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  Abstract

   Background:  Niaspan �  (extended-release niacin) is a nicotinic acid formulation used to treat 
dyslipidemia in obese subjects. Niaspan binds to the GPR109A receptor in adipose tissue and 
stimulates adiponectin secretion, which should improve insulin sensitivity. However, Niaspan 
therapy often causes insulin resistance. The purpose of this study was to evaluate whether Nias-
pan-induced changes in plasma adiponectin concentration are associated with a blunting of 
Niaspan’s adverse effect on insulin action in obese subjects with non-alcoholic fatty liver dis-
ease (NAFLD).  Methods:  A hyperinsulinemic-euglycemic clamp procedure was used to assess 
muscle insulin sensitivity before and after 16 weeks of Niaspan therapy in 9 obese subjects with 
NAFLD [age 43  8  5 years; BMI 35.1  8  1.3 (means  8  SEM)].  Results:  Niaspan therapy did not af-
fect body weight (99.1  8  4.2 vs. 100  8  4.4 kg) or percent body fat (37.8  8  2.5 vs. 37.0  8  2.5%). 
However, Niaspan therapy caused a 22% reduction in insulin-mediated glucose disposal (p  !  
0.05). The deterioration in glucose disposal was inversely correlated with the Niaspan-induced 
increase in plasma adiponectin concentration (r = 0.67, p = 0.05).  Conclusions:  These results 
demonstrate that Niaspan causes skeletal muscle insulin resistance, independent of changes in 
body weight or body fat, and the Niaspan-induced increase in plasma adiponectin concentra-
tion might partially ameliorate Niaspan’s adverse effect on insulin action in obese subjects with 
NAFLD.   Copyright © 2012 S. Karger AG, Basel
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  Background

  Obesity is associated with insulin resistance and dyslipidemia (i.e. increased triglyceride 
and LDL cholesterol and decreased HDL cholesterol concentrations in plasma), which are 
risk factors for type 2 diabetes and cardiovascular disease  [1] . The mechanisms responsible 
for the relationship between excess adiposity and metabolic dysfunction are likely related to 
multiple factors, including alterations in fatty acid metabolism, circulating inflammatory 
proteins, and decreased plasma adiponectin concentration  [2–8] .

  Niaspan �  (extended-release niacin; Abbott Laboratories, Abbott Park, Ill., USA) is a 
nicotinic acid formulation used to treat dyslipidemia in obese subjects because it increases 
plasma HDL cholesterol and decreases triglyceride and LDL cholesterol concentrations  [9–
13] . Moreover, Niaspan therapy should theoretically improve insulin action because it binds 
to the GPR109A receptor in adipose tissue, which increases the secretion of adiponectin  [14–
16] , an adipokine that increases insulin sensitivity  [17] . However, the use of Niaspan to treat 
dyslipidemia in obese people has potential limitations, because niacin derivatives are associ-
ated with a decrease in insulin sensitivity  [16, 18–21] . The mechanism responsible for the 
deleterious effect of niacin therapy on insulin sensitivity is not known.

  The purpose of this study was to evaluate the relationship between Niaspan therapy-
induced changes in plasma adiponectin concentration and insulin sensitivity. We hypothe-
sized that Niaspan therapy increases plasma adiponectin concentration, which would help 
ameliorate the adverse effects of Niaspan on insulin action. Skeletal muscle insulin sensitiv-
ity, assessed by using the hyperinsulinemic-euglycemic clamp procedure, and plasma adipo-
nectin concentration were determined in obese subjects with non-alcoholic fatty liver dis-
ease (NAFLD) before and after 16 weeks of Niaspan therapy.

  Methods

  Subjects
  Nine obese subjects (6 women and 3 men; age 43  8  5 years; BMI 35.1  8  1.3) with NAFLD (intra-

hepatic triglyceride content  6 5.6%), who were previously studied to evaluate the effect of Niaspan 
therapy on metabolic function  [22] , participated in this study. None of the subjects smoked cigarettes, 
consumed  6 20 g/day of alcohol or had severe hypertriglyceridemia ( 1 3.4 m M ), diabetes or other sig-
nificant organ system dysfunction. All subjects were weight stable ( ̂  2% change in weight) and seden-
tary ( ! 1 h of exercise per week) for at least 3 months before enrollment and throughout the entire dura-
tion of the study. Subjects provided their written informed consent before participating in this study, 
which was approved by the Human Research Protection Office of Washington University School of 
Medicine.

  Experimental Protocol
  Subjects were admitted to the Clinical Research Unit on the evening before the hyperinsulinemic-

euglycemic clamp procedure, where they consumed a standard meal and then fasted until completion of 
the clamp procedure the next day, as previously described  [22] . During the hyperinsulinemic-euglycemic 
clamp procedure, [6,6- 2 H 2 ]glucose was infused to assess plasma glucose rates of appearance (Ra) and rates 
of disappearance (Rd) during basal conditions and during insulin infusion (50 mU/m 2  body surface area 
per minute). One blood sample was obtained immediately before starting the tracer infusion to determine 
the background glucose enrichment and adiponectin concentration in plasma; blood samples to deter-
mine glucose and insulin concentrations and glucose enrichment to evaluate glucose kinetics were ob-
tained every 10 min during the final 30 min of the basal period and every 10 min during the final 30 min 
of the insulin infusion.

  After the baseline clamp procedure was performed, subjects began treatment with Niaspan for 16 
weeks (titrated from 500 mg/day during the first 3 weeks to a final dose of 2,000 mg/day for the remain-
ing 13 weeks). Compliance with therapy was enhanced by contact with the study research nurse every 



213

Cardiorenal Med 2012;2:211–217

 DOI: 10.1159/000340037 
 Published online: July 18, 2012 

 Fraterrigo et al.: Relationship between Changes in Plasma Adiponectin Concentration and 
Insulin Sensitivity after Niacin Therapy 

www.karger.com/crm
© 2012 S. Karger AG, Basel

week (i.e. outpatient visits in the Clinical Research Unit every 2 weeks and contact by phone every other 
week). Compliance with therapy was also monitored by pill count during the bimonthly visits. The hy-
perinsulinemic-euglycemic clamp procedure performed before treatment was repeated after 16 weeks of 
Niaspan therapy, 12 h after the last dose of Niaspan was given.

  Sample Processing and Kinetic Analyses
  Total plasma adiponectin concentration during basal conditions was determined by using an en-

zyme-linked immunosorbent assay system (ALPCO Diagnostics, Salem, N.H., USA). Plasma insulin con-
centration was determined by using a radioimmunoassay (Linco Research, St. Louis, Mo., USA). Plasma 
glucose concentration was determined by using an automated glucose analyzer (Yellow Springs Instru-
ments, Yellow Springs, Ohio, USA). Plasma glucose tracer-to-tracee ratios (TTR) were determined by us-
ing gas chromatography mass spectrometry  [23] .

  Total glucose Ra in plasma, which equals total glucose Rd (an index of glucose uptake), was calcu-
lated by dividing the glucose tracer infusion rate by the average plasma glucose TTR during the last 30 
min of the basal period of the clamp procedure  [23] . During basal conditions, total glucose Ra provides 
an index of hepatic glucose production rate. During the clamp procedure, total glucose Ra represents en-
dogenous glucose Ra plus exogenous glucose Ra; endogenous glucose Ra during the clamp was therefore 
calculated by subtracting the exogenous glucose infusion rate from total glucose Ra.

  Statistical Analysis
  All data sets were normally distributed. Therefore, Student’s t test for paired samples was used to 

evaluate the effect of treatment on glucose kinetics and plasma substrate and hormone concentrations. 
Pearson’s correlation coefficient was determined to evaluate the relationship between the Niaspan-in-
duced change in plasma adiponectin concentration and the change in insulin-mediated stimulation of 
glucose Rd. Data are presented as means  8  SEM. A p value    ! 0.05 was considered statistically significant.

  Results

  Basal plasma glucose concentration was not affected by Niaspan therapy ( table 1 ). Basal 
plasma insulin concentration nearly doubled (p  !  0.05) and basal plasma adiponectin con-
centration increased by  � 30% (p = 0.08) with Niaspan therapy ( table 1 ). Basal glucose Ra 
increased by  � 20% (p  !  0.05) and insulin-mediated glucose Rd decreased by  � 25% (p  !  0.05) 
after 16 weeks of Niaspan therapy ( table 1 ). The change in insulin-mediated stimulation of 
glucose disposal correlated (r = 0.67; p  !  0.05) with the change in plasma adiponectin con-
centration ( fig. 1 ).

Change, % 

 Adiponectin 34815b 

 Glucose 7.683.8 
 Insulin 82829a 

 HOMA-IR score 98832a 

 Basal glucose Ra 1787a 

 Insulin-mediated stimulation of glucose Rd  –2589a 

 V alues are means 8 SEM. HOMA-IR = Homeostasis model as-
sessment of insulin resistance. a p < 0.05 and b p = 0.08 for Niaspan 
therapy-induced change. 

 
 

  Table 1.   Niaspan therapy-
induced changes in factors 
involved in glucose homeostasis 
and insulin action
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  Discussion

  Niaspan is used to treat dyslipidemia because it raises serum HDL cholesterol and re-
duces serum triglyceride and LDL cholesterol concentrations  [9–13] . Although Niaspan 
binds to the GPR109A receptor in adipose tissue, which stimulates adiponectin secretion 
and should improve insulin sensitivity  [17, 24] , treatment with nicotinic acid derivatives 
often causes insulin resistance  [16, 18–21] . The results from our study demonstrate that the 
degree of Niaspan-induced insulin resistance is inversely related with Niaspan-induced 
changes in plasma adiponectin concentration. These data suggest that the Niaspan-in-
duced increase in adiponectin secretion ameliorates Niaspan’s adverse effect on insulin 
sensitivity.

  The exact mechanism(s) responsible for the deleterious effect of Niaspan therapy on in-
sulin sensitivity is not known. Nicotinic acid derivatives cause a transient suppression of li-
polysis followed by a characteristic rebound increase in fatty acid release from adipose tissue 
 [25] . Therefore, it is possible that Niaspan impairs insulin sensitivity by increasing plasma 
free fatty acids, which are then delivered to muscle and liver tissues and generate intracellu-
lar fatty acid metabolites that reduce insulin signaling  [3, 5–8] . However, Niaspan is an ex-
tended-release nicotinic acid formulation, and the rebound effect is much less than that ob-
served with crystalline nicotinic acid  [26] . In fact, we have found that 16 weeks of Niaspan 
therapy do not affect basal adipose tissue lipolytic rates  [22] , which suggests that the increase 
in circulating insulin associated with Niaspan therapy compensates for Niaspan-induced 
adipose tissue insulin resistance to maintain normal lipolytic rates.

  Although we found that plasma adiponectin concentration increased by  � 30% after 16 
weeks of Niaspan therapy in our subjects, this increase did not achieve statistical significance 
(p = 0.08), presumably because of the small number of subjects and a type 2 statistical error. 
Nonetheless, the increase we observed is similar to that reported by other investigators, who 
found a  � 50% increase in plasma adiponectin concentration after 6 weeks to 6 months of 
Niaspan therapy  [9, 16, 27] . Moreover, we found a significant inverse correlation between the 
increase in plasma adiponectin concentration and the change in insulin-mediated glucose 
disposal, consistent with a metabolic effect of adiponectin.

R2 = 0.44
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  An increase in circulating adiponectin increases skeletal muscle insulin sensitivity. The 
insulin-sensitizing effect of adiponectin is likely mediated through several mechanisms. 
Data from studies conducted in mouse models demonstrate that adiponectin’s activation of 
the adiponectin receptor 1 (AdipoR1) stimulates AMPK, mitochondrial biogenesis, and fat-
ty acid oxidation and glucose uptake  [28, 29] , and blocking AdipoR1 or AMPK activation 
inhibits these effects  [28, 29] . It is thought that adiponectin-induced AMPK activation re-
lieves the negative regulation of IRS1 through serine phosphorylation via mTOR/S6K  [30] . 
In addition, adiponectin stimulates ceramidase activity and ceramide catabolism through 
an AdipoR1-dependent but AMPK-independent mechanism  [31] . Ceramides can inhibit in-
sulin signaling by inhibitory serine phosphorylation of IRS1  [5, 8, 32] . These data suggest that 
adiponectin blunts the Niaspan-induced decrease in skeletal muscle insulin sensitivity by 
reducing the intramyocellular availability of harmful fatty acid metabolites and enhancing 
the insulin signaling cascade.

  There are several limitations to our study. First, we measured total adiponectin concen-
tration but did not evaluate potential changes in high-molecular weight and low-molecular 
weight subfractions, which have different biological activities  [33] . However, this limitation 
does not affect the conclusions from our study because the Niaspan-induced increase in total 
adiponectin concentration is predominately due to an increase in the biologically active 
high-molecular weight isoform  [27, 34] . Second, the association between changes in insulin 
sensitivity and plasma adiponectin concentration observed in our study does not establish a 
cause-and-effect relationship, and additional studies are needed to evaluate this issue.

  In summary, the results from our study demonstrate that treatment with Niaspan causes 
skeletal muscle insulin resistance, independent of changes in body weight or body fat. The 
deterioration in insulin sensitivity was inversely related to an increase in plasma adiponectin 
concentration. These data suggest that Niaspan-induced stimulation of adipose tissue adipo-
nectin secretion might help protect against Niaspan’s adverse effect on insulin sensitivity in 
obese subjects with NAFLD.

  Acknowledgements

  The authors wish to thank Melisa Moore for help with subject recruitment and scheduling, Adewole 
Okunade, Freida Custodio, Jennifer Shew, and Gary Skolnick for their technical assistance, the staff of the 
Clinical Research Unit for their help in performing the studies, and the study subjects for their partici-
pation.

  This study was supported by National Institutes of Health grants DK 37948, DK 56341 (Nutrition 
Obesity Research Center), and UL1 RR024992 (Clinical and Translational Science Award). Niaspan cap-
sules were provided by Abbott Laboratories (Abbott Park, Ill., USA).

  Disclosure Statement

  The authors do not have any relevant conflicts of interest.
 



216

Cardiorenal Med 2012;2:211–217

 DOI: 10.1159/000340037 
 Published online: July 18, 2012 

 Fraterrigo et al.: Relationship between Changes in Plasma Adiponectin Concentration and 
Insulin Sensitivity after Niacin Therapy 

www.karger.com/crm
© 2012 S. Karger AG, Basel

 References 

  1 James PT, Leach R, Kalamara E, Shayeghi M: The worldwide obesity epidemic. Obes Res 2001;   9(suppl 4):228S–233S.
   2 Hu E, Liang P, Spiegelman BM: AdipoQ is a novel adipose-specific gene dysregulated in obesity. J Biol Chem 1996;  

 271:   10697–10703.
   3 Boden G: Obesity and free fatty acids. Endocrinol Metab Clin North Am 2008;   37:   635–646, viii–ix.
   4 Abumrad NA, Klein S: Update on the pathophysiology of obesity. Curr Opin Clin Nutr Metab Care 2010;   13:   357–358.
   5 Boden G: Ceramide: a contributor to insulin resistance or an innocent bystander? Diabetologia 2008;   51:   1095–1096.
   6 Itani SI, Ruderman NB, Schmieder F, Boden G: Lipid-induced insulin resistance in human muscle is associated with 

changes in diacylglycerol, protein kinase C, and IkappaB-alpha. Diabetes 2002;   51:   2005–2011.
   7 Petersen KF, Shulman GI: Pathogenesis of skeletal muscle insulin resistance in type 2 diabetes mellitus. Am J Cardiol 

2002;   90:   11G–18G.
   8 Holland WL, Brozinick JT, Wang LP, Hawkins ED, Sargent KM, Liu Y, Narra K, Hoehn KL, Knotts TA, Siesky A, Nel-

son DH, Karathanasis SK, Fontenot GK, Birnbaum MJ, Summers SA: Inhibition of ceramide synthesis ameliorates 
glucocorticoid-, saturated-fat-, and obesity-induced insulin resistance. Cell Metab 2007;   5:   167–179.

   9 Linke A, Sonnabend M, Fasshauer M, Hollriegel R, Schuler G, Niebauer J, Stumvoll M, Bluher M: Effects of extended-
release niacin on lipid profile and adipocyte biology in patients with impaired glucose tolerance. Atherosclerosis 2009;  
 205:   207–213.

  10 Goldberg A, Alagona P Jr, Capuzzi DM, Guyton J, Morgan JM, Rodgers J, Sachson R, Samuel P: Multiple-dose effi-
cacy and safety of an extended-release form of niacin in the management of hyperlipidemia. Am J Cardiol 2000;   85:  
 1100–1105.

  11 Grundy SM, Vega GL, McGovern ME, Tulloch BR, Kendall DM, Fitz-Patrick D, Ganda OP, Rosenson RS, Buse JB, 
Robertson DD, Sheehan JP: Efficacy, safety, and tolerability of once-daily niacin for the treatment of dyslipidemia as-
sociated with type 2 diabetes: results of the assessment of diabetes control and evaluation of the efficacy of Niaspan 
trial. Arch Intern Med 2002;   162:   1568–1576.

  12 Guyton JR, Goldberg AC, Kreisberg RA, Sprecher DL, Superko HR, O’Connor CM: Effectiveness of once-nightly dos-
ing of extended-release niacin alone and in combination for hypercholesterolemia. Am J Cardiol 1998;   82:   737–743.

  13 Capuzzi DM, Guyton JR, Morgan JM, Goldberg AC, Kreisberg RA, Brusco OA, Brody J: Efficacy and safety of an 
extended-release niacin (Niaspan): a long-term study. Am J Cardiol 1998;   82:   74U–81U, discussion 85U–86U.

  14 Westphal S, Borucki K, Taneva E, Makarova R, Luley C: Extended-release niacin raises adiponectin and leptin. Ath-
erosclerosis 2007;   193:   361–365.

  15 Kahn SE, Beard JC, Schwartz MW, Ward WK, Ding HL, Bergman RN, Taborsky GJ Jr, Porte D Jr: Increased beta-cell 
secretory capacity as mechanism for islet adaptation to nicotinic acid-induced insulin resistance. Diabetes 1989;   38:  
 562–568.

  16 Alvarsson M, Grill V: Impact of nicotinic acid treatment on insulin secretion and insulin sensitivity in low and high 
insulin responders. Scand J Clin Lab Invest 1996;   56:   563–570.

  17 Kelly JJ, Lawson JA, Campbell LV, Storlien LH, Jenkins AB, Whitworth JA, O’Sullivan AJ: Effects of nicotinic acid on 
insulin sensitivity and blood pressure in healthy subjects. J Hum Hypertens 2000;   14:   567–572.

  18 Poynten AM, Gan SK, Kriketos AD, O’Sullivan A, Kelly JJ, Ellis BA, Chisholm DJ, Campbell LV: Nicotinic acid-in-
duced insulin resistance is related to increased circulating fatty acids and fat oxidation but not muscle lipid content. 
Metabolism 2003;   52:   699–704.

  19 Soga T, Kamohara M, Takasaki J, Matsumoto S, Saito T, Ohishi T, Hiyama H, Matsuo A, Matsushime H, Furuichi K: 
Molecular identification of nicotinic acid receptor. Biochem Biophys Res Commun 2003;   303:   364–369.

  20 Westphal S, Borucki K, Taneva E, Makarova R, Luley C: Adipokines and treatment with niacin. Metabolism 2006;   55:  
 1283–1285.

  21 Kadowaki T, Yamauchi T: Adiponectin receptor signaling: a new layer to the current model. Cell Metab 2011;   13:   123–
124.

  22 Fabbrini E, Mohammed BS, Korenblat KM, Magkos F, McCrea J, Patterson BW, Klein S: Effect of fenofibrate and 
niacin on intrahepatic triglyceride content, very low-density lipoprotein kinetics, and insulin action in obese subjects 
with nonalcoholic fatty liver disease. J Clin Endocrinol Metab 2010;   95:   2727–2735.

  23 Fabbrini E, Mohammed BS, Magkos F, Korenblat KM, Patterson BW, Klein S: Alterations in adipose tissue and he-
patic lipid kinetics in obese men and women with nonalcoholic fatty liver disease. Gastroenterology 2008;   134:   424–
431.

  24 Wozniak SE, Gee LL, Wachtel MS, Frezza EE: Adipose tissue: the new endocrine organ? A review article. Dig Dis Sci 
2009;   54:   1847–1856.

  25 Wang W, Basinger A, Neese RA, Christiansen M, Hellerstein MK: Effects of nicotinic acid on fatty acid kinetics, fuel 
selection, and pathways of glucose production in women. Am J Physiol Endocrinol Metab 2000;   279:E50–E59.

  26 Vega GL, Cater NB, Meguro S, Grundy SM: Influence of extended-release nicotinic acid on nonesterified fatty acid 
flux in the metabolic syndrome with atherogenic dyslipidemia. Am J Cardiol 2005;   95:   1309–1313.

  27 Plaisance EP, Grandjean PW, Brunson BL, Judd RL: Increased total and high-molecular weight adiponectin after 
extended-release niacin. Metabolism 2008;   57:   404–409.

  28 Yamauchi T, Kamon J, Minokoshi Y, Ito Y, Waki H, Uchida S, Yamashita S, Noda M, Kita S, Ueki K, Eto K, Akanuma 
Y, Froguel P, Foufelle F, Ferre P, Carling D, Kimura S, Nagai R, Kahn BB, Kadowaki T: Adiponectin stimulates glucose 
utilization and fatty-acid oxidation by activating AMP-activated protein kinase. Nat Med 2002;   8:   1288–1295.



217

Cardiorenal Med 2012;2:211–217

 DOI: 10.1159/000340037 
 Published online: July 18, 2012 

 Fraterrigo et al.: Relationship between Changes in Plasma Adiponectin Concentration and 
Insulin Sensitivity after Niacin Therapy 

www.karger.com/crm
© 2012 S. Karger AG, Basel

  29 Iwabu M, Yamauchi T, Okada-Iwabu M, Sato K, Nakagawa T, Funata M, Yamaguchi M, Namiki S, Nakayama R, Ta-
bata M, Ogata H, Kubota N, Takamoto I, Hayashi YK, Yamauchi N, Waki H, Fukayama M, Nishino I, Tokuyama K, 
Ueki K, Oike Y, Ishii S, Hirose K, Shimizu T, Touhara K, Kadowaki T: Adiponectin and AdipoR1 regulate PGC-1alpha 
and mitochondria by Ca(2+) and AMPK/SIRT1. Nature 2010;   464:   1313–1319.

  30 Wang C, Mao X, Wang L, Liu M, Wetzel MD, Guan KL, Dong LQ, Liu F: Adiponectin sensitizes insulin signaling by 
reducing p70 S6 kinase-mediated serine phosphorylation of IRS-1. J Biol Chem 2007;   282:   7991–7996.

  31 Holland WL, Miller RA, Wang ZV, Sun K, Barth BM, Bui HH, Davis KE, Bikman BT, Halberg N, Rutkowski JM, Wade 
MR, Tenorio VM, Kuo MS, Brozinick JT, Zhang BB, Birnbaum MJ, Summers SA, Scherer PE: Receptor-mediated ac-
tivation of ceramidase activity initiates the pleiotropic actions of adiponectin. Nat Med 2011;   17:   55–63.

  32 Turinsky J, O’Sullivan DM, Bayly BP: 1,2-Diacylglycerol and ceramide levels in insulin-resistant tissues of the rat in 
vivo. J Biol Chem 1990;   265:   16880–16885.

  33 Okamoto Y, Kihara S, Funahashi T, Matsuzawa Y, Libby P: Adiponectin: a key adipocytokine in metabolic syndrome. 
Clin Sci (Lond) 2006;   110:   267–278.

  34 Westphal S, Luley C: Preferential increase in high-molecular weight adiponectin after niacin. Atherosclerosis 2008;  
 198:   179–183.

 


