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Abstract
Background: As the adverse clinical outcomes common in patients with chronic kidney disease (CKD) can be prevented or 
delayed, information on the cost of care across the spectrum of CKD can inform investments in CKD care.
Objectives: To determine the cost of caring for patients with CKD who are not on dialysis or transplant at baseline.
Design: Population-based cohort study using administrative health data.
Setting: Alberta, Canada.
Patients: Cohort of 219 641 adults with CKD categorized by estimated glomerular filtration rate (eGFR) between April 1, 
2012, and March 31, 2014, into Kidney Disease: Improving Global Outcomes (KDIGO) CKD categories, excluding patients 
on dialysis or transplant at baseline.
Measurements: The primary outcome was 1-year cumulative unadjusted health care costs, including the cost of drugs, 
physician visits, emergency department visits, outpatient procedures (including dialysis and other day medicine and surgery 
procedures), and hospitalizations for the year following each patient’s index date.
Methods: Mean 1-year direct medical costs were estimated for the cohort as a whole and for patients in the different 
KDIGO CKD categories as defined at baseline. Costs were further categorized according to baseline demographic and 
clinical characteristics, and by type of care (ie, kidney care and cardiovascular care).
Results: In 219 641 adults with CKD, the mean unadjusted cumulative 1-year cost of care was Can$14 634 per patient 
(median = Can$3672; Q1 = Can$1496, Q3 = Can$10 221). Costs were higher for those with more comorbidity, those 
with lower eGFR, and those with more severe albuminuria. The cost of kidney and cardiovascular care was Can$230 (1.6% 
of total costs) and Can$720 (4.9% of total costs), respectively, for the cohort overall. These costs increased substantially for 
patients with lower eGFR, averaging Can$14 169 (32.3% of total costs) and Can$2395 (5.5% of total costs) for kidney and 
cardiovascular care, respectively, for people with eGFR<15 mL/min/1.73 m2 at baseline.
Limitations: We only have estimates of the cost of health care for people with CKD, and not the costs borne by patients or 
their families. As we have not included costs for people without CKD in this analysis, we are unable to assess the incremental 
costs associated with CKD.
Conclusions: We identified that patients with CKD, even when not on dialysis at baseline, had high health care costs (more 
than twice the cost per person in Canada in 2015), with a graded association between severity of CKD and costs. Our 
findings can inform current and future cost estimates across the spectrum of CKD, including an estimate of potential savings 
that might result from interventions that slow or prevent kidney disease.

Abrégé 
Contexte: Les événements cliniques indésirables qui surviennent fréquemment chez les patients atteints d’insuffisance 
rénale chronique (IRC) peuvent être prévenus ou retardés. Connaître le coût des soins liés à l’ensemble du spectre de la 
maladie pourrait éclairer les investissements en santé rénale.
Objectifs: Établir le coût des soins prodigués aux patients atteints d’IRC non dialysés ou transplantés au moment de 
l’inclusion.
Type d’étude: Une étude de cohorte représentative de la population réalisée à partir des données administratives en santé.
Cadre: Alberta, Canada.
Sujets: Une cohorte de 219 641 adultes atteints d’IRC qui ont été classés entre le 1er avril 2012 et le 31 mars 2014 dans 
les catégories du KDIGO selon leur DFGe. Les patients dialysés ou transplantés ont été exclus.
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Mesures: Le résultat principal était le coût cumulatif non ajusté des soins de santé sur un an. Pour l’année suivant la date 
indice de chaque patient, le total incluait les coûts des médicaments, des consultations médicales, des visites aux urgences, 
des procédures ambulatoires (dialyse et différentes procédures de chirurgie et de médecine d’un jour) et des hospitalisations.
Méthodologie: La moyenne des coûts médicaux directs sur un an a été estimée à l’inclusion pour l’ensemble de la cohorte 
et pour chaque catégorie d’IRC du KDIGO. Les coûts ont également été classés selon les caractéristiques démographiques 
et cliniques des patients à l’inclusion, et par types de soins (soins en néphrologie et en cardiologie).
Résultats: Dans la cohorte étudiée, la moyenne des coûts cumulatifs non ajustés sur un an s’établissait à 14 634 $ CA par 
patient (médiane: 3 672 $; Q1: 1 496 $ et Q3: 10 221 $), et davantage pour les patients présentant des comorbidités, un 
faible DFGe ou une grave albuminurie. Les coûts des soins en santé rénale et cardiovasculaire pour l’ensemble de la cohorte 
s’élevaient respectivement à 230 $ (1,6 % du montant total) et 720 $ (4,9 % du montant total) par personne. Ces coûts 
augmentaient considérablement pour les patients présentant un faible DFGe (<15 ml/min/1,73 m2) à l’inclusion, soit en 
moyenne 14 169 $ (32,3 % du montant total) en santé rénale et 2 395 $ (5,5 % du montant total) en santé cardiovasculaire.
Limites: L’estimation ne tient compte que du coût des soins prodigués aux patients, et non des coûts assumés par les 
patients ou leurs proches. L’analyse n’incluant pas les montants pour les patients non atteints d’IRC, nous n’avons pas été en 
mesure d’évaluer les coûts différentiels associés à la maladie.
Conclusion: Nous avons constaté que les patients atteints d’IRC, même s’ils n’étaient pas dialysés à l’inclusion, engendraient 
des coûts de santé plus élevés (plus de deux fois le coût par personne au Canada en 2015) avec une association graduelle 
de ceux-ci à la gravité de l’IRC. Nos résultats peuvent orienter les évaluations de coût actuelles et futures pour l’ensemble 
du spectre de l’IRC, notamment l’estimation des économies potentielles qui pourraient résulter d’interventions visant la 
prévention de l’insuffisance rénale ou le ralentissement de son évolution.
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What was known before

While the care of people on dialysis costs nearly Can$100 
000 per year, there has been little research to determine the 
cost of caring for those with nondialysis chronic kidney dis-
ease, despite it being 100 times as common as end-stage 
renal disease.

What this adds

The care of people with nondialysis chronic kidney disease 
(CKD) averages Can$14 634 per year and is higher for peo-
ple with more comorbidity, those with lower estimated glo-
merular filtration rate, and those with more severe 
albuminuria. Extrapolating our findings to Canada, we esti-
mate that the annual cost of caring for Canadians with CKD 
(not on dialysis at baseline) approximates Can$32 billion per 
year—including costs attributable to their CKD and costs 
attributable to their other medical conditions.

Background

Chronic kidney disease (CKD) is defined by estimated glo-
merular filtration rate (eGFR) <60 mL/min/1.73 m2 or albu-
minuria >3 mg/mmol. It affects 12.5% of adults in Canada1 
and is associated with adverse clinical outcomes and poor 
quality of life.2 While most CKD patients (90%-95%) are 
managed in primary care,2 many with lower eGFR have 
complex medical needs that require specialist nephrology 
care, often delivered by a multidisciplinary team that includes 
nurse clinicians, dieticians, pharmacists, and social workers.

While the care of people on dialysis costs nearly Can$100 
000 per year,3-5 there has been less research to determine the 
cost of caring for those with nondialysis CKD, despite it being 
100 times as common as end-stage renal disease (ESRD).1,6-8 
Because CKD is associated with multimorbidity, use of 
resource-intensive treatments, and increased risk of many med-
ical complications that often require hospitalization,9 care of 
patients with nondialysis CKD may also have significant costs.
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Given the clinical importance of CKD, its substantial and 
increasing prevalence, and the fact that progression and com-
plications of CKD may be prevented or delayed by timely 
care,10 there is interest in optimizing the management of 
early CKD. However, this would require considerable 
resource investment by policy makers, which in turn requires 
a business case that includes the cost of caring for patients 
across the spectrum of CKD. In this study, we used popula-
tion-based data from Alberta, Canada, to examine the cost of 
caring for patients with CKD who were not receiving dialy-
sis nor had a transplant at baseline.

Research Design and Methods

Overview

We used laboratory data and the Kidney Disease: Improving 
Global Outcomes (KDIGO) CKD staging classification10 to 
define patients with CKD, and provincial health administra-
tive data to measure their overall health care costs. We assessed 
costs over time by CKD category at baseline and also deter-
mined the proportion of costs attributable to kidney and car-
diovascular care using a variety of primary diagnostic codes.

Data Sources

We used population-level data from the Alberta Kidney 
Disease Network (www.AKDN.info). The AKDN is a pro-
vincial network that captures laboratory measurements, 
including serum creatinine, and measures of urine albumin11 
for all residents of Alberta, Canada, who undergo laboratory 
testing. Use of dialysis or kidney transplantation was assessed 
using data from the Northern and Southern Alberta Renal 
programs. Vital statistics data were obtained from Alberta 
Health, the provincial health ministry.

Data were linked to Alberta Health administrative data, 
which capture all provincial residents with public health insur-
ance. All residents of Alberta are eligible for public health 
insurance, and greater than 99% of residents participate in the 
government-sponsored insurance plan. Alberta Health data 
capture all health care utilization paid for by the provincial 
health care plan, including the cost of all medically necessary 
physician visits, hospitalizations, and ambulatory care visits 
(including visits in emergency department [ED], noninterven-
tional services, rehabilitation and community-based services, 
and day surgery), investigations, and procedures. Information 
on prescription drug use was taken from the Alberta 
Pharmaceutical Information Network, which has information 
on all prescription medications dispensed through pharmacies 
to Albertans, including drug, dose, and amount dispensed.

Cohort

We created a cohort of adults 18 years of age and older with 
a series of 2 or more eGFR measurement <60 mL/min/1.73 

m2 lasting at least 90 days based on an outpatient serum cre-
atinine measurement, or one abnormal measure of albumin-
uria (consistent with how the studies that informed the 
KDIGO classification10 considered measures of albumin-
uria) in those with eGFR >60 mL/min/1.73 m2 between 
April 1, 2012, and March 31, 2014. The date of each patient’s 
first eGFR measurement was defined as the “index date.” 
The CKD category was defined as of the index date. 
Participants were not analyzed in another CKD category if 
this changed over time; for example, if a participant transi-
tioned to ESRD requiring dialysis, resource use would be 
assigned to CKD category at index date. We excluded those 
who were receiving dialysis or had a kidney transplant at the 
index date. The cohort was followed for 1 year or censored at 
death or out migration from the index date.

Baseline Laboratory-Derived Measures

The eGFR and albuminuria at index date were used to catego-
rize patients using the KDIGO CKD criteria. We assessed for 
moderate and severe albuminuria over 2 years prior to the 
index eGFR measurement. Moderate albuminuria (KDIGO 
A2) was defined as random urine albumin-to-creatinine ratio 
(ACR) 3 to 30 mg/mmol, urine protein-to-creatinine ratio 
(PCR) 15 to 50 mg/mmol, or random urine dipstick protein 
result of 1+. Severe albuminuria (KDIGO A3) was defined 
as ACR >30 mg/mmol, PCR> 50 mg/mmol, or urinalysis 
dipstick protein result of greater than or equal to 2+. When 
multiple measurements were available, ACR was used in 
preference to PCR, which was used in preference to urine dip-
stick. If multiple albuminuria measurements were available, 
the measurement closest to the index eGFR was considered.

Other Variables

Age, sex, and First Nations status were determined from the 
Alberta Health registry file.12,13 Socioeconomic status was 
determined from the National Household Survey by linkage 
with residential postal code from the registry and was cate-
gorized based on adjusted median neighborhood household 
income as high-income (household income ≥Can$96 000), 
middle-income (household income = Can$46 000-Can$95 
999), or low-income neighborhood (household income 
<Can$46 000). Comorbidities including myocardial infarc-
tion, stroke, congestive heart failure, hypertension, and dia-
betes were defined applying validated algorithms11 to 
administrative data for health care encounters during the 3 
years prior to the index date. We also calculated the Charlson 
comorbidity index,14 a weighted score of 17 comorbid condi-
tions that is associated with adverse outcomes.

Outcomes

The primary outcome was the 1-year cumulative unadjusted 
health care costs, including the cost of drugs, physician 
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visits, ED visits, and hospitalizations for the year following 
each patient’s index date (irrespective of whether the patient 
lived the full 1-year period). Alberta Health uses the Canadian 
Institute for Health Information (CIHI) case mix grouper 
methods and ambulatory care costing methods to estimate 
costs of hospitalization, ED visits, day surgery, and outpa-
tient procedures (including dialysis). Physician claims were 
based on the amount paid. Drug costs were estimated using 
the product and amount dispensed, combined with drug list 
price (from Alberta Blue Cross) and the dispensing fee. We 
adopted the perspective of the health care payer; therefore, 
nonmedical costs (ie, patient time and travel costs, as well as 
costs related to lost productivity) were not included. All costs 
are reported in 2017 Canadian (Can) dollars, updated to 2017 
using health care consumer price index.15

Statistical Analysis

Mean 1-year direct medical costs were estimated for the cohort 
as a whole and for the KDIGO CKD categories as defined at 
baseline; attribution of cost was based on initial CKD status 
even for patients where this changed in follow-up (eg, initiated 
dialysis). As <1% of patients were lost to follow-up due to 
outmigration, imputation for missing costs was not required. 
Costs were further categorized according to baseline demo-
graphic and clinical characteristics, including history of 
comorbid diseases and laboratory measurements—with sub-
groups chosen based on clinical significance or because previ-
ous costing studies had suggested the covariate was associated 
with higher costs. Given the skewed nature of costing data, the 
median, as well as first and third quartile, was calculated for 
each estimate to assess the variability of costs.

We also estimated the 1-year mean cost of kidney care 
and cardiovascular care in CKD patients. The cost of kidney 
care was defined as a hospitalization for a kidney-related pri-
mary diagnosis (see the appendix for a list of International 
Classification of Diseases, Ninth Revision/Tenth Revision 
[ICD-9/10] codes) or ambulatory care visits where kidney 
care was determined by the location of care (eg, dialysis 
units or kidney care clinics) or kidney-related physician pro-
cedures (see the appendix for further details). The cost of 
cardiovascular care was defined as hospitalization and ambu-
latory care visits where cardiovascular disease was coded as 
the primary diagnosis (see the appendix for further details).

Ethics approval for the study was obtained from the con-
joint health ethics review board at the University of Calgary. 
All analyses used STATA, version 11.2 (College Station, 
Texas).

Results

Baseline Characteristics

Overall, 219 641 adults with CKD between April 1, 2010, 
and March 31, 2012, were included in the cohort. Fifty-three 

percent were female, and 42.9% of patients were younger 
than the age of 65 years (Table 1). The most common comor-
bid condition was hypertension, ranging from 45.4% to 
93.4% across CKD categories. All comorbidities increased 
in prevalence with more severe categories of CKD. Compared 
with patients with eGFR <60 mL/min/1.73 m2, patients with 
eGFR >60 mL/min/1.73 m2 and moderate or severe albu-
minuria were more likely to be First Nations, aged <65 
years, and have a lower burden of comorbidity measured by 
a Charlson score of <3 (Table 1). Patients with eGFR <15 
mL/min/1.73 m2 were more likely to require dialysis, receive 
a kidney transplant, or die over the 1-year follow-up (Table 
1). Overall, after 1 year of follow-up, 10.5% of people with 
CKD died, 0.02% of patients received a transplant, and 0.3% 
started dialysis. Of those with eGFR<15 mL/min/1.73 m2 at 
baseline, 2.1% of patients received a transplant and 23.0% 
started dialysis over 1 year.

One-Year Costs

The mean unadjusted 1-year cost of caring for patients with 
CKD in Alberta was Can$14 634 per patient (interquartile 
range [IQR] = Can$1496-Can$10 221) (Table 2). Costs were 
higher for those with lower socioeconomic status, more comor-
bidity, lower eGFR, and with albuminuria. Hospitalization, 
drugs, physician, and ambulatory care accounted for 38%, 
35%, 14%, and 13% of 1-year total costs, respectively (Figure 
1). The mean 1-year unadjusted cost of kidney and cardiovas-
cular care (both excluding drugs) was Can$230 (1.6% of total 
costs) and Can$720 (4.9% of total costs), respectively (Table 
3). However, the cost of kidney and cardiovascular care over 1 
year was substantially greater for patients with lower levels of 
kidney function, averaging Can$14 169 (32.3% of total costs), 
and Can$2395 (5.4% of total costs) for kidney and cardiovas-
cular care, respectively, for people with eGFR <15 mL/
min/1.73 m2 at baseline (Table 3). While kidney care costs per 
person are much higher at lower eGFR than cardiovascular 
care costs, the cost of cardiovascular care is about 10-fold 
higher than kidney care at eGFR above 45 mL/min/1.73 m2, of 
importance given that the majority of individuals with CKD 
have eGFR above 45 mL/min/1.73 m2.

As expected, receiving dialysis during follow-up was a 
significant driver of costs. For instance, the cost of caring for 
people with eGFR <15 mL/min/1.73 m2 at baseline was 
Can$91 112 per patient (IQR = Can$45 941-Can$116 186) 
and Can$28 550 per patient (IQR = Can$6102-Can$33 175) 
for those who did and did not receive dialysis during the 
1-year follow-up period, respectively (P < .001).

Population-Based Estimates of the Cost of Caring 
for People With CKD

Extrapolating our findings to all adults in Canada16 using 
CKD prevalence estimates from a recent Canadian popula-
tion-based survey,1 we estimate that the annual cost of 



5

T
ab

le
 1

. 
Ba

se
lin

e 
C

ha
ra

ct
er

is
tic

s.

O
ve

ra
ll

eG
FR

 >
60

 m
L/

m
in

/1
.7

3 
m

2  
w

ith
 m

od
er

at
e 

al
bu

m
in

ur
ia

eG
FR

 >
60

  
m

L/
m

in
/1

.7
3 

m
2  w

ith
 s

ev
er

e 
al

bu
m

in
ur

ia
eG

FR
 =

 4
5-

59
.9

 
m

L/
m

in
/1

.7
3 

m
2

eG
FR

 =
 3

0-
44

.9
 

m
L/

m
in

/1
.7

3 
m

2
eG

FR
 =

 1
5-

29
.9

 
m

L/
m

in
/1

.7
3 

m
2

eG
FR

 <
15

a   
m

L/
m

in
/1

.7
3 

m
2

 
%

 (
co

un
t)

%
 (

co
un

t)
%

 (
co

un
t)

%
 (

co
un

t)
%

 (
co

un
t)

%
 (

co
un

t)
%

 (
co

un
t)

n
21

9 
64

1
82

 5
77

17
 1

40
73

 7
55

34
 3

59
10

 2
55

15
55

A
ge

, m
ea

n,
 S

D
65

.1
 (

18
.9

)
51

.9
 (

17
.6

)
52

.1
 (

18
.1

)
75

.0
 (

10
.9

)
78

.3
 (

11
.2

)
77

.8
 (

13
.3

)
71

.7
 (

15
.5

)
Fe

m
al

e
53

.4
 (

11
7 

26
0)

50
.4

 (
41

 6
00

)
46

.3
 (

79
42

)
55

.9
 (

41
 2

18
)

58
.3

 (
20

 0
17

)
55

.7
 (

57
11

)
49

.7
 (

77
2)

A
ge

 <
65

 y
ea

rs
42

.9
 (

94
 1

76
)

75
.7

 (
62

 5
09

)
75

.0
 (

12
 8

62
)

17
.3

 (
12

 7
50

)
11

.5
 (

39
68

)
15

.5
 (

15
86

)
32

.2
 (

50
1)

Fi
rs

t 
N

at
io

n
2.

5 
(5

50
2)

3.
8 

(3
11

1)
5.

3 
(9

15
)

1.
0 

(7
59

)
1.

4 
(4

83
)

2.
0 

(2
03

)
3.

8 
(5

7)
So

ci
oe

co
no

m
ic

 s
ta

tu
s

 
Lo

w
-in

co
m

e 
ne

ig
hb

or
ho

od
26

.7
 (

58
 6

47
)

25
.0

 (
20

 6
06

)
26

.2
 (

44
95

)
26

.8
 (

19
 7

73
)

29
.5

 (
10

 1
36

)
30

.7
 (

31
48

)
31

.4
 (

48
9)

 
H

ig
h-

in
co

m
e 

ne
ig

hb
or

ho
od

15
.1

 (
33

 2
56

)
16

.4
 (

13
 5

25
)

15
.1

 (
25

88
)

15
.1

 (
11

 1
97

)
13

.2
 (

45
22

)
11

.9
 (

12
24

)
12

.9
 (

20
0)

C
om

or
bi

di
tie

s
 

H
is

to
ry

 o
f M

I
6.

5 
(1

4 
33

7)
3.

1 
(2

56
4)

3.
8 

(6
54

)
7.

9 
(5

80
6)

11
.0

 (
37

80
)

13
.1

 (
13

40
)

12
.4

 (
19

3)
 

H
is

to
ry

 o
f s

tr
ok

e
7.

1 
(1

5 
51

4)
3.

0 
(2

51
1)

4.
2 

(7
23

)
8.

8 
(6

49
0)

12
.2

 (
41

78
)

14
.0

 (
14

38
)

11
.2

 (
17

4)
 

H
is

to
ry

 o
f C

H
F

16
.7

 (
36

 6
49

)
5.

9 
(4

85
7)

8.
7 

(1
46

8)
19

.8
 (

14
 6

31
)

31
.2

 (
10

 7
20

)
42

.3
 (

43
33

)
39

.7
 (

61
8)

 
H

yp
er

te
ns

io
n

67
.6

 (
14

8 
57

1)
45

.4
 (

37
 5

16
)

51
.9

 (
88

95
)

81
.4

 (
60

 0
26

)
90

.6
 (

31
 1

36
)

93
.4

 (
95

77
)

91
.4

 (
14

21
)

 
D

ia
be

te
s

32
.7

 (
71

 7
94

)
30

.4
 (

25
 1

19
)

35
.0

 (
59

96
)

30
.2

 (
22

 2
60

)
37

.4
 (

12
 8

44
)

46
.4

 (
47

53
)

52
.9

 (
82

2)
 

PV
D

2.
8 

(6
05

7)
1.

2 
(9

98
)

2.
0 

(3
49

)
3.

4 
(2

46
8)

4.
7 

(1
59

7)
5.

3 
(5

48
)

6.
2 

(9
7)

 
D

em
en

tia
4.

9 
(1

0 
78

5)
1.

7 
(1

38
5)

2.
6 

(4
47

)
6.

3 
(4

64
0)

9.
0 

(3
10

2)
10

.5
 (

10
76

)
8.

7 
(1

35
)

 
C

hr
on

ic
 p

ul
m

on
ar

y 
di

se
as

e
11

.8
 (

25
 9

35
)

8.
6 

(7
11

8)
10

.3
 (

17
57

)
13

.0
 (

95
95

)
15

.6
 (

53
51

)
18

.1
 (

18
55

)
16

.7
 (

25
9)

 
M

od
er

at
e 

or
 s

ev
er

e 
liv

er
 d

is
ea

se
0.

3 
(5

39
)

0.
1 

(1
03

)
0.

2 
(3

6)
0.

3 
(2

01
)

0.
4 

(1
43

)
0.

5 
(5

2)
0.

3 
(4

)
 

M
et

as
ta

tic
 s

ol
id

 t
um

or
0.

9 
(1

90
5)

0.
5 

(4
43

)
0.

8 
(1

42
)

0.
9 

(6
94

)
1.

3 
(4

34
)

1.
5 

(1
56

)
2.

3 
(3

6)
 

C
ha

rl
so

n 
sc

or
e 
≤

1
81

.9
 (

17
9 

97
6)

91
.0

 (
75

 2
00

)
86

.4
 (

14
 8

01
)

81
.1

 (
59

 8
38

)
70

.0
 (

24
 0

44
)

53
.1

 (
54

45
)

41
.7

 (
64

8)
 

C
ha

rl
so

n 
sc

or
e 

2-
3

15
.4

 (
33

 7
86

)
8.

1 
(6

71
2)

12
.2

 (
20

87
)

16
.5

 (
12

 1
69

)
24

.5
 (

84
30

)
36

.1
 (

37
07

)
43

.8
 (

68
1)

 
C

ha
rl

so
n 

sc
or

e 
>

3
2.

7 
(5

87
9)

0.
8 

(6
65

)
1.

5 
(2

52
)

2.
4 

(1
74

8)
5.

5 
(1

88
5)

10
.8

 (
11

03
)

14
.5

 (
22

6)
A

lb
um

in
ur

ia
 

Se
ve

re
 (

K
D

IG
O

 A
3)

32
.6

 (
71

59
6)

N
A

10
0.

0 
(1

71
40

)
4.

6 
(3

39
7)

9.
5 

(3
25

5)
22

.9
 (

23
47

)
46

.6
 (

72
4)

 
M

od
er

at
e 

(K
D

IG
O

 A
2)

45
.6

 (
10

0 
07

6)
10

0.
0 

(8
2 

57
7)

12
.2

 (
89

61
)

17
.4

 (
59

65
)

22
.6

 (
23

12
)

16
.8

 (
26

1)
 

N
o 

si
gn

ifi
ca

nt
 a

lb
um

in
ur

ia
 (

K
D

IG
O

 A
1)

32
.6

 (
71

 5
96

)
N

A
N

A
65

.8
 (

48
 5

16
)

55
.4

 (
19

 0
22

)
37

.3
 (

38
20

)
15

.3
 (

23
8)

 
U

nm
ea

su
re

d
9.

6 
(2

1 
10

6)
N

A
N

A
17

.5
 (

12
 8

81
)

17
.8

 (
61

17
)

17
.3

 (
17

76
)

21
.4

 (
33

2)
D

ea
th

 w
ith

ou
t 

di
al

ys
is

 a
nd

/o
r 

tr
an

sp
la

nt
10

.4
 (

22
 8

03
)

4.
2 

(3
44

0)
7.

7 
(1

32
0)

10
.1

 (
74

27
)

19
.6

 (
67

32
)

31
.6

 (
31

91
)

45
.4

 (
52

9)
D

ea
th

 p
re

ce
de

d 
by

 d
ia

ly
si

s 
an

d/
or

 t
ra

ns
pl

an
t

0.
07

 (
16

4)
0.

00
3 

(3
)

0.
0 

(0
)

0.
01

 (
8)

0.
1 

(2
4)

0.
4 

(4
4)

5.
5 

(8
5)

D
ia

ly
si

s 
on

ly
 (

no
 d

ea
th

 o
r 

tr
an

sp
la

nt
) 

du
ri

ng
 t

he
 

1-
ye

ar
 fo

llo
w

-u
p

0.
3 

(5
98

)
0.

00
3 

(3
)

0.
08

 (
13

)
0.

02
 (

15
)

0.
1 

(5
0)

1.
6 

(1
60

)
23

.0
 (

35
7)

T
ra

ns
pl

an
t 

(ir
re

sp
ec

tiv
e 

of
 d

ia
ly

si
s)

 d
ur

in
g 

fo
llo

w
-u

p
0.

02
 (

37
)

0.
00

1 
(1

)
0.

0 
(0

)
0.

0 
(0

)
0.

0 
(0

)
0.

04
 (

4)
2.

1 
(3

2)

N
ot

e.
 e

G
FR

 =
 e

st
im

at
ed

 g
lo

m
er

ul
ar

 fi
ltr

at
io

n 
ra

te
; M

I =
 m

yo
ca

rd
ia

l i
nf

ar
ct

io
n;

 C
H

F 
=

 c
on

ge
st

iv
e 

he
ar

t 
fa

ilu
re

; P
V

D
 =

 p
er

ip
he

ra
l v

as
cu

la
r 

di
se

as
e;

 K
D

IG
O

 =
 K

id
ne

y 
D

is
ea

se
: I

m
pr

ov
in

g 
G

lo
ba

l 
O

ut
co

m
es

.
a eG

FR
 <

15
 m

L/
m

in
/1

.7
3 

m
2  e

xc
lu

de
s 

co
ho

rt
 o

n 
di

al
ys

is
.



6 

T
ab

le
 2

. 
M

ea
n 

1-
Y

ea
r 

U
na

dj
us

te
d 

C
os

t 
(2

01
7 

C
an

$)
 P

er
 P

at
ie

nt
 W

ith
 C

hr
on

ic
 K

id
ne

y 
D

is
ea

se
, O

ve
ra

ll 
an

d 
by

 S
ub

gr
ou

p.

A
ll 

pa
tie

nt
s 

(C
an

$)
 m

ea
n 

(m
ed

ia
n 

[Q
1,

 Q
3]

)

eG
FR

>
 6

0 
m

L/
m

in
/1

.7
3 

m
2  w

ith
 m

od
er

at
e 

al
bu

m
in

ur
ia

 (
C

an
$)

 m
ea

n 
(m

ed
ia

n 
[Q

1,
 Q

3]
)

eG
FR

>
 6

0 
 

m
L/

m
in

/1
.7

3 
m

2  w
ith

 
se

ve
re

 a
lb

um
in

ur
ia

 (
C

an
$)

 
m

ea
n 

(m
ed

ia
n 

[Q
1,

 Q
3]

)

eG
FR

 =
 4

5-
59

.9
 m

L/
m

in
/1

.7
3 

m
2  (

C
an

$)
 

m
ea

n 
(m

ed
ia

n 
[Q

1,
 Q

3]
)

eG
FR

 =
 3

0-
44

.9
  

m
L/

m
in

/1
.7

3 
m

2

(C
an

$)
 m

ea
n 

(m
ed

ia
n 

[Q
1,

 
Q

3]
)

eG
FR

 =
 1

5-
29

.9
  

m
L/

m
in

/1
.7

3 
m

2

(C
an

$)
 m

ea
n 

(m
ed

ia
n 

[Q
1,

 
Q

3]
)

eG
FR

<
15

a  m
L/

m
in

/1
.7

3 
m

2

(C
an

$)
 m

ea
n 

(m
ed

ia
n 

[Q
1,

 
Q

3]
)

n
21

9 
64

1
82

 5
77

17
 1

40
73

 7
55

34
 3

59
10

 2
55

15
55

O
ve

ra
ll

14
 6

34
(3

67
2 

[1
49

6,
 1

0 
22

1]
)

11
 4

73
(2

40
8 

[9
19

, 6
73

3]
)

18
 9

63
(3

52
9 

[1
29

8,
 1

0 
25

2]
)

12
 7

87
(3

96
3 

[1
81

4,
 1

0 
45

5]
)

20
 1

25
(5

57
7 

[2
49

4,
 1

6 
45

6]
)

23
 3

03
(8

94
1 

[3
74

9,
 2

5 
66

2]
)

43
 9

15
(2

2 
09

8 
[8

08
9,

 6
1 

50
3]

)
Fe

m
al

e
13

 2
37

(3
81

3 
[1

54
9,

 1
0 

32
8]

)
96

48
(9

76
 [

97
6,

 7
39

7]
)

15
 7

90
(3

74
1 

[1
27

9,
 1

0 
58

3]
)

11
 4

18
(3

91
4 

[1
79

5,
 1

0 
08

0]
)

19
 8

01
(5

46
4 

[2
43

5,
 1

5 
66

5]
)

22
 1

99
(8

49
0 

[3
54

8,
 2

4 
75

1]
)

40
 5

28
(1

9 
39

7 
[7

35
4,

 5
5 

03
6]

)
A

ge
 <

65
 y

ea
rs

12
 0

28
(2

59
4 

[9
23

, 7
21

4]
)

93
88

(1
99

3 
[7

41
, 5

68
6]

)
15

 1
25

(2
96

1 
[1

06
9,

 8
57

0]
)

11
 8

51
(3

54
7 

[6
96

, 9
31

0]
)

30
 9

48
(6

02
9 

[2
50

0,
 1

7 
29

5]
)

30
 5

81
(9

85
6 

[4
14

2,
 3

8 
39

4]
)

57
 7

81
(3

8 
78

5 
[1

2 
66

6,
 8

5 
37

3]
)

So
ci

oe
co

no
m

ic
 s

ta
tu

s
 

Lo
w

-in
co

m
e 

ne
ig

hb
or

ho
od

16
 7

67
(4

08
4 

[1
67

4,
 1

1 
57

4]
)

13
 4

65
(2

76
3 

[1
03

7,
 7

79
2]

)
13

 0
87

(3
89

5 
[1

41
8,

 1
1 

85
9]

)
15

 4
32

(4
22

4 
[1

,9
40

, 1
1 

34
4]

)
24

 5
50

(5
89

3 
[2

59
6,

 1
7 

54
5]

)
22

 4
49

(3
66

2 
[3

,6
62

, 2
5 

35
2]

)
45

 8
65

(2
1 

89
3 

[8
33

0,
 6

0 
39

7]
)

 
H

ig
h-

in
co

m
e 

ne
ig

hb
or

ho
od

13
 6

10
(3

19
5 

[1
29

0,
 8

69
6]

)
11

 8
16

(2
10

0 
[7

86
, 5

77
3]

)
10

 7
88

(3
07

6 
[1

17
6,

 8
67

9]
)

11
 2

91
(3

62
4 

[1
66

0,
 9

26
1]

)
22

 7
13

(5
23

4 
[2

39
1,

 1
5 

36
6]

)
22

 8
01

(8
20

9 
[3

66
3,

 2
4 

68
5]

)
39

 2
02

(2
2 

46
2 

[7
72

3,
 6

0 
78

5]
)

C
om

or
bi

di
tie

s
 

H
is

to
ry

 o
f M

I
21

 6
21

(6
75

8 
[3

00
8,

 1
9 

31
7]

)
26

 9
87

(4
88

7 
[2

36
9,

 1
3 

28
7]

)
36

 1
16

(7
27

4 
[3

00
0,

 2
2 

37
3]

)
16

 5
07

(5
92

4 
[2

81
2,

 1
6 

35
7]

)
20

 4
63

(8
11

8 
[3

46
8,

 2
2 

59
0]

)
26

 1
50

(5
12

6 
[5

12
6,

 3
2 

21
4]

)
46

 2
55

(2
6 

52
5 

[1
0 

95
9,

 6
7 

32
2]

)
 

H
is

to
ry

 o
f s

tr
ok

e
18

 5
64

(6
94

0 
[3

08
7,

 1
9 

01
3]

)
16

 3
55

(5
76

9 
[2

58
2,

 1
4 

57
2]

)
21

 0
92

(7
54

6 
[3

15
5,

 2
0 

00
7]

)
16

 5
48

(6
32

0 
[2

90
9,

 1
6 

61
4]

)
19

 6
80

(7
61

4 
[3

30
2,

 2
0 

96
1]

)
24

 8
49

(1
0 

44
8 

[4
38

6,
 2

9 
30

7]
)

36
 4

29
(2

0 
23

7 
[6

95
4,

 5
4 

02
8]

)
 

H
is

to
ry

 o
f C

H
F

24
 5

01
(8

34
1 

[3
63

3,
 2

3 
10

8]
)

24
 5

17
(6

33
5 

[2
89

6,
 1

6 
80

5]
)

32
 3

61
(8

26
3 

[3
60

8,
 2

3 
61

5]
)

19
 0

48
(7

29
7 

[3
35

1,
 1

9 
58

4]
)

26
 4

45
(9

33
5 

[3
96

6,
 2

5 
74

6]
)

28
 5

40
(1

3 
03

0 
[5

07
9,

 3
4 

13
2]

)
48

 3
87

(2
4 

26
5 

[8
58

6,
 6

9 
66

0]
)

 
H

yp
er

te
ns

io
n

16
 1

06
(4

52
8 

[2
05

5,
 1

2 
61

6]
)

13
 8

12
(3

36
4 

[1
57

9,
 8

42
3]

)
19

 9
41

(4
57

0 
[2

03
4,

 1
2 

53
2]

)
13

 3
78

(4
27

1 
[2

00
8,

 1
1 

25
2]

)
19

 6
83

(5
67

6 
[2

56
2,

 1
6 

60
1]

)
22

 9
52

(8
99

0 
[3

78
3,

 2
5 

68
8]

)
43

 4
01

(2
1 

76
9 

[8
04

9,
 6

0 
61

6]
)

 
D

ia
be

te
s

17
 7

08
(5

04
1 

[2
39

7,
 1

3 
31

7]
)

14
 3

51
(3

66
1 

[1
82

1,
 8

50
9]

)
16

 5
93

(5
18

1 
[2

41
3,

 1
2 

75
5]

)
14

 6
63

(5
11

7 
[2

53
1,

 1
3 

03
4]

)
24

 9
08

(6
76

6 
[3

18
2,

 1
9 

07
9]

)
26

 1
63

(1
0 

56
1 

[4
72

2,
 2

9 
07

8]
)

49
 5

20
(2

6 
30

1 
[9

56
4,

 7
0 

75
2]

)
 

PV
D

25
 0

66
(9

97
8 

[4
09

3,
 2

8 
59

0]
)

23
 7

67
(9

58
2 

[3
43

3,
 2

5 
96

4]
)

32
 6

22
(1

4 
54

7 
[5

50
4,

 3
3 

48
0]

)
21

 9
83

(8
37

4 
[3

72
4,

 2
4 

00
5]

)
24

 7
85

(1
0 

56
1 

[4
46

6,
 3

0 
38

3]
)

32
 6

04
(4

5 
45

3 
[5

58
0,

 3
8 

76
8]

)
51

 7
43

(2
1 

02
3 

[7
24

5,
 6

6 
82

6]
)

 
D

em
en

tia
22

 8
42

(7
95

0 
[3

80
3,

 2
1 

79
9]

)
37

 6
35

(7
53

3 
[3

53
4,

 2
2 

56
2]

)
54

 8
67

(7
68

2 
[3

24
5,

 2
3 

47
1]

)
17

 6
03

(7
31

8 
[3

65
1,

 1
8 

84
5]

)
19

 4
55

(8
29

7 
[4

13
6,

 2
2 

90
7]

)
22

 6
59

(1
0 

67
1 

[4
40

9,
 2

9 
15

4]
)

24
 4

05
(1

0 
28

5 
[2

53
5,

 3
3 

63
0]

)
 

C
hr

on
ic

 p
ul

m
on

ar
y 

di
se

as
e

26
 7

05
(7

54
1 

[3
25

6,
 2

0 
67

7]
)

32
 5

87
(5

16
8 

[2
07

0,
 1

3 
36

2]
)

18
 6

50
(6

85
8 

[2
84

9,
 1

8 
04

2]
)

19
 3

95
(7

30
2 

[3
43

7,
 1

9 
12

9]
)

31
 6

75
(1

0 
61

0 
[4

51
7,

 2
7 

97
7]

)
32

 2
83

(1
6 

26
4 

[6
01

2,
 3

8 
93

0]
)

47
 1

45
(2

7 
76

3 
[8

79
6,

 6
3 

26
9]

)
 

M
od

er
at

e 
or

 s
ev

er
e 

liv
er

 
di

se
as

e
47

 7
94

(2
0 

70
1 

[6
12

3,
 5

1 
97

3]
)

45
 6

78
(1

1 
24

3 
[4

03
3,

 3
9 

50
2]

)
61

 3
70

(2
9 

13
4 

[7
24

2,
 5

6 
71

3]
)

41
 7

94
(1

6 
81

9 
[6

46
8,

 4
4 

00
3]

)
47

 3
44

(2
5 

80
4 

[7
09

9,
 5

9 
47

0]
)

65
 0

61
(4

0 
90

2 
[1

2 
94

8,
 9

8 
13

0]
)

73
 2

50
(7

4 
60

7 
[2

0 
12

6,
 1

26
 3

73
])

 
M

et
as

ta
tic

 s
ol

id
 t

um
or

85
 1

84
(1

6 
62

3 
[5

70
9,

 3
9 

39
1]

)
15

2 
79

9
(1

6 
17

1 
[5

51
3,

 4
1 

27
9]

)
36

 5
61

(1
8 

17
0 

[6
92

1,
 4

5 
98

1]
)

45
 9

44
(1

3 
56

4 
[5

06
7,

 3
2 

19
8]

)
11

8 
26

9
(2

0 
56

8 
[7

00
5,

 4
3 

25
9]

)
30

 4
40

(1
9 

65
2 

[7
21

0,
 4

4 
11

6]
)

39
 7

50
(2

6 
59

1 
[9

64
4,

 5
4 

31
0]

)
 

C
ha

rl
so

n 
sc

or
e 
≤

1
11

 1
48

(2
95

7 
[1

25
7,

 [
77

56
])

87
88

(2
14

8 
[8

32
, 5

85
3]

)
16

 2
58

(2
97

9 
[1

12
3,

 8
36

4]
)

10
 0

05
(3

30
5 

[1
57

1,
 8

09
8]

)
15

 9
33

(4
32

1 
[2

04
3,

 1
1 

77
7]

)
17

 9
67

(6
02

5 
[2

77
9,

 1
7 

82
9]

)
39

 0
98

(1
7 

10
0 

[6
52

3,
 5

3 
35

3]
)

 
C

ha
rl

so
n 

sc
or

e 
2-

3
27

 5
04

(8
61

1 
[4

04
0,

 2
3 

02
8]

)
35

 0
78

(6
88

8 
[3

28
8,

 1
7 

87
2]

)
35

 2
72

(9
06

8 
[4

07
0,

 2
4 

61
3]

)
23

 2
59

(7
99

2 
[3

94
4,

 2
1 

01
9]

)
24

 5
97

(9
41

2 
[4

27
3,

 2
4 

86
5]

)
26

 7
02

(1
1 

77
6 

[5
30

4,
 3

0 
59

0]
)

43
 8

66
(2

4 
52

5 
[8

98
5,

 6
5 

63
8]

)
 

C
ha

rl
so

n 
sc

or
e 
>

3
47

 3
85

(1
7 

51
2 

[7
17

4,
 4

2 
91

6]
)

76
 8

24
(1

6 
15

3 
[6

31
0,

 3
8 

06
8]

)
39

 0
15

(1
7 

00
7 

[7
64

0,
 4

4 
12

2]
)

35
 1

20
(1

5 
22

3 
[6

78
5,

 3
5 

12
2]

)
53

 6
00

(1
7 

19
7 

[7
26

5,
 4

4 
53

7]
)

38
 2

17
(2

0 
98

4 
[8

34
9,

 5
0 

07
1]

)
57

87
4

(3
2 

91
6 

[1
2 

02
3,

 7
9 

77
1]

)
A

lb
um

in
ur

ia
 

M
od

er
at

e 
(K

D
IG

O
 A

2)
12

 8
59

(2
88

2 
[1

09
9,

 8
09

3]
)

11
 4

73
(2

40
8 

[9
19

, 6
73

3]
)

N
A

15
 5

94
(5

20
2 

[2
43

4,
 1

4 
12

6]
)

23
 0

19
(6

44
6 

[1
50

5,
 1

9 
11

0]
)

23
 0

45
(9

58
9 

[3
94

3,
 2

5 
50

0]
)

35
 2

09
(1

7 
64

1 
[6

50
3,

 4
8 

73
6]

)
 

Se
ve

re
 (

K
D

IG
O

 A
3)

21
 3

87
(4

96
9 

[1
86

1,
 1

4 
71

8]
)

N
A

18
 9

63
(3

52
9 

[1
29

8,
 1

0 
25

2]
)

21
 2

13
(6

26
5 

[2
76

9,
 1

7 
63

5]
)

22
 7

69
(7

43
8 

[3
27

4,
 2

2 
55

7]
)

28
 0

66
(1

0 
92

9 
[4

71
1,

 3
2 

38
4]

)
51

 7
07

(3
0 

89
1 

[1
0 

97
2,

 7
6 

78
0]

)
 

N
o 

si
gn

ifi
ca

nt
 (

K
D

IG
O

 A
1)

13
 3

05
(4

22
5 

[1
94

4,
 1

1 
28

4]
)

N
A

N
A

11
 5

04
(3

71
1 

[1
73

1,
 9

31
6]

)
16

 2
43

(7
62

4 
[2

37
4,

 1
4 

60
0]

)
20

 5
64

(7
62

4 
[3

40
9,

 2
2 

61
0]

)
29

 1
99

(1
3,

 9
16

 [
56

96
, 3

5 
76

8]
)

 
U

nm
ea

su
re

d
18

 9
64

(4
49

6 
[1

86
7,

 1
4 

16
0]

)
N

A
N

A
13

 4
45

(3
69

5 
[1

60
3,

 1
0 

79
1]

)
23

 2
35

(8
28

3 
[3

27
9,

 2
5 

01
8]

)
27

 9
68

(5
38

6 
[2

26
5,

 1
6 

94
6]

)
44

 3
17

(2
0 

17
3 

[7
03

5,
 6

1 
01

4]
)

N
ot

e.
 e

G
FR

 =
 e

st
im

at
ed

 g
lo

m
er

ul
ar

 fi
ltr

at
io

n 
ra

te
; M

I =
 m

yo
ca

rd
ia

l i
nf

ar
ct

io
n;

 C
H

F 
=

 c
on

ge
st

iv
e 

he
ar

t 
fa

ilu
re

; P
V

D
 =

 p
er

ip
he

ra
l v

as
cu

la
r 

di
se

as
e;

 K
D

IG
O

 =
 K

id
ne

y 
D

is
ea

se
: I

m
pr

ov
in

g 
G

lo
ba

l O
ut

co
m

es
.

a eG
FR

<
 1

5 
m

L/
m

in
/1

.7
3 

m
2  e

xc
lu

de
s 

co
ho

rt
 o

n 
di

al
ys

is
.



Manns et al 7

0

10000

20000

30000

40000

50000
Co

st
s (

$2
01

7 
CD

N)
Non dialysis &
non ED costb

ED related cost

Dialysis &
Nephrology visit
related cost

Drug cost

Physician cost

Hospitaliza�on
cost

a
a

Figure 1. Mean 1-year costs of care for patients across KDIGO chronic kidney disease categories, by category of cost.
Note. KDIGO = Kidney Disease: Improving Global Outcomes; eGFR = estimated glomerular filtration rate; ED = emergency department.
aeGFR<15 mL/min/1.73 m2 excludes those on dialysis at baseline.
bNondialysis and non-ED costs represent ambulatory care costc other than ED cost and dialysis and nephrologist visit–related costs.
cIncluding visits in ED, noninterventional services (ie, clinical assessments, diagnostic services such as imaging and treatment, and education), rehabilitation 
services and community-based services, as well as procedures such as day surgery.

Table 3. Mean 1-Year Costs (2017 Can$) of Kidney and Cardiovascular Care for Patients With CKD.

All 
patients

eGFR> 60  
mL/min/1.73 m2 
with moderate 

albuminuria

eGFR> 60  
mL/min/1.73 

m2 with severe 
albuminuria

eGFR = 45-
59.9  

mL/min/ 
1.73 m2

eGFR = 30-
44.9  

mL/min/ 
1.73 m2

eGFR = 15-
29.9  

mL/min/ 
1.73 m2

eGFR< 15a 
mL/min/ 
1.73 m2

n 219 641 82 577 17 140 73 755 34 359 10 255 1555
Cost of cardiovascular care
 Hospitalization cost, Can$ mean 570 206 434 519 1140 1825 2007
 Physician cost, Can$ mean 70 31 56 73 126 190 186
 Ambulatory care cost,b Can$ 

mean
78 32 61 84 146 141 201

 Total cost of cardiovascular 
care, Can$ mean

720 270 552 646 1413 2157 2395

Cost of kidney care
 Hospitalization cost, Can$ mean 100 13 32 46 174 665 2571
 Physician cost, Can$ mean 13 1 5 2 7 58 1119
 Ambulatory care cost,b Can$ 

mean
118 4 27 11 54 599 10 478

 Total cost of kidney care, Can$ 
mean

230 18 64 59 234 1322 14 169

Note. CKD = chronic kidney disease; eGFR = estimated glomerular filtration rate.
aeGFR<15 mL/min/1.73 m2 excludes those on dialysis at baseline.
bIncluding visits in emergency department, noninterventional services (ie, clinical assessments, diagnostic services such as imaging and treatment, and 
education), rehabilitation services and community-based services, as well as procedures such as day surgery.
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caring for Canadians with CKD (not on dialysis at baseline) 
approximates Can$32 billion. Of these costing estimates, 
4.8% and 12.4% of these costs are attributable to kidney 
care (including dialysis) and cardiovascular disease, respec-
tively. Given the size of the population with earlier catego-
ries of kidney disease, 63%, 27%, and 7% of costs relate to 
the care of individuals with eGFR> 60 mL/min/1.73 m2  
and moderate or severe albuminuria, those with eGFR = 
45-59 mL/min/1.73 m2, and those with eGFR = 30-44  
mL/min/1.73 m2, respectively.

Discussion

We observed a strong graded association of the 1-year 
unadjusted mean cost of care for patients by CKD cate-
gory, varying from Can$14 634 (for patients with eGFR> 
60 mL/min/1.73 m2 and moderate albuminuria) to Can$51 
707 (for patients with eGFR< 15 mL/min/1.73 m2 and 
severe albuminuria). Not surprisingly, we noticed that the 
majority of costs for patients with more advanced CKD 
related to costs for kidney care (including dialysis which 
was required by just over one-third of those with eGFR< 
15 mL/min/1.73 m2 during the 1-year follow-up period), 
while cardiovascular costs were smaller but relatively con-
sistent across CKD categories. Extrapolating our findings 
to Canada, we estimate that the annual cost of caring for 
Canadians with CKD (not on dialysis at baseline) approxi-
mates Can$32 billion per year—including costs attribut-
able to their CKD and costs attributable to their other 
medical conditions.

Most previous costing studies in CKD have focused on 
patients with ESRD treated with dialysis or transplanta-
tion. In a recent review that estimated costs in 2013 Can$, 
the total annual health care cost of treating a patient with 
ESRD using in-center hemodialysis (HD) (at hospitals and 
satellite centers), home HD, and peritoneal dialysis (PD) 
was approximately Can$95 000 to Can$107 000, Can$71 
000 to Can$90 000, and Can$56 000, respectively.17 
However, only 1% of CKD patients have ESRD,1,6,7 and 
few studies have examined the costs of earlier categories 
of CKD. Small studies of patients with advanced CKD 
(GFR< 30 mL/min/1.73 m2) in Sweden, the United 
Kingdom, and the United States have noted that the cost 
for adults with advanced nondialysis CKD (while lower 
than for individuals on dialysis) is 2- to 4-fold higher than 
age and sex-matched controls without CKD.18-23 In addi-
tion, it has been shown that patients with diabetes, who 
have more severe CKD, and those who progress from less 
advanced stages of diabetic nephropathy to more advanced 

stages of diabetic nephropathy incur higher health care 
costs.8,24 Finally, Honeycutt et al25 linked data from a 
cohort of 1609 patients with CKD within the National 
Health and Nutrition Examination Survey (1988-1994) to 
US Medicare costing data to assess the attributable cost 
that was related to having CKD, noting that the attributable 
cost of having CKD (in comparison to similar patients 
without CKD) was Can$1500, Can$3000, and Can$12 300 
each year for patients with KDIGO Category 2, 3 and 4 
CKD, respectively.

Our analysis has strengths and limitations. We used 
laboratory data collected during routine clinical care across 
an entire province of more than 4 million people, linking 
this to an administrative data system with full patient cap-
ture, including health care costs, and we were able to strat-
ify our costing estimates by measures of eGFR and 
albuminuria. Despite this comprehensive data system, we 
only have estimates of the cost of health care for people 
with CKD, and not the costs borne by patients or their fam-
ilies. Recent studies have shown that the societal costs of 
CKD are also high, in part because patients with kidney 
failure are often unable to work, leading to productivity 
losses and estimated costs to disability insurance and the 
Canadian Pension Plan of well over Can$200 million per 
year in Canada.26 We have not included costs for people 
without CKD in this analysis given the additional com-
plexities of adjusting costs for differences in other patient 
characteristics, and as such, we are unable to assess the 
incremental costs associated with CKD. However, we do 
know that current health care spending per person is 
Can$6299 per year in 2015 (including people with and 
without chronic health conditions like CKD),27 less than 
half the mean costs of our overall CKD cohort. The higher 
mean costs of patients with CKD compared with the over-
all population are consistent with prior studies that have 
had a non-CKD comparator group.18-23 Future work will 
assess the population-based costs for those with and with-
out CKD in Alberta.

In summary, the cost of care for people with nondialysis 
CKD is high, particularly for those with albuminuria and 
those with lower eGFR where a graded association between 
costs and severity was observed. Our estimates can be used 
by health care planners and kidney care programs to estimate 
the cost of CKD care across the spectrum of CKD as well as 
predict future costs that will be required based on expected 
increases in the prevalence of CKD. Moreover, health care 
planners and kidney care programs can use our results to 
estimate how much money could be saved through interven-
tions that slow or prevent kidney disease.
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Appendix

Definition of Kidney and Cardiovascular Care.

Category Diagnostic codes defining cardiovascular-related care19-30 Codes defining kidney-related care

Ambulatory 
care claims

Codes description ICD-9-CM ICD-10 Facility description Location codesa

Myocardial infarction 410 I21.xI22.x HD specialty day/night care 713408510
Heart failure 428 I09.9 I11.0 I13.0 

I13.2 I25.5 I42.0 
I42.5 I42.6 I42.7 

I42.8 I42.9
I43

I50.x P29.0

Home dialysis (teaching) 713408520
HHD (teaching) 713408530
Home PD (teaching) 713408540
Nephrology specialty clinic 713501095
PD specialty day/night 713408550
Renal dialysis specialty day/night care 713408500

Cerebrovascular 362.3
430
431
433
434
435
436

H34.1
I60.x
I61.x
I63.x
I64.x
G45.x

Self-care HD specialty day/night 713408560

Hospitalization Codes description ICD-9 ICD-10 Codes description ICD-9 ICD-10
Myocardial infarction 410 I21.x

I22.x
Type 1 diabetes mellitus with kidney 

complications
E102.1
E102.2
E102.9

Heart failure 428 I09.9 I11.0 I13.0 
I13.2 I25.5 I42.0 
I42.5 I42.6 I42.7 

I42.8 I42.9
I43

I50.x P29.0

Acute kidney failure N17.0
N17.1
N17.2
N17.8
N17.9

Chronic kidney disease N18.0
N18.1
N18.2
N18.3
N18.5
N18.6
N18.9

Cerebrovascular 362.3
430
431
433
434
435
436

H34.1
I60.x
I61.x
I63.x
I64.x
G45.x

Unspecified kidney failure N19
Postprocedural (acute) (chronic) 

kidney failure
N99.0

Extrarenal uremia R39.2
Encounter for care involving renal 

dialysis
Z49.0
Z49.01
Z49.02
Z49.3
Z49.31
Z49.32

Physician cost Codes description ICD-9 ICD-10 Claims description Claims procedure 
code

Myocardial infarction 410 I21.x
I22.x

PD catheter removal 11.81A
Acute HD 13.99A

Heart failure 428 I09.9 I11.0 I13.0 
I13.2 I25.5 I42.0 
I42.5 I42.6 I42.7 

I42.8 I42.9
I43

I50.x P29.0

Chronic HD 13.99B
Assessment and management of an 

unstable patient with acute/chronic 
renal failure treated by PD

13.99C

Assessment and management of a 
stable patient with chronic renal 
failure treated by PD

13.99D

HD in ICD 13.99AB

(continued)
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