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Abstract

Introduction Coverage decisions in publicly funded
healthcare systems require a formal, systematic and trans-
parent assessment process for policies related to distribu-
tion of resources. The process is complex and employs
multiple types of information, such as clinical effective-
ness, costs and health utility scores which are used to pro-
duce quality-adjusted life years. The purpose of this study
was to create health utility scores for CKD patients within
the Canadian population.

Methods This is a cross-sectional study of CKD patients.
We administered the Short-Form 36 Quality of Life Ques-
tions to all participants and employed the Short-Form 6
Dimension index to create health utility scores which were
created using a set of parametric preference weights, non-
parametric preference weights and ordinal health state
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valuation techniques obtained from a sample of the general
population.

Results Utility values in the dialysis group were lower
than in the non-dialysis group. There was a significant
relationship between age and health utility scores: As age
increases, health utility scores decrease. Diabetes was asso-
ciated with lower health utility scores in dialysis patients,
whereas other covariates did not reach levels of statisti-
cal significance in our stepwise regression models. The
parametric Bayesian model and standard gamble approach
yielded the same results, while the correlation between the
nonparametric and parametric methods was above 0.9.
Conclusion Health utility scores were low relative to the
general population norm in our study cohort. Longitudinal
assessment of CKD patients to capture possible fluctuations
in health utility scores may add useful information.

Keywords Chronic kidney disease - Discrete choice
experiment - Parametric inference - Cost-utility analysis

Introduction

The prevalence of chronic kidney disease (CKD) world-
wide is about 8-10%, and the condition is considered as
an independent risk factor for morbidity and mortality [1].
Furthermore, CKD has been related to high healthcare
resource use and costs [2]. Optimal management requires
slowing disease progression and treating comorbidities.
Many chronic diseases, including CKD, influence qual-
ity of life with more prominent effects with increased dis-
ease severity [3-5]. Regular assessment, encouragement
of physical activity and management of modifiable factors
are recommended to improve the physical and mental well-
being of CKD patients [4, 6]. Specifically, measurement of
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physical functioning has been suggested, using the Short-
Form 36 Quality of Life Health Survey Questions (SF-36)
twice a year for dialysis patients [6].

Widespread use in chronic disease populations and avail-
ability of norm-based comparisons are main advantages of
SF-36 over other types of measurement tools for quality of
life [7]. A score higher than 50 is deemed above the general
population norm, while a score of less than 50 is consid-
ered below the general population norm [8]. SF-36 scores
can also be used to produce the Short-Form 6 Dimension
(SF-6D) health utility scores using various algorithms.

The SF-6D is a preference-based measurement instru-
ment that can be used to produce patient reported health
utility scores for cost-utility analysis [9]. The SF-6D has
six health attributes, including physical functioning, role
limitations, social functioning, pain, mental health and
vitality [9]. For each domain, there are five to six levels of
response. Parametric (using Bayesian and non-Bayesian
techniques), nonparametric and ordinal scoring algorithms
can be used to produce health utility scores using the
SF-6D instrument.

Since medical technologies are associated with consid-
erable economic costs to patients and healthcare systems,
a formal, systematic and transparent assessment process
is required to weigh the pros and cons of any healthcare
resource. Cost-utility analysis is a preferred choice for
economic evaluations and requires health utility scores for
each health state to produce quality-adjusted life years and
subsequently incremental cost-utility ratios measuring one
or more health outcomes [10, 11].

As it is the case for many chronic conditions, the bur-
den of CKD is considerably large in terms of health-
related effects and healthcare expenditures which neces-
sitate economic evaluations. The purpose of this study is
to provide health utility scores for health states related to
various stages of CKD in adult patients that can be used
to produce quality-adjusted life years. We also explored the
associations between age, gender, body mass index (BMI),
hemoglobin, estimated glomerular filtration rate (eGFR),
calcium, phosphorus as well as albumin with health utility
scores in our study cohort. We hypothesized that dialysis
patients would exhibit lower health utility scores than non-
dialysis CKD patients. We also hypothesized that paramet-
ric methods should yield the same health utility scores and
parametric inferences should be higher than nonparametric
inferences.

Methods

Baseline characteristics of patients, details about the study
design and primary study results have been reported pre-
viously [12, 13]. This study included adult CKD patients,
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including dialysis, transplantation and non-dialysis CKD
patients. All patients were recruited between September
2012 and December 2012 from the Health Sciences Centre,
St. Clare’s Mercy, and Waterford Hospitals in St. John’s,
Newfoundland, Canada.

This study was approved by the provincial Health
Research Ethics Authority and Research Proposal Approval
Committee of Eastern Health for the secondary use of data.
We obtained the license agreement for the use of the SF-6D
algorithm as wells as SF-36 questionnaire [9, 14, 15].

We included adult patients (18 years or older) with some
degree of kidney dysfunction—eGFR less than 60 ml/
min/1.73 m?. We excluded those with severe vision and/or
hearing problems that interfered with the informed consent
process and those who declined research participation.

Kidney dysfunction was defined by an eGFR calculated
using the Modification of Diet in Renal Disease formula.
We recorded patient’s characteristics including age, gender,
BMI, smoking, diabetes, blood pressure parameters (sys-
tolic and diastolic blood pressure), hemoglobin, glucose,
calcium, albumin, phosphate, parathyroid hormone level
and eGFR on a case report form for each participant.

The SF-36 was administered by the principal investiga-
tor (NS), who read out the statements and asked the partici-
pants to choose the most appropriate response for his or her
current condition. Consequently, the selected statement was
circled. The questionnaires were self-administered by those
who did not require any assistance.

The SF-36 form has 36 questions, eight scales and two
summary measures. The eight scales are as follows: physi-
cal functioning (PF), role physical (RP), bodily pain (BP),
general health (GH), vitality (VT), social functioning (SF),
role emotional (RE) and mental health (MH). PF, RP and
BP contribute to the PCS, whereas MH, RE and SF con-
tribute to the MCS. VT, GH and SF contribute to both
summary measures (Item S1) [8, 16]. The SF-6D has six
domains, including physical functioning, role limitations,
social functioning, pain, mental health and vitality [9].

We converted SF-36 data into the SF-6D health states
and produced heath utility scores for each participant [15].
We used a set of preference weights created by paramet-
ric, nonparametric and ordinal health state valuation algo-
rithms obtained from a sample of the general population
[9]. Subsequently, we produced SF-6D health utility scores
using standard gamble (parametric random effects model),
parametric Bayesian, nonparametric Bayesian and ordinal
scoring algorithms for each participant. We then calculated
means and standard deviations for each patient group.

Parametric random effects model—either in the frequen-
tist or Bayesian framework—and nonparametric Bayesian
model are commonly used to create SF-6D health state
utility scores [17]. The means of parametric inferences are
expected to be higher than the means of nonparametric
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posterior inferences [17]. Parametric models make an
assumption for the distribution of parameters, whereas non-
parametric models provide more flexibility in terms of the
shape of the distribution [17]. Furthermore, nonparametric
models can incorporate skewness in valuation. Because of
these advantages, it was shown that the predictive ability of
nonparametric models was superior to the parametric mod-
els [17].

Health state valuation data can be also modeled by ordi-
nal scoring algorithm (also called discrete choice experi-
ment) [18]. The main difference between ordinal scoring
algorithm and other methods is that the ordinal scoring
algorithm allows utility values below zero [18].

We performed stepwise regression with a forward selec-
tion procedure. We tested predictor variables (i.e., age, gen-
der, BMI, diabetes mellitus, smoking, hemoglobin, eGFR,
systolic blood pressure, diastolic blood pressure, parathy-
roid hormone, phosphorus, calcium, albumin and glucose)
in our stepwise regression and employed a significance
level of 0.1 for retention in the multivariate models.

The scores of the SF-36 questionnaire, both standard and
norm based, are calculated by the software (QualityMetric
Health Outcomes ™ Scoring Software 4.5) after individual
patient SF-36 questionnaire responses are inputted in the
program [19]. We used an Excel program to convert SF-36
scores to SF-6D and produced health utility scores for
each participant using the SF-6D algorithms as previously
described. All other data analyses were performed using
Stata (StataCorp. 2013. Stata Statistical Software: Release
13. College Station, TX: StataCorp LP). We employed two-
sided tests with a significance level of 0.05.

Results

The details about the patient characteristics have been
previously described and are indicated in Table 1 [12,
13]. The mean age was 62.7 (14.5) years, and 41% of the
participants were female [12, 13]. There were no signifi-
cant differences in age, gender, marital status, BMI, dia-
betes or smoking between the groups [12, 13]. Dialysis
CKD patients had significantly lower serum albumin and
hemoglobin as compared to non-dialysis CKD patients
[12, 13].

Normalized scores from the eight scales and two sum-
mary measures of the SF-36 questionnaire are calculated.
Only two participants did not complete the survey. PF,
RP and VT normalized scores were lower than the gen-
eral population mean of 50 in the study cohort [12, 13].

Table 2 depicts utility values of the study cohort,
dialysis and non-dialysis CKD patients. Utility values

Table 2 Health utility scores across the groups

Variable Entire cohort  Dialysis patients Non-dialysis
CKD patients

n 303 101 202

Mean (SD) 0.72 (0.11) 0.67 (0.11) 0.74 (0.10)

Median 0.71 0.67 0.74

First-third quartile ~ 0.64-0.79 0.59-0.74 0.67-0.82

Min-max 0.43-0.96 0.43-0.96 0.45-0.96

We used the standard gamble SF-6D algorithm to calculate utilities.
Min-max = range from minimum to maximum utility values

Table 1 Baseline

oS Variable Entire cohort Dialysis patients Non-dialysis CKD P value

characteristics of the (n=303) (n=101) patients (n = 202)

participants divided by dialysis

status Age (years), mean (SD) 62.7 (14.5) 60.6 (14.4) 63.8 +14.4 0.07
Female gender, n (%) 125 (41.2%) 86 (43%) 39 (39%) 0.50
Married or had a common 186 (68%) 65 (64%) 121 (69%) 0.7

law partner, n (%)

BMI (kg/m?), mean (SD) 29.8 £ 6.5 294 +59 30+6.7 0.43
Diabetes, n (%) 141 (46.7%) 53 (52.5%) 88 (43.8%) 0.15
Smoking, n (%) 28 (9.2%) 12 (11.8%) 16 (7.9%) 0.26
eGFR ml/min/1.73 m? 21 (741)° 62+2.6 36.6 +16.3 0.0001
Hemoglobin (g/L) 119 +£22.3 107 = 20 126 + 20 0.0001°
Calcium 2.2+ 0.67 2.38+0.18 2.11+0.8 0.88°
(mmol/L)
Phosphate (mmol/L) 1.4+04 1.8+0.5 1.2+£03 0.0001°
Albumin (g/L) 347+49 32+5 359+43 0.0001

BMI body mass index, CNS central nervous system, MAP mean arterial pressure, PP pulse pressure

4 P value indicates comparison between dialysis and non-dialysis groups

® Continuity correction
¢ Mann—-Whitney U test
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Fig. 1 Bar graph depicts health state utility scores based on four
algorithms in our dialysis and non-dialysis groups

Number of Patients
20
L

Health Utility Score

Fig. 2 Distribution of health utility scores using the standard gamble
SF-6D algorithm for patients with chronic kidney disease

in the dialysis group were lower when compared to the
non-dialysis group. Means and medians of the utility val-
ues were equal, and the data were normally distributed
(Figs. 1, 2).

We tested the associations between health utility scores
and covariates. In the study cohort, there was a significant
relationship between age and health utility scores: As age
increases, health utility scores decrease (Fig. 3). In the
dialysis group, diabetes mellitus was associated with lower
health utility scores (p coefficient = —0.05, 95% CI —0.09
to —0.01) (Table 3). Other covariates did not reach levels of
statistical significance in our stepwise regression models.

We included a comparison of health utility scores from
different SF-6D algorithms. Our results showed the vari-
ability in health utility scores was similar between the
groups when we used the standard gamble SF-6D algo-
rithm (Table 2).

We produced the same results using non-Bayesian par-
ametric and Bayesian parametric methods in all groups
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(Table 4). In our study, parametric inferences—either using
Bayesian models or standard gamble method (non-Bayes-
ian models)—were higher than nonparametric inferences
(Table 4). For non-dialysis CKD patients, we created the
same mean values using the ordinal scoring algorithm and
parametric methods; however, the variability was lower in
the parametric methods (SD = 0.10 in parametric models
vs. SD = 0.13 in the ordinal scoring algorithm) (Table 4).

We compared parametric and nonparametric health util-
ity scores in the study cohort, dialysis and non-dialysis
CKD patients. The correlation coefficient was 0.92 for both
the study cohort and non-dialysis CKD patients, while the
coefficient was 0.91 for dialysis patients.

Discussion

The main objective of this study was to estimate SF-
6D-based health utility scores for the Canadian CKD popu-
lation. We also examined the correlations between health
utility scores and patient demographics, clinical and labora-
tory variables. Our study found that (1) age was correlated
with health utility scores in the study cohort; (2) diabetes
mellitus was associated with health utility scores in dialy-
sis patients; (3) we produced the same means and standard
deviations of health utility scores using parametric meth-
ods in all groups; (4) the correlation between parametric
and nonparametric methods was acceptable; and (5) we
produced larger standard deviations in all groups when we
used the ordinal scoring algorithm.

These findings are consistent with previous research
relating age, disease severity and health utility scores.
Evidence suggests health utility scores may be influenced
by age [20]. We also showed that age was associated with
health utility scores.

Depression has been linked to quality of life in sev-
eral reports and has been associated with low health util-
ity scores [21-24]. The findings reported in the literature
suggest the possible correlation between disease severity
and health utility scores [25-27]. Our findings showed that
the mean of health utility scores was higher in non-dialysis
CKD patients than in dialysis patients. This is an explicit
link between disease severity and health utility scores as
dialysis stage indicates severe loss of kidney function.

However, our study failed to prove a significant linear
relationship between eGFR and health utility scores. Nev-
ertheless, we cannot conclude the degree of kidney func-
tions was not related to health utility score. This negative
finding can be translated into two categories: (1) the effect
is quite small or (2) the analysis had poor power to detect
even a large effect.

Direct and indirect methods are used to measure health
utilities which range from O to 1 (0 indicates death and
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Fig. 3 A scatter plot shows the relationship between utility scores and covariates in the study cohort. sg utility score, BMI body mass index, Hb
hemoglobin, s_bp systolic blood pressure, eGFR estimated glomerular filtration rate, Ca calcium, P phosphate

Table 3 Multiple linear regression models for health utility scores using the standard gamble SF-6D algorithm by age, gender, BMI, eGFR, cal-

cium, phosphorus, albumin and hemoglobin

Variable

Non-dialysis CKD patients
(n=202)

Age, coefficient (95% CI)

BMLI, coefficient (95% CI)

Diabetes, coefficient (95% CI)

Systolic blood pressure, coefficient (95% CI)
Hemoglobin, coefficient (95% CI)

eGFR, coefficient (95% CI)

Calcium, coefficient (95% CI)

Phosphate, coefficient (95% CI)

Albumin, coefficient (95% CI)

PTH, coefficient (95% CI)

Entire cohort Dialysis patients
(n=303) (n=101)
—0.001 (—0.002 to —0.0005)
—0.001 (—0.003 to 0.0001) 0.001 (—0.001 to 0.004)
—0.01 (—=0.03 to 0.01) —0.05 (—0.09 to —0.01)

—0.00009 (—0.0006 to 0.0004)
0.00002 (—0.0006 to 0.0006)

0.00007 (=0.0009 to 0.001) —0.0005 (—0.008 to 0.006)
0.04 (=0.03 t0 0.12) 0.06 (—0.038 to 0.15)
—0.03 (—=0.06 to 0.002)
0.002 (=0.0003 to 0.005) 0.002 (=0.002 to 0.006)

0.00001 (—0.00001 to 0.00005)

—0.0009 (—0.001 to 0.00009)
—0.001 (—=0.003 to 0.0002)

—0.0008 (—0.001 to 0.00009)
—0.0003 (—0.001 to 0.0004)

0.013 (=0.10 to 0.13)
—0.03 (=0.09 to 0.01)
0.001 (=0.002 to 0.005)

Bold text identifies significant associations. p: regression coefficient

BMI, body mass index = [weight in kg]/[height in m]?

1 indicates perfect health) [11]. Direct methods include
visual analog scale, the time trade-off and the standard
gamble, collectively defined as category scaling [9]. The
direct methods are more time-consuming and cumber-

some [11]. Indirect methods require the transformation ods [29, 30].

of SF-36 scores into SF-6D using different algorithms as
previously described [28]. The Health Utilities Index and
EuroQol-5D are other questionnaires that are used to pro-
duce health utility scores and considered indirect meth-
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Table 4 Health utility scores by standard gamble (parametric random effects model), parametric Bayesian, nonparametric Bayesian and ordinal
scoring algorithms across the three patient groups: study cohort, non-dialysis CKD and dialysis CKD patients

Patient group Mean utility score (SD)
using the standard gamble

health state valuation

Mean utility score (SD)
using the Bayesian
parametric technique

Mean utility score (SD)
using the Bayesian
nonparametric technique

Mean utility score (SD)
using the ordinal health
state valuation

Study cohort, mean (SD) 0.72 (0.11) 0.72 (0.11)
(n=303)

Non-dialysis CKD patients, 0.74 (0.10) 0.74 (0.10)
mean (SD) (n = 101)

Dialysis CKD patients, 0.67 (0.11) 0.67 (0.11)

mean (SD) (n = 202)

0.65 (0.11) 0.71 (0.14)
0.67 (0.10) 0.74 (0.13)
0.60 (0.11) 0.65 (0.14)

Previous reports showed higher health utility scores
with the direct techniques (i.e., standard gamble and time
trade-off) [31]. Researchers also explored potential differ-
ences in health utility scores using various indirect meth-
ods. The standard gamble health utility scores were higher
than utility values produced by ordinal scoring algorithm in
hemodialysis patients [32]. This is congruent with our find-
ings: Standard gamble method produced higher health util-
ity scores as compared to the nonparametric techniques and
the ordinal scoring algorithm. This emphasizes the impor-
tance of reporting the algorithm that was used (parametric
vs. nonparametric vs. ordinal scoring algorithm) in an eco-
nomic evaluation as various methods yield different health
utility scores [18].

We used the SF-6D utility elucidation technique and a
sample of the general population provided a set of non-
parametric preference weights and parametric preference
weights as previously described in “Methods” section. It is
an indirect method for the estimation of preference-based
health utility scores and likely underestimates utility val-
ues [31]. One possible limitation of our study is the lack
of evaluation of the SF-36 scores over time. Furthermore,
there may be differences between those who volunteered to
participate in our study than those who did not.

Conclusion

This study provides health utility scores for CKD patients.
We found that dialysis patients have lower health utility
scores as compared to the non-dialysis CKD patients.
This is the first study that created health utility scores
for CKD patients in the Canadian population using vari-
ous SF-6D algorithms. The parametric Bayesian method
and standard gamble approach provided the same health
utility scores as expected. The ordinal algorithm models
produced larger standard deviations, while nonparametric
models created lower health utility values. Longitudinal
assessment of quality of life in CKD patients may add
useful information.
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