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Abstract 
 
Chronic kidney disease (CKD) in patients is strongly associated with cardiovascular morbidity 

and mortality, and prevalent abnormal lipid metabolism. The AIM-HIGH trial examined the 

benefits of adding extended-release niacin (ERN) to simvastatin in patients with established 

coronary heart disease. Here we conducted a post-hoc analysis of the AIM-HIGH trial examining 

whether participants derived cardiovascular or renal benefits when stratified by renal function. 

Of 3414 participants, 505 had stage 3 CKD at baseline. Among the CKD subset, demographics 

and cardiovascular disease (CVD) risk factors were well balanced in the ERN and placebo arms. 

Compared to placebo, CKD participants receiving ERN had a significant decrease in 

triglycerides by a median of 59.0 mg/dL, and high density lipoprotein-cholesterol significantly 

increased by a mean of 11.3 mg/dL over a mean follow-up of 3 years. CVD events were similar 

between CKD participants in both arms. However, all-cause mortality was significantly higher in 

the ERN group (hazard ratio of 1.73). Mean change in eGFR among ERN-treated CKD 

participants was not significantly different between study arms. Thus, among AIM-HIGH 

participants with CKD, the addition of ERN to simvastatin for secondary prevention of CVD 

improved triglyceride and high density lipoprotein-cholesterol concentrations but did not 

improve cardiovascular outcomes or kidney function, and was associated with higher all-cause 

mortality. 

 

Key Words:   

chronic kidney disease, cardiovascular disease, lipids  
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Background 

Coronary heart disease (CHD) is a leading cause of morbidity and mortality in chronic 

kidney disease (CKD). Individuals with CKD are at greater risk for major adverse 

cardiac events (MACE) than the general population (1). Despite this, traditional risk 

factor reduction strategies that reduce MACE in the general population such as low-

density lipoprotein cholesterol (LDL-C) lowering confer less benefit in CKD patients (2). 

In the Study of Heart and Renal Protection (SHARP), although treatment with 

simvastatin plus ezetimibe in subjects with CKD led to a 17% reduction in a composite 

cardiovascular outcome compared to placebo, it did not reduce all-cause or CHD 

mortality (3).  

Low levels of high-density lipoprotein cholesterol (HDL-C) and high triglyceride (TG) 

levels are both associated with CKD (4). Niacin raises HDL-C and lowers TG levels. 

However, it is not known whether raising HDL-C and lowering TG translates into 

improved cardiac outcomes in CKD patients.  

Prior studies suggest that lipid lowering therapy may also prevent progression of CKD 

(5).  While animal studies suggest that niacin may protect against GFR loss, (6) to our 

knowledge, the effect of ERN on longitudinal change in kidney function in humans has 

not been studied previously. The Atherothrombosis Intervention in Metabolic Syndrome 

with Low HDL/High Triglycerides: Impact on Global Health Outcomes (AIM-HIGH) 

tested the hypothesis that ERN, when added to intensive statin therapy reduced MACE 

in stable CHD patients pre-selected for low baseline HDL-C and elevated triglycerides 

(TG) as compared with placebo. Ezetimibe could be added to either arm, as needed, to 

achieve and maintain an on-treatment LDL-C between 40-80 mg/dL. The primary 
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outcome study findings from AIM-HIGH did not show incremental clinical benefit of ERN 

versus placebo on MACE when added to optimal LDL-C reduction therapy despite a 

significant improvement in the lipid profile (7).  

The present investigation was a post hoc analysis of participants with CKD enrolled in 

the AIM-HIGH trial. Because the CKD population represents a subset with high cardiac 

risk, we hypothesized that raising HDL-C and lowering TG with ERN would improve 

cardiovascular outcomes in these subjects. Secondary objectives were to evaluate the 

effect of ERN on longitudinal change in kidney function as well as safety and tolerability 

in participants with CKD. 
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Results 

Baseline characteristics: Of the 3,413 participants with non-missing eGFR in the AIM-

HIGH trial, 85.2% were male, 3.4% African Americans, and 4.1% were of Hispanic 

ethnicity. Five hundred and five study participants (14.8%) had CKD at baseline. Among 

these, the mean eGFR was 50.3 ± 7.7 ml/min per 1.73m².  496 participants (98.2%) had 

an eGFR within the range of 30-59 mL/min per 1.73m², and 9 (1.8%) had an eGFR < 30 

mL/min per 1.73m². 

Approximately 80% of the CKD participants were male, 4 % African Americans, and 

3.4% were Hispanics. Compared to participants without CKD, those with CKD were 

older and more likely to be female, had higher prevalence of diabetes and hypertension, 

but were less likely to use tobacco.  Systolic blood pressures and pulse pressures were 

slightly higher in CKD participants (Table 1). 

Among participants with CKD randomized to ERN (n=254) or placebo (n=251), 

demographic variables, medical conditions, and CAD risk factors were balanced 

between treatment arms. Lipid profiles in CKD subjects randomized to placebo or ERN 

were also similar at baseline (Table 2). 

  

Effect of ERN on lipids in CKD: Participants from both CKD and non-CKD groups 

achieved significant increases in HDL-C and decreases in TG concentrations in the 

ERN arm relative to placebo. In the CKD group, baseline HDL-C concentration was 34.5 

mg/dL and 34.9 mg/dL for the placebo and ERN groups respectively. At 3 years, mean 

HDL-C concentrations were 39.2 (8.2) mg/ dL and 45.9 (12.6) mg/dL, respectively 

(placebo vs ERN, P<0.0001). In the CKD group, median (IQR) baseline TG 
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concentration was 160.0 mg/dL (133.0, 231.0 mg/dL) for the placebo group, and 175.0 

mg/dL (132.0, 222.0 mg/dL) for the ERN group. At 3 years, median TG concentrations 

were 153.0 mg/dL (111.0, 192.0 mg/dL), and 113.0 mg/dL (80.0, 156.0 mg/dL), for 

placebo vs ERN respectively (P<0.0001). ERN had a greater effect on TG in the CKD 

group with a median decrease of 59.0 mg/dL, compared to a median decrease of 47.0 

mg/dL in participants without CKD, (p=0.031) after 3 years of therapy (Table 3). 

Effect of ERN on Cardiovascular Outcomes: There was no clinical benefit of 

randomization to ERN for the composite CVD primary endpoints within the CKD group. 

Among CKD participants, 60 subjects (23.6%) in the ERN arm and 60 (23.93%) in the 

placebo arm reached the primary endpoint (ERN vs. Placebo HR 1.02, 95% CI 0.71, 

1.45).  All-cause mortality was higher for the ERN group with 39 deaths (15.4%) 

compared to 23 (8.9%) in the placebo group (ERN vs Placebo HR=1.73, 95% CI 1.03, 

2.89, P=0.038). However, there was no significant difference in cardiovascular mortality 

in the CKD group assigned to ERN with 19 CV deaths (7.5%) compared to 12 CV 

deaths (4.8%) in the placebo group, (ERN vs placebo HR 1.62, 95% CI 0.78, 3.33). We 

did not observe interaction between ERN, kidney function, and cardiovascular 

endpoints,in models with/without eGFR stratification (data not shown).  Most of the non-

cardiovascular deaths were due to cancer (Table 4).   

Longitudinal Change in Kidney Function:  When the entire study sample was 

evaluated together regardless of CKD status, there was a mean decrease in eGFR of  

2.8% (14.0%) in those randomized to placebo (n= 872) and a 1.2% (14.8%) decrease in 

those treated with ERN (n = 866) over 3 years (p=0.03).  There was statistically 
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significant interaction between treatment and CKD status (p-interaction = 0.004) for 

percent change in eGFR at Year 3. Data examining the subset with and without CKD 

separately are shown in Table 5.  In participants with CKD, there was a 3.3% (24.2%) 

improvement in eGFR from baseline to year 3 in those randomized to placebo, whereas 

there was a 1.8% (22.3%) decrease in those randomized to ERN, a result that did not 

reach statistical significance (p=.10).  Conversely, in the subset without CKD, there was 

a 3.8% (13.6%) decrease in eGFR in those randomized to placebo, whereas those 

randomized to ERN experienced only a 1.1% (13.5%) decrease in eGFR over 3 years 

(Figure 1).  This finding was statistically significant (p=0.0001). No new incident cases of 

CKD were observed during the study.   

Adverse Events and Treatment Discontinuation: Within the CKD group, there was a 

significantly higher rate of discontinuation of ERN compared to placebo (32.7% vs. 

22.7%, p = 0.01).  In the ERN arm, higher rates of flushing, increased glucose, and 

gastrointestinal symptoms were observed compared to the placebo arm.  Specifically for 

symptomatic flushing/itching, these symptoms accounted for near 30% of the primary 

reason for drug discontinuation in the ERN arm compared to 14% in the placebo arm in 

the CKD group (Table 6). 

 

 

 

 

 

Page 7 of 27

The International Society of Nephrology (http://www.isn-online.org/site/cms)

Kidney International

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review
 O

nly

Niacin, CKD and outcomes 

 

8 

 

Discussion  

In this secondary analysis from AIM-HIGH, there was no incremental benefit of adding 

ERN to simvastatin-versus placebo in the important, high-risk subset of CKD patients 

with respect to secondary prevention of cardiovascular events. As expected, the CKD 

patients had a much higher primary end-point than the non-CKD group indicating a very 

high residual CVD risk in this subgroup. It is also important to note that most of the non-

cardiovascular deaths were due to cancer, but no association between niacin treatment 

and cancer was observed. 

It is not clear why AIM-HIGH results do not demonstrate the cardiovascular benefit of 

improvement in HDL-C and TG levels in CKD patients. There are several possibilities: 

1) There is no different impact of ERN on cardiovascular outcomes in different levels of 

renal function in secondary prevention. 2) The impact of the low HDL-C and elevated 

TG levels is reduced in the context of aggressively treated LDL-C in this subset of 

patients. 3) Perhaps HDL-C is not the best marker to study clinical outcomes during 

ERN therapy. In addition, there is still some degree of uncertainty on whether HDL-C is 

a modifiable cardiac risk factor. 4) It is conceivable that other factors related to 

decreased kidney function such as elevated FGF-23 levels or other unidentified uremic 

factors play a more important role on cardiovascular outcomes (8).  

From the early stages of CKD, abnormal apolipoprotein metabolism can be 

demonstrated (9). Oxidative stress is part of the complex interplay between CKD and 

heart disease (10), and is linked to endothelial dysfunction (11), that is highly prevalent 

in patients with moderate to severe CKD (12, 13). Patients with CKD are at high risk for 
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CV events (1). It is conceivable that drugs such as niacin could have a cardio protective 

effect in CKD considering their anti-oxidant properties and effects on endothelial 

function (9, 14).  

Recent studies targeting LDL-C for primary prevention in CKD patients who are not on 

renal replacement therapy such as the SHARP trial, demonstrated that LDL-C reduction 

is cardio protective (3). A sub study of the TNT (Treating to New Targets) trial 

demonstrated a survival benefit with lowering of LDL cholesterol with atorvastatin in 

CKD (15). Triglycerides-lowering agents such as gemfibrozil and fenofibrate have been 

shown to be cardio protective in non-dialytic CKD patients (16, 17). These results 

suggest that LDL plays a more important role than HDL-C in cardiovascular disease in 

CKD, and that there may be a role for TG although we could not demonstrate in our 

study. Studies testing inhibition of cholesteryl ester transfer protein (CETP) such as 

torcetrapib and dalcetrapib failed to demonstrate improvement in cardiovascular 

outcomes despite successfully increasing HDL-C levels (18, 19). The recently 

completed HPS-2 THRIVE (Second Heart Protection Study Treatment of HDL to 

Reduce Incidence of Vascular Events) study is the largest prospective randomized trial 

testing niacin in patients at high-risk for CV events to date, and failed to demonstrate 

cardioprotective effects (20).  

Another important endpoint of this study was to examine the effects of ERN on 

longitudinal change in kidney function and to assess the tolerability in CKD patients. We 

observed a slower rate of decline in eGFR in ERN treated patients when all AIM-HIGH 

participants were examined together. In non- CKD patients, ERN therapy was also 

associated with a slower rate of eGFR decline than placebo.  These data indicate that 
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ERN slows decline in eGFR in a human trial extending observations in animals that 

niacin beneficially affects renal function.  However, there was no difference in rates of 

eGFR decline in this small subgroup of CKD patients comparing ERN to placebo-

treated patients. These results cannot exclude a possible benefit of ERN in kidney 

function in CKD because the study was not powered to detect definitive  changes in 

kidney function, and certainly raise interest for further prospective studies examining 

ERN as possible nephroprotective agent since this is the largest prospective human 

data published so far demonstrating such effect. Furthermore, in a recent substudy of 

the AIM-HIGH trial, Guyton et al observed a trend toward cardiovascular benefit in the 

sub-group with the lowest HDL-C and highest TG levels treated with ERN (21). Whether 

CKD subjects with these characteristics would receive cardiovascular benefit from ERN 

is not known. 

 Our findings of high rates of ERN discontinuation in the CKD arm (32%) should be 

carefully considered in future clinical trials examining the role of ERN in dyslipidemias in 

patients who are in other stages of CKD. It is possible that worse tolerance of niacin 

among CKD participants (i.e. niacin-related altered food intake) contributed to our 

findings.  

Strengths of this study include the prospective, randomized, placebo controlled design, 

and a large cohort of participants with stable CKD, and longitudinal assessment of renal 

function. 

This study has several limitations: 1) AIM-HIGH excluded patients with serum creatinine 

> 2.5 mg/dL, thus whether or not the results would generalize to patients with more 

advanced CKD remains unknown. 2) All study participants had prevalent cardiovascular 
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disease at baseline and were aggressively treated with statins to target LDL levels. 

Whether or not ERN would improve primary prevention of CV events in CKD patients is 

unknown. 3) We lacked data on albuminuria to test effects of ERN vs. placebo in early 

stages of CKD. The majority of the participants were on Renin- Angiotensin-Aldosterone 

System blockade, besides adequately controlled LDL levels. These factors may have 

contributed to a slower than expected rate of decline in eGFR irrespective of the lipid 

lowering effect. 4) The number of patients with both baseline and three year 

assessment of creatinine, n=241, is not large, limiting the inference that can be made on 

eGFR based on these numbers. 5) CKD is more prevalent in African Americans who 

represented less than 4% of the participants limiting the generalizability of these results 

beyond this subset. 6) We have limited data on apolipoprotein levels. Previous 

publications suggest that targeting apolipoprotein levels including ApoB and 

apoB/apoA1 ratio could provide better correlation with cardiovascular outcomes 

compared to HDL-C (22, 23). 

There is a major need in conducting prospective randomized trials in patients with early 

stages of CKD in order to improve cardiovascular outcomes. In fact, the new KDIGO 

(Kidney Disease improving Global Outcomes) report persuasively argues for more 

research on the treatment of dyslipidemias in patients with CKD who have either 

elevated levels of TG or low levels of HDL-C (24). Although  AIM-HIGH is one of the 

largest prospective studies evaluating the use of combined statin-ERN treatment for 

secondary cardiovascular prevention that included a sizeable proportion of patients with 

CKD, the sample size and number of deaths were relatively small. These factors  limit 

inferences on differences and causes of mortality we can draw from this study. 
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Moreover it is not known if a larger sample size or a longer follow-up would lead to 

different results, therefore a possible benefit cannot be definitively excluded with the 

present data.  

In summary, in CKD patients with atherogenic dyslipidemia from AIM-HIGH treated with 

ERN conferred no significant benefit on cardiovascular events despite significant 

increases in HDL-C and reduction of TG. Renal function decline was significantly 

slowed in AIM-HIGH patients as a whole, but no significant cardiovascular benefit was 

seen in the CKD sub-group. These findings coupled with a similar lack of 

cardioprotective benefits in the overall AIM-HIGH trial and in the much larger HPS2-

THRIVE trial, raise doubts regarding the utility of this treatment strategy in the statin era.  
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Methods 

Study Design   

The AIM-HIGH study design and baseline characteristics of the study population have 

been described in detail previously (7, 25). Briefly, AIM-HIGH was a multi-center, 

prospective, randomized, double-blind, placebo-controlled trial in men or women age 45 

years or older with established, stable cardiovascular disease and atherogenic 

dyslipidemia defined as low baseline HDL-C (< 40 mg/dL for men and < 50 mg/dL for 

women), high TG (100 – 400 mg/dL) and LDL-C < 180 mg/dL (adjusted for statin 

treatment at entry). Participants were recruited from 92 centers in the United States and 

Canada. The hypothesis was that raising HDL-C (as well as lowering TG, LDL-c, and 

lipoprotein a with extended- release niacin (ERN, Niaspan™, AbbVie Inc.) would 

decrease the rate of a composite primary endpoint (coronary artery disease mortality, 

non-fatal myocardial infarction, ischemic stroke, hospitalization for acute coronary 

syndrome or symptom-driven coronary or cerebral revascularization), during a projected 

mean 55 month follow-up. Participants with serum creatinine ≥ 2.5 mg/dL at screening 

were excluded.  During a 4 – 8 week open label run-in period, all patients were treated 

with 40 mg of simvastatin and doses of ERN increasing weekly from 500 mg/day to 

2,000 mg/day.  Patients tolerating at least 1,500 mg/day of ERN were randomly 

assigned to ERN or placebo. The placebo tablets contained a small dose (50 mg) of 

immediate-release niacin in each 500-mg or 1000-mg tablet to mask the identity of the 

blinded treatment to patients and study personnel. All participants were treated with 

simvastatin (20-80 mg daily) with dose adjusted as needed to achieve a target LDL-C of 
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40-80 mg/dl. Ezetimibe 10 mg daily could be added as needed to subjects in either 

blinded treatment arm to achieve the LDL-C target. The trial was stopped on the 

recommendation of the Data and Safety Monitoring Board after a mean of 36 months of 

follow-up, based on the observation of lack of efficacy of ERN in reducing the composite 

primary endpoint (26).  All living participants were followed to a final close-out visit, 

which was conducted between June and September 2011. 

Fasting specimens of blood total cholesterol (TC),TG, HDL-C and LDL-C were 

measured at baseline, at months 1, 3 and 6, and at annual intervals; while lipoprotein 

(a) [Lp(a)] was measured only at baseline and year 1. Per protocol, serum creatinine 

concentrations were obtained at screening, year 1 and 3. Blood lipids and creatinine 

concentrations were measured in a central laboratory (Northwest Lipid Metabolism and 

Diabetes Research Laboratory, University of Washington).   All endpoint events were 

reviewed by an independent clinical events adjudication committee, masked to the 

identity of treatment. Primary endpoints for this post-hoc analysis were identical to the 

study proper, as noted above. In addition, we compared annual changes in estimated 

GFR (eGFR) and incident CKD rates between treatment arms and by kidney function 

group. CKD was defined as estimated GFR of < 60 mL/min/1.73 m². Study participants 

that were not classified as CKD at baseline but had an eGFR < 60 mL/min/1.73 m² at 

the end of the study were counted as incident CKD cases. Study participants were 

evaluated for adverse effects in clinic or by phone on a quarterly basis. We compared 

rates of serious adverse events and drop-out rates by treatment arm and by kidney 

function group.  
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Statistical Analysis 

Assessment of the kidney function was computed with the CKD-EPI formula (27) to 

assess estimated glomerular filtration rate (eGFR). Patients with eGFR < 60 mL/min per 

1.73m2 were considered to have CKD (28).   

Baseline demographic and clinical characteristics were compared between the ERN 

and placebo groups using independent two-sample t-test (pooled variance) for 

continuous variables such as  body mass index (BMI), blood pressures, and baseline 

lipids. The Wilcoxon rank sum test was used for continuous variables not normally 

distributed, while chi-square test was used for categorical variables such as  smoking 

status, history of CHD, diabetes, hypertension, and use of inhibitors of the renin-

angiotensin system. Results of the Wilcoxon rank sum test were expressed as median 

and interquartile range (Q1,Q3). Descriptive statistics for lipids, and eGFR were 

summarized over scheduled study time by treatment assignment within eGFR groups. 

Cox proportional hazards models were used to generate hazard ratios for the primary 

outcome and other cardiovascular events of interest. Primary and secondary endpoint 

rates were based on an intention to treat analysis.  Participant observation was 

censored at their last follow-up visit or death.  The effect of ERN on kidney function 

analyses at 1 and 3 years was limited to participants with serum creatinine values 

available at those time points. ANCOVA model was used to test for interaction between 

eGFR group and the effect of ERN at 3 years of treatment. In addition, we conducted 

test for interaction without eGFR stratification in the statistical model. Adverse event 

rates were monitored routinely as a safety indicator throughout the trial and a chi-square 

test was used to compare the two treatment arms. Values are expressed in mean ± SD 
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unless otherwise specified. Data management and statistical analysis were performed 

at the data coordinating center (Axio Research, Seattle). Statistical analysis was 

performed using SAS 9.3 statistical software (Cary, NC, USA). 
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                                         Table 1.  Baseline Demographics and Clinical Characteristics Among AIM-HIGH 

                                                         Participants Stratified by CKD Status 

 

 

CKD 

(N=505) 

No CKD 

(N=2908) P-value 

Age (years) Mean (SD) 70.7 (7.3) 62.5 (8.4) <.001 

Gender (male) N (%) 408 (80.8) 2501 (86.0) 0.002 

Race – African American N (%) 20 (4.0) 97 (3.3) 0.476 

Ethnicity-Hispanic N (%) 19 (3.8) 121 (4.2) 0.676 

Current Smoker N (%) 58 (11.6) 564 (19.5) <.001 

Coronary Artery Disease N (%) 452 (89.5) 2694 (92.6) 0.015 

Diabetes N (%) 207 (41.0) 951 (32.7) <.001 

Hypertension N (%) 401 (79.4) 2037 (70.0) <.001 

Diastolic BP (mmHg) Mean (SD) 71.4 (10.2) 74.9 (9.6) <.001 

Systolic BP (mmHg) Mean (SD) 130.5 (17.4) 127.9 (16.1) <.001 

Pulse Pressure (mmHg) Mean (SD) 59.1 (16.4) 53.0 (13.4) <.001 

Use of ACE-Is or ARBs N (%) 391 (77.4) 2137 (73.5) 0.062 
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                               Table 2: Baseline Demographic Features and Clinical Characteristics by Randomization  

                                in AIM-HIGH Participants with CKD 

 

Placebo 

(N=251) 

Niacin 

(N=254) P-value 

Age (years) Mean (SD) 70.8 (7.4) 70.6 (7.2) 0.764 

Gender (male) N (%) 200 (79.7) 208 (81.9) 0.529 

Race – African American N (%) 10 (4.0) 10 (3.9) 0.978 

Ethnicity-Hispanic N (%) 6 (2.4) 13 (5.1) 0.107 

Current Smoker N (%) 33 ( 13.3) 25 (10.0) 0.244 

Body Mass Index (kg/m²) Mean (SD) 30.4 (5.8) 30.9 (5.4) 0.390 

Coronary Artery Disease  N (%) 231 (92.0) 221 (87.0) 0.066 

Diabetes N (%) 102 (40.6) 105 (41.3) 0.873 

Metabolic Syndrome N (%) 206 (83.1) 214 (84.3) 0.719 

Hypertension N (%) 194 (77.3) 207 (81.5) 0.243 

LDL cholesterol Mean (SD) 74.3 (21.2) 73.8 (21.9) 0.794 

HDL cholesterol Mean (SD) 34.5 (6.2) 34.9 (6.1) 0.462 

Triglycerides Median (Q1,Q3) 160 (133 ,231) 175 (132, 222) 0.839 

Diastolic BP (mmHg) Mean (SD) 70.9 (10.5) 71.9 (9.8) 0.290 

Systolic BP (mmHg) Mean (SD) 130.1 (16.9) 130.9 (17.9) 0.602 

Pulse Pressure (mmHg) Mean (SD) 59.2 (16.7) 59.0 (16.2) 0.920 

Use of ACE-Is or ARBs N (%) 191 (76.1) 200 (78.7) 0.453 
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Table 3: Lipid Levels by CKD Status and Treatment: Actual Values and Change from Baseline Values 

Lipid Parameter Time 

                                  CKD* 

                                (N=505) 

No CKD** 
(N = 2908) 

Placebo 
(N = 251) 

Niacin 
(N = 254) 

Placebo 
(N = 1444) 

Niacin 
(N = 1464) 

Total Cholesterol 
(mg/dL) 

Baseline 146.6 (26.0) 146.1 (26.3) 144.9 (26.7) 145.3 (28.5) 

Mean (SD)  Year 1 144.0 (25.1) 137.0 (25.0) 143.4 (25.6) 138.2 (27.3) 

    Change from baseline -3.1 (27.3) -8.9 (31.0) -1.2 (31.1) -7.0 (32.6) 

 Year 3 140.7 (25.9) 137.7 (32.1) 141.6 (23.4) 136.7 (27.6) 

    Change from baseline -8.6 (32.4) -10.6 (36.8) -4.7 (28.9) -10.0 (33.8) 

LDL Cholesterol 
(mg/dL) 

Baseline 74.3 (21.2) 73.8 (21.9) 73.9 (22.9) 74.3 (23.7) 

Mean (SD) Year 1 70.4 (18.1) 65.4 (20.0) 70.4 (19.0) 66.6 (19.9) 

    Change from baseline -4.8 (21.8) -8.4 (25.6) -3.5 (24.8) -7.9 (26.2) 

 Year 3 67.9 (21.3) 66.2 (24.1) 68.4 (19.0) 65.0 (21.5) 

    Change from baseline -8.8 (26.8) -9.2 (31.2) -6.6 (24.0) -10.6 (27.8) 

HDL Cholesterol 
(mg/dL) 

Baseline 34.5 (6.2) 34.9 (6.1) 35.0 (5.5) 34.5 (5.6) 

Mean (SD) Year 1 38.5 (8.4) 45.5 (12.2) 38.4 (7.5) 43.3 (10.6) 

    Change from baseline 3.9 (5.9) 10.8 (10.1) 3.4 (5.5) 8.8 (8.2) 

 Year 3 39.2 (8.2) 45.9 (12.6) 39.1 (7.6) 43.8 (11.1) 

    Change from baseline 4.7 (6.3) 11.3 (11.3) 4.2 (5.7) 9.5 (9.0) 

Lipoprotein (a) 
(nmol/L) 

Baseline 33.3 (15.3, 105.7) 34.8 (15.3, 112.8) 32.3 (12.8, 122.4) 36.1 (13.4, 127.6) 

Median (Q1,Q3) 
Year 1 32.8 (14.8, 112.14) 24.6 (8.2, 90.0) 30.1 (9.7, 124.9) 27.5 (8.4, 110.7) 

 Change from baseline -0.7 (-9.4, 5.8) -5.6 (-19.4, 0.0) -1.3 (-9.4, 3.8) -6.0 (-20.2, 0.1) 

Triglyceride 
(mg/dL) 

Baseline 160.0 (133.0, 231.0) 175.0 (132.0, 222.0) 163.0 (131.0, 215.0) 166.0 (130.5, 218.0) 

Median (Q1,Q3) Year 1 153.5 (119.0, 213.5) 112.0 (79.0, 164.0) 155.0 (118.0, 207.0) 122.5 (88.0, 172.0) 

    Change from baseline -10.5 (-37.5, 28.5) -55.0 (-93.0, -9.0) -8.0 (-45.0, 30.0) -43.0 (-80.0, -5.0) 

 Year 3 153.0 (111.0, 192.0) 113.0 (80.0, 156.0) 152.0 (115.0, 206.0) 121.0 (85.0, 174.0) 

  Change from baseline -20.0 (-60.0, 22.0) -59.0 (-111.0, -16.0) -14.0 (-53.0, 29.0) -47.0 (-90.0, -6.0) 

                                         *CKD: Year 1-N=454; Year 3-N=233                                                 ** No CKD: Year 1-N=2660;  Year 3-N=1505 
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Table 4: Cardiovascular Endpoint Events and Hazard Ratios in ERN vs. Placebo Treated Stratified by Baseline CKD Status  

 CKD No CKD 

Clinical Event 

Placebo 

(N = 251) 

Niacin 

(N = 254) 

Niacin vs. Placebo 

HR² 

(95% CI) 

Placebo 

(N = 1444) 

Niacin 

(N = 1464) 

Niacin vs. Placebo 

HR 

 (95% CI) 

Exposure (pt-yr) 748 737  4444 4477  

Primary Endpoint
¹
 60 (23.9%) 60 (23.6%) 1.02 (0.71 - 1.45) 214 (14.9%) 222 (15.2%) 1.03 (0.85 - 1.24) 

Secondary Endpoints       

       First occurrence of CHD 

       death, non-fatal MI, ischemic stroke or “high risk” 

       acute coronary syndrome 

40 (15.9%) 41 (16.1%) 1.05 (0.68 -1.63) 118 (8.2%) 130 (8.9%) 1.10 (0.85 – 1.41) 

       First occurrence of CHD death, non-fatal MI 

       or ischemic stroke 

35 (13.9%) 39 (15.4%) 1.15 (0.73 – 1.82) 103 (7.1%) 117 (8.0%) 1.13 (0.87 – 1.47) 

      Cardiovascular mortality 12 (4.8%) 19 (7.5%) 1.62 (0.78 - 3.33) 26 (1.8%) 26 (1.8%) 0.99 (0.57 - 1.70) 

Overall Mortality 23 (9.2%) 39 (15.4%) 1.73 (1.03 - 2.89)³ 59 (4.1%) 57 (3.9%) 0.96 (0.67 - 1.38) 

      Cardiac 12 (4.8%) 16 (6.3%) 1.35 (0.64 -2.86) 22 (1.5%) 22 (1.5%) 0.99 (0.55 – 1.79) 

      Vascular, Non-cardiac 0 (0.0%) 3 (1.2%) N/A 4 (0.3%) 4 (0.3%) 0.99 (0.25 – 3.97) 

      Non-cardiovascular 11 (4.4%) 18 (7.1%) 1.67 (0.79 - 3.53) 32 (2.2%) 29 (2.0%) 0.90 (0.54- 1.49) 

Cardiovascular death or non-fatal MI 30 (12.0%) 34 (13.4%) 1.16 (0.71 - 1.90) 91 (6.3%) 95 (6.5%) 1.03 (0.78 - 1.38) 

1
Primary endpoint is defined as first occurrence of CHD death, non-fatal MI, ischemic stroke, hospitalization for acute coronary syndrome or symptom-driven 

coronary or cerebral revascularization. 
2
 Hazard ratios are based on model with baseline eGFR group. 

³  P=0.038 
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Table 5: Effect of Randomization to ERN vs. Placebo on Change in eGFR  

 

 
  

CKD                                                                
  

No CKD 
 

Time 
 Placebo 

(N = 251) 
Niacin 

(N = 254) 
P-value Placebo 

(N = 1444) 
Niacin 

(N = 1464) 
P-value 

 

Baseline  eGFR Mean (SD) 50.5 (7.6) 50.0 (7.7) 
 

84.9 (12.6) 84.4 (12.9)  

Year 1 N 191 193 
 

1093 1106  

Change from baseline in eGFR Mean  (SD) 2.0 (10.3) 2.6 (10.1) 
0.5 

-1.4 (9.1) 0.3 (8.7) <0.0001 

Percent change from baseline in eGFR Mean % (SD) 4.6 (21.8) 5.4 (21.3)  -1.4 (11.3) 0.6 (11.4)  

Year 3 N 123 110 
 

749 756  

Change from baseline in eGFR Mean  (SD) 1.5 (11.6) -0.9 (11.3) 
0.1 

-3.3 (10.9) -1.1 (10.7) 0.0001 

Percent change from baseline in eGFR Mean % (SD) 3.3 (24.2) -1.8 (22.3)  -3.8 (13.6) -1.1 (13.5)  
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                                         Table 6. Reasons for Drug Discontinuation by Treatment Assignment 

 

        CKD     No CKD   

 Placebo Niacin P-value Placebo Niacin P-value 

 N 251 254  1444 1464  

Discontinued study drug N (%) 57 (22.7%) 83 (32.7%) 0.012 284 (19.7%) 353 (24.2%) 0.004 

Primary reason for drug  

discontinuation 

Flushing, itching 8 (14.0%) 25 (30.1%)  35 (12.3%) 79 (22.4%)  

 Liver function test abnormality 0 (0.0%) 1 (1.2%)  5 (1.8%) 4 (1.1%)  

 Patient request 22 (36.8%) 24 (28.9%)  115 (40.5%) 102 (29.0%)  

 Non-study physician request 8 (14.0%) 9 (10.8%)  27 (9.5%) 40 (11.3%)  

 Other clinical reason to discontinue 16 (28.1%) 13 (15.7%)  79 (27.8%) 83 (23.5%)  

 Increased glucose 2 (3.5%) 5 (6.0%)  12 (4.2%) 24 (6.8%)  

 Gastrointestinal symptoms 1 (1.8%) 5 (6.0%)  11 (3.9%) 21 (5.9%)  
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           Figure 1. Percent Change from Baseline in eGFR (%) by CKD Status and Treatment 
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