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Aims: AST-120, an oral adsorbent currently on-label only in Asian countries with phase Ill trials
ongoing in the US, slows renal disease progression in patients with diabetes and advanced-
stage chronic kidney disease (CKD). The objective of this study is to evaluate the cost-
effectiveness of using AST-120 to treat patients with type 2 diabetes and advanced-stage CKD.
Methods: We used Markov model simulating the progression of diabetic nephropathy. Data
were obtained from randomized trials estimating the progression of diabetic nephropathy
with and without AST-120, and published literature. The base population was patients 60
years of age with type 2 diabetes and Stages 3 and 4 CKD.

Results: Treating patients with diabetes and advanced-stage CKD was found to be a domi-
nant strategy, and quality of life improved further and more money was saved (0.22 quality-
adjusted life years [QALYs] and $15,019 per patient) using AST-120 than the control strategy.
Sensitivity analysis results were robust with regard to cost, adherence, and quality of life
associated with AST-120 therapy, as well as age at diagnosis. The model was relatively
sensitive to the effectiveness of AST-120.

Conclusions' Treating patients with type 2 diabetes and advanced-stage CKD with AST-120
appears to extend life and reduce costs.

© 2010 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

development and progression of diabetic complications [1-4],
the prevalence of diabetes and its complications nevertheless

Although tight control of blood sugar and lowering blood continues to increase substantially in the US and Japan [5-9].
pressure using angiotensin-converting enzyme (ACE) inhibi- Diabetes mellitus is the most common cause of end-stage
tors or angiotensin receptor blockers (ARBs) may slow the renal disease (ESRD), and two-thirds of ESRD cases occur in

* Corresponding author. Tel.: +81 75 753 9467; fax: +81 75 753 4644.
E-mail address: hayasino-y@umin.net (Y. Hayashino).
0168-8227/$ - see front matter © 2010 Elsevier Ireland Ltd. All rights reserved.

doi:10.1016/j.diabres.2010.07.007
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patients with type 2 diabetes [10,11]. Given the increasing
prevalence of renal disease in these patients, a cost-effective
yet still appropriate treatment method is necessary.

AST-120 (Kremezin; Kureha Corporation, Tokyo, Japan) is an
oral adsorbent effective in removing uremic toxins such as
indoxyl sulfate from the gastrointestinal tract. Several animal
studies have shown AST-120 effective in ameliorating the
development of renal fibrosis by reducing the gene expression
of transforming growth factor p1 [12,13]. At present, this
compound is on-label and widely used in Asian countries to
treat chronic kidney disease (CKD), and phase III trials are
ongoing in the U.S. [14]. A recently published randomized
controlled trial evaluating the effectiveness of AST-120 in
patients with CKD revealed that this agent was indeed effective
in slowing creatinine clearance (CCr) deterioration [15).

Before implementation, steps to avoid development of
ESRD in a few patients must be weighed against the cost of
treating many patients with AST-120. Unfortunately, given the
large number of patients and long follow-up required to
accurately assess these items, this issue is unlikely to be
settled in clinical trials. We therefore used a decision model to
simulate costs and clinical outcomes associated with either
AST-120 or a control strategy for preserving renal function in
patients with type 2 diabetes and advanced-stage CKD.

2. Materials and methods
2.1.  Decision analytic model

We developed a Markov model simulating the natural history
of renal complications in diabetes and risk reduction due to
AST-120 (Fig. 1). Model outcomes included renal disease
progression, quality-adjusted life expectancy, lifetime costs,
and incremental cost-effectiveness ratios. Our model builds
on previous models of ACE inhibition for diabetic nephropathy
[16], with a cohort of individuals 60 years of age with diabetes
and CKD entering the model and transitioning through renal
disease states with rate of disease progression modified by the
use of AST-120. In our model, the time horizon of the analysis
is divided into 1-year cycles, and the cohort is followed over its
lifetime.

2.2.  Initial population distribution

With regard to population distribution, because the clinical
trial from which we obtained the data for the current analysis

Control

AST-120

Fig. 1 - Health status and clinical strategies in the Markov
model. CKD, chronic kidney disease and ESRD, end-stage
renal disease.
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Fig. 2 - Creatinine clearance relative to baseline during
actual follow-up of a randomized controlled trial of AST-
120 in a subgroup of patients with diabetes. The black

diamond indicates changes in creatinine clearance from
baseline of placebo; gray square, AST-120.

examined patients with diabetes and Stage 3 or 4 CKD, we
chose to use a cohort with the same makeup.

2.3.  Likelihood of end-stage renal disease

To estimate the risk for developing and progressing through
the stages of nephropathy (CKD and ESRD) and risk reductions
from AST-120 treatment, we assessed data obtained from a
clinical trial evaluating the effectiveness of AST-120 in
diabetes patients with CKD over 56 weeks. Subject and
method details have been previously reported elsewhere
[15]. Briefly, the present study was a randomized controlled
trial involving 460 patients at 75 medical facilities with CKD
and who were not undergoing dialysis. Patients were
randomly assigned to receive a low-protein diet with either
antihypertension medication alone (either or both an ACE
inhibitor or ARB) or combined with oral AST-120 (6 g/day).
We obtained data from a subgroup of 95 patients with
diabetes and Stage 3 or 4 CKD who participated in a
randomized controlled trial of AST-120 (mean age, 66.0 years:
mean HbAlc, 6.2%: mean CCr, 27.1). In this particular
subgroup, CCr declined by an average of 18.4% per year in
the AST-120 group and 25.3% per year in the control group
among patients with diabetic nephropathy (Fig. 2). The
magnitude of CCr decline varied depending on baseline CKD
stage; CCr declined by an average of 7.0% per year in the AST-
120 group and 16.3% per year in the control group among
patients whose baseline CKD stage was 3 and by an average of
21.8% per year in the AST-120 group and 26.7% per year in the
control group among patients whose baseline CKD stage was
4. Based on these results, we estimated the CCr after 1 year by
extrapolating the CCr yearly decline rate to the baseline CCr of
participants of this trial; we then developed the following
formula using the declining exponential approximation to life
expectancy method [17-19):
CCry; = CCrb, x exp(-YDR; x y)

where CCry, indicates the CCr for Participant i at y years from
baseline, CCrb; indicates the CCr for Participant i at baseline,
and YDR; indicates the yearly decline rate of CCr in Group j
(AST-120 or placebo).
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YDR; values varied depending on the CKD stage (3 or 4) to
which patients belonged at y years. Assuming that patients
with an estimated CCr < 10 suffer from ESRD and thus receive
hemodialysis in accordance with renal disease guidelines [20],
we then calculated the yearly rate of progression to ESRD.
Estimated cumulative progression rates to ESRD in AST-120
and placebo groups are shown in Fig. 3.

2.4.  Mortality

We based the age-dependent probability of death from non-
ESRD-related or ESRD-related complications on Japan Life
Table data from 2007 [21] multiplied by a standardized
mortality ratio for diabetes in the elderly [5]. Standard
montality ratio for ESRD was calculated by dividing the
mortality of Japanese ESRD patients (9.6%) registered in the
Japanese Society for Dialysis Therapy database (average age:
67.2 years) [22] by mortality at 67 years of age from Japan Life
Table data from 2007 [21].

2.5. Utilities

Health state utilities, measures of value for given health states,
can be thought of as quality of life weights that are bounded by
1 for perfect health and O for death. When utilities are
multiplied by the length of time individuals spend in their
respective health states, the resultant metric is a quality-
adjusted life expectancy (measured in quality-adjusted life
years [QALYs]), which reflects both the quantity and quality of
remaining years of life [23]. We obtained utilities for the
present study from previously published studies {24-26].

2.6. Treatment discontinuation

Because noncompliance with medications can be high, we
allowed for discontinuation of AST-120 in our model. We
assumed that most discontinuation of therapy would appear
during the first three months of treatment, and in our base-
case analysis, we allowed that 15% of patients starting AST-
120 therapy would discontinue treatment every year based on
results from clinical trials [15]. We also assumed that patients
who discontinued AST-120 inhibitor therapy for any reason
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)
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Follow-up years

Fig. 3 - Cumulative proportion of patients with ESRD during
follow-up in the AST-120 and control groups, estimated
based on data from the diabetes subgroup of participants
in a clinical trial. The black circle indicates control group;
X indicates AST-120,

(side effects or noncompliance) would not restart treatment
and that patients who discontinued therapy during the first
year of treatment would not receive any benefit from the
medication {that is, they experience the same rate of disease
progression as untreated patients).

2.7. Costs

We conducted our analysis from a societal perspective. For our
base-case analysis, we considered health care costs associated
with either AST-120 therapy or treatment of ESRD. We
obtained ongoing costs of care, including medical costs of
future years of life added, for years in which no discrete event
occurred in the published literature [27]. The cost of AST-120
was adjusted based on the consumer price index in the
medical sector in Japan in 2008 and converted to U.S. dollars
using the average exchange rate in 2008 (102.16 yen/dollar)
[28]. The baseline cost estimates and the ranges tested in
sensitivity analyses are shown in Table 1.

2.8. Base-case analyses

We performed base-case analyses from the societal perspec-
tive, and data are reported for a hypothetical 60-year-old
beneficiary with diabetes and CKD. We discounted future costs
and QALYs at an annual rate of 3% (48), and analyses were
conducted using the TreeAge Pro Healthcare Module 2009
(TreeAge Software, Inc., Williamstown, MS, USA).

2.9.  Sensitivity analyses

To assess the robustness of our findings, we performed
extensive one-way sensitivity analyses (ranges in Table 1),
derived by adding or subtracting 30% to or from the baseline
estimate. In addition, we also performed a sensitivity analysis
by varying the effectiveness of AST-120 (yearly decline rate of
CCr of AST-120 divided by that of control) from 0.75 to 0.99
(0.73 for base-cases).

3. Results
3.1. Base-case analysis

In a scenario using AST-120, the total lifetime cost per 60-year-
old patient with diabetes and Stage 3 or 4 CKD was $434,765.
Adopting this strategy resulted in a quality-adjusted life
expectancy of 7.31 QALYs and corresponding life expectancy
(without quality adjustment) of 10.09 life years. In a scenario
without using AST-120, lifetime costs increased to $449, 784
and quality-adjusted life expectancy decreased to 7.09 QALYs.
Given these results, using AST-120 was found to be a dominant
strategy, meaning that using AST-120 saved both lives and
money (0.22 QALYs and $15,019 per patient).

In one-way sensitivity analyses, our results were robust to
a wide range of plausible estimates of costs, utilities, and
discount rate, and the AST-120 strategy remained dominant in
all univariate sensitivity analyses. Our results were also
sensitive to the effectiveness of AST-120. Results of sensitivity
analysis by varying the effectiveness of AST-120 (yearly
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Table 1 - Baseline values in the decision analysis model and their range in a sensitivity analysis.

Baseline value Sensitivity analysis

Annual decline rate ratio of Ccr in AST-120 group vs. control
Non-ESRD mortality
ESRD mortality
AST-120 discontinuation, %
Each follow-up year
Utility
ESRD
Diabetes mellitus
Annual cost, $
AST-120 (6 g/day}
Outpatient treatment for CKD
Dialysis
Hospitalization for onset of dialysis
Surgery for vascular access
Hospitalization for CKD
Death

0.73 0.70~0.95
Age-based

Age-based

15 0-50
0.61 0.43-0.79
0.88 0.62-10
710 497-922
299 210-389
12,692 8,885-16,500
4,316 3,021-5,611
104 73-136
1,991 1,394-2,589
8,313 5,819-10,807

ESRD, end-stage renal disease; Ccr, creatinine clearance; CKD, chronic kidney disease.

decline rate of CCr of AST-120 divided by that of control) are
shown in Fig. 4. The incremental cost-effectiveness ratio of
AST-120 increased compared to the control as the annual
decline ratio of Ccr increased. AST-120 remained dominant
even at a rate ratio of 0.95 (0.04 QALYs and $999 per patient),
but the incremental cost-effectiveness ratio increased to
$185,438 per QALY if the rate ratio was 0.99.

4, Discussion

Diabetes is a major cause of ESRD and cardiovascular disease,
and recent studies have shown that the oral adsorbent AST-
120, which is currently on-label in Japan, Taiwan, and Korea is
effective in reducing complications associated with these
diseases. Our findings suggest that a strategy using AST-120to
treat patients with type 2 diabetes and Stage 3 or 4 CKD would
not only slow the progression to ESRD but actually decrease
total costs associated with patient care.

$200,000 $185,438
$150,000 F

$100,000
$50,000 4

-$50,000 .
575,093 emiansemsape= e 545,560

,57;093 570,973
0.8 0.85 08 0.95 1
Effectiveness of AST-120

Incremental cost-effectiveness ratio {$/QALY)

-$100,000
0.7

Fig. 4 - Incremental cost-effectiveness ratio of AST-120
compared with control group by varying the effectiveness
of AST-120. Effectiveness of AST-120 indicates the ratio of
yearly decline rate of CCr of AST-120 to that of control.

Cost savings remained even on sensitivity analysis, and our
findings were robust to wide variation in model estimates. The
AST-120 strategy remained dominant in all univariate
sensitivity analyses, and our results were sensitive to the
effectiveness of AST-120 on decliningratio of Ccr. Further, cost
savings remained if the relative effectiveness of ATS-120
(vearly decline rate of CCr of AST-120 divided by that of
control) was 0.95, but if the effectiveness rose to .99, using
ATS-120 became cost-ineffective. Sensitivity analysis revealed
that AST-120 is cost-effective if the effect of AST-120 is
extremely small.

Cost-saving interventions are rarely implemented in
medical practice [29], with examples including folic acid
fortification of cereal grains [23] and pneumococcal vaccina-
tion in the aged 65+ population [30]. However, results from the
present study demonstrate that considerable gains in overall
health can be realized while simultaneously saving substan-
tial resources. In this era of growing concerns over future
medical expenses, rare opportunities to improve quality of life
while also saving money should not be treated lightly.

Several notable strengths to our analysis merit menticn.
First, the point estimates for efficacy are based on the data of a
randomized trial rather than on observational data. Second, a
thorough review of the biomedical literature provided reliable
ranges for our sensitivity analysis that are appropriate for our
study population. Finally, Markov models allowed us to
incorporate changes in disease progression following CKD
in advanced stages, although additional controlled trials with
longitudinal follow-up would likely provide useful prognostic
information regarding important complications related to
kidney disease.

The mechanisms by which AST-120 benefits renal diseases
may be derived from findings in several animal studies. For
example, diabetic rats fed AST-120 from an early stage of
disease progression had higher creatinine clearance and
serum albumin levels and lower urinary protein levels than
diabetic control rats [31]. Further, glomerulosclerosis, mesan-
gial matrix accumulation, tubular dilatation, and incidence of
proteinaceous casts were also reduced. AST-120 has also been
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shown to reduce the accumulation of indoxyl sulfate, a well-
proven uremic toxin, in tubular cells, and to prevent decline in
renal clearance of indoxyl sulfate, suggesting that AST-120
plays a role in preserving tubular function [32,33].

Several limitations to the present study also warrant
mention, particularly with regard to our input data. First,
only one study thus far has assessed the ability of AST-120 to
slow the reduction in glomerular filtration rate in a
randomized controlled trial. If the point estimate of benefit
obtained from this study is wrong, the conclusions of our
analysis could change drastically. Second, we extrapolated
the data for 1 year of CCr reduction from a single trial to
several years of follow-up, which may be an inaccurate
assumption. Third, we must emphasize that the effect of
AST-1201in slowing or preventing ESRD in patients with type
2 diabetes and advanced-stage CKD was inferred from the
above results, as no single study has directly related the use
of AST-120 in patients with type 2 diabetes to the develop-
ment of ESRD. »

End-stage renal disease is associated with an extremely
high mortality rate, reduced quality of life, and high treatment
cost, and thus any strategy that might slow or prevent the
development of ESRD is attractive from the perspective of both
the patient and society. In the present study, AST-120 therapy
in patients with diabetes in advanced stages of CKD appears to
extend life and reduce Medicare program costs. A reduction in
costs from such an intervention may mean more money is
available to spend on other health care needs of the elderly at a
time when medical expense represent a national health policy
concern.
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Abstract

Objective: The two-component factor structure underlying Short Form-36 (SF-36) summary scores may not be valid worldwide., We
studied a three-component model of SF-36 scores in Japan,

Study Design and Setting: The SF-36 scores came from representative samples of the population of Japan. Factor analysis and
structural equation modeling were used. The two-component model gave physical component summary (PCS) scores and mental compo-
nent summary (MCS) scores. The three-component model gave scores on the PCS, the MCS, and also on the third component, which we
call the role component summary (RCS) score. These were evaluated with external criteria.

Results: In the three-component model, the RCS was strongly associated with the role-physical, social functioning, and role-emotional
subscales, whereas the PCS and MCS were associated with the physical functioning and mental health subscales, as expected. The
goodness-of-fit index was 0.945 for the three-component model and 0.935 for the two-component model. The PCS discriminated between
groups stratified by comorbid conditions, and the MCS discriminated between groups stratified by psychological depression. Absence from
work was associated with both PCS and RCS.

Conclusion: The three-component model is better than the two-component model, and it provides more useful PCS and MCS scores.

Criteria for validation testing of the RCS are needed. © 2011 Elsevier Inc. All rights reserved.

Keywords: Quality of life; Structure; SF-36; Summary score; Role/social; Validity

1. Introduction

Measures of health-related quality of life are often based
on explicit conceptual models. The model associated with
the original, US-English version of the Short Form-36
(SF-36) has eight subscales [1,2]. The four subscales mea-
suring physical functioning (PF), limitations on role func-
tioning because of physical health (RP), bodily pain (BP),
and general health (GH) are often given the greatest
weights to form a “physical component.” The other four,
which measure mental health (MH), limitations on role
functioning because of emotional problems (RE), social
functioning (SF), and vitality (VT) are the greatest contrib-
utors to a “‘mental component” [3]. “The physical and
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mental components are conceived as being parts of a high-
er-order concept: health-related quality of life” [I,4].
Through the International Quality of Life Assessment pro-
Jject [5], translated and adapted versions of the SF-36 were
made available for use in many countries and language-
based cohorts. The SF-36 has been used worldwide, and re-
sults from studies done in East Asia have now brought its
original conceptual model into question.

Factor structures differing from that found in Western
countries have been found in Japan [6], China [7,8), Singapore
{91, and Taiwan [10}, although not in Hong Kong [11]. In
Japan, Fukuhara et al. [6] found that the factor structure of
the SF-36 differed from that in other countries in three ways:
(1) Scores on the role-emotional (RE) subscale loaded
strongly on the “mental” component in the United States
and in Western European countries, but they loaded strongly
on the “‘physical” component in Japan. (2) Scores on the
VT subscale loaded strongly on the “‘physical” component
in the other countries, but they loaded strongly on the



302 Y. Suzukamo et al. / Journal of Clinical Epidemiology 64 (2011) 301—308

What is new?

For SF-36 scores in Japan, using a model that in-
cludes three components (role-social, physical, and
mental) solves problems that arise when a simpler
model is used.

“mental” component in Japan. (3) Scores on the BP sub-
scale loaded strongly on the “‘physical” component in the
other countries, but they loaded strongly on both the “men-
tal” and the “‘physical” components in Japan.

The original SF-36 measurement model has also been
reconsidered in the light of findings from Western countries.
Using structural equation modeling and data from the United
States and Europe, Keller et al. [4] found support for explana-
tions invoking a ‘‘general well-being” factor at the same level
as the “physical” and “mental” factors, and also a single
higher-level factor (interpreted as “‘health”). Five years later,
Ware [12] proposed a model including a “participation (role,
social)” factor in addition to the “‘physical” and “mental”
factors.

In addition to the eight subscale scores, physical compo-
nent summary (PCS) scores and mental component summary
(MCS) scores are often computed, at least in Western coun-
tries. As convenient as these summary scores may be, their
validity depends on the appropriateness of the two-factor
model. The differences in factor structure between Western
and Asian countries, and appreciation of the value of role
and social participation as an independent domain, have led
to proposals for three-component summaries of SF-36
scores. For example, using structural equation modeling,
Huang et al. [13] found a good fit between SF-36 data from
the general population of Taiwan and a model with three
second-order components (which they interpreted as physi-
cal, mental, and social) and one third-order component
(which they interpreted as health).

To develop a more appropriate way to summarize SF-36
scores, we compared a model with two components (mental
and physical) to a model with three components (mental,
physical, and role-social).

2. Methods
2.1. Sample

To study the factor structure of the SF-36 scores and to
determine how to compute the three summary scores, we
used data from the 2002 national norm survey done in
Japan (sample 1, n = 2,966) [14]. For validation tests of the
three-component model, we used data from the 1995 national
norm survey [6] (sample 2, n = 3,395; some data used for
validation tests were missing in 308 cases; hence, the total
number used was 3,087). All residents of Japan who were
20 through 80 years old were potential subjects of these

surveys, and participants were selected by two-stage strati-
fied random sampling. All participants completed the SF-
36 self-report form.

2.2. Data collection

The 2002 national norm survey was done with the
Japanese SF-36 version 2, and the 1995 survey was done
with version 1.2. For six of eight subscales, the difference
in scores between versions was less than 1.0 point [14].
For the scales measuring limitations on role functioning be-
cause of physical heaith and emotional problems, the differ-
ences were somewhat greater, as in the United States [15].
The SF-36 comprises one question item about recent
changes in health (the data from which were not used in
this study) and 35 question items that are scored in eight
subscales: PF, RP, BP, GH, VT, SF, RE, and MH.

Together with the SF-36, the respondents were given a list
of 19 medical conditions and, for each condition, were asked to
indicate whether they had the condition or not. The 19 medical
conditions were hypertension, diabetes, stroke, myocardial
infarction, angina, congestive heart failure, eye disease, respi-
ratory disease, gastrointestinal disease, biood disease, kidney
disease, urological disease, bone or muscle disease, skin
disease, neurological disease, depression, hormonal disease,
gynecological disease, and any other chronic condition.

Respondents were also asked to complete the Zung
Self-Rating Depression Scale (ZSDS) {16]. Reliability and
validity studies of the Japanese version of the ZSDS have
been reported [17], and scores on the ZSDS (lowest possible
score, 20; highest possible score, 80) were taken as indicators
of the severity of depression, as follows: greater than 535,
severe; 48 through 55, moderate; and 40 through 47, mild.

In addition, the respondents were asked to indicate the
number of days they had missed work, school, or house-
work for health-related reasons during the previous year.

2.3. Analysis

The original measurement model is a two-component
subscale-level mode]l [1—3]. To test the hypothesis of
a three-component structure, we first used exploratory factor
analysis. With the limit set at three, factors were extracted
using the principal components method, followed by varimax
rotation, which resulted in the three-component subscale-
level model. The results were examined to see whether they
fulfilled the following criteria:

1. At least 70% of the variance should be explained by
the three factors.

2. The subscale that correlated most strongly with the
physical component should be the PF subscale.

3. The subscale that correlated most strongly with the
mental component should be the MH subscale.

4. The subscales that correlated most strongly with the
role-social component should be the RP, RE, and SF
subscales.



Y. Suzukamo et al. / Journal of Clinical Epidemiology 64 (2011) 301—308 303

5. The correlations between the mental component and
PF scores should be weak (r < 0.2),

6. RP scores should correlate more strongly with the role-
social component than with the physical component.

7. RE scores should correlate more strongly with the role-
social component than with the mental component.

8. SF scores should correlate more strongly with the role-
social component than with the mental component,

Next, we used confirmatory factor analysis to study four
different models: the two-component and three-component
subscale-level models, which were based on the eight
subscales of the SF-36, and the two-component and three-
component item-level models, which had eight first-order
factors and were based on the 35 question items of the
SF-36 (as noted above, the one question item asking about
health transition was not used).

As indices of goodness of fit, we used the chi-squared test,
the comparative fit index (CFI) [18], and the root mean
squared error of approximation (RMSEA) [19]. The criteria
for a good fit between data and model were a CFI of at least
0.9, and an RMSEA of less than 0.1. Confirmatory factor
analysis was done with Amos 17.0 software (Amos Develop-
ment Co., Crawfordville, FL, USA).

For validation testing of the subscale-level models, we
assigned respondents to one of three groups and compared
the three summary scores between groups. The three
groups were defined by criteria external to the SF-36, as
follows:

Group 1. Healthy: respondents who did not indicate that
they had any of the 19 medical conditions, and whose
ZSDS score was less than 48.

Group 2. Physical problem only: respondents who indi-
cated that they had at least one of five medical conditions
previously found to be strongly associated with SF-36
scores (bone disease, cerebrovascular disease, myocardial
infarction, angina, or congestive heart disease) [1], and
whose ZSDS score was less than 48,

Group 3. Mental problem only: respondents who either
had a ZSDS score of at least 48 or indicated that they
had a mental disorder. Those who indicated that they
had any of the remaining 18 (physical) conditions in
the checklist were not included.

Data from respondents who did not meet any of the
above criteria were not used in these analyses. That would
include, for example, respondents who indicated that they
had a dermatologic condition only or an ophthalmologic
condition only.

‘We used a general linear mode] that included adjustments
for sex and age to estimate mean values for each summary
score in each of the three groups, and then compared those
summary scores between the pairs of groups. To compute
the relative validity (RV) of each component, the F statistic
of each summary scale was divided by the highest F statistic
of all summary scales (thus, the resulting values were positive

and had a maximum of 1.0). This ratio was referred to as the
RV coefficient, as in previous studies [3,20].

Comparing groups 2 and 3 with the healthy group, we
tested three hypotheses:

1. In respondents who report only physical problems
(i.e., comparing group 2 with group 1), RV should
be rank ordered from highest to lowest as follows:
PCS score, role-social summary score, MCS score.

2. In respondents who report only mental problems (i.e.,
comparing group 3 with group 1), RV should be rank
ordered from highest to lowest as follows: MCS
score, role-social summary score, PCS score.

3. Inrespondents who report only mental problems (again,
comparing group 3 with group 1), the RV value of the
physical component in the three-component model
should be lower than that of the physical component
in the two-component model.

‘We also used three other external measures: the number
of medical conditions, scores on the ZSDS, and the number
of days of work missed per year for health-related reasons.
The hypotheses based on those measures were as follows:

1. That the PCS scores would be inversely related to the
number of medical conditions, excluding mental dis-
orders (each respondent was assigned to one of three
groups: 0, 1, and 2 or more conditions)

2. That the MCS scores would be inversely related to the
number and frequency of symptoms of depression
{each respondent was assigned to one of two groups de-
fined by ZSDS score: less than 48, and 48 or greater).

3. That the role-social component scores would be
inversely related to the number of days of work missed
per year for health-related reasons (each respondent was
assigned to one of two groups: 10 or fewer days, and
more than 10 days).

To test those hypotheses, we examined means, F statis-
tics, and RV values of the summary scores.

3. Results
3.1. Exploratory factor analysis

The three-component subscale-level model explainedato-
tal of 76.3% of the variance (Table 1). The PF subscale loaded
most strongly on the physical factor and the MH subscale
loaded most strongly on the mental factor. The RP, RE, and
SF subscales loaded most strongly on the role-social factor.
The loading of the MH subscale on the physical factor was
very weak (0.023), as was the loading of the PF subscale
on the mental factor (0.095).

On the other hand, the two-component subscale-level
model explained a total of 60.0% of the variance. Unlike the
hypothesized associations, the RE subscale loaded strongly
con the physical factor, the VT subscale loaded strongly on
the mental factor, and the BP subscale loaded about equally
strongly on the mental and physical factors.
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Table 1

Hypothesized associations and observed factor loadings for the two-component and three-component subscale-level models (2002 Japanese norm data,

n = 2,966)

2-Component subscale-level model

3-Component subscale-level model

Factor loadings
Varimax rotation

Hypothesized
associations

Hypothesized associations

Factor loadings
Varimax rotation

Physical Mental Physical Mental Communality* Physical Mental Role-social Physical Mental Role-social Communality?
PF @ @] 0.610 0246 0.6 @ o O 0.832 0.095 0300 0.79
RP @ O 0.935 0.219 0.92 ® o ® 0.584 0.117 0.701 0.84
BP @ (@) 0.436 0466  0.41 @ o O 0.566 0480 0213 0.60
GH O ] 0.357 0.604  0.49 @ o O 0.535 0.680  0.072 0.76
vT O ¢ 0.258 0.824 0.75 @ o ] 0.204 0.843 0.240 0.81
SF @ ® 0.430 0.502 0.44 (@] o ® 0.116 0.453 0.671 0.67
RE O ® 0.687 0399  0.63 o Q@ ® 0.306 0255  0.811 0.82
MH O ® 0.215 0.822 072 C ® O 0.023 0.827 0374 0.83

Abbreviations: PF, physical functioning; RP, physical interference in role functioning; BP, bodily pain; GH, general health perceptions; VT, vitality; SF,
social functioning; RE, emotional interference in role functioning; MH, mental health.

@ Sirong association (factor loading = 0.6).
@ Moderate association (0.3 < factor loading < 0.6).
QO Weak association (factor loading < 0.3).

The bold values indicate factor loadings that are “strong,” as defined in the table footnote (i.e., 20.6). The factors in the two-component model explained
a total of 60.0% of the variance and those in the three-component model explained a total of 76.3% of the variance. The observed factor loadings for the three-
component model agreed closely with the hypothesized associations, whereas those for the two-component model did not.

? Proportion of variance in each scale explained by the two components or three components.

3.2. Confirmatory factor analysis

The CFIs were greater than 0.9 for all four models, and
they were higher for each of the three-component models
than for the corresponding two-component models (.e.,
higher for the three-component subscale-level model than
for the two-component subscale-level model, and higher
for the three-component item-level model than for the two-
component item-level model}). The subscale-level models
did not meet the preestablished criterion for RMSEA, but
the item-level models did (Table 2). For the item-level
models, the completely standardized solutions are shown in
Figs. 1 and 2.

3.3. Validation tests using external criteria

The group comprising respondents who reported no
medical condition had the highest scores on all three sum-
mary measures. In the “physical condition only” group, the
lowest score was on the physical component, and in the
“mental condition only” group, the lowest score was on
the mental component (Table 3).

The PCS of the ‘“physical condition only” group was
lower than that of the “healthy” group, and the F-value for
that difference in scores was very high. For the comparison

Table 2

Goodness of fit indices of four models

Models tested  Factor structure  x° Df CH RMSEA

Subscale-level ~ 2-component 803.9 14 0935 0.138
3-component 712.0 11 0945 0.147

Item-level 2-component 6,8158 542 0904 0063

6,278.6 537 0912 0.060

Abbreviations: Df, degrees of freedom; CFl, comparative fit index;
RMSEA, root mean squared ertor of approximation.

3-component

between the “healthy” and the “physical condition only”
groups, both the mental component and the role-social
component had very low values of RV (Table 3).

The MCS of the ““mental condition only” group was lower
than that of the ‘‘healthy” group, and the F-value for that dif-
ference in scores was very high. For the comparison between
the “healthy” and the “mental condition only™ groups, both
the physical component and the role-social component had
low vaiues of RV (Table 3).

With both the two-component and the three-component
models, the mean scores on the physical and mental compo-
nents varied as expected between the groups known to vary
with regard to physical and mental conditions (Table 3).

For the groups defined by the presence or absence of
physical and mental conditions, the results were consistent
with the three hypotheses. First, comparing group 2 with group
1, the rank order of RV values was physical, role-social, mental
(1.00, 0.04, and 0.03, respectively). Second, comparing group
3 with group 1, the rank order of RV values was mental, role-
social, physical (1.00, 0.21, and 0.01, respectively). Third,
when the respondents with a mental condition only (group
3) were compared with the healthy respondents (group 1),
the RV value of the physical component was much lower in
the three-component model than in the two-component model
(0.01 for group 3 vs. 0.20 for group 1, Table 3).

For the groups defined by the number of comorbid con-
ditions, by ZSDS score, and by the number of work days
missed for health reasons, the three summary scores are
shown in Table 4.

PCS scores were lower in respondents who reported
more comorbid conditions, and the RV values for both
the mental component and the role-social component were
low (Table 4).



Y. Suzukamo et al. / Jowrnal of Clinical Epidemiology 64 (2011) 301—308 305

i PO Vigorous activities IV’\
— \\
M N g

\- .
}W‘\ o 71\

! P2 Moderate aciivitics
| PY03 Lilvcany

I[ PFO4 Climb sov. fhights ‘}‘1\ ST \.\\
[ PFO3 Climb 1 (ight 7 -
! PI'0¢ Bendiknecl {:\ .63 -
| PFO7 Walk & mile 77
i PFO&E Walk sev, blocks I““// ‘(74: .

[ PFOY Waik 1 block BT T

|g/

i PFI0 Baiiierdiess

1 BPOT Intensily of pain

I ‘ ¥
i BPO2 Pan interiere

f
|

{ GHO2 Sick caster

GHOT Goneral health

U GHOA Healthy us anybody  ——— .76 -
| GHO4 Tealth pet worse }4‘”” - -
! 93

GHOS Teainh excellen

———}\ TN

! RPOI Cut down time

| RPPO2 Accompished less

| RPO3 Linnted m kind

| RPG4 Hud difficutry

.91

l SF01 Social exten

{ SHO2 Sowiei ume

et e+ e e e —

{ REOT Cut dovwn tme _ré?‘\\_ 85

l REOZ Accompiished Jess

—— . N .’——-—’,—
rRli(,l?» 1.css corclully i"‘f"’- &9
[ VTOl Full of e |
[ VT02 Enery —
] VT3 Wars out %4«—““
FVT04 Tired &
Mid0! \LI-\ Ous - H\ ‘

[P——"
o2
s

MHO3 P

<1

Peacelul

AH04 Downhearted/depress —

~1 o

L
[
[ MI162 Dovon in dumps
l
LD
LM

105 Happy Ir*’

R E—

B
g — 88—

<RI

™
PT: Phivaical
funcuioning

— /_—_
e — i N BP: Bndnh
I}'ﬁ_'___ o nuin

Ve i
45—y’ PCS: Physical ™\

L'O]'\'II)OJICIH

SUMmMary e

G111 Gener di \"g
health

S -_//F\

/‘/F b
Rpm

physical

]

Sor ml

¥
Role ™~

cmoitonal

MCS: Mentt! y
cemponenl )

summin'}/

\\J/ MH: \/hm al

Fig. 1. Standardized solution for the two-component item-level model, based on confirmatory factor analysis.

MCS scores were lower in respondents who had high
ZSDS scores, and the RV value for the physical component
was low. The RV value for the role-social component was
somewhat higher: 0.39 (Table 4). In the two-component
model, not only MCS scores but also PCS scores were
lower in respondents who had high ZSDS scores, and the
RV value of physical component was relatively high (0.35).

For the groups defined by the number of days of
work missed for health reasons, the highest F-value was
associated with the difference in scores on the physical
component. For the number of work days missed, the
RV value of the mental component was low, whereas
that of the role-social component was higher: 0.49
(Table 4).
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Fig. 2. Standardized solution for the three-component item-level model, based on confirmatory factor analysis,

4. Discussion
4.1. Factor structure

Overall, these results from Japan support the three-
component model over the two-component model. The
results of exploratory factor analysis showed that the three-

component subscale-level model explained about 15% more
of the total variance than did the two-component subscale-
level model (76% vs. 60%). The three-component sub-
scale-level model also met seven of the eight criteria that
were set at the start of the study. The only exception was
criterion 3. Specifically, the subscale correlated most
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Table 3
Validation tests based on physical and mental health

Group 1: Healthy Group 2: Physical Group 3: Mental

(n=1.916) condition only (n=128) condition only (n=255) Group 2 vs. group 1 Group 3 vs. group 1
Mean (SD) Mean (SD) Mean (SD) F RV F RV
3-component
PCS_3 52.7(1.3) 39.3 (10.8) 5L (11.1) 376.7 1.00 3.0 0.01
MCS_3 523 8.7 49.7 (9.2) 41.3 (10.7) 11.2 0.03 344.2 1.00
RCS_3 51.0(7.9) 48.1 (13.9) 46.2 (12.1) 14.6 0.04 71.0 0.21
2-component
PCS_2 52.9 (6.1) 40.9 (9.6) 49.0 (9.2) 4613 1.00 79.2 0.20
MCS_2 52,0 (1.7) 50.1 (9.7) 41.0 (11.5) 7.0 0.02 402.6 1.00

Abbreviations: SD, standard deviation; RV, relative validity, PCS, physical component summary, MCS, mental component summary; RCS, role-social
component summary.

F-ratios, RV coefficients, and mean (and SD) of scores computed using three-component and two-component models (1995 Japanese norm data).

The “healthy” group had the highest scores on all components. The lowest score in the “‘physical condition only” group was on the physical component,
and the lowest score in the “mental condition only” group was on the mental component.

The F-value for the difference in physical component scores between the *“physical condition only” group and the ‘“‘healthy” group was very high, and
both the mental component and the role-social component had very low values of RV. Similar results were seen for the difference between the “mental con-

dition only” group and the “‘healthy” group.

strongly with the mental component was the VT subscale
(not the MH subscale), and this was true for both two-
component and three-component subscale-level models. As
shown in Table 1, substituting the three-component model
for the two-component model would give “purer” factor-
loading patterns in the physical and mental components, with
the mental component showing the greater improvement.

The results of confirmatory factor analysis showed that
a three-component model fits the data better than did
a two-component model. In particular, we note that only
three subscales had strong loadings on the role-social
factor: RP, RE, and SF.

The reasons for including a role-social factor are now
both theoretical and empirical. Doing so helps to make
the interpretation of SF-36 scores consistent with the con-
cept that role and social participation are important to
health-related quality of life [12], and it resolves the

Table 4

problems in factor structure previously found with the
two-component model in Japan.

4.2. Criterion-related validation testing

The PCS score varied as expected among subgroups
defined by the number of medical conditions, and the MCS
score varied as expected among subgroups defined by scores
on an index of psychological depression.

Because the survey was not originally designed to col-
lect data for validation testing of a three-component model,
our inferences regarding the role-social summary score are
less direct. We expected that role-social summary scores
would vary with the number of days of work, school, or
housework missed for health-related reasons. That expecta-
tion was met to some degree by the high value of RV (0.49,
Table 4). The strength of the association between the

Resuits of validation tests based on the number of comorbid conditions, depression-scale scores, and number of days of work missed

Number of days of work missed for

Number of comorbid conditions ZSDS score health-related reasons per year
0 1 =2 F RV <48 =48 F RV =10 days =11 days F RV
3-component
PCS_3 529 (7.6) 459(10.8) 405(12.7) 3363 100 508 (8.9) 468(i39) 629 012 50.6(92) 427(3.3) 1060 1.00
MCS_3 §514(9.6) 483(105) 454(109) 591 018 516(9.0) 405 (11.1) 5268 1.00 47.294) 447107 129 0.12
RCS.3 514 (84) 492(119) 478101y 11.0 0.03 51.0(8.9) 44.0(13.2) 2042 039 49.8(103) 43.8(142) 523 049
2-component
PCS_2 527 (6.4) 461 (9.6) 41.1(11.2) 3908 100 512(7.6) 443(119) 2546 035 498(79) 413(119) 1647 1.00
MCS_2 51.0(8.7) 487 (108) 46.1(11.6) 404 010 51.7(82) 397(115) 7207 100 479(9.8) 43.6(119) 326 020

Abbreviations: RV, relatve validity; ZSDS, Zung Self-Rating Depression scale; PCS, physical component summary; MCS, mental component summary;
RCS, role-social component summary.

Feratios, RV coefficients, and mean (and standard deviation) of scores computed using three-component and two-component models (1995 Japanese norm data).

The physical component scores were lower in respondents who reported more comorbid conditions, and mental component scores were tower in respon-
dents who had high ZSDS scores. For the groups defined by the number of days of work mussed for health reasons, the difference in role-social component
scores was larger than the difference in mental component scores between the two groups; and the RV value of the mental component was lower than that of the
role-social component.
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number of days missed and the PCS score is also not sur-
prising. Further validation studies should now be designed
to find the most appropriate interpretation of role-social
summary scores.

A three-component model of SE-36 scores might be
useful in countries and regions other than Japan, but the
analyses needed to understand how such models can best
be constructed and applied remain to be done. In particular,
we note that one open question is whether (and, if so, how)
algorithms for computing the three summary scores should
differ among populations.

4.3. Models for SF-12 and SF-8 scores

These findings may help resolve problems in using the
SF-36v2. Further validation studies will be done on three-
component summary scores estimated from the SF-12 and
SF-8.

5. Conclusion

These findings support the use of a three-component
model of SF-36 scores in Japan. They can be interpreted
as successful validation testing of the PCS and MCS scores
that are based on this three-component model. When the
role-social concept is used as described here, the problems
associated with using PCS and MCS scores are solved, and
we expect that the PCS and MCS scores computed with the
algorithms developed in this work will be useful in many
contexts in Japan.

One important topic remaining to be studied in detail
concerns the meaning of the RCS score. Our methods for
validation testing of the RCS score were insufficient, so
the next tasks are to clarify the concepts of role and social
functioning, and to determine how to measure them. In ad-
dition, we hope that further work in other populations will
eventually answer questions about whether these findings
are generalizable.
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The Association Between

Socioeconomic Status and Prevalence
of Diabetes Mellitus in Rural Japan

Yasuaki Hayashino, MD; Shin Yamazaki, PhD; Takeo Nakayama, MD;
Shigeru Sokejima, MD; Shunich Fukuhara, MD

ABSTRACT. The objective of this study is to investigate the association between socioeconomic
status and diabetes prevalence. A population-based cross-sectional survey was conducled in Japan.
The association between household income tertile, duration of education (<12, 12, >12 years),
or occupation (blue collar, white collar) and diabetes prevalence were assessed in 6,197 participants
using multivariable-adjusted logistic regression models. Blue collar occupation and middle household
income were found to be associated with high prevalence of diabetes mellitus.

KEYWORDS: diabelcs, education, income, occupation, sociocconomic status

he “economic inequality theory” says that disparities

in income among members of a community affect their

health and, specifically, that economically egalitarian

communities or socicties have better health outcomes than

more unequal communities.!? Some proponents argue that

inequality in incomes is a stronger determinant of health than
the income of individual or families.

Type 2 diabetes mellitus imposes a major public health bur-
den across populations. Over 150 million people suffer from
diabetes worldwide,® including more than 18 million in the
United States, and this disease is a major source of morbidity
and mortality causing significant medical complications. The
prevalence of type 2 diabetes is strongly influenced by so-
cioeconomic status (SES). Persons of lower SES have limited
income, poorer occupational opportunity, and reduced access
to health care services and information, and these factors may
contribute to both diabetes and complication risks, Persons
with a Jower SES consistently have a higher prevalence of
diabetes and an excess burden of morbidity and mortality

compared with persons with higher SES.*-¢ This association
is evident because known diabetes risk factors such as obe-
sity, large waist circumferences, and physical inactivity are
patterned by SES.

In contrast with the clear evidence of the relationship be-
tween SES and diabetes mellitus in the Western countries,
we have few data where we may observe this association
in other regions of the world. The objective of this study is
to investigate the association between SES and prevalence
of diabetes mellitus in a population-based sample of rural
Japanese population.

METHODS

Sample and data collection

We used the baseline survey from a population-based
prospective study in the town of Naie in Japan {or the current
analysis. The town of Naie is an agricultural and rural area

Yasuaki Hayashino, Shin Yamazaki, and Shunich Fukuhara are with the Department of Epidemiology and Healthcare Research al
Kyoto University Graduate School of Medicine in Kyoto, Japan. Takeo Nakayama is with the Department of Health Informatics at Kyoto
University School of Public Health in Kyoto Japan. Shigeru Sokejima is with the Section of Health Policy Development, Department of
Public Health Policy, at the National Institute of Public Health in Wako, Japan.
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and is situated at the southern part of Hokkaido, which is the
northernmost prefecture in Japan. The cohort consisted of all
residents who were 20 years old or older and lived in Naie
town on August 31, 2000. Fiscal year 2000 was at the bottom
of over 10-year long economic depression in Japan, and eco-
nomics in rural areas were more damaged than those in city
area. Thus we expected to observe a wider disparity of SES
if we choose this rural area of Japan. The baseline data were
obtained in October-December 2000. The baseline survey
included age, sex, height, weight, physical activity, smoking
status, alcohol drinking, household income, the number of
family members, duration of education, current occupation,
health-related quality of life, and comorbidities. Comorbidi-
ties were obtained by self-report for hypertension, diabetes
mellitus, coronary heart disease, chronic heart failure, cere-
brovascular disease, and cancer. For physical activities, a
metabolic equivalent task (MET) score was assigned based
on the energy cost of each activity,” and then the equiva-
lent energy expenditure in hours per week (MET-h/week)
for each participant was estimated. The frequency of alco-
hol consumption during a typical week and the total alco-
hol intake on each occasion was determined and used to
calculate the alcohol intake per day (g/day). Body mass in-
dex (BMI) was calculated as weight (kilograms) divided by
height (meters) squared. Mental health was measured using a
Japanese version of SF-36, which is the validated and widely
used measure for quality of life.® Mental health subdomain
score was estimated on a scale from 0 to 100 using SF-36
measures.

The trained research assistants distributed self-
administered questionnaires and collected them by visiting
each family during ihe study period. The Public Health Re-
search Foundation organized this study and the Institutional
Review Board of this foundation approved it. Informed con-
sent was obtained {rom each participant.

Socioeconomic status measures

We collected data on income, education, and occupation
as measures of socioeconomic status. We collected these
data by using self-administered questionnaire. Income at the
individual level was measured as yearly household income
expressed in Japanese Yen, which included earning from
work, transfer income, and other sources. Then income data
were converted into US dollars at the rate of 0.93 dolar/100
yen, the average exchange rate in 2000. Self-reported current
occupation was coded based on the Standard Industrial Clas-
sification for Japan, which is used to classify Japanese census
data. We used following classifications: (1) professional and
technical workers, (2) managers and officials; (3) clericals
and related workers; (4) sales workers; (5) protective service
and other service workers; (6) agricultural, forestry, and fish-
ery workers; (7) warkers in transport and communication;
(8) craftsmen and manufacturing and construction workers;
(9) housewife, (10) unclassified. Education was measured by
the total years of education since the beginning of elementary

2010, Vol. 65, No. 4

school. We did not record health insurance status, because in
Japan universal health insurance has been achieved.?

Statistical analysis

We used the baseline data of participants who answered
questions on household income, years of education, or cur-
rent occupation for the purpose of this analysis. We collapsed
household income into 3 categories; low, middle, and high
categories were created using tertiles of the income distri-
bution. In the sensitivity analysis, we substituted income ad-
justed for family size; household income was divided by the
square root of the number of families living with the subject.
We sorted occupation classification into 3 categories: blue
collar, white collar, housewife or unclassified. Because of the
vague “unclassified” category, results were limited to white
collar and blue collar categories. Total years of education
were collapsed into 3 categories: less than 12 years, 12 years,
more than 12 years. Using these categories, we investigated
the association belween income, total years of education,
or occupational status and prevalent diabetes prevalence. For
the analysis of occupation, we investigated the interaction be-
tween gender and occupational status in addition to the main
analysis. Likelihood-ratio tests were used to test statistical
Interactions by comparing the —2 log(likelihood) between 2
nested models, one with only the main effects, and the other
with main effects and interaction terms.

We used direct standardization to compare categorical
variables adjusted for age (5-year increments), and the gener-
alized lingar model to compare age-adjusted continuous mea-
surements. We used multivariable logistic regression model
to analyze the association between incomes, total years of
education, or occupational status and diabetes prevalence.
We used age-adjusted model and 3 multivariable models.
The first multivariable model (model 1) controlled for age
(continuous), BMI (continuous), and gender. The second
multivariable model (model 2) controlled for variables con-
sidered to be potential confounders of the association be-
tween the aimed categories and prevalent diabetes cases.
This model controlled for age (continuous), BMI (contin-
uous}, gender, history of smoking (never, past, current), his-
tory of hypertension, history of high cholesterol, alcohol use
(continuous), SF-36 mental health subdomain score (con-
tinuous), and physical activity (continuous). We calculated
age- and multivariable-adjusted odds ratios (ORs) and the
corresponding 95% confidence intervals (Cls). All analyses
were performed using commercially available statistical soft-
ware packages (Intercooled Stata 8.2; Stata, College Station,
TX).

RESULTS

Baseline characteristics according to household income,
education, and occupation were shown in Table 1. Of
the 6,197 participants enrolled in this study, 2,771 re-
poried household income. Median household income for
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