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Abstract
Background— Metabolic syndrome, insulin resistance and diabetes are associated with an
increased risk of cardiovascular disease. Niacin is known to increase insulin resistance, and have
adverse effects on blood glucose levels, but to have beneficial effects on plasma lipids and
lipoproteins. We therefore aimed to determine whether intensive lipid therapy with a niacin-
containing regimen would have a beneficial effect on cardiovascular disease, despite an expected
increase in plasma glucose and insulin resistance in subjects with the metabolic syndrome, insulin
resistance or abnormal fasting plasma glucose levels.

Methods— The effect of three years’ treatment with niacin plus simvastatin (N+S) on both
angiographic and clinical outcomes were analyzed in the 160 subjects with coronary artery disease
(CAD) and low levels of high density lipoproteins (HDL) from the HDL-Atherosclerosis Treatment
Study (HATS). A subgroup analysis was performed on the basis of: (1) the presence or absence of
the metabolic syndrome, (2) higher or lower insulin resistance, and (3) the presence or absence of
impaired fasting glucose or diabetes (dysglycemia). Individuals classified as having the MS,
increased insulin resistance or dysglycemia would be expected to have increased cardiovascular risk.

Results— N+S reduced the change in mean proximal percent stenosis (Δ%S) compared to placebo
(PL) in subjects with the metabolic syndrome (Δ%Sprox 0.3 vs 3.0, p=0.003) and in the more insulin
resistant group of subjects (Δ%Sprox 0.5 vs 2.7, p=0.001), while subjects with dysglycemia (impaired
fasting glucose or diabetes) showed a lesser benefit (Δ%Sprox 1 vs 3.2, p=0.13). These changes
occurred despite increased in-treatment fasting glucose levels (3%), fasting insulin (19%) and
decreased insulin sensitivity (−10%). Overall primary clinical events were reduced by 60% with N
+S compared to PL (p=0.02). A similar reduction of the rate of primary events was seen in patients
with metabolic syndrome, insulin resistance, and to a lesser extent in patients with dysglycemia in
the N+S group compared to PL.
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Conclusions— These data indicate that, in CAD patients with low HDL, treating the atherogenic
dyslipidemia with a combination of N+S leads to substantial benefits in terms of stenosis progression
and clinical events, independently of whether the patient has the metabolic syndrome or is insulin
resistant. Over a 3 year period, the beneficial effect of niacin in combination with simvastatin appears
to offset the modest adverse effect of niacin on glucose metabolism and insulin resistance in at higher
risk patients, as long as careful attention is paid to glycemic control.
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Introduction
The term metabolic syndrome (MS) defines a clustering of cardiovascular risk factors, which
includes dyslipidemia, hypertension, visceral adiposity, glucose intolerance/insulin resistance,
hypercoagulation, and inflammation (1). From large population studies it appears that the
presence of MS increases cardiovascular risk by 2–4 fold (2,3). Individuals with the MS have
been shown to be at increased risk of coronary heart disease (3), cardiovascular disease and
mortality (4), and to benefit more from treatment, in terms of cardiovascular events and
mortality, compared to subjects without the MS. A post-hoc subgroup analysis of the
Scandinavian Simvastatin Survival Study (4S) (5) evaluated the relative impact of the
“atherogenic lipid triad” (high levels of LDL cholesterol, low levels of HDL cholesterol, and
high levels of triglycerides (6)) on clinical outcome. Patients characterized by the lipid triad
had greater proportions of other features of MS, such as increased BMI, hypertension, and
diabetes. Events were comparably reduced by simvastatin treatment relative to placebo, in
patients with and without MS. However, because patients with MS were at higher absolute
risk, the absolute benefit from simvastatin treatment was greater. Similar results, indicating
that treating groups enriched with subjects with the MS leads more benefit in terms of outcome,
came from various studies on statins (7) as well as on fibrates (8–10).

Whether the MS is mediated by a common underlying pathophysiology is still debated.
Although potential contributors such as central obesity and inflammatory mediators have been
suggested as driving the abnormalities related to MS (11,12), insulin resistance also has been
proposed as the unifying etiologic factor (13). If so, reducing insulin resistance should be a
major target for therapy, and a worsening of insulin resistance would be expected to have
adverse consequences.

Niacin reduces plasma triglycerides, increases HDL cholesterol and reduces LDL cholesterol
modestly (14). Thus, it would seem to be an ideal drug for treating the dyslipidemia that is
associated with the MS (15), particularly when used together with a statin, which would reduce
LDL cholesterol levels further. However, niacin increases insulin resistance and can increase
blood glucose levels (16). Previous reports from the Assessment of Diabetes Control and
Evaluation of the Efficacy Niaspan Trial (ADVENT (17)), the Arterial Disease Multiple
Intervention Study (ADMIT) (18) and from HDL-Atherosclerosis Treatment Study (HATS)
(19), have shown that the modest increase in glucose level due to niacin treatment could be
easily counteracted by adjusting the diet, exercise and dose of antidiabetic medication.
However, these strategies are unlikely to benefit insulin resistance.

We therefore sought to determine whether aggressive treatment of dyslipidemia with niacin
and a statin might be beneficial to high-risk subgroups of patients with increased insulin
resistance, despite an expected worsening in glucose metabolism and insulin sensitivity. To
this end, the HATS database (20) was analyzed to determine the impact of aggressive lipid
lowering on both angiographic and clinical endpoints in subgroups of subjects with increased
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cardiovascular risk. Subjects were then separately classified according to three dichotomous,
non- mutually exclusive metabolic variables: 1) presence or absence of MS, 2) higher or lower
insulin resistance, and 3) normal or impaired fasting glucose.

Methods
Trial design

The design (21) and the results (20) of the HATS study have been described elsewhere. Briefly,
HATS was a double-blind placebo controlled trial conducted on 160 patients with coronary
artery disease, low HDL cholesterol and normal LDL-cholesterol, aimed at assessing the value
of lipid altering and/or antioxidant therapy in patients with coronary artery disease and low
HDL. Subjects were randomized in a factorial design to receive niacin plus simvastatin (N+S)
or their placebo and antioxidant vitamins or their placebo. The end points were angiographic
(measured change in mean proximal coronary stenosis) and clinical (time to first incidence of
death from coronary causes, myocardial infarction, stroke or revascularization for progressive
ischemia). A regression (−0.4%S) of the average stenosis with the N+S regimen was seen,
while a progression of the stenosis was observed in the N+S plus antioxidants (0.7%S), in the
antioxidants (1.8%S) and in the placebo (3.9%S) groups. The risk of the composite clinical
endpoint was 60% lower in the N+S factorial group than in the placebo group; the antioxidant
factorial treatment group showed no risk reduction when compared to placebo. The authors
concluded that the therapy with N+S provides definite clinical and angiographic benefits, while
there were no significant benefits from antioxidant therapy.

Because the antioxidant limb of the study was negative, subjects were divided in two groups
for the purpose of the present analysis: 1) a group receiving N+S with either placebo or active
antioxidant agents (n=80), and 2) a group receiving placebo for niacin and simvastatin with
either active antioxidants or placebo (PL, n=80). Subjects were then classified according to
their metabolic syndrome status (yes/no), insulin resistance status (more or less insulin
resistant), and fasting glycemia status (normoglycemia or impaired fasting glycemia/diabetes).
Therefore there was considerable overlap of subjects in these three categories.

Definition of Metabolic Syndrome
According to the National Cholesterol Education Program (NCEP) Expert Panel on the
Detection, Evaluation and Treatment of High Blood Cholesterol in Adults (Adult Treatment
Panel III (ATPIII)) (22), the MS definition was met when three or more of the following five
criteria were satisfied: 1) HDL cholesterol <40 mg/dl in men and <50 mg/dl in women; 2)
triglycerides ≥ 150 mg/dl; 3) hypertension, current or previously diagnosed, or blood pressure
≥ 130/85 mmHg; 4) fasting glucose ≥ 100 mg/dl, or previously-diagnosed diabetes now under
treatment; 5) waist circumference >102 cm in men and >88 cm in women.

Waist circumference
Waist circumference was not measured in HATS, so it was derived from the BMI value, using
a linear regression equation of BMI and waist circumference in all 2503 subjects in the VA-
HIT study (23): waist (cm) = 2.096 * BMI (Kg/m2) + 40.355 (r = 0.839)*. (*Personal
communication, Robins SJ, Bloomfield H.). A potential shortcoming is that these subjects were
not aged and sex-matched with those in HATS.

Insulin sensitivity
Insulin sensitivity was calculated using the updated homeostatic model assessment (HOMA2),
available on the website of the Diabetes Trial Unit of University of Oxford
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(www.dtu.ox.ac.uk) (24). The insulin sensitivity index provided by the model is expressed as
a percentage of a young normal reference population (100%).

Statistical analysis
The 2×2 factorial randomization to lipid and antioxidant therapy in HATS was collapsed into
two groups receiving either N+S (n= 80) or their PL (n=80). The angiographic data refer to
145 patients of the 146 patients who underwent pre and post therapy angiography (one patient
lacked paired glucose/insulin data), n=72 in the N+S group and n=73 in the PL group. The
events data refer to 156 patients, since four of the 160 patients lacked paired glucose/insulin
data.

Differences in risk factor prevalence between the two treatment groups (N+S and PL) at
baseline and during treatment were tested by Pearson’s chi-square test. Within-group changes
of baseline and post-treatment clinical characteristics were compared by paired t-test.
Differences between the two treatment groups (N+S and PL) in the response to treatment were
compared by unpaired t-test. The response to treatment within each of the three different
metabolic categories we defined was compared by unpaired t-test.

Risk of primary event reduction in the overall population and in the three different metabolic
categories was compared by a chi-square test (Fisher’s exact test).

P<0.05 was considered significant.

Results
Baseline clinical characteristics did not differ significantly between the N+S and the placebo
groups (table 1). N+S substantially lowered total cholesterol (−28%), LDL cholesterol (−37%)
and triglycerides (−34%), and increased HDL cholesterol levels (+30%). In the placebo group,
total and LDL cholesterol fell (−3% and −7%), HDL cholesterol increased to a minor extent
(+3%, p=0.002) and triglyceride levels increased slightly (+7%, p=ns).

Fasting glucose levels increased slightly (+3% and +1%, p=ns), fasting insulin increased (19%,
p=0.004; and 13%, p=ns), and insulin sensitivity decreased (−10%, p=0.02 and −5%, p=ns) in
the N+S and the placebo groups, respectively. On treatment, the two groups differed
significantly in HDL cholesterol (p<0.0005) and triglyceride levels (p<0.0005), and in diastolic
blood pressure values (p<0.05). All other clinical characteristics were comparable. The N+S
group showed a minor reduction in blood pressure values (−1% for SBP, p=ns; and −2% for
DBP, p=0.02), but no significant changes were observed in the placebo group (+2% for SBP
and +1% DBP). BMI remained stable in the N+S group, while it increased minimally, although
significantly, in the placebo group (+1%, p=0.01).

At baseline, the proportion of patients fulfilling the NCEP criteria for the MS was comparable:
69% and 71% in the N+S and in the placebo group, respectively (p=ns by χ2 analysis), with a
similar relative contribution of each of the risk factors defining the MS (table 2). A history of
diabetes was present in 12 and 9 patients in the N+S and in the placebo group, respectively. A
history of hypertension was present in 34 and 44 patients in the N+S and in the placebo groups,
respectively

At the end of the study, there was a significant reduction in the relative frequency of atherogenic
dyslipidemia in the N+S group. Low HDL prevalence fell from 100% to 74% and
hypertriglyceridemia from 65% to 40%. Patients fulfilling blood pressure criteria for
hypertension diminished by −8% (p=ns), while central obesity prevalence did not change. The
percentage of patients fulfilling the criteria for impaired fasting glucose (≥100 mg/dl) increased
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from 37% to 42% (p=ns vs baseline). Overall, the prevalence of the MS was reduced from 69%
to 56% with N+S (p<0.05 vs baseline), largely as a result of changes in HDL and triglycerides.
In the placebo treated group, reductions in the prevalence of hypertriglyceridemia (−9%) and
low HDL (−10%, p<0.05 vs baseline) were less substantial, while waist circumference (+3%)
and hypertension (+4%) were non-significantly increased. MS prevalence did not change
(+1%).

On treatment, differences between the two groups in the prevalence of single risk factors were
significant for high triglycerides (p<0.001), low HDL cholesterol (p<0.005), and the
prevalence of the MS (p<0.005).

Subjects were divided into “less insulin resistant” (those above the median for insulin
sensitivity) and “more insulin resistant” (those below the median), based on the HOMA2
model. At baseline, 78 patients were less insulin resistant (average insulin sensitivity= 68%)
and 78 more insulin resistant (average insulin sensitivity= 29%, data missing from 4 patients).

Subgroup analysis for coronary stenosis
Baseline atherosclerotic burden, as measured by proximal coronary stenosis, was comparable
in those with and without metabolic syndrome (36±11% vs 33±8%, respectively), in those who
were more and less insulin resistant (35±9% vs 34±10%, respectively), and in those with or
without dysglicemia (36±11% vs 33±8%, respectively p= ns for all).

Angiographic stenosis progression during treatment was significantly lower in the N+S group
(0.2%) compared to the placebo group (2.8%, p<0.0005 for unpaired t-test). Angiographic
stenosis changes were compared according to the presence of MS, more insulin resistance and
impaired fasting glycemia/diabetes (figure 1). In the subgroup without the MS, subjects treated
with N+S (n=23) showed no change in stenosis severity (Δ%S=−0.006), while those treated
with placebo (n=22) showed progression [Δ%S=+2.0, mean difference 2.03% (95% CI 0.40–
3.67%), p=0.015]. In the MS group, there was a significantly slower progression of the stenosis
in patients treated with N+S (n=49, Δ%S=+0.3) compared to those treated with placebo (n=51,
Δ%S=+3.0, mean difference 2.77 [95% CI 0.98–4.56], p=0.003).

Subjects in the less insulin resistant group (n=32) treated with N+S showed a slight regression
in stenosis severity (Δ%S=−0.2), while those treated with placebo (n=41) showed progression
(Δ%S=2.8, mean difference 3.08 [95% CI 1.35–4.82], p=0.001). In the more insulin resistant
group, there was a significantly slower progression of the stenosis in subjects (n=40) treated
with N+S (Δ%S=0.5) compared to those (n=32) treated with placebo (Δ%S=+2.7, mean
difference 2.08 [95% CI 0.08–4.09], p=0.045).

In the normoglycemic group, patients treated with N+S (n=45) showed a slight regression in
the stenosis amount (Δ%S=−0.2), while those treated with placebo (n=50) showed a
progression (Δ%S=+2.7, mean difference 2.92 [95% CI 0.63-4-71], p=0.001). In the
dysglycemic group, there was a slower progression of stenosis in patients treated with N+S
(n=27, Δ%S=+1.0) compared to those treated with placebo (n=23, %S=+3.2, mean difference
2.04 [95% CI 0.79-4-87], p=0.13).

There is no difference in response to therapy in terms of lipid changes in more or less insulin
resistant patients, or in normoglycemic compared to dislgycemic, while patients with metabolic
syndrome showed a lesser percentage decrese in TC, TG and LDL compared to those without
metabolic syndrome (data not shown).
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Clinical event frequency by subgroup analysis
In the overall population, the risk of primary events was reduced by 60% in the N+S treated
group compared to the placebo group (8.8% vs 22.5%, p=0.03). The event rate in the placebo
group was two fold higher in those classified as having the MS compared to the non-MS group
(26% vs 13%, p=ns, fig 2). No events were seen in the non-MS group treated with N+S. Among
MS subjects, treatment with N+S reduced events by 47% (from 22.0% to 11.5%, p=0.07), i.e.
to an event rate lower than non-MS population that received placebo.

The rate of event in the more insulin resistant subgroup was higher, compared to the less insulin
resistant subgroup, both in the group treated with placebo (+65%) and in those treated with N
+S (+90%, p=ns for both). Therapy with N+S reduced the rate of primary events by a similar
amount (65%) in both the less insulin resistant (p=0.1) and in the more insulin resistant group
(p=0.04).

In the group treated with placebo, normoglycemic patients surprisingly showed a non
significant higher event rate compared to dysglycemic patients (26% vs 15%). The event rate
was reduced by N+S therapy in the normoglycemic population (by 76%, p=0.06) and less so
in the dysglycemic group (by 13%, p=ns).

Discussion
The results from the original HATS study showed that treatment with N+S had great benefit
overall in terms of angiographic progression of stenosis and risk of clinical events. Since the
presence of the MS, insulin resistance or dysglycemia have been shown to increase the risk of
cardiovascular disease, in this subgroup analysis we investigated whether the presence of 1)
MS, 2) greater or lesser degrees of insulin resistance, or 3) impaired fasting glucose/diabetes
had an effect on the ability of N+S to influence stenosis progression and clinical events.

The findings in this subgroup analysis provides evidence that the aggressive treatment of
atherogenic dyslipidemia with N+S therapy, despite modest worsening of insulin sensitivity
beyond its generally low baseline level in this population with established coronary disease,
reduces the progression of coronary stenosis in subjects classified as being at even greater risk
of developing recurrent manifestations of cardiovascular disease by virtue of having the
metabolic syndrome, being insulin resistant or having dysglycemia. Evaluation of the longer
term impact of niacin’s effect on insulin resistance and glucose metabolism awaits the results
of longer-term clinical trials.

Niacin is a lipid-modifying drug that reduces triglycerides and raises HDL cholesterol levels,
leading to a modest reduction in LDL cholesterol levels, particularly small, dense LDL particles
(25). Atherogenic dyslipidemia describes the combination of low levels of HDL cholesterol
and raised triglycerides, and small dense LDL and HDL particles, which collectively is
common in patients with both the MS and type 2 diabetes (6). Thus, niacin should represent
an excellent option to treat the atherogenic dyslipidemia that characterizes MS and diabetes.
However, niacin has been shown to impair glucose metabolism, increasing insulin resistance
and plasma glucose levels. Insulin resistance is believed to increase the risk of developing both
cardiovascular disease events (13) and diabetes, although its impact on cardiovascular disease
may not be independent of the atherogenic dyslipidemia that is commonly associated with
insulin resistance and the MS. Indeed, concerns have been raised about the use of niacin in
diabetic patients (26) because of its adverse effects on insulin resistance and blood glucose
levels (27). In the HATS subjects, with a high baseline frequency of insulin resistance and a
high prevalence of MS, niacin had only a mild detrimental effect on plasma glucose, with a
significant increase in fasting insulin and a slight reduction in insulin sensitivity measured
using the updated homeostatic model assessment (HOMA2). Previous reports on niacin safety
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and tolerability among the HATS population showed that glycemic control among diabetic
patients returned to pretreatment values after eight months, probably due to better diabetes
management – both drugs and diet – in those with higher glucose levels (19).

Type 2 diabetes also is associated with an increased risk of cardiovascular disease (28), with
plasma glucose levels being correlated with the development of clinical endpoints in
epidemiological studies. However, data from a large clinical trial showed that the extent of
treatment of hyperglycemia did not significantly benefit macrovascular complications, while
it was very effective in reducing microvascular complications (29). Conversely, a recent meta-
analysis that evaluated the clinical benefit of lipid lowering therapy clearly showed that the
absolute cardiovascular risk is similarly reduced by lipid lowering therapy in type 2 diabetic
populations as much as in non diabetics (30). Since the absolute cardiovascular risk is greater
in diabetic subjects than in non diabetics, the potential benefit of lipid therapy is substantial.
We therefore questioned whether the beneficial effects of N+S on plasma lipids and
lipoproteins could be diminished due to worsening insulin resistance and dysglycemia,
particularly since many of the subjects in HATS were insulin resistant, had features of the MS,
or were dysglycemic at baseline. Our analysis indicates that subjects showed a beneficial effect
from being treated with N+S, whether or not they had MS or were more insulin resistant. The
beneficial effect in the group with impaired fasting glucose or diabetes (i.e. the dysglycemic
group) was present, but appeared to be somewhat attenuated.

In the overall HATS cohort, major clinical events (including death, myocardial infarction,
stroke and need for revascularization) were reduced by 60% compared to placebo over three
years of treatment with N+S. The beneficial effect also was detectable when patients were sub-
divided according to the presence of MS, insulin resistance, or dysglycemia, although the
reduction was not significant in all cases, in part due to the fact that the study was not powered
to address these questions.

Because of the unexpectedly higher (though not significantly so) rate of events seen in the
placebo-treated normoglycemic population compared to those with dysglycemia, interpreting
the effect of N+S on clinical event might be difficult in this particular group of individuals.
However, data from the angiographic studies indicate a benefit from treatment with N+S in
the subgroup with dysglycemia. Also, the smaller sample size of the dysglicemic group might
have hampered the results. Therefore, treating a larger group of subjects might show a benefit
in clinical events as well. In the Coronary Drug Project (CDP) niacin reduced the risk of
recurrent myocardial infarction at 6 years and of cardiac mortality at 15 years similarly in
hyperglycemic (fasting glucose ≥ 100 mg/dl) and normoglycemic patients (31). If anything,
the benefits to subjects with diabetes (by current standards ≥ 126 mg/dl) at baseline tended to
have greater benefit from niacin at each of these time points. Moreover, a recent post-hoc
analysis of the same study showed that patients with and without the MS benefited similarly
from therapy with niacin (32). Additional information will be forthcoming from the ongoing
AIM-HIGH study, which is evaluating the effect of a statin with and without niacin on
cardiovascular end-points.

In summary, in patients with low HDL cholesterol, normal LDL cholesterol levels and coronary
artery disease, the presence of either the MS, greater degrees of insulin resistance, or
dysglycemia, did not offset the beneficial effect on cardiovascular disease of three years of
treatment with N+S, despite a mild impairment of glucose metabolism and increase in insulin
resistance. Thus, the benefits obtained by aggressive lipid therapy with N+S appear to justify
and overwhelm the negative effects of niacin on insulin sensitivity. The presence of the MS,
insulin resistance or diabetes should not discourage the use of niacin in those for whom it
otherwise appears indicated. Careful attention should be paid to glucose levels because of their
importance in the pathogenesis of microvascular, and possibly macrovascular disease.
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Figure 1.
Angiographic change in percent stenosis in patients with or without metabolic syndrome,
insulin resistance and glucose intolerance, after three years treatment with PL (white squares)
or N+S (black squares), according to their base-line status. Data shown as mean ± SE. MS =
metabolic syndrome, IR = (more) insulin resistant, IS = (more) insulin sensitive, NL=
normoglycemic, DYSGLY= dysglycemic (impaired fasting glucose or diabetes)
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Figure 2.
Angiographic change in percent stenosis in patients with or without metabolic syndrome,
insulin resistance and glucose intolerance, after three years treatment with PL (white squares)
or N+S (black squares), according to their in-treatment status. Data shown as mean ± SE. MS
= metabolic syndrome, IR = (more) insulin resistant, IS = (more) insulin sensitive, NL=
normoglycemic, DYSGLY= dysglycemic (impaired fasting glucose or diabetes)
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