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Abstract
Background—The combination of niacin and statin has proven value in hyperlipidemia
management and heart disease prevention. However, the efficacy of the non-prescription time-release
niacin, Slo-Niacin®, is little studied alone and not at all with atorvastatin. We gave Slo-Niacin® and
atorvastatin, singly and together to determine efficacy on the combined abnormalities of triglyceride,
LDL and HDL.

Methods—42 men and women with LDL-C>130mg/dL HDL-C <45 (men or 55mg/dL (women)
were randomized to 3 months of atorvastatin 10 mg/day or incremental doses of Slo-Niacin® to 1500
mg/day. The alternate drug was added in the next 3-month segment. Lipid profiles and transaminases
were measured monthly and other measures at baseline and the end of each treatment sequence.

Results—Mean entry lipids (mg/dL) were: TG 187, LDL-C 171, and HDL-C 39. Mean BMI was
32.6 Kg/m2. Monotherapy with Slo-Niacin® decreased median triglyceride 15%, mean LDL-C 12%
and non-HDL-C 15% and increased HDL-C 8%. Atorvastatin decreased median triglyceride 26%,
and mean LDL-C 36%, non-HDL-C 36% and increased HDL-C 6%. Combined therapy decreased
median triglyceride 33% and mean LDL-C and non-HDL-C each 43%. HDL-C increased 10% (all
p<0.001). Median remnant-like lipoprotein-C decreased 55%, mean apo-B 40%, median hsCRP 23%
(all p<0.05), TNFa 12% and no change in IL-6. Mean LDL buoyancy increased 15%, apo-A-I 5%
and median HDL2-C 20% (all p<0.05). ALT declined with Slo-Niacin® treatment alone compared
to atorvastatin and also decreased when Slo-Niacin® was added to atorvastatin. Six subjects dropped
out, 3 for niacin related symptoms.

Conclusions—Slo-Niacin® 1.5g/day with atorvastatin 10 mg/day improved lipoprotein lipids,
apoproteins and inflammation markers without hepatotoxicity. Slo-Niacin® deserves further study
as a cost-effective treatment of hyperlipidemia.
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Introduction
Niacin in various forms has demonstrated efficacy in cardiovascular disease prevention.1 Plain
(immediate release (IR)) niacin reduced non-fatal myocardial infarction 27% in 5 years in the
Coronary Drug Project and coronary mortality 11% in a 15-year follow-up.2,3 Plain niacin (±
cholestyramine) reduced clinical coronary events and angiographic progression equal to statin
(± bile acid binding resin) in the FATS study.4 Slo-Niacin® (± plain niacin) with simvastatin
reduced angiographic disease progression and decreased clinical coronary events ∼90% vs.
placebo in the HATS study.5 ER niacin (Niaspan ®) with simvastatin decreased carotid intima-
media thickness, which progressed with statin alone in ARBITER II.6 A similar trend was seen
when Niaspan was added to statin treatment in ARBITER III. 7

Combined statin-niacin treatment is especially suited to the management of combined (mixed)
hyperlipidemia, characterized by high triglyceride, low HDL, small dense LDL and elevated
LDL.1,8,9 This condition is a powerful risk predictor and is at least 3–4-fold more common
than simple hypercholesterolemia in persons with coronary disease.10,11 Use of statin/niacin
combinations allows lower doses of niacin to be used and helps avoid the skin flushing and
hepatotoxicity of plain niacin.1,9,12–14 Time-release or extended release niacins further reduce
skin flushing by delaying niacin dissolution in the gut.12–15

The lipid-lowering effect of the extended-release niacin formulation (Niaspan®) is well studied
in combination with statins. 16–18 A time-release form of niacin, Slo-Niacin®, is available as
a dietary supplement and also has potential value in lipid management. However, Slo-Niacin®
has had little published study 5,19–21 and none with potent statins. To investigate these
questions, we have compared the lipid and anti-inflammatory effects of Slo-Niacin® 1.5g/day
to atorvastatin 10 mg/day, both given alone and then together in persons with features of
combined hyperlipidemia.

Methods
The SLIM study is an investigator-initiated, randomized study of Slo-Niacin® and atorvastatin
given separately and together in an open label design. In the first 3-months, atorvastatin 10 mg
is given alone and Slo-Niacin® also alone in a forced titration of 250 mg bid, 500 mg bid and
750 mg bid in monthly increments (Fig. 1). The alternate drug is added in the second 3-month
cycle (Fig. 1). Men and women were recruited by public advertising. The study was approved
by the University of Washington Human Subjects Review Committee.

Slo-Niacin® was supplied by Upsher-Smith Pharmaceuticals, Inc. Slo-Niacin® is
manufactured in an FDA monitored facility in Plymouth, MN, using a patented polygel®
controlled-release system. The consistency and quality of each batch is assured by analytical
testing prior to the release of each batch. Stability studies for Slo-Niacin® tablets demonstrate
a shelf life of 36 months. Dissolution testing ensures the controlled release of niacin. The
atorvastatin was purchased commercially.

Eligibility criteria were ages 21 to 75 years, LDL-C >130 mg/dL, HDL-C <45 mg/dL in men
and <55 mg/dL in women. Women were >1year post-menopausal, surgically sterile or
contracepting using an IUD, contraceptive hormones for >2 monthsbarrier contraception, or
abstinence. Vasectomy in themale partner was also accepted as adequate contraception.
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Exclusionary criteria were hypersensitivity to statin, niacin or aspirin; diabetes or fasting
glucose >125 mg/dL, pregnancy or lactation, hyper- or hypothyroidism unless treatment stable
for 3 months, use of lipid lowering medications within one month of screening, use of thiazides,
beta blockers, lipid active nutritional supplements and medications contraindicated with
atorvastatin use, active liver or gastrointestinal disease, SGOT >1.5 ULN, triglycerides >500
mg/dL, Frederickson’s Type III hyperlipidemia, BMI <19, blood pressure >150/95, more than
10 alcoholic drinks per week, history of gout and any medical condition within 30 days
precluding participation in an investigational drug study. Stable sex hormone use was allowed.

First visit
medical history, vital signs, lipid and glucose assessment (Cholestech®, Medical Supplies
Home, Salt Lake City, UT) and dipstick urinalysis were obtained. NCEP Step I Diet instructions
were given by a research dietician (B.M.R.) and with advice to continue through the study.

Second visit
physical examination and EKG were performed and concurrent medications and metabolic
panel obtained, including TSH, CBC and a lipoprotein profile to determine eligibility.

Third visit
subjects were randomized based on a computer generated sequential list of random numbers,
with odd numbers assigned to one sequence and even numbers assigned to the other. Subjects
were given atorvastatin 10 mg hs or Slo-Niacin® 250 mg bid with meals and 325 mg aspirin
one hour before if experiencing symptoms of flushing. Both study drugs were supplied by
Upsher-Smith Laboratories, Minneapolis, MN.

Subsequent visits
Compliance was checked by pill counts at return visits. If compliance was <80% at one visit
the subject’s willingness to continue in the study was assessed. If <80% for 2 consecutive visits
or 3 visits over the 6 on-drug visits, subjects were dropped and excluded from the analysis per
protocol. If flu-like symptoms, nausea, fatigue or mucous membrane inflammation occurred,
niacin was reduced to ½ of the previous dose. If the half-dose were tolerated at the next visit,
the dose would be raised to the prior dose level. One subject required dose reduction.

Flushing symptoms were rated at each visit on a 1 to 6 scale: 1: just a “tingle”, 2: a little warmth
for a few minutes, 3: warm and red for 15 minutes, 4: warm and red for 16 to 30 minutes, 5:
hot and very flushed for 31 to 60 minutes and 6: red hot and swollen for 1 hour or more. The
above symptoms were also categorized as: most frequent feeling, strongest feeling, occurring
in the past 4 weeks, improved in the past 4 weeks and in relation to the use of aspirin.

A full lipoprotein quantification was obtained at weeks 0, 12 and 24 (visits 3, 6 and 9) and
plasma total cholesterol, triglycerides, and HDL cholesterol with estimated LDL were obtained
at follow-up weeks 4, 8, 16 and 20 (visits 4, 5, 7 and 8). Aspartate and alanine aminotransferases
(AST/ALT), medical history, concomitant medications and vital signs were recorded at each
visit. A questionnaire regarding flushing was completed at each visit. Blood glucose, insulin
and hsCRP were assessedat baseline (Visit 3), and the end of each treatment sequence, visits
6 and 9.

Lipoprotein analyses were performed in the CDC standardized laboratories of the Northwest
Lipid Research Clinic (T.N.) and the Northwest Lipid Research Laboratories (Santica
Marcovina, PhD, Director), using enzymatic automated methods. Lipid profile The LDL
cholesterol was estimated by the Friedewald equation.22 Full lipoprotein quantification was
performed by ultracentrifugation at Visits 3, 6 and 9, providing direct VLDL-C and LDL-C
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measurements.22 IDL levels were determined in a subset of subjects by ultracentrifugation at
density 1.019.22 HDL2 and HDL3 were separated by dextran sulfate precipitation.22

Apoprotein A-I and B assays were performed by turbidimetry using Roche reagents and a
Cobas Mira analyzer.22 LDL buoyancy was determined by gradient ultracentrifugation.16
RLP was measured using an apo B/apo A-I immunoprecipitation method (JIMRO, Gunma,
Japan).23 TNF alpha and IL-6 were measured using solid phase Enzyme Amplified Sensitivity
Immunoassays with the first antibody directed against distinct cytokine epitopes and a second
antibody labeled with horseradish peroxidase (BioSource Cytokines and Signaling, Camarillo,
CA). Assays were performed in the Clinical Nutrition Research Unit Analytical Core,
University of Washington. Glucose and insulin assays were performed in the Diabetes and
Endocrinology Research Center by enzymatic and radio-immunoassay methods, respectively.
hsCRP was performed by a 3 microliter assay (WAKO Chemical Diagnostics, Inc., Richmond
VA.). AST and ALT levels and metabolic panel were performed in the Department of
Laboratory Medicine, University of Washington.

Statistical analyses were performed using the SPSS statistical package (SPSS, Inc, Chicago,
IL) in the Administrative Core of the Clinical Nutrition Research Unit (B.F.), University of
Washington. The primary outcomes are the LDL-C change from baseline to end of intervention
for atorvastatin 10 mg/day and Slo-Niacin® 1500 mg/day alone and the two together. Power
estimates were based on 20 subjects in each individual drug group to detect a percent LDL-C
reduction from baseline of 8.7% at p<0.05 with a power of 0.8 and 7.0% for a combined sample
size of 40 for two-sided testing. All other statistical testing is exploratory. Comparisons were
performed using two-sided Student’s t-test. Skewed values were tested non-parametrically,
specifically percent changes in RLP, TG, HDL2, hsCRP and ALT. For the same reasons,
median as well as mean±SD values are given for the mg/dL baseline and difference values for
RLP, hsCRP, TNF alpha, IL-6 and ALT.

Results
Subjects

Sixty-four subjects were screened for the study, 19 were ineligible and 3 withdrew before
randomization (Fig.2). Forty-two subjects were randomized and 36 completed. Six dropped
out: two for lack of time, two for flushing symptoms on niacin, one for heat and sweating in
warm weather after a niacin dose increase and one for fatigue, nausea and lightheadedness on
atorvastatin.

Baseline characteristics
Thirty-six subjects finished the study, 19 randomized to atorvastatin first and 17 randomized
to Slo-Niacin® first (Table 1). The groups are similar in age, BMI, waist circumference, lipid
levels and glucose and insulin levels. Menopausal status,race, smoking and hypertension
history were similar for the two groups. Sixty-two% of the randomized cohort had glucose
levels ≥100 mg/dL on two or three of three measurements in screening and 67% had
triglycerides above 150 mg/dL at visit 2, 3 or 4.

Apo-B containing Lipoproteins
Percentage reductions in apo-B containing lipoproteins, LDL, non-HDL and apo-B
respectively, were 36, 36 and 33% with atorvastatin and 12, 15 and 11% with Slo-Niacin®,
(Fig. 3). The order of giving the two drugs made little difference as the respective reductions
from baseline measures with combined treatment were 46, 43 and 43% in the atorvastatin first
group and 40, 42 and 36% in the niacin first group. Percent reductions in total cholesterol (Fig.
3) parallel the other apo-B containing lipoproteins. Absolute reductions in mg/dL are shown
in Table 2A and are consistent with percentage reductions.
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Results for the combined treatment groups are shown in Fig. 4. Mean LDL, non-HDL and apo-
B reductions were 43, 43 and 40%, respectively (all p<0.001) (Fig. 4). The absolute LDL
reductions attained with combination therapy were 81 mg/dL in the atorvastatin group 67mg/
dL in the Slo-Niacin® group (Table 2A), yielding final LDL levels of 96 and 97 mg/dL
respectively in the two groups.

Remnant-like Lipoprotein: (RLP)
This apo B containing lipid fraction was reduced a median of 55% in the combined groups
(Fig.4). Reductions in mg/dL are shown in Table 2A. The reduction in RLP was confirmed in
four subjects by isolating intermediate-density lipoprotein (IDL) by ultracentrifugation. Mean
values for RLP decreased 42.3% and IDL 40.0%.

Triglyceride, HDL-C, apo-A-I and LDL buoyancy
Median percent decreases in triglyceride were 26% with atorvastatin and 18% with Slo-
Niacin® each given alone (Fig.3). When atorvastatin and Slo-Niacin® were given to those
receiving the alternative drug as initial treatment, further (median percent) reductions were
dissimilar: 14% in the atorvastatin/Slo-Niacin® group and 37% in Slo-Niacin®/atorvastatin
group (Fig. 3). Baseline subject characteristics reveal no difference that might explain the
disparate triglyceride reductions (Table 1). In the 36 subjects taken together, the median
triglyceride reduction from baseline was 33% (p<0.001) (Fig. 4).

HDL-C increased with each drug given alone: 6.1% for atorvastatin and 7.9% for Slo-Niacin®
(Fig. 3), 2.2 and 2.9 mg/dL respective absolute increases (Table 2B). Combined atorvastatin/
Slo-Niacin® increased HDL-C 10.9 % in the atorvastatin first group and 10.0% in the Slo-
Niacin® first group (Fig. 3), 4.2 and 3.6 mg/dL, respectively (Table 2B) and 10.4±13.0% for
the two groups combined (Fig. 4) (p<0.001).

HDL2-C increased 0.5 mg/dL when Slo-Niacin® was given alone and 1.7 mg/dL when added
to atorvastatin (p<0.01) (Table 2B). Administration of atorvastatin did not significantly change
HDL2-C (−0.2 mg/dL from baseline, −0.2 mg/dL added to Slo-Niacin®) (Table 2B). The
median HDL2-C increase with both treatment groups combined was 20% (p<0.032) (Fig. 4).

Apoprotein A-I levels generally followed the HDL-C increases (Table 2B), non-significantly
in the two treatment groups individually (Fig. 3 and Table 2B), but 4% in the two treatment
groups combined (p=0.019) (Fig. 4).

LDL buoyancy was measured in 24 subjects (data not shown in Table). Rf values represent the
relative position of the LDL peak among 36 cholesterol containing fractions on gradient
ultracentrifugation of whole plasma. From baseline values of 0.241±0.018 and 0.258±0.037 in
the atorvastatin first and Slo-Niacin® first groups respectively, nonsignificant increases were
observed to 0.250±0.025 and 0.267±0.035, respectively. Addition of the second drug yielded
lesser increases of 0.011±0.021 and 0.008±0.020 units, respectively. The percent Rf increase
in the combined treatment group was 15% (p=0.039).

Glucose and Insulin
Glucose levels increased 7.1 mg/dL from baseline when Slo-Niacin® was given first and 3.6
mg/dL when added to atorvastatin (both p< 0.05) (Table 2C). Glucose did not change
significantly when atorvastatin was given alone or added to Slo-Niacin®. Glucose remained
elevated at the end of combined drug treatment for each group (Table 2C) and in the combined
treatment group, 5.2±8.9 mg/dL (p<0.001). Plasma insulin levels showed non-significant
trends toward higher levels with the administration of Slo-Niacin®, whether given first or
second (Table 2C).
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Inflammation markers
Non-significant median decreases for both hsCRP and TNFα were observed in both the
atorvastatin first and Slo-Niacin® first groups (Table 2D). In combined treatment, median
hsCRP decreased significantly, 23.2% (Fig.4) and TNFa decreased significantly as the
difference from baseline (p=0.014) and 12.5% (p=0.149). IL-6 levels were highly skewed, but
no trends were seen in median values with Slo-Niacin® and atorvastatin given alone or given
together.

Transaminases
Median ALT levels increased 2 units from baseline with atorvastatin alone (p<0.05) (clinically
non-significant), compared to a 5 unit decrease with Slo-Niacin® alone (Table 2E) (p=0.038).
When Slo-Niacin® was added to atorvastatin, ALT decreased by 4 units (p<0.05) compared
to an increase of 3 units when atorvastatin was added to Slo-Niacin® (p=0.057). The cross-
over in ALT from higher values with atorvastatin to lower with Slo-Niacin® is seen in the
monthly ALT plots (Fig. 5). Similar but lesser trends were seen in mean AST levels (Table
2E, Fig. 5).

Flushing Symptoms
Several parameters of flushing and flushing severity are reported in Table 3. Table 3A shows
that about half of all subjects taking niacin had flushing, with about the same percentage of
subjects reporting flushing at the lower doses of niacin as at the full dose of 1.5g. Table 3B
shows that the most frequent level of flushing severity was distributed over the first 5 of the 6
levels of severity. Only one subject (6 %) in the Slo-Niacin®/atorvastatin group reported an
intense flush lasting more than an hour, occurring at the 1g niacin dose. Table 3C shows the
percentage of subjects experiencing the strongest level of flushing. The majority of these were
at levels 3–5 in the first 3 months for both groups. One subject (5%) reported a level 6 flush.
When taking Slo-Niacin® for 4–6 months, more subjects reported a lower level of flushing,
at level two, than in the first 3 months in the Slo-Niacin®/atorvastatin group. Table 3D reports
actions taken as a consequence of flushing. Two or three subjects in each group considered
decreasing the niacin dose, and one did at the 1g level, but then progressed to the full dose.
Five to 29% of subjects took aspirin at any given time. Most indicated that the aspirin helped
the flushing symptoms.

Discussion
This study examined the effects of Slo-Niacin® and atorvastatin given separately and together
on lipoproteins, glycemia, insulin, inflammatory markers and transaminases in subjects with
combined hyperlipidemia and features of the metabolic syndrome. The principal outcome
variable was LDL decrease with each individual drug and the two combined. This change was
significant in all instances. Combined atorvastatin-Slo-Niacin® reductions in all apo-B
lipoproteins were similar, 42–43% in LDL-C, non HDL-C and apo-B and 55% in remnant-like
lipoproteins (RLP).

The LDL reduction of 43% in combined treatment was less than the sum of the separate effects
of Slo-Niacin® and atorvastatin, 12 and 36%, respectively. However, the 43% LDL reduction
with combined drug treatment equals that reported for 20 mg/day of atorvastatin in primary
hypercholesterolemia and exceeds the 40.5% reduction with 80 mg/day of atorvastatin in
persons with familial hypertriglyceridemia.24 In addition, 1.5g/day Slo-Niacin® and 10 mg/
day atorvastatin/day attained reductions in LDL levels from 177 and 164 mg/dL to 96 and 98
mg/dL, respectively, within the LDL target of < 100mg/dL for persons with coronary artery
disease or its equivalent.25
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The LDL-C reduction of 12% with Slo-Niacin® alone is similar to LDL-C reductions of 12
and 13% observed with plain (immediate release (IR) niacin) and 11 to 13% with Niaspan®,
both at 1500 mg/day.26 Likewise, an early study of Slo-Niacin® decreased LDL-C by 20% vs.
7% in untreated control subjects (net decrease of 13%).21

HDL-C increased 8% with Slo-Niacin® given alone in the SLIM study. In an earlier study,
Slo-Niacin® increased HDL-C 3% above control, also in a low-HDL population.21 On the
other hand, Lavie et al found a 30 % HDL increase from baseline in a low-HDL population at
an average Slo-Niacin dose of 2.4 g/day in 29 subjects. 20 When Slo- and plain (IR) niacins
were compared in a crossover design, respective HDL-C increases were 15% and 25% above
a 46.5 mg/dL baseline.19 When Niaspan® and plain niacin were compared at doses of 1500
mg/day, HDL-C increases were 17 and 19% above baseline levels of 43 to 45 mg/dL,
respectively.26 The data suggest that the HDL-C response to niacin may depend in part on the
baseline HDL level and the type of subjects studied. Further study is needed to determine if
HDL raising with Slo-Niacin® is comparable or near comparable to the other forms of niacin.

Plasma triglyceride reductions were 15% with Slo-Niacin® alone, 26% with atorvastatin alone
and 33% in combined treatment in the SLIM study. Previously reported triglyceride reductions
with niacin monotherapy were 14.9% with Niaspan® and 12.9% with plain niacin.26 In that
study, baseline triglyceride levels were 151 to 165 mg/dL, similar to the baseline values in the
present study, indicating that the effect of Slo-Niacin® on triglycerides is similar to other
niacins.

Remnant lipoprotein is a component of apo-B containing lipoproteins. The 55% reduction in
the RLP measurement of this fraction with the combination of Slo-Niacin®/atorvastatin is
notable, as remnant lipoproteins are considered to be highly atherogenic, possibly more so than
LDL.27

Improvement in LDL buoyancy was also observed in this study with combined Slo-Niacin®/
atorvastatin treatment consistent with previous work.28 LDL buoyancy is among the strongest
predictors of CVD risk in persons with combined hyperlipidemia 29,30 and of coronary
atherosclerosis regression determined angiographically with niacin, statin, and bile acid
treatment.31

Previous studies of niacin/statin combinations report a range of LDL-C and HDL-C responses
depending on statin type and dose. Two g/day Niaspan added to 40 mg/day simvastatin
increased HDL 22% above that of simvastatin alone (baseline HDL-C 44 mg/dL) (SEACOAST
Study).16 LDL did not decrease significantly.16 In the OCEANS Study, Niaspan® treatment
incremented over 8 or 12 weeks to 2g/day, respectively increased HDL-C 21.6 and 19.5% from
a baseline of 45.5 and 45 mg/dL and decreased LDL-C 21.9 and 20.1% on a 40 mg/dL
simvastatin background.17 In the COMPELL Study, Niaspan® 2 g/atorvastatin 40 mg/day or
Niaspan® 1g/rosuvastatin 20 mg/day increased HDL 15 and 17% above that of rosuvastatin
40 mg alone.18 In the SLIM Study, HDL-C increased 10% from a baseline of 38.5 mg/dL with
combined Slo-Niacin® 1.5g/ atorvastatin 10mg treatment/day while LDL-C decreased 43%.
Comparative studies are needed to address the comparability of HDL raising and LDL lowering
among niacin products and niacin/statin combinations.

Glucose elevations observed with Slo-Niacin® alone or with atorvastatin ranged from 4 to7
%, typical of the elevations in non-diabetic persons in previous studies.32 Increases in insulin
were 10 to 14%, consistent with the insulin resistance associated with niacin treatment.31 The
insulin resistance may be clinically insignificant as niacin improves CVD risk as well as risk
markers including adiponectin, brachial artery reactivity and carotid IMT.33 Even among
participants in the HATS study with impaired fasting glucose, insulin resistance, metabolic
syndrome or diabetes, the reduction in primary clinical events was 60%. 32
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The median hsCRP reduction of 23% in the present study is consistent with improved vascular
reactivity reported for niacin34 and statin 35 treatment. The greater decrease in CRP may reflect
its hepatic origin compared to TNFα and IL-6 which reflect inflammation elsewhere,
particularly adipose tissue. 36,37

Transaminase elevations are a typical concern in drug management of hyperlipidemia.
Contrary to expectation, ALT decreased with Slo-Niacin® treatment and contrasts with the
slight transaminase increase with atorvastatin. The transaminase reduction with Slo-Niacin®
could be related to an improved hepatic triglyceride metabolism and reduced liver fat content.
Previous studies of time-release niacin formulations with hepatotoxic potential have shown
transaminase at niacin doses below 1.5g/day. At a dose of 500 mg/day of Goldline SR® time-
release niacin, mean AST values increased from 23.8 to 27.9 units and ALT increased from
25.6 to 29.5 units and 40.4 and 36.3 units respectively at 1g/day.38 Enduracin®, another time
release form was also associated with an increase in transaminase values at 1250 and 1500 mg/
day 39 In our own study of Nicobid®, AST increased 14 to 21 units at a dose of 1.5g/day with
no change at an equivalent dose of plain niacin and even higher at 3g/day, as also occurred
with 3 g/day of plain niacin. 12 These comparisons illustrate that time-release formulations of
niacin are not the same and that Slo-Niacin® has potential for use at 1.5 g without
hepatotoxicity. Hepatotoxicity is common among at least 3 other time-release forms of time-
release niacin as well as plain niacin at 3g/day.12,13,15,38,39

Regarding side effects, the dropout rate was 7.1% for niacin related complaints and 4.8% for
flushing, similar to previous reports.17,18,40 Flushing itself was common, affecting 50% of
subjects participating in the study and diminishing somewhat with time. Aspirin was taken in
approximately 25% of cases and provided relief in 2/3rd’s of subjects. The main point is that
the flushing symptoms were almost always tolerable, underscored by the fact that only 3
subjects dropped out for niacin-related complaints and there was no indication of
hepatotoxicity. A randomized comparison of Slo-Niacin® with other forms of niacin is needed
to determine if differences exist in the crucial parameters of flushing tolerance, propensity to
hepatotoxicity and effects on lipoproteins and vascular response. Such a comparison is timely
in light of the high priority given by the President’s Stimulus Plan on finding and testing cost-
effective therapies in the management of prevalent diseases.41

In summary, Slo-Niacin® was well-tolerated alone and in combination with statin and
benefitted all lipoprotein levels, lipoprotein composition and two of three inflammatory
mediators, all as expected of niacin treatment. Notably, Slo-Niacin® extended LDL lowering
in combination with atorvastatin 10 mg, approximating LDL lowering at 2–8 fold higher doses
of atorvastatin given alone. The combination of Slo-Niacin® and atorvastatin modeled in the
SLIM Study offers the possibility of a well-tolerated and cost-effective approach to managing
combined hyperlipidemia 9 and its inherent cardiovascular disease burden. 1,13–15,42
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hsCRP highly sensitive C-reactive protein
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Figure 1.
Randomization scheme for the order for drug administration with the monthly dose escalation
of Slo-Niacin.
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Figure 2.
Depiction of the numbers of subjects consented, randomized and completed.
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Figure 3.
Percentage changes in lipoprotein levels from baseline on monotherapy (Week 12) and
combined Therapy (Week 24). Primary end points are % change in LDL-C in single and
combined drug treatment. ●--● Atorvastatin + Slo-niacin; ○- -○ Slo-Niacin + Atorvastatin
*p<0.05, **p<0.01,***p<0.001
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Figure 4.
End of study measurements in the combined atorvastatin/Slo-Niacin and Slo-Niacin/
atorvastatin groups. The reduction in LDL-C is the primary end point. The 12.48% reduction
in TNF-alpha is not significant but the concentration change between baseline and the end of
combination therapy was statistically significant at 0.041 (Table 2D).
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Figure 5.
Serial monthly measurements of LDL, AST and ALT. ALT values are given as medians as the
distribution is non-Gaussian. Monthly changes in LDL levels are shown for comparison.
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Table 1

Subject characteristics and baseline measurements

Randomization Order

Atorvastatin First Slo-Niacin First

Number of Subjects 19 17

  Men/Women 13/6 10/7

  Post-menopausal 5 4

  Caucasian/African-American 19/0 16/1

  Smokers (No/Yes) 19/0 14/3

  Hypertensive (No/Yes) 16/3 12/5

Mean±SD:

  Age (years) 57.1±10.3 52.2±9.4

  BMI (kg/m2) 32.8±6.5 32.3±5.5

  Waist circumference (cm) 105.5±10.4 108.8±11.7

  Lipoprotein lipids (mg/dL)

    Triglyceride 188±75 (177) 185±93 (160)

     Cholesterol (C) 249±40 241±56

    LDL-C 177±28 164±26

    Non HDL-C 210±39 202±52

    Apo B 116±26 104±28

    RLP-C 21.5±12.4 (16.5) 27.6±36.4 (13.3)

    HDL-C 38±4 39±6

    HDL2-C 5.6±2.5 6.4±2.7

    Apo A-I 129±12 128±14

    Glucose (mg/dL) 100±11 98±7

    Insulin (µU/ml) 24±14 27±13

Median:

    hsCRP (mg/dL) 2.7 1.6

    TNFα (pg/mL) 14.5 15.6

    IL-6 (pg/mL) 18.9 31.2
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Table 2

Changes from baseline or monotherapy in lipoproteins, apoproteins, glucose, insulin and inflammatory mediators

Concentration changes: Mean±SD or Median†

Weeks 0–12
(1st drug)

Weeks 12–24
(2nd drug)

Weeks 0–24
(Both drugs)

A) Apo B Lipoproteins (mg/dL)

  Cholesterol (C):

    Atorvastatin 1st −74 ± 34*** −12 ± 29 −87 ± 42***

    Slo-Niacin 1st −33 ± 58* −51 ± 27*** −84 ± 42***

P 0.013 <0.001 ns

  LDL-C:

    Atorvastatin 1st −65 ± 29*** −16 ± 20** −81 ± 25***

    Slo-Niacin 1st −22 ± 36* −45 ± 19*** −67 ± 25***

P <0.001 <0.001 ns

  Non HDL-C:

    Atorvastatin 1st −77 ± 34*** −14 ± 30 −91 ± 44***

    Slo-Niacin 1st −36 ± 61* −52 ± 28*** −88 ± 43***

P 0.027 <0.001 <0.001

  Apo B:

    Atorvastatin 1st −39 ± 21*** −9 ± 17* −48 ± 15***

    Slo-Niacin 1st −11 ± 22 −26 ± 17*** −37 ± 16***

P <0.001 <0.005 0.031

  RLP:

    Atorvastatin 1st −10.6 ± 9.7*** −3.3 ± 18.7 −7.2 ± 20.2**

    Slo-Niacin 1st −12.8 ± 24.7** −4.8 ± 4.6** −17.6 ±26.8***

P ns ns ns

B) Triglyceride, HDL, Apo A-I (mg/dL)

  Triglyceride:

    Atorvastatin 1st −33 ± 75 3 ± 117 −30 ±119

    Slo-Niacin 1st −34 ±63* −35 ±53* −69 ±54***

P ns ns ns

  HDL-C:

    Atorvastatin 1st 2.2 ± 3.2** 2.0 ± 4.7 4.2 ± 4.5***

    Slo-Niacin 1st 2.9 ± 6.4 0.8 ± 4.4 3.6 ± 5.3*

P ns ns ns

  HDL2-C:

    Atorvastatin 1st −0.2 ± 2.1 1.7 ± 2.6* 1.5 ± 3.2

    Slo-Niacin 1st 0.5 ± 3.2 −0.2 ± 2.1 0.4 ± 2.1

P ns <0.021 ns

  Apo A-I:
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Concentration changes: Mean±SD or Median†

Weeks 0–12
(1st drug)

Weeks 12–24
(2nd drug)

Weeks 0–24
(Both drugs)

    Atorvastatin 1st 3.6 ± 12.3 1.5 ± 12.4 5.1 ± 11.8

    Slo-Niacin 1st 2.1 ± 16.4 2.6 ± 11.3 4.7 ± 13.0

P ns ns ns

C) Glycemic Measures

  Glucose (mg/dL):

    Atorvastatin 1st 0.6 ± 7.8 3.6 ± 6.3* 4.2 ± 8.0*

(n=18)

    Slo-Niacin 1st 7.1 ± 10.2* −1.1 ± 9.8 6.0 ± 10.2*

P 0.04 ns ns

  Insulin (µU/ml):

    Atorvastatin 1st 0.1 ± 9.7 2.7 ± 6.8 2.7 ± 9.5

(n=18)

    Slo-Niacin 1st 3.4 ± 13.5 1.2 ±10.3 4.6 ± 13.5

P ns ns ns

D) Inflammatory Cytokines (Medians):

  hsCRP (mg/dL):

    Atorvastatin 1st −0.40 −0.003 −0.20

    Slo-Niacin 1st −0.13 −0.29 −0.27

P ns ns ns

  TNFα(pg/mL):

    Atorvastatin 1st −1.20 −0.25 −1.60*

    Slo-Niacin 1st −2.00 −1.30 −2.00

P ns ns ns

  IL-6 (pg/mL):

    Atorvastatin 1st −1.20 2.00 −0.20

    Slo-Niacin 1st −0.40 0.80 0.10

P ns ns ns

E) Transaminases (units):

  ALT:†

    Atorvastatin 1st 2.0* −4.0* −1.0

    Slo-Niacin 1st −5.0 3.0 4.0

P <0.038 0.057 ns

  AST:†

    Atorvastatin 1st 0.2± 10.2 3.1± 18.2 3.3± 19.9

    Slo-Niacin 1st −2.0± 10.1 1.3± 8.0 −0.7± 8.1

P ns ns ns

*,**,***: *P<0.05; ** P<0.01; ***P<0.001: Significance of differences in plasma concentrations between Weeks 0 and 12 (1st drug), Weeks 12 and

24 (2nd drug) and Weeks 0 and 24 (both drugs)

J Clin Lipidol. Author manuscript; available in PMC 2010 January 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Knopp et al. Page 20

Ta
bl

e 
3

D
es

cr
ip

tio
ns

 o
f F

lu
sh

in
g 

R
ep

or
te

d 
(%

 o
f S

ub
je

ct
s)

3A
. A

ny
 fl

us
hi

ng
 in

 th
e 

pa
st

 4
 w

ee
ks

A
to

rv
as

ta
tin

/N
ia

ci
n 

(n
=1

9)
N

ia
ci

n/
A

to
rv

as
ta

tin
 (n

=1
7)

St
ud

y 
V

is
it:

N
ia

ci
n 

D
os

e
Y

es
N

ia
ci

n 
D

os
e

Y
es

4
0

-
50

0
29

5
0

-
10

00
59

6
0

-
15

00
47

7
50

0
47

15
00

41

8
10

00
47

15
00

59

9
15

00
68

15
00

41

3B
. M

os
t f

re
qu

en
t l

ev
el

 o
f f

lu
sh

in
g

Se
ve

ri
ty

:
1

2
3

4
5

6
1

2
3

4
5

6

St
ud

y 
V

is
it:

4
-

-
-

-
-

-
0

18
0

6
6

0

5
-

-
-

-
-

-
6

6
18

12
12

6

6
-

-
-

-
-

-
0

12
6

18
12

0

7
5

16
5

5
16

0
6

18
6

12
0

0

8
0

5
16

21
5

0
6

29
6

12
6

0

9
5

11
21

11
21

0
12

24
6

0
0

0

3C
. S

tr
on

ge
st

 fl
us

hi
ng

 fe
el

in
g

Se
ve

ri
ty

:
1

2
3

4
5

6
1

2
3

4
5

6

St
ud

y 
V

is
it:

4
-

-
-

-
-

-
0

6
12

0
12

0

5
-

-
-

-
-

-
0

6
12

18
6

0

6
-

-
-

-
-

-
0

12
0

12
18

6

7
5

5
0

11
26

0
0

18
6

6
12

0

8
0

5
11

21
11

0
0

29
0

12
24

0

9
5

11
11

16
21

5
6

18
6

12
0

0

J Clin Lipidol. Author manuscript; available in PMC 2010 January 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Knopp et al. Page 21
3D

. A
ct

io
ns

 r
el

at
ed

 to
 fl

us
hi

ng

A
ct

io
n:

C
on

si
de

r 
D

ec
re

as
e

D
ec

re
as

e
T

oo
k 

A
SA

A
SA

 H
el

pe
d

C
on

si
de

r 
D

ec
re

as
e

D
ec

re
as

e
T

oo
k 

A
SA

A
SA

 H
el

pe
d

St
ud

y 
V

is
it:

4
-

-
-

-
0

0
6

6

5
-

-
-

-
0

0
18

18

6
-

-
-

-
18

0
24

24

7
0

0
5

5
0

0
18

18

8
11

5
11

11
0

0
29

18

9
11

0
21

16
0

0
18

18

Se
ve

rit
y:

1 
– 

Ti
ng

le

2 
– 

W
ar

m
, f

ew
 m

in
ut

es

3 
– 

W
ar

m
, r

ed
, 1

5 
m

in
ut

es

4 
– 

W
ar

m
, r

ed
, 3

0 
m

in
ut

es

5 
– 

H
ot

, f
lu

sh
ed

, 3
1–

60
 m

in
ut

es

6 
– 

In
te

ns
e,

 >
 6

0 
m

in
ut

es

J Clin Lipidol. Author manuscript; available in PMC 2010 January 1.


