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IABETES MELLITUS (DM) 1S A

strong risk factor for cardio-

vascular (CV) disease.!

Compared with those who
do not have DM, people with DM have
a 2- to 4-fold increased risk of subse-
quent CV disease.”* Risk factors that in-
dependently increase CV risk in people
with DM include smoking, hyperten-
sion, dyslipidemia,’® renal dysfunc-
tion,” and hyperglycemia.®'° Re-
cently, data from several studies have
established microalbuminuria (MA), or
dipstick-negative albuminuria, as an-
other CV risk factor. Microalbumin-
uria is reported in approximately 30%
of middle-aged patients with either type
1 or type 2 DM and in approximately
10% to 15% of middle-aged individu-
als who do not have DM.'"1? Al-
though MA is associated with other risk
factors in those with or without

©2001 American Medical Association. All rights reserved.

Context Microalbuminuria is a risk factor for cardiovascular (CV) events. The rela-
tionship between the degree of albuminuria and CV risk is unclear.

Objectives To estimate the risk of CV events in high-risk individuals with diabetes
mellitus (DM) and without DM who have microalbuminuria and to determine whether
levels of albuminuria below the microalbuminuria threshold increase CV risk.

Design The Heart Outcomes Prevention Evaluation study, a cohort study con-
ducted between 1994 and 1999 with a median 4.5 years of follow-up.

Setting Community and academic practices in North and South America and Europe.

Participants [ndividuals aged 55 years or more with a history of CV disease (n=5545)
or DM and at least 1 CV risk factor (n=3498) and a baseline urine albumin/creatinine
ratio (ACR) measurement.

Main Outcome Measures Cardiovascular events (myocardial infarction, stroke, or
CV death); all-cause death; and hospitalization for congestive heart failure.

Results Microalbuminuria was detected in 1140 (32.6%) of those with DM and 823
(14.8%) of those without DM at baseline. Microalbuminuria increased the adjusted
relative risk (RR) of major CV events (RR, 1.83; 95% confidence interval [CI], 1.64-
2.05), all-cause death (RR, 2.09; 95% Cl, 1.84-2.38), and hospitalization for conges-
tive heart failure (RR, 3.23; 95% Cl, 2.54-4.10). Similar RRs were seen for partici-
pants with or without DM, even after adjusting for other CV risk factors (eg, the adjusted
RR of the primary aggregate end point was 1.97 [95% Cl, 1.68-2.31] in those with
DM and 1.61 [95% ClI, 1.36-1.90] in those without DM).Compared with the lowest
quartile of ACR (<0.22 mg/mmol), the RRs of the primary aggregate end point in the
second quartile (ie, ACR range, 0.22-0.57 mg/mmol) was 1.11 (95% Cl, 0.95-1.30);
third quartile, 1.38 (95% Cl, 1.19-1.60; ACR range, 0.58-1.62 mg/mmol); and fourth
quartile, 1.97 (95% Cl, 1.73-2.25; ACR range, >1.62 mg/mmol) (P for trend <.001,
even after excluding those with microalbuminuria). For every 0.4-mg/mmol increase
in ACR level, the adjusted hazard of major CV events increased by 5.9% (95% Cl,
4.9%-7.0%).

Conclusions Our results indicate that any degree of albuminuria is a risk factor for
CV events in individuals with or without DM,; the risk increases with the ACR, starting
well below the microalbuminuria cutoff. Screening for albuminuria identifies people
at high risk for CV events.

JAMA. 2001;286:421-426 WWWw.jama.com

DM, is also an independent pre-
dictor of future strokes, death, and myo-
cardial infarction (MI).">!* Moreover,
MA may also predict future conges-
tive heart failure (CHF). However, at
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present, there are few prospective data
regarding this association.?*?

Despite being increasingly recog-
nized as a CV risk factor, the definition
of MA was based on its ability to pre-
dict diabetic nephropathy (ie, macroal-
buminuria or clinical proteinuria).
Whether individuals with albumin ex-
cretion rates below the MA threshold are
also at risk for CV disease or whether
there is a progressive graded relation-
ship between different degrees of albu-
minuria and CV events is unclear.

Our study examines the relation-
ship between baseline albuminuria lev-
els and future CV events using data col-
lected from individuals with or without
DM enrolled in the Heart Outcomes
Prevention Evaluation (HOPE) Study.
Participants were followed-up for a me-
dian of 4.5 years

METHODS
Participants and Overview
of Study Design

Detailed descriptions of the HOPE
study and MICRO (Microalbumin-
uria, Cardiovascular and Renal Out-
comes) HOPE substudy have been pub-
lished previously.?*?7 In brief,
individuals with or without DM aged
55 years or older with a history of pre-
vious CV disease (either coronary ar-
tery disease, stroke, or peripheral vas-
cular disease) or with a history of DM
plus at least 1 other CV risk factor (to-
tal cholesterol >200 mg/dL [>5.2
mmol/L], high-density lipoprotein cho-
lesterol =35 mg/dL [=0.9 mmol/L], hy-
pertension, known MA, or current
smoker) were studied between 1994
and 1999 in North and South America
and Europe. Key exclusion criteria in-
cluded dipstick-positive proteinuria or
established diabetic nephropathy, other
significant renal disease, hyperkale-
mia, CHF, low-ejection fraction, or hy-
persensitivity to vitamin E or angioten-
sin-converting enzyme inhibitors.?* The
aggregate primary end point of the
study was the development of either MI,
stroke, or CV death. This analysis is re-
stricted to the 97% of all HOPE par-
ticipants (3498 with DM and 5545
without DM) randomized to receive ei-
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ther 10 mg of ramipril or placebo and
in whom baseline urine albumin mea-
surements were available.

Clinical Data Collection

Diabetes status and other demographic
and clinical variables were determined
by history and physical examination.
Glycated hemoglobin was assayed for
participants with a history of DM in each
study center’s local laboratory. Results
were expressed as the percentage above
the upper limit of normal for the assay
used. Serum creatinine was measured at
each study site in all participants at base-
line and was only measured in the par-
ticipants with DM at follow-up visits.
The results were expressed in Interna-
tional System of Units.

Urine Collection and Analysis

Urinary albumin was measured in 9043
(97%) of HOPE study participants at
baseline; the assays used have been de-
scribed previously.*** A first morning
urine was collected at baseline, 1 year,
and study end. Urinary albumin levels
were measured by either radioassay (Eu-
rope and North America) or immuno-
turbidimetry (South America), and uri-
nary creatinine levels were measured by
the Jaffe method.” The degree of albu-
minuria, expressed as the albumin/
creatinine ratio (ACR), was entered into
the database so that the relationship be-
tween baseline ACR and future out-
comes could be analyzed. Microalbu-
minuria was defined as an ACR of 2 mg/
mmol or more for both men and women;
dipstick-positive (ie, =1+) proteinuria
(ie, a level with >70% sensitivity and
90% specificity for detecting MA) was an
exclusion criteria.*®

Outcome Assessment

Participants were assessed every 6
months. Myocardial infarction, stroke,
CV death (the primary aggregate end
point), and hospitalization for CHF (a
secondary end point), were docu-
mented and adjudicated centrally as de-
scribed previously. As reported, the
study was approved by local ethics
boards, and all participants signed writ-
ten informed consent.*”

Statistical Analysis

The univariate and multivariate relative
risks (RRs) of the primary study end
point MI, stroke, or CV death; all-cause
mortality; and hospitalization for CHF
in participants with and without MA
were calculated using Cox regression
models. The proportionality assump-
tion of the Cox model was assessed by
inspection of the Kaplan Meier curves for
those with and without MA; these
showed no evidence of a time-depen-
dent hazard. Variables entered into the
multivariate model for all participants in-
cluded age, sex, smoking status, hyper-
tension, history of dyslipidemia (ie, a to-
tal cholesterol >200 mg/dL [>5.2
mmol/L] or high-density lipoprotein cho-
lesterol =35 mg/dL [=0.9 mmol/L]),
DM status, abdominal obesity, and base-
line serum creatinine level; for partici-
pants with DM, duration of DM, use of
oral glucose-lowering agents or insulin,
and glycated hemoglobin level were also
included. Population attributable risk for
MA in all participants (ie, the propor-
tion of events attributable to MA) was es-
timated as the proportion of all people
with MA X (the difference in event rates
between those with and without MA)/
the overall event rate.

All participants were categorized by
quartiles of albuminuria levels. Tests for
linear trend across quartiles were per-
formed using Cox regression after ad-
justing for (1) age and sex; (2) age, sex,
systolic blood pressure, diastolic blood
pressure, waist-hip ratio, DM status (in
all participants), and glycated hemoglo-
bin (in diabetic participants) in all the
participants and in those with no MA (e,
with an ACR <2 mg/mmol); and (3) ran-
domization to receive ramipril in the pre-
vious model. The unadjusted RR and
95% confidence intervals (Cls) of out-
comes in each quartile with reference to
the first quartile were also calculated.
Model fit was assessed using the likeli-
hood ratio test. All statistical analyses
were performed using SAS version 6.11.

RESULTS
Baseline Associations

Microalbuminuria was detected in 1140
(32.6%) of participants with DM and

©2001 American Medical Association. All rights reserved.
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823 (14.8%) of participants without DM
at baseline. A detailed description of the
baseline characteristics of the HOPE
participants according to the presence
or absence of MA has been published
previously.! Both diabetic and nondia-
betic individuals with MA were older,
had higher systolic and diastolic blood
pressure, had a lower ankle-arm blood
systolic pressure ratio, and had a higher
serum creatinine concentration than in-
dividuals without MA; patients with
DM and with MA also had a longer du-
ration of DM and had higher glycated

ALBUMINURIA AND CARDIOVASCULAR EVENTS

hemoglobin level and waist-hip ratio
than those without MA.

Impact of MA

TABLE 1 and TABLE 2 list the incidence
and risk of the primary aggregate end
point of the HOPE study MI, stroke, or
CV death; all-cause mortality; and hos-
pitalization for CHF according to the
presence of MA. After controlling for
randomization to receive ramipril, base-
line MA increased the adjusted RR for
major CV events by 1.83-fold (95% CI,
1.64-2.05; P<<.001); (2) all-cause mor-

tality by 2.09-fold (95% CI, 1.84-2.38);
and (3) hospitalization for heart failure
by 3.23-fold (95% CI, 2.54-4.10). Simi-
lar estimates were noted in individuals
with and without a history of DM at the
time of randomization (Tables 1 and 2).
The close association between MA and
these outcomes persisted even after con-
trolling for other CV risk factors in the
placebo and ramipril groups (Table 2).
The population attributable RRs were
12.7% (95% CI, 9.9%-15.5%) for ma-
jor CV events; 16.9% (95% CI, 13.4%-
20.4%) for all-cause mortality; and

]
Table 1. Incidence and Risk of Cardiovascular Events in HOPE Study Participants With and Without Baseline Microalbuminuria*

With Without Crude Risk
Microalbuminuria, % Microalbuminuria, % (95% CI)t

Adjusted Risk

Variables (95% CI)t

All participants

M, stroke, or CV death 23.1 13.8 1.67 (1.51-1.85) 1.83(1.64-2.05)

All-cause mortality 18.2 9.4 1.93(1.72-2.18) 2.09 (1.84-2.38)

CHF hospitalization 6.9 2.2 3.08 (2.49-3.82) 3.23 (2.54-4.10)
Diabetes history

MI, stroke, or CV death 25.0 13.9 1.80 (1.56-2.07) 1.97 (1.68-2.31)

All-cause mortality 18.6 9.3 2.01 (1.69-2.39) 2.15 (1.78-2.60)

CHF hospitalization 8.5 25 3.34 (2.49-4.50) 3.70 (2.64-5.17)
No diabetes history

M, stroke, or CV death 20.4 13.8 1.48 (1.27-1.73) 1.61 (1.36-1.90)

All-cause mortality 17.4 9.4 1.85 (1.55-2.20) 2.00 (1.65-2.41)

CHF hospitalization 4.6 2.1 2.23(1.55-3.19) 2.20 (1.40-3.26)

*Time-to-event analyses using Cox regression were performed to calculate the risk for cardiac events and total mortality. Cl indicates confidence interval; CV, cardiovascular; Ml,
myocardial infarction; and CHF, congestive heart failure.
TAdjusted for randomization to receive ramipril. All are P<<.001.

]
Table 2. Incidence and Risk of Cardiovascular Events in HOPE Study Participants With and Without Baseline Microalbuminuria by
Randomized Group*

Placebo

[ [l
% %

Ramipril

With Without Crude Risk P Adjusted P With Without Crude Risk P Adjusted P

Variables MA MA (95% Cl) Value Risk (95% CI)t Value MA MA (95% Cl) Value Risk (95% Cl)t Value
All participants
M, stroke, 264 152 1.73(1.52-1.98) <.01 1.75(1.49-2.05) <.001 19.6 124 1.58(1.35-1.85) <.01 1.42(1.18-1.71) <.001
or CV death
All-cause mortality 20.3 9.8 2.07(1.77-2.42) <.01 1.92(1.59-2.31) <.001 15.7 89 1.77 (1.48-2.12) <.01 1.52(1.23-1.88) <.001

CHF hospitalization 6.9 25
Diabetes history

2.77(2.06-3.73) <.01 2.42(1.70-3.45) <.001 6.9 2.0 3.47(254-4.73) <.01 259 (1.78-3.77) <.001

M, stroke, 28.6 153 1.87(1.55-2.25) <.01 1.84(1.46-2.31) <.001 21.1 12.6 1.68(1.35-2.10) <.01 1.44(1.11-1.86) .006
or CV death
All-cause mortality 20.8 10.6 1.96 (1.56-2.46) <.01 1.85(1.41-2.43) <.001 16.3 7.9 2.05(1.57-2.68) <.01 1.64(1.21-2.22) .002

CHF hospitalization 8.2 25
No diabetes history

3.24(2.11-4.96) <.01 4.51(2.55-7.96) <.001 8.9 2.6 3.46(2.29-5.23) <.01 2.91(1.79-4.73) <.001

M, stroke, 233 152 153(1.25-1.88) <.01 1.60(1.27-2.02) <.001 17.4 123 1.41(1.11-1.80) .005 1.31(0.99-1.73) .06
or CV death
All-cause mortality 19.7 9.5 2.09(1.65-2.63) <.01 1.86(1.42-2.43) <.001 14.9 9.4 1.60(1.22-2.09) <.01 1.36(1.01-1.85) .04

CHF hospitalization 5.0 25 2.04(1.26-3.30) .004 1.41(0.81-2.45) .2 4.2 17 249(1.45-428) <.01 1.94(1.03-3.64) .04

*Time-to-event analyses using Cox regression were done to calculate the risk for cardiac events and total mortality. CV indicates cardiovascular; Ml, myocardial infarction; and CHF,
congestive heart failure.

TAdjusted for age, sex, smoking status, hypertension, dyslipidemia, diabetes status, abdominal obesity, and serum creatinine concentration in all participants and also for diabetes
duration, use of oral agents or insulin, and glycated hemoglobin in patients with diabetes.
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31.1% (95% CI, 24.0%-38.3%) for hos-
pitalization for heart failure.

Impact of ACRs Below
the MA Threshold

These CV outcomes were also analyzed
according to the level of albuminuria (ex-
pressed in quartiles) to determine the CV
importance of ACRs below the MA
threshold. The ACR cutpoints for each
quartile of all HOPE participants who
had a baseline determination for albu-
minuria are shown in TABLE 3. There was
a graded relationship between the base-
line ACR and the risk of both CV out-
comes and mortality; this relationship ex-
tended into the “submicroalbuminuric”
range. For example, the RR of all-cause
death for each quartile compared with
the first quartile (ACR <0.22 mg/
mmol), was 1.08 (95% CI, 0.89-1.42) for
an ACR of 0.22 to 0.57 mg/mmol, 1.46
(95% CI, 1.21-1.75) for an ACR of 0.58
to 1.62 mg/mmol, and 2.34 (95% CI,
1.99-2.77) for an ACR >1.62 mg/
mmol. For major CV events, all-cause
mortality and hospitalization for CHF in
all participants, this linear trend was sig-
nificant after (1) controlling for age and
sex (P<<.001); (2) controlling for age, sex,

systolic blood pressure, diastolic blood
pressure, waist-hip ratio, and DM sta-
tus (in all participants) or glycated he-
moglobin in diabetic participants
(P<<.001); and (3) after removing indi-
viduals with MA and then controlling for
age, sex, systolic blood pressure, dias-
tolic blood pressure, waist-hip ratio, and
DM status in all participants or gly-
cated hemoglobin in participants with
DM (P<.001 for major CV events and
all-cause mortality, and P=.05 for CHF
hospitalization). Similar findings were
noted in the subgroups of participants
with or without DM (Table 3). Finally,
the linear trends remained significant
when the 3 models were repeated for all
participants and for the subgroups of par-
ticipants with or without DM after ran-
domization to receive ramipril was also
included in the model (P for trend <.001
except where indicated in Table 3).

The ACR as a Continuous

Risk Factor

To further assess the ACR as a continu-
ous CV risk factor, the incidence of the
primary outcome, all-cause death, and
hospitalization for CHF was plotted
against the ACR (partitioned accord-

ing to deciles in all participants with a
baseline measurement). The FIGURE il-
lustrates the progressive nature of this
relationship. In addition, the hazard for
these events for every increment in the
ACR (by Cox regression) was calcu-
lated after adjustment for age, sex, and
randomization to receive ramipril: for
every 0.4-mg/mmol increase in ACR,
the hazard of the primary outcome in-
creased by 5.9% (95% CI, 4.9-7.0); all-
cause death increased by 6.8% (95% ClI,
5.6-8.0%); and hospitalization for CHF
increased by 10.6% (95% CI, 8.4-13.0).

COMMENT

A growing number of prospective epi-
demiologic studies have reported that
MA is a strong independent risk factor
for CV events.”” The data presented
herein support this conclusion and also
show that MA is a strong independent
risk factor for hospitalization for CHF
and for all-cause mortality in people with
no prior history of CHF and show that
the relationship between albuminuria
and experiencing a CV event is not re-
stricted to the MA range. Indeed, they in-
dicate that the relationship between the
ACR and CV disease extends at least as

- ____________________________________________________________________________________________]
Table 3. Relative Risk of Outcomes According to Quartile of Albuminuria in HOPE Participants

Quartile, RR (95% Confidence Interval)

I P for P for P for
Variables First Second Third Fourth Trendt Trendt Trend§
Albumin/creatinine, mg/mmol <.22 0.22-0.57 0.58-1.62 >1.62
All patients (n = 9043)
M, stroke, or CV death 1.11 (0.95-1.30) 1.38(1.19-1.60) 1.97 (1.73-2.25) <.001 <.001 <.001
All-cause mortality 1.08 (0.89-1.32) 1.46 (1.21-1.75) 2.34 (1.99-2.77) <.001 <.001 <.001
CHF hospitalization 1.19(0.77-1.83) 1.95(1.32-2.88) 3.79 (2.65-5.41) <.001 <.001 .05
.059
Diabetes mellitus patients (n = 3498)
M, stroke, or CV death 1 0.85 (0.63-1.14) 1.11 (0.86-1.43) 1.89 (1.52-2.36) <.001 <.001 .005
.0069
All-cause mortality 0.86 (0.58-1.28) 1.41 (1.01-1.95) 2.38 (1.80-3.20) <.001 <.001 .0006
CHF hospitalization 0.72 (0.32-1.63) 1.83(0.98-3.43) 3.65 (2.06-6.46) <.001 <.001 .39
.381
Patients without diabetes mellitus (n = 5545)
MI, stroke, or CV death 1.24 (1.03-1.49)  1.54 (1.29-1.85)  1.83(1.52-2.20)  <.001 <.001 <.001
All-cause mortality 1.17 (0.93-1.47) 1.49(1.19-1.87) 2.27 (1.82-2.82) <.001 <.001 .0002
CHF hospitalization 1.45(0.87-2.44) 1.86 (1.12-3.10) 2.93(1.79-4.81) .001 .006 13
.001q .007q 149

*Relative risks of outcomes with reference to the first quartile are tabulated. The fourth quartile includes participants with microalbuminuria as well as lesser degrees of albuminuria;
dipstick positive proteinuria was an exclusion criteria. MA indicates microalbuminuria; CV, cardiovascular; MI, myocardial infarction; and CHF, congestive heart failure.

TP for trend after controlling for age and sex.

FP for trend after controlling for age, sex, systolic and diastolic blood pressure, waist-hip ratio, diabetes or (in diabetic participants) glycated hemoglobin.

8P for trend after removing individuals with MA (albumin/creatinine =2 mg/mmol) and then controlling for age, sex, systolic, and diastolic blood pressure, waist-hip ratio, diabetes

mellitus, or glycated hemoglobin in participants with diabetes.

9P for trend after including randomization to ramipril in each of the models is identical to the P value before including ramipril except where indicated.
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low as 0.5 mg/mmol (Table 3), well be-
low currently accepted screening thresh-
olds for a diagnosis of MA.? This is con-
sistent with a recent prospective study
in which individuals with an ACR of
>0.65 mg/mmol had an RR for ische-
mic heart disease of 2.3 (P=.002) com-
pared with people with a lower degree
of albuminuria.*® Thus, an ACR of 2.0
mg/mmol—a threshold used to screen
for MA and risk for diabetic nephropa-
thy—may not be relevant when consid-
ering the risk for CV outcomes; lower de-
grees of albuminuria are also predictive.
Taken together these observations sup-
port the suggestion that albuminuria
reflects underlying vascular disease.
These data also suggest that measure-
ment of urinary albumin may help esti-
mate the absolute risk of experiencing a
CV event for individuals with or with-
out DM. Patients with a high absolute risk
will experience a higher absolute risk
reduction when given preventive inter-
ventions than patients with alower abso-
lute risk. Therefore, a test that identifies
high-risk patients provides useful infor-
mation that will help clinicians estimate
the benefits that may be expected from
adding a proven preventive therapy.
Why is albuminuria a risk factor for
CV disease? Clearly, a very small con-
centration of urinary albumin is un-
likely to be a direct cause. Albuminuria
is, however, associated with several other
risk factors that may themselves be causal
or linked with causal processes. These
include both diabetic and nondiabetic de-
grees of hyperglycemia,*'** hyperten-
sion,*** renal dysfunction,* dyslipid-
emia,”! hyperhomocysteinemia,” dietary
protein,” smoking,* and markers of an
acute phase response.* Albuminuria also
reveals increased renal endothelial per-
meability and may be an easily mea-
sured marker of diffuse endothelial dys-
function.® Thus albuminuria is an easily
measured marker of other CV factors, as
well as existing endothelial dysfunc-
tion, that likely reflects underlying mac-
rovascular and microvascular disease.
The measurement of only 1 ACR at
baseline and previous observations that
the degree of albuminuria varies from
day-to-day are 2 limitations of the data.*!

©2001 American Medical Association. All rights reserved.
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Nevertheless, the large sample size, cen-
tral assay of the ACR, and the high di-
agnostic accuracy of a single urine col-
lection** minimize the uncertainty
associated with a single measurement.
Moreover, the regression dilution bias in-
troduced by a single measurement of a
risk factor tends to underestimate the
strength of the risk factor. This sug-

gests that the true association between
ACR and CV events is likely to be even
stronger than observed in our study.**

Albuminuria is therefore a robust in-
dependent continuous risk factor for fu-
ture CV events, CHF, and all-cause mor-
tality in middle-age dipstick-negative in-
dividuals with or without DM at high risk
for CV disease. It is also relatively inex-

Figure. Incidence of Cardiovascular Outcomes According to Degree of Albuminuria
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Panels A, B, and C show the rate of major cardiovascular events (myocardial infarction, stroke, or cardiovas-
cular death), all-cause mortality, and hospitalization for congestive heart failure in each decile of albumin/
creatinine ratio (ACR) for all participants, participants with diabetes mellitus, and participants without diabetes
mellitus. Decile 1 and 2 are combined because of very low incidence rates in these 2 deciles. The 8th decile
includes ACR of 2 mg/mmol, which is the microalbuminuria threshold.
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pensive and can be assayed for less than
$10in most laboratories. It can therefore
be used as a simple test to identify indi-
viduals at high risk for future events who
could be targeted for preventive strategies.
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