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Abstract
Background: The clinicalimplicatiors of ankle-brachial index (ABl)cut-pointsarenot well
definedin patients with chronic kidney disease (CKd®spite increasedrevalence of high ABI
due toarterial stiffness We examined the relationship of ABI with cardiovascular disease
(CVD) and.alicause mortality among CKD patients.
Methods.and.Results: 3,627participantsvithoutclinical peripheral artery diseaseAD) at
baselindromithe Chronic Renal Insufficiency Cohort (CRIC) Study were includ&d.was
obtained per standard protocol and CVD events were confirmed by medical recaolidad)n.
A U-shaped association of ABI with PAD, myocardial infarction (M), composiB Gnd all-
cause mortality was observdddividuals with an ABI between 1.0 to <1.4 had the lowest risk
of outcomes. Compared to participants with an ABI between 1.0 tomtildple-adjusted
hazard ratios (95% confidence intervdts)those with an ABI of <0.9, 0.9 to <1.0, antl4
wereb.78(3.57, 9.35), 2.76 (1.56, 4.88), and 4.85 (2.05, 1M{6OPAD; 167 (1.23, 2.29), 1.85
(1.33, 2.57), and 2.08 (1.10, 3)98r MI; 1.51 (1.27, 1.79), 1.39 (1.15, 1.68) and 1282,
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1.84) for compositeCVD; and 155 (1.28, 1.89), 1.36 (1.10, 1.69) and 1.00 (0.62,)¥d32all-
cause mortality, respectively.

Conclusions: This studyindicateghatABI <1.0wasrelated tarisk of PAD,MI, composite
CVD, andall-cause mortalityvhile ABI >1.4 was related to clinical PAD. Thesefindings
suggest that-ABtut-pointsof <1.0 or>1.4 for diagnosing?AD and ABI<1.0for CVD risk

stratificationsheuld be further evaluated among CKD patients.

K ey words:‘ankle brachial inde)cardiovascular diseasehronic kidney diseasbgart failure,
mortality, myocardial infarction, peripheral arterial disease
Introduction

Patientswith chronic kidney disease (CKDave ahigherprevalencef peripherakartery
disease (PADyompared to the general populatiotData from theNational Health and
Nutrition Examination Surveindicate that 24% of persons with creatinine clearance <60
mL/min/1.%3 nf have pevalentPAD, defined asinklebrachial index (ABI)<0.9,compared
with only 3:79%:06f persons with creatinine clearar6@ mL/min/1.73 . In the
Cardiovascular'Health Stydix and colleagues reported tf2KD was associated with 2-fold
increasedsrisk folow ABI (<0.9) and 60% increased risk for higBl (>1.4) in older people
and that the"association of CKD with a high ABI was not explained by traditardibvascular
diseaseVD) risk factors®

Both low and highABI have been associated witicreasedCVD morbidity and
mortality insthesgeneral populatioh’ In addition, Adragao and colleagues reported that both low
(<0.9) and high (>1.3) ABI were independently associated wittaaibe and CVD mortality in
219 hemadialysis patientd.arge metaanalysis data suggested tAdl of 0.9 to 1.0was
associated with increased riskmajor coronary event§VD, and total mortalityn thegeneral
population®.However thereareno published prospective studies evaluating associationf
thespectrum 0fABI with PAD and othelCVD outcomesas well asll-causanortality in
persons withCKD prior to kidney failure.

We examined the associatiof baseline ABwith subsequent risk &AD, myocardial
infarction(MI), heart failure(HF), CVD, andall-causemortality among participantsom the

Chronic Renal Insufficiency Cohort (CRIC) Study, a large prospective cohortdgsdyned to
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investigaterisk factors for the progressiof CKD and development of CViD patients with
CKD.

Methods
Study Participants

The_design and baseline characteristics of the CRIC Study participants have been
previously deseribed® Briefly, the CRICStudy enrolled a racially and ethnically diverse group
of men ‘and'women aged 21 to 74 yearswttht CKD as determined bgn age-basedstimated
glomerularfiltration ratéeGFR)of 20-70 mL/min/1.73 m° A total of 3,939 participants were
recruited between May 2003 and August 2008 from seven clinical centers in tRati¢8ts
with cirrhasisgH IV infection, polycystic kidnegyisease, or renal cell carcinontlaose on
dialysis orrecipients of a kidney transplant; and those taking immunosuppresganidre
excluded. We excluded 312 participants who reported a history of lower extremity
revascularization or amputation at Hase The CRIC Study protocol was approved by the
Institutional Review Boards at each of the participating sites. Written informed consent was
obtained fromall participants.

Data Collection

Atthe baselineexamination, medical history, demographic information, and lifestyle
factors were collected by trained research staff using standard questenBsdireeported
historyof clinical PAD, including claudication, amputation, or angioplasty and procedures to
open up blood vessels in the arms or legsacquired Current smokers were defined as
participants'who currently smoked and had smoked >100 cigarettes in their feAilc@hol
drinkers were-«defined as participants who consumed >1 beverage conddgnimgl each week
over the previous year. Physical activity was estimbtetbtal metabolic equivalent
(MET)/wegk.

ABl measurementsereobtained per standard proto¢bAfter the participant rested
supine for.5.minutes, systolic blood pressure (BP) was measured in both arms with the
appropriatesized arm cuff. For each leg, systolic BP in each posterior tibial and dorsalis pedis
artery was'measured. All pressures weteated with a continuous-wave Doppler ultrasound
probe. The leg-specific ABI was calculated by dividing the higher systolic BP po#terior
tibial or dorsalis pedis by the higher of the right or left brachial systolic BPs.
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Body weight and height wer@eh measured twice at baseline and the meamusetsto
calculate bdy-mass index (BMI) as weight in kilograms divided by height in meters squared.
Waist circumference was measured at the uppermost lateral border of the iliac crest with a
Gulick Il tape ad repeated until 2 measures agreed within 1 cm. Three seated BP measurements
were obtained.by trained and certified staff members after >5 minutes of quaridestre
averaged for analysi¥hese measurements were performed according to a standamblproto
using ah aneroid sphygmomanométedypertension was defined as systolic BR0 mm Hg
and/or diastolic'B290 mm Hg and/or current use of antihypertensive medication.

Blood glucose, cholesterol, and triglycerides were measured using standard tgborato
methodsDiabetes was defined as a fasting glucek® mg/dL, or a random glucose >200
mg/dL, and/ormuse of insulin or other adiabetic medicationSerum highsensitivity Greactive
protein (hsCRP) and cystatin C were measured using a particle-enhanced immuoomnetpicel
method. Urinary albumin was measured by radioimmunoassay. The eGFR was calcirigted us
the reexpressed Modification of Diet in Renal Disease (MDRD) equation after calibrating serum
creatinine measurements to isotope dilution mass spectretrateable valuel All laboratory
analyses weresconducted at the CRIC Stuegt@lLaboratory at the University of
Pennsylvaniavith stringent quality control.

Follow-up-and Outcomes

Study participants were followed up with annual clinical visits and 6-monibhiete
interviews..Clinical information omcidentCVD was extractefom hospital records by a
trained research nurse. Clinical diagnoseS¥D were adjudicated by at ledsto physician
reviewers frem'the outcome assessment commitie®y standard criteria. Incidesiinical PAD
was defined as a history amputationrdue toPAD, peripheral surgical or percutaneous
revascularization procedures, any arterial angioplastyyyagderyartery bypass grafDeaths
wereconfirmed. by death certificate and the National Death M&sterWe defined a&omposite
CVD outcome.of incidenwl, stroke and total mortalityThe median duration of follow-up was
7.5years forthis analysignd 197 participaniserelostto follow-up.

Statistical Analysis

Baseline characteristics among the study participants in the different categévids of
were described using meéstandard deviatigrfor continuous variables and couff) for
categorical variable®ifferences were compared with the use of analysis of variance for
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continuous variables and the dguare test for categorical variables. We used restroctied-
spline plots to explore the shape of the association betweemé@&surements and each clinical
outcome. On the basis of our restricted-cudptine plots foPAD, CVD, and allcause mortality
and the results of previous studiés*we selected a level @Bl of 1.0 to 1.4 as the reference
category FurthermoreABI values were categorized into four groups (<0.9, 0.9 t0 <1.0, 1.0 to
<1.4 and>1.4) in our analysis.

Cumulative event rates of incident PAD, MI, HF, and CVD, andalise mortality were
calculatedaccording to ABI groups using the Kaplégier method andompared using the log-
rank test:>We also reported the number of events eaidulated the incidence rate for each ABI
groupusing: Peisson regressiddazards ratios for the associationA&f with PAD, MI, HF,
CVD, andall-cause mortality werestimated using Cox proportional hazards motfetge,
race, gendeclinic site,history of CVD, diabetes, hypertension, cigarette smoking, alcohol
consumption, high school education, physical activity (total METs/week), syB®@liBMI,

LDL -cholesterglHDL-cholesterol, glucose, BRP, 24-hour albuminuriegGFR and use of
medicationsy(angiotensin converting enzyme inhibitors, angiotensin receptor blbekars
blockersaspirin andstatins)were adjusted in multivariable modetazard ratiogHR) and

95% confidence interval€l) of theclinical CVD eventsand mortalitywere calculateéor each
category.ef/ABIl using ABI of 1.0 to 1.4 as the reference group. The assumption of proportional
hazards was tested using interaction terms ABh-groups bytime for each outcome variable

and covariate. No substantial deviations from proportionality were observed [p value 3AD.08].
analyses werexconducted using SAS version 9.1 (SAS Institute Inc., Cary, North&asdli

p-values wereaided, andtatistical significance was defined as p <0.05.

Results

Baseline,characteristiescording toABI categoriesre shown i able 1. Participants
with an ABl <0.9 weresignificantlyolder, more likely to be female, AfricaAmerican, and
current smekes, but less likely to be high-school graduates, phygieative, and alcohol
drinkers than:those with ABI of 1.0 to <1.4. In addition, they had significantly higher BMVdt wai
circumferencesystolic BP, plasma glucose, hsCRP, cystatin C, and albuminuria, and lower
HDL- and LDL-cholesterol and eGFR. The proportions of participants who reported a history of
clinical CVD, hypertension, and diabetes, and use of antihypertensive medicamns, and
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statins were significantly higher among patients with ABI9. Compared to those with ABI of
1.0 to <1.4, patients with an ABI >1.4 were older and less likely to be fepmgisically active

and alcohol drinkrs Persons with an ABI >1.4 also had significantly higher BMI, waist
circumference, systoliBP, hsCRP, cystatin C, and albuminuria, and lower HDL- and LDL-
cholesterol.and eGFR, amgtremore likely to have a history of clinical CVD, hypertension, and
diabetes, antb.use antihypertensive medications and asfdaseline characteristics were
comparable betwedhose lost to follow-up and those not, except systolic BP (132.1+26.3 vs.
127.7+21:8'mmHg, p=0.01) and albuminuria (0.9£1.7 vs. 0.6 £1.5 g/24 hours, p=0.04).

Multivariate spline regressiomsdicateda U-shaped association 8Bl with PAD, Ml,
CVD, and alleause mortalitfFigure 1). Individualswith anABI betweenl.0 to <1.4 had the
lowest risk'of developinglinical outcomes.

KaplanMeier plots showethat individuals with an ABI between 1.0 to <1.4 had the
lowest cumulative incidences whileose with an ABI <0.9 has the highest cumulative
incidences,of PAD, MI, HF, CVD, and athuse mortalityKigure 2). Persons with aABI >1.4
or ABI of 0:9rte'<1.Calsohad a increased@umulative incidences of CVD events albcause
mortality comparedo those with ABI of 1.0 to <1.4.

Table 2 showsnumbers of events and event sde well asnultiple-adjusted hazard
ratios of cardiovascular diseases and deaths associated with ABI cat€gomgsred to the
reference groupABI 1.0 to <1.4) persons with an ABI <0.9 had a 5.8-fold increased risk of
PAD whilethose with ABIlof 0.9 to <1.0 hae 2.8-fold increased risk of PABRfteradjustment
for multiplesimportant CVD risk factors. Likewise, individuals waghABI >1.4 had a4.9-fold
increasedisksof PAD. The relationship of othdraditionalrisk factors with the CVD outcomes
and mortality are presentedTmble S1; all significant traditional risk factors were adjusted in
the final Cox proportional hazards modéelslfle 2).

Compared tahe reference groyjindividuak withan ABI <0.9and ABIlof 0.9 to <1.0
had a 1.7and1.9-fold increased risk dfll, respectivelyafter multple-adjustment. Individuals
with anABl.<0.9also had a 2% increased risk of heart failure. Furthermore, individuals anth
ABI <0.9 and ABIl of 0.9 to <1.thad a51% and 3% increased risk of composite CYD
respectively However, arABI >1.4 was not significantly associated with risk3fD or all-

causeamortality (Table 2).
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Compared to ABI 1.0 to <1.4BI <0.9 and ABI 0.9 to <1.0 were significantly
associated witla 56% and 34% increaseah-causemortality after adjustmenrfior multiple risk
factors while ABI >1.4 was not significantly associated witkcallse mortality after multiple

adjustment.

Discussion

Our study indicated that &Bl of <1.0was strongly andsignificantly associated with an
increasedisk ofclinical PAD, MI, composite CVDandall-causemortality among ptientswith
CKD. In addition, arABI >1.4 was strongly and significantlassociateavith the risk of
developing clinical PADThese associations were independertioiminuria and eGFR in
addition to.other establish&lD risk factorsand current treatment

These.findings have important clinical and public health implicat@sause patients
with CKD @re atanincreaed risk of developing PAB? In addition, CKD patients with PAD
havea very highrisk of CVD and altcause mortality"'’ Proper detection aridtervention are
the key to prevent adver§®/D outcomes associated with PAdbnong patients with CKDABI
is a simpleginexpensive, and noninvasive measure of subclinica®Aadalitionally, anABI
cut-point of <039 was consideredbclinical peripheral arterial atherosclerokiswever, we
observed@8="or 4.9-bld increasan risk of clinical PAD among participants withBA of 0.9 to
<1.0 orABI >1.4, respectivelyThese results suggdhbiat ABI cutpoints fortheclinical
diagnosis'of PADas well as CVD risk stratificatiommong patients with CKDmay need to be
further evaluated.

Our.study is the first to repathatan ABI >1.4 is significantly related tdutureclinical
PAD among.predialysis CKD patients after adjusting for establisGa(D risk factors In a
previousrcross=sectional study, ABI >1.4 was shown to be associated with legrutbers
general population ABI >1.4 was associated with vascular calcification in peripheral and distal
arteries among dialysis patiefit§ascular calcification is ghly prevalent in CKD patient§*®
Medial arterial calcification is comom in CKD patients andausesrterial stiffnessa decrease
in perfusion, and impairment of collateral circulation formafit? which may contribute to
PAD. Our study suggestisat ABI>1.4 is not significantly associated with MI, HF, composite
CVD, and alleause mortalityn patients with CKDA previous metanalysis suggested that

ABI >1.4 was associated witbtal mortality but not major coronary events in gfemeral

This article is protected by copyright. All rights reserved



population® Adragao and colleagues reported ABI k& associated with increasededlse
and CVD mortally among 219 dialysis patieritghe nconsistent findings may be partially due
to thesmall sample size in the ABIl.4 group in our study. Future studies are warraaito
confirmthe assaqciation kBl >1.4with PAD, MI, CVD, and mortality iralarge cohort of

CKD patients:

Our.study foundhat ABI of 0.9 to<1.0 wassignificantly related withiuture clinical
PAD, MI, composite CVDas well asll-cause mortalittamong predialysis CKD patients after
adjusting forestablished CVD risk factors. Previous studies ifOiiD-patientssuggested that
ABI of 0.9 to <1.0 predicted CVD arndtal mortality®** The American HearAAssociation
suggestedhat-ABI should bénterpreted according to tlapriori probability of PAD, and
values between 0.91 and 1.00 should be considered bord@tioecever, the sensitivity and
specificity of ABI 0.91 to 1.0@s acut-pointto detect PADcompared to an angiographic finding
of >50% stenosis in patients with PADwere varied and itspredictive value for future PAD
events remagunknowr?> Our study reported tha&BI of 0.9 to<1.0 was associated with 2.8-
fold higherriskiof future PAD, suggestitigat ABI of 0.9 to <1.0 mighbave clinical
significance fothe CKD population without history of clinical PAD. Furtistudiesare needed
to confirmethe association betwe@BI| of 0.9 to <1.Gand incident clinical PAD and to evaluate
ABI of <1.07as acut-point for diagnosis of PAD among CKD patients. In addition, ABI of 0.9 to
<1.0 was considered borderlimeterms of cardiovascular risk the general population per the
AHA Sciehtific Statemenf® while our findings provide additional evidence that an ABI of 0.9 to
<1.0 represents significantly high risk for further @ND, andall-cause mortalittanong CKD
patients whesmay benefit from earlier intervention or intensive treatment.

There are several strengths of our study. This is the first large prospetioré study to
examineABI cut-points with risk of PAD, othe€VD and mortality among patients with CKD.
Numeous.important confounding factongere collected and adjusted in the multivariable
models. Therefore, our study should provide a valid and reliable assessWBihtooit-points
with the outeomes. Several limitations of our study should be niéitestl.the number of patients
with anABI"™>1.4 was smalin our study. Futureakgerprospective cohostudies are needed
more precisely estimate thisk associated with ABI >1.4 among patients with CkKI2conda
singlemeasuremerdf ABI at baselinavasusel insteadof the mean ofmultiple measuremest
However, the ABIs were measured by trained and certified study Btaffl, we didnot include
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patientswith symptomssuch as rest pain or vascular ulceration alone as clip&Blbecause
those symptomarenonspecificand arenotclearlydescribedn detail in the study
guestionnaire. This could potentiatiysult inlower outcome rateand reducestatistical power
but decreasgthe chance of misclassificatioim addition,a recent study has suggested an
alternative ABIL method utilizing the ratio of the lower of dorsalis pedis and posterior tibial
pressures to the higher of the right or left brachial systolic pressures mayepoettier
prediction"6f*€VD mortality compared the traditional methotf However, the alternative
method is"netvalidated for clinical ugmrticularlyin the CKD population. Finallytjme-
dependent covariatssich as medication usgeiring follow-up were not adjusted in this analysis.
In future research, more sophisticastatistical methods such as marginal structural models
could be usedsto study potenttausal relationshgbetweerchange in ABI and thelinical
outcomesdjusting for timedependent covariates (i.e., medication G5&).

In conclusionpur study indicates th&BI <1.0 and>1.4 are significantlyassociated
with futureclinical PAD amongCKD patients In addition, ABI <1.0s significantly associated
with increasedirisk of MI, CVD, anall-cause mortalittamong CKD patientd hese finding
indicate thathe/ABI cut-pointsfor thediagnosis of PAD may need to be further evaluated in
patients with CKD and confirmatory tests to diagnose PAD may be beneficial among CKD
patients with” ABlof 0.9 to <1.0. Furthermore, ABI <1.0 may befuséor risk stratification of
CVD and alicause mortality among patients with CKD.
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Figure 1. Spline Plots of M ultiple-adjusted Hazard Ratios and 95% Confidence I ntervals of
Peripheral Artery Disease, Myocardial Infarction, Heart Failure, Composite
Cardiovascular Disease, and All-cause Mortality Associated with Baseline Ankle-brachial

I ndex.

In each plotsthe solid blue line represents the point estimate and the dottednglackpresent
95% confidence intervals.

Figure 2. Kaplan-Meier Estimates of Cumulative Incidence of Peripheral Artery Disease,

Myocardial Infarction, Heart Failure, Composite Cardiovascular Disease, and All-Cause

Mortality.
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Table 1. Baseline Characteristics of Study Participants According to Ankle Brachial Index

Ankle Brachial Index p-value
Char actgf1Sy <0.9 0.9t0 <10 10to<L4 >14 for
(n=542) (n=571) (n=2,430) (n=84) differences

Age, yeas 626 (9.1) 582 (10.9) 57.0 (11.3) 58.4 (10.1) <0.001
Female, n (%) 276 (50.9) 331 (580) 1,033 (42.5) 28 (33.3) <0.001
Race/ethnicity, n (%)

White 177 (32.7) 202 (35.4) 1,110 (45.7) 35 (41.7)

African-American 291 (53.7) 283 (49.6) 926 (38.1) 27 (32.1) <0.001

Other 74(13.7) 86 (15.1) 394 (16.2) 22 (26.2)
High sehool graduates, n (%) 382 (70.5) 447 (78.3) 2,007 (82.6) 65 (77.4) <0.001
Physicakhactivity MET/week 172.0 (126.1) 1993 (161.5) 2101 (147.9) 176.8 (140.2) <0.001
Current smoking, n (%) 109 (20.1) 96 (16.8) 258 (10.6) 8 (9.5) <0.001
Alcohol drinking, n (%) 278 (51.3) 354 (620) 1,629 (670) 50 (59.5) <0.001
Body-mass indexkg/n? 32.7 (8.3) 3238 (8.0) 31.5(7.5) 339 (7.5) <0.001
Waist circumference, cm 108.0 (18.0) 1067 (18.2) 1046 (17.1) 1112 (15.7) <0.001
Systolic bloed pressure, mmHq 133.9 (23.8) 127.6 (22.2) 126.6 (21.5) 131.8 (22.7) <0.001
Plasma glucose, mg/dL 1193 (49.4) 1158 (53.5) 111.8 (48.6) 112.9 (47.0) <0.001
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HDL-cholesterol, mg/dL 45.5 (13.4) 48.1 (15.3) 48.2 (15.9) 45.0 (15.7) 0.001
LDL-chalesterol, mg/dL 10009 (33.8) 1044 (36.0) 103.7 (35.1) 91.6(37.4) 0.005
hs-CRP, img/L. 7.43 (13.34) 6.74 (13.44) 4.85 (7.76) 5.47 (7.09) <0.001
eGFR mi/min/1.73nf 38.4 (12.0) 423 (13.6) 44.6 (13.6) 40.4 (13.4) <0.001
Cystatin'C mg/L 1.72 (0.55) 1.53 (0.57) 1.43 (0.51) 1.73 (0.58) <0.001
Albuminuria,g/24 hours 0.76 (1.79) 0.51 (1.9) 0.62 (1.46) 1.08 (2.22) 0.004
History of.clinicalCVD, n (%) 289 (53.3) 173 (30.3) 603 (24.8) 32 (38.1) <0.001
Hypertension, n (%) 508 (93.7) 500(87.6) 2,024 (83.3) 73 (86.9) <0.001
Diabetes, n.(%) 341 (62.9) 273 (47.8) 998 (41.1) 59 (70.2) <0.001
Use of RAAS blockers, n (%) 409 (75.9) 378 (66.8) 1,617 (670) 60 (71.4) 0.001
Use of B-blockers, n (%) 328 (60.9) 275 (48.6) 1,085 (44.9) 49 (58.3) <0.001
Use of aspirin, n (%) 300 (55.7) 236 (41.7) 917 (380) 41 (48.8) <0.001
Use of statins, n (%) 373 (69.2) 295 (52.1) 1,221 (50.6) 44 (52.4) <0.001

All valuessreported as mean (SD) or n (%)

MET= metabolic equivalent oisk HDL=high-density lipoprotein; LDL=low-density lipoproteihsCRP=high-sensitivity C-reactive protein

eGFR=estimated glomerular filtration ra@yD=cardiovascular diseasRAAS=renin-angiotensin-aldosterone system.
S| conversion factors: to convert glucose from mg/dL to mmol/L, multiply by 0.0555; LDL and HDL from mg/dL to mmol/L Jynioytp0259;
and hsCRP from mg/dL to nmol/L, multiply by 9.524.
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Table 2. Multivariable Adjusted Hazard Ratios of Cardiovascular Diseases and Mortality Associated with Ankle Brachial Index

Age, gender, race, and clinic o _
Multivariable-adjusted*

Outcome No. of events Incidence, per 1,000 steadjusted
Hazard Ratio Hazard Ratio
(95% CI) p-value (95% CI) p-value
Peripheral Artery Disease
<0.9 53 1.67 8.04(5.17,12.50) <0.001 5.78 (3.57, BH) <0.001
0.9to<1.0 21 0.56 2.98(1.72,5.15) <0.001 2.76(156, 488) <0.001
10to<1l4 37 0.22 Ref Ref
>1.4 7 1.41 5.03(2.21, 11.46) <0.001 4.85(2.0511.5) <0.001
p-valuefor=nen-linear trend <0.001 <0.001
Myocardial I nfarction

<0.9 79 2.55 2.70 (2.02,3.61) <0.001  1.67(1.23, 229) 0.001
0.9to<1.0 57 1.58 2.03(1.47,2.79) <0.001 1.85(1.33,2.57) <0.001
10to<l1l4 129 0.79 Ref Ref

>1.4 11 2.33 2.59 (1.39,4.82) 0.003 2.08(1.10,, @3 0.024

p-value for non-linear trend <0.001 <0.001
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Heart Failure

<0.9 142 4.89 2.10(1.70,2.59) <0.001 1.27(1.01,1.58) 0.039
0.9to<1.0 86 2.43 1.22 (0.96,1.56)  0.14 1.10(0.85, 142) 0.48
10to<1.4 289 1.84 Ref Ref

=>1.4 15 3.12 1.37 (0.81, 2.31) 0.24 0.89 (0.52, 1.51) 0.66
p-value fer=nen-linear trend <0.001 0.19

Cardiovascular disease (MI, stroke, and total mortality)

<0.9 247 7.89 2.25(1.88,2.69) <0.001 1.39(115,168  <0.001
0.9to<10 169 4.53 1.51(1.23,1.85) <0.001 1.39 (1.15,1.68) <0.001
10to<l14 479 2.84 Ref Ref

>1.4 27 27 1.26(0.79, 201) 0.32 1.23(0.82, 184) 0.32
p-value for non-linear trend <0.001 <0.001

All-cause Mortality
<0.9 200 5.85 2.21(1.89,2.60) <0.001 1.55(1.28,18)  <0.001
0.9to<1.0 129 3.23 1.54 (1.29,1.85) <0.001 1.36 (1.08, 1.69) 0.005
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10to<1l4 364 2.09 Ref Ref

>1.4 19 3.33 1.54(1.04,227) 0031  1.00(0.62,1.62)  1.00

p-value for non-linear trend <0.001 <0.001

* Adjusted forjage, race, gender, clinic site, history of cardiovascular disease, diabetes, hypertension, current smoking,, dlighhsthsel
educationy physical activity, systolic blood pressboaly-mass index, LDL- andDL-cholesterol, plasma glucose, high sensitivity C-reactive
protein, 24-lour excretion of albuminuria, estimated glomerular filtration rate, and use of angiotensin converting enzyme inhibitors, angiotensin

receptor blockerdetablodkers, aspirin, or statins.
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