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Abstract 

Background 
• Obese and type 2 diabetic individuals have 

decreased mitochondrial function and exercise 
capacity (VO2 peak), as well as insulin resistance 
and elevated FFA levels.  

• Acipimox, a nicotinic acid analog used to treat 
hypertriglyceridemia,  can reduce FFA levels acutely 
and has been shown to improve insulin action. 

• Recent studies suggest that acipimox may also 
improve mitochondrial function independent of 
effects on FFA levels and insulin resistance by 
acting as an NAD+ precursor. 

• We hypothesized that acipimox would improve 
exercise capacity in type 2 diabetic subjects 
through effects on FFA levels, insulin sensitivity, 
and/or mitochondrial function.  

Results Summary 
•  In overweight or obese type 2 diabetics, 7 day treatment 

with acipimox significantly lowered triglycerides relative 
to placebo, but had an inconsistent effect on free fatty 
acids, likely due to tachyphylaxis occurring earlier than 
previously reported.  

•  There was no significant effect of acipimox on insulin 
sensitivity as measured by hyperinsulinemic euglycemic 
clamp.  

• Acipimox significantly reduced resting oxygen 
consumption (VO2) and increased peak VO2 achieved 
during maximal exertion, however had no effect on steady 
state VO2 while exercising at 85% of anaerobic threshold.  

• Work load capacity achieved at anaerobic threshold was 
significantly higher after treatment with acipimox.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Baseline characteristics 

Conclusions 
Despite having no consistent effect on free fatty acids or 
insulin sensitivity, acipimox increased exercise capacity 
in type 2 diabetics. This effect may be attributable to the 
ability of acipimox to improve mitochondrial function by 
acting as an NAD+ precursor. 
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Obesity and type 2 diabetes (T2D) are associated with insulin 
resistance, elevated free fatty acid (FFA) levels, mitochondrial 
dysfunction, and decreased exercise capacity (VO2peak). 
Acipimox, a nicotinic acid analog and NAD+ precursor, has been 
shown to decrease FFA levels, acutely improve insulin sensitivity 
and, recently, to improve mitochondrial function. We hypothesized 
that acipimox would improve exercise capacity in T2D.  
Overweight or obese subjects with T2D (n=6, age 54.9±7.8 years, 
BMI 31.2±5.4 kg/m2) were enrolled in a double-blind, random-
order, placebo-controlled, crossover study of 7-9 days of 
treatment with acipimox/placebo. Acipimox treatment reduced 
fasting baseline VO2 (3.08±0.58 vs 3.49±0.48, p=0.034), 
increased peak VO2 during maximal exercise testing (19.7±3.1 vs 
18.2±2. 6 ml/kg/min, p=0.006), and increased work load capacity 
at anaerobic threshold (75.8±22.9 vs 65.7±26.3 watts, p=0.034). 
There was no significant difference in steady state VO2 during 
exercise at 85% of baseline anaerobic threshold (11.2±2.1 vs 
11.4±1.9 ml/kg/min, p=0.237, n=6). As the tachyphylaxis to FFA-
lowering occurred earlier than previously reported, acipimox did 
not consistently reduce FFA levels (764.2±500.3 vs 605.8±113.2 
uEq/L, p=0.448) or improve insulin sensitivity by hyperinsulinemic 
euglycemic clamp (M-value: 6.00±1.52 vs 6.04±0.69 mg glucose/
kg lean body mass/min/uIU/mL insulin x 100, p=0.940). 
Triglyceride levels were reduced by acipimox (99±33 vs 134±43 
mg/dl, p=0.02). These results suggest that acipimox improves 
exercise capacity, and that the improvement is not acutely 
dependent on FFA levels or insulin sensitivity. Increased VO2peak 
may occur through improved mitochondrial function independent 
of FFA levels and may therefore be unaffected by tachyphylaxis 
to FFA suppression and potentially clinically significant. 

Study Design and Methods 
•  Subjects: overweight or obese men and women with 

T2D (n=6), ages 39-61 with A1c 5.8-8.0% and BMI 
25-37.  

•  Double-blind, placebo-controlled, random order, cross-
over design study with 7-9 day intervention period 
(placebo vs acipimox 250 mg by mouth every 6 hours) 
and ≥ 2 weeks wash-out between stages. 

•  Study procedures performed after each intervention 
period: 
§ Measurement of serum free fatty acids (FFA) and 
triglycerides (TG)  
§ 3 day standardized diet (45% carbohydrates, 35% 
fat, 20% protein), overnight fast 
§ 1-stage hyperinsulinemic euglycemic clamp (40mU/
m2/min)  
§ Measures of exercise capacity: oxygen consumption 
(VO2) at baseline, steady state sub-maximal (85% of 
anaerobic threshold), and peak exercise using cycle 
ergometry; work load capacity (watts) at anaerobic 
threshold. 

Gender 3M  3F 
Age (years) 54.9 ± 7.8 
BMI (kg/m2) 31.2 ± 5.4 
Percent body fat 35.4 ± 9.4 
HbA1c (%) 6.67 ± 0.95 
On metformin 3/6 
On statin 3/6 

Acipimox lowered baseline triglycerides 

Acipimox did not consistently lower FFAs 

Acipimox had no effect on 
hyperinsulinemic euglycemic clamp results 

Acipimox reduced fasting baseline VO2 

Acipimox increased peak VO2 

Acipimox had no effect on steady state VO2 

Acipimox increased work load capacity at 
anaerobic threshold 


