
Abstract

Older patients are often at high risk for
cardiovascular disease. Low high-density
lipoprotein (HDL) cholesterol is an independent

risk factor for cardiovascular disease. Prolonged-release
nicotinic acid (Niaspan®) is a once-daily formulation of
nicotinic acid with improved tolerability compared with
the immediate-release formulation. It may be used to
correct low levels of HDL cholesterol. NAUTILUS (the
multiceNtre, open, uncontrolled sAfety and tolerability
stUdy of a modified release nicoTinic acId formuLation
in sUbjects with dySlipidaemia and low HDL cholesterol)
evaluated prolonged-release nicotinic acid at doses of
up to 2,000 mg/day once daily in 566 patients, of whom
33.6% were aged > 65 years. 

A similar incidence of adverse events (AE) was
observed following 15 weeks of prolonged-release
nicotinic acid treatment in older vs. younger patients
for all-cause AE (55.3% vs. 63.3%) and for
treatment-related AE (46.3% vs. 52.1%). Most AE were
related to flushing, which also occurred at similar
frequency in older and younger patients (39.5% vs.
43.4%). 

Gastrointestinal AE were the most common AE apart
from flushing, and occurred in 12.1% of older patients
and 14.4% of younger patients. Serious AE were
uncommon. There was no hepatotoxicity or serious
muscle toxicity. Marked improvements in indices of
atherogenic dyslipidaemia were observed (increases
from baseline in HDL cholesterol of 26% in older and

21% in younger patients and decreases in triglycerides
of 16% and 9%, respectively). 

Prolonged-release nicotinic acid is well tolerated and
effective in older patients, and is suitable for correction
of low HDL cholesterol in this population.

Key words: diabetes, prolonged-release nicotinic acid,
Niaspan®, dyslipidaemia, HDL cholesterol, safety.
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Introduction
Cardiovascular disease is still the leading cause of death in
Western populations. This is particularly true among older
patients, in whom death rates from cardiovascular causes out-
strip those from other leading causes of mortality, such as cancer
or respiratory disease.1,2 Age itself is a cardiovascular risk factor,
and the prevalence of other cardiovascular risk factors and the
associated overall risk of an adverse cardiovascular event increase
steeply with age.3-5 Moreover, the prevalence of cardiovascular
risk factors associated with the metabolic syndrome has
increased sharply within the last decade.6 Controlling cardiovas-
cular risk in the older patient is therefore important and inter-
vention trials in older populations have shown that addressing
individual cardiovascular risk factors within this population has
the potential to deliver marked and clinically significant improve-
ments in cardiovascular prognosis.7-11

Observational studies conducted during the last three
decades have identified low levels of high-density lipoprotein
(HDL) cholesterol as an independent cardiovascular risk factor.12-17

Intervention studies using agents that raise levels of HDL chol-
esterol, such as nicotinic acid, have confirmed the important
influence of low HDL cholesterol on cardiovascular prognosis.18-20

Indeed, nicotinic acid is the most effective agent currently avail-
able for increasing levels of HDL cholesterol.3 A prolonged-
release formulation of nicotinic acid (Niaspan®), with once-daily
administration and improved tolerability compared with the
immediate-release formulation,21,22 has been shown to inhibit the
progression of atherosclerosis in patients with low HDL-choles-
terol.23 The administration of nicotinic acid-based therapy to
older patients with low HDL cholesterol may therefore make an
important contribution to the reduction of cardiovascular risk,
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when administered in combination with treatments that address
other risk factors common in this population, such as statins,
antithrombotic agents and antihypertensive agents. 

Since the tolerability and safety profiles of treatments may
differ between older and younger patients, treatments should be
evaluated carefully in older patients. Accordingly, we present an
analysis of the tolerability and safety of prolonged-release nico-
tinic acid in older patients with dyslipidaemia and low HDL cho-
lesterol enrolled in the NAUTILUS study.

Patients and methods
The NAUTILUS study was an open-label, uncontrolled phase IIIb
study conducted in Germany. Patients eligible for the study had
dyslipidaemia, including low HDL cholesterol (< 1.0 mmol/L
[< 40 mg/dL] in men and <1.2 mmol/L [< 46 mg/dL] in women),
despite four weeks of treatment with diet. Triglycerides were
required to be < 9.0 mmol/L (< 800 mg/dL). Exclusion criteria
included uncontrolled diabetes, significant hepatic or renal dis-
ease, stroke within the previous six months, peripheral artery dis-
ease, unstable angina, and a history of myocardial infarction or
uncontrolled arrhythmia.

Patients received once-daily treatment with prolonged-
release nicotinic acid for 15 weeks. The dose of prolonged-
release nicotinic acid was titrated, depending on tolerability,
from 375 mg during week 1; to 500 mg during week 2; 750
mg during week 3; 1,000 mg during weeks 4–7; 1,500 mg
during weeks 8–11; and 2,000 mg during weeks 12–15.
Patients continued the study only if they received at least one
dose of prolonged-release nicotinic acid 1,000 mg, although a
dose reduction to 750 mg/day was permitted if required. The
safety population was defined as all patients who received
study medication. The main purpose of the study was to eval-
uate the safety and tolerability of prolonged-release nicotinic
acid, and only limited efficacy analyses were undertaken in an
intention-to-treat population comprising patients who received

study medication and provided data (n=563). Laboratory para-
meters were measured in a central laboratory. Younger and
older patients are defined as those aged < 65 years and > 65
years, respectively, throughout.

Results
Patients
The safety population included 566 patients recruited at 112
centres. The majority of premature discontinuations (25.6%)
were due to adverse events (AE; 16%). The study population was
mostly Caucasian (99.3%) and male (67.5%) and 190 patients
(33.6%) were aged > 65 years. Mean body mass index (BMI) was
30.7 kg/m2. Cardiometabolic risk factors at baseline included dia-
betes (58.1%), hypertension (63%) and coronary heart disease
(39%). 

Safety and tolerability
Overview of tolerability and safety
Most AE were related to flushing, and these are discussed sepa-
rately below. Apart from flushing, the frequency of all-cause AE
and treatment-related AE (defined as those AE with a possible or
unassessable relationship to treatment) was similar in the two
age groups (table 1). The most commonly observed all-cause AE
occurred in the gastrointestinal system, with no difference in inci-
dence according to age (table 2). There were no elevations of
aspartate transaminase (AST) (glutamic oxaloacetic transami-
nase; GOT) or alanine transaminase (ALT) (glutamate pyruvate
transaminase; GPT) to more than three times the upper limit of
normal (ULN), and no elevations of creatine phosphokinase (CPK)
to more than five times the ULN. Older patients were more like-
ly to withdraw from treatment because of an AE (table 1). Three
patients reported serious adverse events that were defined as
treatment-related (all categorised by investigators as having a
'possible' relationship to treatment), of whom one was > 65
years. No patient died during the study.

Increases in blood glucose levels were common. There were
no clear or consistent differences in the proportions of older or
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Table 1. Overview of adverse events (AE)

Any AE Flushing Unrelated to
(%) (%) flushing (%)

All-cause AE > 65 years 55.3 39.5 32.6
< 65 years 63.3 43.4 40.2

Treatment-related AE > 65 years 46.3 39.5 15.8
< 65 years 52.1 42.8 19.9

All-cause serious AE > 65 years 5.3 0.0 5.3
< 65 years 2.9 0.3 2.9

Treatment-related serious AE > 65 years 0.5 0.0 0.5
< 65 years 0.5 0.0 0.5

Withdrawal for AE > 65 years 25.3 15.3 11.1
< 65 years 13.6 6.9 7.4

Treatment-related AE were defined as AE with a possible or unassessable 
relationship to study treatment

Table 2. Most common all-cause adverse events (AE) excluding flushing

Age < 65 years Age > 65 years
(n=376) (n=190)

Gastrointestinal system 14.4% 12.1%

Abdominal pain 2.1% 1.6%

Diarrhoea 4.8% 2.1%

Nausea 2.4% 3.7%

Laboratory parameters 3.5% 2.1%

Musculoskeletal/connective tissue 4.5% 4.2%

Skin/subcutaneous 6.9% 6.8%

Pruritus 2.4% 3.7%

AE by body system or individual AE are shown where they occurred in > 2% 
of either subgroup. Patients could have an AE both related to and unrelated to 
flushing
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younger patients with an increase in glycosylated haemoglobin
(HbA1C) from baseline of > 0.2% units (46.5% and 44.8% of
patients, respectively), > 0.5% units (21.8% and 20.1% of
patients, respectively) or > 1.0 % units (8.5% and 8.3% of
patients, respectively). Changes to antidiabetic treatment were
also common: in the overall population, the dose was decreased
in 14 patients and stopped altogether in 93 patients.

Flushing
Almost all instances of flushing were considered related to treat-
ment (according to the definition given above). There was no
marked difference in the incidence of flushing between older
and younger patients (table 1). In addition, the incidence of
flushing declined over time in a similar manner in older and
younger patients (figure 1). Indeed, fewer than 5% of patients in
either age group were still reporting flushes from week 10
onwards, and fewer than 10% of patients reported more than
five flush events. Older patients were more likely to withdraw
from treatment because of flushing (table 1). 

The median time to onset of flushing from ingestion of study
medication was 60 minutes in both age groups. Older patients
tended to flush for slightly longer (median duration 60 vs. 45
minutes) but less often (mean number of flushes per week 1.8
[SEM 0.2] for younger patients and 1.4 [SEM 0.2] for older
patients).

Effects on the lipid profile
The mean HDL cholesterol level in the overall population at base-
line was 0.86 mmol/L (33 mg/dL) in men and 0.99 mmol/L
(38 mg/dL) in women, and the mean triglyceride level
was 2.9 mmol/L (257 mg/dL). Mean total cholesterol was
4.8 mmol/L (184 mg/dL), and mean low-density lipoprotein (LDL)
cholesterol was 2.9 mmol/L (114 mg/dL) at baseline. A marked
increase in HDL cholesterol and marked decreases in triglycerides
were observed for both age groups with prolonged-release nico-
tinic acid treatment (figure 2). Larger average changes in HDL

cholesterol and triglycerides were observed in the older patient
group.

Discussion
The tolerability of prolonged-release nicotinic acid, as indicated
by the incidence of AE or serious AE, was similar in older and
younger patients in this study. This was true both for events relat-
ed and unrelated to flushing, which is the principal side effect
associated with nicotinic acid-based therapy.20-22 There was no
indication of a higher incidence of individual AE or adverse labo-
ratory findings in older patients. There was an increased rate of
premature treatment discontinuation in the older subgroup, but
older patients are well known to be more likely than their
younger counterparts to discontinue clinical trials for AE. Overall,
the tolerability of prolonged-release nicotinic acid was not influ-
enced by patients' age to a clinically significant extent.

The safety and tolerability profiles of nicotinic acid are strong-
ly influenced by its formulation.24-26 Two metabolic pathways
metabolise nicotinic acid: a high affinity/low capacity pathway,
which is responsible for nicotinic acid-mediated hepatotoxicity,
and a low affinity/high-capacity pathway, which mediates flush-
ing. An earlier sustained-release formulation of nicotinic acid
released the drug at a low rate that did not saturate the first
pathway, increasing the proportion of nicotinic acid metabolised
by it and leading to hepatotoxicity. Conversely, a dose of imme-
diate-release nicotinic acid easily saturates this pathway, directing
nicotinic acid towards the higher-capacity/lower-affinity pathway
and causing flushing. A prolonged-release formulation of nico-
tinic acid (Niaspan®) was developed with an intermediate rate of
delivery of nicotinic acid between these immediate-release and
sustained-release formulations. Prolonged-release nicotinic acid
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Figure 1. Numbers of flushes per patient in NAUTILUS 
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Figure 2. Effects on lipid parameters in NAUTILUS 

30

20

10

0

-10

-20

-30

-40

M
ea

n
 %

 c
h

an
g

e 
fr

o
m

 b
as

el
in

e

HDL-C

Triglycerides

Non-HDL-C

TC:HDL-C

LDL-C:HDL-C

Age <65 years (n=374)

Age >65 years (n=189)–

TG:HDL-C

20.8

26.2

-8.6

-16.1

-7.1
-3.5

-17.1-17.8

-12.1-11.2

-30.3

-19.4

Key:

Key: HDL-C = high-density lipoprotein cholesterol; LDL-C = low-density
lipoprotein cholesterol; TC = total cholesterol; TG = triglycerides

COPY
RIG

HT M
ED

IN
EW

S

(C
ARD

IO
LO

GY) L
IM

ITE
D

RE
PR

ODUCTIO
N PR

OHIBI
TE

D



VOLUME 13 ISSUE 4  . JULY/AUGUST 2006 281

is not associated with clinically significant hepatotoxicity (as
observed in the present study), and induces a lower incidence of
flushing compared with immediate-release nicotinic acid, (as
observed in head-to-head comparisons of these agents).27 

Rises in blood glucose have also been associated with the
administration of nicotinic acid. Changes in blood glucose were
common in the present study, but were difficult to interpret in
light of the frequent and unexplained changes of antidiabetic
medicines administered as concomitant therapy during the study.
In general, the changes made to antidiabetic medication were
consistent with less intensive glycaemic management, so it is
unsurprising that increases in HbA1C were observed. Previous ran-
domised evaluations of prolonged-release nicotinic acid, whether
given as monotherapy or combined with a statin, found that
changes in glycaemia in patients with diabetes were minor and
easily accommodated by adjustments of antidiabetic therapies.28,29 

The measurement of lipid parameters was a secondary objec-
tive of this study. Treatment with prolonged-release nicotinic acid
was equally effective in increasing levels of HDL cholesterol, and
in decreasing levels of triglycerides, in both age groups. The
magnitude of the effects on these parameters were consistent
with effects on these parameters as determined in previous ran-
domised trials.30,31 

Conclusions
Older patients with low levels of HDL cholesterol are likely to be
at substantially elevated global cardiovascular risk, and require
intervention to improve their overall cardiovascular risk profile.
Prolonged-release nicotinic acid was well tolerated in older
(> 65 years) and younger patients at once-daily doses of up to
2,000 mg/day in the NAUTILUS study. These doses were suffi-
cient to induce marked improvements in levels of HDL choles-
terol and triglycerides. The results of the NAUTILUS study support
the use of prolonged-release nicotinic acid to correct low HDL
cholesterol in older patients.

Conflict of interest
The NAUTILUS study was supported by an unrestricted grant
from Merck KGaA, Darmstadt, Germany.

References
1. World Health Organisation. Mortality indicators by 67 causes of death,

age and sex. See http://www.euro.who.int/eprise/main/WHO/
InformationSources/Data/20011017_1, last accessed October 2005.

2. American Heart Association. Heart Disease and Stroke Statistics - 2005
Update. Dallas, Texas: American Heart Association, 2005.

3. National Cholesterol Education Program (NCEP) Expert Panel on
Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults
(Adult Treatment Panel III). Third Report of the National Cholesterol
Education Program (NCEP) Expert Panel on Detection, Evaluation, and
Treatment of High Blood Cholesterol in Adults (Adult Treatment Panel III)
final report. Circulation 2002;106:3143-421.

4. Stamler J, Vaccaro O, Neaton JD, Wentworth D. Diabetes, other risk fac-
tors, and 12-year cardiovascular mortality for men screened in the
Multiple Risk Factor Intervention Trial. Diabetes Care 1993;16:434-44.

5. Third Joint Task Force of European and other Societies on Cardiovascular
Disease Prevention in Clinical Practice (constituted by representatives of
eight societies and by invited experts). European guidelines on cardio-
vascular disease prevention in clinical practice. Eur J Cardiovasc Prev
Rehabil 2003;10:S1-S10.

6. Ford ES, Giles WH, Mokdad AH. Increasing prevalence of the metabolic
syndrome among US adults. Diabetes Care 2004;27:2444-9.

7. Systolic Hypertension in the Elderly Program Cooperative Research
Group. Prevention of stroke by antihypertensive drug treatment in older
persons with isolated systolic hypertension: Final results of the Systolic
Hypertension in the Elderly Program. JAMA 1991;265:3255-64.

8. Shepherd J, Blauw GJ, Murphy MB et al. Pravastatin in elderly individu-
als at risk of vascular disease (PROSPER): a randomised controlled trial.
Lancet 2002;360:1623-30. 

9. Flather MD, Shibata MC, Coats AJ et al. Randomized trial to determine
the effect of nebivolol on mortality and cardiovascular hospital admission
in elderly patients with heart failure (SENIORS). Eur Heart J 2005;26:215-
25. 

10. Ito H, Ouchi Y, Ohashi Y et al. A comparison of low versus standard dose
pravastatin therapy for the prevention of cardiovascular events in the
elderly: the pravastatin anti-atherosclerosis trial in the elderly (PATE). J
Atheroscler Thromb 2001;8:33-44. 

11. Casiglia E, Spolaore P, Mazza A et al. Effect of two different therapeutic
approaches on total and cardiovascular mortality in a CArdiovascular
STudy in the ELderly (CASTEL). Jpn Heart J 1994;35:589-600.

12. Gordon T, Castelli WP, Hjortland MC, Kannel WB, Dawber TR. High den-
sity lipoprotein as a protective factor against coronary heart disease. The
Framingham Study. Am J Med 1977;62:707-14.

13. Gordon T, Kannel WB, Castelli WP, Dawber TR. Lipoproteins, cardiovas-
cular disease, and death. The Framingham Study. Arch Intern Med 1981;
141:1128-31.

14. Gordon DJ, Probstfield JL, Garrison RJ et al. High-density lipoprotein cho-
lesterol and cardiovascular disease. Four prospective American studies.
Circulation 1989;79:8-15.

15. Assmann G, Schulte H, von Eckardstein A, Huang Y. High-density
lipoprotein cholesterol as a predictor of coronary heart disease risk. The
PROCAM experience and pathophysiological implications for reverse
cholesterol transport. Atherosclerosis 1996;124(suppl):S11-S20.

16. Yusuf S, Hawken S, Ounpuu S et al. Effect of potentially modifiable risk
factors associated with myocardial infarction in 52 countries (the INTER-
HEART study): case-control study. Lancet 2004;364:937-52.

17. Goldbourt U, Yaari S, Medalie JH. Isolated low HDL cholesterol as a risk
factor for coronary heart disease mortality. A 21-year follow-up of 8000
men. Arterioscler Thromb Vasc Biol 1997;17:107-13.

18. Brown BG, Zhao X-Q, Chait A et al. Simvastatin and niacin, antioxidant
vitamins, or the combination for the prevention of coronary disease. N
Engl J Med 2001;345:1583-92.

19. Brown G, Albers JJ, Fisher LD et al. Regression of coronary artery disease
as a result of intensive lipid-lowering therapy in men with high levels of
apolipoprotein B. N Engl J Med 1990;323:1289-98. 

20. Brown BG. Maximizing coronary disease risk reduction using nicotinic
acid combined with LDL-lowering therapy. Eur Heart J 2005;7(suppl
F):F34-F40.

21. Guyton JR. Extended-release niacin for modifying the lipoprotein profile.
Expert Opin Pharmacother 2004;5:1385-98.

22. McGovern ME. Niaspan®: creating a new concept for raising HDL-cho-
lesterol. Eur Heart J 2005;7(suppl F):F41-F47.

Key messages

● Older patients with low levels of HDL cholesterol are at
markedly elevated cardiovascular risk

● Niaspan® was well tolerated, irrespective of age, in the
NAUTILUS study

● These results support the use of prolonged-release
nicotinic acid to correct low HDL cholesterol levels in
older patients

COPY
RIG

HT M
ED

IN
EW

S

(C
ARD

IO
LO

GY) L
IM

ITE
D

RE
PR

ODUCTIO
N PR

OHIBI
TE

D



THE BRITISH JOURNAL OF CARDIOLOGY282

23. Taylor AJ, Sullenberger LE, Lee HJ, Lee JK, Grace KA. Arterial Biology for
the Investigation of the Treatment Effects of Reducing Cholesterol
(ARBITER) 2: a double-blind, placebo-controlled study of extended-
release niacin on atherosclerosis progression in secondary prevention
patients treated with statins. Circulation 2004;110:3512-17.

24. Tato F, Vega GL, Grundy SM. Effects of crystalline nicotinic acid-induced
hepatic dysfunction on serum low-density lipoprotein cholesterol and
lecithin cholesteryl acyl transferase. Am J Cardiol 1998;81:805-07. 

25. Dalton TA, Berry RS. Hepatotoxicity associated with sustained-release
niacin. Am J Med 1992;93:102-04. 

26. McKenney JM, Proctor JD, Harris S, Chinchili VM. A comparison of the
efficacy and toxic effects of sustained- versus immediate-release niacin in
hypercholesterolemic patients. JAMA 1994;271:672-7. 

27. Kos Pharmaceuticals Inc./Merck KGaA. Data on file.
28. Grundy SM, Vega GL, McGovern ME et al. Efficacy, safety, and tolerabil-

ity of once-daily niacin for the treatment of dyslipidemia associated with
type 2 diabetes: results of the Assessment of Diabetes Control and
Evaluation of the Efficacy of Niaspan Trial. Arch Intern Med
2002;162:1568-76.

29. Grundy SM, Vega GL, McGovern ME et al. Comparative effects on lipids
and glycemic control of niacin extended-release/lovastatin or fenofibrate
in patients with diabetic dyslipidemia. Abstract 29-LB, presented at the
64th Scientific Sessions of the American Diabetes Association, June 4-8
2004, Orlando, Florida, US.

30. Morgan JM, Capuzzi DM, Guyton JR et al. Treatment effect of Niaspan,
a controlled-release niacin, in patients with hypercholesterolemia: a
placebo-controlled trial. J Cardiovasc Pharmacol Ther 1996;1:195-202.

31. Goldberg A, Alagona P Jr, Capuzzi DM et al. Multiple-dose efficacy and
safety of an extended-release form of niacin in the management of
hyperlipidemia. Am J Cardiol 2000;85:1100-05.

This is a clearly written summary of heart valve disease with
excellent illustrations. The invasive pressure tracings are
very good indeed. A special and attractive feature is the

insertion of an illustrative case history at the end of each chap-
ter. In addition to the material that one might expect to see,
there are chapters on drug-induced heart disease, quality
improvement in valvular disease, and future developments,
including percutaneous techniques for repair and replacement.
Some of the chapters are outstanding, such as the management
of asymptomatic mitral valve prolapse.

The contemporary trend in cardiology is for physical signs to
be overlooked in favour of some form of high resolution, prefer-
ably 3-D imaging modality. It is therefore refreshing to find a
chapter devoted to physical signs. Unfortunately, the authors
have confined themselves exclusively to murmurs, with no dis-
cussion of the jugular venous pulse or the character of the
carotid pulse. It is strange to find only a minimal mention of aor-
tic valve repair in the chapter on aortic regurgitation. In the chap-
ter on tricuspid regurgitation there is a figure which has escaped
the proof-reader’s scrutiny, as it depicts the insertion of an annu-
loplasty ring into a mitral orifice.

These criticisms apart, it is a very useful handbook and would
be a good guide for physicians with an interest in cardiology, or
as an introductory text at the postgraduate level.

John Pepper
Professor of Cardiothoracic Surgery
National Heart and Lung Institute, 

Dovehouse Street, London, SW3 6LY.

As the mortality for most cardiac surgical procedures is
now in low single figures, the spotlight has fallen on
morbidity. Simultaneously, the technological and techni-

cal experience gained with coronary stenting has enabled gifted
interventional cardiologists to explore transcatheter valve repair
and replacement. This timely book is edited and contributed to
by four of the leaders in this rapidly advancing field.

There are some distinguishing features of this new approach.
Unlike any other cardiological development, this one requires
serious multidisciplinary engagement of cardiologists, surgeons,
cardiac imaging specialists and engineers. A further feature of
this emerging sub-speciality is the biotechnology revolution in
both medical devices and in tissue engineering. The creative use
of new biomaterials, nanotechnology and catheter-based deliv-

ery systems will be required, and the first shoots of this develop-
ment are described in this text.

The percutaneous replacement of the pulmonary valve is
already well advanced in patients and this is clearly and honestly
described. The pattern of the text is a division into four sections
for each heart valve and, within each section, chapters on the
pathophysiology, the haemodynamic evaluation, and the stan-
dard current surgical treatment are set beside the possibilities of
percutaneous intervention. At the end of the book are separate
chapters on tissue engineering and valve testing. The illustrations
are of high quality throughout.

This inaugural text should serve as an inspiration to cardiolo-
gists, forward-thinking surgeons and young interventionists of all
stripes in training.

John Pepper
Professor of Cardiothoracic Surgery
National Heart and Lung Institute, 

Dovehouse Street, London, SW3 6LY.
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