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Abstract 

Chronic Kidney Disease (CKD) is a risk factor for cardiovascular disease, early mortality, and 

kidney failure. There is a substantial burden of CKD in Manitoba’s rural and remote First 

Nations. Early detection and treatment of CKD in this population may be cost-effective. We 

constructed a Markov model comparing screening for CKD, by both estimated glomerular 

filtration rate and albuminuria, to usual care using the perspective of the health care payer. 

Patients were classified into initial risk groups based on results from the First Nations 

Community Based Screening to Improve Kidney Health and Prevent Dialysis initiative. 

Screening in Manitoba’s rural and remote First Nations was associated with a $33,500/QALY 

incremental cost-effectiveness ratio in comparison to usual care. Restricting to communities 

accessible primarily by air travel, this ratio fell to $16,180/QALY. In conclusion, at a 

willingness-to-pay threshold of $50,000/QALY, screening for CKD in Manitoba’s rural and 

remote First Nations is likely cost-effective.
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1. Chapter 1: Introduction 

1.1 Overview of Chronic Kidney Disease 

Chronic kidney disease (CKD) is defined as the presence of persistent elevated urine albumin 

(proteinuria) and/or as decreased kidney function measured by glomerular filtration rate (GFR) 

less than 60 ml/min per 1.73m
21

. Measured glomerular filtration rate (mGFR) is determined from 

the urinary plasma clearance of exogenous filtration markers such as inulin or iothalamate, but is 

rarely performed in clinical practice due to complexity of measurement and prohibitive costs
2
. 

As such, GFR is often estimated (eGFR) using validated equations. Often applied in clinical 

practice, these equations include the Modification of Diet in Renal Disease (MDRD) equation 

and the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation. This allows 

for a simplified calculation of GFR using routinely collected laboratory values such as age, sex, 

race, and measurement of serum creatinine (SCr)
3, 4

. 

CKD can be classified into stages of worsening severity and likelihood of progression to kidney 

failure based on a two-axis classification system comprised of both persistent albuminuria and 

eGFR. Individuals with normal kidney function, defined as eGFR > 60 ml/min per 1.73m
2
 and 

normal levels of persistent albuminuria (albumin-to-creatinine ratio (ACR) < 30 mg/g) are at 

negligible increased risk for kidney failure with a baseline rate of 0.04 per 1000 person-years in 

the healthy, general population. The overall risk of progression to kidney failure increases as 

eGFR declines below 60 ml/min per 1.73m
2
 and the ACR increases above 30 mg/g. Patients are 

then staged according to their level of eGFR across five stages of CKD. This two-axis risk 

staging system has been published as a guideline by the Kidney Disease – Improving Global 

Outcomes (KDIGO) organization, a worldwide initiative that provides guidelines for the 

management of patients with renal insufficiency
5
. 
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1.2 Management of Patients with CKD and Kidney Failure 

Current recommendations for the management of CKD suggest referral to inter-professional 

nephrology teams for patients who have an eGFR < 30 ml/min per 1.73m
26

. Earlier stages of 

CKD, which are often asymptomatic
7
, can be managed with less intensive treatment by a primary 

care physician. Moreover, in its earliest stages, the primary focus would be on interventions to 

slow progression. These include the management of comorbid conditions, such as diabetes, 

hypertension, and proteinuria, as well as the mitigation of other risk factors using diet and 

pharmacological interventions such as statins and antihypertensives
6
.  

For those patients who reach kidney failure (eGFR < 15ml/min per 1.73m
2
 who require renal 

replacement therapy) there are several treatment options available. Ideally, patients are offered 

kidney transplantation, the therapy that offers both the lowest overall cost and highest quality of 

life
8
. Unfortunately, kidneys are in short supply, organ wait lists are increasing

9
, and some 

patients are frail and unsuitable for the demanding transplant procedure and required lifelong 

immunosuppressive regimens
10

, and as such, other life sustaining therapies must be considered. 

There are two primary forms of dialysis therapy available: hemodialysis (through the blood), and 

peritoneal dialysis (through the abdomen). Hemodialysis (HD) is often done at a tertiary care 

hospital 3 times per week for 3-4 hours and is the primary modality prescribed in close to 80% of 

prevalent dialysis patients in Canada
11

. This therapy can also be done in a patient’s home and has 

been associated with improved outcomes, costs, and quality of life
8
; however, in a Canadian 

setting, home hemodialysis (HHD) is only prevalent in 4% of patients receiving any form of 

dialysis
11

. The second available home therapy, peritoneal dialysis (PD) can be performed with 

multiple fluid exchanges through the abdomen per day (continuous ambulatory peritoneal 

dialysis (CAPD)) or as fluid exchanges overnight (continuous cycler peritoneal dialysis (CCPD)) 
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and is the prevalent modality in 17.5% of the Canadian population
11

. PD offers considerable cost 

savings on a per-patient basis compared to conventional HD provided in-centre
12

, however, due 

to the complicated nature of providing self-care dialysis, despite often offering improved 

outcomes, it is only prescribed in a minority of patients
13

. 

1.3 CKD and Kidney Failure Incidence and Prevalence Trends 

A previous study evaluated the prevalence of Chronic Kidney Disease by determination of eGFR 

(CKD-EPI equation) and measurement of urine ACR (>2.0 mg/mmol for men and >2.8 

mg/mmol for women in CKD stages 1 and 2 as a cut-off for microalbuminuria) based on 

previously established Canadian guidelines
14

 using the Canadian Health Measures Survey
15, 16

. 

This study found a total prevalence of CKD in Canada to be 12.5%, or 2.5 million Canadians. 

However, awareness of this kidney dysfunction was low across all stages of CKD, with only 

5.3% of those in Stages 1 in 2 aware of the condition, and 12% in Stages 3 and above
17

. 

Similarly, a study in Manitoba which evaluated screening in a single First Nations community 

found a kidney dysfunction awareness of 5% overall, with 17% of those with macroalbuminuria 

(urine ACR > 300 mg/g) and only 1% of those with microalbuminuria (urine ACR 30-299 mg/g) 

having awareness of their condition
18

. These findings highlight the magnitude of undetected 

CKD in the Canadian population, some of which that may benefit from targeted intervention.  

Although most patients with CKD will not reach kidney failure requiring life-sustaining renal 

replacement therapy due to the competing risk of all-cause and cardiovascular mortality
19, 20

, the 

prevalence of treated kidney failure has been increasing over the last twenty years in Canada. 

This proportion has increased from 26.2 cases per 100,000 population in 1992 to 67.9 per 

100,000 in 2011 for patients receiving dialysis and from 20.9 per 100,000 to 49.2 per 100,000 for 



 

4 
 

patients surviving with a functioning transplant. In addition to this, the overall incidence of 

kidney failure in Canada has remained steady between 16.0 and 17.0 per 100,000 over the last 

decade. The epidemic of kidney failure is more alarming in Manitoba, where the total incidence 

of kidney failure reached a rate of 20.2 per 100,000 in 2011, one of the highest in the country
11

. 

This is particularly concerning in Manitoba’s northern rural communities, having surpassed an 

incidence rate of 90.0 per 100,000 in recent years. In accordance with this, the prevalence of 

patients receiving chronic dialysis in Manitoba has markedly increased over the last twenty-five 

years from 24.8 cases per 100,000 population in 1984 to 152.3 per 100,000 in 2009 (Figures 1 

and 2). This increase in dialysis prevalence puts a significant burden on available resources in the 

health care system, which has been demonstrated in increasing health care costs. Notably, 1.2% 

of all health expenditures in Canada are spent on dialysis therapy; a disproportionate ratio since 

only 0.092% of the population is classified as having kidney failure
21-24

. 

1.4 CKD in Canadian Rural and Remote First Nations 

First Nations populations in Canada have shown a tremendous burden of diabetes that has been 

increasing and outpacing the general population
25

. Standardized for the difference in the age 

structure of those with First Nations status and the general Manitoba population, First Nations 

populations in Manitoba have a 3-fold increased risk of having diabetes. Older individuals in this 

population reach a nearly 40% crude prevalence of diabetes
26

. Consequently, this has led to an 

increased burden of CKD related to rising rates of diabetic nephropathy in this subpopulation, 

which is the leading cause of kidney failure in North America
11, 23

.  

In addition to the significant burden of CKD and kidney failure, Manitoba’s First Nations often 

have poor access to both primary and specialist medical care
27

. In particular, they are 
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significantly less likely to receive care from a nephrologist when classified as having severe 

chronic kidney disease (eGFR < 30 ml/min per 1.73m
2
, hazard ratio 0.57 (0.39 – 0.83 95% 

confidence interval (CI)))
28

., First Nations populations have been shown to have higher overall 

rates of progression to kidney failure for each respective classification of eGFR and persistent 

albuminuria, ranging from 1.5 times to over 3 times the risk experienced in a comparator general 

population
29

. Early identification of patients in this targeted high-risk group may offer improved 

outcomes if progression to kidney failure can be slowed or prevented alongside a reduction in 

all-cause mortality.  

1.5 The FINISHED Screening Initiative 

Mass screening of Manitoba’s First Nations has been undertaken by the First Nations 

Community Based Screening to Improve Kidney Health and Prevent Dialysis (FINISHED) 

study, an initiative funded by Health Canada that has screened 11 communities across 2 tribal 

councils in Manitoba starting in March 2013 until January 2015. Seven of these rural 

communities are accessible by normal road access. The remaining four communities were only 

accessible by air throughout the majority of the year, with conditional access if weather permits 

on ice roads during the winter months. With only those over age 10 included for screening, the 

total eligible population totaled roughly 11,500 individuals
30

. Finding a particularly young 

population, there was only a potential 5860 adults (Age 18+) who were eligible for screening. 

From this pool, a total of 1346 individuals were screened, achieving a compliance rate of 23%
30

. 

1.6 Study Objectives and Thesis Statement 

The cost-effectiveness of screening for CKD in the rural and remote northern First Nations 

populations of Manitoba has not been previously described. In addition to increased prevalence 
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of CKD and risk of progression to kidney failure, the rural and remote setting faced by many of 

the individuals residing in these communities presents challenging circumstances to providing 

adequate CKD care and renal replacement therapy
31

. In addition, the cost of providing satellite 

hemodialysis (SHD) in more remote smaller community clinics is much higher than care 

provided in dialysis centres in urban, densely populated regions (Ferguson T.W., Zacharias J., 

Walker S.R., et al. An Economic Assessment Model of Rural and Remote Satellite Hemodialysis 

Units. Pending Revisions).  

In this thesis, datafrom the risk profile and costs  obtained through the FINISHED screening 

initiative were used to develop a cost-utility model comparing one-off population based 

screening for CKD by eGFR and albuminuria to usual care in Manitoba’s adult (age 18+) rural 

and remote First Nations. We hypothesized that due to increased rates of progression and higher 

prevalence of macroalbuminuria in First Nations populations
18, 29

, an epidemic of kidney failure 

in Manitoba’s rural and remote north (Figures 1 and 2), and particularly expensive dialysis 

therapy, that screening in this population would be cost-effective (<$50,000/quality-adjusted life-

year (QALY)).  
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2. Chapter 2: Literature Review 

In this chapter we will review relevant literature related to CKD screening in First Nations and 

subsequent treatment: (1) the types of screening tests used, (2) a review of previous screening 

initiatives, (3) the potential benefits of early screening, (4) the costs and consequences of 

progressive CKD, (5) an overview of current screening guidelines, (6) a review of existing cost-

effectiveness literature with regards to CKD screening, and (7) a review of the burden of kidney 

disease in First Nations and other indigenous populations.  

2.1 Screening Tests 

There are two primary methods of screening for CKD reported in the literature. These include 

measurement of urine protein concentration through dipstick urinalysis, urinary albumin 

excretion (UAE), or measurement of urine ACR. This technique involves the patient submitting 

a random sample of urine, which can be assayed at the bedside qualitatively using a dipstick, and 

quantitatively using point of care instruments or laboratory testing. The second available 

screening method is assessment of eGFR through the measurement of standardized SCr using a 

routine blood test. Both tests used in combination can be used to more effectively diagnose the 

overall risk of progressive kidney failure
32

. Thresholds for kidney damage are assigned as 

microalbuminuria when urine ACR measures between 30 mg/g and 300 mg/g, and 

macroalbuminuria when urine ACR measures over 300 mg/g. Stages 1 and 2 CKD are defined as 

eGFR greater than 90 ml/min per 1.73m
2
 and between 60 and 90 ml/min per 1.73m

2
 respectively 

with either micro- or macroalbuminuria. Stage 3 CKD is defined as eGFR between 30 and 60 

ml/min per 1.73m
2
, stage 4 as eGFR between 15 and 30 ml/min per 1.73m

2
, and stage 5 below 
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15 ml/min per 1.73m
2
. As renal function declines further below 15 ml/min per 1.73m

2
, patients 

eventually transition to renal replacement therapy (dialysis and transplantation). 

2.2 Previous Screening Initiatives 

There have been several previous initiatives that have explored screening for CKD with widely 

varying results dependent on the target population. In the general population, these include the 

National Health and Nutrition Examination Survey (NHANES) cycles in the United States, 

which found a prevalence of microalbuminuria of 7.1%, macroalbuminuria 1.1%, and reduced 

kidney function (eGFR < 60ml/min per 1.73m) of 5.6% during the 1988 to 1994 cycle across 

over 15,000 individuals. These rates increased to 8.2% for microalbuminuria, 1.3% for 

macroalbuminuria, and 8.1% for reduced kidney function in the subsequent cycle between 1999 

and 2004 across over 13,000 individuals
33

. Similarly, the Prevention of Renal and Vascular 

Endstage Disease (PREVEND) study that screened over 8,500 patients in the Netherlands found 

a microalbuminuria prevalence of 7.2%,  a macroalbuminuria prevalence of 0.7%, and a 

prevalence of reduced kidney function of 5.5%
34

. Lastly, an Australian initiative, KEY (Kidney 

Evaluation for You), found a microalbuminuria prevalence of 8% by urine ACR and 13% by 

protein dipstick in the general employed population
35

.  

Screening has also been performed in higher-risk populations. The KEEP (Kidney Early 

Evaluation Program) program in the United States also found an overall prevalence of CKD to 

be 11% in the general population, and when targeting high-risk individuals (those with diabetes, 

hypertension, and first-degree relatives of patients with CKD), found a prevalence of 

albuminuria to be 26% and found 16% of individuals with elevated levels of SCr
36, 37

. The KEEP 

initiative also had further studies that evaluated screening in other locales, with a Mexican study 
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finding 19% of the population with albuminuria defined as ACR > 30 mg/g
38

, and a Japanese 

study finding 23.6% of the population with albuminuria defined ACR > 30 mg/g
39

, and both 

studies found a prevalence of reduced kidney function by eGFR of 7%  using the same criteria 

for high-risk participants as the KEEP program from the United States
37-39

.  

Indigenous and First Nations populations have also been explored in targeted screening 

initiatives, finding a considerable burden of proteinuric CKD. A screening program in Alberta, 

the Screening for Limb, I-Eye, Cardiovascular and Kidney (SLICK) study, screened individuals 

in First Nations communities with type 2 diabetes for proteinuria and found a microalbuminuria 

prevalence of 26% and a dipstick proteinuria prevalence of 13%, demonstrating a significantly 

elevated burden of CKD
40, 41

. In addition, the findings of the FINISHED project found similar 

results to a single-community screening initiative in a First Nations tribal council from Manitoba 

performed in 2003, which found a prevalence of macroalbuminuria of 5% (urine ACR > 30 

mg/mmol (approx. 300mg/g))
18

. Screening has also been performed in several American 

indigenous populations, including the Zuni Indians, finding a microalbuminuria prevalence of 

15% and a macroalbuminuria prevalence of 4.7%
42, 43

, the Navajo Indians finding a 

microalbuminuria prevalence of 14.6% in those without diabetes and 36.1% in those with 

diabetes, and a macroalbuminuria prevalence of 2% in those without diabetes and 17.9% in those 

with diabetes
44

, and the Pima Indians, who reached prevalence levels of microalbuminuria of 

25.8% and macroalbuminuria of 20.8% in individuals with type 2 diabetes
45

. Lastly, screening in 

an isolated northern community of Australian aborigines found a microalbuminuria prevalence 

of 26% and macroalbuminuria prevalence of 24%
46

.  

A detailed summary of these screening initiatives is provided in Table 1. 
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2.3 Benefits of Early Screening 

Late referral to nephrology has been associated with negative patient outcomes. Although early 

referral to nephrology is associated with increased initial costs, these are often offset with a 

reduction in hospitalizations over the following years
47

. In addition, early referral has been 

shown to prevent crash starts of dialysis, improve dialysis access planning, and allow for 

appropriate treatment modality education
48

. Consequently, it has been repeatedly shown that an 

earlier nephrologist referral is associated with a reduction in all-cause mortality compared to 

patients referred less than 90 days before starting dialysis
49, 50

. It is noteworthy, however, that 

this early referral may not imply causation and could be the product of a superior primary care 

structure
51

. Despite these potential benefits, many patients only receive first contact with a 

nephrologist within a month of beginning dialysis
52

. 

There have also been other benefits of early detection shown. Those who received earlier 

specialist care had lower blood pressure and received more aggressive antihypertensive therapy
7
. 

Antihypertensive treatment, in particular angiotensin-converting enzyme-inhibitors (ACEIs) and 

angiotensin receptor blockers (ARBs), is often indicated in patients with detected albuminuria 

due to their antiproteinuric effects
 53-56

. Both control of urinary protein excretion and blood 

pressure have been associated with a better preservation of eGFR and prevention of progression 

to kidney failure, having been extensively evaluated in multiple observational studies, 

randomized controlled trials, and meta-analyses, particularly in those with markedly increased 

albuminuria (> 300 mg/g) and diabetic kidney disease
57-64

.  

2.4 Costs and Consequences of Progressive CKD 
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CKD is associated with a significant burden of cardiovascular and all-cause mortality. In 

comparison to those with eGFR > 60ml/min per 1.73m
2
, the hazard ratio of any cardiovascular 

event was 1.2 in patients with stage 3a CKD (eGFR between 45 and 59 ml/min per 1.73m
2
), 1.8 

in patients with stage 3b CKD (eGFR between 30 and 44 ml/min per 1.73m
2
), 3.2 in patients 

with stage 4 CKD (eGFR between 15 and 29 ml/min per 1.73m
2
), and 5.9 in patients with stage 5 

CKD (eGFR below 15 ml/min per 1.73m
2
). This trend is similar for all-cause mortality, ranging 

from a hazard ratio of 1.4 in those with stage 3a CKD to a hazard ratio of 3.4 in patients with 

stage 5 CKD in comparison to those with eGFR > 60ml/min per 1.73m
2
. Likewise, 

hospitalization rates are shown to increase along the same trend, with stage 3a patients 

demonstrating a hazard ratio of 1.1 with respect to hospitalizations, and those with CKD stage 5 

demonstrating a hazard ratio of 3.1
20

. Additionally, CKD has been shown to be associated with 

frailty
65

 and cognitive impairment
66

. These health problems have a detrimental impact on the 

quality of life of those living with CKD
67

.  

Despite only few patients with CKD reaching kidney failure
19

, the consequences of CKD that 

reaches the requirement for renal replacement therapy cause a substantial burden to health care 

payers. In Canada, the costs of renal replacement therapy total $1.8 billion per year, costing over 

$70,000 per patient
21

. In the United States these numbers are similar per-capita, with total 

expenditures in kidney failure) patients totaling over 30 billion US dollars in 2011 alone
23

. This 

is largely attributable to the expensive nature of chronic dialysis therapy, which oftentimes 

requires multiple hospital visits per week and extensive nursing expenditures. In addition, these 

patients are often affected by multiple comorbid conditions that require frequent hospitalizations, 

extensive pharmaceutical interventions, and frequent travel to and from clinical appointments
68

. 
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The most common renal replacement modality, in-centre or facility HD, has remarkably similar 

costs across the developed world, costing between $60,000 and $70,000 per patient, per year in 

Canada
69

, the United States
70

, the United Kingdom
71

, Australia
8, 72

, and Japan
73, 74

. Canada’s 

second most prevalent modality, PD costs roughly $27,000 per-patient, per-year
12

. Home 

hemodialysis offers some cost savings to facility HD, costing between $42,000 and $52,000 per-

patient, per year after the initial year in which extra training and equipment setup costs are often 

experienced
69

. Transplantation is widely accepted to be the most cost-effective over the course of 

treatment, costing roughly $91,000 in the first year and $38,000 in subsequent years (2013 

Canadian dollars) for maintenance immunosuppressive therapy, while offering the highest 

overall quality of life
75

. Cost-effectiveness analysis has shown that under widely varying 

assumptions that transplantation is the dominant treatment strategy compared with in-centre 

dialysis if organs are available and the patient is suitable for the procedure
8
. 

Oftentimes hemodialysis that is provided in-centre is relegated to smaller SHD units that are 

decentralized from primary tertiary care centres. In these circumstances, nephrology care is often 

provided remotely. This model of care
76, 77

 has been met with conflicting findings on its potential 

benefits, with some studies finding mortality reduction
78

, increased mortality
79

, or no significant 

change in mortality
80, 81

. In addition to this, these units are often argued to increased patient 

quality of life
82-84

 as a function of the decreased travel time required for patients
85, 86

. In the 

specific case of Manitoba’s rural and remote First Nations, there may be potential benefits to 

quality of life associated with decreased relocation to urban centres that lack sensitivity to First 

Nation cultural considerations
87

.  

The cost-effectiveness of SHD units has been extensively explored in the literature and has been 

shown to be a cost-effective alternative to providing dialysis services in larger tertiary care 
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centres
12, 88-90

. When applying this model of care to the rural and remote SHD units in Manitoba 

there are other factors that require consideration that were not included in these previous 

analyses. In particular, there are premiums paid to nursing and other allied health care staff to 

accommodate differences in living arrangements between remote rural and urban living 

environments. Additionally, these units often function below optimal capacity, with previous 

findings suggesting that the break-even point for fixed costs is seven patients in a six-station 

unit
91

. Many SHD units in Manitoba fail to meet this threshold. Lastly, there are additional costs 

related to transportation for dialysis treatment, as well as transport for care only available in 

urban tertiary centres, oftentimes by air or road ambulance, that are incremental to the costs of a 

SHD unit in a more densely populated area (Ferguson T.W., Zacharias J., Walker S.R., et al. An 

Economic Assessment Model of Rural and Remote Satellite Hemodialysis Units. Pending 

Revisions).   

2.5 Current Screening Recommendations 

In general, screening for CKD in patients with hypertension and/or diabetes is universally 

supported by several nephrology collaborations, including the National Kidney Foundation 

(NKF – Kidney Disease Outcomes Quality Initiative (KDOQI)), the Canadian Society of 

Nephrology (CSN), the American Society of Nephrology (ASN), and the KDIGO group
6, 14, 92

. 

Both the American College of Physicians (ACP) and The U.S. Preventative Services Task Force 

(USPTF) argue that there is not sufficient evidence to warrant any screening in asymptomatic 

adults for CKD who do not have diabetes or hypertension. They further argue that false-positive 

results, subsequent unnecessary investigations and treatment, and potential complications from 

venipuncture could further introduce unnecessary harms in this population versus the potential 

benefits
93, 94

. Others argue that screening for Chronic Kidney disease should be extended to those 
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with cardiovascular disease and in first-degree relatives of those with a history of kidney disease. 

Screening in certain ethnic groups with observed increased risk has also been encouraged by the 

NKF, ASN, and CSN
6, 92

. 

2.6 Cost-Effectiveness of Population Based Screening 

The cost-effectiveness of population based screening for CKD has been extensively evaluated by 

several studies. Primarily, these studies focused on the overall general population, patients with 

hypertension, patients with diabetes, and in high-risk minority groups. Screening in those with 

diabetes was found to be cost-effective in several health care settings (incremental cost-

effectiveness ratio (ICER) $5,298/QALY - $54,943/QALY 2011 US dollars)
8, 95-100

. Similar 

findings were seen in screening those with hypertension, demonstrating marginally cost-effective 

ICERs ($23,028/QALY - $73,939/QALY 2011 US Dollars)
95-97, 101

. There was substantial 

variability in studies that considered screening in the general population, with reported cost-

effectiveness ratios ranging from $14,063 to $160,018/QALY for proteinuria-based screening, 

and from $100,253 to $109,912/QALY ($2011 USD) for eGFR-based screening
73, 95, 97, 98, 102

. 

Targeted screening in African Americans by measurement of urine protein was also shown to be 

cost-effective (ICER $35,000/QALY when repeated annually and $9,000/QALY when repeated 

every 10 years)
103

. Additionally, increasing the age threshold of which patients would be 

screened and, in studies that considered repeated screening, increasing the length of time 

between subsequent screening events was shown to improve reported cost-effectiveness ratios
95, 

101
. 

An evaluation of these existing studies found that several factors were consistently influential 

model drivers regardless of health care setting. Assumptions around treatment effectiveness, for 
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both reduction of all-cause mortality and reduction of progression to kidney failure, had a 

substantial effect on model results. Two studies in particular assumed considerable reductions in 

mortality as a result of preventing cardiovascular comorbidities in screened patients. One study, 

from the Netherlands, assumed a 40% reduction in cardiovascular mortality as a result of 

antihypertensive therapy in patients with microalbuminuria (urinary albumin excretion (UAE) ≥ 

30 mg/d)) and found general population screening to be cost-effective (ICER $31,707/QALY 

2011 US dollars)
102

. Similarly, a study evaluating the addition of CKD screening to mandatory 

annual checkups in Japan found proteinuria-based screening to be cost-effective (ICER 

$14,064/QALY 2011 US dollars) and had also assumed a substantial improvement in mortality 

from the addition of antihypertensive therapy (relative risk reduction of 42.1% to kidney failure, 

71.0% to heart attack, and 69.3% to stroke with treatment)
73

. 

A further influential model driver was the progression assumptions from CKD to kidney failure. 

Increases in 50-100% of the rate of progression to kidney failure were shown to drastically 

reduce reported ICERs across several economic models
104

. In one Canadian study an increase in 

the risk of progression of 100% reduced the reported ICER from $104,900 to $80,200 CAD
98

. 

The transition rate from microalbuminuria to macroalbuminuria was also shown to be a powerful 

model driver in an American study evaluating the cost-effectiveness of microalbuminuria 

screening
95

. This finding is also analogous with the improved cost-effectiveness results in both 

diabetic and hypertensive subpopulations, with these groups showing increased progression to 

kidney failure, increased mortality, and increased cardiovascular events as levels of albuminuria 

increase in comparison to healthier individuals
105

. 

Baseline prevalence was also shown to be an influential model parameter. Many previously 

published cost-effectiveness analyses in North America used information from NHANES III to 
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determine prevalence of diabetes, hypertension, and CKD, and as such, these findings may not 

be generalizable to targeted screening in higher risk populations. For example, one study 

evaluating CKD screening in Japan found proteinuria based screening to be cost-effective and 

used prevalence and incidence estimates that were elevated compared to North American 

studies
73, 104

. Previous studies have shown that the prevalence of CKD in Japan is elevated 

compared to many western countries, likely attributable to differences in the age distribution, but 

nonetheless allowing a mass screening program to discover more potential cases
106, 107

. These 

cost-effectiveness findings may translate into other subpopulations with elevated prevalence of 

CKD and subsequent increased odds of case finding. 

2.7 The Burden of Kidney Disease in Indigenous Populations 

Indigenous populations have shown a significant burden of diabetes, CKD, and kidney failure, 

not only in Canada, but in many locales around the world. Canadian Aboriginal peoples have 

rates of kidney failure that are 2.5 to  3 times that of the general population, 60% of which is 

caused by diabetic nephropathy, comparable to 30 to 35% in the general population
11, 28, 108

. This 

burden has cemented itself strongly in the Prairie Provinces, particularly Saskatchewan and 

Manitoba, which have proportions of indigenous patients that encompass nearly 30% of all 

kidney failure cases despite making up only roughly 15% of the population
108, 109

. There have 

been similar findings with indigenous populations in the United States, with nearly 75% of 

primary diagnoses for kidney failure in this population attributable to type 2 diabetes
110

, and 

incidence rates of kidney failure that are also 2-3 fold that of a comparator general population
111

. 

Additionally, indigenous populations in Australia and New Zealand have displayed similar 

disparities. Pacific Islanders, Maori, and Aboriginal and Torres Strait Islanders were all 

significantly (p < 0.01) more likely to have a primary kidney failure diagnosis of diabetic 
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nephropathy, ranging between 47 and 63% of kidney failure cases in each group, and had overall 

rates of kidney failure that ranged from 2-fold to 8-fold the Australian general population
112

. 

Lastly, the magnitude of the burden of CKD in these populations is often amplified since many 

of these indigenous or First Nations populations are located in isolated areas with reduced access 

to medical services or complex care only available in more densely populated regions
27, 113, 114

. 
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3. Chapter 3: Materials and Methods 

3.1 Overview 

We performed an incremental cost utility analysis of one-off screening for CKD in Manitoba’s 

rural and remote First Nations adult (age 18+) population in comparison to usual care, defined as 

no targeted screening with the allowance for incidental finding of CKD cases and referral to 

nephrology through existing routine clinical care pathways. The perspective of this analysis took 

that of the Canadian public health payer. All costs are presented in 2013 Canadian dollars and 

were inflated using the Canadian medical consumer price index
115

, and all benefits are presented 

using quality-adjusted life-years (QALYs). All costs and benefits are discounted at 5% annually 

based on recommendations from published guidelines from the Canadian Agency for Drugs and 

Technologies in Health (CADTH)
116

. The model followed patients from age 45 (median and 

mean age of screening cohort) until age 90 or death. 

3.2 Screening Initiative and Study Population 

The FINISHED screening initiative screened 1346 adult patients between March 2013 and 

January 2015 across 11 communities within 2 tribal councils in the province of Manitoba, 

Canada. The methodology of the FINISHED study has been previously published
30

. Briefly, this 

includes 716 patients in communities accessible by road and 630 patients in communities 

accessible only by air or ice roads. Despite having similar eGFR profiles, the more remote air 

access communities experienced a significantly higher burden of CKD expressed as statistically 

significant differences in both urine ACR (median ACR of 16.8 mg/g (interquartile range 7.1 – 

45.1) for individuals from air access communities and median ACR of 8.8 mg/g (interquartile 

range 4.4 – 16.8) for individuals from road-accessible communities; p < 0.01 using the Mann-
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Whitney U-Test)  and increased overall risk of kidney failure over five years as expressed by the 

Kidney Failure Risk Equation (KFRE) in air access communities (p < 0.01 using X
2
 test). The 

KFRE is a multivariate model that predicts the risk of kidney failure at 2- 5- and 10- years (c-

statistic > 0.90)
117

. Additionally, individuals from air access communities also experienced 

higher rates of glycated hemoglobin (HgB A1C) (median HgB A1C of 6.0% (interquartile range 

5.4 – 8.0%) in air access communities and median HgB A1C of 5.6% (interquartile range 5.3 – 

7.0%) in those from road-accessible communities; p < 0.01 using the Mann-Whitney U-Test) 

signifying an increased burden of uncontrolled diabetes. Demographic characteristics and 

comparisons between air access and road access communities are detailed in Table 2. 

3.3 Simulation Model 

We constructed a computer simulated Markov model using decision analysis software (TreeAge 

Pro 2014, Williamstown, MA). States were divided based on the KDIGO risk classification 

system. Patients were classified at the start of the model into normal kidney function (green in 

the KDIGO classification diagram), CKD with low risk of progression to kidney failure (yellow 

in the KDIGO classification diagram), CKD with intermediate risk of progression to kidney 

failure (orange in the KDIGO classification diagram), and CKD with high risk of progression to 

kidney failure (red in the KDIGO classification diagram)
32

. Patients with proteinuria (urine ACR 

> 300 mg/g) were assumed to receive a reduction in progression and all-cause mortality from 

prescription and use of an angiotensin-converting-enzyme inhibitor (ACEI) or angiotensin 

receptor blocker (ARB) upon discovery of a CKD case through either screening or incidental 

presentation to primary care
101, 118

. We assumed that outcomes would be similar whether a 

patient was prescribed an ACEI or ARB
119

. From this, the model followed patients as they 

progressed or regressed between risk stages, through transplantation, dialysis, and death. The 
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model was executed using 1 year cycles and had a time horizon of 45 years. An overview 

diagram of the model is presented in Figure 3.  

3.4 Data Inputs 

The rates of initial kidney failure risk states were classified using screening results from the 

FINISHED study. eGFR was calculated using the MDRD study equation
3
. With a mean and 

median age of 45 years, there was an initial prevalence of 20.43% classified as low risk of 

kidney failure, 4.75% classified as intermediate risk, and 1.49% of classified as high risk. When 

considering measures of eGFR alone, this corresponded to 3.7% of individuals screened with 

eGFR between 30-60 ml/min per 1.73m
2
 (stage 3 CKD), 0.3% of individuals screened with 

eGFR between 15-29 ml/min per 1.73m
2
 (stage 4 CKD), and 0.1% of individuals screened with 

eGFR below 15 ml/min per 1.73m
2
 (stage 5 CKD). Despite being similar to the general 

population when considering eGFR measurements, the FINISHED project found a substantially 

higher prevalence of proteinuria, with 24.4% of those screened having any elevated albuminuria 

in comparison to roughly 8.5% in the general population
5
. The initial kidney failure risk profile 

of the FINISHED population, by both road access communities and air access communities, is 

presented using the KDIGO two-axis stating system in Figure 4. 

Since no longitudinal data were available from Manitoba for First Nations progression rates, 

CKD progression and regression rates for a First Nations population were sourced from the 

Alberta Kidney Disease Network (AKDN), a laboratory data repository for the province of 

Alberta, Canada
120

. The cohort selection criteria for individuals included in the progression and 

regression rate transitions ranged from Jan 1, 2005 to Dec 31, 2008. All First Nations individuals 

living in Alberta ≥ 18 years of age who had at least one outpatient serum creatinine (SCr) 
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measurement during this time were included. For patients with more than one SCr measurement, 

the first one was selected and defined as the index time. For patients with eGFR ≥ 30 ml/min per 

1.73m
2
 patients required a urine ACR measurement to adequately classify their level of risk with 

a 6 month window both prior and post index time. The follow up for transition ranged from Jan 

1, 2009 to Dec 31, 2013. Patients who migrated from Alberta or died were treated as a censor 

case. To determine the follow-up risk classification stage, the last SCr measurement was chosen, 

with the associated urine ACR measurement allowed within 6 months of this time. Accordingly, 

the transition probability was taken over the median follow up time to ascertain transition rates 

between low, intermediate, high, and kidney failure (dialysis and transplantation) classifications. 

These progression and regression rates between risk categories and for kidney failure are 

outlined in Table 3. 

Mortality rates were adapted from a baseline population using life tables from Statistics 

Canada
121

. To ascertain the risk of mortality in each respective CKD progression risk category, 

baseline mortality was modified using relative risk ratios from a previously published meta-

analysis based on classification of both eGFR and urine ACR
5
. Mortality rates in both patients 

with a transplant and patients on dialysis, as well as the chance of a transplant failure requiring 

return to dialysis, were taken from the annual report of the Canadian Organ Replacement 

Register (CORR), a subset of the Canadian Institute for Health Information that tracks trends on 

organ replacement in Canada
11

, as well as a previously published CKD screening study from 

Canada
98

. Annual mortality rates for each risk strata, those on dialysis, and those surviving with 

a transplant are provided in Table 4.  

We applied general Canadian population rates for transplant mortality and graft failure as 

previous research has shown that First Nations who are selected for transplant do not have a 
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statistically significant difference in the rate of graft survival following a successful transplant
122

. 

Transition probabilities for both pre-emptive transplant (before initiating dialysis) and for those 

prevalent on dialysis were also taken from the CORR annual report. These rates were adjusted 

for the rate of First Nations receiving transplants using a hazard ratio of 0.43 (95% CI 0.35 – 

0.53) from a previous Canadian study that evaluated the rates of transplantation in Canadian 

Aboriginals
123

. Transplantation rates, risk of mortality, and graft failure rates are also provided in 

Table 4. 

Adherence to ACEI and ARB treatment was taken from a review of the existing literature and 

assumed to be 75% based on existing CKD screening models
98, 101, 103

. Rates of incidental 

presentation to medical care were taken from a previous Canadian study that evaluated screening 

for CKD and were estimated to be 5% annually
98

. Additionally, only patients who were of high 

risk (red on the KDIGO risk classification map) were given a consultation with a nephrologist 

following screening based on the guideline of referring patients with eGFR ≤ 30 ml/min per 

1.73m
2 

and those with highly elevated ACR (> 300 mg/g) and eGFR between 30 and 45 ml/in 

per 1.73m
2 

for specialist treatment
5, 6

. 

Treatment effectiveness was taken from previous CKD screening models which applied findings 

from existing randomized controlled trials and meta-analyses regarding the benefit to both a 

reduction in all-cause mortality and progression of CKD from the use of ACEIs and ARBs
57-59, 95, 

96, 101, 124-128
). ACEIs and ARBs were conservatively assumed to only offer a reduction benefit in 

individuals with macroalbuminuria, defined as urine ACR > 300 mg/g in the baseline scenario. 

With respect to mortality, we assumed treatment offered a relative risk reduction of 23%, and 

with respect to progression we assumed treatment offered a relative risk reduction of 33%
96, 101

. 

We assumed no increase in the relative risk of regression to less progressive CKD as a result of 
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ACEI or ARB therapy. In the baseline cohort (n = 1346, both air access and road access 

communities) the prevalence of macroalbuminuria (urine ACR > 300 mg/g) was 81% for those 

in the intermediate risk category (orange on the KDIGO classification map) and 75% for those in 

the high risk category (red on the KDIGO classification map). Healthy and low risk patients 

(green and yellow on the KDIGO classification map) do not have any presence of 

macroalbuminuria by advent of the structure of the classification system.  

The prevalence of dialysis modality utilization was taken from the Electronic Kidney Health 

Record (eKHR). The eKHR is the Manitoba Renal Program’s provincial electronic database that 

contains all dialysis patient scheduling data going back to 2011. The eKHR scheduling data has 

been extensively validated by independent chart review audits and is close to one hundred 

percent accurate for timing and location of dialysis runs. This prevalence rate was used to 

determine a weighted cost of dialysis based on the probability of receiving treatment with each 

respective modality. The prevalence of modality utilization was 25.7% for in-centre HD, 25.7% 

for PD, 1.4% for HHD, and the majority of patients in rural and remote communities received 

SHD (part of the Local Centre Dialysis Units (LCDUs), sixteen smaller clinical units in rural and 

remote communities throughout Manitoba) at a proportion of 47.2%. Table 5 provides a 

breakdown of the prevalence of modality utilization for all patients living in the areas considered 

for screening (Manitoba postal codes R0B, R0J, and R0L). 

A summary of included model parameters is outlined in Table 6. 

3.5 Costs 

The cost of screening each patient was taken from the financial statements of the funding used to 

support the FINISHED screening initiative. This included all expenses related to the provision of 
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screening services, including transportation of equipment and personnel, staffing, administrative, 

laboratory, and testing device related costs. Adjusting for costs non-specific to the provision of 

screening, we had a total average per patient cost of $590. For incidental/inadvertent presentation 

to medical care for CKD treatment, costs were calculated based on the location in the KDIGO 

risk map. All inadvertently screened patients are attributed the cost of a general practitioner visit 

at $76.25 based on the Manitoba Physician’s Manual
129

 and the costs of a CKD screening test 

and resulting lab fees (electrolytes, urea, creatinine, urinalysis, and urine ACR) at a total cost of 

$30.43 based on provider quotes from Diagnostic Services Manitoba (DSM). For the highest risk 

patients who require referral to nephrology, an additional $175.25 was assessed for a specialist 

consultation based on the Manitoba Physician’s Manual
129

. 

The cost of dialysis was assessed as a weighted average of the cost of PD, HHD, in-centre 

hospital HD, and SHD provided in LCDUs dependent on the prevalence of each modality’s 

utilization previously described. The cost of PD was taken from an existing published Canadian 

costing study
12, 69

, adjusted for additional costs of shipping consumables and travel expenses for 

returning to Winnipeg for medical care not available in remote communities, and totaled $43,500 

($29,603 modality + $13,897 shipping and transport costs). Likewise, the cost of HHD was taken 

from an existing Canadian microcosting study
69

, adjusted for additional costs of shipping 

consumables and travel expenses for returning to Winnipeg for medical care, and totaled $61,305 

($47,408 + $13,897). Transport and shipping costs were taken from service provider quotes in 

Manitoba and ambulance costs from Manitoba Health, with the rate of acute returns to Winnipeg 

assumed to be 11% of all trips from a random sample of charts reviewed from patients in 9 of 

Manitoba’s LCDUs (Ferguson T.W., Zacharias J., Walker S.R., et al. An Economic Assessment 

Model of Rural and Remote Satellite Hemodialysis Units. Pending Revisions). The cost of 
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patients who relocate to Winnipeg for regular dialysis using in-centre HD was taken from the 

same Canadian microcosting study and totaled $74,590 annually
69

. For the cost of SHD, we have 

performed a separate retrospective costing study quantifying the expenses of providing dialysis 

in Manitoba’s LCDUs (Ferguson T.W., Zacharias J., Walker S.R., et al. An Economic 

Assessment Model of Rural and Remote Satellite Hemodialysis Units. Pending Revisions), from 

which we created a distribution of costs based on the proportion of patients receiving treatment 

across Manitoba’s 16 available SHD units, with an expected value of $130,711 per-patient, per 

year (Table 7). The cost of receiving a transplant was taken as $94,987 in the first year and 

$39,942 in the following from a previously published Canadian study evaluating screening for 

CKD and a study evaluating the costs and benefits of renal transplantation
75, 98

. A detailed 

overview of the calculation of the weighted cost of dialysis is provided in Appendix 1. 

The cost of treatment for CKD assumed that all patients with any elevated risk of progression 

(albuminuria > 30 mg/g and/or eGFR < 60ml/min per 1.73m
2
) would be offered treatment with 

antihypertensives (ACEI or ARB) and that patients with stage 3 or higher CKD would receive 

increased care including specialist visits with nephrology when indicated, urine studies, 

hematology and serology, and the chance of a renal biopsy or renal ultrasonography. 

Additionally, patients with progressively worsening CKD would have a chance of receiving 

erythropoietin stimulating agents for treatment of anemia, and enrollment in a multidisciplinary 

CKD clinic in some cases. This costing was based on the CKD treatment structure in a previous 

Canadian CKD screening study by stage of CKD defined using eGFR
98

. Weighted to the KDIGO 

risk classifications of the screened FINISHED population, there was no assumed incremental 

cost for individuals identified as being of very low risk of progressive CKD (green in the 

KDIGO staging system). For individuals of low risk (yellow in the KDIGO staging system) the 
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average incremental annual cost was estimated to be $287, for those of intermediate risk (orange) 

the average incremental annual cost was estimated to be $545, and for those of high risk (red) the 

average incremental annual cost was estimated to be $2,291 when screened. Other than the 

additional cost of ACEIs in patients with albuminuria in those with CKD stages 1 and 2, the 

incremental health care cost of early stage CKD was considered to be $0
130

. 

An overview of cost inputs is provided in Table 8. 

3.6 Valuing Health Benefits 

All health benefits were presented using QALYs gained. Utilities were estimated from a review 

of the available literature for healthy individuals, patients with CKD, patients surviving with a 

transplant, and patients on dialysis. Reported using the time trade-off method, utility values were 

found to be 0.90 for patients with eGFR > 60 ml/min per 1.73m
2
 and no albuminuria, 0.85 for 

patients with CKD, and 0.72 for patients on dialysis
67

. Since there is no conclusive randomized 

trial evidence comparing the differences in quality of life between individuals on PD and in-

centre HD, and few patients living in the communities where screening was undertaken received 

HHD, we assumed equivalent utility estimates for all dialysis modalities
74, 131

. We assumed no 

difference in quality of life for undiagnosed and diagnosed CKD as per convention, since the 

addition of antihypertensive therapy has been suggested to have no statistically significant 

impact on quality of life
98, 132

. For patients surviving with a transplant, the utility value was 

assumed to be 0.816 using the time trade-off method from a previously published study on the 

cost and benefits of renal transplantation, as well as having been conventionally used in other 

CKD screening studies
75, 98

. The values of health benefits are summarized in Table 8. 

3.7 One-Way Sensitivity Analyses 
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We performed one-way sensitivity analysis on model variables based on thresholds from 

previous cost-effectiveness analyses
73, 98

. The initial CKD risk strata prevalence (low, 

intermediate, high – yellow, orange, red on the KDIGO heat map) were varied +/- 50%. 

Treatment adherence was evaluated if increased to 100% or decreased to 50%. The risk of 

progression between any health state and kidney failure was varied +/- 50%. Relative risk 

reduction for both progression and all-cause mortality afforded by antihypertensive treatment in 

patients with macroalbuminuria was also varied +/- 50%. Utility values were varied across 

plausible ranges, from 0.75 to 0.90 for people with CKD, and 0.60 to 0.85 for people on dialysis. 

Costs of treatment for each risk strata and the cost of dialysis were varied at a range of +/- 50%. 

The cost of screening was evaluated when decreased 50%, and increased to the maximum 

possible threshold of $683.25 (Baseline $590), which included all costs spent during the 

FINISHED project including those that would not be routinely expensed from the perspective of 

the health care spender. Transplantation rates, the relative risk of transplantation, cost of 

transplantation, utility of living with a transplant, mortality risk in transplant patients, and the 

pre-emptive transplant rate were also varied across plausible ranges. Finally, we varied the 

annual chance of incidental presentation to primary care from 2.5% to 10% (Baseline 5%). 

Sensitivity analysis was performed on discount rates using values of 0% and 3%
116

. 

3.8 Scenario Analyses 

Due to statistically significant differences in the overall risk profile of road accessible and road 

inaccessible communities, including a higher prevalence of progressive CKD, increased levels of 

uncontrolled blood sugar, and increased risk of progression to kidney failure (Table 2), we 

performed a sensitivity analyses on the baseline estimates by running the model for both air 

accessible and road accessible community subsets. Communities accessible by air experienced a 
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significantly higher burden of CKD, with 26.98% of those screened with low risk CKD, 7.46% 

of those screened with intermediate risk CKD, and 1.59% of those screened with high risk CKD 

(Baseline 20.43%, 4.75%, and 1.49% respectively). In addition, the expected cost of dialysis in 

air access communities for patients who receive care in satellite dialysis units was $158,506 per 

patient based on the available distribution of patients receiving satellite treatment in the eKHR 

(Baseline $130,711). Accordingly, the cost of transportation for returns to tertiary care centres in 

Winnipeg for care not available in remote communities was much higher in air access 

communities, at $27,530 per patient (Baseline $13,897). The prevalence of macroalbuminuria in 

the intermediate and high CKD risk categories was also elevated in air access communities, 

coming in at 81% in those with intermediate CKD (Baseline 81%), and 90% in those with high 

risk CKD (Baseline 75%). Just as well, these numbers varied in road accessible communities. 

The cost of SHD was expected to be $90,563 per patient in these communities based on the 

patient distribution (Baseline $130,711), with transportation and shipping costs substantially 

lower at $1375 per patient (Baseline $13,897). The prevalence of elevated risk CKD was also 

lower, with 14.7% of those screened with low risk CKD, 2.4% with intermediate risk CKD, and 

1.4% with high risk CKD (Baseline 20.43%, 4.75%, and 1.49% respectively). The prevalence of 

macroalbuminuria in the intermediate and high CKD risk categories was lower in road accessible 

communities, coming in at 82% in those with intermediate CKD (Baseline 81%), and 60% in 

those with high risk CKD (Baseline 75%).  

The threshold for relative risk reduction afforded by treatment was also varied. To test the 

robustness of the model to treatment effectiveness and due to the arbitrary discrete cut-off in 

urine ACR for treatment effectiveness, we extended the risk threshold for which treatment was 

effective from macroalbuminuria in the baseline (urine ACR > 300 mg/g) to microalbuminuria 
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(urine ACR > 30 mg/g). Recent research in indigenous populations with type 2 diabetes has 

demonstrated a potential reduction in disease progression even in patients with microalbuminuria 

(ACR 30 – 300 mg/g) and not only in those with overt proteinuria
133

. We also considered the 

impact of dialysis modality distributions on our results to consider the impact of increasing home 

modality uptake. In the screening arm, we considered increasing the prevalence of home 

modalities (PD and HHD) by 25, 50, and 100% through earlier identification and nephrology 

intervention.
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4. Chapter 4: Results 

4.1 Baseline Findings 

In Manitoba’s rural and remote First Nations communities, a strategy of screening for CKD by 

both eGFR and albuminuria was associated with a per-person cost of $14,172 and an 

effectiveness of 13.0006 QALYs. The usual care scenario was associated with a per-person cost 

of $13,322 and an effectiveness of 12.9752 QALYs. The incremental cost between the two 

alternatives was $850 and incremental gain of QALYs totaled 0.0254, resulting in an ICER of 

$33,500/QALY. These results are outlined in Table 9. Model validity was evaluated by 

constructing life expectancy tables. In the usual care arm life expectancy at age 45 was an 

additional 28.95 years, whereas the screening arm afforded an additional life expectancy at age 

45 of 29.03 years. Detailed life tables for both the screening and usual care arms are provided in 

Tables 10 and 11. 

4.2 One-Way Sensitivity Analyses 

One-way sensitivity analysis of transition probabilities and modifiers showed some moderate 

variability in results. Increasing the initial risk strata prevalence (baseline 20.4% low, 4.8% 

intermediate, and 1.5% high risk of progression) by 50% would decrease the ICER to 

$25,760/QALY. A decrease in initial risk strata prevalence of 50% would result in an ICER of 

$56,720/QALY. Increasing the treatment adherence assumed in the model to 100% (baseline 

75%) resulted in a drop of the ICER to $17,090. A decrease of adherence to 50% resulted in an 

ICER of $66,320/QALY. Increase of the risk of progression from CKD to kidney failure by 50% 

resulted in a decrease of the ICER to $19,070/QALY, whereas a 50% decrease produced an 

ICER of $52,970/QALY. Treatment effectiveness was also considered, with an increase in 
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ACEI/ARB therapy effectiveness with respect to mortality by 50% resulting in an ICER of 

$26,720/QALY, and an increase of ACEI/ARB effectiveness with respect to progression by 50% 

resulted in an ICER of $11,800/QALY. Reducing the effectiveness of ACEI/ARB therapy by 

50% with respect to mortality resulted in an ICER of $45,760/QALY and reducing effectiveness 

of ACEI/ARB therapy by 50% with respect to progression resulted in an ICER of 

$66,660/QALY. Finally, we considered the chance of incidental contact with the health system 

resulting in CKD screening. Increasing this rate to 10% per person, per year, (baseline 5%) 

resulted in an increase in the reported ICER to $45,060/QALY, and decreasing the rate to 2.5% 

per person, per year resulted in a decrease to the reported ICER to $11,820/QALY. The results of 

this one-way sensitivity analyses are presented in Table 12. 

Modification of cost and utility parameters were also considered in one-way sensitivity analysis. 

Utility values were robust when varied over a plausible range. Increasing the utility value 

associated with the CKD state (low, intermediate, and high risk) to 0.90 (baseline 0.85) resulted 

in a change of the ICER to $31,380/QALY. Reduction of the utility value to 0.75 resulted in a 

change of the ICER to $38,750/QALY. Increasing the utility value associated with dialysis to 

0.85 (baseline 0.72) resulted in an increase of the ICER to $34,880/QALY. Reducing the utility 

value associated with dialysis to 0.60 decreased the reported ICER to $32,320/QALY. Varying 

cost inputs had more of a substantial impact on results. An increase of 50% in the assumed cost 

of dialysis resulted in a reported ICER of $19,340/QALY, whereas reducing the cost of dialysis 

by 50% resulted in a reported ICER of $47,660/QALY. Increasing treatment costs associated 

with CKD by 50% increased the ICER to $55,180/QALY and reducing them by 50% resulted in 

a reported ICER of $21,890/QALY. When considering the entire potential pool of available 

funds for the FINISHED project, including research and dissemination overhead, we reached a 
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total screening cost of $683 (baseline $590), which resulted in an ICER of $37,200/QALY. 

Reducing the cost of screening from baseline by 50% decreased the reported ICER to 

$21,890/QALY. Using a discount rate of 3% resulted in an ICER of $22,300/QALY and using a 

discount rate of 0% resulted in an ICER of $10,490/QALY. The results of this one-way 

sensitivity analyses are presented in Table 12. 

Likely due to the relatively low percentage of individuals who transition to transplantation in the 

kidney failure population, in particular the First Nations kidney failure population, the baseline 

model showed a robust ICER when considering changes in transplant related model parameters. 

The cost of transplant, when varied from 0$ to $200,000 in the first year varied the ICER 

between roughly $22,000/QALY and $36,000/QALY and was the most influential transplant-

related model variable. Utility of living with a transplant, relative risk of transplant in First 

Nations, annual transplant mortality, the annual transplant rate on dialysis, and the pre-emptive 

transplant rate all changed the ICER between $30,000/QALY and $35,000/QALY even when 

varied to estimates that are likely implausible to observe in reality. This sensitivity analysis is 

detailed in Figure 5. 

A detailed tornado plot of influential model drivers considered in one-way sensitivity analyses is 

presented in Figure 6. 

4.3 Comparison of Road Access and Air Access Communities 

Due to the increased costs of dialysis therapy attributable to transportation, capital costs, and 

extra nursing expenses, an increased prevalence of progressive CKD by both KDIGO 

classification category and total overall proteinuria, the incremental cost of screening in air 

access communities totaled $611 with a gain of 0.0378 QALYs per patient, at a cost per QALY 
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of $16,180. Conversely, due to a lower burden of CKD and lower SHD costs in road accessible 

communities, the model demonstrated an incremental cost of $973 with an associated 

incremental effectiveness of 0.0152 QALYs per patient, at a cost per QALY of $63,870 with the 

screening strategy. These results are also outlined in Table 9. 

4.4 Scenario Analyses 

If the benefits of treatment to both progression and mortality were extended to those with 

microalbuminuria as well as macroalbuminuria, screening for CKD was associated with an 

incremental cost of $176 and incremental effectiveness of 0.0657 QALYs in the entire 

FINISHED population, resulting in an ICER of $2,680/QALY. In communities accessed 

primarily by air, screening was associated with incremental savings of $360 and incremental 

effectiveness of 0.0903 QALYs and was the dominant treatment choice. In road accessible 

communities screening was associated with an incremental cost of $556 and an incremental 

effectiveness of 0.0469 QALYs, resulting in an ICER of $11,870/QALY.  

If earlier detection of kidney disease is able to allow for a 25% increase in home dialysis 

modality uptake (PD and HHD), the incremental cost of screening would be $349 and the 

incremental effectiveness 0.0254 QALYs (ICER $13,760/QALY). Increasing home modality 

uptake by 50% resulted in an incremental savings of $218 and incremental effectiveness of 

0.0254 QALYs and was dominant. Increasing home modality uptake by 100% resulted in an 

incremental savings of $1,170 and incremental effectiveness of 0.0254 QALYs and was also 

dominant. 

A summary of scenario analyses is provided in Table 13. 
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Chapter 5: Discussion 

5.1 Summary of Findings 

Our cost-utility model found that a screening initiative for CKD in comparison to no screening 

with allowance for incidental case finding (usual care) in Manitoba’s rural and remote First 

Nations is cost-effective (ICER $33,500/QALY). Furthermore, in the most remote communities 

accessible primarily through air travel, the reported ICER was reduced to $16,180/QALY. 

Targeted screening in less remote, road accessible communities was less favourable but still had 

a reasonably low ICER at $63,870/QALY. The most influential model drivers were the cost of 

dialysis, effectiveness of treatment with respect to reducing progression to kidney failure, 

adherence to treatment, the incremental cost of managing detected CKD patients, the baseline 

rates of progression to kidney failure, and the cost of screening. These model drivers, when 

varied over a plausible range in one-way sensitivity analyses, despite showing the largest 

changes in the reported ICER, still demonstrated robust results and did not produce a reported 

ICER above $70,000/QALY in the baseline scenario (Figure 6). These findings suggest that 

CKD screening in this high risk indigenous group with low access to health care and high costs 

of treatment would likely be cost-effective. 

5.2 Comparison with Previous Studies 

We found our model to be comparable to previous studies that examined the cost-effectiveness 

of screening in high risk populations: those with diabetes and hypertension
72, 95, 97-101

. This is 

likely driven by the high rate of diabetes in the First Nations populations of Manitoba
26

, 

contributing to an excess burden of diabetic nephropathy and high rates of overt proteinuria. Our 

baseline prevalence in the screened cohort demonstrated 20.43% of the population as being low 
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risk of kidney failure, 4.75% being classified as intermediate risk, and 1.49% classified as high 

risk with a mean adult population age of 45. These risk categories had been previously broken 

down in the general population, with 9.2% of the general population demonstrating low risk of 

progressive kidney failure, 2% demonstrating intermediate risk, and 0.7% demonstrating high 

risk
5
. The prevalence of any kidney damage was over 2-fold higher in the FINISHED population. 

Even more alarmingly, the prevalence of macroalbuminuria (urine ACR > 300 mg/g) was equal 

to 5% in the FINISHED population, which was substantially higher than the prevalence of 1.1% 

seen in a comparator general population, and comparable to estimates of 5.4% used for a wholly 

diabetic population applied in previously published CKD screening models
5, 101

. However, the 

higher odds of diabetic and proteinuric CKD allowed for an increased treatment effectiveness 

potential with ACEI and ARB therapy, and subsequently improved the estimated cost-

effectiveness of the screening initiative, with previous general population screening models using 

eGFR alone demonstrating a lack of cost-effectiveness when identifying patients without 

determination of proteinuria despite having a low eGFR
98

.  

5.3 Cost of Screening 

The per-patient cost of screening was also an influential driver in our cost-effectiveness model. 

As previously mentioned, a reduction in cost of 50% per patient screened would result in a 

reduction of the reported ICER from $33,500/QALY to $21,890/QALY. Operational 

inefficiencies at the start of the screening program resulted in increased costs for human 

resources and transportation, many of which were resolved or improved upon as the program 

progressed. Continued screening would likely experience lower average per-patient screening 

costs. In addition, many of the costs revolved around establishing protocols and screening 

procedures would be avoided in continued or repeated screening scenarios as operational 
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efficiencies are established. Moreover, if screening is able to be introduced as part of routine care 

in clinics within communities these costs could be substantially improved without requiring 

mobile assessment clinics to travel, often experiencing high costs related to air transport for staff 

and shipping equipment. Total screening costs ranged from $85 - $158 in other studies that 

evaluated primary CKD screening when extra transportation and staffing costs did not require 

consideration, substantially lower than the $590 per-patient assumed in our model
104

. As such, 

integration of screening into routine clinical practice could further improve cost-effectiveness 

outcomes. 

5.4 Access to Care and Incidental Screening 

The rate at which the health care system manages to identify patients with CKD at baseline is an 

important factor in considering the cost-effectiveness of any screening initiative. Incidental case 

finding was assumed to be 5% annually using a previously published Canadian study that 

considered general population and diabetic population screening for CKD using rates of 

presentation to medical care from the Alberta Kidney Disease Network
98

. There are potential 

limitations to using this figure that include the reduced access to primary care and specialist care 

in Manitoba’s First Nations communities
27, 134

, as well as the difference in rates of lower stage 

(Stages 1 and 2) CKD with macroalbuminuria in the FINISHED screened population. 

Accordingly, any reduction in the assumed rate of incidental case finding under the usual care 

scenario results in a reduction of the ICER. Future research linking the individuals in the 

FINISHED cohort to databases available through Manitoba Health would allow for a more 

detailed evaluation of health care use patterns in these individuals, which due to the remote 

nature of many of the communities may have a lower incidental presentation rate for CKD 

screening than the Canadian general population.   



 

37 
 

5.5 Risk Prediction, Early Identification, and Clinical Care Planning 

The classification of patients within the KDIGO risk classification grid can be further improved 

with the application of readily available risk prediction tools that have been found to have a 

improved diagnostic accuracy to referral or eGFR alone (area under the receiver operating 

characteristic curve (AUROC) = 0.9 for the KFRE compared with AUROC = 0.78 for 

corresponding eGFR cut-offs) (Whitlock, R. H., Komenda, P. Hingwala, J., et al. Validation of 

the Kidney Failure Risk Equation in Manitoba. Manuscript in Progress). This equation uses lab 

values that are routinely collected, namely age, sex, urine ACR, and eGFR
117

. Tools such as this 

may potentially contribute to a more favourable cost-effectiveness outlook when patients are able 

to be appropriate assigned to more costly nephrology interventions and multidisciplinary CKD 

clinics, with low risk patients being referred to a primary care practitioner. For example, A 40 

year old male patient with an eGFR of 45 ml/min per 1.73m
2
 and urine ACR of 30 mg/g would 

have an estimated kidney failure risk of 20.2% over five years. A patient with the same lab 

characteristics aged 85 would have an estimated 5-year risk of kidney failure totaling 8.8%
117, 135

. 

The recommended treatment path for these two patients would differ significantly, with the 

younger patient likely requiring specialist intervention, and the elderly patient likely reaching a 

clinical endpoint outside of renal failure due to the competing risk of all-cause mortality
20

. One-

way sensitivity analysis demonstrated that reducing the costs of CKD treatment by 50% resulted 

in a reduction of the reported ICER to $11,820/QALY (Baseline $33,500).  

Each patient in the FINISHED cohort was assigned a percentage and category of kidney failure 

risk based on this algorithm (Table 2). Likely due to the younger age distribution of those 

screened in comparison to a general, primarily Caucasian population, there was a total burden of 

any kidney failure risk of 34% across the entire cohort (23.4% in road accessible and 46.1% in 
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air accessible communities), whereas the KDIGO risk classification system found 26.7% having 

kidney damage in the entire cohort based on eGFR and urine ACR alone (18.4% in road 

accessible and 36% in air accessible communities). As such, more intensive nephrology 

interventions may be considered in younger individuals who have a lower competing risk of all-

cause mortality which has cost implications that were not captured in this analysis. 

When screening, a 2-fold prevalence of CKD with a high risk of progression was found (red on 

the KDIGO heat map), which includes individuals that have up to a 9.1% annual chance of 

kidney failure, unadjusted for age
5
. There are several benefits to the early identification of these 

individuals that may require further evaluation in future research. Namely, when these patients 

are poorly prepared for the transition to kidney failure, there are worse clinical outcomes. These 

include higher hospitalization rates, lower chance of arteriovenous fistula preparation, less home 

modality uptake, and overall increased mortality
136-138

. For example, patients who progress to 

kidney failure requiring hemodialysis experience costs for vascular access care that are nearly 

fivefold higher in individuals who begin with a central venous catheter or synthetic graft as 

opposed to patients who are able to be prepared pre-dialysis with an arteriovenous fistula
12

. 

Previous screening models were often robust to changes of the cost of dialysis in sensitivity 

analyses
104

. Our model, by contrast, was more sensitive due to the high number of patients who 

receive treatment at costly remote SHD units. As such, if there is an increase in home modality 

uptake as a result of earlier identification in place of facility based hemodialysis crash starts, 

early intervention would appear more cost-effective. A previously published meta-analyses of 14 

studies found that patients who were referred earlier to a nephrologist had a 2-fold chance of 

being selected for home peritoneal dialysis (OR 2.1 95% CI 1.9-2.3)
139

 and suggests that early 

intervention may offer this benefit. Our scenario analysis showed that with improvements in 
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home modality uptake as a result of early identification that screening may become a dominant 

treatment strategy.  

Although our model only evaluated the addition of antihypertensive therapy (ACEIs and ARBs), 

there are other potential benefits to the early identification and treatment of CKD. For example, 

recommendations exist prescribing the use of statins to improve cardiovascular and all-cause 

mortality in CKD patients. One study that pooled the results of three randomized controlled trials 

of the drug pravastatin in individuals with moderate CKD (stage 3 as defined by eGFR 30 – 

59.99 ml/min per 1.73m
2
) found an overall reduction in cardiovascular events of 23% and a 

reduction in all-cause mortality of 14%
140

. The additional costs of incremental pravastatin 

therapy would also need to be considered in any future economic evaluation, and we are unaware 

of baseline statin use in the FINISHED population. The implications of this were considered in a 

previous Canadian CKD screening study that performed a sensitivity analysis including the 

addition of statins as well as angiotensin blockade and found that the ICER ratio decreased from 

$104,900/QALY at baseline for screening in the general population to $53,700/QALY
98

.  

5.6 Generalizability of Findings 

These findings may also help inform health policy in other high risk groups and indigenous 

populations. As previously mentioned, an existing cost study has found screening in African 

Americans to be cost-effective
103

. African Americans have a rate of CKD that is over 2.5 fold 

higher than the general population
141

, similar to rates experienced in the FINISHED screening 

cohort. Several other ethnic groups have demonstrated an elevated burden of diabetes and CKD. 

This includes the Pima Indians of Arizona who have the world’s highest incidence of non-insulin 

dependent diabetes and have a rate of kidney failure that is over twenty times that of the general 
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population
142, 143

. There is also an elevated burden of kidney disease in the United States 

Hispanic population, showing nearly a 2-fold increased risk of end stage kidney failure
144

. 

Additionally, elevated prevalence of CKD has also been seen in Australian aborigines
145

, and 

Navajo and Zuni Indians in the United States
43, 44

. Evaluation of the cost-effectiveness of 

screening initiatives in these high risk ethnic groups warrants consideration in future research 

and findings from the FINISHED project may indicate investment in other screening initiatives 

that target similar populations.  

There are also implications for care provided in rural and remote areas. Previously research has 

shown that patients with non-dialysis dependent CKD who live more than 50km for the nearest 

nephrologist experience reduced rates of care. These patients were less likely to visit a 

nephrologist, be involved in multidisciplinary CKD clinics, or received appropriate laboratory 

testing. In addition, they experienced increased mortality and hospitalizations
134

. These findings 

are not unique to the CKD population. Rural and remote communities often demonstrate a 

shortage of physicians and other health care professionals
87, 146

. In addition, some health care 

procedures are more expensive in rural and remote settings, or are not available and require a 

patient to relocate for adequate treatment. We observed increasing cost-effectiveness as those 

screened became more remote in our model, influenced not only by worsening health status from 

lack of care, but also by increasing health care expenditures.  

5.7 Strengths and Limitations 

This study had several strengths. Primarily, previous cost-effectiveness models focused on the 

measurement of either proteinuria (dipstick proteinuria or urine ACR), or eGFR in isolation
104

. 

Our analysis combined both measurements, performed concurrently, to assess risk of progression 
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to kidney failure using the two-axis KDIGO classification system
32

. This allows for a more 

comprehensive risk assessment and triage to appropriate clinical care. In addition, our model was 

the first to explore the cost-effectiveness of screening for CKD in a rural and/or remote area that 

has limited access to regular medical care, whereas previous studies did not focus on location, 

allowing us to evaluate a model not only with an elevated burden of CKD in a high risk 

indigenous population, but with higher overall costs of dialysis therapy in those who reach 

kidney failure and higher costs of per-patient screening. 

There were also several limitations to our model. We applied only a single measurement of urine 

ACR to classify persistent albuminuria. Ideally, risk would be evaluated longitudinally with 

several urine ACR measurements to fully ascertain a consistent level of raised albuminuria. 

However, the study used to classify the risk of mortality by albuminuria and eGFR category used 

only a single ACR measurement as well
5
, as did the retrospective database analysis of Alberta 

Kidney Disease Network First Nations patients used to determine progression and regression 

transition probabilities, and as such, progression and mortality rates relate to individuals with 

only a single ACR measurement.  

A further limitation is the lack of randomized controlled trial evidence that explores screening 

for CKD. A previous systematic review explored the effectiveness of early stage CKD screening 

but found uncertain benefit with respect to clinical end points (kidney failure and morality) in 

those with early stage CKD; however, agreed that evidence was strong for the adoption of ACEIs 

and ARBs in reducing mortality and progression
93

. Despite being the gold standard of treatment 

efficacy, a RCT of screening for CKD would be particularly costly and require many years to 

perform. As such, there would be a cost of inaction if this is used as the only form of policy 

discourse. 
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Lastly, the model was unable to be extensively validated using longitudinal clinical outcomes 

from a First Nations population in Manitoba due to a lack of available data. However, we applied 

real progression rates from the Alberta Kidney Disease Network, which has been used in 

previous cost-effectiveness analysis for CKD screening and was found to be related (R
2
 > 0.97) 

to both kidney failure and mortality at the five year time point
98

. Furthermore, to verify mortality 

rates in our model, we computed life expectancy rates and life tables for both the usual care and 

screening arms. We found that the FINISHED population (60.7% female) had a remaining life 

expectancy of nearly 28.95 years at age 45 (Table 10), which represents a sex-weighted gap of 

roughly 8.5 years from the general Manitoba population
147

. This number closely relates to 

previous research that has shown an 8 year life expectancy gap between registered First Nations 

and the general Manitoba population
148

.   

5.8 Conclusions 

In summary, we found that a targeted primary screening initiative for CKD in Manitoba’s high 

risk rural and remote First Nations populations may be a cost-effective strategy (< 

$50,000/QALY). Similar to previous studies, progression rates, treatment effectiveness, and the 

incidence of CKD were shown to be substantial model modifiers in one-way sensitivity analyses. 

These findings could potentially be extended to other Canadian First Nations populations, 

indigenous populations who exhibit heightened risk of CKD progression, other high-risk ethnic 

populations, and in providing other rural and remote care. Our findings demonstrated that even 

those First Nations in road accessible communities that were less remote demonstrated an ICER 

that was likely cost-effective ($63,870/QALY). Moving towards the future, we feel that the 

investment required for a cluster randomized controlled trial
149

 of screening for CKD in other 

communities to ascertain the overall efficacy of targeted screening programs may be warranted.
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Figure 1. Incidence of Kidney Failure in Manitoba 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Accelerated growth in Rural North of Manitoba 

Growth rates of kidney failure in Manitoba have plateaued in the populated, urban and highly 

healthcare-resourced South, but are reaching epidemic proportions in remote, under-resourced, 

and primarily First Nations (Aboriginal) northern communities. 
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Figure 2. Prevalence of Chronic Dialysis in Manitoba 
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Table 1. Comparison of Chronic Kidney Disease Screening Studies 

Comparison of Chronic Kidney Disease Screening Studies 

      Albuminuria 

Kidney 

Function 

Study Population n 
Micro 

Definition 
Micro (%) 

Macro 

Definition 
Macro (%) 

eGFR < 60 

ml/min per 

m
2
 (%) 

NHANES 

(1988-94)
33 US, Age 20+ 15488 

ACR 30 - 299 

mg/g 
7.1% 

ACR > 299 

mg/g 
1.1% 5.6% 

NHANES 

(1999-04)
33 US, Age 20+ 13233 

ACR 30 - 299 

mg/g 
8.2% 

ACR > 299 

mg/g 
1.3% 8.1% 

PREVEND
34 Netherlands, Aged 

28-75 
8592 

UAC 20 - 200 

mg/L 
7.2% 

UAC > 200 

mg/L 
0.7% 5.5% 

KEEP US
36,37 US, Age 18+, high-

risk 
22000+ 26% Albuminuria defined as UAC > 20mg/L N/A 

KEEP 

Japan
39 

Japan, Age 18+, high-

risk 
1065 23.6% Albuminuria defined as ACR > 30mg/g 7.0% 

KEEP 

Mexico
38 

Mexico, Age 18+, 

high-risk 
1519 19.0% Albuminuria defined as ACR > 30 mg/g 7.0% 

KEY 

Australia
35 

Australian, Age 18+, 

high-risk 
402 

ACR > 30 

mg/g 
8.0% N/A N/A 10.0% 

SLICK 

Study
40,41 

Canada, First Nations, 

Age 18+ 
743 

ACR > 2.74 

mg/mmol 

(Female) 

ACR > 1.94 

mg/mmol 

(Male) 

26.0% 
Protein 

Dipstick 
13.0% N/A 

Zacharias et 

al.
18 

Manitoba, First 

Nations (Ojibway), 

Age 18+ 

483 

ACR > 2.8 

mg/mmol 

(Female) ACR 

> 2.0 mg/mmol 

(Male) 

15% 
ACR > 30 

mg/mmol 
5% N/A 

Zuni Kidney 

Project
42,43 

US, Zuni Indians, 

Age 5+ 
1483 

ACR 30 – 299 

mg/g 
15% 

ACR > 300 

mg/g 
4.3% N/A 
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Hoy et al. 

(1996)
44 

US, Navajo Indians, 

Age 18+ 

366 

(nondiabetic) 

400 (diabetic) 

ACR 30 – 299 

mg/g 

14.6% 

(nondiabetic) 

36.1% (diabetic) 

ACR > 300 

mg/g 

2.0% 

(nondiabetic) 

17.9% 

(diabetic) 

N/A 

Hoy et al. 

(1998)
46 

Australian 

Aboriginals, Age 18+ 
487 

ACR 30 – 299 

mg/g 
26% 

ACR > 300 

mg/g 
24% N/A 

Nelson et al. 

(1989)
45 

US, Pima Indians, 

Age 15+ 
2728 

ACR 30 – 299 

mg/g 

25.8% (type 2 

diabetics) 

14.7% (impaired 

glucose 

tolerance) 

6.7% (normal 

glucose 

tolerance) 

ACR > 300 

mg/g 

20.8% (type 2 

diabetics) 

2.0% (impaired 

glucose 

tolerance) 

1.2% (normal 

glucose 

tolerance) 

N/A 

FINISHED  
Canada, First 

Nations, Age 18+ 
1346 

ACR 30 - 299 

mg/g 
19.5% 

ACR > 299 

mg/g 
5.0% 4.2% 

FINISHED 

(road) 

Canada, First 

Nations, Age 18+ 
716 

ACR 30 - 299 

mg/g 
13.7% 

ACR > 299 

mg/g 
2.8% 3.6% 

FINISHED 

(air) 

Canada, First 

Nations, Age 18+ 
630 

ACR 30 - 299 

mg/g 
26.0% 

ACR > 299 

mg/g 
7.5% 4.8% 

High-risk defined as those with diabetes, hypertension, or a family history of diabetes, hypertension, and/or kidney disease. ACR is 

albumin-to-creatinine ratio, UAC is urinary albumin clearance, UAE is urinary albumin excretion, eGFR is estimated glomerular 

filtration rate.
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Table 2. Demographic Characteristics of Screened Cohort 

Table 2. Demographic Characteristics of Screened Cohort 

    Total Cohort Road Air 
p-

value 

    n = 1346 n = 630 n = 716   

Age (years)   44.9 (± 14.5) 45.2 (± 14.4) 44.6 (± 14.6) 0.4731 

Sex (% female)   60.7% 59.3% 62.2% 0.2737 

HgbA1C (%)   
5.8 (5.4 -7.4) 

5.6 (5.3 – 

7.0) 

6.0 (5.4 – 

8.0) 
<0.01 

eGFR (ml/min per 1.73 

m2) ≥ 60 
95.8% 96.4% 95.2% 0.891 

  45 - 59 2.5% 2.1% 2.9%   

  30 - 44 1.3% 1.1% 1.4%   

  15 - 29 0.3% 0.3% 0.3%   

  < 15 0.2% 0.1% 0.2%   

Urine ACR (mg/g)   

12.4 (5.3 - 

28.3) 

8.8 (4.4 - 

16.8) 

16.8 (7.1 - 

45.1) 
<0.01 

Kidney Failure Risk No Risk 66.0% 76.6% 53.9% <0.01 

  

Low 

Risk 
31.4% 21.6% 42.6%   

  Int. Risk 1.6% 1.0% 2.4%   

  

High 

Risk 
1.0% 0.8% 1.1%   

Continuous variables expressed as mean (± standard deviation) or median (interquartile range) 

for HgbA1C and Urine ACR. Categorical variables expressed as percentages. 



 

48 
 

Figure 3. Markov Simulation Model 
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Figure 4. Initial Risk Classification of Screened Population – KDIGO Classification 

System
32

 

Entire Screened Population – See Figure 7 for Cell Counts 

   

Albuminuria (mg/g) 

   

A1 A2 A3 

   

Optimal to high-

normal 
High 

Very high 

to 

nephrotic 

   

<10 10-29 30-299 >300 

eGFR 

ml/min 

per 

1.73m
2
 

G1a >105 20.36% 17.01% 10.77% 1.86% 

G1b 90-104 10.62% 5.94% 3.79% 0.59% 

G2a 75-89 8.54% 5.50% 2.01% 0.67% 

G2b 60-74 3.49% 1.86% 2.08% 0.74% 

G3a 45-59 0.82% 0.97% 0.45% 0.22% 

G3b 30-44 0.15% 0.30% 0.37% 0.45% 

G4 15-29 0.00% 0.00% 0.00% 0.30% 

G5 <15 0.00% 0.00% 0.00% 0.15% 

 

Air Access Communities – See Figure 7for Cell Counts 

   

Albuminuria (mg/g) 

   

A1 A2 A3 

   

Optimal to high-

normal 
High 

Very high 

to 

nephrotic 

   

<10 10-29 30-299 >300 

eGFR 

ml/min 

per 

1.73m
2
 

G1a >105 16.51% 18.89% 15.56% 2.86% 

G1b 90-104 6.35% 5.71% 4.44% 0.63% 

G2a 75-89 6.67% 5.08% 2.54% 1.11% 

G2b 60-74 2.86% 1.90% 2.70% 1.43% 

G3a 45-59 0.48% 1.27% 0.63% 0.48% 

G3b 30-44 0.32% 0.48% 0.16% 0.48% 

G4 15-29 0.00% 0.00% 0.00% 0.32% 

G5 <15 0.00% 0.00% 0.00% 0.16% 
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Road Access Communities – See Figure 7 for Cell Counts 

   

Albuminuria (mg/g) 

   

A1 A2 A3 

   

Optimal to high-

normal 
High 

Very high 

to 

nephrotic 

   

<10 10-29 30-299 >300 

eGFR 

ml/min 

per 

1.73m
2
 

G1a >105 23.74% 15.36% 6.56% 0.98% 

G1b 90-104 14.39% 6.15% 3.21% 0.56% 

G2a 75-89 10.20% 5.87% 1.54% 0.28% 

G2b 60-74 4.05% 1.82% 1.54% 0.14% 

G3a 45-59 1.12% 0.70% 0.28% 0.00% 

G3b 30-44 0.00% 0.14% 0.56% 0.42% 

G4 15-29 0.00% 0.00% 0.00% 0.28% 

G5 <15 0.00% 0.00% 0.00% 0.14% 
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Table 3. Chronic Kidney Disease Risk Stratum Transition Probabilities for First Nations 

State Transition 
Annual Transition 

Probability 

Green → Yellow 0.011815 

Green → Orange 0.002383 

Green → Red 0.001004 

Green → Kidney Failure 0.000154 

Yellow → Orange 0.012439 

Yellow → Red 0.007932 

Yellow → Kidney Failure 0.001717 

Yellow → Green 0.023976 

Orange → Red 0.028740 

Orange → Kidney Failure 0.013357 

Orange → Yellow 0.015379 

Orange → Green 0.005516 

Red → Kidney Failure 0.017711 

Red → Orange 0.003342 

Red → Yellow 0.001683 

Red → Green 0.001955 

 

Yellow defined as low risk of progression to kidney failure on the KDIGO heat map; 

Orange intermediate risk; Red high risk. Data derived from the Alberta Kidney Disease 

Network (AKDN). 
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Table 4. Annual Mortality and Transplant Probabilities 

  Annual Mortality - CKD 

Age Healthy 
Low 

Risk 

Int. 

Risk 

High 

Risk 

45-49 0.0033 0.0052 0.0094 0.0130 

50-54 0.0050 0.0079 0.0143 0.0197 

55-59 0.0070 0.0111 0.0203 0.0279 

60-64 0.0112 0.0179 0.0325 0.0448 

65-69 0.0191 0.0303 0.0552 0.0761 

70-74 0.0311 0.0494 0.0898 0.1237 

75-79 0.0475 0.0755 0.1374 0.1892 

80-84 0.0741 0.1177 0.2143 0.2952 

85-89 0.1273 0.2023 0.3681 0.5070 

90+ 0.2479 0.3939 0.7069 0.8800 

Age 
Annual Mortality - Dialysis (First 

Year) 

45-55 0.0780 

55-65 0.1280 

65-75 0.1800 

75+ 0.2500 

Age Annual Mortality - Dialysis (Year 2+) 

45-46 0.0680 

47-54 0.0860 

55-56 0.1040 

57-64 0.1190 

65-66 0.1330 

67-74 0.1520 

75-76 0.1800 

77+ 0.1940 

Age 
Transplant - Failure; Return to 

Dialysis 

All 0.0400 

Age Transplant - Mortality 

45-64 0.0120 

65+ 0.0710 

Age Transplant Chance - Pre-Emptive 

45-64 0.0194 

65-74 0.0039 

75+ 0.0000 

Age 
Transplant Chance - Patient on 

Dialysis 

45-64 0.0046 

65+ 0.0003 
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Table 5. Prevalence of Dialysis Modality Utilization in Manitoba 

Modality Proportion 

Satellite Hemodialysis 47.20% 

In-centre Hemodialysis 25.70% 

Peritoneal Dialysis 25.70% 

Home Hemodialysis 1.40% 

 

Table 6. Model Probability Parameters 

Overview of Model Probability Parameters 

 
Estimate Reference 

Initial Risk Probability (Healthy) 
0.7333 FINISHED 

Initial Risk Probability (Low) 0.2043 FINISHED 

Initial Risk Probability (Intermediate) 0.0475 FINISHED 

Initial Risk Probability (High) 0.0149 FINISHED 

Proportion of patients with macroalbuminuria 

(Healthy) 
0 FINISHED 

Proportion of patients with macroalbuminuria 

(Low Risk) 
0 FINISHED 

Proportion of patients with macroalbuminuria 

(Intermediate Risk) 
0.81 FINISHED 

Proportion of patients with macroalbuminuria 

(High Risk) 
0.75 FINISHED 

Annual Inadvertent Screening Rate 0.05 Manns et al.
98 

Treatment adherence 0.75 Boulware et al.
101 

Relative risk of receiving a transplant in First 

Nations 
0.43 Tonelli et al.

123 

Relative risk, mortality reduction from ACEI or 

ARB in patients with macroalbuminuria 
0.77 

Hoerger et al.
95,96

 

Boulware et al.
101 

Relative risk, progression reduction from ACEI 

or ARB in patients with macroalbuminuria 
0.67 

Hoerger et al.
95,96

 

Boulware et al.
101 
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Table 7. Distribution of Satellite Hemodialysis Costs 

Satellite Hemodialysis Cost 

Distribution (All) 

Probability Cost 

0.164 $83,060 

0.132 $86,920 

0.088 $103,390 

0.132 $110,900 

0.022 $114,420 

0.198 $138,100 

0.077 $156,150 

0.033 $204,640 

0.154 $215,850 

 

Satellite Hemodialysis Cost 

Distribution (Air Access 

Communities) 

Probability Cost 

0.184 $110,900 

0.037 $114,420 

0.333 $138,100 

0.130 $156,150 

0.056 $204,640 

0.260 $215,850 

 

Satellite Hemodialysis Cost 

Distribution (Road Access 

Communities) 

Probability Cost 

0.405 $83,060 

0.324 $86,920 

0.216 $103,390 

0.055 $116,900 

 

All costs provided in 2013 Canadian dollars.
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Table 8. Model Cost and Utility Parameters 

Overview of Model Cost and Utility Parameters 

Costs Amount Reference 

 
Screening $589 FINISHED 

 
In-Centre Dialysis (Annual) $74,590 Klarenbach et al.

69 

 
Peritoneal Dialysis (Annual) $43,500 Klarenbach et al.

69 

 
Home Hemodialysis (Annual) $61,300 Klarenbach et al.

69 

 
Transplant (First Year) $94,987 Laupacis et al.

75 

 
Transplant (Year 2+) $39,942 Laupacis et al.

75 

 
Annual CKD Treatment (High Risk) $2,291 Manns et al.

98 

 
Annual CKD Treatment (Intermediate Risk) $545 Manns et al.

98 

 
Annual CKD Treatment (Low Risk) $287 Manns et al.

98 

 
Inadvertent Screening (High Risk) $814 

Manitoba Physician's Manual
129

 

& Provider Quote 

 
Inadvertent Screening (Intermediate Risk) $207 

Manitoba Physician's Manual
129

 

& Provider Quote 

 
Inadvertent Screening (Low Risk) $153 

Manitoba Physician's Manual
129

 

& Provider Quote 

 
Inadvertent Screening (Healthy) $107 

Manitoba Physician's Manual
129

 

& Provider Quote 

Utilities (0 - 1) 
  

 
Healthy 0.9 Gorodetskaya

67
 et al. 

 
CKD 0.85 Gorodetskaya

67
 et al. 

 
Dialysis 0.72 Gorodetskaya

67
 et al. 

 
Transplant 0.816 Laupacis

75
 et al. 

Discount Rate 
  

 
Costs 0.05 CADTH

116 

  Utilities 0.05 CADTH
116 
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Table 9. Cost-Effectiveness of Targeted Screening in the FINISHED Project 

 

Population 
Incremental 

Cost ($C) 

Incremental 

QALYs 
Cost/QALY 

All FINISHED 850 0.0254 33,500 

Air Access Communities 611 0.0378 16,180 

Road Access Communities 973 0.0152 63,870 
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Table 10. Life Expectancy – Usual Care Arm 

Age Survivors Deaths 
Probability 

of Death 

Probability 

of 

Survival 

Years 

Lived 

Years 

Remaining 
Life 

Expectancy 

45 1000.00 4.26 0.0043 0.9957 997.87 28951.29 28.95 

46 995.74 4.79 0.0048 0.9952 993.35 27953.42 28.07 

47 990.95 5.32 0.0054 0.9946 988.29 26960.07 27.21 

48 985.63 5.85 0.0059 0.9941 982.70 25971.78 26.35 

49 979.78 6.37 0.0065 0.9935 976.59 24989.07 25.50 

50 973.40 6.88 0.0071 0.9929 969.96 24012.48 24.67 

51 966.52 7.46 0.0077 0.9923 962.80 23042.52 23.84 

52 959.07 8.02 0.0084 0.9916 955.06 22079.72 23.02 

53 951.05 8.57 0.0090 0.9910 946.76 21124.66 22.21 

54 942.48 9.10 0.0097 0.9903 937.93 20177.90 21.41 

55 933.38 9.90 0.0106 0.9894 928.43 19239.97 20.61 

56 923.48 10.93 0.0118 0.9882 918.01 18311.54 19.83 

57 912.55 11.92 0.0131 0.9869 906.59 17393.52 19.06 

58 900.63 12.87 0.0143 0.9857 894.20 16486.93 18.31 

59 887.77 13.77 0.0155 0.9845 880.88 15592.73 17.56 

60 873.99 14.63 0.0167 0.9833 866.68 14711.85 16.83 

61 859.37 16.27 0.0189 0.9811 851.23 13845.17 16.11 

62 843.09 17.81 0.0211 0.9789 834.19 12993.94 15.41 

63 825.28 19.24 0.0233 0.9767 815.66 12159.76 14.73 

64 806.04 20.54 0.0255 0.9745 795.77 11344.10 14.07 

65 785.51 22.11 0.0281 0.9719 774.45 10548.32 13.43 

66 763.40 23.92 0.0313 0.9687 751.44 9773.87 12.80 

67 739.47 25.51 0.0345 0.9655 726.72 9022.43 12.20 

68 713.96 26.86 0.0376 0.9624 700.53 8295.72 11.62 

69 687.10 27.97 0.0407 0.9593 673.11 7595.19 11.05 

70 659.13 28.82 0.0437 0.9563 644.72 6922.07 10.50 

71 630.31 30.17 0.0479 0.9521 615.22 6277.35 9.96 

72 600.14 31.16 0.0519 0.9481 584.56 5662.13 9.43 

73 568.98 31.79 0.0559 0.9441 553.08 5077.57 8.92 

74 537.19 32.10 0.0597 0.9403 521.14 4524.48 8.42 

75 505.09 32.39 0.0641 0.9359 488.90 4003.34 7.93 

76 472.71 33.23 0.0703 0.9297 456.09 3514.44 7.43 

77 439.47 33.54 0.0763 0.9237 422.70 3058.36 6.96 

78 405.93 33.36 0.0822 0.9178 389.25 2635.65 6.49 

79 372.57 32.74 0.0879 0.9121 356.20 2246.41 6.03 

80 339.82 31.75 0.0934 0.9066 323.95 1890.21 5.56 

81 308.07 32.44 0.1053 0.8947 291.85 1566.26 5.08 

82 275.63 32.18 0.1167 0.8833 259.54 1274.41 4.62 

83 243.45 31.11 0.1278 0.8722 227.90 1014.87 4.17 

84 212.34 29.40 0.1385 0.8615 197.64 786.97 3.71 

85 182.94 27.24 0.1489 0.8511 169.32 589.34 3.22 

86 155.70 27.11 0.1741 0.8259 142.15 420.02 2.70 

87 128.59 25.52 0.1984 0.8016 115.84 277.87 2.16 

88 103.08 22.87 0.2219 0.7781 91.64 162.03 1.57 

89 80.20 19.62 0.2447 0.7553 70.39 70.39 0.88 

90 60.58             
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Table 11. Life Expectancy – Screening Arm 

Age Survivors Deaths 
Probability of 

Death 

Probability 

of 

Survival 

Years 

Lived 

Years 

Remaining 
Life 

Expectancy 

45 1000.00 4.16 0.0042 0.9958 997.92 29028.93 29.03 

46 995.84 4.67 0.0047 0.9953 993.51 28031.01 28.15 

47 991.17 5.19 0.0052 0.9948 988.57 27037.50 27.28 

48 985.98 5.71 0.0058 0.9942 983.13 26048.93 26.42 

49 980.27 6.22 0.0063 0.9937 977.16 25065.80 25.57 

50 974.05 6.72 0.0069 0.9931 970.69 24088.64 24.73 

51 967.34 7.29 0.0075 0.9925 963.69 23117.95 23.90 

52 960.05 7.85 0.0082 0.9918 956.12 22154.26 23.08 

53 952.20 8.39 0.0088 0.9912 948.00 21198.13 22.26 

54 943.81 8.92 0.0095 0.9905 939.35 20250.13 21.46 

55 934.88 9.71 0.0104 0.9896 930.03 19310.78 20.66 

56 925.17 10.74 0.0116 0.9884 919.81 18380.75 19.87 

57 914.44 11.73 0.0128 0.9872 908.57 17460.95 19.09 

58 902.71 12.69 0.0141 0.9859 896.36 16552.38 18.34 

59 890.02 13.60 0.0153 0.9847 883.22 15656.01 17.59 

60 876.42 14.47 0.0165 0.9835 869.18 14772.79 16.86 

61 861.94 16.13 0.0187 0.9813 853.88 13903.61 16.13 

62 845.81 17.69 0.0209 0.9791 836.97 13049.73 15.43 

63 828.13 19.13 0.0231 0.9769 818.57 12212.76 14.75 

64 809.00 20.45 0.0253 0.9747 798.78 11394.20 14.08 

65 788.55 22.02 0.0279 0.9721 777.54 10595.42 13.44 

66 766.53 23.87 0.0311 0.9689 754.60 9817.88 12.81 

67 742.66 25.49 0.0343 0.9657 729.92 9063.28 12.20 

68 717.17 26.87 0.0375 0.9625 703.74 8333.36 11.62 

69 690.30 28.01 0.0406 0.9594 676.30 7629.63 11.05 

70 662.29 28.89 0.0436 0.9564 647.85 6953.33 10.50 

71 633.40 30.27 0.0478 0.9522 618.27 6305.48 9.95 

72 603.13 31.29 0.0519 0.9481 587.49 5687.22 9.43 

73 571.84 31.95 0.0559 0.9441 555.87 5099.73 8.92 

74 539.90 32.27 0.0598 0.9402 523.76 4543.86 8.42 

75 507.63 32.57 0.0642 0.9358 491.34 4020.10 7.92 

76 475.06 33.43 0.0704 0.9296 458.34 3528.76 7.43 

77 441.62 33.76 0.0764 0.9236 424.75 3070.41 6.95 

78 407.87 33.58 0.0823 0.9177 391.08 2645.67 6.49 

79 374.29 32.96 0.0881 0.9119 357.81 2254.59 6.02 

80 341.33 31.96 0.0936 0.9064 325.35 1896.78 5.56 

81 309.37 32.64 0.1055 0.8945 293.05 1571.43 5.08 

82 276.73 32.37 0.1170 0.8830 260.54 1278.38 4.62 

83 244.36 31.29 0.1280 0.8720 228.71 1017.83 4.17 

84 213.07 29.56 0.1387 0.8613 198.29 789.12 3.70 

85 183.51 27.37 0.1491 0.8509 169.83 590.83 3.22 

86 156.14 27.22 0.1743 0.8257 142.53 421.00 2.70 

87 128.92 25.61 0.1987 0.8013 116.11 278.47 2.16 

88 103.31 22.95 0.2221 0.7779 91.83 162.35 1.57 

89 80.36 19.68 0.2449 0.7551 70.52 70.52 0.88 

90 60.68             
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Table 12. One-way Sensitivity Analysis of Model Variables 

Variable 
Incremental 

Cost ($C) 

Incremental 

QALYs 
Cost/QALY 

Baseline 850 0.0254 33,500 

Initial CKD risk strata prevalence (Baseline Low = 20.4%, 

Intermediate = 4.8%, High = 1.5%) 

Initial CKD risk 

strata prevalence 

increased 50% 

980 0.0381 25,760 

Initial CKD risk 

strata prevalence 

decreased 50% 

719 0.0127 56,720 

Discount rate (Baseline = 5%) 

Discount rate 

decreased to 0% 
721 0.0687 10,490 

Discount rate 

decreased to 3% 
819 0.0367 22,300 

Treatment adherence (Baseline = 75%) 

Treatment adherence 

increased to 100% 
578 0.0338 17,090 

Treatment adherence 

decreased to 50% 
1,122 0.0169 66,320 

Annual risk of progression to Kidney Failure (Baseline Table 

3) 

Risk of progression 

increased 50% 
512 0.0268 19,070 

Risk of progression 

decreased 50% 
1,248 0.0236 52,970 

ACEI/ARB treatment effectiveness - Progression reduction 

(Baseline =  33% progression reduction) 

Relative risk 

reduction increased 

50% 

368 0.0312 11,800 

Relative risk 

reduction decreased 

50% 

1,322 0.0198 66,660 

ACEI/ARB treatment effectiveness - Mortality reduction 

(Baseline = 23% mortality reduction) 

Relative risk 

reduction increased 

50% 

901 0.0337 26,720 
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Relative risk 

reduction decreased 

50% 

801 0.0175 45,760 

Utility value associated with CKD (Baseline = 0.85) 

Utility value 

increased to 0.90 
850 0.0271 31,380 

Utility value 

decreased to 0.75 
850 0.0219 38,750 

Utility value associated with dialysis (Baseline = 0.72) 

Utility value 

increased to 0.85 
850 0.0244 34,880 

Utility value 

decreased to 0.60 
850 0.0263 32,320 

Expected cost of dialysis (Baseline = $92,900) 

Cost of dialysis 

increased 50% 
491 0.0254 19,340 

Cost of dialysis 

decreased 50% 
1,209 0.0254 47,660 

Cost of screening (Baseline = $590) 

Cost of screening 

includes research 

and dissemination 

overhead ($683) 

944 0.0254 37,200 

Cost of screening 

decreased 50% 
555 0.0254 21,890 

Average incremental CKD treatment costs - (Baseline for high 

risk = $2,291, intermediate risk = $545, low risk = $287) 

Incremental CKD 

treatment costs 

increased 50% 

1,400 0.0254 55,180 

Incremental CKD 

treatment costs 

decreased 50% 

300 0.0254 11,820 

Annual incidental screening rate (Baseline = 5%) 

Incidental screening 

rate increased to 

10%/year 

737 0.0164 45,060 

Incidental screening 

rate decreased to 

2.5%/year 

954 0.0329 28,970 
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Table 13. Scenario Analyses 

Variable 
Incremental 

Cost ($C) 

Incremental 

QALYs 
Cost/QALY 

Baseline 850 0.0254 33,500 

Threshold for relative risk reduction afford by treatment 

extended to patients with microalbuminuria (urine ACR > 30 

m/g) (Baseline urine ACR threshold of > 300 mg/g) 

All communities 176  0.0657 2,680 

Air access -360 0.0903 Dominant 

Road access 556 0.0469 11,870 

Increase in home modality uptake 

Increased PD and 

HHD use by 25% 
349 0.0254 13,760 

Increased PD and 

HHD use by 50% 
-218 0.0254 Dominant 

Increased PD and 

HHD use by 100% 
-1170 0.0254 Dominant 
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Figure 5. Sensitivity Analysis of Transplantation Related Model Inputs 

 

Figure 6. Sensitivity Analysis of Influential Model Estimates 
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Figure 7. Cell Counts for Initial Risk Stratum – KDIGO Heat Map 

Entire Screened Population 

   

Albuminuria (mg/g) 

   

A1 A2 A3 

   

Optimal to high-

normal 
High 

Very high 

to 

nephrotic 

   

<10 10-29 30-299 >300 

eGFR 

ml/min 

per 

1.73m
2
 

G1a >105 
274 229 145 25 

G1b 90-104 
143 80 51 8 

G2a 75-89 
115 74 27 9 

G2b 60-74 
47 25 28 10 

G3a 45-59 
11 13 6 3 

G3b 30-44 
2 4 5 6 

G4 15-29 
0 0 0 4 

G5 <15 
0 0 0 2 

 



 

64 
 

Air Access Communities 

   

Albuminuria (mg/g) 

   

A1 A2 A3 

   

Optimal to high-

normal 
High 

Very high 

to 

nephrotic 

   

<10 10-29 30-299 >300 

eGFR 

ml/min 

per 

1.73m
2
 

G1a >105 
104 119 98 

18 

G1b 90-104 
40 36 28 

4 

G2a 75-89 
42 32 16 

7 

G2b 60-74 
18 12 17 

9 

G3a 45-59 
3 8 4 

3 

G3b 30-44 
2 3 1 

3 

G4 15-29 
0 0 0 

2 

G5 <15 
0 0 0 

1 
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Road Access Communities 

   

Albuminuria (mg/g) 

   

A1 A2 A3 

   

Optimal to high-

normal 
High 

Very high 

to 

nephrotic 

   

<10 10-29 30-299 >300 

eGFR 

ml/min 

per 

1.73m
2
 

G1a >105 
170 110 47 7 

G1b 90-104 
103 44 23 4 

G2a 75-89 
73 42 11 2 

G2b 60-74 
29 13 11 1 

G3a 45-59 
8 5 2 0 

G3b 30-44 
0 1 4 3 

G4 15-29 
0 0 0 2 

G5 <15 
0 0 0 1 
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Appendix 1. Calculation of Weighted Cost of Dialysis 

Calculation of weighted SHD cost – all communities (See Table 8 for input 

variables):  

0.164 x (83,060) + 0.132 x (86,920) + 0.088 x (103,390) + 0.132 x (110,900) + 

0.022 x (114,420) + 0.198 x (138,100) + 0.077 x (156,150) + 0.033 x (204,640) + 

0.154 x (215,850) = $130,711 

Calculation of weighted SHD cost – air access communities (See Table 8 for 

input variables): 

0.184 x (110,900) + 0.037 x (114,420) + 0.333 x (138,100) + 0.130 x (156,150) + 

0.056 x (204,640) + 0.260 x (215,850) = $158,500 

Calculation of weighted SHD cost – road access communities (See Table 8 for 

input variables): 

0.405 x (83,060) + 0.324 x (86,920) + 0.216 x (103,390) + 0.055 (116,900) = 

$90,560 

Calculation of weighted dialysis cost (See Tables 5, 7, and 8 for input 

variables):  

Proportion SHD x Cost SHD + Proportion HD x Cost HD + Proportion PD x Cost 

PD + Proportion HHD x Cost HHD = 0.472 x (130,711) + 0.257 x (74,590) + 

0.257 x (43,500) + 0.014 x (61,300) = $92,900  

Where HD is hemodialysis, SHD is satellite hemodialysis, PD is peritoneal 

dialysis, and HHD is home hemodialysis. 
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