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Background—Metabolic syndrome (MS) is a well-known risk factor for the development of
cardiovascular (CV) disease, yet controversy persists whether it adds incremental prognostic value
in patients with established CV disease.

Objectives—This study was performed to determine if MS is associated with worse CV
outcomes in patients with established CV disease treated intensively with statins.

Methods—We performed a post hoc analysis of the AIM-HIGH (Atherothrombosis Intervention
in Metabolic Syndrome with Low HDL/High Triglycerides and Impact on Global Health
Outcomes) trial, in which patients with established CV disease and atherogenic dyslipidemia
(n=3,414) were randomly assigned to receive extended-release niacin (ERN) or placebo during a
mean 36 month follow-up, to assess whether the presence of MS or the number of MS components
contributed to CV outcomes.

Results—The composite primary endpoint of CV events occurred in 15.1% of patients without
MS versus 13.8%, 16.9% and 16.8 of patients with MS in the subsets with 3, 4 and 5 MS
components respectively (corresponding adjusted hazard ratios 0.9, 1.1 and 1.1 relative to patients
without MS), P=0.55. Comparing subgroups with 3 versus 4 or 5 MS components, there was no
significant difference in either the composite primary endpoint or secondary endpoints. Patients
with diabetes mellitus had higher event rates, with or without presence of MS.

Conclusions—The presence of MS was not associated with worse CV outcomes in the AIM-
HIGH population. The rate of CV events in statin-treated AIM-HIGH patients with MS was not
significantly influenced by the number of MS components.

Keywords

Metabolic syndrome; Cardiovascular disease; Diabetes Mellitus; Atherogenic dyslipidemia;
Extended-release Niacin

Introduction

Metabolic syndrome (MS) is a cluster of biochemical and physiological abnormalities
associated with an increased risk for the development of cardiovascular (CV) disease and
diabetes mellitus (DM). The National Cholesterol Education Program Adult Treatment Panel
I11 defined MS as a constellation of 3 or more components including abdominal obesity,
elevated triglycerides (TG), low levels of high-density lipoprotein-cholesterol (HDL-C),
elevated blood pressure, and impaired fasting glucose or insulin resistance, though it is well-
recognized that there are several definitions of MS from varying professional societies. (1,2)
In many of these definitions where waist circumference measurements are not obtained, a
body mass index of =30 Kg/M? is used as a surrogate for abdominal obesity. According to
recent data from the National Health and Nutrition Examination Survey from 2003 to 2012,
the overall prevalence of MS in the United States was 33%.(3)

Despite the association of MS with increased incidence of CV events, it is unclear whether
MS provides prognostic value in patients with established CV disease. A recent post hoc
analysis of the Clinical Outcomes Utilizing revascularization and Aggressive Drug
Evaluation (COURAGE) trial demonstrated increased risk for death or myocardial infarction
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among patients with stable coronary artery disease who had MS at baseline; however, the
MS cluster was not independently associated with increased CV events on multivariate
analysis.(4)

Although niacin has been used widely in the past for the treatment of dyslipidemic patients
to both increase HDL-C and lower TG levels, the most recent American College of
Cardiology/American Heart Association cholesterol guidelines and American Diabetes
Association position statement do not generally recommend niacin in combination with a
statin to reduce atherosclerotic CV events.(5, 6) These recommendations were based on
recent data from randomized placebo-controlled, secondary prevention trials that have
shown no significant clinical benefit of extended-release niacin (ERN) on CV outcomes. The
Second Heart Protection Study showed that ERN combined with the prostaglandin inhibitor
laropiprant did not improve clinical outcomes in patients with established CV disease on
statin therapy, and had an excess of significant adverse events.(7) In the Atherothrombosis
Intervention in Metabolic Syndrome with Low HDL/High Triglycerides and Impact on
Global Health Outcomes (AIM-HIGH) trial, ERN did not show clinical benefit in patients
with CV disease and low baseline levels of HDL-C who were receiving statins, despite
significant improvements in on-treatment HDL-C and TG levels.(8) Additionally, niacin use
has been associated with an increase in fasting blood glucose and hemoglobin Alc levels in
patients with DM.

The objective of the present post hoc analysis of the AIM-HIGH trial was to determine if
there was predictive value of the MS constellation on the incidence of CV events in patients
with established CV disease treated intensively with statins, as a function of the number of
its constituent components (e.g., 3 vs. 4 or 5 MS components).

1. Study Population and Trial Design

AIM-HIGH was a randomized, controlled clinical trial designed to examine whether ERN
(Niaspan™, AbbVie, Inc.) in combination with aggressive LDL-C lowering treatment could
reduce the rate of CV events compared to aggressive LDL-C lowering treatment alone.
Details of the design, rationale, and inclusion/exclusion criteria have been published
previously.(8,9) Men and women age =45 years were recruited from 92 centers in the United
States and Canada. Eligibility requirements included the presence of established CV disease
and evidence of atherogenic dyslipidemia at baseline. Dyslipidemia criteria included low
baseline levels of HDL-C (<40 mg/dL for men and <50 mg/dL for women), TG levels 150 to
400 mg/dL, and low density lipoprotein-cholesterol (LDL-C) <180 mg/dL if participants
were not taking a statin. If subjects were already receiving statin therapy at baseline, the
inclusion criteria for HDL-C were <42 mg/dL for men and <53 mg/dL for women and TG
levels 100 — 400 mg/dl, with the upper limit of LDL-C adjusted according to the lipid-
lowering therapy and statin dose.

Prior to randomization, eligible subjects entered into a 4-to-8-week open-label, run-in phase
during which they received simvastatin 40 mg per day plus ERN increasing weekly doses
from 500 mg per day to 2000 mg per day as tolerated. Patients who could tolerate at least
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1500 mg of ERN per day were then randomly assigned, in a 1:1 ratio, to ERN or matching
placebo with 100 mg crystalline niacin (to maintain blinding) and background simvastatin
therapy ranging from 40-80 mg daily.

End Points—The primary end point was the composite of the first event of death from
coronary heart disease, nonfatal myocardial infarction, ischemic stroke, hospitalization for
acute coronary syndrome, or symptom-driven coronary or cerebral revascularization.
Secondary composite end points included the composite of death from coronary heart
disease, nonfatal myocardial infarction, ischemic stroke, or hospitalization for a “high-risk”
acute coronary syndrome (characterized by accelerating ischemic symptoms or prolonged
chest pain with electrocardiographic evidence of ischemia or increase in biomarker values to
greater than upper limit of the normal range but less than twice the upper limit), and death
from CV causes. An endpoint focusing on coronary events was constructed using time-to-
first event for death from coronary heart disease, myocardial infarction, hospitalization for
acute coronary syndrome, or symptom driven coronary revascularization. Upon the
recommendation of the independent Data and Safety Monitoring Board, the National Heart,
Lung, and Blood Institute decided to stop the trial before its planned conclusion, after mean
follow up period of 3 years, based on convincing evidence of a lack of benefit of ERN on the
trial primary outcome.

2. Metabolic Syndrome Categorization

Participants were categorized by the number of MS characteristics present at baseline. MS
was defined according to National Cholesterol Education Program’s Adult Treatment Panel
I11, based on the presence of any three components: abdominal obesity, defined as waist
circumference >40 inches in men and >35 inches in women, TG =150 mg/dL, HDL-C <40
mg/dL for men and <50 mg/dL for women, blood pressure = 130/>85 mmHg or diagnosis of
hypertension, fasting glucose = 110 mg /dL or presence of diabetes mellitus.(10) Diabetes
mellitus was defined by a positive history of diabetes and/or taking one or more
hypoglycemic medications, or baseline fasting glucose >125 mg/dL. Patients with MS were
subdivided further according to the number of MS components. Data on 26 patients
indicated that they had MS according to the clinical site, but the baseline examination did
not confirm presence of three or more criteria for MS.

Patients were also divided into 4 subgroups by the presence (+) or absence (=) of diabetes
mellitus (DM) and MS at baseline to define a risk gradient: DM-/MS -; DM-/ MS +; DM
+/ MS—; DM+/MS+. The last two subgroups were combined into one group as there were
only 64 patients who were DM +/ MS -.

3. Laboratory Measurements

Laboratory analyses were performed by a central core laboratory (Northwest Lipid and
Diabetes Research Laboratory at the University of Washington) using standardized
techniques. Fasting glucose, insulin, hemoglobin Alc, lipid profiles, including
lipoprotein(a), apoprotein A, and apoprotein B, were measured at baseline. The homeostasis
model assessment of insulin resistance (HOMAL-IR) was estimated using the following
formula: (glucose x insulin)/405, in mass units, mg per deciliter. (11)
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4. Statistical analysis

Results

Baseline characteristics were expressed as mean +/-SD or percent and compared using
analysis of variance for continuous variables or non-parametric tests depending on the
distribution of the covariate, and chi square test for categorical variables. To evaluate
relationship between groups without MS and MS with any number of the MS components
and end point outcomes, Cox proportional hazards regression models were created adjusting
for treatment group, sex, age and number of MS components. Hazard ratios (HR) and 95%
confidence intervals were calculated to compare risk between the groups using the Wald test.
Similarly, to assess for the relationship between the number of MS criteria and end point
outcomes, similar Cox proportional hazards regression models were used. End point event
rates by risk gradient were compared using Cox proportional regression models, also
adjusting for treatment group, sex and age. Event rate defined as number of evens per
exposure in patient-years. 95% confidence intervals were calculated based on Poisson
distribution of the event rate. Time to event is displayed using Kaplan-Meier plots; groups
are compared using a log-rank statistic. Analyses were done pooling the data by treatment
group. Prior analyses showed no significant interaction between treatment arm and history of
diabetes or presence of metabolic syndrome (8). Statistical analyses were performed at the
Data Coordinating Center (Axio Research, LLC; Seattle, Washington). All analyses were
performed using SAS Version 9.4 (SAS Institute, Cary, NC). For all analyses, a two-tailed
p<0.05 was required for significance.

Baseline Clinical and Laboratory Characteristics

As most study participants by trial design, had low baseline levels of HDL-C and elevated
TG levels, the great majority of trial participants already met these two MS criteria at entry.
A few who were on statins at entry had HDL-C of 41-42 mg/dL for males and 51-52 mg/dL
for females. Similarly, 2,053 of 3,209 participants on statins at entry had TG>150 mg/dL.
Among the 3,414 trial patients, 636 patients (19%) had no MS (0 to 2 MS criteria) and 2,741
(81%) were classified as having MS, of whom, 349 (11%) had 3 MS components, 1,094
(32%) had 4 MS characteristics, and 1,298 (38%) had all five components. (Table 1) The
other components of the MS cluster were increased waist circumference, present in 2,222
subjects (81%), history of hypertension or BP = 130/85 in 2,146 (78%), and an abnormal
blood glucose level or DM in 2,063 (75%).

Comparing participants with versus without MS, there was no significant difference in age
or assignment to treatment group. The group with MS had a higher proportion of females,
Hispanics, and those receiving statin therapy at entry, higher mean blood pressure, body
mass index or waist circumference, fasting blood glucose levels, as well as a higher
prevalence of DM, and higher percentage of medication use, such as beta-blockers, and
inhibitors of the renin-angiotensin system. (Table 1) There was a higher prevalence of prior
myocardial infarction, cerebrovascular disease, and peripheral vascular disease among
participants with MS. (Table 1)
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Comparison among participants with MS according to the number of MS components
showed that those who had all 5 components were slightly older, more likely African
American, and had significantly higher mean systolic blood pressure, body mass index and
waist circumference, fasting blood glucose levels, insulin levels and HOMAZL-IR, as well as
a higher prevalence of DM, and higher percentage of medication use, including beta-
blockers, and inhibitors of the renin-angiotensin system (Table 1). The distribution of prior
myocardial infarction, prior percutaneous coronary intervention, history of prior coronary
artery bypass graft surgery, cerebrovascular disease or peripheral vascular disease was
comparable among all three subgroups. (Table 1)

Comparison of the lipid profile in participants without MS at baseline to those with MS
showed no difference in LDL-C levels, lower TG, non-HDL-C, apolipoprotein-B levels and
higher HDL-C, lipoprotein(a) and apolipoprotein A levels. (Table 2) Among patients with
MS, the subgroup with 5 MS components showed significantly lower LDL-C, TG, non-
HDL-C, and apolipoprotein-B levels than those with 3 or 4 components subgroup. (Table 2)
The mean LDL-C ranged from the lowest 72.5 mg/dL in the subgroup with 5 MS
components to 77 mg/dL in the group with 3 MS components.

Clinical Outcomes

The composite primary endpoint occurred in 15% of participants without MS (0-2
components), in 13.8% of those with 3 MS criteria, in 16.9% of those with 4 MS
components), and in 16.8% in those with 5 MS components, P=0.55. (Table 3a) For
secondary endpoints, there were no significant differences among subgroups of participants
without MS versus those with 3, 4, or 5 components of the MS cluster for the composite
endpoint of CV death, myocardial infarction, or stroke, nor for the 4-component endpoint of
CV death, myocardial infarction, stroke, or hospitalization for acute coronary syndrome
(Table 3a). Similarly, no significant difference in outcomes was demonstrated by Kaplan-
Maier analysis among subgroups with 0-2, 3, 4 or 5 components (Figure 1).

The presence of MS was not associated with increased risk of the composite primary
endpoint, pre-specified secondary endpoints or components of the primary endpoint (Table
3a and Figure 2). Among those with MS, a comparison among subgroups with 3, 4 or 5 MS
components demonstrated no significant difference in either the composite primary event
rate or secondary outcomes, including coronary events only (Table 3b). Diabetes, but not MS
cluster, was associated with higher event rates, HR 1.23 (95% CI 1.08-1.39, P=0.001).
(Table 4, Figure 3).

Finally, among the 636 patients without MS at baseline, there was no significant difference
in the rate of subsequent progression to MS between those treated with ERN (16.6%) as
compared with placebo (15.5%) during a 36-month follow-up (P=0.79).

Discussion

There are several important findings that emerge from this secondary analysis of the AIM-
HIGH Trial. First, among enrolled participants with atherogenic dyslipidemia, the
prevalence of MS was very high (~80% of all participants). Second, for both the trial
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primary endpoint and secondary endpoints, clinical outcomes did not differ significantly
between those with or without MS at baseline. Third, among participants with MS, there was
no significant difference in CV events among the subgroups with 3 components of MS
versus 4 or 5 MS components. Furthermore, the presence of DM with or without MS was
associated with worse clinical outcomes. Finally, among subjects without features of MS at
baseline, randomization to ERN did not appear to affect the subsequent rate of developing
MS during a mean 3-year follow-up as compared with those who received placebo. Based on
these observations, it appears that neither the presence of MS cluster, nor the number of MS
components (3, 4, or 5) provides any incremental prognostic value in this population with
stable CV disease and atherogenic dyslipidemia.

In contrast to our findings, the previously-published post hoc analysis of the COURAGE
trial of 2,287 subjects showed an increased risk of cardiac events as the number of MS
components increased.(4) In COURAGE, the LDL-C levels were higher than in AIM-HIGH,
while the longer duration of follow up (5 years) versus a 3-year follow up in AIM-HIGH
could have affected the power for the outcomes we observed. Unlike COURAGE
participants were not pre-selected based on a particular lipid profile at trial entry, all
participants in AIM-HIGH had atherogenic dyslipidemia and low levels of HDL-C and
elevated TG at baseline. Those factors might also contribute to the dissimilarity in findings
between the two studies.

Previous studies have shown variable and sometimes conflicting findings on the importance
of MS on CV event rates in CAD patients. In a study by Solymoss and colleagues, patients
with CAD and MS who were followed for a mean of 12 years had higher stroke rates
compared to those without MS, but after adjusting for diabetes, there was no significant
difference in CV events.(12) A similar observation was noted in the COURAGE post hoc
analysis of MS, which was associated with worse outcomes for death or myocardial
infarction in univariate analysis (HR=1.4,P=0.001), but not after adjusting for its individual
components, (adjusted HR=1.15, P=0.46).(4) Similarly, in a prior study of patients with
acute myocardial infarction, no difference in cardiac outcomes was observed among those
who underwent percutaneous coronary intervention (PCI) according to presence of MS.(13)
However, there have been discordant observations from other studies, showing an
association between MS and worse clinical outcomes. In the GISSI-Prevenzione trial,
patients with history of prior myocardial infarction and MS had a higher probability of death
and CV events.(14) Additionally, in patients with multivessel coronary artery disease
enrolled in the Medicine, Angioplasty or Surgery Study and followed for 2 years, the
presence of MS was associated with increased mortality, even after adjustment for diabetes.
(15) By contrast, however, Patsa et al reported that the presence of MS in patients with
proximal left anterior descending coronary disease who underwent PCI was associated with
lower incidence of cardiac events during a 20 month mean follow up, with a HR 0.34,
p<0.03.(16) Those observations, in aggregate, mitigate the importance of MS as an
independent prognostic factor in patients with established CV disease. Identifying MS does
not appear to be useful for further risk stratifying statin-treated patients with CV disease. It
is possible that the risk inherent in the study population due to the presence of established
CV disease overwhelmed any small potential incremental risk brought by the presence of
MS. Per recent 2016 ACC Expert Consensus Decision Pathway for non-statin therapies,
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patients with MS should stay in the clinical atherosclerotic cardiovascular disease without
comorbidities pathway unless they have DM.(17) Accordingly, our analysis has
demonstrated that DM was a significant predictor of worse CV outcomes independent of the
presence of MS.

Because niacin decreases levels of TG, LDL-C, and lipoprotein (a), as well as increasing
HDL-C levels, one might infer that niacin should decrease the rate of development of MS.
The AIM-HIGH trial clearly showed that ERN increased HDL-C and decreased TG by 25%
and 30%, respectively.(7) However, our analysis showed that in AIM-HIGH participants
without MS at baseline, ERN did not affect the rate of subsequent MS. This could be
explained by the previously mentioned unfavorable effect of niacin on insulin resistance and
the potential concern that developing DM on ERN might have offset the positive effect on
lipids. Recent AIM-HIGH data demonstrate that ERN increased development of DM and
impaired fasting glucose. (19)

This was a post hoc analysis of a clinical trial, which has the potential for inherent selection
bias as well reduced power to demonstrate difference. Exclusion of patients with acute
coronary syndrome or those with poorly-controlled diabetes could affect the results as well.
The study population comprised patients with stable CV disease with low HDL and elevated
TG, so our observations cannot be applied to the population with CV disease and optimal
levels of HDL and TG. Furthermore, it is possible that the very high use of prior statin
therapy in AIM-HIGH (75% of patients were taking a statin for 1 or more years prior to
randomization and 40% were taking statins for 5 or more years) altered our ability to
demonstrate a significant effect of MS on clinical outcomes during the 3-year follow period.

We could not demonstrate that the MS cluster provided prognostic value in patients with
established and treated CV disease in this post hoc analysis of the AIM-HIGH trial.
Furthermore, the rate of CV events in AIM-HIGH participants with MS was not
significantly influenced by the number of MS components. However, the presence of
diabetes in AIM-HIGH, with or without MS, was associated with a higher rate of CV events.
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Highlights
1. Presence of MS did not affect progression of ASCVD.

2. Number of MS components did not predict CV outcomes in established
ASCVD.

3. DM but not MS was associated with higher events in patients with established
ASCVD.
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Figure 1. Time to Primary Endpoint by Number of Metabolic Syndrome Components
Kaplan-Meier curves depicting time to primary endpoint stratified by the number of

metabolic syndrome components at baseline.
MS Crit = number of metabolic syndrome criteria
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Figure 2. Metabolic Syndrome and Primary Endpoint
Kaplan-Meier curves depicting time to primary endpoint by the presence of metabolic

syndrome.
MS+ participants with metabolic syndrome at baseline
MS- participants without metabolic syndrome at baseline
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Figure 3. Time to Primary Endpoint by Risk Gradient
Kaplan-Meier estimates of time to primary endpoint in participants stratified by risk gradient

DM = history of diabetes mellitus at baseline, negative (=) or positive (+)

MS=metabolic syndrome at baseline, negative (=) or positive (+)

J Clin Lipidol. Author manuscript; available in PMC 2018 September 01.




Page 15

Lyubarova et al.

(Tg) 9ee (Te)ete (9%) 282 (6e)8Le (ne@ pis) UBSN
«100°> «100°> 1621 60T 6vE €9 N (zw/63) xepul sselNl Apog
(008 ‘0'89) 0°SL (008°0°0L) 0%L (0z8‘0°02) 092 (08L°0°29) 0°TL (3I-9%WS. ‘UiGe) UeIpaN
(Totm) L'vL (7'6) 0°SL (7'6) L'SL (56) 8'TL (ra@ p1s) UesN
7220 *T00™> L6TT €60T 6vE 9€9 N (BHww) aanssaad poolq o1joisel
(0'TvT '0'02T) 0°0€T | (0'6€T '0'8TT) 0°82T | (0'8ET ‘0°2TT) 0'82T | (0°62T ‘0°'0TT) 0°0CT (3I-9%WS. ‘UiGe) UeIpaN
(7'91) T'TET (T'91) 9°'82T (7'ST) T'82T (T's1) L'12T (ra@ pis) UesIN
*100"> *100"> 1627 €607 6ve 9€9 N (BHwiw) aanssaad poojq o1j01sAS
(%9°9) €L (%2€) v (%6'2) 0T (%2) 5T oulyeT] 4o djuedsiH
%5200 *€T0°0 (%e'v6) veeT (%€°96) €50T (%T°26) 6€€ (%9°26) 129 ouryeT Jo djuedsiH JON A3
(%e2) og (%€e2) ¢ (%e2) 8 (%e'T) 8 18410 Jo [erdel-niA
(%8'16) Z6TT (%T°26) 800T (%9°26) €2 (%2°€6) €65 aNUYM
Japue|s| alj1oed
(%50) 9 (%10) T (%€0) T (%9°0) ¥ 18U)0 JO UBIIEMEH SAITEN
(%8°¢) 6 (%L€) ov (%2T)9 (%ee) e UedLIBWY UBdLVpoe|g
(%S50) 9 (%r'T) ST (%6°2) 01 (%r1)6 uelsy
ueipeue) [eulbLIogy/anleN
%2000 98T°0 (%e'1) 5T (%v0) v (%e0) T (%20 T ©{Se|\V//UBIPU UedLIaWY aoey
(%€'28) 890T (%T°98) 2v6 (%8'98) €0 (%2'88) T9S 3leN
«5T0°0 x§T0°0 (%2'LT) 082 (%6°€T) 25T (%z'eT) 9y (%8'1T) 5L alewad J8pusD
(7'8) 5'v9 (98) v'€9 (€6) 929 (c6) T'€9 (noa piS) ueay
*T00"> 2500 8627 60T 6vE 9€9 N abv
:saansesw \Cou—m‘_onm_ pue
wexa [eaisAyd auljaseq ‘solydesbowsqg
(%2'15) 599 (%T°28) 026 (%9'Lv) 99T (%€'Lv) TOE Adelay L uoneuiquiod
vEE0 G800 (%8'8Y) £€9 (%6°LY) ¥2S (%v'28) €81 (%2°28) se€ Adesayrouoy sWubISSY JuswIeal ] paziwopuey
e e BN S B N

10 Z) awoupuAs
J1j0ge18IN ON

Author Manuscript

19IAl BLIB1LID BWOIPUAS 2110gRIBIAl 10 JaquuinN Aq sonsiisoeley) auljaseg

T alqeL

Author Manuscript

Author Manuscript

Author Manuscript

J Clin Lipidol. Author manuscript; available in PMC 2018 September 01.



Page 16

Lyubarova et al.

18W BLIB)ID G 10 'y ‘g Buowe uostedwo)

@
BLIS)IIO JO Jaquinu Aue pue sWOoIpuAS d1j0gelsll Ou Usamiaq COM_EQEoo\Q
«T00"> *100"> (%€"L8) vvL (%€'62) 02 (%L1 12 (%71°07) ¥9 se18qeIp 40 A101SIH
(s8've) v's (09've)se (sv'61)6C (gL Ve (3In-9%WS. ‘UiGe) UeIpaN
(Tt 6L (g9)es (62 9¢ (ee)ee (na@ pis) uesIN
*100"> *T00™> 62T 0607 Gve €9 N dI-TYINOH
(982 ‘z'eT) €81 (522 'e6) vt (s81'6'2) 92T (9sT'0'2) T0T (311-9WG. 'UiSz) Uelpain
(0'ge) T92 ('81) 8'8T (€T1T) L'vT (rer) et (na@ pis) uesIN
*100°> *100> v6¢T 060T 8ve Ge9 N (p/Bw) unnsul
(o'veT '0'50T) 0'9TT | (0°€2T '0°S6) §'¥OT (066 ‘0'16) 0'96 (0'€0T '0'16) 0'L6 (311-9%WG. 'UiSz) UeIpain
(Le2) 6'02T (6T2) €0TT (¥°97) 0'66 (501) 6'96 (no@ pS) ueay
*100> *100> 86T 60T 9ve 99 N (Ip/Bw) 8s0on|9
(08v ‘0ey) Ty (L'sv'06g) 02y (0zv ‘'0'L€) 0'6€ (0'ov ‘'8'g€) 0°'8E (311-9WG. 'UiSz) UeIpain
(o) TSy (6'%) v'ey (r'v) L'6E (Tv)T8e (na@ pis) uesiN
*T00"> «100"> 9627 €607 8ve 0€9 N (sayout) 3DUSIBHULINDII ISTBA
(09¢ ‘0'0¢) 0°€E (0'v€ '0'82) 0°'0€ (00¢ '0'92) 0°'82 (00g ‘0's2) 0°L2 (o111-9WG. 'UiSz) UeIpain
@enEnd | @nend | () oy e oL ey

10 Z) 3WOIpPUAS
21j0geISIN ON

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

J Clin Lipidol. Author manuscript; available in PMC 2018 September 01.



Page 17

Lyubarova et al.

Author Manuscript

19W BLIAID G 10 ‘p ‘€ Buowe uosuedwo)

@

sJajawe.ed Jay1o 10} 1s8) dLBWRIRd-UOU puR D-T1dT 104 WVAONY AQ BLISID JO Jaquinu Aue pue aWOoJpUAS J1j0ge1aw OU Usamiaq coﬂaano\Q
%2000 *100"> (02)oes | (zo2)svs | (9Ge) 928 (791) 0'8L (no@ pis) uesy (TIp/Bw) gody
00T°0 x500°0 (rot)ozet | (1sT)zeet | (99T) §eet (6'97) 8'v2T (no@ pis) ueaN (Ip/Bw) wody
8TT0 *T20'0 (zv8) oL | (1es)s L. | (6'88)8'6L (0'56) 8°€8 (no@ pis) uesy (Tp/Bw) (e)d
«100> *100> (0L2)e01T | (82L2)6°2TT | (¥'62) 8'LTT (8'6T) ¥'10T (noa pis) uea | (1p/B) j0a3ISBI0UD TQH-UOU
«T00"> *100"> (z69) 526T | (929) 9'68T | (¢'19) 8'€0C (T'ov) 2'8€T (ne@ mS) ueaN (Ip/Bw) sep11odAIBLIL
99v'0 *100> (8'9) Tve (59) 5vE (1°9) v've (7'9) v'9e (no@ pis) UeaN (p/Bw) o-1aH
*700°0 €210 (zea) sz | (ea)oss | (STl (0'8T) 8°€L (no@ pis) uesy (Ap/Bw) 0-1a1

e =R I O

10 Z) awoupuAs
J1j0ge18|A ON

auljaseg e elia1lID aWOIPUAS J1j0geIa|A 4O JaquinN Aqg spidi auljaseq

¢ dlqeL

Author Manuscript

Author Manuscript

Author Manuscript

J Clin Lipidol. Author manuscript; available in PMC 2018 September 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Lyubarova et al.

Table 3

Page 18

a: Relationship between the number of Metabolic Syndrome Criteria Met at Baseline and Primary/Secondary Endpoints <2 Criteria
(No Metabolic Syndrome) Referent

Number
of
Metabolic
syndrome
criteria HRL (95%Cl), p-
met at Event
baseline ~ Number (%) value?
Primary Endpoint <2 96 (15.1%) Referent, 0.5472
3 48 (13.8%)  0.923 (0.653, 1.305)
4 185 (16.9%) 1.113 (0.870, 1.425)
5 218 (16.8%)  1.115 (0.876, 1.418)
Secondary Endpoints
Constellation of CAD death, non-fatal Ml, <2 62 (9.7%) Referent, 0.2726
ischemic stroke or hospitalization for ACS
3 22 (6.3%) 0.645 (0.397, 1.050)
4 109 (10.0%) 1.000 (0.732, 1.366)
5 129 (9.9%) 0.996 (0.736, 1.350)
Constellation of CAD death, non-fatal M1 or <2 55 (8.6%) Referent, 0.4160
ischemic stroke
3 21 (6.0%) 0.697 (0.422, 1.153)
4 101 (9.2%)  1.040 (0.749, 1.445)
5 111 (8.6%) 0.960 (0.694, 1.327)
Cardiovascular Death <2 12 (1.9%) Referent, 0.2594
3 5 (1.4%) 0.756 (0.266, 2.147)
4 28 (2.6%) 1.301 (0.661, 2.561)
5 42 (3.2%) 1.602 (0.843, 3.044)
Components of the Primary CAD Death <2 6 (0.9%) Referent, 0.3998
Endpoint
3 2 (0.6%) 0.618 (0.125, 3.062)
4 18 (1.6%) 1.752 (0.695, 4.417)
5 19 (1.5%) 1.503 (0.599, 3.768)
Nonfatal Ml <2 36 (5.7%) Referent, 0.4349
3 12 (3.4%) 0.618 (0.322, 1.188)
4 61 (5.6%) 0.976 (0.646, 1.474)
5 62 (4.8%) 0.845 (0.560, 1.276)
Ischemic Stroke <2 10 (1.6%) Referent, 0.5215
3 5 (1.4%) 0.910 (0.311, 2.664)
4 14 (1.3%) 0.767 (0.340, 1.728)
5 12 (0.9%) 0.544 (0.235, 1.260)
Coronary Events3 <2 83(13.1%)  Referent, 0.3196
3 46 (13.2%)  1.027 (0.716, 1.472)
4 167 (15.3%)  1.166 (0.896, 1.517)
5 207 (15.9%)  1.245 (0.964, 1.607)
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b: Relationship between the number of Metabolic Syndrome Criteria Met at Baseline and Primary/Secondary Endpoints 3 Criteria
Referent

Number
of
Metabolic
syndrome
criteria 1
metat  Event HR- (95%Cl), p-
baseline  Number (%0) value?
Primary Endpoint 3 48 (13.8%) Referent, 0.4467
4 185 (16.9%) 1.210 (0.881, 1.663)
5 218 (16.8%) 1.217 (0.890, 1.665)
Secondary Endpoints Constellation of CAD death, non-fatal Ml, 3 22 (6.3%) Referent, 0.1433

ischemic stroke or hospitalization for ACS

4 109 (10.0%)  1.552 (0.981, 2.454)

5 129 (9.9%) 1.553 (0.987, 2.442)
Constellation of CAD death, non-fatal Ml or 3 21 (6.0%) Referent, 0.2435
ischemic stroke

4 101 (9.2%) 1.496 (0.935, 2.395)

5 111 (8.6%) 1.384 (0.867, 2.208)
Cardiovascular death 3 5 (1.4%) Referent, 0.2319

4 28 (2.6%) 1.712 (0.661, 4.436)

5 42 (3.2%) 2.138 (0.845, 5.407)

Components of the Primary CAD Death 3 2 (0.6%) Referent, 0.3687
Endpoint

4 18 (1.6%) 2.861 (0.664, 12.330)

5 19 (1.5%) 2.505 (0.583, 10.767)
Nonfatal Ml 3 12 (3.4%) Referent, 0.3184

4 61 (5.6%) 1.589 (0.855, 2.951)

5 62 (4.8%) 1.379 (0.742, 2.562)
Ischemic Stroke 3 5 (1.4%) Referent, 0.5469

4 14 (1.3%) 0.847 (0.305, 2.352)

5 12 (0.9%) 0.600 (0.211, 1.704)
Coronary Events? 3 46 (13.2%) Referent, 0.4417

167 (15.3%)  1.140 (0.822, 1.580)
207 (15.9%)  1.223 (0.888, 1.686)

1 . . _— . .
Cox regression models adjusted for treatment arm, sex and age. The number of criteria met as categorical term (HR comparing 3vs 2, 4 vs. 2,5
Vs. 2).

2
p-values were calculated based on the Wald test.

Coronary events consist of death from coronary heart disease, non-fatal myocardial infarction, and hospitalization for acute coronary syndrome
and coronary revascularization.

1 . . L - .

Cox regression models adjusted from treatment arm, sex, age. The number of criteria met as categorical term (HR comparing 4 vs. 3, 5 vs. 3).
2

p-values were calculated based on the Wald test.

Coronary events consist of death from coronary heart disease, non-fatal myocardial disease, hospitalization for acute coronary syndrome or
coronary revascularization.
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Table 4

Association of Risk Gradient with Primary and Coronary Endpoints

o Number () "R 5%CD.p-
Risk Gradient value
Primary Endpoint DM-, MS- 80 (14.0%) Referent, 0.0018
DM-, MS+ 246 (14.7%)  1.049 (0.815, 1.350)
DM+, MS+/MS- 225 (19.5%)  1.411(1.093, 1.823)
DM+, MS+/MS- vs DM—, MS+/MS— 1.226 (1.083, 1.388)
---,0.0013
Coronary Events DM-, MS- 70 (12.2%) Referent, 0.0005
DM-, MS+ 226 (13.5%)  1.108 (0.847, 1.448)
DM+, MS+/MS- 210 (18.2%)  1.527 (1.164, 2.004)
DM+, MS+/MS- vs DM—, MS+/MS— 1.273 (1.118, 1.450)
---, 0.0003

DM = history of diabetes at baseline, negative () or positive (+)
MS = metabolic syndrome at baseline, negative (=) or positive (+)

Cox regression models adjusted for sex, age and the number of criteria met as categorical term. Hazard ratio comparing to DM—-, MS- as referent
2
p-value based on Wald test

Coronary events consist of death from coronary artery disease, myocardial infarction, hospitalization for acute coronary syndrome and coronary
revascularization
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