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ABSTRACT

Information on common causes of death in people with CKD is limited. We hypothesized that, as eGFR
declines, cardiovascular mortality and mortality from infection account for increasing proportions of
deaths. We calculated eGFR using the CKD Epidemiology Collaboration equation for residents of Alberta,
Canada who died between 2002 and 2009. We used multinomial logistic regression to estimate unadjusted
and age- and sex-adjusted differences in the proportions of deaths from each cause according to the
severity of CKD. Cause of death was classified as cardiovascular, infection, cancer, other, or not reported
using International Classification of Diseases codes. Among 81,064 deaths, the most common cause was
cancer (31.9%) followed by cardiovascular disease (30.2%). The most common cause of death for those
with eGFR=60 ml/min per 1.73 m? and no proteinuria was cancer (38.1%); the most common cause of
death for those with eGFR<60 ml/min per 1.73 m? was cardiovascular disease. The unadjusted proportion
of patients who died from cardiovascular disease increased as eGFR decreased (20.7%, 36.8%, 41.2%, and
43.7% of patients with eGFR=60 [with proteinuria], 45-59.9, 30-44.9, and 15-29.9 ml/min per 1.73 m?,
respectively). The proportions of deaths from heart failure and valvular disease specifically increased with
declining eGFR along with the proportions of deaths from infectious and other causes, whereas the pro-
portion of deaths from cancer decreased. In conclusion, we found an inverse association between eGFR
and specific causes of death, including specific types of cardiovascular disease, infection, and other causes,
in this cohort.

JAm Soc Nephrol 26: 2504-2511, 2015. doi: 10.1681/ASN.2014070714

Nondialysis-dependent CKD is common, affecting an
estimated 8%—16% of the world’s population.! Be-
cause of the prevalence of CKD and the independent
relation between CKD and adverse outcomes—even
for those with mild to moderate disease severity—the
public health effect of CKD has been increasingly
recognized. According to the 2010 Global Burden
of Disease study, the number of deaths with CKD
as the underlying cause increased by 82% from
1990 to 2010.! CKD is associated with an increased
risk of mortality caused by cardiovascular diseases
(CVDs)? and non-CVDs3-; however, the propor-
tions of death caused by specific causes and the differ-
ences in these proportions across stages of CKD have
not been systematically described.
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Characterizing cause of death serves several im-
portant functions, such as measuring disease burden,
generating insight into mechanisms of disease, and
indicating potential strategies for treatment and pre-
vention. For example, the finding that sudden cardiac
death is common among patients on hemodialysis led
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to work showing that other mechanisms other than underlying
coronary artery disease were likely responsible for the high
cardiovascular mortality in this population.®” Although studies of
mortality for patients with CKD have focused primarily on risks
of all-cause and cardiovascular mortality,® several studies have
also shown that CKD is associated with an increased risk of death
from other causes, such as infection.3=> To reduce the excess
mortality associated with CKD, more detailed information on
specific causes of death is needed to inform the design of future
interventions.

Recognizing that patients with lower eGFR are known to be at
higher risk of all-cause mortality, we used a large population—
based dataset to examine the proportions of deaths attribut-
able to various causes in people at varying levels of kidney
function. We hypothesized that, at lower eGFR, cardiovascular
mortality and mortality caused by infection would account for
an increasing proportion of deaths compared with in those
with eGFR>60 ml/min per 1.73 m°.

RESULTS

Participant Flow and Characteristics

Over the study period, 3,897,684 residents of Alberta were
identified. Of these potential participants, 3,816,620 were ex-
cluded; the primary reason for exclusion was no death (3,630,452
residents). Registration with Alberta Health (AH) was not
available for 2332 (<<1%) residents, and serum creatinine during
the year before death was not available for 121,827 (3%) resi-
dents (Figure 1). A proteinuria measurement was missing for
12,160 (15%) participants.

Table 1 shows the baseline characteristics of the study partic-
ipants according to the five categories of death. Among 81,064
people who died, the main cause of death was cancer (25,882
deaths; 31.9%) followed by cardiovascular deaths (24,494;
30.2%). Cause of death was missing for 4783 (5.9%) participants
(Table 1). Participants who died from a cardiovascular or

Residents of Alberta
N=3,897,684

Excluded (N=3,816,620)
No death (N=3,630,452)
No registration with AH (N=2332)
<3 year of AH medical history (N=57,352)
Age <18 years (N=1140)
No SCr measured in the last year of follow-up (N=121,827)
Development of ESRD prior to death (N=3517)

Y

Primary population

Sensitivity population

May 2002 — March 2009 . SCr measured between
SCr measured 1 year prior 1 year and 1 month prior
N=81,064 N=75,822

Figure 1. Participant flow and characteristics for all residents of
Alberta over the study period. The sensitivity analysis shown on
the lower right, excluded all eGFR measurements in the month
prior to death. SCr, serum creatinine.
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infectious cause were significantly older than those who died
from cancer or an unknown or other cause. A greater proportion
of Aboriginals died because of an infection than because of the
other causes. Participants who died from cancer were younger
and substantially less likely to have diabetes or hypertension.
Within each of the main causes of death, the majority of partic-
ipants had eGFR=60 ml/min per 1.73 m* and no proteinuria.

Causes of Death According to eGFR Category

Figure 2 shows the unadjusted relative percentages of death by
cause according to eGFR. Table 2 shows the percentages of
deaths attributed to each cause as a function of eGFR. Within
each category of eGFR, the cause of death was missing for <<10%
of participants.

Among participants with eGFR=60 ml/min per 1.73 m* and
no proteinuria, death caused by cancer was the most common
cause of death: 38.1% (95% confidence interval [95% CI|, 37.5%
to 38.6%). These results were similar after adjustment for age
and sex (Table 2). For participants with eGFR=60 ml/min per
1.73 m? and proteinuria, cancer was the most common cause of
death and responsible for 40.2% of deaths (95% CI, 39.5% to
41.0%). After age and sex adjustment, cancer and other causes
were the most common causes of death in this category: 38.5%
(95% CI, 37.7% to 39.9%) and 28.2% (95% CI, 27.4% to
28.9%), respectively. Among those with eGFR=60 ml/min per
1.73 m?, the presence of proteinuria was associated with a mod-
est decrease in the percentage of deaths caused by CVD (in both
unadjusted and age- and sex-adjusted analyses).

Among participants with eGFR<60 ml/min per 1.73 m>, the
primary cause of death was CVD; these results were similar after
adjustment for age and sex. There was an inverse association
between eGFR and the proportion of deaths from a cardiovas-
cular cause (Table 2). The relationship between death caused
by a cardiovascular cause and lower eGFR remained after ad-
justment for age and sex, although the magnitude was attenu-
ated. At lower levels of eGFR, the proportion of deaths caused by
cancer declined. A modest inverse relation was also observed for
eGFR and the proportion of deaths caused by infectious and
other causes (Table 2). Adjusted results were similar.

The proportions of deaths by cause and eGFR category were
further subclassified by age: =70, 50-69.9, and 18—49.9 years
old (data not shown). For those participants with an eGFR>60
ml/min per 1.73 m” without proteinuria who died from CVD,
the highest proportion of deaths was in the =70-year-old age
group followed by the 50- to 69.9-year-old age group. The relation-
ship between older age and deaths caused by CVD was similar at all
levels of eGFR. Although the proportion of deaths caused by CVD
was higher at lower eGFR among participants in the youngest age
group, a similarly higher proportion of deaths caused by CVD
at lower eGFR was observed in participants ages 50-69.9 and
18-49.9 years old. The highest proportion of deaths caused
by cancer was observed in the 50- to 69.9-year-old age group;
there was a similar pattern at all levels of eGFR. For deaths from
other causes across all categories of eGFR, the highest proportion
of deaths was in the 18- to 49.9-years-old age group.
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Table 1. Demographic and clinical characteristics of participants who died during follow-up according to cause of death
(n=81,064)
Participant Characteristics  All Participants CVvD Infection Cancer Other® Missing P Value
N 81,064 (100) 24, 494 (30.2) 3274 (4.0) 25, 882 (31.9) 22, 631 (27.9) 4783 (5.9 —
Age, yr 3 (75-89) 3(73-90) 3(63-81) 0 (68-88) 8 (65-86) <0.001
Men 40,606 (50.1) 11, 866 (48.4) 1544 (47.2) 13, 664 (52.8) 11 056 (48.9) 2476 (51.8) <0.001
Aboriginal 1790 (2.2) 368 (1.5) 129 (3.9) 420 (1.6) 773 (3.4) 100 (2.1) <0.001
Social assistance 2923 (3. 6) 505 (2.1) 169 (5.2) 809 (3.1) 1255 (5.5) 185 (3.9) <0.001
Rural residence 11,059 (13.6 3176 (13) 429 (13.1) 3702 (14.3) 3070 (13.6) 682 (14.3) <0.001
Comorbidities

Diabetes 22,888 (28.2) 7819 (31.9) 1053 (32.2) 5859 (22.6) 6785 (30) 1372 (28.7) <0.001

Hypertension 55,871 (68.9) 19,966 (81.5) 2358 (72) 15,240 (58.9) 14,989 (66.2) 3318 (69.4) <0.001

Charlson score® 4 (2-6) 4 (2-6) 9 (8-10) 3 (2-6) 4 (2-8) <0.001
eGFR, ml/min per 1.73 m? <0.001

=60 without proteinuria® 31,323 (38.6) 7655 (31.3) 904 (27.6) 11,927 (46.1) 8976 (39.7) 1861 (38.9)

=60 with proteinuria 15,278 (18.9) 3169 (12.9) 770 (23.5) 6146 (23.7) 4211 (18.6) 982 (20.5)

45-59 15,673 (19.3) 5763 (23.5) 674 (20.6) 4141 (16) 4176 (18.5) 919 (19.2)

30-44 12,268 (15.1) 5054 (20.6) 588 (18) 2606 (10.1) 3338 (14.7) 682 (14.3)

15-29 6522 (8.1) 2853 (11.6) 338(10.3) 1062 (4.1) 1930 (8.5) 339 (7.1)

@Other includes 5236 deaths caused by neurologic diseases and dementias, 4086 deaths caused by chronic lung disease, 3500 deaths caused by suicides and
accidents, 3076 deaths caused by digestive diseases, 1583 deaths caused by diabetes, and an additional 5150 (6.4%) other deaths.

PCharlson score includes AIDS/HIV, metastatic cancers, nonmetastatic cancers, CVA, chronic obstructive lung disease, dementia, diabetes, heart failure, mild liver
disease, moderate/severe liver disease, myocardial infarction, paraplegia, peptic ulcer, peripheral vascular disease, and rheumatologic disease. The median and

interquartile ranges are presented.

“Proteinuria is defined as urine dipstick trace or greater, albumin-to-creatinine ratio=3 mg/mmol, or protein-to-creatinine ratio=15 mg/mmol.

Other Causes of Death According to eGFR Category
Other causes of death were further classified in Table 3. Among
participants without proteinuria and eGFR=60 ml/min per
1.73 m?, neurologic diseases (including dementia) were the
most common cause of death: 26.1% of deaths (95% CI,
25.2% to 27.1%). After adjustment for age and sex, neurologic
causes (including dementia) remained the most common
cause of death (Table 3).

For participants with eGFR=60 ml/min per 1.73 m* and
proteinuria, undefined other causes and neurologic causes
were the most common causes of death: 24.2% (95% CI,
23.0% to 25.5%) and 20.8% (95% CI, 19.5% to 22.0%). Among
those with eGFR=60 ml/min per 1.73 m?, the presence of pro-
teinuria was associated with an increase in the proportions of
deaths caused by digestive diseases, diabetic complications, and
other causes (unclassified deaths); results were similar after ad-
justment for age and sex.

At lower eGFR, the proportions of deaths from neurologic
causes, chronic lung diseases, and suicides and accidents de-
creased, whereas the proportions of death caused by unclassified
causes and diabetic complications increased (Figure 2).

Subclassification of Cardiovascular Causes of Death by
eGFR Category

Among participants who died of CVD, Table 4 shows further
subclassification of these causes of deaths by eGFR category. For
participants with eGFR>60 ml/min, death caused by ischemic
heart disease (IHD) was the most common cause of cardiovas-
cular death: 58.0% of cardiovascular deaths (95% CI, 56.9% to
59.1%) in both unadjusted and adjusted analyses.
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For those participants with eGFR=60 ml/min per 1.73 m*
and proteinuria, IHD was the most common cause of death.
However, among those with eGFR=60 ml/min per 1.73 m>
the percentage of deaths caused by IHD was lower in the pres-
ence of proteinuria, whereas the proportions of deaths caused
by cerebrovascular disease (CVA), heart failure, and arrhythmia
were higher in the presence of proteinuria (in both unadjusted
and age- and sex-adjusted analyses).

Deaths caused by IHD accounted for a similar proportion of
deaths within each eGFR category (both adjusted and unadjusted
analyses). Conversely, the percentage of deaths caused by heart
failure increased at lower eGFR: 8.0% (95% CI, 7.3% to 8.7%),
11% (95% CI, 10.1% to 11.8%), and 13.9% (95% CI, 12.6% to
15.1%) for those with eGFR=45-59, 30—44, and 15-29 ml/min
per 1.73 m?, respectively. The proportion of deaths caused by
valvular disease increased modestly at lower eGFR. Conversely,
the proportion of deaths caused by CVA decreased at lower
eGFR. There was no clear relation between lower eGFR and
the proportion of deaths caused by arrhythmia or other cardiac
causes. These findings did not change appreciably with adjust-
ment for age and sex.

DISCUSSION

In this large population-based study, we found that the leading
causes of death varied according to the presence and severity of
CKD. Among Albertans with eGFR>60 ml/min per 1.73 m*
(with or without proteinuria) who died, the greatest proportion
of deaths was from cancer. Among those with eGFR<<60 ml/min

J Am Soc Nephrol 26: 2504-2511, 2015
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Figure 2. Unadjusted relative percentages for death by cause and eGFR. Top panel shows the relative percentages for death by eGFR
category for each of the four main categories: CVD, neoplasm, infection, and other. The most common cause of death for those with
eGFR>60 ml/min per 1.73 m? and no proteinuria was cancer. The most common cause of death for those with eGFR<40ml/min per
1.73m? was cardiovascular disease. Middle panel shows the relative percentages for death by eGFR category for the subclassification
of other causes from top panel. Among participants without proteinuria and eGFR>60 ml/min per 1.73 m?, neurologic diseases (in-
cluding dementia) were the most common cause of death. At lower eGFR, the proportions of death caused by unclassified and diabetic
complications increased. Bottom panel shows the relative percentages for death by eGFR category for the subclassification of CVD
deaths. For participants with eGFR>60 ml/min, death caused by ischemic heart disease (IHD) was the most common cause of car-
diovascular death. The proportion of deaths caused by heart failure and valvular disease increased at lower eGFR. The height of each
colored bar represents the percentage of participants for each cause of death within each category of eGFR. The width of each colored
bar represents the percentage of participants for each eGFR category within each cause of death. The area of each colored bar

represents the percentage of participants within each eGFR category and each cause of death. Prot, proteinuria.

per 1.73 m* who died, the greatest proportion of deaths was from
CVD. There were 19.3% and 13.9% more deaths caused by CVD
in unadjusted and age- and sex-adjusted analyses, respectively,
for those with eGFR=15-29 ml/min per 1.73 m* compared with
those with eGFR>60 ml/min per 1.73 m* .The excess proportion
of cardiovascular deaths seemed to be because of a larger pro-
portion of deaths from heart failure and valvular heart disease at
lower eGFR; there was no relation between lower eGFR and the
proportion of deaths caused by IHD. We also found that lower
eGFR was associated with lower proportion of deaths from can-
cer. Finally, although proteinuria is an important determinant of
adverse outcomes® ! (and the presence of proteinuria represents

J Am Soc Nephrol 26: 2504-2511, 2015

CKD), differences in the proportions of death attributed to
different causes varied by eGFR but (among those with
eGFR=60 ml/min per 1.73 m*) not by proteinuria status.
Other data describing the risk of cause-specific death in the
general population by eGFR category are limited. On the basis of
data from a large population cohort from Taiwan, Gansevoort
et al.!! identified an inverse relation between reduced eGFR and
risk of death from CVD and a direct relation between deaths
caused by cancer and declining eGFR (adjusted for age and
sex). Our estimates of the proportions of deaths caused by CVD
and cancer within each eGFR category were comparable with
these findings with the exception of their finding of a higher
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Table 2. Unadjusted and age- and sex-adjusted percentages (95% Cls) of deaths by cause and eGFR

www.jasn.org

eGFR, ml/min per 1.73 m? CvD Infection Cancer Other Missing Total

=60 without proteinuria
Unadjusted 24.4 (24.0 to 24.9) 2.9(2.7 to 3.1) 38.1(37.5to 38.6) 28.7 (28.2t0 29.2) 5.9(5.7t06.2) 31,323
Age and sex adjusted 26.0 (25.5 to 26.5) 3.0(2.8t03.2) 36.2(35.6 to 36.7) 28.9 (28.4 to 29.4) 5.9(5.6t06.2)

=60 with proteinuria
Unadjusted 20.7 (20.1 to 21.4) 5.0(4.7 to 5.4) 40.2 (39.5t0 41.0) 27.6 (26.9 to 28.3) 6.4 (6.01t0 6.8) 15,278
Age and sex adjusted 21.7 (21.0to 22.4) 5.3(4.9to0 5.6) 38.5(37.7 to 39.3) 28.2 (27.4 t0 28.9) 6.4 (6.01t0 6.8)

45-59
Unadjusted 36.8 (36.0 to 37.5) 4.3(4.01to04.6) 26.4 (25.7 to 27.1) 26.6 (26.0to 27.3) 5.9(5.5t06.2) 15,673
Age and sex adjusted 33.3(32.5t0 35.0) 4.3(3.91t04.6) 28.7 (27.9 to 29.4) 27.5(26.8 to 28.3) 6.3(5.9t06.7)

30-44
Unadjusted 41.2 (40.3t0 42.1) 48(4.41t05.2) 21.2 (20.5t0 22.0) 27.2 (26.4 to0 28.0) 5.6 (5.2t0 6.0) 12,268
Age and sex adjusted 37.1(36.3 to 38.0) 4.8(4.4t05.2) 23.7 (22.9 to 24.5) 28.3(27.5t029.2) 6.1(5.6t0 6.5)

15-29
Unadjusted 43.7 (42.5t0 44.9) 5.2(4.6t05.7) 16.3(15.4t0 17.2) 29.6 (28.5 t0 30.7) 5.2(4.7t05.7) 6522
Age and sex adjusted 39.9 (38.7 to 41.1) 5.2(4.6t05.7) 18.3(17.3t0 19.3) 30.9 (29.8 to 32.1) 5.7 (5.1 t0 6.3)

Total 24,494 3274 25,882 22,631 4783 81,064

proportion of cardiovascular deaths for individuals with
eGFR=15-29 ml/min (39.9% of deaths caused by CVD in
our study versus 59.8% in the Taiwanese cohort analyzed by
Gansevoort et al.'!). This difference is likely attributable to
the inclusion of diabetic and CKD deaths as cardiovascular-
related causes of deaths by Gansevoort et al.!!

Our study extends the results of previous work in several ways.
First, disaggregating cardiovascular causes of death is potentially
useful from a clinical perspective, because these subcategories
may require different interventions. Second, an analysis of the
cause-specific deaths by eGFR serves to generate hypotheses on
what pathophysiologic mechanisms may link worsening eGFR
to specific causes of death. For instance, our finding that the ma-
jority of CVD deaths was caused by IHD is consistent with the
association between CKD and IHD.!2 However, contrary to our
expectations, we found no clear association between lower eGFR
and the proportion of deaths caused by IHD. Although ITHD can
contribute to other cardiac disorders, such as heart failure, our
finding suggests that other processes more specific to CKD, such
as arteriosclerosis or chronic volume overload, may contribute to
increased cardiac workload at lower eGFR.!3 Similarly, the excess
proportion of deaths caused by valvular disease raises the hy-
pothesis that valvular calcification may become increasingly
important at lower eGFR.1* Third, CKD has been associated
with an increased risk of a number of adverse health outcomes;
characterizing the relative distribution of cause-specific deaths
by eGFR category provides a comprehensive description of the
cause-specific burden of disease in CKD. This information
may be helpful for prioritizing resource allocation to future
interventions.

Our finding that lower eGFR is associated with an increased
mortality risk caused by infection is in keeping with other
previous studies.#>1> On the basis of data from the Third Na-
tional Health and Nutrition Examination Survey, Wang et al.1>
found that, compared with those with eGFR=60 ml/min, the
hazards for infection-related mortality were 1.47 and 3.17 for

2508 Journal of the American Society of Nephrology

those with eGFR=45-59 and <45 ml/min, respectively (ad-
justed for age, sex, and ethnicity). These findings may be because
of the excess comorbidity and frailty associated with CKD,!®
which presumably increase both the susceptibility to illness
and the risk of death after illness develops.

Our study has several limitations. First, our findings are on the
basis of data from a single Canadian province and may not be
generalizable to other populations. Second, to define CKD, we
used a single measurement of eGFR and proteinuria, a method
that may have led to misclassification of exposure. Although we
included three different measures of proteinuria, multiple mea-
surements may lead to more accurate assessment of the risk of
adverse events!7; this limitation may explain why the risk of death
from cardiovascular causes for those with eGFR>60 ml/min
per 1.73 m” did not seem to vary by the presence or absence
of proteinuria. Third, data on cause of death and comorbidity
from administrative databases have recognized shortcomings
and therefore, could lead to misclassification.!® For instance,
given that postoperative deterioration in renal function is an
independent risk factor for death,!920 we did a sensitivity anal-
ysis that excluded all eGFR measurements in the month before
death; results were similar to those in the primary analysis.
Fourth, there is no universally accepted scheme for classifying
various causes of death into categories. The groupings that we
used were on the basis of clinically relevant categories and in-
formed by several validated algorithms,?! previously published
data,?? and recommendations from experts.2>24 Fifth, our re-
sults must be interpreted carefully given that more severe CKD is
much less common than milder forms: a disease that accounts
for a lower proportion of deaths at higher eGFR may actually
account for a substantially greater number of deaths than an-
other disease that is responsible for a higher proportion of deaths
among people with severe CKD.

In conclusion, the proportion of deaths from CVD or
infection was higher at lower eGFR, with the former apparently
driven by an increased proportion of deaths attributed to heart

J Am Soc Nephrol 26: 2504-2511, 2015
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16.7 (15.5t0 17.8) 12.7 (11.6 t0 13.9) 16.2 (15.0to 17.4) 9.0(8.0t0 9.9) 24.7 (13.3 to 26.1)

20.8 (19.6 to 22.1)

Age and sex adjusted

30-44

3338

28.3 (26.8 t0 29.8)
30.8 (29.1 to 32.4)

10.9 (9.8 t0 11.9)

14.0 (12.8 to 15.1)
15.8 (14.4t0 17.1)

18.2 (16.9 to 19.5) 8.4 (7.5t09.4)
11.1 (9.9 to 12.3)

15.2 (14.0 to 16.4)

20.2 (18.9 to 21.6)
15.7 (14.6 to0 16.9)

Unadjusted

11.5(10.3 to 12.6)

Age and sex adjusted

15-29

1930

35.5(33.3 to 37.6)
38.0(35.7 t0 40.2)

14.9 (13.3 to 16.5) 5.8 (4.8 t0 6.8) 14.0 (12.4 to 15.5) 15.1(13.5t0 16.7)
15.5(13.8t0 17.2) 15.7 (14.0t0 17.4)

12.3(10.9 to 13.6)

14.7 (13.1 to 16.3)
11.3(10.0 to 12.6)

Unadjusted

7.3 (6.0to 8.6)

Age and sex adjusted

Total

22,631

5150

1583

3076

3500

4086

5236
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failure and valvular heart disease rather than THD. These
findings provide insight into the mechanism for the excess
mortality seen among people with nondialysis-dependent CKD.

CONCISE METHODS

Data Sources and Population
We used the Alberta Kidney Disease Network database, which incor-

porates data from AH (the provincial health ministry), the Northern and
Southern Alberta Renal Programs, and the clinical laboratories in
Alberta.?> We identified adults ages =18 years old who were Alberta
residents, died between May of 2002 and March of 2009, and had an
outpatient serum creatinine measured in the year before death. All
people registered with AH were eligible for inclusion. All Alberta resi-
dents are eligible for insurance coverage by AH, and >99% of residents
participate in this coverage. We excluded patients with kidney failure
(defined as documented chronic dialysis or prior kidney transplant).

Cause of Death
Cause of death was classified into five broad categories using In-

ternational Classification of Diseases 10-CA codes from AH Vital
Statistics Branch: cardiovascular, infection, cancer, other, and not
reported. The cause of death was considered to be the underlying cause
rather than the immediate cause of death. In Alberta, the attending
physician, medical examiner, or other certifier determines the cause of
death. Specific codes are listed in Supplemental Table 1. Death caused
by CVD was further subclassified into IHD, CVA, heart failure, val-
vular heart disease, and arrhythmia. Deaths caused by infection were
categorized as abdominal, cardiac, kidney and genitourinary, neuro-
logic, respiratory, and septicemia. Both malignant and nonmalignant
cancers were included. Deaths caused by other causes were those for
which a cause of death was recorded and other than cardiovascular,
cancer, or infection related. Other causes were further classified into
the following subcategories: neurologic and dementias, chronic lung
diseases, suicides and accidents, digestive diseases, and diabetic com-
plications. Where the proportions of deaths caused by a specific cause
were very low, such as CKD, these causes were classified in a mis-
cellaneous other category. Lastly, deaths with no reported cause of
death were categorized as missing.

Covariates

Participants were divided into groups according to level of kidney
function, which was estimated using the CKD Epidemiology Collab-
oration equation.?® The last outpatient eGFR 1 year before death was
categorized as =60, 45-59.9, 30—44.9, or 15-29.9 ml/min per 1.73 m?.
Those participants with eGFR=60 ml/min per 1.73 m* were further
subdivided by the presence or absence of proteinuria. Proteinuria was
defined as present if any of the following were present: trace urine
dipstick or greater, albumin-to-creatinine ratio =3 mg/mmol, or
protein-to-creatinine ratio =15 mg/mmol. The last value before
death was used; if more than one value at that time point was
available, measures were used in the following order of preference:
first, albumin-to-creatinine ratio, second, protein-to-creatinine ratio,
and third, dipstick. Demographic variables included age (categorized
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Table 4. Unadjusted and age- and sex-adjusted percentages (95% Cls) of death by cardiovascular causes and eGFR

eGFR, ml/min
per 1.73 m?

IHD

CVA

Valvular Heart

=60 without proteinuria

Unadjusted

Age and sex adjusted
=60 with proteinuria

Unadjusted

Age and sex adjusted
45-59

Unadjusted

Age and sex adjusted
30-44

Unadjusted

Age and sex adjusted
15-29

Unadjusted

Age and sex adjusted
Total

58.0(56.9 to 59.1)
56.6 (55.5t0 57.7)

52.0(50.3 to 53.8)
50.1 (48.3t0 51.9)

55.1(53.8t0 56.3)
56.3 (55.0 to 57.6)

55.6 (54.2 t0 56.9)
57.3 (55.9 to 58.6)

56.8 (55.0 to 58.6)
59.0 (57.1 to0 60.8)
13,688

20.7 (19.8 to 21.6)
21.6 (20.7 to 22.6)

25.2 (23.7 to 26.8)
26.6 (25.0t0 28.1)

20.2 (19.2 to 21.3)
19.4(18.4 to 20.4)

16.8(15.8 to 17.8)
15.8(14.8 to 16.8)

13.7(12.4t0 14.9)
12.6(11.41t0 13.8)
4790

Heart Failure X Arrhythmia Other Total
Disease
6.5(6.0to 7.1) 3.4(3.0t03.8) 2.7(2.3t03.0) 8.7(8.1t09.4) 7655
6.6(6.0t07.1) 3.3(29t03.7) 2.8(24t03.1) 9.1(8.5t09.8)
7.4 (6.5 to 8.3) 3.6(3.0t04.3) 3.4(28to4.1) 83(7.3t09.2) 3169
7.5 (6.5 to 8.4) 3.6(3.0t04.3) 3.6(29t04.3) 8.6(7.6109.6)
8.0(7.3t0 8.7) 47(4.11t05.2) 35(3.0to4.0) 8.6(7.8t09.3) 5763
8.1 (7.4 to0 8.8) 4.6(4.1t05.2) 3.3(2.8t03.7) 8.4(7.61t09.1)
11.0(10.1t0 11.8) 4.8(4.2to54) 3.4(291t03.9 85(7.8t09.3) 5054
11.0(10.2t0 11.9) 4.7(4.1t05.3) 3.0(2.6t03.5) 8.1(7.4t08.9)
13.9(12.6t0 15.1) 55(4.7t06.3) 2.8(22t03.4) 7.3(6.4t08.3) 2853
13.8(12.5t0 15.1) 53(@4.4t06.1) 2.5(1.9t03.0) 6.9(6.0t07.9)
2145 1044 766 2061 24,494

as 18-49.9, 50-69.9, and =70 years old), sex, Aboriginal (registered First
Nations or recognized Inuit), social assistance, and rural/urban status.
We used validated algorithms to define the Charlson comorbidities di-
abetes?” and hypertension?® at baseline using physician claims, hospi-
talization, and ambulatory care use data. The Charlson score was on the
basis of the Deyo classification? of the following comorbidities: CVA,
peripheral vascular disease, congestive heart failure, cancer, chronic ob-
structive pulmonary disease, dementia, diabetes with and without com-
plications, AIDS/HIV, metastatic solid tumor, myocardial infarction,
mild liver disease, moderate/severe liver disease, paralysis, peptic ulcer
disease, and rheumatic disease.

Statistical Analyses
We performed analyses with Stata/MP 11 (www.stata.com) and reported

baseline descriptive statistics as counts and percentages or medians and
interquartile ranges as appropriate. Chi-squared and Kruskal-Wallis
tests were used to test for differences across groups. Using multinomial
logistic regression models, we estimated risks of death for specific causes
according to CKD stage and level of proteinuria. We reported unad-
justed and age- and sex-adjusted proportions of death caused by the
different causes. We also present the subcategories associated with car-
diovascular and other causes of death. In sensitivity analyses, we elim-
inated eGFR values in the month before death and used the last value in
the 11 earlier months. Repeating analyses after exclusion of all eGFR
values obtained during the month before death yielded results that were
very similar to the primary analyses (data not shown). The institutional
review boards at the University of Alberta and the University of Calgary
approved the study.
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