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Abstract

Background—Niacin is an anti-dyslipidemic agent that may cause blood sugar elevation in
patients with diabetes, but its effects on glucose and insulin values in non-diabetic statin-treated
subjects with cardiovascular disease and at high risk for diabetes are less well known.

Methods—This was a pre-specified, intent-to-treat analysis of 3414 participants in the
Atherothrombosis Intervention in Metabolic syndrome with low HDL/high triglycerides: Impact
on Global Health outcomes trial randomized at 92 centers in the United States and Canada to ERN
plus simvastatin/ezetimibe (ERN) or simvastatin/ezetimibe plus placebo (Placebo). Baseline and
annual fasting glucose and insulin values were measured. Those experiencing an adverse event
indicative of diabetes or starting medications for diabetes were considered to have confirmed
diabetes. In addition, non-diabetic subjects with 2 annual follow up glucose measurements were
categorized into normal, impaired fasting glucose or newly diagnosed diabetes (presumed or
confirmed) states.

Results—Compared to placebo, ERN increased annual fasting glucose from baseline to 1 year
in both those with normal (7.9+15.8 vs 4.3+10.3 mg/dl; p<0.001) and impaired fasting glucose
(4.1+18.7 vs 1.4+14.9 p<0.02) and increased insulin levels. Both effects waned over the next 2
years. There were less consistent effects in those with baseline diabetes. There was an increased
risk of progressing from normal to presumed or confirmed impaired fasting glucose (ERN 197/336
cases (58.6%) versus placebo 135/325 cases (41.5%) p<0.001) over time, but no difference in
diabetes development in the two treatment groups except in those with normal fasting glucose at
baseline.

Conclusions—The addition of ERN to simvastatin/ezetemibe had marginal effects on
glycemia in those with diabetes at baseline, and there was a trend toward increased development of
new onset diabetes. In addition ERN increased the risk of developing impaired fasting glucose
which may have deleterious consequences over time and warrants further study.

Keywords

Extended release niacin; clinical trial; heart disease; glucose and insulin; diabetes; impaired fasting
glucoses
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Introduction

Niacin has been widely used to treat dyslipidemia. One of its well-known side-effects is the
tendency to increase blood glucose levels (1) which is thought to be related to an increase in
insulin resistance (2). This has been well-studied in subjects with pre-existing diabetes
though the effect has been demonstrated to be modest in most reports (3) except in those
with poorly controlled diabetes (4). Thus in those with known diabetes it is appropriate that
physicians monitor glucose levels carefully when niacin is being used in the event that
modification of glycemic control is required. Because it is generally recommended that
patients with diabetes perform home glucose self-monitoring, potential worsening of
glycemic control due to niacin therapy may thereby be corrected.

By contrast, the effect of niacin treatment in non-diabetic subjects, particularly those at high
risk for diabetes has been less well known. Since such patients are likely not monitoring
their glucose levels, niacin treatment in this group may lead to undetected diabetes A recent
meta-analysis of controlled clinical trials of niacin treatment reporting the development of
new onset diabetes concluded that niacin therapy was associated with a moderate increased
risk of incident diabetes (5). However this study did not examine whether trial participants
were normoglycemic or dysglycemic at baseline and not all of the trials were performed in
high risk subjects with atherosclerotic cardiovascular diseases which would influence the
incidence of new onset diabetes. Furthermore none of these trials evaluated the effect of
niacin on the development of dysglycemia in previously euglycemic individuals. Since even
mild elevations in glucose levels may be associated with increased morbidity (6), it would be
of value to assess the impact of niacin therapy on glucose levels in the prediabetic range
particularly among those with atherosclerotic cardiovascular disease because of their high
risk for dysglycemia and diabetes (7). Furthermore since the majority of these individuals
are receiving statins, which also increase the risk of diabetes development (8), addition of
niacin to statin therapy may further aggravate the risk for diabetes in some subjects. Recent,
well-conducted randomized trials have failed to demonstrate a reduction in long-term
clinical events with extended-release niacin (ERN) when added to statin therapy (9:10)
making the future place of ERN therapy in the management of dyslipidemia unclear (11).
We felt it important to report the effects of ERN on glucose and insulin levels in a
prespecified secondary analysis in the Atherothrombosis Intervention in Metabolic
syndrome with low high density lipoprotein/high triglycerides: Impact on Global Health
(AIM-HIGH) trial. This study compared the effects of ERN with simvastatin and ezetimibe
(ERN) therapy versus placebo with simvastatin and ezetimibe (Placebo) therapy in subjects
with atherosclerotic cardiovascular disease (9).

Methods

Study design

AIM-HIGH was a randomized, placebo-controlled clinical trial designed to test the
hypothesis that in patients with atherosclerotic cardiovascular disease and atherogenic
dyslipidemia, treatment with ERN (Niaspan™, AbbVie, Inc.) to raise baseline levels of
HDL-C would decrease the rate of cardiovascular endpoints (coronary artery disease death,
non-fatal myocardial infarction, ischemic stroke, hospitalization for acute coronary
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syndrome or symptom driven coronary or cerebral revascularization) (9). Entry criteria for
AIM-HIGH have been described in detail (12). Briefly, patients were included if they were
at least 45 years old and had established stable atherosclerotic cardiovascular disease with
high density lipoprotein cholesterol (HDL-C) <40 mg/dl for men, <50 mg/dl for women,
high triglycerides (100 to 400 mg/dl) and low density lipoprotein cholesterol (LDL-C) <180
mg/dl (conversion factor to Sl units for cholesterol X 0.0259 and for triglyceride X 0.0113).
Lipoprotein inclusion criteria were adjusted according to baseline treatment to account for
estimated effects of ongoing treatment. Established atherosclerotic cardiovascular disease
was defined as stable coronary heart disease with prior documented myocardial infarction or
acute coronary syndrome or documented multivessel coronary artery disease;
cerebrovascular or carotid disease with ischemic sequelae, carotid revascularization, or
asymptomatic carotid stenosis >70%: or peripheral arterial disease with ankle-brachial index
<0.85 or prior revascularization. Subjects with significant comorbidities (e.g., left ventricular
ejection fraction <30%) or increased risk for medication adverse effects were excluded.

Procedures

The study was conducted at 92 centers in the United States and Canada. After providing
written informed consent, subjects entered a 4-to-8-week open-label phase during which
they received simvastatin 40 mg daily, plus ERN at doses increasing weekly from 500 mg to
2000 mg per day. Subjects tolerating at least 1500 mg ERN daily were randomly assigned,
ina 1:1 ratio, to ERN or matching placebo tablets. To mask treatment assignment to ERN,
placebo tablets included 50 mg immediate-release niacin in each 500 or 1000 mg tablet.
Therefore, subjects in the control group on study drug at apparent 1500-2000 mg doses
received 100-150 mg niacin daily. To limit confounding by differences in LDL-C, both
groups underwent an aggressive ongoing effort to suppress LDL-C to 40 to 80 mg/dL
throughout the follow up period, thus helping to assure that differences between the groups
were attributable to HDL-C effects. The trial was stopped at 36 months of follow-up before
its planned conclusion on the recommendation of its Data and Safety Monitoring Board
based on demonstrated inability to prove benefit of ERN on the primary outcome.

Laboratory Measurements

Laboratory samples were analyzed by the Northwest Lipid and Diabetes Research
Laboratory (University of Washington) using standardized procedures. Fasting glucose (FG),
insulin, HbAlc, lipid profiles and apo B were measured at baseline and FG was measured
annually in all participants and insulin at the year 1 and year 3 follow-up visits. HOMA-IR
(homeostatic model assessment for insulin resistance) was estimated in mass units using the
following formula: (Glucose X Insulin)/405 and HOMA-f (%) was estimated as: (360 x
Insulin)/(Glucose — 63) (13). Management of elevated glucose levels was the responsibility
of the patient’s primary care physician or endocrinologist. Laboratory values were reported
to the participant at each follow-up and extremely high levels triggered an alert whereby
laboratory staff telephoned the clinical site regarding the laboratory result.

Categorization of glycemic status

Glycemic status was categorized at baseline and at follow-up;
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Baseline glycemic status—Previously diagnosed diabetes was defined as a positive
history of diabetes and/or taking one or more antihyperglycemic medications. Participants
without previously diagnosed diabetes at baseline were categorized according to the
American Diabetes Association (ADA) criteria (14) as having normal FG (NFG; FG <100
mg/dl (SI units conversion factor X 0.0555), impaired FG (IFG; FG 100-125 mg/dl) or
newly diagnosed diabetes (new diabetes; FG >125 mg/dl).

Follow-up glycemic status among non-diabetic subjects—Over the course of
the study subjects reported to have developed diabetes by report of an adverse event with
Medical Dictionary for Regulatory Activities (MedDRA\) preferred term ‘Diabetes mellitus’,
‘Diabetes mellitus non-insulin-dependent’, ‘Diabetes mellitus inadequate control’, ‘Diabetic
ketoacidosis’, or “Insulin resistant diabetes’, or started for the first time on
antihyperglycemic medication by their primary physicians were designated as having
confirmed diabetes. For the remaining subjects glycemic status was based on annual glucose
testing. Because of the variability in plasma glucose measurements, the American Diabetes
Association (ADA) has recommended that a confirmatory test be performed to establish the
diagnosis of diabetes, preferably within 6 weeks of the initial test (14). Since this was not
possible in AIM HIGH, we used the annual follow-up FG measurements to confirm changes
from baseline glycemic status to more rigorously characterize the effect of the two
treatments on subsequent glycemic status. Duration of follow-up depended on when the
participant was randomized and the availability of FG measurements at each annual visit.
Year 1 follow-up data was available for 2,869, year 2 for 2,693 and year 3 for 1,774
individuals. Because of the drop-off in available follow-up data at year 3, we restricted the
analysis to those participants who had both year 1 and year 2 FG values or who were
diagnosed with diabetes by their physicians or started antidiabetic medications during this
period. Of the total 1080 participants with NFG and the 1010 with IFG at baseline, 663 and
675 participants, respectively, were included in this analysis.

Using the two follow-up FG measurements we then categorized participants with either
NFG or IFG at baseline into follow-up NFG, IFG or new diabetes categories during the
follow-up period, based upon whether they had normal, impaired or diabetic FG levels at the
2 follow-up visits. Deterioration of glucose tolerance status from baseline at only one of the
two follow-up visits was defined as “presumed” follow-up IFG or new diabetes, whereas
deterioration of glycemic status at both visits was designated as “confirmed” follow-up IFG
or new diabetes (Table 1). Improvement in those with IFG at baseline to normal was only
designated follow-up NFG if both follow-up tests were in the normal range. For analyses of
the effects of therapy on new onset diabetes, participants who self-reported new diabetes or
new antidiabetes medication starts within the first 2 years of follow-up were added to
participants with new onset diabetes confirmed by successive annual FG testing. Presumed
and confirmed follow-up IFG and new diabetes were studied separately as well as combined
together. Participants with indeterminate glycemia that could not be categorized (Table 1)
were excluded from this analysis.
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Statistical Methods

Results

Randomization was stratified on history of diabetes and sex. Baseline characteristics were
well balanced between the treatment arms. Thus the study population was compared among
the three glycemic states at baseline using a chi-square test for categorical data or t-test for
continuous data. The proportion of participants with NFG at baseline with NFG, IFG or new
diabetes at follow-up was compared by treatment group using a chi-square test. A similar
comparison was made for those with IFG at baseline. Separate multinomial logistic
regression models were fitted to examine the effect of ERN versus Placebo therapy on
progression from baseline NFG to follow-up IFG, from NFG to new diabetes and from IFG
to new diabetes. Follow-up glycemic status was categorized into 3 groups: follow-up NFG
(reference group); presumed-plus-confirmed follow-up IFG; presumed-plus-confirmed new
diabetes. The odds ratios associated with the treatment groups and confidence intervals were
calculated. The model assumption and behaviors of the data were examined to decide on the
use of multinomial logistic models. Separate logit models were run and the diagnostics tools
were used on each model in order to detect outliers or influential data points. Hosmer and
Lemeshow’s goodness-of-fit test showed that the predicted frequency and observed
frequency matched closely. Number needed to harm (NNH) was computed using
computational methods for number needed to treat based on incidence using an online
calculator (http://graphpad.com/quickcalcs/NNTZ1/). All other analyses were performed
using SAS Version 9.3 (SAS Institute, Cary NC). A two-tailed p <.0.05 was required to
reject the null hypothesis.

Baseline Status—Of the 3,414 randomized participants, all but 2 could be classified by
glycemic status at baseline. Approximately 34% (n=1,158) had previously diagnosed
diabetes; a further 164 (4.8%) were found to have diabetes by baseline FG testing, making a
total of 1322 subjects (38.7%) with baseline diabetes. Almost 30% (n=1,010) had IFG and
32% (n=1,080) had NFG. Those with diabetes at baseline were older and had higher HbAlc
but lower LDL-C levels than those without diabetes, and participants with diabetes and IFG
had higher FG and triglyceride and lower HDL-C values and a higher prevalence of
metabolic syndrome than those with NFG (Table 2). Baseline insulin and HOMA-IR were
significantly higher and HOMA-f lower in the IFG and diabetes groups versus the normal
FG group. There were also significant differences between the diabetes and IFG groups for
glucose, HbA1c, insulin, HOMA-IR, HOMA B, HDL-C and triglyceride values.

Effects of Treatment on Follow-Up Fasting Glucose or Insulin Measures by
Baseline Glycemic Status—Figure 1A compares annual FG values by treatment
modality stratified according to baseline glycemic status. There were no differences between
baseline FG levels in the two treatment groups for each glycemic category. FG levels
gradually increased during follow-up in both groups and were significantly higher at each
yearly visit in those assigned to ERN versus Placebo therapy for both the NFG (p<0.001)
and IFG (p=0.02) groups but only at year 2 in those with diabetes. Table 3 and Figure 2
illustrate the corresponding annual FG changes from the baseline level by baseline glycemic
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status, demonstrating the same pattern except there were no significant differences between

any treatment groups for year 3 and no difference at any year in those with diabetes. The FG
increment with ERN versus Placebo therapy was greatest in year 1 (NFG 9.5% vs 4.5%; IFG
4% vs 1.5%) with smaller increments in years 2 and 3 in the non-diabetic groups (Figure 2).

Figure 1B and C and Table 3 show the insulin and HOMA-IR values and their changes from
baseline as a function of baseline glycemic status and treatment assignment. There were no
baseline differences between treatment groups. At year 1 baseline insulin and HOMA-IR
values and their changes from baseline increased in both treatment groups. Insulin and
HOMA-IR increased to a greater extent in the ERN arm for all three glycemic status groups
versus the Placebo arm, but the changes were not significant in year 3 in those with IFG or
diabetes. There were no HOMA-B differences between treatment arms (Table 3, FigurelD).

Effects of Treatment on Changes in Glycemic Status—The effects of treatment
on glycemic status was further assessed in the subset of participants without diabetes at
baseline (n=1338) who had self-reported diabetes or who had follow-up FG measurements at
both year 1 and 2, allowing for confirmation of a change in glycemic status. Table 4
illustrates the effects of ERN versus Placebo on follow-up glycemic status using only
confirmed or presumed-plus-confirmed glycemic status categories. In the 1338 participants
without diabetes at baseline, the overall incidence of presumed-plus-confirmed new diabetes
was slightly but not significantly (p=0.18) higher in the ERN group (n=115 [17.9%])
compared to the Placebo group (99 [14.7%] during the 3 year follow-up period. The
incidences of confirmed new diabetes were respectively 9.8% and 7.4% in the two treatment
groups, (p=0.12). Most of the new diabetes cases developed in those who had IFG at
baseline. In the Placebo group 5.8% of those with NFG at baseline developed presumed-
plus-confirmed new diabetes (3.4% for confirmed cases), far fewer when compared to 23.0%
of those with baseline IFG (11.2% for confirmed cases). The corresponding percentages
developing new diabetes in the ERN arm were slightly but not significantly higher; for NFG
at baseline 7.1% developed presumed-plus-confirmed diabetes (3.6% for confirmed
diabetes) —again far fewer when compared to 27.8% of those with IFG at baseline (16.2%
for confirmed cases).

Among those with NFG at baseline, there were fewer subjects that remained with NFG at
follow-up in the ERN group (34.2% vs 52.9%; p <0.001) and there were more participants
with presumed-plus-confirmed follow-up IFG (58.6% vs 41.3%; p<0.001). In those with
IFG at baseline there were fewer participants who reverted to NFG on follow-up in the ERN
versus the Placebo group (5.5% vs 10.1%; p=0.016). The multinomial logistic regression
model confirmed the effect of ERN compared to Placebo on worsening of glycemic status.
The odds ratio associated with ERN compared to Placebo for the outcome of converting to
IFG versus remaining with NFG was 1.82 (95% confidence interval [C1] 1.29, 2.57,
p=0.0007; NNH = 8 [95% confidence interval (Cl) 4-9], Table 5). However, the odds ratio
associated with ERN compared to Placebo for the outcome of converting to new diabetes
versus remaining with IFG at follow-up was 1.03 (CI 0.76, 1.39) p=0.85, or versus the entire
cohort without diabetes at baseline (NFG+IFG) the odds ratio was 1.22 (CI 0.91, 1.64)
p=0.18.
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Discussion

The principal findings of this analysis of the AIM HIGH population comparing the effects of
ERN versus Placebo added to simvastatin/ezetimibe over a mean 3 year follow-up period on
glucose and insulin levels, were that FG levels increased modestly but significantly more in
the ERN than the Placebo group irrespective of whether participants had NFG, IFG or
diabetes at baseline. This difference was accompanied by a significant worsening of insulin
resistance as assessed by insulin and HOMA-IR values, although this effect did not persist
beyond 1 year of follow-up in those with baseline IFG or diabetes. There was also an
increased occurrence of confirmed IFG in those with baseline NFG as well as a reduced
likelihood of reversion from IFG to NFG during follow-up in the ERN compared to Placebo.
Though there were numerical increases in the development of presumed or confirmed new
diabetes cases in the ERN group, these differences did not achieve statistical significance.

These findings need to be viewed from the perspective of the metabolic characteristics of the
AIM HIGH study population, all of whom had atherosclerotic cardiovascular disease and
were receiving moderate to high dose statin therapy. In addition to the high prevalence of
previously diagnosed diabetes (33.9%) a further 4.8% were found to have newly diagnosed
diabetes and 29.6% had IFG. Thus a total of 68.3% of AIM HIGH participants had some
form of hyperglycemia using these definitions which is similar to what has been reported in
other studies of populations with atherosclerotic cardiovascular disease (7). Furthermore, as
was noted for the subgroup with diabetes, participants with IFG at baseline had a higher
body mass index (BMI), higher fasting insulin and HOMA-IR values signifying a greater
degree of insulin resistance, lower HDL-C levels and a greater frequency of metabolic
syndrome than did participants with NFG. This unfavorable risk profile may contribute to
increased risk for morbidity and mortality, as has been reported for subjects with
atherosclerotic cardiovascular disease who have dysglycemia as compared to those with
normoglycemia (6). In addition participants with baseline NFG levels were significantly
overweight, had a higher prevalence of metabolic syndrome than would be expected for their
age group (15) and were comparatively hyperinsulinemic, suggesting that they were a
relatively insulin resistant group and at increased risk for the development of dysglycemia or
diabetes. Thus the non-diabetic population of AIM HIGH constituted a high risk population
appropriate for examining whether the addition of ERN to simvastatin/ezetimibe therapy
might significantly increase the development of dysglycemia and diabetes over that
associated with simvastatin/ezetimibe treatment alone.

The effect of ERN versus Placebo therapies was first assessed in the entire study population
stratified by their baseline glycemic status. Although there was a gradual rise in FG levels in
all three glycemic categories in both treatment groups over the three year period,
accompanied by increases in fasting insulin and HOMA-IR but not HOMA-f consistent with
worsening insulin resistance over time, the increases were significantly greater in the ERN
as compared to the Placebo group especially at 1 year, following which the differences
diminished. The same trend in glucose levels was noted in a post-hoc analysis of the
Coronary Drug Project, a trial of niacin monotherapy in subjects with coronary heart
disease, in whom baseline glycemia was also categorized into NFG, IFG and diabetes
subgroups (16). This suggests an initial effect of ERN to increase FG levels and insulin
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resistance which decreased with time. A similar observation was noted for the FG response
to ERN in a recently published 64 week study comparing ERN versus placebo combined
with simvastatin/ezetimibe therapy in a cohort selected to have hyperlipidemia but mostly
free of clinical atherosclerotic cardiovascular disease; it was suggested that this resulted
from a desensitization to the metabolic effect of niacin (17). In that report most of the effect
of ERN to increase FG in non-diabetic individuals compared to placebo occurred within the
first 16 weeks and then declined to pretreatment values by 64 weeks. The reason for the
difference in the timing of the declining effect of ERN therapy on FG patterns in the two
studies may be related to differences in the respective study populations. It is also possible
that there was an even greater effect of ERN on glycemia in AIM HIGH earlier than was
noted at 1 year but this was not tested in this study. In addition increasing weight and age
over time could counteract this declining effect. Fasting insulin levels and HOMA-IR were
also increased in the ERN subgroup with diabetes at 1 year suggesting an effect of ERN in
these individuals, although this was not accompanied by a significant change in FG levels
possibly because corrective antihyperglycemic therapy was applied. There were too few
cases receiving antihyperglycemic therapy in the non-diabetic groups to influence overall
glycemic responses.

To more rigorously evaluate the impact of ERN versus Placebo on the categorical change in
glycemic status in the non-diabetic subgroup, we identified approximately 65% of the cohort
without baseline diabetes who were subsequently diagnosed with diabetes or started for the
first time on antidiabetic medications or who had repeated FG measurements at years 1 and
2 allowing for confirmation of a change in glycemic status as is recommended by the ADA
(14). Using a definition of diabetes that included both presumed-plus-confirmed cases,
14.7% of the Placebo group developed diabetes during the first 2 years of follow-up versus
17.9% in the ERN group whereas using a definition including only confirmed cases the
frequencies were 7.4% versus 9.8%% respectively. These represent incremental effects for
ERN over Placebo therapy of 22% for the presumed-plus-confirmed definition and 32% for
confirmed cases only although neither achieved statistical significance. In an earlier safety
report from AIM HIGH, ERN was associated with a significantly higher incidence of
adverse events with the MedDRA term “diabetes mellitus” than Placebo, but the criteria
used in adverse event reporting were different to the more rigorous criteria we used in this
study (18). These directional findings are similar to those reported by the larger Heart
Protection Study 2-Treatment of HDL to Reduce the Incidence of Vascular Events (HPS2-
THRIVE), which tested the effect of adding ERN in combination with laropiprant — an anti-
flushing agent - to effective statin-based LDL-C-lowering treatment in 25,673 high risk
patients with prior vascular disease. New-onset diabetes was identified in 5.7% of the niacin-
laropiprant group and 4.3% of the comparator group, comprising a significant 30% excess of
diabetes for the niacin-laropiprant arm (10). HPS2-THRIVE had by far the greatest
statistical weight among the 11 clinical trials included in the recently published meta-
analysis reporting that niacin therapy was associated with a moderately increased relative
risk (1.34 [95% confidence interval 1.21-1.49]) for new-onset diabetes (5). It is possible that
with greater numbers in our study the differences would have achieved significance.

Although most of the participants developing diabetes in AIM HIGH had IFG at baseline, a
few individuals with baseline NFG developed diabetes in both therapy arms, indicating that
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the occasional patient with atherosclerotic cardiovascular disease and NFG receiving statin
treatment may progress within a year or two to diabetes and that the addition of ERN
increased this tendency. Similar findings were noted in the Coronary Drug Project report
(16). In addition to diabetes development, the risk of progressing from NFG at baseline to
the IFG category was one third greater in those receiving ERN versus Placebo such that only
a third of participants with baseline NFG in the ERN group remained with NFG at follow-up
compared with one half of the Placebo group. Thus the addition of ongoing ERN therapy
increases the finite possibility that normoglycemic individuals with atherosclerotic
cardiovascular disease will become persistently dysglycemic, which could increase future
risk for diabetes (18) and atherosclerotic cardiovascular disease events (6).

The strengths of the study are its multicenter, prospective, randomized design of ERN versus
Placebo added to long-term statin therapy, three year duration and the availability of annual
glucose and insulin measurements in the majority of the participants. There are several
limitations. First we did not measure 2-hour post challenge glucose values so we could not
fully categorize glycemic status. This may have led to an under-diagnosis of dysglycemia
and diabetes (19:20). Second, it is recommended that confirmation of newly diagnosed
diabetes be performed within 6 weeks, but this was not feasible by design in AIM HIGH.
Nevertheless confirmation at 1 year strengthens the likelihood that a change in glycemic
status is durable. Lastly, measurement of glycosylated hemoglobin levels would have been
helpful particularly for the group with diabetes in assessing the effect of therapy on
glycemia, but these measurements were not systematically measured in AIM HIGH. Future
trials should assess glycosylated hemoglobin in normoglycemic as well as dysglycemic and
diabetic subjects, because a retrospective study has suggested that normoglycemic patients
taking niacin and/or statins may experience relatively greater increases of FG than of HbAlc
(22).

In summary recent trials showing a lack of clear clinical benefit of using ERN with intensive
LDL-C reduction therapy raises uncertainties regarding the future role of ERN in the
management of dyslipidemia. Using a strategy that combined self-reported new onset
diabetes together with repeated annual FG testing, this study found that new onset diabetes
was relatively common in subjects with atherosclerotic cardiovascular disease receiving
moderate-to-intensive LDL-C- lowering treatment and that there was trend toward a greater
incidence of new onset diabetes in those receiving ERN, consistent with recent reports. In
addition, almost 60% of patients with normal FG levels developed IFG with added ERN due
to worsening insulin resistance - approximately one third more than occurred in the Placebo
group, which in longer-term followup could have deleterious effects on the future risk of
diabetes and recurrence of cardiovascular events. Thus the data support a recommendation
that glucose measurements should be carefully and regularly evaluated in dyslipidemic
patients with atherosclerotic cardiovascular disease especially in those treated with ERN, so
that worsening glycemia may be managed with lifestyle or medication change.
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Highlights

Addition of extended release niacin to simvastatin/ezetimibe therapy (ERN)
in subjects with cardiovascular disease increases fasting glucose and insulin
levels compared to simvastatin/ezetimibe alone

There was a trend toward an increase in new onset diabetes in the ERN
group
There was a significantly greater increase in the development of impaired

fasting glucose among those with baseline normal fasting glucose in the
ERN group
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Percent change in plasma glucose from baseline to year 1, year 2 and year 3 by glycemic

status at baseline and randomization treatment assignment. P-values from longitudinal

models comparing treatment groups within glycemic status groups.
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Table 1

Definition of follow up glucose tolerance status in the subgroup of participants with normal or impaired
baseline fasting glucose based on year 1 and year 2 fasting glucose categories

Baseline FG | Year 1 FG | Year 2 FG Follow-up Status
Normal Normal NFG
Impaired Normal Presumed IFG
Normal Impaired Presumed IFG
Impaired Impaired Confirmed IFG

Normal Diabetes Normal Indeterminate
Diabetes Impaired Presumed new DM
Normal Diabetes Presumed new DM
Impaired Diabetes Presumed new DM
Diabetes Diabetes Confirmed new DM *
Normal Normal NFG
Impaired Normal IFG
Normal Impaired IFG
Impaired Impaired IFG

Impaired Diabetes Normal Indeterminate
Diabetes Impaired Presumed new DM
Normal Diabetes Presumed new DM
Impaired Diabetes Presumed new DM
Diabetes Diabetes | confirmed new DM *

*
Also includes subjects who were diagnosed with new diabetes or started on antihyperglycemic medications by their personal physicians in either
year 1 or2
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