years, per doubling) 2% (0%, 3%), p = 0.008 1% (0%, 2%), p = 0.04

Total Cholesterol (per 10 mg/dL) 2% (0%, 4%), p = 0.08 1% (0%, 3%), p = 0.03

Lipodystrophy 21% (7%, 37%), p = 0.003 14% (3%, 25%), p = 0.008

Current ARV Use 15% (1%, 30%), p = 0.06 7% (-8%, 26%), p = 0.37

HIV RNA >75 copies/mL -11% (-22%, 2%), p = 0.11 8% (-9%, 29%), p = 0.35

TMAO (µM, per doubling) 9% (3%, 15%), p = 0.002 4% (-1%, 10%), p= 0.14

Carnitine (per 10 µM) 9% (2%, 17%), p = 0.01 6% (-1%, 13%), p = 0.09

HIV-Infected Individuals (n = 82) Controls (n = 20) p-value

Age 50.6 ± 9.6 48.9 ± 12.4 0.5

Gender (male) 78 (94%) 20 (100%) 0.26

Race
White 62 (74.7%) 13 (65%) 0.5

African American 14 (16.9%) 3 (15%)

Latino 4 (4.8%) 2 (10%)

Other 3 (3.6%) 2 (10%)

Smoking (pack years) 13.5 ± 21.2 9.7 ± 23.2 0.48

Total Cholesterol (mg/dL) 182.2 ± 36.8 183.8 ± 37 0.87

HDL (mg/dL) 46.8 ± 14.2 56.6 ± 18.1 0.01

LDL (mg/dL) 105.3 ± 26.8 105.7 ± 25.2 0.95

Triglycerides (mg/dL) 155.9 ± 132.9 98.6 ± 60.7 0.005

CRP (mg/dL) 3.3 ± 5.1 2.6 ± 3.6 0.6

DM 9 (10.8%) 0 0.12

HTN 38 (45.8%) 5 (25%) 0.09

Hepatitis C 12 (14.5%) 0 0.07

Table 2. HIV-Specific Characteristics

n = 82
ARV Use (current) 57 (68.7%)

ARV Use (ever) 62 (74.7%)
CD4 Nadir (cells/µL) 243.8 ± 201.1
HIV Duration (years) 13.3 ± 7.6

HIV RNA (copies/mL)
<75 63 (75.9%)

75-2000 11 (13.3%)
2000-10,000 6 (7.2%)

>10,000 3 (3.6%)
Lipodystrophy 35 (42.2%)

Figure 1. Phosphatidylcholine Metabolism and HIV Dysbiosis


