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Albuminuria as a Predictor of Cardiovascular Outcomes in Patients
With Acute Myocardial Infarction

Yejin Mok, PhD, MPH; Shoshana H. Ballew, PhD; Yingying Sang, MS; Morgan E. Grams, MD, PhD; Josef Coresh, MD, PhD;
Marie Evans, MD, PhD; Peter Barany, MD; Johan Arnlov, MD, PhD; Juan-Jesus Carrero, PhD; Kunihiro Matsushita, MD, PhD

Background—In patients with myocardial infarction (MI), reduced kidney function is recognized as an important predictor of poor
prognosis, but the impact of albuminuria, a representative measure of kidney damage, has not been extensively evaluated.

Methods and Results—In the SCREAM (Stockholm Creatinine Measurements) project (2006—-2012), we identified 2469 patients
with incident MI with dipstick proteinuria measured within a year before Ml (427 patients also had urine albumin to creatinine ratio
[ACR] measured concurrently) and obtained estimates for ACR with multiple imputation in participants with data solely on dipstick
proteinuria. We quantified the association of ACR with the post-MI composite and individual outcomes of all-cause mortality,
cardiovascular mortality, recurrent MI, ischemic stroke, or heart failure using Cox models and then evaluated the improvement in C
statistic. During a median follow-up of 1.0 year after Ml, 1607 participants (65.1%) developed the post-MI composite outcome.
Higher ACR levels were independently associated with all outcomes except for ischemic stroke. Per 8-fold higher ACR (eg, 40
versus 5 mg/g), the hazard ratio of composite outcome was 1.21 (95% Cl, 1.08—1.35). The addition of the ACR improved the C
statistic of the post-MI composite by 0.040 (95% CI, 0.030-0.051). Largely similar results were obtained regardless of diabetic
status and when ACR or dipstick was separately analyzed without imputation.

Conclusions—In patients with MI, albuminuria was a potent predictor of subsequent outcomes, suggesting the importance of
paying attention to the information on albuminuria, in addition to kidney function, in this high-risk population. (/ Am Heart Assoc.
2019;8:e010546. DOI: 10.1161/JAHA.118.010546.)
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R educed kidney function has been recognized as a potent
predictor of poor prognosis among patients with
myocardial infarction (MI)."® Indeed, several risk prediction pants),

tools or clinical guidelines for this patient group incorporate a
measure of kidney function (eg, estimated glomerular filtra-
tion rate [eGFR] based on creatinine, creatinine clearance, or
blood urea nitrogen).®'* On the other hand, there are limited
data regarding the prognostic value of albuminuria, the other
key measure of chronic kidney disease representing kidney
damage, in patients with MI. Several studies explored this
clinical question but have some caveats such as short-term

trials.?>?* Also, only a few studies formally tested risk
prediction improvement by adding albuminuria among
patients with MI.">"®%:2% These are important caveats since
the current international clinical guideline emphasizes char-
acterizing chronic kidney disease according to both eGFR and
albuminuria.?® Therefore, we quantified the association of
albuminuria with fatal and nonfatal cardiovascular outcomes
in patients with Ml from a Swedish population-based cohort
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Clinical Perspective

What Is New?

* Albuminuria, a marker of kidney damage, is associated with
adverse outcomes in patients with myocardial infarction
independently of kidney function.

* Albuminuria improves risk prediction beyond conventional
risk factors among patients with myocardial infarction.

What Are the Clinical Implications?

Our results suggest that healthcare providers should pay
attention to the information on albuminuria in addition to
kidney function in patients with myocardial infarction.
Since testing for albuminuria is recommended in several
clinical scenarios (eg, diabetes mellitus and hypertension),
data on albuminuria may be readily available for risk
classification in some patients with myocardial infarction.

and evaluated risk prediction improvement by adding albu-
minuria to conventional predictors.

Methods

Study materials are available to other researchers for
collaborative projects. Requests should be sent to the
SCREAM (Stockholm Creatinine Measurements) steering
committee group (contact: juan.jesus.carrero@ki.se).

Study Population

The SCREAM project is a repository of laboratory data of
individuals accessing health care in the region of Stockholm.
SCREAM includes 1 118 507 Stockholm citizens older than
18 years who had serum creatinine measured at least once
between 2006 and 2012.7° In SCREAM, we identified 23 674
individuals who developed MI during follow-up based on
International Classification of Disease, Tenth Revision (ICD-10)
diagnostic codes (121). Of these patients with MI, 21 303 had
information on serum creatinine within a year before hospital-
ized MI. Of these individuals, 2469 patients had data on dipstick
proteinuria within a year before the index M| (427 patients also
had data on urine albumin to creatinine ratio [ACR]). An
additional 724 patients had data only on ACR in this time frame.
As anticipated, most patients with only data on ACR had
diabetes mellitus (72.2%), although the prevalence of diabetes
mellitus in all index Ml cases was 22.0% (Table S1). In contrast,
patients with dipstick proteinuria data had much closer
characteristics (eg, the prevalence of diabetes mellitus was
32.0%) to the overall patients with index MI. To obtain
inferences for ACR (the albuminuria measure recommended

in clinical guidelines?®) not restricted to patients with diabetes
mellitus, we primarily analyzed 2469 patients with data on
dipstick proteinuria within a year before index Ml, and obtained
2042 estimates for ACR with multiple imputation (83%), as
subsequently detailed (Figure S1). As secondary analysis, we
analyzed dipstick proteinuria data in 2469 patients and ACR
datain 1151 patients without multiple imputation. The regional
institutional review board and the Swedish National Board of
Welfare approved the study for use of deidentified data. The
study complies with the Declaration of Helsinki and was
performed in accordance with the local legislation.

Albuminuria

We used ACR and dipstick data clinically measured in
SCREAM.?”"?8 Urine creatinine measurement was standard-
ized to isotope dilution mass spectrometry standards.
Dipstick proteinuria was assessed by an automated urine
analyzer and was recorded as <30, 30 to 100, 101 to 300,
and >300 mg/dL.

Covariates

We considered predictors included in the Thrombolysis In
Myocardial Infarction Risk Score for Secondary Prevention
(TRS2°P) for recent patients with MI as conventional predic-
tors and adjusted for them.'? Specifically, TRS2°P included 9
factors of age, heart failure, hypertension, diabetes mellitus,
stroke, coronary artery bypass graft, peripheral artery disease,
eGFR, and smoking status.?’ However, since our study did not
have information on smoking status, we used the remaining 8
predictors as covariates. A history of clinical conditions in
TRS2°P was based on /CD-10 diagnostic codes and Nordic
Medico-Statistical Committee classification (Table S2). eGFR
was based on the creatinine-based Chronic Kidney Disease
Epidemiology Collaboration equation.

Based on the presence and absence of those clinical
diagnoses as well as age 75 years and older and eGFR
<60 mL/min per 1.73 m?, we calculated TRS2°P ranging from
0 to 8. A TRS2°P of 0, 1 to 2, and >3 was defined as low,
intermediate, and high risk, respectively.12 Information on drug
dispensation was derived from the Swedish Dispensed Drug
registry (Table S2). We considered any dispensation of aspirin,
thienopyridine, B-blockers, angiotensin-converting enzyme
inhibitors, angiotensin Il receptor blockers, and statins within
6 months before index MI or within 14 days after discharge
date of index MI to be active use of these drugs at index MI.

Outcomes

The adverse health outcomes of interest were all-cause
mortality, cardiovascular mortality, recurrent MI, ischemic
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stroke, and heart failure. We considered a composite of those
outcomes as the primary outcome but secondarily evaluated
each outcome individually. All-cause mortality and cardiovas-
cular mortality were determined by linkage to vital status in
the Swedish Population Registry. Cardiovascular mortality
included deaths with MI, heart failure, stroke, or sudden
cardiac death as the primary cause of death. We identified
recurrent M| based on /CD-10 codes 122 (subsequent ST-
segment elevation and non—ST-segment—elevation MI within
4 weeks of a previous MI) within 28 days and 121 (ST-
segment elevation and non—ST-segment—elevation MI) after
28 days after index MI, ischemic stroke based on 163
(cerebral infarction), and heart failure based on 150 (heart
failure). The follow-up period was from index MI until
December 31, 2012, and participants were censored at the
end of follow-up (or death not related to an individual outcome
of interest [eg, noncardiovascular mortality for the analysis of
cardiovascular mortality]).

Statistical Analysis

To assess albuminuria as a continuous variable, we obtained
estimates for log-transformed ACR with multiple imputation in
participants with data solely on dipstick proteinuria based on
multivariate imputation using chained equation using age,
heart failure, hypertension, diabetes mellitus, stroke, coronary
artery bypass graft, peripheral artery disease, eGFR, dipstick
proteinuria, composite outcome, and follow-up time for 20
cycles.®® Descriptive statistics are presented as mean and SD
for continuous variables or percentage for categorical
variables across 4 categories of measured or average imputed
values of ACR (<10, 10-29, 30-299, and >300 mg/g).
Subsequently, we quantified the association of log-ACR with
adverse outcomes after adjusting for TRS2°P predictors using
Cox proportional hazards models. To visualize the shape of
association with composite and individual adverse outcomes,
log-ACR was modeled with its linear spline terms and 3 knots
at 10, 30, and 300 mg/g (5 mg/g as a reference).?"%?

We conducted several sensitivity analyses to evaluate the
robustness of our findings. First, we assessed potential
interactions by diabetes mellitus. Statistical interaction
between ACR and diabetes mellitus was assessed by a
likelihood ratio test comparing models with and without their
product terms. Also, to avoid the possible confounding by
medications, we further adjusted for aspirin, thienopyridine,
B-blockers, angiotensin-converting enzyme inhibitors, angio-
tensin Il receptor blockers, and statins. Third, to consider Ml
severity, we repeated the main analysis after excluding those
who died within 14 days after MI.

To assess the predictive value of ACR beyond conventional
predictors, we first estimated 1-year cumulative incidence of
composite outcome according to ACR >30 mg/g versus

<30 mg/g within low, intermediate, and high risk categories
determined by TRS2°P as noted above. To formally assess
whether the addition of ACR to conventional predictors
improves risk prediction of adverse outcomes, we estimated
the difference in Harrell’s C statistics®® and categorical net
reclassification improvement (NRI)** for 1-year risk of adverse
outcomes by contrasting 2 models incorporating predictors in
TRS2°P with ACR versus without ACR. Based on the
cumulative incidence of the composite adverse outcome in
our data, 1-year risks of 20% and 40%, roughly corresponding
to average 1-year risk in low- to intermediate-risk and
intermediate- to high-risk categories, were used as thresholds
for categorical NRI. For individual outcomes, we restricted the
analysis of categorical NRI to major individual outcomes in
this study, namely all-cause mortality, cardiovascular mortal-
ity, and heart failure, and applied a half of the aforementioned
thresholds, namely 1-year risk of 10% and 20%. In addition, to
evaluate calibration, we plotted predicted and observed risk
based on decile of 1-year risk and calculated a modified
Hosmer-Lemeshow chi-square statistic.>® Observed risk was
estimated using the Kaplan—Meier method based on coeffi-
cients from multiple imputation Cox models and average
imputed values of ACR in relevant patients.>®

Finally, we repeated our analyses described above in our
primary study population based on data of dipstick proteinuria
without multiple imputation. We used dipstick proteinuria
categories (<30, 30-100, 100-300, and >300 mg/dL), with
<30 mg/dL as a reference. Similarly, we repeated the
analysis among 1151 participants with measured ACR data
within a year before MI, without multiple imputation. All
analyses were performed using Stata statistical software
version 14 (StataCorp). All statistical tests were 2-sided and
statistical significance was determined as P<0.05.

Results

Participants’ Characteristics

Among 2469 patients with M| and an available measure of
proteinuria, the mean age of the study participants was 65
years (SD, 12 years), and 53% were men. The mean eGFR was
61 mL/min per 1.73 m?, and the prevalence of positive
dipstick proteinuria (30—-100, 101-300, and >300 mg/dL)
was 32%. The baseline characteristics of our study population
by ACR levels are shown in Table 1. Compared with those
with lower ACR levels, individuals with higher ACR levels were
more likely to be older, male, and have comorbidities (heart
failure, hypertension, diabetes mellitus, stroke, coronary
artery bypass graft, and peripheral artery disease). As
anticipated, they were also more likely to have lower eGFR
and higher dipstick proteinuria. Regarding cardiovascular
medications, patients with higher ACR values were less likely
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Table 1. Baseline Characteristics by Urine ACR* Categories (N=2469)

ACR, mg/g
<10 (n=302) 10 to 29 (n=1033) 30 to 299 (n=873) >300 (n=261)
Demographic
Age, y 59.0 (12.8) 64.7 (12.1) 68.1 (10.8) 64.2 (11.3)
Men, % 56.3 47.8 55.6 64.8
Comorbidities, %
Heart failure 18.9 30.2 41.6 52.5
Hypertension 315 64.4 75.8 85.8
Diabetes mellitus 20.9 26.0 37.0 51.7
Prior stroke 4.3 10.7 17.2 19.9
Coronary artery bypass graft 1.0 2.2 44 5.4
Peripheral artery disease 2.3 47 19.4 23.0
Kidney measures
eGFR, mL/min per 1.73 m? 85.6 (19.8) 75.4 (23.3) 54.9 (26.6) 35.8 (25.8)
eGFR <60 mL/min per 1.73 m?, % 7.6 23.7 62.3 85.8
Dipstick proteinuria, mg/dL, %
<30 97.0 95.3 447 2.3
30 to 100 2.0 4.2 35.7 3.8
101 to 300 1.0 0.5 18.7 36.8
>300 0.0 0.1 0.9 57.1
ACR 7.6 (1.8) 18.1 (5.5) 87.5 (65.5) 1636.6 (1879.9)
Medication use' **
Aspirin 85.8 79.7 75.6 77.4
Thienopyridine 62.3 50.9 40.9 37.6
B-Blocker 80.8 80.0 74.9 81.2
ACEI or ARB 58.9 65.2 65.5 ni
Statin 75.5 64.3 54.8 56.7

Values for categorical variables are given as percentages and values for continuous variables are given as means (SDs). ACEIl indicates angiotensin-converting enzyme inhibitor; ARB,

angiotensin Il receptor blocker; eGFR, estimated glomerular filtration rate.
*Average of imputed values for patients without measured albumin to creatinine ratio (ACR).
TWithin 6 months before index myocardial infarction or within 14 days after discharge date of index myocardial infarction.

to receive antiplatelets (aspirin and thienopyridine) and
statins but were more likely to take angiotensin-converting
enzyme inhibitors or angiotensin Il receptor blockers. No clear
patterns were recognized for P-blockers across ACR
categories.

Albuminuria and Adverse Outcomes After Index
MI

Over a maximum follow-up of 8 years (median follow-up of 1.0
[interquartile interval, 0.1-3.1] years), 1607 participants with
index MI developed at least 1 of the outcomes of interest
(1223 all-cause deaths including 569 cardiovascular deaths,
794 heart failure cases, 396 recurrent Ml cases, and 168
ischemic stroke cases). The adjusted hazard ratio of adverse

outcomes after incident MI increased largely linearly along
with higher levels of log-ACR (Figure 1). As compared with the
reference ACR of 5 mg/g, adjusted hazard ratio exceeded 1.5
at an ACR level of 30.4 mg/g. The adjusted hazard ratio at
ACR 400 mg/g in the range of severe albuminuria was 1.77
(95% ClI, 1.49-2.09).

Given this largely linear relationship, we modeled log-ACR
as a linear term for subsequent analyses. Per 8-fold increment
in ACR, the hazard ratio was 1.21 (95% Cl, 1.08-1.35) for the
primary composite outcome (Table 2, second left column).
When we examined individual outcomes separately, a higher
level of ACR was similarly associated with all outcomes,
although the association with ischemic stroke did not reach
statistical significance. The associations were largely the
same after further adjusting for medication use (Table 2,
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Reference at ACR=5

T T
25 5 10 30 300 1000 3000
ACR, mg/g

Figure 1. Adjusted hazard ratios of composite outcome after
index myocardial infarction by linear splines of urine albumin to
creatinine ratio (ACR) with 3 knots (10, 30, and 300 mg/g) in
each imputation data set (N=2469).

second right column) or excluding patients who died within
14 days after MI (Table 2, right column). There was no
evidence of effect modification by diabetes mellitus
(Table S3).

Risk Classification and Prediction With ACR

In each category of low, intermediate, and high risk based on
conventional risk factors, the 1-year cumulative incidence of
adverse outcomes was higher in patients with an ACR
>30 mg/g than those with an ACR <30 mg/g, with partic-
ularly evident differences in the low- and intermediate-risk
categories (Figure 2). Patients with low risk and an ACR
>30 mg/g had a higher risk than those with intermediate risk
and an ACR <30 mg/g.

The C statistic for the composite outcome based on
TRS2°P predictors was 0.664 in our study. The addition of

ACR significantly improved C statistic by 0.040 (95% ClI,
0.030-0.051) to 0.705 (95% Cl, 0.690-0.719) (Table 3).
Similar results were seen for all individual outcomes except
ischemic stroke. The C statistic for recurrent Ml improved the
most, by 0.084 (95% Cl, 0.058-0.011) to 0.649 (95% ClI,
0.615-0.683).

The categorical NRI was positive for all outcomes tested,
although statistical significance was seen only for the primary
composite outcome and all-cause mortality (Table 3). Regard-
ing calibration, although some overestimation for all-cause
mortality and cardiovascular mortality were shown in a few
top deciles, the calibration for composite outcome was
reasonably good (Figure S2). When we excluded patients with
Ml who died within 14 days after MI, we observed similar
improvement in C statistics and significantly positive cate-
gorical NRI for the composite outcome, all-cause mortality,
and cardiovascular mortality (Table S4).

Analysis Without Multiple Imputation

When we investigated data on dipstick proteinuria in the study
population of 2469 patients without multiple imputation, in
general, higher levels of dipstick proteinuria were similarly
associated with adverse outcomes after Ml (Table S5), with a
dose-response relationship seen in some, but not all,
outcomes. For risk prediction, when we added dipstick
proteinuria to conventional risk factors, although categorical
NRI was not statistically positive, we observed significant
improvement in C statistics for composite outcome, all-cause
and cardiovascular mortality, heart failure, and recurrent Ml
(Table Sé6).

When we analyzed 1151 patients with Ml and measured
ACR data within a year before MI without multiple imputation,
we observed a dose-response relationship between ACR and
outcomes similar to the main analysis (Figure S3 and Tables

Table 2. Adjusted HRs (95% Cls) of Adverse Outcomes After Index MI by Continuous Urine ACR (N=2469)

8-Fold ACR

Primary Analysis*

Additionally Adjusting
for Medications

After Excluding Patients
Who Died Within 14 Days*

Composite outcome* 1.21 (1.08-1.35

1.20 (1.08-1.34

1.26 (1.14-1.39)

All-cause mortality 1.22 (1.10-1.34

1.19 (1.08-1.31

1.29 (1.17-1.43)

Cardiovascular mortality 1.21 (1.05-1.39

1.18 (1.02-1.36

1.35 (1.16-1.56)

Heart failure 1.21 (1.06-1.38

1.22 (1.07-1.39

Recurrent MI 1.23 (1.05-1.44

1.22 (1.05-1.43

1.24 (1.05-1.46)

)
)
)
)
)
)

Ischemic stroke 1.19 (0.96-1.48

)
)
)
)
)
)

1.17 (0.94-1.45

(
(
1.19 (1.05-1.36)
(
(

1.17 (0.92-1.49)

ACR indicates albumin to creatinine ratio; HR, hazard ratio.

*Adjusted for age (continuous), heart failure, hypertension, diabetes mellitus, stroke, coronary artery bypass graft, peripheral artery disease, and estimated glomerular filtration rate

(continuous).

TAdditionally adjusted for aspirin, thienopyridine, B-Blocker, angiotensin-converting enzyme inhibitor or angiotensin Il receptor blocker, and statin.

*All-cause mortality, cardiovascular mortality, heart failure, recurrent myocardial infarction (M), or ischemic stroke.

DOI: 10.1161/JAHA.118.010546

Journal of the American Heart Association

HDOYVIASHY TVYNIDIYO



Albuminuria and Prognosis in Myocardial Infarction Mok et al
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0 .
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Intermediate Risk High Risk
743 374 330 723

Figure 2. One-year cumulative incidence (percentage) of the composite outcome after index myocardial
infarction by predicted risk categories based on Thrombolysis In Myocardial Infarction Risk Score for
Secondary Prevention and urine albumin to creatinine ratio categories.

S7 and S8). For risk prediction, the addition of ACR did not
significantly improve C statistic from the model with conven-
tional risk factors, whereas it significantly improved categor-
ical NRI for composite outcome and heart failure (Table S9).
We also converted dipstick proteinuria into ACR values based
on a median ACR value of each dipstick proteinuria category
in a previous study®® and confirmed a similar association
between ACR and composite outcome after incident MI
(Figure S4).

Discussion

Among patients with MI from a healthcare utilization cohort,
we found that albuminuria was independently and potently
associated with subsequent adverse outcomes including all-
cause mortality, cardiovascular mortality, heart failure, and
recurrent MI. For example, compared with ACR 5 mg/g, ACR
~30 mg/g (the threshold between normal and elevated
albuminuria) conferred 50% higher risk of adverse outcomes
in this high-risk clinical population. The associations were
largely consistent regardless of the presence versus the
absence of diabetes mellitus and use of cardiovascular
medications. We also confirmed that ACR significantly
improved risk discrimination and classification of post-Ml
adverse outcomes beyond conventional predictors, including
eGFR. The reclassification appeared to be particularly evident
when conventional predictors indicated low or intermediate

risk (Figure 2). Although our main analysis implemented
multiple imputation of ACR using data on dipstick proteinuria
and other variables, we confirmed similar patterns in dipstick
proteinuria and ACR without multiple imputation.

Several studies have investigated the association of albu-
minuria with adverse outcomes among patients with MI,'> 22
and a few showed improvement of risk prediction beyond
known risk factors, including kidney function (eg, serum
creatinine).'>'® ' However, as mentioned above, most previ-
ous studies had small sample sizes,'>'” 22 followed up patients
for relatively short periods, or focused on fatal outcomes.'> 2"
One study explored fatal and nonfatal outcomes (all-cause
mortality, MI, stroke, and heart failure) in >3000 patients with
acute coronary syndrome (==70% for MI and ~30% unstable
angina) over a median follow-up of 2 years.?® However, in
contrast to our study, this study showed that urine albumin
concentration >300 pg/mL was only an independent predictor
of all-cause mortality. The difference with results from our study
may be the result of study population characteristics since this
previous study was based on data from a randomized clinical
trial among selected patients for statin therapy versus placebo.
Importantly, our study uniquely observed that albuminuria was
an important predictor for prognosis after Ml when adding to
proposed stratification tools'? and improved risk prediction of
major post-MI fatal and nonfatal outcomes.

Since albuminuria has been shown to predict cardiovas-
cular events in various settings,®>®” our results in patients
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Table 3. Prediction Statistics With the Addition of Urine ACR to Conventional Risk Factors

Mok et al

C Statistic (95% CI)

A C Statistic (95% CI)

NRI, Categorical (95% CI)*

Composite outcome’

Conventional risk factors

0.664 (0.649-0.680)

+ACR

0.705 (0.690-0.719)

0.040 (0.030-0.051)

0.027 (0.010-0.044)

All-cause mortality

Conventional risk factors

0.694 (0.675-0.713)

+ACR

0.725 (0.707-0.743)

0.031 (0.023-0.039)

0.023 (0.002-0.043)

Cardiovascular mortality

Conventional risk factors

0.721 (0.700-0.744)

+ACR

0.744 (0.722-0.767)

0.023 (0.017-0.030)

0.026 (—0.003 to 0.056)

Heart failure

Conventional risk factors

0.701 (0.680-0.721)

+ACR

0.734 (0.714-0.754)

0.033 (0.020-0.047)

0.012 (—0.010 to 0.034)

Recurrent MI

Conventional risk factors

0.565 (0.530-0.600)

+ACR

0.649 (0.615-0.683)

0.084 (0.058-0.011)

Ischemic stroke

Conventional risk factors

0.780 (0.736-0.824)

+ACR

0.783 (0.740-0.826)

0.003 (—0.002 to 0.008)

ACR indicates albumin to creatinine ratio. All prediction statistics were based on 1-year predicted risk. Conventional risk factors were age (continuous), heart failure, hypertension, diabetes
mellitus, stroke, coronary artery bypass graft, peripheral artery disease, and estimated glomerular filtration rate (continuous). For individual outcomes, we restricted the analysis of
categorical net reclassification improvement (NRI) to major individual outcomes, all-cause mortality, cardiovascular mortality, and heart failure, because of a small number of events.
*For composite outcome, the 1-year risk of 20% and 40% were used as thresholds for categorical NRI. For individual outcomes, the 1-year risk of 10% and 20% (a half of those thresholds)

were used as thresholds for categorical NRI.

All-cause mortality, cardiovascular mortality, heart failure, recurrent myocardial infarction (MI), or ischemic stroke.

with MI may not be surprising. Although mechanisms linking
albuminuria to poor prognosis in patients with Ml are yet to be
elucidated, albuminuria has been suggested to be an indicator
of microvascular damage and endothelial dysfunction,®®>°
and these pathophysiological conditions are considered to
play key roles in the development of atherosclerotic disease
and heart failure.*°

Our results have several clinical implications. While the
recent international clinical guidelines of chronic kidney
disease recommend?® that healthcare providers pay attention
to the information on albuminuria in addition to eGFR, our
results suggest that this recommendation should be applied
to patients with recent Ml as well. Although risk-centered
management is not yet widely recommended in patients with
MI other than for the selection of urgent revascularization in
non—ST-segment—elevation MI,*" some investigators suggest
the potential usefulness of this approach for intensive
antiplatelet therapy.'? Also, the need for risk prediction in
patients with Ml has grown as novel, effective but expensive
drugs such as PCSK9 inhibitors are developed for patients
with MI*? In this context, our results suggest the potential
value of taking into account data on albuminuria. Importantly,

testing for albuminuria is recommended in several clinical
scenarios such as in patients with diabetes mellitus and
hypertension,**** and thus data on albuminuria may be
readily available in some patients with Ml (eg, 61% of all
patients with Ml in SCREAM had either diabetes mellitus or
hypertension). Furthermore, to our knowledge, there are no
established prediction tools including albuminuria for patients
after MI. Therefore, it would be reasonable to develop
prediction tools with albuminuria for a risk-centered manage-
ment of patients with MI.

Study Limitations

Our study has several limitations. First, because information
on ACR was lacking in most patients with M|l and we aimed to
obtain most generalizable estimates for ACR, we applied
multiple imputation in our primary analysis. Although multiple
imputation can provide unbiased and valid results in gen-
eral,*>*¢ multiple imputation in the majority of participants
can be concerning. Nonetheless, we confirmed similar results
using data without multiple imputation. Second, although the
use of a study population with dipstick data was to investigate

DOI: 10.1161/JAHA.118.010546

Journal of the American Heart Association 7

HDOYVIASHY TVYNIDIYO



Albuminuria and Prognosis in Myocardial Infarction Mok et al

relatively representative patients with Ml in SCREAM, we
recognize that patients with dipstick data did not fully
represent the source patient population (eg, higher prevalence
of diabetes mellitus). Third, the discrimination capacity in our
study was not excellent (C statistic <0.7), but this is largely
comparable to the C statistics shown for prediction tools for
patients with MI such as TRS2°P."?*" Finally, the possibility of
residual confounding was not avoidable. For example, as
noted above, data on smoking, a predictor of TRS2°P, were
lacking.

Conclusions

Albuminuria is an independent and a potent predictor of
adverse outcomes among patients with MI. Indeed, albumin-
uria improves risk prediction among patients with M| beyond
conventional predictors, including eGFR. Particularly since the
measurement of albuminuria is recommended in diabetes
mellitus and hypertension and most patients with Ml have at
least 1 of these conditions, our results reinforce the
importance of considering albuminuria, in addition to eGFR,
for risk classification among patients with MI.
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Table S1. Baseline characteristics by sample

Overall Those who Those who Those who Dipstick
have only have ACR have Dipstick (Main
ACR and Dipstick | but not ACR analysis)
(Not imputed) (Imputed)
N 23,674 724 427 2,042 2,469
Demographic
Age, years 63.2 (13.4) 62.4 (11.6) 63.0 (11.7) 65.6 (12.0) 65.2 (12.0)
Men 59.3% 66.8% 65.3% 50.9% 53.4%
Comorbidities
Heart failure 30.0% 35.1% 41.1% 34.2% 35.2%
Hypertension 54.9% 75.9% 82.9% 63.3% 66.7%
Diabetes 22.0% 72.2% 61.9% 26.0% 32.0%
Prior stroke 11.6% 14.9% 14.1% 13.0% 13.2%
Coronary artery bypass graft 2.9% 5.7% 4.9% 3.0% 3.2%
Peripheral artery disease 7.7% 14.4% 16.2% 10.6% 11.5%
Kidney measures
eGFR, ml/min/1.73m’ 72.8 (26.6)* 67.3 (28.1) 49.1 (31.6) 68.6 (26.7) 65.2 (28.6)
eGFR <60 ml/min/1.73m’ 31.5% 41.9% 65.6% 37.0% 42.0%
Log ACR 3.9(1L9 3.6 (1.8) 4.6 (2.0) 3.5(1.3) F 4.6 (2.0)
Dipstick proteinuria, mg/dL
<30 67.8% NA 46.6% 72.2% 67.8%
30-100 15.1% NA 18.3% 14.4% 15.0%
101-300 10.8% NA 19.0% 9.1% 10.8%
>300 6.4% NA 16.2% 4.4% 6.4%
Medication uses
Aspirin 79.4% 83.8% 77.5% 79.0% 78.7%
Thienopyridine 51.7% 55.3% 45.4% 47.8% 47.4%
3-Blocker 78.3% 83.7% 83.4% 77.4% 78.4%
ACEi or ARB 62.1% 84.1% 77.3% 62.7% 65.2%
Statin 64.1% 75.7% 64.4% 60.9% 61.5%
Outcomes
Composite outcome 55.3% 63.1% 72.6% 63.5% 65.1%
All-cause mortality 41.3% 42.1% 56.7% 48.0% 49.5%
Cardiovascular mortality 20.0% 18.3% 28.6% 21.9% 23.1%
Heart failure 26.1% 36.7% 36.5% 31.2% 32.2%
Recurrent MI 11.8% 14.9% 17.6% 15.7% 16.0%
Ischemic stroke 6.3% 6.8% 5.6% 7.1% 6.8%

ACEi: angiotensin-converting-enzyme inhibitor; ACR: albumin-to-creatinine ratio; ARB: angiotensin Il receptor blockers; eGFR:
estimated glomerular filtration rate; NA: not available

Note: Values for categorical variables are given as percentage; values for continuous variables are given as mean (standard

deviation)

*Of 23,674 participants, 21,303 had eGFR values.




Table S2. Definition of covariates

Comorbidities

Heart failure ICD-10 codes 150

Hypertension ICD-10 codes 110-115

Diabetes ICD-10 codes E10, E11, E13

Stroke ICD-10 codes 161-163

Coronary artery bypass graft | NOMESCO classification FNA, FNB, FNC, FND, FNE
Peripheral artery disease ICD-10 codes 170.2x or 170.92,

leg revascularization: NOMESCO classification PDE30, PDF30, PDH, PDP30
PDQ30 PEE, PEF, PEH, PEN, PEQ, PFE, PFH, PFN10, PFP, PFQ, PFW99, PGH,
leg amputation: NOMESCO classification NFQ19, NGQ19, NHQ1

eGFR 1 year prior to Ml
Medication uses
Aspirin ATC codes BO1ACO06
Thienopyridine ATC codes ATC codes BO1AC04, BO1AC05, BO1AC22
3-Blocker ATC codes C07
ACEi or ARB ATC codes C09A, C09B, C09C, C09D
Statin ATC codes C10A

ATC codes, Anatomical, Therapeutic, Chemical classification system codes; ICD-10 codes, International Classification of
Disease-Tenth Edition diagnostic codes; NOMESCO classification: Nordic Medico-Statistical Committee classification




Table S3. Adjusted hazard ratios (95%CI)* of adverse outcomes after index MI by continuous albumin-to-creatinine
ratio (ACR) and diabetes status

8-fold ACR

HR (95% CI)

P for interaction

Composite outcomet

Non-diabetes 1.24 (1.09-1.40) 0.558
Diabetes 1.15 (1.00-1.32)
All-cause mortality
Non-diabetes 1.25(1.11-1.40) 0.815
Diabetes 1.15(0.99-1.33)
Cardiovascular mortality
Non-diabetes 1.19 (1.01-1.41) 0.625
Diabetes 1.22 (0.99-1.51)
Heart failure
Non-diabetes 1.23 (1.04-1.45) 0.987
Diabetes 1.19 (1.01-1.40)
Recurrent Ml
Non-diabetes 1.27 (1.03-1.56) 0.614
Diabetes 1.16 (0.90-1.49)
Ischemic stroke
Non-diabetes 1.14 (0.87-1.49) 0.969

Diabetes

1.27 (0.86-1.89)

ACR: albumin-creatinine ratio; HR: hazard ratio

* Adjusted for age (continuous), heart failure, hypertension, diabetes, stroke, coronary artery bypass graft, peripheral artery

disease and eGFR (continuous)

+ All-cause mortality, cardiovascular mortality, heart failure, recurrent Ml, or ischemic stroke




Table S4. Model performance measures with the addition of albumin-to-creatinine ratio (ACR) to TRS2°P variables
after excluding those who died within 14 days after hospitalized Ml

C statistic (95% CI)

A C statistic (95% CI)

NRI, categorical (95% CI)

Composite outcome*

Conventional risk factors

0.690 (0.672, 0.708)

+ACR

0.713 (0.696, 0.730)

0.023 (0.016, 0.031)

0.036 (0.013, 0.060)

All-cause mortality

Conventional risk factors

0.728 (0.705, 0.750)

+ACR

0.746 (0.724, 0.768)

0.018 (0.012, 0.024)

0.045 (0.016, 0.075)

Cardiovascular mortality

Conventional risk factors

0.768 (0.738, 0.799)

+ACR

0.780 (0.750, 0.818)

0.011 (0.006, 0.017)

0.064 (0.008, 0.120)

Heart failure

Conventional risk factors

0.696 (0.674, 0.719)

+ACR

0.750 (0.728, 0.772)

0.054 (0.039, 0.068)

0.014 (-0.007, 0.034)

Recurrent Ml

Conventional risk factors

0.609 (0.574, 0.644)

+ACR

0.656 (0.621, 0.691)

0.047 (0.020, 0.074)

Ischemic stroke

Conventional risk factors

0.720 (0.666, 0.774)

+ACR

0.725 (0.672, 0.778)

0.005 (-0.002, 0.012)

ACR: albumin-to-creatinine ratio; NRI: net reclassification index
Note: All prediction statistics were based on 1-year predicted risk. Conventional risk factors were age (continuous), heart failure,

hypertension, diabetes, stroke, coronary artery bypass graft, peripheral artery disease and eGFR (continuous). For individual
outcomes, we restricted the analysis of categorical NRI to major individual outcomes, all-cause mortality, cardiovascular

mortality, and heart failure, due to small number of events.
* All-cause mortality, cardiovascular mortality, heart failure, recurrent Ml, or ischemic stroke




Table S5. Crude incidence rate (per 100 person-years) and adjusted hazard ratios (95% CI)* of adverse outcomes after

index MI by dipstick proteinuria (N=2,469)

Dipstick
proteinuria,
mg/dL
<30 30-100 101-300 >300 P for trend
N=1,673 N=371 N=261 N=158
Composite outcomet
Rate 30.8 48.9 65.0 74.9
HR (95%CI) 1.0 1.21 (1.05-1.38) | 1.24 (1.06-1.45) | 1.19(0.98-1.44) 0.002
All-cause mortality
Rate 16.1 23.4 38.6 31.9
HR (95%CI) 1.0 1.21(1.03-1.41) | 1.61(1.36-1.91) | 1.25(1.01-1.55) <0.001
Cardiovascular
mortality
Rate 7.1 11.4 20.4 15.3
HR (95%Cl) 1.0 1.27 (1.01-1.59) | 1.70 (1.34-2.15) | 1.22 (0.90-1.67) 0.001
Heart failure
Rate 13.9 20.4 25.7 34.7
HR (95%Cl) 1.0 1.10 (0.90-1.33) | 1.10(0.87-1.39) | 1.31 (1.02-1.69) 0.037
Recurrent Ml
Rate 6.1 8.6 10.8 14.2
HR (95%CI) 1.0 1.19 (0.90-1.57) | 1.19(0.86-1.65) | 1.42(0.98-2.04) 0.039
Ischemic stroke
Rate 25 4.0 3.1 4.1
HR (95%Cl) 1.0 1.42 (0.96-2.12) | 0.91 (0.52-1.61) | 1.23 (0.67-2.25) 0.499

HR: hazard ratio

* Adjusted for age (continuous), heart failure, hypertension, diabetes, stroke, coronary artery bypass graft, peripheral artery
disease and eGFR (continuous)
+ All-cause mortality, cardiovascular mortality, heart failure, recurrent Ml, or ischemic stroke




Table S6. Model performance measures with the addition of dipstick proteinuria to conventional risk factors

C statistic (95% CI)

A C statistic (95% CI)

NRI, categorical (95% CI)

Composite outcomes*

Conventional risk factors

0.664 (0.649, 0.680)

+Dipstick proteinuria

0.680 (0.665, 0.696)

0.016 (0.009, 0.024)

0.008 (-0.008, 0.023)

All-cause mortality

Conventional risk factors

0.694 (0.675, 0.713)

+Dipstick proteinuria

0.712 (0.694, 0.731)

0.019 (0.012, 0.025)

0.021 (-0.001, 0.042)

Cardiovascular mortality

Conventional risk factors

0.721 (0.698, 0.744)

+Dipstick proteinuria

0.739 (0.716, 0.761)

0.018 (0.011, 0.024)

0.003 (-0.028, 0.035)

Heart failure

Conventional risk factors

0.701 (0.680, 0.721)

+Dipstick proteinuria

0.713 (0.692, 0.734)

0.013 (0.002, 0.023)

0.001 (-0.013, 0.016)

Recurrent Ml

Conventional risk factors

0.565 (0.530, 0.600)

+Dipstick proteinuria

0.613 (0.578, 0.647)

0.048 (0.027, 0.068)

Ischemic stroke

Conventional risk factors

0.780 (0.736, 0.824)

+Dipstick proteinuria

0.785 (0.741, 0.828)

0.005 (-0.004, 0.013)

NRI: net reclassification index

Note: All prediction statistics were based on 1-year predicted risk. Conventional risk factors were age (continuous), heart failure,
hypertension, diabetes, stroke, coronary artery bypass graft, peripheral artery disease and eGFR (continuous)

* All-cause mortality, cardiovascular mortality, heart failure, recurrent Ml, or ischemic stroke




Table S7. Adjusted hazard ratios (95%CI)* of adverse outcomes after index MI by continuous urine albumin-to-
creatinine ratio (ACR) among those who have ACR data (N=1,151)

8-fold ACR

HR (95% CI)
Composite outcomet 1.20(1.10-1.31)
All-cause mortality 1.32 (1.18-1.46)
Cardiovascular mortality 1.33 (1.14-1.56)
Heart failure 1.23 (1.10-1.39)
Recurrent Ml 1.29 (1.08-1.55)
Ischemic stroke 1.28 (0.97-1.68)

ACR: albumin-creatinine ratio; HR: hazard ratio

* Adjusted for age (continuous), heart failure, hypertension, diabetes, stroke, coronary artery bypass graft, peripheral artery
disease and eGFR (continuous)

1 All-cause mortality, cardiovascular mortality, heart failure, recurrent Ml, or ischemic stroke



Table S8. Crude incidence rate (100 person years) and adjusted hazard ratios (95%CI)* of adverse outcome after
index MI by urine albumin-to-creatinine ratio (ACR) among those who have ACR data (N=1,151)

ACR, mg/g
<10 10-29 30-299 >300 P for trend

Composite outcomet

Rate 23.3 40.0 55.0 101.4

HR (95% CI) 1.0 1.31(1.03-1.67) | 1.48(1.18-1.85) | 1.65(1.30-2.14) <0.001
All-cause mortality

Rate 10.1 17.3 24.7 43.8

HR (95% CI) 1.0 1.21(0.89-1.65) | 1.50(1.13-2.00) | 2.17 (1.58-2.99) <0.001
Cardiovascular mortality

Rate 3.5 9.3 11.8 19.7

HR (95% CI) 1.0 1.90 (1.17-3.10) | 1.96(1.23-3.12) | 2.59 (1.55-4.32) 0.001
Heart failure

Rate 12.0 18.5 28.5 48.9

HR (95% CI) 1.0 1.25(0.91-1.74) | 1.44(1.07-1.94) | 1.59 (1.13-2.25) 0.005
Recurrent Ml

Rate 4.3 6.8 9.8 14.4

HR (95% CI) 1.0 1.32(0.79-2.18) | 1.60(1.01-2.54) | 1.80 (1.05-3.09) 0.021
Ischemic stroke

Rate 1.8 2.4 3.9 4.4

HR (95% CI) 1.0 1.15(0.53-2.53) | 1.59(0.79-3.20) | 1.35(0.57-3.18) 0.302

ACR: albumin-creatinine ratio; HR: hazard ratio

* Adjusted for age (continuous), heart failure, hypertension, diabetes, stroke, coronary artery bypass graft, peripheral artery

disease and eGFR (continuous)
+ All-cause mortality, cardiovascular mortality, heart failure, recurrent Ml, or ischemic stroke




Table S9. Model performance measures with the addition of albumin-creatinine ratio (ACR) to conventional risk
factors among those who have ACR data (N=1,151)

C statistic (95% CI)

A C statistic (95% CI)

NRI, categorical (95% CI)

Composite outcomes*

Conventional risk factors

0.680 (0.659, 0.702)

+ACR

0.683 (0.662, 0.705)

0.003 (-0.001, 0.008)

0.039 (0.006, 0.072)

All-cause mortality

Conventional risk factors

0.712 (0.684, 0.740)

+ACR

0.716 (0.688, 0.745)

0.004 (-0.004, 0.012)

0.035 (-0.005, 0.075)

Cardiovascular mortality

Conventional risk factors

0.731 (0.695, 0.768)

+ACR

0.733 (0.698, 0.769)

0.002 (-0.008, 0.012)

0.024 (-0.034, 0.082)

Heart failure

Conventional risk factors

0.701 (0.672, 0.730)

+ACR

0.706 (0.677, 0.734)

0.004 (-0.001, 0.010)

0.035 (0.001, 0.068)

Recurrent Ml

Conventional risk factors

0.687 (0.641, 0.733)

+ACR

0.691 (0.646, 0.737)

0.005 (-0.010, 0.020)

Ischemic stroke

Conventional risk factors

0.795 (0.722, 0.867)

+ACR

0.808 (0.740, 0.876)

0.013 (-0.001, 0.032)

ACR: albumin-creatinine ratio; NRI: net reclassification index

Note: All prediction statistics were based on 1-year predicted risk. Conventional risk factors were age (continuous), heart failure,
hypertension, diabetes, stroke, coronary artery bypass graft, peripheral artery disease and eGFR (continuous)

* All-cause mortality, cardiovascular mortality, heart failure, recurrent Ml, or ischemic stroke



Figure S1. Study population




Figure S2. 1-year probability of adverse outcomes by decile of 1-year risk with the addition of urine albumin-to-
creatinine ratio (ACR) to conventional risk factors

Composite outcome

All-cause mortality

o o o o
o 9 %) o

Observed
°
n

03

0.2

0.1

[}

0.1 0.2 03 04 05 0.6 0.7 0.8
Predicted

09

1

Observed
o o ) ° ) o o ) o
_ N w » n o N o () -

o

0.2 03 04 05 0.6 0.7
Predicted

0.8

0.9

x?=33.7, p<0.001

x2=80.1, p<0.001

Cardiovascular mortality

Heart failure

Observed
o o o o o o o o o
[ w = n & N ® o e

o

0.1 0.2 03 04 05 0.6 0.7 0.8
Predicted

0.9

1

Observed
) o ) o ) ) o ) o
= N w kS n o N [ © -

o

0.1

0.2 03 04

05 0.6 0.7
Predicted

0.8

0.9

x?=89.8, p<0.001

x%=30.1, p<0.001




Figure S3. Adjusted hazard ratios of composite outcome after index M1 by linear splines of urine albumin-to-
creatinine ratio (ACR) with three knots (10, 30, and 300 mg/g) in those who have ACR data
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Figure S4. Adjusted hazard ratios of composite outcome after index M1 by linear splines of converted urine albumin-
to-creatinine ratio (ACR) with three knots (10, 30, and 300 mg/qg)

Reference at ACR=5
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