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Background—The cause of death in patients with chronic kidney disease (CKD) varies with
CKD severity, but variation has not been quantified.

Study Design—Retrospective analysis of prospective randomized clinical trial.

Setting & Participants—We analyzed 4,038 individuals with anemia and diabetic CKD from
TREAT, a randomized trial comparing darbepoetin alfa and placebo.

Predictors—Baseline estimated glomerular filtration rate (eGFR) and protein-creatinine ratio
(PCR).

Outcomes—Cause of death as adjudicated by a blinded committee.

Results—Median eGFR and PCR ranged from 20.6 mL/min/1.73 m? and 4.1 g/g in quartile 1
(Q1) to 47.0 mL/min/1.73 m2? and 0.1 g/g in Q4 (P < 0.01). Of 806 deaths, 441, 298, and 67 were
due to cardiovascular (CV), non-CV, and unknown causes, respectively. Cumulative CV mortality
at 3 years was higher with lower eGFR (Q1, 15.5%; Q2, 11.1%; Q3, 11.2%; Q4, 10.3%; P <
0.001) or higher PCR (Q1, 15.2%; Q2, 12.3%; Q3, 11.7%; Q4, 9.0%; P < 0.001). Similarly, non-
CV mortality was higher with lower eGFR (Q1, 12.7%; Q2, 8.4%; Q3, 6.7%; Q4, 6.1%; P <
0.001) or higher PCR (Q1, 10.3%; Q2, 7.9%; Q3, 9.4%; Q4, 6.4%; P < 0.01). Sudden death was
1.7-fold higher with lower eGFR (P < 0.04) and 2.1-fold higher with higher PCR (P < 0.001).
Infection-related mortality was 3.3-fold higher in the lowest eGFR quartile (P < 0.001) and 2.8-
fold higher in the highest PCR quartile (P < 0.02). The overall proportion of CV and non-CV
deaths was not significantly different across eGFR or PCR quartiles.

Limitations—Results may not be generalizable to nondiabetic CKD or diabetic CKD in the
absence of anemia. Measured GFR was not available.

Conclusions—In diabetic CKD, both lower baseline GFR and higher PCR are associated with
higher CV and non-CV mortality rates, particularly from sudden death and infection. Efforts to
improve outcomes should focus on CV disease and early diagnosis and treatment of infection.

Keywords

Chronic kidney disease (CKD); mortality; cardiovascular (CV) disease; estimated glomerular
filtration rate (eGFR); renal function; protein-creatinine ratio (PCR); proteinuria; sudden death;
infection; diabetic CKD; anemia; Trial to Reduce Cardiovascular Events With Aranesp Therapy
(TREAT).

Chronic kidney disease (CKD) is associated with a high incidence of cardiovascular (CV)
mortality and morbidity,1-3 and strong associations between kidney function and all-cause
mortality have been widely reported.3-6 Although several studies have analyzed associations
of kidney function with overall rates of CV and non-CV mortality or between estimated
glomerular filtration rate (eGFR) and specific types of mortality,” information on the
variation in cause-specific mortality with eGFR is sparse. Moreover, there are few data
relating the severity of proteinuria, another marker of CKD severity, with cause of death. As
a result, the relative contributions of specific causes of CV and non-CV mortality to the high
overall mortality in CKD remain uncertain.
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Better knowledge of how causes of death change as CKD advances may help tailor
treatment approaches to CKD. We hypothesized that the incidence rate of CV mortality
would increase at lower eGFRs and higher baseline proteinuria and that the proportion of
deaths due to CV causes, particularly those from sudden death, stroke, and myocardial
infarction (MI), would increase with increasing CKD severity. To test our hypothesis and
better understand how specific causes of mortality differ with kidney function, we analyzed
the relationship between eGFR, proteinuria, and the adjudicated cause of death in
individuals with type 2 diabetes mellitus and CKD enrolled in the Trial to Reduce
Cardiovascular Events With Aranesp Therapy (TREAT),10 a randomized trial in which
treatment with darbepoetin had no significant effect on either all-cause or CV mortality
compared to placebo therapy in patients with anemia, diabetes, and CKD.

METHODS

Trial Design and Cohort

We analyzed 4,038 individuals enrolled in TREAT (trial registration:
www.ClinicalTrials.gov; study humber: NCT00093015), a randomized controlled trial
comparing darbepoetin alfa and placebo in patients with anemia, diabetes, and CKD. The
design and main outcomes of this trial have been reported previously.1? Enrollment required
type 2 diabetes, eGFR of 20 to 60 mL/min/1.73 m2 according to the 4-variable MDRD
(Modification of Diet in Renal Disease) Study equation,'! hemoglobin level < 11.0 g/dL,
and transferrin saturation = 15%.

GFR and Proteinuria

eGFR was calculated from the baseline serum creatinine level using the 2009 CKD-EPI
(CKD Epidemiology Collaboration) creatinine equation, a more accurate formula than the 4-
variable MDRD Study equation.12 Although trial entry criteria resulted in most individuals
having CKD stages 3 to 4,13 a minority had CKD stage 2 or 5. In order to efficiently include
the entire cohort, our primary analysis divided eGFR into quartiles. Secondary analyses
examined eGFRyprp, With individuals classified as having CKD stages 4 to 5 (eGFR <, 30
mL/ min/1.73 m?), 3b (eGFR of 30-<45 mL/min/1.73 m?), and 2 to 3a (eGFR of 45-<90
mL/min/1.73 m2). In addition, we also analyzed causes of death according to whether end-
stage renal disease (ESRD) was present at the time of death. Protein excretion was measured
as the ratio of urinary protein to urinary creatinine concentrations (in grams per gram) and
analyzed in quartiles.

Assessment of Cause of Death

A clinical end points committee blinded to both treatment arm and hemoglobin levels
centrally adjudicated deaths. CV causes of death were subclassified as MI, pump failure,
sudden death, presumed sudden death, presumed CV death, fatal stroke, CV procedural
(related to surgical or percutaneous cardiac procedures), pulmonary embolism, other CV
causes, or unknown. Non-CV causes of death were subclassified as pulmonary, malignant,
infectious, hepatobiliary, gastrointestinal, renal, non-CV procedural, accidental, suicide, and
other (Item S1, available as online supplementary material). Compared to placebo,
darbepoetin had no effect on the risk of all-cause or CV mortality.1°
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Statistical Analysis

Baseline characteristics were stratified by CKD quartile, with differences across quartiles
assessed by trend tests. Because mortality from any single cause precludes the possibility of
death from all other causes, competing-risk methods were used to calculate the cumulative
incidence of cause-specific mortality in our primary analysis and raw incidence rates were
examined in sensitivity analyses. Trends in cumulative incidence rates across quartiles were
assessed using competing-risk regression models according to the methods of Fine and
Gray,14 and the observed cumulative incidence function at 3 years postrandomization is
reported. Trends in the percentage of deaths attributable to specific causes across categories
of GFR were tested using univariate logistic regression. For all trend tests, we assessed for a
linear relationship between the 4-level quartile variable (coded 1/2/3/4) and outcome.
Adjusted analyses were conducted using competing-risk survival models. Sensitivity
analyses examining differences in incidence rates were analyzed using Poisson regression,
whereas those incorporating time-updated estimates of kidney function according to the last
available measurement were conducted using Cox proportional hazards regression models.
All analyses were conducted using STATA, version 13 (StataCorp LP). P < 0.05 was
considered to be significant.

RESULTS

Baseline Characteristics According to eGFR

eGFRs ranged from a median of 20.6 mL/min/1.73 m2 in quartile 1 (Q1) to 47.0 mL/min/
1.73 m? in Q4 (Table 1). Most individuals had eGFRs < 60 mL/min/1.73 m2 (Fig S1a). Sex
and race were similarly distributed across quartiles of eGFR. Although age was significantly
older in those with more severely reduced eGFR, differences were marginal. In contrast,
those with lower eGFRs were characterized by significantly longer durations of diabetes and
higher frequencies of retinopathy and insulin use. They were also significantly more likely
to have baseline CV disease or heart failure. Low-density lipoprotein cholesterol and
triglyceride levels were higher in individuals with lower eGFRs, whereas high-density
lipoprotein cholesterol and albumin levels were lower. Median protein-creatinine ratio
(PCR) was higher in individuals with lower eGFRs (Q1, 1.0 g/g; Q2, 0.5 g/g; Q3, 0.3 g/g;
Q4, 0.2 g/g; P < 0.001). Prior intravenous iron and erythropoiesis-stimulating agent use were
similarly distributed across categories of eGFR.

Baseline Characteristics According to Proteinuria

PCR ranged from a median of 4.08 g/g in Q1 to 0.09 g/g in Q4 (Table 2). In all, 50.4% of
individuals had PCR < 0.4 g/g, while 83% were <3.0 g/g (Fig S1b). Individuals with high
PCRs were younger, less likely to be female, and more likely to be of nonwhite race and
ethnicity (Table 2). Although duration of diabetes was longer in individuals with more
severe proteinuria, fewer individuals with more severe proteinuria had established CV
disease at baseline. Low and high-density lipoprotein cholesterol and triglyceride levels
were all higher in individuals with higher PCRs, whereas albumin concentrations were
lower. Last, median eGFR was lower in individuals with higher PCRs (for Q1, Q2, Q3, and
Q4, values were 27.7, 30.2, 32.9, and 35.0 mL/min/1.73 m?, respectively; P < 0.001).
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Cause of Death According to eGFR and PCR

Overall, there were 806 deaths, with 441 categorized as CV deaths; 298, as non-CV deaths;
and 67, as unknown. Vital status was unknown in 7.6% of patients in the darbepoetin group
and 8.1% of patients in the placebo group. As shown in Table S1, cumulative incidences of
overall, CV, and non-CV mortality were significantly higher in patients with lower baseline
eGFRs. Among specific causes of death, there was a doubling in the 3-year cumulative
incidence of death from stroke (P = 0.03), a 1.7-fold increase in the cumulative incidence of
definite or presumed sudden death (P = 0.04), and a 3.3-fold increase in death from infection
from the highest to lowest quartile of eGFR (P < 0.001). The cumulative incidence of death
from MI was numerically higher in those in the lowest versus highest quartile of eGFR, but
differences across eGFR quartiles did not achieve significance (P = 0.06; Table 3).

Annualized overall CV and non-CV mortality were also significantly higher with greater
levels of baseline proteinuria (Fig 1; Table 4). The 3-year cumulative incidence of death
from MI was not significantly associated with baseline proteinuria (Q1, 1.2%; Q4, 0.9%; P
= 0.4), but the rate of stroke death increased 4.2-fold from the lowest to highest levels of
protein excretion (P = 0.01). Sudden death was 2.1-fold more frequent (P < 0.001), and
death from infection increased 2.8-fold (P = 0.002). Death from kidney disease was
uncommon; the maximum cumulative incidence at 3 years was 1.9% in quartiles (Q1) with
the lowest eGFR or highest protein excretion. However, the incidence of kidney death was
significantly higher with more severe proteinuria or lower baseline eGFR (P = 0.01). Non—
competing-risk analyses of incidence rate associations were qualitatively similar for eGFR
and PCR as in the competing-risk estimates (Fig 2).

In multivariable competing-risk models adjusting for randomized therapy, age, race, sex,
duration of diabetes, systolic and diastolic blood pressures, and history of CV disease, lower
eGFR, and higher PCR were independently associated with increased relative risks of
overall, CV, and non-CV death (Tables 5 and 6; P < 0.001 for trend across quartiles). Lower
baseline eGFR or higher PCR was also independently associated with even greater increases
in risk of fatal stroke, death from infection, and renal death (minimum hazard ratio for Q1 vs
Q4, 22.7). In addition, PCR quartile was associated with risk of definite or presumed sudden
death (P < 0.001), but the association with eGFR quartile was not significant (P = 0.06).

As shown in Table 7, most deaths were due to CV causes regardless of baseline eGFR. The
proportion of CV compared with non-CV deaths did not differ significantly with eGFR, but
there was a significant increase in the proportion of deaths due to infection (Q1, 14.9%; Q2,
13.0%; Q3, 9.7%; Q4, 9.0%; P = 0.04). Similarly, CV causes were responsible for most
deaths at all levels of PCR (Table 8), although heart failure accounted for a smaller
proportion of deaths in individuals with more proteinuria (P = 0.01). The proportion of
deaths from infection did not change significantly as PCR increased (Q1, 15.3%; Q2, 10.0%;
Q3, 12.4%; Q4, 9.6%; P = 0.2), but there were significantly fewer deaths from malignancy
(P =0.02).

Analyses jointly incorporating both baseline eGFR and PCR demonstrated increased
incidence rates for overall, CV, non-CV, and infectious mortality at lower eGFRs in each
category of baseline PCR (Fig 1). Sudden death cumulative incidence increased as eGFR
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declined in the highest quartile of protein excretion (Q1). Conversely, in the lowest quartile
of protein excretion (Q4), the incidence of sudden death decreased at lower eGFRs.
Cumulative incidence rates for these end points generally increased across categories of
increasing PCR at all levels of baseline eGFR, except that non-CV death at the lowest
quartile of eGFR (Q1) was more frequent in those with the lowest baseline PCR (Q4)
compared with those with the highest baseline PCR (Q1). Although the cumulative
incidence of each type of death was markedly higher in individuals belonging to both the
highest quartile of PCR (Q1) and the lowest quartile of eGFR (Q1) compared with those
with the lowest PCR (Q4) and highest eGFR (Q4), tests of interaction were nonsignificant
without evidence of significant effect modification (P for interaction = 0.4 for all
comparisons).

Cause of Death Before and After ESRD Onset

Onset of ESRD prior to time of death was strongly associated with cause of death (Table
S1). The percent of deaths attributable to CV causes was 11.3% lower among patients who
had reached ESRD prior to death than among those not reaching ESRD prior to death (P =
0.01). Conversely, the percent of deaths attributable to non-CV causes was 15.2% higher
among those reaching ESRD than among those without ESRD at the time of death (P <
0.001). This was largely attributable to a significantly lower proportion of sudden deaths and
a higher proportion of infectious and renal deaths.

Sensitivity and Secondary Analyses

Results were qualitatively similar when analyzed according to last eGFR (Table S2), when
the 4-variable MDRD Study equation was used to estimate GFR (Table S3), in analyses
incorporating time-varying estimates of kidney function (Table S4), and when incidence
rates were calculated without competing-risk techniques (Tables S5 and S6). Results were
also qualitatively similar when associations with cause of death were examined separately
within the darbepoetin and placebo treatment groups (Tables S7 and S8). There were no
significant interactions between treatment and eGFR. There was a significant quantitative
interaction between PCR and treatment for the end point of fatal stroke (P = 0.03). However,
similar to that observed in the overall population, the risk of stroke increased in both the
darbepoetin and placebo groups as PCR increased.

We also analyzed an alternative definition of non-CV death that excluded renal deaths from
the category. In competing-risk models using Q4 as the reference, the relative risk of
nonrenal non-CV death remained increased as eGFR declined (hazard ratios of 1.92 [95%
Cl, 1.37-2.71], 1.26 [95% CI, 0.87-1.82], and 0.95 [95% Cl, 0.65-1.41] for Q1, Q2, and Q3,
respectively; P < 0.001) and as PCR increased (hazard ratios of 2.40 [95% ClI, 1.64-3.49],
1.48 [95% Cl, 1.01-2.16], and 1.63 [95% ClI, 1.15-2.32] for Q1, Q2, and Q3, respectively; P
< 0.001). Cumulative incidence rates were higher for individuals with lower eGFRs (Q1,
10.8%; Q2, 7.4%; Q3, 5.9%; Q4, 5.6%; P < 0.001), but not for PCR (Q1, 8.4%; Q2, 7.0%;
Q3, 8.9%; Q4, 5.6%; P =0.1).
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DISCUSSION

In this study, we assessed cause-specific mortality in individuals with diabetic CKD and
anemia and found that both lower eGFR and higher PCR at baseline were associated with
markedly higher risks of non-CV mortality and death from infection, as well as CV
mortality. With lower eGFR or higher PCR, there were significant increases in the
cumulative incidence of fatal stroke, sudden death, death from infection, and renal death.
Despite increasing incidence, the overall proportion of deaths from CV and non-CV causes
did not differ significantly across categories of baseline eGFR and PCR. However, infection
accounted for a significantly higher proportion of deaths in patients with lower baseline
eGFRs.

Our analysis confirms an increase in non-CV mortality rates as diabetic CKD becomes more
severe, and it newly demonstrates that the incidence of non-CV mortality continues to
increase with worsening eGFRs in individuals with CKD stages 3 to 5 and diabetes,
particularly at the lowest levels of eGFR. We also observed incremental increases in
infectious mortality with declining eGFRs and incremental increases in renal deaths, defined
as deaths due to refusal of dialysis, acute kidney injury, or complications of uremia, dialytic
therapy, or renal procedures. Furthermore, the risk of these events was independently
associated with baseline eGFR in adjusted models.

In contrast to prior studies, we analyzed associations of quantitative measurements of
baseline proteinuria with non-CV mortality. Higher baseline PCR was associated with
increased rates of both CV and non-CV mortality and incremental increases in infectious
mortality and death from renal causes and was independently associated with the risk of
these events in adjusted models. We also considered the combined impact of proteinuria and
low eGFR on outcomes. Although non-CV mortality rates were highest in individuals with
the most severe baseline abnormalities, there was no significant interaction between
proteinuria and eGFR on the risk of specific causes of death. There were similar increases in
risk across categories of eGFR at each level of baseline proteinuria, and risk likewise
increased across categories of baseline proteinuria at each level of baseline eGFR.

Although increases in the risk of CV mortality have been reported both in individuals with
reduced eGFR and those with proteinuria,1-6:15 compared with those without kidney disease,
associations of these measures of kidney function with non-CV mortality or with specific
causes of CV or non-CV death have been less widely analyzed. A recent study of Canadian
adults, for example, demonstrated strong associations between eGFR and risk of
hospitalization and death from pneumonia.” Similarly, in an analysis of elderly individuals
in the Cardiovascular Health Study, Fried et al® found that rates of death from dementia,
pulmonary disease, cancer, and infection were significantly increased in the lowest quartile
of eGFR, whereas the rate of infectious death increased incrementally across quartiles of
declining eGFR. Associations with proteinuria were not studied, and the number of
individuals with late-stage CKD was unclear. Similarly, in a study of adults in Iceland, the
presence of reduced eGFR or dipstick-positive proteinuria was associated with an increase
in nonvascular mortality that appeared to be driven by noncancer deaths.8 Notably, only 77
of 16,958 individuals studied had eGFRs < 45 mL/min/1.73 m2. Furthermore, specific
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causes of non-CV death were not analyzed further, and associations with incremental
changes in baseline proteinuria were not assessed. Finally, de Jager et al® have reported that
age-standardized rates of CV and non-CV mortality increase to a similar degree in patients
initiating dialysis therapy and that there is a greater excess of non-CV than CV deaths in
dialysis patients compared with the general population. Our study extends upon these
findings by demonstrating associations between eGFR and proteinuria with both overall
non-CV mortality, death from infection, and renal deaths in a large population of individuals
with CKD, including a sizeable number with advanced CKD.

Our study also provides new data for rates of specific causes of CV death at various levels of
baseline PCR and eGFR in diabetic CKD. Both eGFR and PCR were significantly
associated with dramatic increases in the cumulative incidence of sudden death and stroke
death. With the exception of the association of eGFR with sudden death (P = 0.06), cause of
death and eGFR or PCR were independently associated after adjustment for important
confounders, suggesting the possibility of causal relationships between kidney function and
cause of death. In contrast, neither death from heart failure nor M1 differed significantly
across baseline categories of PCR or eGFR. As with non-CV death, there was no evidence
of effect modification of the association of PCR and eGFR with CV death.

Finally, we analyzed the relative proportion of deaths due to individual CV and non-CV
modalities of death. In contrast to our initial hypothesis, with the exception of an increased
proportion of deaths due to infection as eGFR declined and a decrease in the proportion of
deaths due to malignancy as PCR declined, proportions of deaths due to particular causes
did not differ across categories of PCR or eGFR. Among patients reaching ESRD before
dying, non-CV deaths were significantly more frequent than CV deaths. The overall
proportion of CV deaths was also numerically lower at lower eGFRs, although the
difference was nonsignificant. These data are consistent with the conclusion of de Jager et
al® that patients with severely decreased kidney function, that is, those initiating dialysis
therapy, have a generally increased risk of death that arises equally from CV and non-CV
causes.

Our findings should not diminish interest in understanding or treating CV mortality in the
setting of CKD. However, further study to identify the causative mechanisms linking low
eGFR and high PCR with non-CV death are also warranted and may provide an important
means of improving overall outcomes in the CKD population.

The high rate of death from infection is particularly intriguing. This association may reflect
an increase in oxidative stress and inflammation’ (possibly exacerbated by the use of
intravenous iron to treat anemia) or defects in cellular immune functionl8 as eGFR declines.
In contrast to many studies, we were also able to follow and compare outcomes before and
after the onset of ESRD, an outcome more frequent than death in those in the first quartiles
of eGFR or proteinuria but with a lower incidence in individuals with less severe
abnormalities in baseline kidney function (data not shown). Our observation that 37.7% of
infectious deaths occurred in patients reaching ESRD and that infection accounted for 18.1%
of deaths among individuals who had reached ESRD before dying compared with only
10.1% among those not requiring renal replacement therapy is consistent with the hypothesis
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that a large proportion of infectious deaths in the CKD population are related to the use of
catheters during the transition to dialysis therapy. Prior studies have consistently
demonstrated that use of catheters as permanent access is associated with increased risks of
death and infection.19:20 Controlled trials demonstrating a reduction in mortality with
preferential placement of fistulas have not been performed. Our observations are
preliminary, but they provide motivation for additional investigations of the impact of
catheter and fistula use on the risk of infectious death in the CKD population.

Our study has several limitations. The combination of diabetes, CKD, and anemia was
required for enrollment in TREAT. Thus, our results may not be generalizable to
nondiabetic CKD or to diabetic CKD in the absence of anemia. This may be particularly
important because diabetes is strongly associated with CV events and mortality in CKD.>
We were also unable to measure GFR and relied on eGFR, which is an imperfect tool.
However, any misclassification would be expected to be random, and associations with
eGFR were qualitatively similar when it was estimated using the 4-variable MDRD Study
equation (data not shown). The number of events for individual modes of death was small
and limited the power to detect differences in the rates of some events across quartiles of
eGFR and PCR. Conversely, the large number of analyses performed may have increased
the likelihood of false-positive findings. Finally, ascertaining cause of death can be
challenging, particularly when only limited clinical data could be obtained, although use of
standard definitions and blinding of adjudicators should limit misattribution and ensure
consistency. Finally, the relatively small number of events for individual causes of death
limited our ability to build stable multivariable models with simultaneous adjustment for
more than a few confounding factors. For each of these reasons, larger studies enrolling a
broader CKD population are warranted to confirm our findings.

In conclusion, we studied a large population of individuals with diabetes, anemia, and CKD.
CV deaths accounted for most deaths, and the overall proportion of deaths due to specific
causes was similar at all levels of protein excretion or baseline eGFR. In addition, there were
marked increases in non-CV mortality rates with lower baseline eGFR or higher baseline
PCR. Changes in the rate of death due to infection were particularly notable and suggest that
prophylaxis and early treatment of infection in moderate to advanced CKD may represent an
important therapeutic target for improving mortality in this population.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Cumulative mortality according to estimated glomerular filtration rate (eGFR) and
proteinuria at baseline. Event rates according to baseline protein-creatinine ratio (PCR) and
eGFR. Median PCR values are 4.08 g/g in quartile 1 (Q1), 0.85 g/g in Q2, 0.21 g/g in Q3,
and 0.09 g/g in Q4. Median eGFRs are 20.6 mL/min/1.73 m? in Q1, 27.9 mL/min/1.73 m? in
Q2, 35.5 mL/min/ 1.73 m? in Q3 and 47.0 mL/min/1.73 m2 in Q4. Abbreviations: CV,

cardiovascular; MI, myocardial infarction.
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Figure 2.
Annualized cause-specific mortality (non—competing risk) according to baseline (A)

estimated glomerular filtration rate (eGFR) or (B) proteinuria. Abbreviation: CV,
cardiovascular.
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Table 1

Baseline Characteristics According to Baseline eGFR

Variable Q1:09-242(n= Q2:24.3-316(n= Q3: 31.7-402 (n = Q4: 40.3-119.8 (n = P
1,008) 1,014) 1,007) 1,006

27.9[26.0-29.7] 35.5 [33.6-37.8] 47.0 [43.1-52.5] —

eGFR (mL/min/1.73 m?) 20.6 [18.4-22.5]

Demographics
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Age (y) 68 [60-75] 68 [61-76] 69 [61-76] 67 [58-73] <0.001
Female sex 554 (55) 615 (61) 586 (58) 554 (55) 0.8
Race 0.04
White 625 (62) 640 (63) 672 (67) 660 (63)
African American 218 (22) 184 (18) 185 (18) 228 (23)
Hispanic or Latino 139 (14) 153 (15) 124 (12) 122 (12)
Other 26 (3) 37 (4) 26 (3) 26 (3)
Physical examination
Systolic BP (mm Hg) 136 [124-150] 138 [124-150] 135 [121-148] 135 [122-148] 0.4
Diastolic BP (mm Hg) 70 [64-80] 71 [64-80] 70 [64-80] 72 [66-80] 0.1
Body mass index (kg/m?) 30.4 [26.4-35.2] 30.2 [26.1-34.9] 30.2 [26.3-35.4] 30.4 [26.3-35.2] 0.9
Medical history
Diabetes duration (y) 16.4 [10.1-22.5] 15.5 [8.7-21.6] 15.0 [7.7-21.7] 14.2 [7.5-21.4] <0.001
Retinopathy 507 (51) 491 (50) 437 (45) 426 (44) <0.001
Cardiovascular disease 688 (68) 668 (66) 653 (65) 631 (63) 0.01
Coronary disease 449 (45) 459 (45) 465 (46) 416 (41) 0.2
Heart failure 371 (37) 364 (36) 313 (31) 297 (30) <0.001
Myocardial infarction 185 (18) 186 (18) 195 (19) 174 (17) 0.7
Stroke 111 (11) 113 (11) 112 (11) 111 (11) 0.9
PVD 224 (22) 203 (20) 217 (22) 203 (20) 0.4
AICD 10 (1) 16 (2) 18 (2) 13 (1) 0.5
Atrial fibrillation 114 (11) 102 (10) 116 (12) 91 (9) 0.2
Current smoker 67 (7) 38 (4) 52 (5) 47 (5) 0.1
Medications
Insulin 519 (51) 511 (50) 491 (49) 467 (46) 0.02
ACE inhibitor or ARB 750 (74) 820 (81) 823 (82) 829 (82) <0.001
B-Blocker 507 (50) 516 (51) 501 (50) 463 (46) 0.05
Aldosterone blocker 56 (6) 40 (4) 59 (6) 54 (5) 0.7
Statin 573 (57) 608 (60) 610 (61) 570 (57) 0.9
Oral antiplatelet agents 494 (49) 490 (48) 487 (48) 476 (47) 0.5
Vitamin K antagonist 69 (7) 71 (7) 72 (7) 64 (6) 0.7
Intravenous iron 17 (2) 14 (1) 18 (2) 13 (1) 0.7
Prior ESA use 139 (14) 109 (11) 82 (8) 55 (5) <0.001
Laboratory values
Creatinine (mg/dL) 2.7[2.4-3.1] 2.1[1.8-2.3] 1.7[1.5-1.9] 1.3[1.2-1.5] <0.001
Urinary PCR (g/g) 1.0[0.2-3.1] 0.5 [0.2-1.9] 0.3 [0.1-1.1] 0.2 [0.1-1.2] <0.001
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Variable Q1: 0.9-242 (n = Q2:24.3-316(n= Q3:31.7-402 (n = Q4: 40.3-119.8 (n = P
1,008) 1,014) 1,007) 1,006)
CRP (mg/L) 33[3.0-7.2] 3.0[3.0-6.2] 3.0[3.0-6.3] 3.0[3.0-7.1] 0.05
Albumin (g/dL) 3.9[3.6-4.2] 4.0[3.7-43] 4.0 [3.8-4.3] 4.0[3.8-4.3] <0.001
Hemoglobin Ay, (%) 6.9 [6.2-7.9] 6.9 [6.2-7.9] 7.0[6.3-8.0] 7.0[6.3-8.1] 0.2
Hemoglobin (g/dL) 10.2 [9.6-10.8] 10.4 [9.7-10.9] 10.5 [9.9-11.0] 10.6 [10.1-11.0] <0.001
Serum ferritin (ug/L) 158 [84-300] 139 [74-263] 120 [61-240] 117 [55-228] <0.001
LDL cholesterol (mg/dL) 87 [65-118] 84 [63-111] 85 [63-109] 83 [63-109] 0.02
HDL cholesterol (mg/dL) 45 [38-54] 46 [38-55] 46 [38-57] 47 [39-58] <0.001
Triglycerides (mg/dL) 163 [115-237] 160 [112-237] 156 [111-231] 141 [103-210] 0.001

Note: eGFR quartiles expressed in mL/min/1.73 m2. Values for categorical variables are given as number (percentage); values for continuous

variables are given as median [interquartile range]. P values for categorical variables, using Mantel-Haenszel xz; P values for continuous variables,
using analysis of variance. Conversion factors for units: serum creatinine in mg/dL to pmol/L, x88.4; urea nitrogen in mg/dL to mmol/L, x0.357;
cholesterol in mg/dL to mmol/L x0.02586.

Abbreviations: ACE, angiotensin-converting enzyme; AICD, automated implantable cardiac defibrillator; ARB, angiotensin receptor blocker; BP,
blood pressure; CRP, C-reactive protein; eGFR, estimated glomerular filtration rate; ESA, erythropoiesis-stimulating agent; HDL, high-density
lipoprotein; LDL, low-density lipoprotein; PCR, protein-creatinine ratio; PVD, peripheral vascular disease; Q, quartile.
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Table 2

Baseline Characteristics According to Baseline PCR

Variable
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Q1: 1.85-44.58 g/g (n
=1,009)

Q2:0.39-1.85¢/g(n =
09)

Q3: 0.13-0.399/g (n =
009)

Q4: 0.003-0.13g/g (n P
=1,009)

Urinary PCR (g/g)

Demographics

4.08 (2.76-6.61)

0.85 (0.39-1.85)

0.21 (0.56-1.24)

0.09 (0.07-0.11)

Age (y) 62 [55-69] 67 [59-74] 71 [64-78] 71 [64-77] <0.001
Female sex 540 (54) 539 (53) 629 (62) 603 (60) <0.001
Race <0.001
White 542 (54) 630 (62) 720 (71) 676 (67)
African American 211 (21) 194 (19) 175 (17) 235 (23)
Hispanic or Latino 222 (22) 157 (16) 86 (9) 73(7)
Other 34 (3) 28 (3) 28 (3) 25 (2)
Physical examination
Systolic BP (mm Hg) 142 [130-159] 138 [126-149] 132 [120-142] 130 [118-140] <0.001
Diastolic BP (mm Hg) 80 [70-84] 72 [66-80] 70 [62-80] 69 [60-75] <0.001
Body mass index (kg/m?) 29.8 [26.0-35.0] 29.7[25.7-34.2] 30.4 [26.1-35.5] 31.2[27.3-36.2] <0.001
Medical history
Diabetes duration (y) 16.2 [10.3-21.3] 16.1 [10.1-23.1] 14.9 [8.0-22.5] 12.2 [6.0-20.6] <0.001
Retinopathy 605 (61) 555 (56) 397 (40) 305 (31) <0.001
Cardiovascular disease 602 (60) 662 (66) 688 (68) 689 (68) <0.001
Coronary disease 364 (36) 438 (43) 491 (48) 497 (49) <0.001
Heart failure 315 (31) 335 (33) 362 (36) 334 (33) 0.2
Myocardial infarction 118 (12) 187 (19) 215 (21) 220 (22) <0.001
Stroke 94 (9) 133 (13) 112 (11) 108 (11) 0.6
PVD 169 (17) 240 (24) 217 (22) 221 (22) 0.02
AICD 5 (1) 12 (1) 14 (1) 26 (3) 0.001
Atrial fibrillation 52 (5) 96 (10) 155 (15) 122 (12) <0.001
Current smoker 71(7) 61 (6) 42 (4) 29 (3) <0.001
Medications
Insulin 600 (59) 552 (55) 448 (44) 388 (38) <0.001
ACE inhibitor or ARB 816 (81) 767 (76) 791 (78) 848 (84) 0.04
B-Blocker 492 (49) 484 (48) 490 (49) 522 (52) 0.2
Aldosterone blocker 30 (3) 42 (4) 54 (5) 83 (8) <0.001
Statin 531 (53) 558 (55) 601 (60) 673 (67) <0.001
Oral antiplatelet agents 438 (43) 467 (46) 510 (51) 534 (53) <0.001
Vitamin K antagonist 39 (4) 56 (6) 94 (9) 88 (9) <0.001
Intravenous iron 14 (1) 21(2) 15(1) 12 (1) 0.5
Prior ESA use 87 (9) 104 (10) 99 (10) 95 (9) 0.7
Laboratory values
Creatinine (mg/dL) 2.2[1.7-2.7] 2.0 [1.6-2.5] 1.7 [1.4-2.2] 1.7 [1.4-2.1] <0.001
eGFR (mL/min/1.73 m?) 27.7 [21.9-37.0] 30.2 [23.5-38.4] 32.9[26.2-41.4] 35.0 [27.9-42.4] <0.001
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Variable Q1:1.85-4458¢g/g(n Q2 0.39-1.85g/g(h= Q3:0.13-0.399/g (n = Q4: 0.003-0.13g/g (n P
= 1,009) 1,009) 1,009) =1,009)

CRP (mg/L) 3.0 [3.0-6.5] 3.0 [3.0-6.7] 3.0 [3.0-6.8] 3.0 [3.0-6.3] 0.04

Albumin (g/dL) 3.6 [3.0-3.9] 4.0[3.8-4.3] 4.1[3.9-4.3] 4.1[3.9-4.4] <0.001
Hemoglobin Az (%) 7.4 [6.4-8.5] 7.1[6.3-8.2] 6.8 [6.2-7.7] 6.7 [6.1-7.5] <0.001
Hemoglobin (g/dL) 10.3 [9.6-10.9] 10.4 [9.7-10.9] 105 [9.9-11.0] 10.6 [10.1-11.0] <0.001
Serum ferritin, (mg/L) 153 [77-273] 140 [72-283] 119 [58-238] 124 [62-244] 0.001
LDL cholesterol (mg/dL) 101 [75, 137] 85 [63, 109] 81 [62, 103] 77 [58-101] <0.001
HDL cholesterol (mg/dL) 47 [40-57] 45 [38-55] 45 [37-54] 46 [38-56] <0.001
Triglycerides (mg/dL) 174 [120-258] 148 [108-214] 150 [108-223] 148 [105-215] <0.001

Note: P values for categorical variables, using Mantel-Haenszel XZ; P values for continuous variables, using analysis of variance. Conversion

factors for units: serum creatinine in mg/dL to pmol/L, x88.4; urea nitrogen in mg/dL to mmol/L, x0.357; cholesterol in mg/dL to mmol/L

x0.02586.

Abbreviations: ACE, angiotensin-converting enzyme; AICD, automated implantable cardiac defibrillator; ARB, angiotensin receptor blocker; BP,
blood pressure; CRP, C-reactive protein; eGFR, estimated glomerular filtration rate; ESA, erythropoiesis-stimulating agent; HDL, high-density
lipoprotein; LDL, low-density lipoprotein; PCR, protein-creatinine ratio; PVD, peripheral vascular disease; Q, quartile.
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Cause-Specific Cumulative Incidence of Mortality According to Baseline eGFR
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Type of Death (N = 806)

Q1 09-242(n=
1,008)

Q2 24.3-316(n=
1,014)

Q3: 31.7-40.2 (n =
1,007)

Q4: 40.3-119.8 (n =
1,006)

P Value

Overall
CV death
Fatal MI
Fatal stroke
Presumed CV death
Pump failure
CV other
Presumed sudden death
Definite sudden death

Definite or presumed
sudden death

Non-CV death
Infection
Malignancy
Other
Renal

Unknown

30.6% (27.3%-34.0%)
15.4% (12.9%-18.0%)
2.1% (1.3%-3.2%)
1.3% (0.7%-2.3%)
1.9% (1.1%-3.1%)
2.4% (1.5%-3.7%)
0.5% (0.2%-1.3%)
1.4% (0.7%-2.4%)
5.7% (4.2%-7.6%)
7.1% (5.4%-9.1%)

12.7% (10.4%-15.2%)
4.9% (3.5%-6.6%)
1.9% (1.1%-3.1%)
4.0% (2.8%-5.5%)

1.9% (1.0-3.2)
2.5% (1.6-3.9)

21.1% (18.3%-24.0%)
11.1% (9.1%-13.4%)
1.9% (1.1%-3.2%)
1.5% (0.8%-2.4%)
1.4% (0.8%-2.5%)
1.7% (1.0%-2.7%)
1.0% (0.5%-1.9%)
0.7% (0.3%-1.4%)
2.9% (1.9%-4.2%)
3.6% (2.5%-5.0%)

8.4% (6.5%-10.5%)
2.7% (1.7%-3.9%)
2.2% (1.3%-3.4%)
2.6% (1.6%-4.0%)
0.9% (0.4-1.8)
1.6% (0.8-2.7)

18.9% (16.2%-21.8%)
11.2% (9.0%-13.6%)
0.8% (0.4%-1.6%)
1.0% (0.5%-1.9%)
1.7% (0.9%-2.9%)
1.3% (0.7%-2.3%)
0.6% (0.2%-1.4%)
1.5% (0.8%-2.7%)
4.2% (2.9%-5.8%)
5.7% (4.2%-7.6%)

6.7% (5.1%-8.6%)
2.0% (1.2%-3.2%)
1.4% (0.8%-2.4%)
2.4% (1.6%-3.7%)
0.8% (0.4-1.7)
1.0% (0.5-2.0)

18.2% (15.4%-21.1%)
10.3% (8.2%-12.7%)
1.1% (0.6%-2.0%)
0.6% (0.2%-1.4%)
1.3% (0.7%-2.3%)
2.3% (1.3%-3.7%)
0.8% (0.3%-1.5%)
0.4% (0.1%-1.1%)
3.8% (2.6%-5.4%)
4.2% (2.9%-5.9%)

6.1% (4.5%-8.0%)
1.5% (0.8%-2.7%)
1.8% (1.0%-3.0%)
2.3% (1.4%-3.5%)
0.5% (0.1-1.5)
1.7% (0.9-2.8)

<0.001
<0.001
0.06
0.03
0.3
0.5
0.7
0.3
0.07
0.04

<0.001
<0.001
0.5
0.03
0.01
0.2

Note: eGFR quartiles expressed in mL/min/1.73 m2. Values are given as estimated cumulative incidence rate at 3 years (95% confidence interval).
P value for trend test refers to risk of death across all patient follow-up for each cause of death across eGFR quartiles. Renal deaths defined as
refusal of dialysis therapy or death in the setting of acute kidney injury or from direct complications of uremia, dialysis, or renal procedure. Other
deaths include suicide and deaths from pulmonary, hepatobiliary, gastrointestinal, procedural, and accidental causes.

Abbreviations: CV, cardiovascular; eGFR, estimated glomerular filtration rate; MI, myocardial infarction; Q, quartile.
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Cause-Specific Cumulative Incidence of Mortality According to Baseline PCR
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Type of Death (N = 806)

Q1: 1.85-44.58 g/g (n
=1,009)

Q2:0.39-1.85¢/g(n =
09)

Q3:0.13-0.39g/g (n =
09)

Q4: 0.003-0.13g/g (n
=1,009)

P

Overall
CV death
Fatal MI
Fatal stroke
Presumed CV death
Pump failure
CV other
Presumed sudden death
Definite sudden death

Definite or presumed
sudden death

Non-CV death
Infection
Malignancy
Other
Renal

Unknown

28.7% (25.4%-32.1%)
15.29% (12.7%-17.9%)
1.2% (0.6%-2.2%)
2.1% (1.2%-3.3%)
1.8% (1.0%-3.0%)
1.6% (0.9%-2.7%)
1.1% (0.5%-2.1%)
1.4% (0.8%-2.5%)
5.9% (4.4%-7.8%)
7.3% (5.6%-9.4%)

10.3% (8.3%-12.7%)
4.5% (3.2%-6.2%)
1.5% (0.8%-2.6%)
2.3% (1.5%-3.5%)
1.9% (1.1%-3.2%)
3.2% (2.0%-4.7%)

21.8% (18.9%-24.9%)
12.3% (10.1%-14.9%)
2.1% (1.2%-3.4%)
1.1% (0.6%-1.9%)
1.9% (1.1%-3.1%)
1.4% (0.7%-2.5%)
0.4% (0.1%-1.0%)
1.1% (0.5%-2.1%)
4.4% (3.1%-6.1%)
5.5% (4.0%-7.3%)

7.9% (6.1%-10.0%)
2.4% (1.5%-3.7%)
1.6% (0.9%-2.8%)
3.0% (1.9%-4.3%)
0.9% (0.4%-1.7%)
1.5% (0.9%-2.6%)

22.6% (19.7%-25.6%)
11.7% (9.6%-14.0%)

1.9% (1.1%-2.9%)
0.8% (0.4%-1.6%)
1.1% (0.6%-2.0%)
2.8% (1.8%-4.1%)
0.7% (0.3%-1.4%)
0.5% (0.2%-1.2%)
3.9% (2.7%-5.4%)
4.4% (3.1%-6.1%)

9.4% (7.5%-11.6%)
2.7% (1.7%-4.0%)
2.7% (1.7%-4.1%)
3.5% (2.4%-5.0%)
0.5% (0.1%-1.4%)
1.5% (0.8%-2.6%)

16.2% (13.7%-18.9%)

9.0% (7.1%-11.2%)
0.9% (0.5%-1.7%)
0.5% (0.2%-1.2%)
1.5% (0.8%-2.6%)
2.0% (1.2%-3.2%)
0.7% (0.3%-1.6%)
0.9% (0.4%-1.9%)
2.5% (1.5%-3.7%)
3.4% (2.3%-4.9%)

6.4% (4.9%-8.3%)
1.6% (0.9%-2.6%)
1.5% (0.9%-2.4%)
2.5% (1.6%-3.8%)
0.9% (0.4%-1.9%)
0.7% (0.3%-1.6%)

<0.001
<0.001
0.4
0.01
0.2
0.3
0.2
0.1
<0.001
<0.001

0.01
0.002
0.4
0.9
0.01
0.004

Note: Values are given as estimated cumulative incidence rate at 3 years (95% confidence interval). P value for trend test refers to risk of death
across all patient follow-up for each cause of death across PCR quartiles. Renal deaths defined as refusal of dialysis therapy or death in the setting

of acute kidney injury or from direct complications of uremia, dialysis, or renal procedure. Other deaths include suicide and deaths from

pulmonary, hepatobiliary, gastrointestinal, procedural, and accidental causes.

Abbreviations: CV, cardiovascular; MI, myocardial infarction; PCR, protein-creatinine ratio; Q, quartile.
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Table 5

Multivariable Adjusted Competing Risks of Cause-Specific Mortality According to Baseline eGFR

Type of Death Q1:09-242(n=1,008) Q2 243-316(n=1014) Q3:317-402(n=1007) P

1duasnuen Joyiny

1duosnuen Joyiny

Overall 1.83 (1.50-2.23) 1.23 (0.99-1.51) 1.08 (0.87-1.34) <0.001
CV death 1.53 (1.17-1.99) 1.16 (0.88-1.54) 1.11 (0.84-1.48) 0.002
Fatal MI 1.55 (0.79-3.05) 1.15 (0.55-2.42) 0.60 (0.25-1.43) 0.09
Fatal stroke 2.71(0.97-757) 2.60 (0.92-7.35) 1.96 (0.66-5.80) 0.04
Presumed CV death 1.42 (0.67-3.04) 1.29 (0.61-2.74) 1.16 (0.52-2.59) 0.3
Pump failure 1.17 (0.62-2.22) 1.04 (0.54-2.01) 0.81 (0.41-1.62) 0.5
CV other 0.52 (0.15-1.78) 1.40 (0.51-3.82) 0.73 (0.23-2.30) 0.6
Presumed sudden death 1.99 (0.75-5.27) 0.96 (0.32-2.91) 1.86 (0.70-4.95) 0.4
Definite sudden death 1.62 (1.03-2.54) 0.91 (0.54-1.53) 1.28 (0.79-2.07) 0.1
Definite or presumed sudden death 1.69 (1.12-2.54) 0.92 (0.58-1.47) 1.38 (0.90-2.12) 0.06
Non-CV death 2.11 (1.52-2.93) 1.31 (0.92-1.86) 1.04 (0.71-1.51) <0.001
Infection 2.74 (1.50-5.02) 1.74 (0.90-3.34) 1.16 (0.56-2.37) <0.001
Malignancy 1.16 (0.56-2.37) 1.30 (0.66-2.55) 0.73 (0.34-1.57) 0.4
Other 1.81 (1.06-3.09) 0.93 (0.50-1.71) 0.97 (0.54-1.77) 0.04
Renal 457 (1.33-15.74) 2.00 (0.52-7.64) 2.35 (0.62-8.85) 0.01
Unknown 1.52 (0.77-3.00) 1.18 (0.58-2.41) 0.99 (0.47-2.10) 0.2

Note: Values are given as hazard ratio (95% confidence interval). eGFR quartiles expressed in mL/min/1.73 mz; Q4 (40.3-119.8 mL/min/1.73 mz)
is reference group (n = 1,006). Multivariable competing-risks models for specific causes of death. All models adjusted for for treatment, age, race,
sex, diabetes, duration of diabetes, systolic and diastolic blood pressure, and history of CV disease.

Abbreviations: CV, cardiovascular; eGFR, estimated glomerular filtration rate; M1, myocardial infarction; Q, quartile.
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Multivariable-Adjusted Competing Risks of Cause-Specific Mortality According to Baseline PCR

Table 6
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Type of Death

Q1: 1.85-44.58 g/g (n =
09)

Q2: 0.39-1.85g/g(n=
009)

Q3: 0.13-0.39g/g (n =
09)

Overall
CV death
Fatal MI
Fatal stroke
Presumed CV death
Pump failure
CV other
Presumed sudden death
Definite sudden death
Definite or presumed sudden death
Non-CV death
Infection
Malignancy
Other
Renal

Unknown

2.89 (2.32-3.60)
2.42 (1.80-3.27)
1.98 (0.89-4.42)
3.94 (1.46-10.6)
1.81 (0.87-3.78)
1.59 (0.77-3.27)
3.10 (0.93-10.5)
1.57 (0.56-4.38)
2.99 (1.68-5.30)
2.64 (1.59-4.36)
2.63 (1.86-3.74)
4.05 (2.13-7.73)
1.67 (0.76-3.67)
1.62 (0.89-2.96)
4.24 (1.59-11.3)
4,64 (2.09-10.31

1.70 (1.37-2.10)
1.64 (1.23-2.19)
1.84 (0.82-4.10)
2.10 (0.74-6.00)
1.33 (0.63-2.82)
1.04 (0.52-2.07)
1.09 (0.30-3.93)
1.48 (0.57-3.83)
2.20 (1.29-3.75)
2.03 (1.27-3.23)
1.54 (1.07-2.19)
1.61 (0.80-3.25)
1.24 (0.57-2.72)
1.56 (0.90-2.71)
1.82 (0.60-5.54)
2.08 (0.88-4.90)

1.52 (1.22-1.88)
1.38 (1.03-1.85)
1.92 (0.88-4.21)
1.33 (0.47-3.82)
0.75 (0.33-1.69)
1.36 (0.75-2.07)
1.17 (0.34-4.01)
0.71 (0.22-2.29)
1.80 (1.05-3.08)
1.53 (0.94-2.47)
1.50 (1.06-2.10)
1.79 (0.93-3.46)
1.75 (0.90-3.40)
1.46 (0.85-2.53)
0.46 (0.11-1.87)
2.09 (0.93-4.69)

<0.001
<0.001
0.1
0.004
0.07
0.4
0.1
0.2
<0.001
<0.001
<0.001
<0.001
0.3
0.09
0.002
<0.001

Note: Values are given as hazard ratio (95% confidence interval). Q4 (0.003-0.13 g/g) is reference group (n = 1,009). Multivariable competing-
risks models for specific causes of death. All models adjusted for for treatment, age, race, sex, diabetes, duration of diabetes, systolic and diastolic

blood pressure, and history of CV disease.

Abbreviations: CV, cardiovascular; MI, myocardial infarction; PCR, protein-creatinine ratio; Q, quartile.
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Table 7
Proportions of Deaths Due to Specific Causes According eGFR
Type of Death (N = 806) Q1:0.9-242 (n= Q2:243-31.6(n = Q3:31.7-402(n= Q4 403-1198(n= P
1,008) 1,014) 1,007) 1,006)

Overall 275 200 175 156

CV death 141 (51.27) 109 (54.50) 102 (58.29) 89 (57.05) 0.2
Fatal MI 22 (8.00) 16 (8.00) 8 (4.57) 13 (8.33) 0.7
Fatal stroke 14 (5.09) 13 (6.5) 10 (5.71) 5 (3.21) 0.5
Presumed CV death 17 (6.18) 16 (8.00) 14 (8.00) 11 (7.05) 0.7
Pump failure 21 (7.64) 19 (9.50) 15 (8.57) 17 (10.90) 0.3
CV other 4 (1.45) 10 (5.00) 5 (2.86) 7 (4.49) 0.2
Presumed sudden death 12 (4.36) 6 (3.00) 11 (6.29) 6 (3.85) 0.8
Definite sudden death 51 (18.55) 29 (14.50) 39 (22.29) 30 (19.23) 0.5
Definite or presumed sudden death 63 (22.91) 35 (17.50) 50 (28.57) 36 (23.08) 0.4

Non-CV death 112 (40.73) 74 (37.00) 59 (33.71) 53 (33.97) 0.1
Infection 41 (14.91) 26 (13.00) 17 (9.71) 14 (8.97) 0.04
Malignancy 17 (6.18) 20 (10.00) 12 (6.86) 15 (9.62) 0.3
Other 39 (14.18) 21 (10.50) 22 (12.57) 21 (13.46) 0.8
Renal 15 (5.45) 7 (3.50) 8 (4.57) 3(192) 0.1

Unknown 22 (8.00) 17 (8.50) 14 (8.00) 14 (8.97) 0.8

Note: Values are given as number (percentage) of deaths due to specific causes within eGFR quartiles. eGFR quartiles expressed in mL/min/1.73

m2. P values are for trend in percent of deaths attributable to each cause across eGFR quartiles. Renal deaths defined as refusal of dialysis therapy
or death in the setting of acute kidney injury or from direct complications of uremia, dialysis, or renal procedure. Other deaths include suicide and

deaths from pulmonary, hepatobiliary, gastrointestinal, procedural, and accidental causes.

Abbreviations: CV, cardiovascular; eGFR, estimated glomerular filtration rate; MI, myocardial infarction; Q, quartile.
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Table 8

Proportions of Deaths Due to Specific Causes According to Baseline PCR

Page 22

Type of Death (N = 806) Q1: 1.85-44.58 g/g Q2:0.39-1.85g/g(n  Q3:0.13-0.39g/g (n Q4:0.003-0.13g/g P
(n = 1,009) =1,009) =1,009) (n = 1,009)

Overall 249 201 210 146

CV death 135 (54.22) 116 (57.71) 110 (52.38) 80 (54.79) 08
Fatal MI 14 (5.62) 16 (7.96) 19 (9.05) 9 (6.16) 0.6
Fatal stroke 17 (6.83) 11 (5.47) 8(3.81) 6 (4.11) 0.1
Presumed CV death 18 (7.23) 16 (7.96) 11 (5.24) 13 (8.90) 0.9
Pump failure 15 (6.02) 15 (7.46) 24 (11.43) 19 (13.01) 0.01
CV other 10 (4.02) 5 (2.49) 6 (2.86) 5(3.42) 0.7
Presumed sudden death 12 (4.82) 11 (5.47) 5(2.38) 7(4.79) 0.5
Definite sudden death 49 (19.68) 42 (20.90) 37 (17.62) 21 (14.38) 0.2
Definite or presumed sudden death 61 (24.50) 53 (26.37) 42 (20.00) 28 (19.18) 0.1

Non-CV death 88 (35.34) 70 (34.83) 83 (39.52) 57 (39.04) 03
Infection 38 (15.26) 20 (9.95) 26 (12.38) 14 (9.59) 0.2
Malignancy 13 (5.22) 13 (6.47) 23 (10.95) 15 (10.27) 0.02
Other 22 (8.84) 28 (13.93) 31 (14.76) 22 (15.07) 0.05
Renal 15 (6.02) 9 (4.48) 3(1.43) 6 (4.11) 0.1

Unknown 26 (10.11) 15 (7.46) 17 (8.10) 9 (6.16) 0.2

Note: Values are given as number (percentage) of deaths due to specific causes within PCR quartiles. P values are for trend in percent of deaths

attributable to each cause across quartiles. Renal deaths defined as refusal of dialysis therapy or death in the setting of acute kidney injury or from
direct complications of uremia, dialysis, or renal procedure. Other deaths include suicide and deaths from pulmonary, hepatobiliary,
gastrointestinal, procedural, and accidental causes.

Abbreviations: CV, cardiovascular; MI, myocardial infarction; PCR, protein-creatinine ratio; Q, quartile.
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