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ABSTRACT

Background: Atherosclerosis plays a central role in the patlysptogy of coronary heart
disease (CHD), which is believed to be the mostrnometiology for heart failure (HF). Greater
carotid intima-media thickness (IMT), a measursuwdjclinical atherosclerosis, is associated
with left ventricular myocardial dysfunction, a slibhical marker of HF. We investigated the
association of carotid IMT with incident HF amongldie-aged whites and blacks, controlling
for major cardiovascular disease (CVD) risk factors

Methods and Results: We included 13,590 participants from the ARIC calaged 45 — 64

years in our analysis. Excluded were participants WF at baseline, those with missing IMT
measurements and criteria to define diabetes. Tdanroarotid IMT of six far walls, measured
by B-mode ultrasound, was used in our analyseswvéi-defined using ICD-9 and ICD-10 codes
from hospitalization records and death certificalégere were 2,008 incident HF
hospitalizations or death over a median follow-epqx 20.6 years. Baseline mean carotid IMT
was significantly higher for subjects with incidé#f than those without HF (0.81+0.23 vs
0.71+0.17; p<0.0001). Carotid IMT was significandlgsociated with incident HF, after
adjustment for demographic and CVD risk factors @HD (HR 1.20 per unit SD increase; 95%
Cl: 1.16-1.25). After accouting for major CVD rigkctors and CHD, only the fourth quartile of
IMT remained significantly associated with HF relatto the first quartile (HR 1.60; 95% CI:
1.37-1.87, p<0.0001). Also, after accounting fojon&VD risk factors and CHD, the
association was greater in subjects with normaifgglucose (NFG) than those with abnormal
glucose metabolism (HR 1.25 per unit SD increaSég €1: 1.19-1.32 for NFG; HR 1.19, 95%

Cl: 1.11-1.27 for impaired fasting glucose; and HR4, 95% CI: 1.05-1.23 for diabetes

Vii



mellitus). The p-value for IMT*glucose status irgetion term in the fully adjusted model was
0.0149.

Conclusions: Carotid IMT is strongly associated with HF in mieldiged whites and blacks after
adjusting for major CVD risk factors and CHD.

Keywords: subclinical atherosclerosis, carotid intima-methakness, heart failure, diabetes

mellitus
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CHAPTER | — INTRODUCTION

Heart failure (HF) represents an ever-increasimgoal and public health burden in the United
States as its prevalence and incidence continudsd®d* especially among elderly Americafis.
Incidence rates for HF for persons aged 45-65 yearge between 7.7 to 17.4 per 1000 person-
years® These rates are approximately four times greateng the elderly (>65 years) than in
the middle-aged.HF has emerged as the single leading cause oftalisgtion in the elderly
and hospitalization rates are higher among bldtks whites; 83% of HF patients hospitalized at
least once and 43% hospitalized at least 4 times @wnean duration of 4.7 ye8t§This burden

of HF is likely to increase because of increasigg af the American population, a progressive
increase in the age of onset of HF and improveatriient and survival from CVD, including
myocardial infarction (MI) and hypertensioh*

Carotid IMT is a well-established marker of subidat atherosclerosis which indicates
early manifestation of atherosclerosis in the ddrafteries®*® and is associated with future
cardiovascular everlfs'® asymptomatic myocardial ischertiacoronary risk factor§, and
changes in risk factors induced by therapeuticrietetions:® There is evidence of a direct
relationship between increased carotid IMT and g@lesvt reduced left ventricular (LV) systolic
and diastolic function in asymptomatic individualéthout previous clincial CVD3° Elderly
patients with HF differ from younger patients witHF in terms of several biologic
characteristics, including the relatively large podion of elderly patients with HF who have
preserved systolic functiori®* Using data from the Cardiovascular Health Studictvincluded
subjects 65 years or older, atherosclerosis as ureghdy carotid IMT was shown to predict

overt systolic and diastolic H2.The association of carotid IMT with incident HFanyounger
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population, which is at a lower risk of HF thanederly population, has not been studied. Also,
it is known that the cause of HF differs betweearks and white$?’ CHD is the main cause of
HF in whites whereas hypertension is primarily cespble in blacks. Knowledge of the
association between IMT and HF in blacks and whitey help in risk stratification. Previous
cross-sectional analysis using data from the ARIBoct shows that participants with HF had a
higher mean carotid IMT than participants without.H

Patients with diabetes mellitus are at an increasgd for HF than those without
diabete$®® and the difference is much greater in younger ageups’® Diabetic
cardiomyopathy has been described as a distingicali entity leading to HF among subjects
with diabetes, and different pathophysiologic meisras have been postulat€dBecause of an
increasing prevalence of diabetes in the U.S., kedge of the association of carotid IMT with
HF in these patients could be beneficial in HF preion in this high-risk group.

In the present study, we investigated the assoaiati carotid IMT with incident cases of
HF over approximately 20 years of follow-up anceafidjusting for major CVD risk factors and
CHD. Data from the ARIC study cohort, comprisedrafividuals aged 45-64 years at the time
of baseline examination, was used.

The significance of this contribution stems frore flact that the burden of HF increases
as a result of increasing age, a progressive iser@athe age of onset of HF and improved
treatment and survival from CVH:* This suggests that detection of high-risk grougsHF at
a younger age and an earlier stage of the diseassec could be beneficial in reducing the
morbidity and mortality associated with HF, as wa#l its related health care costs. Also,
understanding the association of subclinical ath&evosis with HF across glucose categories in

a younger cohort will be important for the diffetiah use of carotid IMT in risk stratification.
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The lack of radiation exposure, relatively low ¢astse of performing the procedure in an out-
patient setting, reproducibility, and ability toteet early-stage atherosclerosis suggest that
carotid ultrasound for IMT measurement should curgito be explored as a primary tool for
CVD risk stratification in young to middle-aged #gu

Carotid IMT associations with incident HF in thisdale-aged population could enhance
our understanding of the role of subclinical atlseterosis in the occurrence of HF. This may
significantly improve early identification of indouals at high risk for the development of HF,

and subsequently reduce the burden of morbiditynrandality associated with this condition.



1. Heart failure

1.1 Prevalence and incidence
Heart failure represents an ever-increasing clinasad public health burden in the United
States**® its prevalence and incidence continue to rise itespdecline in the overall CVD
morbidity and mortality™ ** In 2010 an estimated 6.6 million US adults agedatfl above
(2.8% of total population) had HF.It is estimated that by 2030, an additional 3 imillpeople
will have HF, a 25% increase in prevalence from@®91

There is a modest male predominance attributabkechigher CHD rates in malésnd
differences in the incidence of HF by rafeUsing data from the ARIC study, Loehr et al.
showed that the age-adjusted incidence rate pdr A@&on-years was 3.4 for white women, less
than for all other groups; i.e. white men (6.0)ad women (8.1) and black men (9°1).
Similarly, in the Multi-Ethnic Study of Atherosclesis (MESA), blacks had the highest
incidence rate of HF (4.6 cases per 1000 persorsyearing a median follow-up of 4.0 years,
followed by Hispanics, white and Chinese (3.5, 2ahd 1.0 per 1000 person-years
respectively® Most cases of HF in blacks were not preceded injcal MI. The higher rates of
hypertension and diabetes associated with a low-smonomic status largely explain the ethnic
differences in the risk of developing HF.

The incidence of HF is higher for older individualor white men, the incidence rates are
15.2, 31.7, and 65.2 per 1000 population for trexged 65-74, 75-84, and above 85 years of age,
respectively. For white women in the same age @@puipe rates are 8.2, 19.8, and 45.6,

respectively >



1.2 Risk factors

The relative contribution of various risk factor® the development of HF remains

controversiaf> % The population attributable risk of the variouskrifactors for HF are

summarised in Table 1 below. These important figsiwere derived from Framingham Heart

Study and National Health and Nutrition Epidemiato§urvey (NHANES).

Table I-1: Population attributable risk of variddF risk factors'

Risk factor Framingham Heart Study NHANES-I
Hypertension 39%-59% 10%
Coronary heart disease 62%

Myocardial infarction 13%-34%

Angina pectoris 5%
Obesity 11%-14% 8%
Diabetes 6%-12% 3%
Valve disease 7%-8% 2%
Echocardiographic LVH 4%-5% NA
Smoking NA 17%
Low physical activity NA 9%
Male sex NA 9%
Less than high school education NA 9%

Abbreviations: NA, not available; NHANES-I, firstdtlonal Health and Nutrition Examination Survey;
LVH, left ventricular hypertrophy

In the Framingham Heart Study, hypertension was dgheatest contributor to the
incidence of HF in the population, followed by argdent MI***” Hypertension alone accounted

for 39% of the HF cases in men and 59% in woffi¢fowever, data from NHANES suggested



that CHD had the largest association with HF anghinbe responsible for more than 60% of
cases. This could be partially related to diffeemin the definitions of these risk factors.

Hypertension, diabetes, or obesity generally preddB by an average of more than 10
years, although the condition occurs more rapiftgraCHD*® For CHD, sudden cardiac events
such as MI may lead quickly to cardiac dysfuncfioand HF. Conversely, hypertension,
diabetes, and obesity can lead to HF over longeatidms via hypertensive heart disease, LVH,
myocardial metabolic dysfunctiofl,oxidative stress! and endothelial dysfunctiofi,leading to
LV remodeling>>*and cardiac dysfunction.

Among 20,900 male physicians in the Physicians tHe@tudy, the lifetime risk of HF
was higher in those with hypertension. A healthgslyle (normal weight, not smoking,
moderate alcohol intake, consumption of breakfaseas, and consumption of fruits and
vegetables) was associated with a lower risk ofHF.

In the ARIC study, increased albuminuria, hemogiohi. (HbA:1) among individuals
without diabetes, cardiac troponin measured byiseasssay, and socioeconomic position over
the life course of participants were all identified risk factors for HE>* In the Heart
Outcomes Prevention Evaluation (HOPE) study in Whiee efficacy of ramipril was evaluated
in subjects with high cardiovascular risk, but fefdHF at baseline, every 0.4-mg/mmol increase
in the albumin/creatinine ratio was associated &ift0.6% increase in the risk of hospitalization
for HF, and microalbuminuria (albumin/creatiningigaof 2 mg/mmol or more) at baseline was
associated with a threefold increase in the rishasiitalization for HE?

Other factors associated with the development oil¢How physical activify and
biomarkers such as N-terminal pro B-type natrierpéptide’” ®*interleukin-6, tumor necrosis

factor-u,%? and resistir?®



1.3 Mortality, morbidity and prognosis

The survival of patients diagnosed with HF has wwpd over time, but the death rate still
remains high: overall, the one-year and five-yeartality rates are estimated at 30% and 50%,
respectively® ®***Mortality rates significantly differ between theeid York Heart Association
(NYHA) classes; there’s an estimated 8.3% one-yeartality for patients in NYHA class IV
compared to 3.1% for those in NHYA clas$91.The 30-day, 1-year, and 5-year case fatality
rates after hospitalization with diagnosis of HFrev&0.4%, 22% and 42.3%, respectiveit

all ages, the death rate from HF is greater inkslahan white§”® This may be related to the
increased prevalence of hypertension and early @Hbe black populatioff’ as well as poorer
access to health caf.

HF treatment costs exceed those for both CHD anderacombined and require about 5.4%
of the total US health care cd$t’* In 2004, the estimated direct and indirect costiBfin the
US was $28.8 billion USD*"® and it is estimated to double (US $57.0 billioy) 2020 and
reach US $97.0 billion by 2038.0nly 14% of the Medicare population has HF, bugyth
account for over 43% of Medicare expenditufes.

Figure 1 illustrates the stages in the evolutiorH&f based on guidelines published by the

American College of Cardiology (ACC) and the Amaric Heart Association (AHAY



At risk for heart failure

Stage A
At high risk for HF
but without structural
heart disease or
symptoms of HF

é N

e.g. Patients with:

- Hypertension

- CHD

- Diabetes mellitus
OR

Patients using:

-using cardiotoxins

-with FHx CM

- J

Stage B
Structural heart
disease but without
symptoms of HF

-

e.g. Patients with:
- Previous Ml

- LV systolic
dysfunction

- Asymptomatic
valvular disease

~

o /

Heart failure

Stage C
Structural heart
disease with prior or
current symptoms of
HF

-
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/

Figure I-1: Stages in the evolution of heart faluEHD indicates coronary heart disease; FHx Cjlfahistory of cardiomyopathy; HF, heart

failure; MI, myocardial infarction; and LV, left wricular. (Modified from Hunt et al, ACC/AHA Guitlees for the Evaluation and Management
of Chronic Heart Failure in the Adult. 200%)



2. Atherosclerosis

2.1 Pathogenesis
Atherosclerosis, a systemic condition associatatl wiflammation, and in which fat deposits,
cells, and scar tissue build up within the wallssome arteries, is the underlying cause of a
majority of clinical CVD. The development of athscterosis is a slow process with a long silent
phase before the clinical manifestations of disdmsmme apparent. The main arteries affected
are the aorta, coronary, cerebral and popliteatiag’’ This dynamic process is characterized by
arterial wall remodelling that may go undiagnoseaaghout life, but acute vascular events may
become clinically manifest with significant disegsecess®

A number of hypotheses have been proposed to fgetiie triggering factors for

& 98 and the oxidation

atherosclerosis; among these are the responseguiy inypothesi
hypothesis.” 8 82 According to the injury hypothesis, damage to émelothelium generates
abnormal intracellular signaling mechanisms thaiseaplatelets to adhere and aggregate at the
site of damage, and monocyte invasion and protifarawithin the intima-media junction, all of
which are precursors for atherogenic changes wélieries. In the oxidation hypothesis, lipid
peroxidation contributes to the damage of the lipiger of the plasma membrane and enhances

the release of fatty acids. Oxidized LDL uses ttecmphage as a scavenger molecule; it binds

onto and internalizes LDL, forming what is refertechs the foam cell.

2.2 Risk factors
Atherosclerosis is a multifactorial, multistep cdrmoh that involves chronic inflammation at
every step, and all risk factors contribute to ptghogenesis by aggravating the underlying

inflammatory proces®®* The impact of traditional risk factors such as ,agender,



hypertension, smoking, family history of prematuv, diabetes mellitus, increased LDL-
cholesterol and triglyceride levels, low HDL-chdl®l levels, and increased lipoprotein(a)
levels on CHD risk has long been demonstratedrielabservational studies and tri&is°

Novel biomarkers have been under scrutiny ovelldbedecade in a number of studies and
clinical trials. Hyperhomocysteinemia has beendihkvith CHD risk; homocysteine levels were
found to be higher in adults with CHD in the ARIGu8y™ Framingham Heart Study,and a
nested case-control study of 21,826 subjects imislpr® Elevated high — sensitivity C-reactive
protein (hs-CRP) constitutes an independent predicf advanced carotid plaques in
dyslipidemic subject®’ and early-onset carotid atherosclerosis is assatiaith increased IMT
and elevated serum levels of inflammatory markedds-CRP has an additive value in the
prediction of future CHD risk, beyond traditionék factors’® Men and women with increased
baseline levels of hs-CRP are at increased risfutare CHD?” and hs-CRP is significantly ¢

0.005) elevated in patients dying suddenly withese\CHD®®

3. Subclinical atherosclerosis and non-invasive imagm

In recent decades, advances in imaging technolagg hllowed for improved ability to detect
and quantify atherosclerosis at all stages, anehuttiple different vascular beds. Noninvasive
measures of atherosclerosis have emerged as aljorstandard CVD risk factors in an attempt
to refine risk stratification and the need for maggressive preventive strategies. The two of the
most commonly used modalities in large-scale pdmuiebased studies with outcomes data are
the computed tomography (CT) of the chest for eatgbn of coronary artery calcification

(CAC) and B-mode ultrasound of the neck regiondealuation of carotid artery intima-media
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thickness (IMT). These techniques may help to @efthe burden of atherosclerosis in

individuals before they develop clinical endpoistgh as stroke, CHD, or HF.

3.1 Carotid artery ultrasonography

Carotid IMT is thought to be an earlier manifestatiof atherosclerosis than CAC because
thickening of the vessel wall precedes the devetpnof frank atherosclerotic plagffeAs a
measure of subclinical atherosclerotic burden, gharin carotid IMT have been associated with

6. 99101 5symptomatic myocardial ischenifaand both the

adverse cardiovascular evefitd
presence of coronary risk facttts®®and the reduction in risk factors induced by thetdic
interventions-> 193

B-mode ultrasound is noninvasive, thus its IMT nuee@sients can be used in observational
studies in healthy populations and also in athéeossis regression trials to assess medication
efficacy’® Several observational studi&d® *%41%and intervention trials °***have used
carotid IMT as a surrogate end-point to assess dffiects of various interventions on
atherosclerotic burden.

Results from the Rotterdam study documented adsmtsabetween carotid IMT and stroke,
angina, MI, intermittent claudication and essentigpertensiofi>” *° as supported by other
studies’® ¥ Recent work using data from 500 asymptomatic gigeints from MESA has also
associated increased carotid IMT values with reduegiional myocardial systolic function in
specific myocardial territories even after adjustinfer traditional and non-traditional CHD risk
factors?® In this study, greater carotid IMT was also assecl with impaired diastolic

performance in specific LV wall segments. These i&fBociated alterations of regional LV

function reported may represent early signs of mydial dysfunction along the HF continuum.
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Asymptomatic global LV dysfunction is consideredite a subclinical form of HF due to its
frequent progression to symptomatic Hf*° Accordingly, the Cardiovascular Health Study, a
community-based prospective study of 5888 adulesl&d years and older, showed that greater
IMT values were independently predictive of incitleystolic as well as diastolic HF.

In the ARIC Stud}® 1% 198 1194 15 800 subjects, high — resolution B — modeastiund
was used to assess all stages of atherosclerokes. pfocedure showed a high level of
reproducibility, was inexpensive and well estaldigtas a noninvasive independent predictor of
CHD and stroke; a 0.2 mm increase in carotid IMTswasociated with a 28% increase in the
risk for stroke and a 33% increase in the riskMidr In addition, carotid IMT has been found to
modify the risk score of intermediate risk (FRS @%0-20%)'" and low-intermediate risk
individuals™®

Although ultrasound is commonly used to diagnosepe in the carotid arteries in people
who have had a stroke or who have a bruit, guidslimre limited as to screening of
asymptomatic people with carotid IMT to quantifhetosclerosis or to predict risk. However,

some organizations have recognised that carotid tiMBsurement by B-mode ultrasound may

provide an independent assessment of coronary’risk.

3.2 Other techniques

The contribution of coronary artery calcificatio@AC) to CVD risk prediction has been
observed in a number of population-based stud%$? In MESA, CAC was most strongly
asociated with CHD (HR, 2.3 per 1 SD; 95% CI, b 218) and all CVD events (HR, 1.7; 95%

Cl, 1.5 to 1.9):*
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High-resolution magnetic resonance imaging (M®i)prachial artery reactivity testing
(BART),**” and the ankle-brachial index (ABI) are other téghas for measuring subclinical
atherosclerosi¥’ The application of BART is substantially more d@aging that is carotid IMT
and it is largely a research technidéfeCarotid IMT may be more useful in determining

coronary artery atherosclerosis than the ABI.

3.3 Comparison between carotid IMT and CAC scoring

There is no consensus on the relative usefulnesarotid IMT compared with CAC score for
evaluating subclinical atherosclerosis. Using daien the MESA cohort, Folsom et al. showed
that both CAC score and carotid IMT predicted iecidCHD events; CAC score was a better
overall predictor of CHD events, and carotid IMTsaa better predictor of strok&%. Similar
CHD prediction values were found in the CardiovéamcuHealth Study involving older
patients**! Carotid IMT evaluation detected subclinical dise#s a study of young to middle-
aged patients with a low FRS and a CAC score ob.ZérSome studies have reported a
moderate correlation between carotid IMT and cidiplaque in the coronary arterigs.

Carotid IMT may have some important advantages theICAC score. It does not involve
the exposure to ionizing radiation, which is an amgnt consideration when imaging healthy
young and middle-aged adult§:**® CAC score may have a limited discriminatory power
detect carotid atherosclerosis in blacks, whereigh Iproportion of the population has no
detectable CAC®' Carotid IMT is a continuous measure and has bemyested by the
American Society of Echocardiography consensusrsiaht to be beneficial in risk stratification

in women, young men and blackg. 3¢
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4. Subclinical atherosclerosis and association with @ident cardiovascular events

4.1 Subclinical atherosclerosis and CVD events inom diabetic subjects

A number of studies have shown that carotid IMTassociated with the incidence of acute
coronary events and stroke even after adjustmentsypertension and other atherosclerotic risk
factorst® ¢ 13-4 \jean carotid IMT values vary depending on the semrof the carotid artery
used in a given analysis (common carotid, integaabtid, or bulb). Data from MESA showed
that blacks had the highest common carotid artsty, Icompared with whites and Hispanics.
Carotid IMT values obtained from the internal catartery were similar among blacks, whites
and Hispanic$®’ In the Cardiovascular Health Study, after a mealioi-up of 6.2 years,
persons aged 65 years or more with maximal comkgaeatid IMT in the highest quintile had a
4- to 5-fold greater risk for incident heart attamkstroke than those in the lowest quintfién
the Coronary Artery Risk Development in Young AGUWCARDIA) Study involving relatively
young white and black men and women, a greatergotiop of the variability in common
carotid IMT was explained by traditional cardiovalse risk factors than for the carotid artery
bulb and internal carotid arteri&¥.

There is conflicting data on the additional val@iearotid IMT in reclassifying individuals at
risk of CHD events, in the absence or presencelagfue. Eleid et al. demonstrated that in a
population of adults aged 65 years and below, aitidowt diabetes, hyperlipidemia, or CHD,
42% had high-risk carotid ultrasound findings (t@rdMT > 75" percentile adjusted for age,
gender, race or presence of plaque). Thirty-eightgnt (38%) of asymptomatic individuals with
low FRS € 5%) had abnormal carotid ultrasound findings assed with increased risk for

CVD events-* Data from a 10-year follow-up of 4904 subjectsrirthe Carotid Atherosclerosis

14



Progression Study (CAPS) showed that carotid IMd dot consistently improve the risk
classification of individuals when added to a modgh traditional risk factors, despite it being
predictive of cardiovascular endpoinf§ Two meta-analyses of large observational stucie® h
shown carotid IMT to be a strong predictor of feteardiovascular evenfs and associated with
small improvement (3.6%) in the 10-year risk prédic of first-time MI or stroke, beyond that
of the FRS'Y’

There is however very limited data on the role afotid IMT in the prediction of heart

failure, of which CHD is considered one of the miagbortant causes.

4.2 Subclinical atherosclerosis and CVD events ingpple with type 2 diabetes, impaired
glucose tolerance and impaired fasting glucose

A number of studies haven shown that fasting gledesels and established diabetes status are
significantly and independently associated with otdr IMT, suggesting that chronic

J46-148
)

hyperglycemia may lead to an increased risk of radwerosi when compared with

normal individuals, persons with already establiskype 2 diabetes had considerably higher
IMT values than those with impaired glucose tolee(iGT)**’

Increased carotid IMT may be a reliable markerighér risk of CHD in patients with type 2
diabetes® Lee et al™ found that in a study of 1528 type 2 diabetesepdsi and 439
nondiabetic controls with or without CHD, high IM* 1.30 mm) had significant odds ratios for
concurrent CHD (2.205, p < 0.001). A meta-analydiswed that patients with carotid IMT
higher than the cut-off level of 0.97 — 1.18 mm Isaghificant year-incident rates of 1.21% —

1.64%*°!
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5. Subclinical atherosclerosis, diabetes status and &t failure

Epidemiological studies have shown that patient wipe 2 diabetes and glucose intolerance
are at increased risk of CHD. In the FraminghamrtH8g&udy, the incidence of cardiovascular
events among men and women with diabetes was Zdmdes that among men and women
without diabetes, respectively? The Framingham Offspring Study has evaluated rifygact of
IGT, impaired fasting glucose (IFG) and type 2 éials versus normal glucose tolerance (NGT)
on the process of atherosclerosis. Compared WHB,Nsubjects with IFG/IGT were more likely
— and those with diabetes were significantly makely — to have subclinical atherosclerosis,
defined by CAC scoreS® Subjects with previously diagnosed diabetes hadimes greater risk
than subjects with newly diagnosed diabetes, abgests with insulin resistance had a two-fold
risk of subclinical atherosclerosis than subjedthout.

Carotid IMT, with or without plaque, is associateith the incidence of acute coronary
events and stroke, even after adjusting for atlobgostic risk factors, but it remains largely
unknown whether carotid IMT is an independent fiagtor for clinical HF. Using data from
MESA, Fernandes et al. showed that a greater damfi was associated with reductions in
both systolic and diastolic myocardial function ailmost all walls of the myocardium that were
studied® In this same cohort, regional myocardial dysfumttivas linked to an increase in the
incidence of HF and atherosclerotic cardiovasceNants:>*

In a sample of 4,691 individuals living in Malmdw&den, and followed up for a mean
duration of 13 years, 75 subjects were hospitalizigd a primary diagnosis of HF. The hazards
ratio for HF after adjustments for age, gender, @skdfactors was 2.7 (ClI: 1.1 — 6.2) for th& 4

quartile of IMT relative to the®iquartile (p for trend = 0.003§°
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SPECIFIC AIMS

Each year about 500,000 people are newly diagnestd HF in the United Stat€s® The
median survival from HF is only 1.7 years for mew 8.2 years for women, with only 25% of
men and 38% of women surviving 5 years. This mibytahte is 4-8 times that of the general
population of the same ade.

Recent work has associated greater carotid IMT agken of subclinical atherosclerotic
burden, with alterations of myocardial strain pagtens reflecting reduced systolic and diastolic
myocardial functions, even after adjustment forakished CHD risk factorsS. Because
asymptomatic LV dysfunction is considered to beubctinical marker of HE* carotid IMT
associations with LV function could represent aieamarker of myocardial dysfunction along
the HF continuum. Whether these changes in LV fandranslate directly to HF in middle-aged
adults remains uncertain. A better understandinth@fassociation between carotid IMT and HF
could help in the stratification of asymptomatidiiiduals at risk for HF for more intensive
prevention therapies.

A few studies have examined the relationship betwglacose categories and incident
HF. Thrainsdottir et al — in a study involving 18]3subjects aged 33-84 years — showed a strong
association between HF and glucose status; HF veamased in 3.2% of subjects with NGT,
compared with 6.0% and 11.8% in subjects with IR@ diabetes, respectively/. In a sample of
9,591 individuals with diabetes, age- and sex-netclith a control group without diabetes,
incident cases of HF were observed in 7.7% of diatsibjects free of HF at baseline and in
3.4% of control subjectS® In the Strong Heart Study, subjects with diabetese shown to have
a 2.8-fold greater risk of HF than those with N@b%Cl: 2.0-3.8p<0.0001), independently of

established risk factorsp differences were observed between subjects\&f and IFG:>°
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The ARIC Study is a multicenter cohort study of 782 people aged 45-64 years at
baseline and has detailed longitudinal data ontichlfld T measures, with more than 1,727 cases
of incident HF hospitalization or death over 20rgeas well as data on CVD risk factofSWe
used data from this cohort to investigate the irtgopare of atherosclerosis on the occurrence of
HF, and determine whether this association was fieddby glucose status. We addressed the
following aims:

Aim 1: To determine whether a previously reported csegional association of carotid IMT,
defined as the mean of six far wall measures, witident HF among middle-aged white and
black ARIC participants free of HF symptoms at ltiase persists over approximately 20 years
of follow-up and after controlling for major CVDsk factors.

Aim 2: To determine if the relationship of carotid IMTtlvincident HF differs across categories
of glucose metabolism (NFG, IFG, and DM) in thi©icd.

Aim_3: To investigate the relationship of change in adraMT over an interval of

approximately 3 years with incident HF followingetbaseline examination.
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METHODS

1. Study Population

The Atherosclerosis Risk In Communities (ARIC) studcruited 15,792 participants aged 45-64
years at the time of their baseline assessmen¢1989) from four U.S. communities: Forsyth
County, North Carolina; suburban Minneapolis, Mismia; Washington County, Maryland; and
Jackson, Mississippf*

Excluded from the analyses were: i) participantthwmissing all far wall values of carotid
IMT at baseline (n = 607f2ii) racial groups other than black or white beeao$ their limited
numbers (n = 48); iii) participants with missingteria needed to define baseline glucose status
(n = 148); iv) participants with missing data nedde define HF at baseline (n = 287); v)
prevalent cases of HF at baseline, either by s@lbnted current intake of HF medication, or
those with stage 3 or manifest HF by Gothenburgiia (n= 752)% ***The Gothenburg criteria
(Table 1-2) is composed of 3 scores, i) cardiag pfilmonary, and (iii) therapy. To have stage 3
or manifest HF, the participant must have a paiomf each category. All current medications
(taken within the last 2 weeks) were brought itte ¢tlinic and documented. Use of digoxin and
diuretics was determined from these medicatios Jigttrial fibrillation was diagnosed by visual
inspection of a 2-minute rhythm strip from leads, VI, and V5 using standardized
methodology®® All other components were determined by participself-report. Our final
sample size was 13,590 participants.

For analysis of change in IMT | limited the anaty$o participants with complete data on

IMT measurement (all six far wall measurementsthatbaseline exam (1987-1989) and at the
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first follow-up visit (1990-1992), approximatelyy®ars apart, and those participants who were
free of HF at the second follow-up visit. The remiag sample was comprised of a total of
10,729 participants for this analysis, with 1,3&8es of incident HF. Adjustment for CVD risk

factors was done using baseline values for coemiat

Table I-2: Description of the Gothenburg Score

Category Gothenburg Components Score
Coronary heart disease 1 point if ever, 2 points if within the last year
Angina 1 point if ever, 2 points if within the last year
L .
Cardiac eg edema _ 1 point _
Shortness of breath at night 1 point
Rales on lung exam 1 point
Atrial fibrillation on ECG 1 point
History of bronchitis 1 point
Pulmonary History of asthma | 1 p0|th
Cough, phlegm, or wheezing 1 point
Rhonchi on lung exam 1 point
Therapy Treatment W!th d?gom.n 1 p0|.nt
Treatment with diuretics 1 point

Modified from Loehr et al. Heart failure incidence and survival. Am J Cardiol. 2008 Apr 1;101(7):1016-
22.

Data Collection and study variables

ARIC study participants provided information on degraphic and behavioral variables and
medical history to a trained interviewer at eackitviRace, gender, educational level, current
alcohol use, and smoking status were determineselfyreport at baseline. Medication use for
dyslipidemia and hypertension were coded by trapedonnel.

Measurement of carotid IMT

Evidence of atherosclerosis of the common caroterias was determined by non-invasive high

resolution B-mode ultrasourt®® In this study, technicians scanned three speciagments of
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the extracranial carotid arteries bilaterally: teanmon carotid, the bifurcation and the internal
carotid. The common carotid intima and media wagessed in a 1-cm segment proximal to the
dilatation of the carotid bulb. The intima and needf the bifurcation and internal carotid were

assessed over the 1-cm segments proximal and tistaé flow divider, respectivefy> A total

of 6 sites were examined, 3 measurements in eaokiccalhe mean intimal-medial thickness of

the far wall of the 6 segments was used as a deinelieator of atherosclerosis in the carotid

artery.

The ultrasound examinations were performed acogrdio a detailed standardized
protocol by trained, certified sonographers subjectsemiannual evaluatidf® Ultrasound
images were recorded on a videotape and forwaamladténtral reading center for interpretation.
The ultrasound readers were blinded from patiemtrastteristics. For each of the 6 images,
attempts were made to measure the IMT over a legment at 1-mm increments (total of 11
measurements). A mean wall thickness for each seigmas then calculated. A mean carotid
IMT adjusted for reader differences and reading deds then calculated. This protocol produces
a single index of atherosclerosis with improvedcimien provided by the averaging of multiple
IMT measurement¥>®

In a randomly selected subset of 855 participathe between-reader reliability
coefficients ranged from 0.78 to 0.93 and coeffitseof variation ranged from 13.1 to 18.3%
(80% or more of duplicate scans differed by les® .267 mmj®®*¢’

Ascertainment of Heart Failure
Incident HF was defined as the first occurrenceitifer i) a HF hospitalization which included
an International Classification of Diseases (IC@h revision, discharge code of 428.x (428.0 to

428.9) in any position (n = 1,206), or ii) a deatrtificate with a 428 (HF) or ICD, 10th
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revision, code 150 (HF) in any position (n = 76)ll Aospitalizations occuring in cohort
participants were identified either through gernmlatomputer programs, or review of hospital
discharge indexes or information elicited during #mnual follow-up interview. Hospitalizations
eligible based on set criteria (discharge codesshdirge dates, race sex, and age) but were found
upon review to have been hospitalized for less 2¥#ns were not abstracted. Abstractors made
copies of sections of the medical record (dischagmmary, history and physical report,
admission note, and imaging reports) for use byAR&C Heart Failure Mortality and Morbidity
Classification Committee (HF MMCC). The inter-albstior agreement rate for determining
whether or not to conduct detailed abstraction guality control sample was 99%. The ARIC
community surveillance database was also searohegdssible HF events occuring among
cohort participants that were not reported at theual follow-up visit or may be otherwise
missed.

Beginning in 2005, the ARIC Study conducted camins, retrospective surveillance of
hospital discharges for HF for all residents agedafd above in the 4 ARIC communities via
annual electronic discharge indices. Each hospatin eligible for full abstraction was
independently reviewed by two centrally trained amedtified physicians on the ARIC HF
MMCC. The reviewers were provided a report of thsteacted data as well as the copied
materials noted above. Each reviewer was providetdimmary of the abstracted data noted
above (including measurement of ejection fractiod aiomarkers) and the copied portions of
medical records, and classified each hospitalimatido 1 of 5 categories: definite ADHF,
possible ADHF, chronic stable HF, HF unlikely, orciassifiable'®® Differences between these
reviewers are adjudicated by a Chair of the HF MMQBe adjudicated classification becomes

the event’s final classification. HF cases occunompr to 2005 were not adjudicated. The %
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agreement between HF events adjudicated by the W@ and ICD-9 code 428.x at any
position was 73%, similar to that with the FramiaghHF criteria (70%5°

Follow-up time for those with incident HF eventssadefined by the time from their
baseline exam (visit 1) until the incident evertteTend of follow-up time for those without HF
was i) December 31, 2009, ii) date of last contacthose lost to follow-up, or iii) date of death,
whichever occurred first.

Measurement of other study variables

Prevalent CHD was defined as a history of myocandiarction (MI), Ml from adjudicated
baseline ECG data, a history of physician-diagndd&d prior coronary reperfusion procedure.
Incident CHDwas defined as any case of hospitalized M, fatdD®r ECG-diagnosed MI by
the end of the study period.

Three (3) systolic and diastolic blood pressuresavtaken with participants in the sitting
position after 5 minutes of rest using a randonozghygmomanometer. The average of the
second and third readings was recorded. Certi@elrticians measured height, weight and waist
circumference. Body mass index was calculated aghtvén kilograms) divided by the square
of the height (in meters). Waist circumference wesasured at the umbilicus.

Fasting serum glucose was measured by the optinilredt analysis in real time
(DART) GLUCOSE reagent method. Diabetes mellituss vagfined according to measured
fasting glucose level of 7.0 mmol/l & 126 mg/dl), self-reported previous physician dizsis,
or use of diabetes medication (oral hypoglycemienégyand/or insulin), or a non-fasting glucose
of > 11 mmol/l & 200 mg/dl). Impaired fasting glucose was defingdalfasting glucose level
between 5.6 and 6.9 mmol/l (100-125 mg/dl) in adaace with the 2004 American Diabetes

Association definition. Normal fasting glucose vegined as any other participant who does not
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meet the criteria for DM and IFG. Triglycerides aA®L cholesterol were determined using
enzymatic methods. LDL cholesterol was calculatsihgi the Friedewald equatidf?. Serum

creatinine concentration was measured using a mddifnetic Jaffe method.

2. Power Calculations and Data Analysis
We obtained data for our analyses from the ARIC r@oating Center and signed a data

distribution agreement in concordance with the ARiGtocol.

Aim 1: To determine whether a previously reported cross-sectional association of carotid IMT,
defined as the mean of six far wall measures, with incident HF among middle-aged white and

black ARIC participants free of HF symptoms at baseline, persists over approximately 20 years

of follow-up and after controlling for major CVD risk factors.

Cene et al. reported that among 14,348 participainise ARIC cohort after a median follow-up
of 16.9 years (excluding incident HF cases betwasits 1 and 2, and with racial groups other
than Black or Caucasian), 1,727 went on to develbp®°

Power calculations:

We used the formula derived by Latouche éf &gjiven below:

’D x(log.HR)?

where D is the total number of events (incident HF), logktRthe natural log hazards ratio

associated with a one-unit change in the predicod Z,_ajandZ;_p are standard normal

deviates at the desired two-sided significancel lexand power 1 , respectively.
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In the ARIC Study, between 1990 and Decembél 2008, there were 1,727 incident HF
cases. Based on our exclusion criteria outlinedeiction 3.3 above, and under the assumption
that we excluded approximately 11.7% of the totalart sample from our analyses (1,842 of
15,792 participants), we estimated having 1,52@&demt HF cases to investigate. Based on the

above information, we calculated power as follows:

Power
Number of events HR = 1.15 HR = 1.20 HR = 1.25

1,526 78% 95% 99%

Using data from ARIC, Chambless et al. estimatedHR for Ml per 1 SD (0.19 mm)

increase in common carotid IMT, adjusted for aget sex, to be 1.2%° **¥We thus had
sufficient power to detect a much lower HR (1.1%rater) than that estimated in the above
study.
Statistical Analyses:
For this aim, we investigated the association bebnmgaseline carotid IMT data and new-onset
(incident) cases of HF using a Cox proportionalandg regression. The hazard ratios (and 95%
confidence intervals) per unit increase in standiation of carotid IMT were estimated. Data
on covariates were used in the multivariable regoes analysis to better understand the
independent association of carotid IMT with incitelf. Four sets of models were derived:

» Mode 1: unadjusted for covariates

» Mode 2 (demographic model): adjusted for age, gender, race, and level of ettt

» Mode 3 (clinical and biologic model): adjusted for covariates in model 2, plus systolic

and diastolic blood pressures, BMI, waist circuraf@e, HDL-cholesterol, LDL-
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cholesterol, triglycerides, hypertension and lifmadrering medications, smoking status
and amount in pack-years, alcohol consumption,sandm creatinine.
» Moded 4 (CHD model): adjusted for covariates in model 3, plus previakerd incident
CHD.
Incident CHD was modeled as a time-varying covarisife further categorized carotid IMT
into quartiles and estimate the hazard ratios rfiordent HF (events) using the first quartile as

reference.

Aim 2: To determine if the relationship of carotid IMT with incident HF differs across
categories of glucose metabolism (NFG, IFG, and DM) in this cohort.

Data from the ARIC study website on the charadiesof the cohoff* indicate that at baseline
approximately 12% of the study population had T2DW= 1,895). Also Chamberlain et al.
showed that the prevalence of IFG at baselineérMRIC cohort was 48% (N = 7,245Y:

Statistical Analyses:

To address this aim, we tested for an effect-matlifyproperty of diabetes status by including a
two-way interaction term (IMT*glucose status) inetimodel. In the event of a significant
interaction (p<0.05), we specified four (4) sepamna@dels each for a glucose metabolism status
and calculate hazard ratios with the IMT-glucosd#ust interaction term in the model. We used
Cox regression to calculate hazard ratios for tifikerdnt glucose status, while progressively

adjusting the models.
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Aim 3: To investigate the relationship of change in carotid IMT over an interval of
approximately 3 years with incident HF following the baseline examination.

Statistical Analyses:

Follow-up carotid IMT measurements were done dutiregsecond visit, approximately 3 years
after the baseline visit. For this follow-up measuent, an adjustment was made for method
drift during study visits and systematic differeadeetween readers. Change in carotid IMT was
assessed by estimating the average annualized elmtgeen the baseline and second visit
(approximately 3 years interval). Participants witlevalent HF at the time of the second visit
were excluded from this analysis, as well as thasking IMT measurement at the second visit.
The estimate of annualized change in IMT was mablele time-constant variable in Cox
regression models with adjustments for CVD riskdes and CHD. The four models described

in the first aim were used.

3. Human Subjects Research
The ARIC study protocol was approved by the Instnal Review Boards of all participating
institutions. Written informed consent was obtairfeain all participants in accordance with
guidelines for human experimentation of the US Dipant of Health and Human Services
(DHHS).

We performed secondary data analysis using a deHigel dataset from this cohort. Our
study did not involve contact with any study pap@mnt to collect new data or perform new
procedures, and analysis of any stored sample.

Based on Title 45 of the Code of Federal Regulati@FR), DHHS Part 46 (Protection

of Human Subjects), Section 46.101, paragrapho(bn)analysis met the criteria for exemption.
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45 CFR 46.101(b)(4): Research involving the collection or study of &r data, documents,
records, pathological specimens, or diagnosticispets, if these sources are publicly available
or if the information is recorded by the investmain such a manner that subjects cannot be

identified, directly or through identifiers linked the subjects’

4. Inclusion of Women and Minorities
Women and minorities were included as outlinedhi@ ARIC Study protocd®* ARIC study
participants were recruited from four US commusitand comprised 27.2% Blacks (n = 4266),
72.5% Whites (n = 11478) and less than 1% of othimority groups (n = 48). The baseline
study population was made up of 55% women. Ourystamnple was a good representation of

the ARIC population; 24.8% Blacks and 75.2% Whites] 55% women.
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ABSTRACT

Background: Atherosclerosis plays a central role in the patlysptogy of coronary heart
disease (CHD), which is believed to be the mostrnometiology for heart failure (HF). Greater
carotid intima-media thickness (IMT), a measursuwdjclinical atherosclerosis, is associated
with left ventricular myocardial dysfunction, a slibhical marker of HF. We investigated the
association of carotid IMT with incident HF amongldie-aged whites and blacks, controlling
for major cardiovascular disease (CVD) risk factors

Methods and Results: We included 13,590 participants from the ARIC calaged 45 — 64

years in our analysis. Excluded were participants WF at baseline, those with missing IMT
measurements and criteria to define diabetes. Tdanmoarotid IMT of six far walls, measured
by B-mode ultrasound, was used in our analyseswvéi-defined using ICD-9 and ICD-10 codes
from hospitalization records and death certificalégere were 2,008 incident HF
hospitalizations or death over a median follow-epqx 20.6 years. Baseline mean carotid IMT
was significantly higher for subjects with incidé#f than those without HF (0.81+0.23 vs
0.71+0.17; p<0.0001). Carotid IMT was significandlgsociated with incident HF, after
adjustment for demographic and CVD risk factors @HD (HR 1.20 per unit SD increase; 95%
Cl: 1.16-1.25). After accouting for major CVD rigkctors and CHD, only the fourth quartile of
IMT remained significantly associated with HF relatto the first quartile (HR 1.60; 95% CI:
1.37-1.87, p<0.0001). Also, after accounting fojon&VD risk factors and CHD, the
association was greater in subjects with normaifgglucose (NFG) than those with abnormal
glucose metabolism (HR 1.25 per unit SD increaSég €1: 1.19-1.32 for NFG; HR 1.19, 95%

Cl: 1.11-1.27 for impaired fasting glucose; and HR4, 95% CI: 1.05-1.23 for diabetes
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mellitus). The p-value for IMT*glucose status irgetion term in the fully adjusted model was
0.0149.

Conclusions: Carotid IMT is strongly associated with HF in mieldiged whites and blacks after
adjusting for major CVD risk factors and CHD.

Keywords: subclinical atherosclerosis, carotid intima-metiiakness, heart failure, diabetes

mellitus
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INTRODUCTION
Heart failure (HF) represents an increasing clinacal public health burden in the United States
as its prevalence and incidence continue to'fisespecially among elderly Americah3HF
has emerged as the single leading diagnosis fqitiatigation in the elderly and hospitalization
rates are higher among blacks than whites, with 8884 patients hospitalized at least once
and 43% hospitalized at least 4 times over a measatidn of 4.7 year! This burden of HF is
likely to increase because of increasing age oftnerican population, a progressive increase in
the age of onset of HF and improved treatment andval from cardiovascular (CV) diseases,
including myocardial infarction (MI) and hyperteost®

Carotid IMT is a well-established marker of subiciai atherosclerosis which indicates
early manifestation of atherosclerosis in the ddratteries:°** and is associated with future CV
events:** asymptomatic myocardial ischentfaand changes in risk factors induced by
therapeutic intervention's. There is evidence of a direct relationship betwieereased carotid
IMT and reduced left ventricular (LV) systolic adéhstolic function in asymptomatic
individuals without previous clincial CV diseaSeElderly patients with HF differ from younger
patients with HF in terms of several biologic clwdeaistics, including the relatively large
proportion of elderly patients with HF who haveseeved systolic functioh*® Using data from
the Cardiovascular Health Study which included sciigj 65 years or older, atherosclerosis as
measured by carotid IMT was shown to predict osgstolic and diastolic HE The association
of carotid IMT with incident HF in middle-aged atkjlwho are at a lower risk of HF than older
adults, is not well known. Previous cross-secti@mallysis using data from the ARIC cohort
showed that participants with HF had a higher neantid IMT than participants without HE.

These findings were not adjusted for CVD risk fasto
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Patients with diabetes mellitus are at an increas&dor HF than those without
diabete€®* and the difference is much greater in youngergageps>° Diabetic
cardiomyopathy has been described as a distingtalientity leading to HF among subjects
with diabetes, and different pathophysiologic mei$mms have been postulatédBecause of an
increasing prevalence of diabetes in the U.S., kedge of the association of carotid IMT with
HF in these patients could be beneficial in HF preion in this high-risk group.

Subclinical vascular disease as determined by@easing carotid IMT may be a
determinant of risk for future HF, but this has heen studied. In the present study, we examine
the hypothesis that subclinical atherosclerosiessesl by the mean carotid IMT is associated
with incident HF, beyond what is explained by maiyf disease risk factors in middle-aged
whites and blacks. To test this hypothesis, we ds¢a from the ARIC cohort. Secondly, we
examined if this association differed in personthwiormal fasting glucose, impaired fasting

glucose, and diabetes mellitus.

METHODS

Study Population

The Atherosclerosis Risk In Communities (ARIC) stislcommunity-based prospective study
which enroled 15,792 participants aged 45-64 yattise time of their baseline assessment
(1987-1989) from four communities: Forsyth Coumprth Carolina; suburban Minneapolis,
Minnesota; Washington County, Maryland; and JackMississippi?> In the cohort, response
rates at baseline were 46% in Jackson and 65-67#dather communities. Successful contact
with living cohort members through an annual phioterview was above 93%. The institutional

review boards from each site approved the ARICystud
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Our analysis involved the use of data from the lr@sexamination. Excluded from the
sample were: i) participants with missing all faallwalues of carotid IMT at baseline (n =
607)2*ii) racial groups other than black or white be@aastheir limited numbers (n = 48); iii)
participants with missing criteria needed to defiaseline glucose status (n = 148); iv)
participants with missing data needed to defineaHBaseline (n = 287); v) prevalent cases of
HF at baseline, either by self-reported currerakatof HF medication, or those with stage 3 or
manifest HF by Gothenburg criteria £n752)° ° The Gothenburg criterion (Table I-2) is
composed of 3 scores, i) cardiac, (ii) pulmonanyg @ii) therapy. To have stage 3 or manifest
HF, the participant must have a point from eackgaty. All current medications (taken within
the last 2 weeks) were brought into the clinic dnadumented. Use of digoxin and diuretics was
determined from these medication liStgtrial fibrillation was diagnosed by visual inspien
of a 2-minute rhythm strip from leads V1, II, an8 \sing standardized methodold§All
other components were determined by participafirepbrt. Our final sample size was 13,590
participants.

Data Collection and study variables

ARIC study participants provided information on degraphic and behavioral variables and
medical history to a trained interviewer at eaditvRace, gender, educational level, current
alcohol use, and smoking status were determinestliyreport at baseline. Medication use for
dyslipidemia and hypertension were coded by trapedonnel.

Measurement of carotid IMT

Evidence of atherosclerosis of the common caroterias was determined by non-invasive high
resolution B-mode ultrasourfd.In this study, technicians scanned three speciigments of
the extracranial carotid arteries bilaterally: teanmon carotid, the bifurcation and the internal
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carotid. The common carotid intima and media wagessed in a 1-cm segment proximal to the
dilatation of the carotid bulb. The intima and needf the bifurcation and internal carotid were

assessed over the 1-cm segments proximal and thistiaé flow divider, respectivefyf. A total

of 6 sites were examined, 3 measurements in eaokiccalhe mean intimal-medial thickness of

the far wall of the 6 segments was used as a deinelieator of atherosclerosis in the carotid

artery.

The ultrasound examinations were performed acogrdio a detailed standardized
protocol by trained, certified sonographers subjectsemiannual evaluatidhUltrasound
images were recorded on a videotape and forwaamladcéntral reading center for interpretation.
The ultrasound readers were blinded from patiemtrastieristics. For each of the 6 images,
attempts were made to measure the IMT over a legment at 1-mm increments (total of 11
measurements). A mean wall thickness for each seigmas then calculated. A mean carotid
IMT adjusted for reader differences and reading deds then calculated. This protocol produces
a single index of atherosclerosis with improvedcimien provided by the averaging of multiple
IMT measurement.

In a randomly selected subset of 855 participathe between-reader reliability
coefficients ranged from 0.78 to 0.93 and coeffitseof variation ranged from 13.1 to 18.3%
(80% or more of duplicate scans differed by les® .267 mmj®2°
Ascertainment of Heart Failure
Incident HF was defined as the first occurrenceitifer i) a HF hospitalization which included
an International Classification of Diseases (IC@h revision, discharge code of 428.x (428.0 to
428.9) in any position (n = 1,206), or ii) a deatrtificate with a 428 (HF) or ICD, 10th

revision, code 150 (HF) in any position (n = 76)ll Aospitalizations occuring in cohort
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participants were identified either through gernsslatomputer programs, or review of hospital
discharge indexes or information elicited during #mnual follow-up interview. Hospitalizations
eligible based on set criteria (discharge codesghdirge dates, race sex, and age) but were found
upon review to have been hospitalized for less &¥rs were not abstracted. Abstractors made
copies of sections of the medical record (dischagmmary, history and physical report,
admission note, and imaging reports) for use byNR&C Heart Failure Mortality and Morbidity
Classification Committee (HF MMCC). The inter-albstior agreement rate for determining
whether or not to conduct detailed abstraction guality control sample was 99%. The ARIC
community surveillance database was also searohegdssible HF events occuring among
cohort participants that were not reported at theual follow-up visit or may be otherwise
missed.

Beginning in 2005, the ARIC Study conducted camins, retrospective surveillance of
hospital discharges for HF for all residents agecabd above in the 4 ARIC communities via
annual electronic discharge indices. Each hospétdin eligible for full abstraction was
independently reviewed by two centrally trained amedtified physicians on the ARIC HF
MMCC. The reviewers were provided a report of thsteacted data as well as the copied
materials noted above. Each reviewer was providetdimmary of the abstracted data noted
above (including measurement of ejection fractiod aiomarkers) and the copied portions of
medical records, and classified each hospitalinatido 1 of 5 categories: definite ADHF,
possible ADHF, chronic stable HF, HF unlikely, arclassifiable® Differences between these
reviewers are adjudicated by the Chair of the HF G434 The adjudicated classification

becomes the event's final classification. HF cas®suring prior to 2005 were not adjudicated.
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The % agreement between HF events adjudicatededbfHEnMMCC and ICD-9 code 428.x at
any position was 73%, similar to that with the Firmgham HF criteria (7092).

Follow-up time for those with incident HF eventssadefined by the time from their
baseline exam (visit 1) until the incident evertteTend of follow-up time for those without HF
was i) December 31, 2009, ii) date of last contacthose lost to follow-up, or iii) date of death,
whichever occurred first.

Measurement of other study variables

Prevalent CHD at baseline was defined as a histionyyocardial infarction (M), MI from
adjudicated baseline ECG data, a history of phgsidiagnosed MI, a prior coronary
reperfusion procedure. Incident CHs defined as any case of hospitalized M, fataD®r
ECG-diagnosed MI by the end of the study period.

Three (3) systolic and diastolic blood pressuresavtaken with participants in the sitting
position after 5 minutes of rest using a randono-zphygmomanometer. The average of the
second and third readings was recorded. Certifieldrticians measured height, weight and waist
circumference. Body mass index was calculated aghwvén kilograms) divided by the square
of the height (in meters). Waist circumference wesasured at the umbilicus.

Fasting serum glucose was measured by the optindizect analysis in real time
(DART) GLUCOSE reagent method. Diabetes mellitus defined according to measured
fasting glucose level of 7.0 mmol/l & 126 mg/dl), self-reported previous physician dizsis,
or use of diabetes medication (oral hypoglyceminégyand/or insulin), or a non-fasting glucose
of > 11 mmol/l & 200 mg/dl). Impaired fasting glucose was definga@ldasting glucose level
between 5.6 and 6.9 mmol/l (100-125 mg/dl) in adaace with the 2004 American Diabetes

Association definition. Normal fasting glucose veedined as any other participant who does not
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meet the criteria for DM and IFG. Triglycerides &L cholesterol were determined using
enzymatic methods. LDL cholesterol was calculatsidgithe Friedewald equatiGhSerum
creatinine concentration was measured using a mddifnetic Jaffe method.

Statistical Analysis

Results of analyses are presented as mean = SEpritinuous variables and as frequencies
(percentages) for categorical variables, unlessratise stated. Unadjusted differences in
baseline characteristics between participants anthwithout HF were assessed using the
Student’s t-test (for continuous variables) and-&juare test (for categorical variables). The
independent association of carotid IMT with incitlkeart failure was assessed using Cox
proportional hazard models with progressive adjesiinfior covariates. Hazard ratios and 95%
confidence intervals for Cox regression analystspesented per unit standard deviation
increase and by quartiles of IMT. The base modeal araunadjusted model.

In multivariable analysis, the base model (unaegishodel) was progressively adjusted
for covariates of interest. A second model wasstdplifor age, gender, race, and level of
education (demographic model). A third model wathter adjusted for systolic and diastolic
blood pressures, BMI, waist circumference, HDL-estérol, LDL-cholesterol, triglycerides,
smoking status and amount in pack-years, alcohtdwmption, serum creatinine, and
medications for hypertension and dyslipidemia {chhand biologic model). Finally, a fourth
model was finally adjusted for prevalent and inoideHD (CHD model). For the fourth model,
incident CHD was modeled as a time-varying covari@ovariates were chosen based on their
associations in the present cohort and in priofigiied studies® 3
Effect modification between race, gender and glunesabolism status, and carotid IMT

was examined using two-way interaction. This wdseaed by including the product the
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IMT*race, IMT*gender, and IMT*glucose status teringhe model. In the presence of a
significant interaction (p for interaction <0.0%)e performed a stratified analysis for the
covariate in question.

Separate Cox regression models included carotid &81& continuous variable (Z-scores)
and as a categorical variable (quartiles). The gmtogmal hazard assumption was assessed by
visually examining the log (-log survival) plotscatime-covariate interaction terms. Kaplan-
Meier plots were used to illustrate the overallvswal probabilty and cumulative incidence of
HF by subgroups, and group comparison was dong tisenlog-rank test. All analyses were
performed using SAS 9.2 (SAS Institute Inc., C&¢, USA). Statistical significance was
inferred at two-sided p<0.05.

Role of the funding source
The ARIC study is sponsored by the National Hdarmg, and Blood Institute (NHLBI) of the
NIH. The sponsor had no role in the design, anglged interpretation of the results of this

study.

RESULTS

Basdline characteristics

Among the 13,590 participants in this study, theeee 2,008 (14.8% of total cohort) incident
cases of HF over a median follow-up period of 3@é&rs. Table 1l-1 compares the unadjusted
baseline demographic and clinical characteristiggadicipants with and without HF. Compared
to participants without HF, participants with HFne®lder (56.6 vs 53.7 years), more likely to
be male (52.5% vs 44.1%), and more likely to beehtgmsive (50.3% vs 28.6%). Participants

who developed HF over the course of follow-up wads® more likely to have an abnormal lipid
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profile, were current smokers but less likely tocherent drinkers and to have completed a
college education. The prevalence and inciden€&Hid were higher among subjects with HF

(p<0.0001), as well as the prevalence of diabettos (26.3% vs 7.8%; p<0.0001).

Association of carotid IMT with incident HF
Mean carotid IMT was significantly higher for sutje with HF (0.81+0.23 vs 0.71+0.17,
p<0.0001), Table II-1. In this sample, the oveualddjusted incidence rate of HF was 8.07 cases
per 1,000 person-years. Compared with subjectseirftquartile of carotid IMT (IMEO0.61
mm), the unadjusted incidence rates of HF increasenss the', 39, and 4" quartiles (Table
2). The rate in the highest quartile of carotid IM@&s 15.42 cases per 1,000 person-years (about
four times the rate in thé'huartile, and twice the rate in thd Quartile). Figure 1I-1 shows a
Kaplan-Meier plot of the overall survival probabyjlof HF over time as a function of carotid
IMT quartiles. There was a significant differenoesurvival from HF between quartiles of IMT
(p<0.0001). Of note, participants in thi8 duartile had a significantly lower survival.

In the multivariable analysis, we estimated the ®iRIF across quartiles of carotid IMT
(Table 11-2). After adjustment for demographic fast, the 2, 3% and 4" quartiles of carotid
IMT were significantly associated with HF compatedhe first quartile of IMT (HR for 4
quartile 2.59, 95% CI: 2.23-2.99). The strengtlthad association was reduced, but significantly
persisted only for the™quartile of carotid IMT after further adjustmeffivs CV disease risk
factors (HR 1.65, 95%CI: 1.42, 1.93, <0.0001) aDGHR 1.60, 95%CI: 1.37-1.87,

p<0.0001).
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Similar results were observed when modeling caildi@l as a continuous variable. The
hazard ratios (HRs) and 95% confidence intervaldfoper unit SD (0.18 mm) increase in IMT
are given in Table II-3. No interactions were olséerby gender or race.

Association of carotid IMT with incident HF across status of glucose metabolism

The association of carotid IMT with incident HF wasdified by glucose metabolism status (p
for interaction <0.0001 in the unadjusted moddlherefore we performed stratified analyses.
Compared to participants with normal and impairestihg glucose, participants with diabetes
mellitus had a higher mean systolic blood pressuegn waist circumference, mean BMI, and
mean carotid IMT (0.70+0.17 for NFG, 0.75+0.19 66 vs 0.79+0.20 for DM, P<0.0001).
Participants with diabetes had an adverse lipidilprand a higher prevalence of CHD. Thirty-
seven percent (37%) of individuals with diabetegetteped HF, compared with a much lower
proportion of participants with IFG and NFG (14%&lil% respectively).

The unadjusted incidence rate per 1,000 personfys- was at least three times higher
among participants with diabetes (24.7; 95%CI: 26.90) than among participants with IFG
(7.75; 95%CI: 7.17-8.37) and NFG (5.79; 95%CI: 5419), Table 1I-4. When compared across
quartiles of carotid IMT, the rates of HF increagedgressively from the®ito 4" quartile in all
strata of glucose metabolism (Figure 11-2). Regesdlof carotid IMT quartile, the rates of
incident HF among participants with diabetes wagaiBcantly higher (at least twice as high)
than rates for participants with IFG and NFG. Téages in the highest quartile for NFG (12.38;
95%CI: 11.11-13.80) and IFG (13.12; 95%CI: 11.7070% were lower than that in the lowest
guartile for DM (14.83; 95%CI: 11.18-19.68).

Table II-4 also displays hazard ratios for HF pait €D (0.18 mm) increase in carotid

IMT, stratified by glucose metabolism status. Olleparticipants with NFG had a higher HR of
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HF, than participants with IFG and DM. In the unedgd model, the HR was 1.56 (95% ClI,
1.50-1.62) for those with NFG, 1.48 (95% CI, 1.487) for those with IFG, and 1.41 (95% ClI,
1.31-1.51) for those with DM (all P<0.001). Theestgth of this association decreased with
progressive addition of CV disease risk factors @riD into the model. In the fully adjusted
model, the HR was 1.25 (95% CI: 1.19-1.32, p<0.@6d participants with NFG, 1.19 (95% ClI,
1.11-1.27, p<0.001) for those with IFG, and 1.13%9ClI, 1.05-1.23, p=0.0014) for those with

DM.

Proportionality hazard assumption
The proportionality hazard assumption, checkedlgcatly and using time-interaction terms in a

model, was met for all study variables.

DISCUSSION

Our results demonstrate that carotid IMT is siguaifitly associated with incident HF among
middle-aged whites and blacks, independent of deapigc and major CV risk factors, and
CHD. This relationship was present in both blacks @hites, as well as in diabetic and non-
diabetic individuals.

Carotid IMT is a well validated measure of pre-iai atherosclerotic lesiols™ In this
population-based study, we found mean far wallteiv T to be 0.72+0.18 mm. Similar mean
far wall estimates have been reported in other jadjpns of similar age groups; in the Carotid
Atherosclerosis Progression Sttitlgnd Malmo Diet and Cancer Sti8lymean far wall IMT
was 0.73£0.16 mm and 0.77+0.15 mm, respectivelg. gresent study has shown that the

association of carotid IMT with incident HF, witMT modeled as both a continuous and
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categorical variable, was significant after takingp account age, gender, race, blood pressure,
BMI, waist circumference, HDL-cholesterol, LDL-cleskerol, triglycerides, cigarette smoking,
alcohol, and serum creatinine, as well as medigatior dyslipidemia and hypertension. Our
result is consistent with that described by Engstet al*?, who reported a significant
association of increased IMT and HF hospitalizagiona sample of 4,691 subjects with 75 cases
of HF. Moreover, our results remained significavgre after adjustment for prevalent and
incident cases of CHD, which has been reporteckta tmajor cause of HF.

The finding, in our study, that the associatioafotid IMT with HF remained
significant after adjustment for prevalent and diecit CHD, as well as blood pressure, and other
traditional CV risk factors suggests that caroltllmediates HF through a mechanism that is
different from that causing discrete clinical egiss of myocardial ischemia or infarction. There
are a number of potential mechanisms that coulth@xfhis association. First, increasing
carotid IMT leads to structural changes of thergrteall which result in the deposition of
collagen in the intracellular matrkand a decrease in arterial distensibility, caugicgeased
pressure afterload, pressure wave propagationgiastblic dysfunctiori>*® A second potential
mechanism relates to the finding from prior studieg increasing common carotid IMT was
associated with reduced myocardial flow reservadults with’ and withou?® CHD. Indeed
some prospective and cross-sectional studies tsaablished an association between increasing
carotid IMT and regional LV myocardial systolic adidstolic dysfunction® **a subclinical
marker and strong predictor of HEHowever, further characterization of HF casest(igsvs
diastolic dysfunction) in their relation to incraasg carotid IMT may be necessary to fully

understand the different mechanisms that couldritaré to HF in subjects with increased

carotid IMT.
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Carotid IMT was significantly increased in partiaigs with diabetes than those with IFG
and NFG. This finding is consistent with resultsnfr previously published studi&s** The
increased IMT in diabetic individuals may be expéal by either a direct effect of chronic
hyperglycemia on the carotid artery walls or anrigxt effect of diabetes-related metabolic
abnormalities. Chronic hyperglycemia contributestigh a nonenzymatic glycosylation effect
of proteins in the arterial wélf the acceleration of lipoprotein oxidatidhand the stimulation of
smooth muscle cell proliferatidfi.Diabetes is also associated with CHD risk facto€uding
dyslipidemia and hypertensirwhich have been linked to increasing carotid IMT.

To the best of our knowledge, no prior study hadresked whether the association of
carotid IMT with incident HF is the same among ggvants with NFG and those with abnormal
glucose metabolism (IFG and DM). Interestingly aondtrary to our hypothesis, we
demonstrated that the strength of this relationgspmeasured by the hazard ratio) was lowest
among participants with diabetes, after controlimgdemographic and CV risk factors. The
association was significant in all three categooieglucose metabolism. Despite a much higher
difference in absolute risk of HF between the fastl fourth quartiles of IMT among subjects
with DM (17.65/1000 pyrs) than those with IFG (91400 pyrs) and NFG (8.15/1000 pyrs),
each unit SD increase in carotid IMT was associat&d% increase in the risk of HF for
participants with DM, 19% for those with IFG, angP2 for those with NFG. This suggests the
presence of other significant mechanisms, other #tlaerosclerosis, in the occurrence of HF in
diabetic subjects. In these subjects, hyperglycaehyperlipidemia and increased reactive
oxygen species induce alterations in downstreans¢rgtion factors which result in changes in
gene expression, myocardial substrate utilizatoygcyte growth, endothelial function and

myocardial complianc& Also, carotid IMT may have a lower predictive walfor CV
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endpoints in persons with abnormal glucose metaimolhan in normal subjects. In persons with
DM and IFG, a larger association between IMT anddit¥tomes at the femoral than at the
carotid sites has been descriB&¢f This may suggest the usefulness of femoral IMT in
assessing CV outcomes in this population. It wdnddnteresting, in future studies, to
investigate the relationship of IMT to incident HFadditional vascular beds (e.g. femoral
artery).

To the best of our knowledge, our study is the fosnvestigate the association of
carotid IMT with incident HF in a large cohort witlver two decades of follow-up and more
than 2,000 cases of incident HF. The use of a ratdded population, than the elderly, who are
at a lower risk of HF is particularly important. die are nonetheless a number of limitations to
this study that should be mentioned. First, werditladjust our analyses for novel biomarkers
that could potentially influence the relationshgtween carotid IMT and HF, such as NT-
proBNP and hs-CRP. However, in a prior publishedtthe association of carotid IMT with
HF remained significant, even after adjustmentfiese markeré. Second, the use of hospital
discharge codes and death registers to recruitdadéscmay have underestimated HF incidence in
the population. Also, these may have been seveesa# HF with complications. The fact that
increased carotid IMT is associated with reducedsli$tolic and diastolic function in
asymptomatic individual suggests an association of carotid IMT with lessese cases of HF.
Our analyses included both adjudicated and nondatijted cases of HF. Third, our cohort
comprised of only blacks and whites, so cautiorughbe made when generalizing these results
to other race groups. Finally, in our study, cat®MT estimates used were based on far wall

measurements.
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CONCLUSIONS

In this cohort of middle-aged blacks and whites hage demonstrated that increasing carotid
IMT is strongly associated with the developmentH&feven beyond the risks accounted for by
traditional CV risk factors and CHD. Carotid IMT gnbe better in discriminating persons at risk

of HF in non-diabetics than in diabetic subjects.

CLINICAL IMPLICATIONS
Carotid IMT is particularly appealing because is lb@en shown in several population-based
studies to predict future CV outcomes, and thidystakes it further to include HF. Carotid IMT
is a reliable, low cost, low risk indicator of gadtherosclerosis currently used in cardiovascular
research. Measurement of carotid IMT can be quiakly easily accomplished in a clinical
setting, and with modern ultrasound scanners tinisgulure becomes more efficient and
reproducible.

Findings from this study indicate that carotid IM&y be a useful tool in the differential

classification of individuals at risk for HF in ndtk-aged blacks and whites.
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TABLES AND FIGURES

Table 1I-1: Baseline Demographic and Clinical Cleteastics and Incident Heart Failure Status
of ARIC Participants.

Overall Incident Heart Failure Status
Characteristic N = 13.590 Subjects with HF  Subjects without HF
' (N = 2,008) (N =11,582)

Age, years 541 +5.8 56.6 £ 5.5 53.7 £ 5.7
Males, n (%) 6,166 (45.3) 1,057 (52.5) 5,109 (44.1)
White, n (%) 10,227 (75.2) 1,378 (68.5) 8,849 (76.4)
Hypertension, n (%) 4,320 (31.8) 1,010 (50.3) 3,3806)
Systolic blood pressure, mmHg 120.8 + 18.6 128.0 + 20.6 119.5+18.0
Diastolic blood pressure, mmHg 73.5+11.2 74.241 73.2+10.9
Blood pressure medication, n (%) 3,619 (26.6) 893 (44.4) 2,726 (23.54)
BMI, Kgm™ 27.3+5.0 29.1+5.7 27.0+4.8
Waist circumference, cm 96.1 +13.4 101.7+14.1 95.1+13.0
Education level

Less than college education 8,688 (64.0) 1,3523) 7,176 (62.0)

Completed at least college 4,894 (36.0) 4977(24. 4,397 (38.0)
Smoking status, %

Never 5,669 (41.7) 605 (30.1) 5,064 (43.7)

Former smoker 4,381 (32.2) 677 (33.7) 3,704 (32.0)

Current smoker 3,542 (26.1) 728 (36.2) 2,814 (24.3)
Alcohol consumption, %

Never 3,315 (24.5) 546 (27.3) 2,769 (24.0)

Former drinker 2,472 (18.2) 521 (26.0) 1,954.9)

Current drinker 7,761 (57.3) 932 (46.6) 6,829.1%
Total Cholesterol, mmol/l 56+1.1 57+1.2 55+1.1
LDL Cholesterol, mmol/l 3.6+1.0 3.7+x11 35981
HDL Cholesterol, mmol/| 1.3+0.4 1.2+0.4 1.4+0.5
Triglycerides, mmol/l T 1.3+0.2 1.4 (1.0) 1.28)0.
Lipid-lowering medication, n (%) 2,937 (21.7) 728 (36.5) 2,209 (19.2)
Fasting glucose level, mmol/l 596+2.11 5.7 (1.4) 5.5(0.8)
Blood glucose category, n (%)

Normal fasting glucose 7,594 (55.8) 835 (41.5) 6,759 (58.3)

Impaired fasting glucose 4,574 (33.6) 648 (32.2) 3,926 (33.9)

Diabetes mellitus 1,431 (10.5) 529 (26.3) 902 (7.8)
Prevalent CHD, n (%) 555 (4.1) 240 (12.1) 315)2.7
Carotid IMT, mm 0.72+0.18 0.81+0.23 0.71+0.17
Incident CHD, n (%) 1,727 (12.7) 827 (41.1) 900 (7.8)

Data are mean + SD, or number (percentages). Adpesisons were significant at P<0.0001.

T Data for triglycerides is presented as geometgan + SD
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Table 1I-2: Unadjusted and Adjusted HRs (95% Ci)Ifcident Heart Failure across Quartiles of

Carotid IMT
Quartiles of IMT (mm)
Models o1 Q2 03 04
(< 0.62) (0.62-0.69) (0.70 — 0.79) (> 0.79)
Number of HF events 268 389 482 869
Rate/1000 pyrs (95%Cl) 3.9 (3.4, 4.4) 6.0 (5.4, 6.6) 8.3(7.6,9.0)  15.4 (14.4, 16.5)
Model 1, HR (95%ClI) 1.0 (ref.) 1.57 (1.35, 1.84)* 2.20 (1.89, 2.55)* 4.26 (3.71, 4.88)*
Model 2, HR (95%Cl) 1.0 (ref) 1.30 (1.11, 1.53) 1.59 (1.37, 1.85)* 2.59 (2.23, 2.99)*
Model 3, HR (95%ClI) 1.0 (ref.) 1.10 (0.93,1.29) .14(0.98,1.34) 1.65 (1.42, 1.93)
Model 4, HR (95%CI) 1.0 (ref.) 1.09(0.92,1.28) 1.14(0.97,1.33) 1.60(1.37,1.87)*

*p<0.0001; tp=0.001; Model 1: unadjusted; Modebkd8justed for age, gender, race, education; Model 3
model 2 plus systolic and diastolic blood pressifll, waist circumference, LDL, HDL, triglycerides,
smoking, alcohol, hypertension and cholesterol oaitin, serum creatinine; Model 4. model 3 plus
prevalent and incident CHD

Table II-3: Unadjusted and Adjusted HRs (95% Ci)lfecident Heart Failure per 1 SD (0.18

mm) increase in Carotid IMT.

Clinical outcome: Heart Failure HR 95% ClI p-value
Model 1 (unadjusted) 1.54 1.50, 1.58 < 0.0001
Model 2 1.38 1.33,1.42 < 0.0001
Model 3 1.21 1.16,1.25 < 0.0001
Model 4 1.20 1.16, 1.25 < 0.0001

Model 2: adjusted for age, gender, race, educatigimdel 3: model 2 plus systolic and
diastolic blood pressure, BMI, waist circumferent®L, HDL, triglycerides, smoking,
alcohol, hypertension and cholesterol medicatienyra creatinine; Model 4: model 3 plus
prevalent and incident CHD
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Table 1I-4: Unadjusted and Adjusted HRs (95% Cit)lfcident Heart Failure per unit SD (0.18

mm) Increase in Carotid IMT, Stratified by Categsrof Glucose Metabolism.

Categories of Glucose Metabolism

Models

NFG IFG DM
Number of HF cases 834 646 528
Rate/1000 person-years (95% CI) 5.79 (5.41,6.19) 7.75(7.17,8.37) 24.70 (22.68, 26.90)
Model 1 (unadjusted) ~ HR (95% CI)  1.56 (1.50, 1.62) 1.48 (1.40, 1.57) 1.41 (1.31, 1.51)
Model 2 HR (95% CI) 1.42 (1.35,1.49) 1.34(1.26,1.42)  1.25(1.16, 1.35)
Model 3 HR (95% CI)  1.26 (1.19, 1.32) 1.20 (1.12,1.28) 31105, 1.22)
Model 4 HR (95% Cl) 1.25(1.19,1.32) 1.19(1.11,1.27) 1.14 (1.05, 1.23)

Model 2: adjusted for age, gender, race, leveldoication. Model 3: adjusted for covariates in mdziahd
hypertension medication, systolic and diastolioblpressure, BMI, waist circumference, HDL-choledte
LDL-cholesterol, triglycerides, lipid-lowering memdition, smoking status and amount in pack-years,
alcohol consumption, and serum creatinine. Modehadjusted for covariates in model 3, prevalent and
incident CHD.All results are significant at p < 0.001, excepttfee effect of carotid IMT for DM in model

3 (p=0.0020) and model 4 (p=0.0014)
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Figure II-1: Kaplan-Meier curves illustrating theesall survival probability of HF over time as a
function of quartiles of carotid IMT. Quartile_CIMihdicates quartiles of carotid IMT; O (blue),
1% quartile; 1 (red), ®' quartile; 2 (green),"3quartile; 3 (brown), % quartile.
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Figure 11-2: Unadjusted incidence rates per 1,00&@n-yrs of HF by Quartiles of Carotid IMT
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DM, diabetes mellitus.
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CHAPTER 11l = ANCILLARY ANALYSES AND FUTURE DIRECTI ONS

In this chapter | present supplemental data anslys& primarily intended for publication with
the manuscript, as well as future directions irs #wiea of research. In the previous chapter, an
association between baseline carotid IMT and intid#~ was shown. In this chapter, | further
investigated the relationship of change in IMT wititident HF. Also, it is known that the
etiology of HF differs between blacks and whitésschemic heart disease is the main cause of
HF in whites whereas hypertension is primarily oegpble in blacks. | investigated the
association of IMT with incident HF in both blacksd whites. Due to the finding, in the
previous chapter, that glucose metabolism statudifies the relationship between carotid IMT
and incident HF, | take a further look at this tielaship across the three categories of glucose

metabolism (NFG, IFG, and DM).

METHODS

Follow-up carotid IMT measurement for ARIC partiaigs was done during the second
examination (1990-1992), approximately 3 years frdraseline. For this measurement,
adjustments were made for method drift during stugdits and systematic differences between
readers. For analysis of change in IMT | limite@ #inalysis to participants with complete data
on IMT measurement (all six far wall measuremeatshhe baseline exam (1987-1989) and at
the first follow-up visit (1990-1992), and thosertgapants who were free of HF at the second

examination.
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Change in carotid IMT was assessed by estimatieg aberage annualized change
between baseline and the second examination. Tésts®ates were then modeled as time-
constant covariates in Cox regression models wdfbséments for CVD risk factors and CHD.
The four-model approach for covariate adjustmerg wsed.

Details on the measurement of carotid IMT, ascemaint of HF events, as well as
measurement of covariates have been given in asaptand Il. | also assessed two-way

interactions between carotid IMT and race.

RESULTS
Table 11I-1 shows the differences in baseline deraplic and clinical characteristics of study
participants by quartiles of carotid IMT. Compatedoarticipants in the lowest quartile, those in
the highest quartile were older, more likely to imale, hypertensive, overweight, current
smokers, and have an adverse lipid profile. Theglemce of diabetes was three times higher in
the fourth quartile of baseline IMT compared to tinst (16.2% vs 5.2%). There was a graded
relationship of incident HF across quartiles ofdliae IMT (p<0.0001).

Overall mean carotid IMT was not significantly @ifént between blacks and whites
(0.73 mm £ 0.16 vs 0.72 mm = 0.19 respectively,.p6D This was true of mean IMT between
diabetic blacks and whites (p=0.23). However, digait differences were noted between blacks

and whites for subjects with NFG (p=0.009) and [[p&0.002).

Association of baseline carotid IMT with incident HF by Race
The unadjusted incidence rate of HF was higheblacks than whites (10.8 vs 7.22 cases per

1000 person-years) (Table 111-2). In multivariablealysis using Cox PH models, baseline
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carotid IMT was associated with incident HF in bbtacks and whites. The strength of the
association decreased progressively in both blackswhites; for example, in blacks the HR
was 1.54 per unit SD increase in IMT (95% ClI, 11465) for the unadjusted model to 1.22
(95% Cl, 1.12-1.32) after adjustment for CV diseasle factors and CHD (model 4). The p-

value for carotid IMT*race interaction in the unasied model was 0.97.

Further analysis on the association of baseline carotid IMT with incident HF across
categories of glucose metabolism

The overall unadjusted incidence rate of HF wa8 $96%CI: 5.14-6.19) cases per 1000 person-
years for subjects with NFG, 7.75 (95%CI. 7.17-3.®F those with IFG, and 24.69 (95%CI:
22.69-26.89) for those with DM.

Figure IlI-1 illustrates a plot of the cumulativazard for incident HF by glucose
metabolism status. The baseline cumulative hazasdaemparable for subjects with NFG and
IFG, but was higher for those with diabetes. Ttgk disproportionately increased with time for
subjects with diabetes, compared to those with MRGIFG.

Table 111-3 shows the hazard ratios of HF by gliecasetabolism status-specific quartiles
of carotid IMT. For each category of glucose melisbm specific carotid IMT quartiles were
obtained. In each category, there was a gradetiomsdhip in the incident rates of HF across
quartiles of carotid IMT. Furthermore, rates in tbevest quartile for participants with diabetes
were higher than rates in the fourth quartile fer tther two groups.

In multivariable analysis, after adjusting for degregphic and CV risk factors, and
interim CHD, only the fourth quartile was signifitéy associated with an increase in HF among

subjects with NFG (HR 1.42; 95%CI: 1.12-1.81, pfd)0and IFG (HR 1.53; 95%CI: 1.16-2.01,
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p=0.002) relative to the first quartile. Among thasith DM, the third (HR 1.33; 95%CI: 1.01-
1.76, p=0.045) and fourth (HR 1.50; 95%CI: 1.1212,8=0.007) quartiles of carotid IMT were

significantly associated with an increase in HRtige to the first quartile.

Association of changein carotid IMT with HF

The overall rate of change of carotid IMT for styzhrticipants was 7.22 um per year (Table 4).
This was higher among participants who experierzceld (9.22um/yr, SD 69.44) than those
who did not (6.93:im/yr, SD 51.64). Change in carotid IMT between basedim& the second
examination was not associated with incident HEheéunadjusted model, the HR was 1.04

(95%CI: 0.99-1.10, p=0.15) per unit SD increasm@an carotid IMT change.

SUPPLEMENTAL DISCUSSION

The etiology of HF differs by race’ CHD is the leading cause of HF among white adults
whereas hypertension is the principal cause irksladespite this known difference, this study
found carotid IMT to be significantly associatedwHF in both blacks and whites.
Hypertension is a major determinant of carotid fi¥Via thickening of the arterial wallThis

may lead to an increase in the afterload, and sufesgly HF. On the other hand, increased IMT

may cause discrete myocardial insults, and conselyuegional LV myocardial dysfunctich.

Our study demonstrates that change in carotid IMar @ median follow-up period of 2.9
years is not associated with incident HF in thipydation of middle-aged adults. Data on carotid
IMT change and its association with incident CVregds very limited. In the European

Lacidipine Study on Atherosclero§ist was shown that baseline IMT, but not treatrriadticed
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changes in IMT, predicted CV events. This studylwed very well controlled hypertensive
patients followed up for 3.7 years with low raté<C® outcomes. However, using data from
MESA, Polak et al. showed that changes in IMT waesictive of incident stroke over a median
follow-up of 3.0 year§.Our literature search didn’t yield any publishedults addressing IMT
rate of change as a risk factor for incident HFr €lding suggests that change in an
individual’'s carotid IMT over a short period of nfapproximately 3 years) may not add further
value to the baseline IMT measure in assessingskE r

Our approach to this analysis was to use the ageaagualized change in carotid IMT in
the Cox model as a time-varying covariate. Theaiggne-varying covariates may provide

additional predictive or prognostic information beg the baseline dafa.

CONCLUSIONS AND FUTURE RESEARCH

Our study has shown that baseline IMT, but not gkean IMT, is strongly associated with
incidence of HF in middle-aged whites and black®e Tole of carotid IMT in the occurrence of
HF was unknown. This analysis now demonstratestiigatole of IMT is independent of major
CV risk factors and CHD, suggesting a mechanisemint from myocardial ischemia or

infarction.

There are still a lot of unknowns regarding IMTita®lates to HF incidence. In future
studies, a further characterization of HF casest@éig vs diastolic) in their associations with
IMT may provide additional insights on the mechargghrough which IMT mediates HF. It
would be interesting to investigate the effectlodrge in IMT on incident HF over a longer

duration (more than 3 years) of follow-up. Alsasiimportant in the future to investigate the
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significance of adding carotid IMT to a HF predietimodel including other novel risk factors
like NT-pro BNP.

In individuals with abnormal glucose metabolismgaired fasting glucose, impaired
glucose tolerance and diabetes), it would be ingpdrtio investigate the associations of IMT
with incident HF using additional vascular bedg (éemoral artery) which have been shown to
have larger associations for CVD outcomes in tbisytation.

Finally, regarding the clinical use of carotid IMTwould be necessary to carry out a
randomized, controlled trial studying the effectiges of this procedure as a tool to modify

current preventive therapies and improve HF outeome
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TABLES AND FIGURES

Table 11I-1: Baseline Demographic and Clinical Giweristics of ARIC Participants by Quartiles of@al IMT

Characteristic

Categories of carotid IMT (mm)

1% quartile 2" quartile 379 quartile 4" quartile
(£0.61) (0.62 —0.69) (0.70-0.79) (>0.79)

N 3,399 3,401 3,400 3,399
Age, yrs 51.6+5.2 53.4+5.5 547 +5.7 56.84 5.
Women, n (%) 2,519 (74.1) 2,068 (60.8 1,603 (47.2) 1,243 (36.6)
White, n (%) 2,712 (79.8) 2,495 (73.4) 2,472 (72.7) 2,548 (75.0)
Hypertension, n (%) 678 (20.0) 981 (28.9) 1,17043B4 1,491 (44.0)
Systolic blood pressure, mmHg 114.6 + 16.2 11917 2 122.4 +18.8 126.7 + 20.0
Diastolic blood pressure, mmHg 71.3+104 73.0F1 74.2+114 74.7+12.0
Blood pressure medication, n (%) 642 (18.9) 8469R4 963 (28.3) 1,168 (34.4)
BMI, Kgm™ 26.1+4.9 27.3+5.0 28.0+5.1 28.0+4.9
Waist circumference, cm 91.5+13.1 95.4 +13.2 29813.2 99.3+12.7
Education level

Less than college education 2001 (58.9 2,132]6 2,201 (64.8) 2,343 (69.0)

Completed at least college 1,398 (41.1 1,24898(3 1,193 (35.2) 1,054 (31.0)
Smoking status

Never, n (%) 1,693 (49.8) 1,591 (46.8 1,394@n1 991 (29.2)

Former smoker, n (%) 920 (27.1) 1,004 (29.5 17,32.9) 1,340 (39.4)

Current smoker, n (%) 784 (23.1) 804 (23.7 g881) 1,066 (31.4)
Alcohol consumption

Never, n (%) 876 (25.8) 903 (26.6) 837 (24.7) 9 G20.7)

Former drinker, n (%) 496 (14.6) 580 (17.1) 623.0) 753 (22.3)

Current drinker, n (%) 2,020 (59.5) 1,905 (56.2) 1,906 (56.3) 1,930 (57.0)
Total Cholesterol, mmol/I 54+1.1 55+1.1 5.6.8 58+1.1
LDL Cholesterol, mmol/| 3.3+1.0 35+1.0 3.6 D1 3.8+1.0
HDL Cholesterol, mmol/I 1.5+0.5 1.4+05 1.340 1.2+04
Triglycerides, mmol/l 1.1 (0.7) 1.2 (0.8) 1.3(0.9) 1.3(0.9)
Lipid-lowering medication, n (%) 537 (15.9) 688 (20D 760 (22.5) 952 (28.2)
Diabetes mellitus, n (%) 178 (5.2) 289 (8.5) 4123.7) 551 (16.2)
Incident HF, n (%) 256 (7.5) 384 (11.3) 506 (14.9)] 866 (25.5)
Prevalent CHD, n (%) 42 (1.3) 94 (2.8) 148 (4.4) 71728.1)
Incident CHD, n (%) 203 (6.0) 305 (9.0) 462 (13.6)] 757 (22.3)

Data are mean + SD or number (percentages). Alpeoisons were significant at P<0.0001.
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Table 1lI-2: Unadjusted and Adjusted HRs (95% @) lihcident Heart Failure per 1 SD (0.18

mm) Increase in Carotid IMT by Race.

Race

Models

Whites Blacks
Number of HF cases 1,376 632
Rate/1000 person-years (95% CI) 7.22 (6.86, 7.62) 10.80 (9.99, 11.67)
Model 1 (unadjusted) HR (95% CI) 1.56 (1.51, 1.61) 1.54 (1.45, 1.65)
Model 2 HR (95% ClI) 1.38 (1.33, 1.43) 1.35 (1.25, 1.45)
Model 3 HR (95% CI) 1.19 (1.14, 1.25) 1.23 (1.184)
Model 4 HR (95% ClI) 1.20 (1.14, 1.25) 1.22 (1.12, 1.32)

Model 2: adjusted for age, gender, level of edocatModel 3: adjusted for covariates in model 2 and
hypertension medication, systolic and diastolic odlopressures, BMI, waist circumference, HDL
cholesterol, LDL cholesterol, triglycerides, ligimwering medication, smoking status and amountaokp
years, alcohol consumption, and serum creatininedé¥14: adjusted for covariates in model 3, preMale
and incident CHD.
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Table 1lI-3: Adjusted HRs (95% CI) for Incident He&ailure across Group-Specific Quartiles of cINBEtatified by Glucose
Metabolism Status

Quatrtiles of Carotid Intima-Media Thickness (mm)

Normal Fasting Glucose

Impaired fasting Glucose

Diabetes Mellitus

Models
Q2 3 Q2 3 Q2 3
QU | ©80- | gea. | ¥ Q| - | omo | Q| ©7- | . | @
< ’ < ’ < ’
(<059) | (g7 076 | CO70) | (062 | 4 082 | ©082 | (<060) 0.75) 56 (>0.86)
Number of cases 112 153 201 368 88 137 162 259 108 117 141 162
2.94 4.14 5.60 e T 7.81 13.69 18.0 20.77 27.11 35.65
Rate/1000 pyrs (95% CI)|  (2.45, (3.53, (4.88, (oo, | *I ST (542, 6.69, | (12.13, | (14.91, (17.33, (22.98, (30.57,
3.54) 4.85) 6.43) 12.28) ' 7.58) 9.11) 15.47) 21.74) 24.90) 31.97) 41.59)
112 1.33 1.46 151 2.39
HR (95% oss, | (os, |70 112, | (ie | (185, 1.08 (0.83,| 44 (111 183 (141,
Model 1 ] 1.0 (ref) ) ; 2.68); 1.0 (ref) ! ! ! 1.0 (ref) ) 1.86); 2.38);
cly; p 1.43); 168); | o oool 1.91); 1.97); 3.09); 140);050| % 50001
0.36 0.019 : 0.006 0.002 <0.0001 ' '
1.01 1.03 1.28 1.14 1.54
Model 2 | HR (95% Logery| ©7% (0.81, 1'148(11)'_14’ Logery | ©97 (0.87, (18, | ) ety | 097073, 1'3;78(11)'_04’ 1-6201%-_20’
chip S| L2913 0.003 CEEL 1e9); | 151) | 201); U | 130086 o0 b
0.93 0.80 ' 0.079 0.35 0.002 ' '
1.05 1.02 1.30 1.15 1.53
Model 3 | FR (95% 1.0 (ref) (0.81, (0.79, 1'128(11)'_12’ 1.0 (ref) (0.98, (0.87, (1.16, 1.0 (ref)) 0.94 (0.70, 1.?.37(61).-01, 1.5200(11-'12,
cly; p SR 35y 1.31); e - e 1.72); 1.52); 2.01); S 26); 0.68 b -01);
0.004 0.045 0.007
0.73 0.88 0.065 0.33 0.002
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Table IlI-4: Baseline IMT and annualized chang#Mim by Heart Failure Status

HF Status
Characteristic Overall
With HF Without HF
N 10,729 1,378 9,351
Baseline IMT, mean (SD), um 720 (180) 810 (230) 700 (160)

Annualized change in IMT, mean (SD), um/yr  7.22 (54.2% 9.22 (69.44) 6.93 (51.64)

Cumulative Hazard for Heart Failure by Glucose Metabolism Status

0.7 1

0.6

0.4

0.3

Cumulative Hazard

0.2

0.0

T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20 22 24

Follow-Up Time (yrs)

Glucose Metabolism Status 0 1 2

Figure llI-1: Cumulative Hazard of Heart FailuregdWime as a Function of Glucose Metabolism Status.

0 (black) indicates normal fasting glucose; 1 (rédpaired fasting glucose; 2 (blue), diabetes itosll
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