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Abstract

Background: Education for chronic disease self-management has
benefits, but those benefits decrease over time. This “decay of impact” makes
reinforcement programs necessary, but, for unknown reasons, those
reinforcements are ineffective. This study’s aims were to measure basic
characteristics of the decay of impact, and to identify predictors of decay.

Methods: Adults with various chronic illnesses participated in a 6-week
self-management educational program (n = 364). Before the program, and
again 3, 6, and 12 months later, self-rated health, pain, coping, communication
with medical doctors, self-efficacy, health-related distress, anxiety, and
depression were measured. For each outcome, the prevalence of decayj, its
magnitude, and the timing of its onset were determined. Classification trees
were used to identify predictors of decay.

Results: The prevalence of decay ranged from 7% (pain) to 26% (self-
rated health). Its median magnitude ranged from 16.4% of the full-scale value
(depression) to 39.5% (pain). The decay started 3 months after the program
began in 27%-61% of the participants, depending on the outcome. For self-
rated health, coping, and anxiety, the classification trees gave good
predictions of the need for reinforcement. The length of disease history was a
good predictor on 6 outcomes.

Conclusions and recommendations: The fact that decay of impact occurred
only in some of the participants can explain why reinforcements appeared to
be ineffective in previous studies. In future studies, people likely to need
reinforcement can and should be identified prospectively. Soon after the main
program, reinforcement programs should be offered to those who will need

them

vii



1. Introduction and literature review

1.1 The context, and the importance of self-management

The burden of chronic illnesses is increasing [1, 2]. As of 2008, “the
global burden of disease is now, and will continue to be, dominated by
chronic non-communicable diseases” [3]. Chronic diseases have a particularly
large impact in Japan and other developed countries. In 2011, nearly half of all
deaths in Japan were attributed to cardiovascular diseases, respiratory
diseases, diabetes, and other non-communicable diseases (not including
cancers) [4].

For people suffering with chronic diseases, medical treatment is
obviously important, but it is not enough. Because patients with chronic
diseases make important health-related decisions every day, by default they
self-manage their illnesses. This requires a “patient-professional partnership,
involving collaborative care and self-management education” [5]. In a 2010
report, the World Health Organization acknowledged that people with
chronic conditions need not only medical interventions but also educational
interventions promoting self-management [page 66 of reference 6]. (Even low-
income countries will have this need [7].) Also very recently, an international
group of experts proposed that the definition of health should emphasize “the
ability to adapt and self-manage” [8]. This awareness of the importance of
self-management is consistent with a major trend in health education: away
from the mere provision of information and toward the promotion of skills

and strategies for handling the daily problems caused by chronic illnesses [9].



1.2 The Arthritis Self-Management Program
One early example of the trend toward education for problem-solving
skills is the Arthritis Self-Management Program (ASMP), which was
developed at Stanford University [10]. The aim of that program is not to
provide specific medical information. Instead, participants learn
“1) techniques to deal with problems such as pain, fatigue, frustration
and isolation, 2) appropriate exercise for maintaining and improving
strength, flexibility, and endurance, 3) appropriate use of medications, 4)
communicating effectively with family, friends, and health
professionals, 5) healthy eating, 6) making informed treatment decisions,
7) disease related problem solving, and 8) getting a good night's sleep.”
[11].
This program was first offered more than 25 years ago in the United States,
and since then it has been implemented widely (in, for example, Australia,
Canada, China, Hong Kong, Lithuania, the Netherlands, New Zealand, the
United Kingdom, and the West Indies).

Results of the initial research on the program indicated that it was
beneficial [10]. Specifically, the program increased the participants’
knowledge about arthritis and it increased the frequency with which they did
health-related behaviors (recommended physical activities, relaxation, and
arthritis-specific exercises). It also reduced their pain and their disability.
However, further analyses revealed two unexpected findings: (1) the
increases in knowledge were not correlated with the health benefits, and (2)
the associations between health-related behaviors and health outcomes (pain,
disability, and depression) were very weak [12]. Those findings indicated that

the benefits of the program were not caused by the participants having more



knowledge about arthritis, and they were also not caused simply by the
participants doing the recommended health-related behaviors.

A hypothesis to explain those unexpected findings came from the
results of a mixed qualitative-quantitative exploratory study [13]. In that
study, patients who had participated in the ASMP were interviewed. Benefits
of the program were defined as pain relief, decreased disability, and fewer
arthritis-related visits to a physician. Patients who benefitted from the
program were then compared with patients who did not benefit from the
program. The main finding was that the patients who benefitted from the
program had positive emotions and they believed “that they had more control
over their disease,” whereas the patients who did not benefit from the
program had negative emotions and they believed that they had “a lack of
control.” That finding led to the hypothesis that confidence and perceived
self-efficacy [14,15] are important determinants of the outcomes of this
program. That hypothesis was tested [16, 17], and the results supported the
idea that educational programs to promote self-management of chronic
medical conditions are successful to the extent that they increase their

participants’ perceived self-efficacy.

1.3 The importance of perceived self-efficacy

The concept of perceived self-efficacy was developed mainly by Albert
Bandura [14, 15]. As defined by Bandura, “Perceived self-efficacy refers to
beliefs in one’s capabilities to organize and execute the courses of action
required to manage prospective situations.”[15, page 2]. As applied to
education for chronic illness self-management, it means that patients need
something more than knowledge about their disease. They also need

something more than knowledge about specific actions they could take



(things they could do) to keep their disease under control. In addition to
knowledge, they need to believe that they will be able to do those things at
the appropriate time and place, and they also need to believe that doing them
will cause results that they desire. Promotion of self-management will be
successful only to the extent that patients have such beliefs. The beliefs
referred to in self-efficacy theory can change, so self-efficacy can increase, and
the most effective way to increase self-efficacy is to directly and personally
experience success in taking specific actions that cause desired results. Self-
efficacy can also be increased by watching others succeed in those actions, by
verbal suggestion and persuasion, and by being in an appropriate
physiological state (e.g., not feeling anxious about doing something new) [18].

For example, a patient with a chronic illness might be told that she
should make a list of questions about her illness and about its treatment. She
might also be told that she should use that list and ask those questions during
her next clinic visit. However, according to self-efficacy theory, if she has
never actually made such a list and used it in the past, then she will be less
likely to believe that she can do it, and she will be less likely to do it in the
future. To increase her self-efficacy in this area, she can begin by writing only
one or two questions, and by seeing how other people made lists and how
they asked their doctors questions. She can also be verbally encouraged to
make and use such a list, and if she is worried or anxious about having such a
discussion with her doctor then she can be taught relaxation techniques to
relieve her anxiety when she is in that situation. Once her self-efficacy for this
activity has increased, she will be more likely to make a list of questions and
to use it when she visits her doctor. She might then be able to control her

disease better.



Communicating effectively during a clinic visit is of course not the only
thing patients can do to improve their self-management of chronic illness.
Other such actions include doing daily physical exercise, using community
services and support, taking medications appropriately, communicating
effectively with family members and others, managing nutrition and diet, and
controlling the psychological problems that can accompany chronic illness
[19]. Aiming to increase self-efficacy in those and related areas, the group at
Stanford University modified the ASMP. They incorporated new activities
specifically designed to increase self-efficacy [17]. Then they compared the
effects of the modified program with the effects of the original program. They
found that reductions in pain, disability, and depression were from 1.4 to 12
times greater after the modified program than after the original program [17].
As a result, they adopted self-efficacy theory as the conceptual foundation for
their further development of self-management programs.

In this context, increasing self-efficacy means building confidence to
deal with disease-related problems [20] and enhancing one’s motivation to
implement strategies required for managing one’s chronic disease and for
reducing its effects on daily life [21]. One of the most consistent successes of

programs such as the ASMP is that they improve self-efficacy [20, 22, 23-28].

1.4 Disease-specific programs and multimorbidity

As the success of the ASMP became known, other self-management
educational programs were designed and implemented for people with other
chronic medical conditions. Among them were disease-specific programs for
people with diabetes [29, 30], asthma [31], chronic obstructive pulmonary
disease [32], inflammatory bowel disease [33], heart failure [34, 35], macular

degeneration [36], other chronic vision problems [37], HIV / AIDS [38], chronic



pain [39], osteoporosis [40], and cardiac pain caused by chronic stable angina
[41].

However, many adults with those diagnoses have multimorbidity.
That is, they have more than one chronic condition [42, 43, 44]. This poses a
challenge to researchers who study disease-specific self-management
programs: Who should be included in those studies? The problem can be
illustrated with an example: If some ASMP participants have arthritis only,
and they participate together with others who have multimorbidity including
arthritis, then the results of research on that program will be generalizable to
the population of all patients with arthritis because the sample is
representative of that population. It is representative because many patients
in that population do have multimorbidity. However, those results will be
influenced by the program’s effects on the participants who have other
conditions in addition to arthritis, and therefore with regard to arthritis alone
the results will be less valid. (Even if every participant in an ASMP program
had only one diagnosis, results of research on that program would still reflect
more than one diagnosis, because in the ASMP the definition of “arthritis” is
not strict: “People with different types of rheumatic diseases, such as
osteoarthritis, rheumatoid arthritis, fibromyalgia, lupus, and others, attend
together [11].”) As in all clinical research, there is a trade-off between
generalizability (i.e., representativeness, external validity) and interpretability
(i.e., internal validity) [45].

If a study of the ASMP excluded patients with multimorbidity, then the
results would be irrelevant to many people with arthritis and there would be
a danger of selection bias [46]. As noted by Berger, “Bench scientists and

animal researchers tend to emphasize higher internal validity, while social



and behavioral scientists and epidemiologists tend to prefer enhanced
representativeness” [45]. Research on chronic disease self-management
follows that tendency: the trade-off between representativeness and internal
validity is usually resolved by sacrificing some internal validity in order to
increase representativeness. Specifically, researchers in this field generally do
not exclude patients who have multiple chronic conditions. It is important to
remember that, because multimorbidity is common and because researchers
strive for representativeness, research on disease-specific programs generally does
not give disease-specific results.

Multimorbidity is important not only for research but also for practice.
Should patients with more than one chronic disease participate in more than
one disease-specific program? How many different disease-specific programs
should be implemented? If resources are limited, which diseases should
receive attention and which should be ignored? These problems can be
avoided if patients with different diseases have important self-management
challenges in common. If patients with different chronic conditions have self-
management needs that overlap, then it should be possible to design a generic
program — a single intervention that will benefit patients with different

diagnoses, and will also benefit patients with multimorbidity.

1.5 The generic program

Around the same time that the early disease-specific programs were
being studied, research was also being done on the similarities of self-
management needs across many chronic conditions. Of course there are
differences related to diagnosis: for example, people whose only medical
problem is chronic pain caused by arthritis do not need to remember to

monitor their blood-sugar level or to avoid specific triggers of an asthma



attack. Nonetheless, by 1991 it was clear that people with asthma, arthritis,
diabetes, heart disease, and chronic obstructive pulmonary disease in fact do
share important self-management needs [47]. Specifically, all of them need
self-management skills for using medications, exercise and other physical
activity, and smoking cessation. Most of them also need self-management
skills for managing diet and nutrition, acute episodes and emergencies,
relations with significant others, and emotional and psychological responses
to illness. They also need skills for recognizing and responding to signs and
symptoms, and for controlling triggers. Across different chronic diseases
“there are many commonalities in the nature of self-management tasks” [48,
page 369]. In short, people with different chronic conditions have many self-
management needs in common. That finding, together with the increasing
prevalence of multimorbidity, led to the development of the generic Chronic
Disease Self-Management Program (CDSMP) [49]. People with different
diagnoses attended the same CDSMP sessions together. This program has
been implemented even more widely than the ASMP.

The aims of the CDSMP are, as with the ASMP, to increase the
participants” skills and confidence, that is, their self-efficacy, for chronic
disease self-management in general. As described by its developers, the
content of the CDSMP focuses on six areas:

“1) techniques to deal with problems such as frustration, fatigue,
pain and isolation,

2) appropriate exercise for maintaining and improving strength,
flexibility, and endurance,

3) appropriate use of medications,

4) communicating effectively with family, friends, and health



professionals,

5) nutrition, and,

6) how to evaluate new treatments.” [50]
Even though this program is considered to be educational and it uses a
textbook [51], there are no classes and there is no teacher. There are
workshops and each workshop has two lay leaders. These leaders are not
medical professionals. Most lay leaders either have a chronic disease or have
personal experience with a chronic disease in one of their family members.
The leaders underwent at least 30 hours of training [50], as specified by the
original developers of this program The leaders’ job is not to give medical
information or instructions. It is to facilitate and manage discussions based on
the textbook. The people who attend are not considered to be students.
Instead, they are participants. The topics of their discussions are introduced in
the textbook, and through their discussions they realize how others have
experienced and responded to problems similar to their own, even if their
diagnoses are different. They talk about how to manage those problems. They
learn some self-management skills from the textbook and they also learn from
each other. Then they practice what they learned, to try to make those skills
into new habits. They focus less on what is difficult, and more on what is

possible.

1.6 Effectiveness of the generic program

The effects of this generic program were tested in a randomized
controlled trial with a six-month waiting-list control [49]. There were 15
outcome measures in three areas: four measures of health-related behaviors,
eight measures of health status, and three measures of health-service

utilization. The participants were adults with arthritis, stroke, lung disease,



heart disease, or combinations thereof. People with multimorbidity were not
excluded. The results showed that for the group as a whole the CDSMP
reduced the number of hospitalizations and inpatient days. The intervention
group also benefitted with regard to fatigue, disability, physical exercise, self-
reported health, health-related distress, limitations on social activities,
communication with physicians, and cognitive symptom management.

This trial was unusual because of its size. It had 391 patients in the
control group and 561 in the intervention group. Because so many patients
were involved, the data from those with multimorbidity could be analyzed
separately. The control group had 225 patients with multimorbidity and the
intervention group had 311. As compared with the multimorbidity control
group, the multimorbidity intervention group improved on 10 of the 15
outcome measures. The improvements were in all three areas: health-related
behaviors, health status, and health-service utilization.

Similar to the data on patients with multimorbidity, data on
participants who had only one diagnosis could also be analyzed separately.
The numbers of patients in these single-diagnosis subgroups were as follows,
for control and intervention, respectively: arthritis only, 62 and 86; heart
disease only, 31 and 45; and lung disease only, 60 and 107. The results showed
that, in general, for all three of the diagnoses, the patients who participated in
the CDSMP improved more than did those in the corresponding control
subgroup. Specifically, as compared with their respective controls, the heart-
disease-only intervention subgroup improved on 13 of the 15 outcome
measures, the arthritis-only intervention subgroup improved on 8 outcome
measures, and the lung-disease-only intervention subgroup improved on 7

outcome measures. For all three single-diagnosis subgroups, the intervention
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resulted in improvement on at least one outcome measure in each of the three
areas. For all three diagnoses, the intervention reduced disability, it improved
self-reported health status, and it increased both aerobic exercise and the use
of cognitive techniques for symptom management. Two of the outcomes
concerned physical activity, and the authors noted that patients who began
the study with relatively high levels of physical activity maintained those
high levels, while the intervention increased the level of physical activity in
patients whose levels had been low at baseline.

Those findings for the three single-diagnosis subgroups are positive,
but exactly how they should be interpreted is not completely clear. The reason
is that, as mentioned above, the researchers could obtain a representative
sample only by sacrificing interpretability. Even though those participants
had only one diagnosis, they participated together with people who had
diagnoses different from their own, and together with people who had
multimorbidity. Would the participants who had (for example) only arthritis
have benefitted more if all of the other participants in their discussion group
had also had arthritis only? That question is interesting, but answering it from
the available data is impossible. The authors pointed out that the program
could accommodate the different disease-related challenges faced by different
participants. They emphasized that activities in the CDSMP included “aiding
patients to identify their own individual needs and problems and then
assisting them to work most intensively in those areas” and that the program
was also designed to meet the needs of people with multimorbidity.

The results of this study showed how a generic program can be useful.
With regard to the practicality and the effectiveness of generic programs, the

authors concluded that “These results indicate that it is possible to educate
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patients with different chronic diseases successfully in the same intervention
at the same time” [49]. Since then, two other studies of patients with arthritis
have directly compared the generic program (the CDSMP) with the arthritis-
specific program (the ASMP) [52, 53].

In the first of those two studies, both programs had benefits [52]. Some
of the differences between the programs were statistically significant, but they
were not large, and those differences had diminished by the time of the 1-year
follow-up. One conclusion of that study was that the generic program is a
reasonable alternative to the disease-specific program. Another conclusion
was that the generic program is likely to be particularly useful, because “more
individuals can be reached at less cost” and “a generic program may reach
larger numbers of persons with arthritis because arthritis is one of the most
common comorbid conditions” [52].

In the second study directly comparing the ASMP with the CDSMP,
both programs had benefits, but the results favored the generic program [53].
At the time of the 4-month follow-up, on the measures of pain and of
disability the generic program was superior to the disease-specific program.
At the time of the 12-month follow-up the two programs did not differ, except
that the participants in the generic program had slightly fewer visits to a
physician. Overall, the generic program was at least as beneficial as the
disease-specific program, and in some ways the generic program was better.
The researchers commented that patients with multimorbidity “may see the
CDSMP as being most relevant to their lives because of its generic focus” [53].

A very recent publication reports the results of a search for predictors
of the outcomes of the CDSMP [54]. In data from 1,385 patients, there was no

evidence of any consistent association between diagnosis and the
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effectiveness of the generic program. The conclusion in 2011 was essentially
the same as that published 12 years earlier: the generic program is “useful to a

wide range of people with chronic illness.”

1.7 Further research on the effectiveness of self-management education

As lay-led self-management programs have become more common,
some of them have been studied in controlled trails. The results of 17
randomized controlled trials of such programs were meta-analyzed in a 2009
Cochrane review [22].

Only two of those 17 studies maintained both control and intervention
groups for more than six months, so the reviewers found that there was not
enough evidence to determine how long these programs’ effects are
maintained. They described the limitations as follows: “Thus there is
insufficient information to state whether any benefits seen would be sustained
over time, or indeed whether there might be benefits which only become
apparent in the long term” [22]. Of those two limitations, the latter refers to
the phenomenon known as “delay of impact” and the former refers to the one
known as “decay of impact,” which is the main topic of this thesis [55].

As for short-term effects, the meta-analysis results indicated that these
programs have statistically significant benefits on seven of 11 outcomes that
were studied. Those benefits are reductions in pain, fatigue, disability, and
psychological depression, and also improvement in self-rated general health.
Regarding health-related behaviors, the benefits are increases in the frequency
of aerobic exercise and increases in the frequency of the use of cognitive
techniques for symptom management. There were no statistically significant
differences between intervention and control groups on the measures of

psychological well-being or health-related quality of life, and none in the
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number of visits to a physician or in the number of days or nights in hospital.
To express the sizes of the effects, the authors of that review used the
standardized mean difference (SMD) or the weighted mean difference (WMD)
between control and intervention groups. The largest effect was for symptom
management: WMD = -0.55 (95% CI -0.85 to -0.26). Judged using Cohen'’s
guidelines [56, pages 24-26], the size of that effect would be considered to be
“medium.” Among the six other outcomes with statistically significant
differences, all of the effect sizes were smaller: pain, SMD =-0.10 (-0.17 to -
0.04); disability, SMD = -0.15 (-0.25 to -0.05); fatigue, SMD = -0.16 (-0.23 to -
0.09); depression, SMD = -0.16 (-0.24 to -0.07); self-rated general health, WMD
=-0.20 (-0.31 to -0.10); aerobic exercise, SMD = -0.20 (-0.27 to -0.12). Therefore,
the conclusion of the review was that none of the effects are large, and some
of them are “not clinically important” [22].

Other studies done recently had similar results. Five such studies and
their findings are described briefly below:
1. Gitlin, et al. [57] measured changes over four months after a modified
CDSMP for elderly African Americans. They found statistically significant
improvements regarding fatigue, exercise, self-efficacy, health-related
distress, illness intrusiveness, and the use of cognitive coping strategies. The
relief of health-related distress was of “medium” size, and all of the other
effects were small.
2. In an evaluation of short-term outcomes of the CDSMP in Hong Kong, Siu,
et al. [58] found increases in self-efficacy, in exercise, and in the use of
cognitive techniques for coping with symptoms. While those improvements

were statistically significant, all of them were small.
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3. Barlow, et al. measured the effectiveness of the CDSMP in patients with
multiple sclerosis [59]. They found that the program increased self-efficacy,
and it reduced the physical and psychological impact of multiple sclerosis. All
of the effects were small.
4. Lorig, et al. [60] studied an Internet-based version of the CDSMP. They
found that the program relieved pain and shortness of breath, reduced fatigue
and health-related distress, and increased the frequency of stretching and
strength-building exercises. Nonetheless, all of those effects were small.
5. Jerant, et al. [61] measured the effects of an in-home version of the CDSMP.
They found that the program increased self-efficacy, but the effect was small
and it lasted for less than one year.

In summary, the research results now available indicate that chronic-
disease self-management education does have some benefits, but those
benefits are small and they are restricted to only a few of the measured

outcomes. Also, for effects lasting longer than 6 months the evidence is weak.

1.8 Effects in subgroups

Even before the most recent results of the Cochrane meta-analysis were
published, the original developers of the CDSMP acknowledged that the
program’s effects are not large. They explained that fact by saying that it is a
consequence of the composition of the population of patients with chronic
diseases: “It should be noted that the population is very heterogeneous for
disease, age, education and symptom distribution. Thus group changes and
mean effect sizes tend to be modest.” [60]. That explanation implies that the
effect sizes will not be small if they are not whole-group means. It implies that
there are some subgroups with very small effects or perhaps zero effects,

which dilute (partly efface or obscure) large effects in other subgroups. If that
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explanation is true, then larger effects would be measured if homogeneous
subgroups were analyzed separately.

Some research on subgroups has already been done. As noted above in
section 1.6, the CDSMP was found to be beneficial in three different single-
disease subgroups [49]. In addition, there is evidence that self-management
programs are more beneficial in women [62], in younger patients [62, 63], in
subgroups with better cognitive status and lower educational levels [64], in
patients with certain personality characteristics [65], in Vietnamese-speaking
and Chinese-speaking patients in Australia [66], and in patients with lower
baseline levels of self-efficacy and health-related quality of life [63]. In the
study by Nolte, et al. [62], the subgroups were defined by their pattern of
change after the program, and data from pattern-defined subgroups are also

essential to the present thesis, as described below.

1.9 Duration of effects, decay of impact, and reinforcement programs

Among all of the results that were meta-analyzed in the Cochrane
review [22], none referred to effects lasting longer than 6 months. For such
long-term effects no results could be meta-analyzed because only two long-
term studies met the inclusion criteria. (This probably reflects the practical
difficulty of maintaining a group randomized to receive no educational
intervention for more than 6 months.) Thus, there are important questions
about the long-term effectiveness of these programs. One study of very-long-
term (8-year) outcomes has been reported [67]. However, that study was
observational, and for practical and ethical reasons it may now be impossible
to conduct randomized trials lasting longer than a few months.

Nonetheless, the benefits of these programs are generally believed to

be short-lived. Writing about self-management programs, Riemsma, et al. [68]
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noted that “Short-term effects are rarely maintained over long intervals” and

J A

according to Mulligan and Newman such programs’ “effects tend not to be
maintained.” [69] This phenomenon is not universal [59, 70], but it has been
seen to various extents in many studies [65, 67, 71-75], and it has been given
various names: attenuation [65, 67, 71], deterioration [72], relapse [73],
backsliding [55], and decay of impact (which is the name used here) [55]
(Figure 1).

Considering the decay of impact to be common and important in
health education, LW Green wrote more than 30 years ago that it should be
prevented, or its effects mitigated, by reinforcement: “We know that
reinforcement is as important to [health] education as booster shots are to
sustained immunization.” [55] Reinforcement is commonly used to maintain
the effects of treatments for addictions [76]. With regard to education for self-
management among people with chronic illnesses, reinforcement programs
(booster sessions, telephone follow-up, etc.) are recommended in order to
realize long-term benefits [77].

Some reinforcement programs have been tested, but the results of those
tests have been mixed, and some are counterintuitive. In one study of arthritis
self-management education, there seemed to be little or no decay after the
program, and reinforcement did not alter its effects [78]. In a separate study
also of patients with arthritis, no benefit of booster sessions was found [68].
Similar results have been reported with regard to other chronic conditions. In
a study of a diabetes self-management intervention [79], telephone follow-up
did result in improvement on a biological measure (lipid ratio) but it “did not
generally produce meaningful incremental effects”. In the same study,

reinforcement had the opposite effect on psychosocial measures (and
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particularly on the Chronic Illness Resources survey), that is, it “appeared to
produce less improvement ... than conditions not receiving the telephone
follow-up”. In studies of a different diabetes self-management program,
“automated telephone reinforcement did not improve the effectiveness” of
the program [29], and neither did reinforcement via a discussion group for
peer support [30]. In the latter study, two results were directly contrary to
expectations: patients who were randomized to the non-reinforcement arm of
the study reported greater relief from health-related distress, and the
reduction in their depression was also greater. In a pilot study of internet-
based support for self-management of dyspnea, people with chronic lung
disease did not benefit from a booster [80].

In summary, although reinforcement is needed, direct comparisons
between reinforcement and non-reinforcement have given the former almost
no empirical support. Reinforcement programs are necessary, but they are

ineffective.

1.10 Questions about reinforcement and decay of impact

Why are reinforcements ineffective? One possible answer is related to
the findings discussed in section 1.8 above. That is, it is possible that
reinforcements are needed only by a subgroup of participants — a subgroup
(or subgroups) with decay of impact. If that is true, then reinforcements
appear to be ineffective because only some of the people who receive them in
fact need them, so their benefits are diluted by whole-group analyses that
include their lack of effect among people who do not need them.

It stands to reason that reinforcements can be optimized on the basis of
a clear and accurate understanding of the phenomenon that they are intended

to prevent or mitigate. Continuing LW Green’s analogy with immunization
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[55], one might say that the effects of booster shots can be optimized only if
one knows when, by how much, and in whom immunity will decay if a
booster is not given. Similarly, if one wants to use reinforcement to prevent or
reduce the decay of impact, then the characteristics of that decay should be
studied. For example, in education for preventing the spread of HIV/AIDS,
information about when the decay of the educational impact begins can be
used to decide when to begin reinforcements [75]. On the basis of the research
done up to now, reinforcements after the CDSMP cannot be planned
rationally, because previous studies give no information about what
proportion of the participants have decay of impact and therefore need
reinforcements, about how strong that need is (i.e., the magnitude of the
decay), or about when reinforcements are needed (i.e., when the decay
begins). In addition, to minimize the costs of planning and implementation,
reinforcements should be offered preferentially to the participants who are
most likely to need them (i.e., to those who are predicted to have decay). All
of that information about the decay of impact would have important practical
implications, but it is not available from previous research. In that context, the
present thesis addresses two main issues:

1. What are the prevalence, magnitude, and timing of the decay of impact
after the CDSMP?

2. Is it possible to predict which participants are most likely to have decay
of impact? That is, is it possible to know, before the decay begins, which
participants are at higher risk?

To the extent that those questions can be answered, the design and
implementation of reinforcement programs will begin to have an empirical

foundation.
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1.11 Summary, and aims of this study

This is a study of patterns of change after a particular educational
program for people with chronic diseases. It is focused on the one pattern
called “decay of impact.” The aims of this study were to acquire information
about the basic characteristics of the decay of impact (prevalence, magnitude,
timing, etc.), and to find a way of predicting, before the decay begins, which

participants are most likely to have it and thus to need reinforcement.
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2. Methods

2.1 Recruitment of participants, ethical approval, and informed consent

The participants were adults with chronic diseases who joined a
program aimed at enhancing their ability to self-manage their chronic
illnesses. They were recruited using an announcement on the Internet
homepage of the Japan Chronic Disease Self-Management Association [81],
and by referrals from flyers left in public service centers. The program was
made available to women and men equally.

This study was approved by the Research Ethics Committee of the
Graduate School of Medicine at the University of Tokyo (IRB#: 1472-(3))
(Appendix 1). Participation in the program and in this research were
voluntary, and informed consent was obtained in writing before the study

began (Appendix 2).

2.2 The educational program

The program comprised group-discussion sessions with 5 to 13
participants. There was one session each week for six consecutive weeks.
Seventy six programs of six sessions each were held between August 2006
and April 2010. The first programs were held in Kumamoto Prefecture, and
later programs were held in Tokyo and in Aichi, Chiba, Fukuoka, Hokkaido,
Hyogo, Kagoshima, Miyagi, Okayama, Osaka, Saga, and Saitama Prefectures.

Each discussion group had two lay leaders. Their function was not to

teach, but to facilitate and manage the discussion.

2.3 Measurements
All data were collected via self-administered questionnaires. The

measurements of health status, self-management behaviors, and
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psychological health (all described below) were based on those used by Lorig,
et al. [82], and are the same as those used by Yukawa et al. [83].

There were 2 measures of health status: (i) Overall health status was
self-evaluated on a 5-point scale, with 1 = excellent and 5 = poor. (ii) Pain
during the previous 2 weeks was measured on an 11-point scale, with 0
indicating no symptoms and 10 indicating severe symptomes.

There were 2 measures of self-management behaviors: (i) The use of 6
different cognitive techniques to cope with symptoms was measured on a 6-
point scale, with 0 = never and 5 = always (Cronbach’s alpha = 0.72). (ii) The
use of 3 different proactive methods for improving communication with
medical doctors was measured on a 6-point scale, with 0 = never and 5 =
always (Cronbach’s alpha = 0.78).

There were 4 measures of psychological health: (i) The number and
frequency of symptoms of anxiety in the past week was measured using 7
items on 4-point scales (Cronbach’s alpha = 0.83) [84]. (ii) Symptoms of
depression were measured on a similar scale (Cronbach’s alpha = 0.72) [84].
(iii) Health-related distress in the past month was measured using 4 items on
6-point scales to measure health-related discouragement, fear of the future,
worries, and frustrations (Cronbach’s alpha = 0.92). (iv) Self-efficacy to
manage chronic conditions was measured with 6 questions (Cronbach’s alpha
= 0.92). Four of those 6 questions asked about participants’ confidence in their
ability to do things they want to do despite chronic-disease symptoms. The
other 2 questions asked about managing their chronic conditions in order to
reduce the number of doctor visits, and about reducing the effects of their

chronic conditions on daily life without taking medicines.
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Follow-up questionnaires also included one measure of perceived
positive change attributed to the program. That scale comprised 7 items,
which were developed from conversations with patients about the effects of
the program. The possible range of scores was from 0 to 28, and higher scores
indicated greater perceived benefits from the program (Cronbach’s alpha =
0.88).

The first (i.e., the baseline) questionnaire also had items asking about
age, schooling, civil status, diagnoses, etc. Copies of the questionnaires are in

Appendices 3 and 4.

2.4 Study design and data collection

For this study, the target population was all people with chronic
diseases who participated in a CDSMP workshops held in Japan between
August 2006 and April 2010. Some family members of chronic-disease
patients also participated in workshops, but they were not included in this
study. This was a longitudinal cohort study in which data were collected four
times over one year. Baseline data were collected before the first group-
discussion session, and follow-up questionnaires were sent by postal mail 3
months, 6 months, and 12 months later (Figure 2). A self-addressed post-paid
envelope was included. If a follow-up questionnaire was not returned within
two weeks, a reminder postcard was sent. Data were also collected on the

participants’ attendance at each of the program’s sessions.

2.5 Analysis
2.5.1 Definition of decay of impact

The terms “relapse”, “attenuation”, “decay of impact”, and

“backsliding” are relatively easy to understand. Nonetheless, it was necessary
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to have a single operational definition. The operational definition used in the
present study is new, because a search of the literature revealed no relevant
previous studies. That is, the concept of decay of impact after self-
management education has been discussed [55, 65, 67, 71, 73], but it has never
before been operationally defined in terms of individuals” scores on scales
such as those used in this study.

In the present study, for each outcome measure, a participant was
categorized as having decay of impact on a given measure only if that
participant’s data met both of the following two conditions: (#1) the best
value was better than the baseline value, that is, there was improvement after
the baseline value was measured, and (#2) the best value was also better than
the last measured value, that is, there was decay after the aforementioned
improvement. This definition has three advantages: first, it is consistent with
LW Green’s illustration of decay of impact as improvement followed by
deterioration (Figure 3B in [55], which is reproduced here as part “B” of
Figure 1); second it is consistent with the common definition of relapse as “to
go back into a previous condition or into a worse state after making an
improvement” [85]; and third, it could be applied objectively to the data

collected in this study, as described in the next section.

2.5.2 Estimating true scores and constructing confidence intervals

Before the operational definition of decay of impact could be applied,
the first step was to compute an estimated true score (') from each observed
score (i.e., from the measured values of each outcome). This was done by a
8method of “shrinkage” that is well-known both in psychometrics [86, page
153] and more generally as Stein’s estimator [87, 88]. For computing estimated

true scores, the shrinkage factor is the reliability coefficient. The coefficients of
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test-retest reliability reported by Lorig, et al. [Table 2.4 in reference 82] were
used. According to Nunnally & Bernstein [89, page 259-260] and to Furr &
Bacharach [86, page 153], that computation requires the mean score, the

observed score, and the reliability coefficient, as follows:
t’ = (reliability x (observed score — mean score)) + mean score.

As an example, consider scores on the scale measuring self-efficacy. The test-
retest reliability for that scale was 0.89. For one of the participants (ID:
NO00023), the observed baseline score, best score, and last score were 22, 45,
and 24, respectively. The corresponding mean scores were 32.21, 35.36, and

35.54, respectively. Thus,

tpasetine = (0.89 x (22 — 32.21)) + 32.21 =23.12

tpest = (0.89 x (45 — 35.36)) + 35.36 = 43.94
and
t. = (0.89 x (24 — 35.54)) + 35.54 = 25.27.

The values of ¢’ were used in the computations for decay of impact and for the
other patterns, as described below.

The second step was to construct ranges of true scores (f) that were
most consistent with observed scores (x), that is, o,,. According to equation 7-

4 of Nunnally & Bernstein [86, page 259],

o, . =standard deviation x \/ reliability x (1 - reliability)

Continuing with the self-efficacy scale as an example, the standard deviations
at the times of the baseline, best, and last scores were 12.17, 12.08, and 12.64,

respectively. Thus,

o, at baseline = 12.17 x+/0.89 x (1 -0.89) = 3.81

o, at the time of the best score = 12.08 x /0.89 x (1-0.89) = 3.78
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and

o, at the time of the last score = 12.64 x /0.89 x (1-0.89) = 3.95

The computed values of o,, were then used to make a confidence interval (CI)

for each estimated true score (each t'): CI=t" = o,
In the present example

Clypipe = £ + 3.81 = 23.12 = 3.81 = from 19.31 to 26.93
Cl,. = ' = 3.78 = 43.94 = 3.78 = from 40.16 to 47.72

Cl, =1 %3.95=2527 +3.95 = from 21.23 to 29.22

Scores were considered to be different only if their CIs did not overlap. In the
present example, the CIs for the baseline score and the best score do not
overlap, so those two values would be considered to be different. In this
example, the best score was better than the baseline score, which fulfills
criterion #1 for decay of impact. The ClIs for the best score and the last score
also do not overlap, so those two values also would be considered to be
different. In this example, the last score was worse than the best score, which
fulfills criterion #2 for decay of impact. Because those two criteria were met,

the data in this example would be classified as an instance of decay of impact.

2.5.3 Definitions of other patterns

If the data did not meet those two criteria, that is, if there was no decay
of impact in a given participant’s data on a given measure, then the pattern
was categorized as improvement, deterioration, or no change, as follows
(using the estimated true scores and confidence intervals, as described above
in section 2.5.2): “improvement” if the last measured value was better than
the baseline value; “deterioration” if the last measured value was worse than

the baseline value, and “no change” for all others. Because the reliabilities of
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the measurements have been taken into account, the “no change” subgroup
should be interpreted as “no reliable change.” Examples of all four patterns
are shown in Figures 3a through 3d.
2.5.4 Timing of decay of impact

For each outcome measure, the number and percentage of participants
in whom decay of impact started at 3 months, and the number in whom it
started at 6 months, were computed. The data used for those computations
came from all of the participants who had decay of impact and also returned

all 4 questionnaires.

2.5.5 Prevalence of decay of impact

The numbers of participants with each pattern were counted. Also, for
each outcome measure, the percentage of the participants whose results on
that measure were classified as “decay of impact” was computed. Those
percentages for each of the three other patterns of change were also

computed.

2.5.6 Magnitude of decay of impact

For each person with decay of impact and each outcome with decay of
impact, the magnitude (amount, size) of the decay was measured. For each
instance in which the definition of decay of impact was met, the magnitude of
the decay was defined as the difference between the best value and the last
value. In the example above, decay of impact = 43.94 — 25.27 = 18.67.

For comparisons between outcomes measured on different scales the
value used was the actual decay as a percent of the maximum possible decay,

that is, as a percent of the full-scale value. Two examples follow:
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a. Possible scores on the scale measuring self-efficacy ranged from 0 to 60, so,
continuing the example from above, a decay of 18.67 would be 31.1% of the
full-scale value (18.67/60 = 0.311).

b. Possible scores on the scale measuring depression ranged from 0 to 21, so a

decay of 6 would be 28.6% of the full-scale value (6/21 = 0.286).

2.5.7 Number of outcomes with decay of impact

For each participant the number of outcome measures with decay of
impact was computed (minimum = 0, maximum = 8). A histogram and basic
descriptive statistics were used to describe the distribution of the number of

outcomes with decay.

2.5.8 Predictors of having decay of impact

2.5.8.1 Choosing the comparison subgroup

To predict which participants would have decay of impact, a decision
about the comparison subgroup had to be made. That is, should the decay-of-
impact subgroup be compared with the improvement subgroup, with the
deterioration subgroup, with the no-change subgroup, or with a subgroup
comprising all participants who do not have decay? That question was
answered on the basis of the purpose of this health-education program, and
also on practical grounds.

The purpose of health-education programs for people with chronic
diseases is to prevent deterioration or, better still, to cause improvement.
Decay of impact is, by definition, the reversal of improvement. Therefore, to
understand what causes decay it is necessary to understand the difference

between improvement that is continuous or maintained and improvement
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that is transient. On that basis, the decay subgroup should be compared with
the improvement subgroup.

Other considerations lead to the same conclusion. First, the decay
subgroup was not compared with a subgroup comprising all other
participants. That would have required ignoring all differences between, for
example, the improvement subgroup and the deterioration subgroup, which
is clearly counterintuitive and for which no justification could be found.

Second, simple inspection of the medians and interquartile ranges at
baseline in the four pattern-defined subgroups revealed that for all outcomes
the decay-of-impact subgroup had “worse” baseline values than the
deterioration subgroup (for examples, see the results for health distress in
Figure 4f and for depression in Figure 4h). That is, it was common for those
who had decay of impact to have been worse at baseline than later, and it was
common for those who deteriorated to have been better at baseline than later.
This suggests that some of the apparent difference between those two
subgroups may reflect regression to the mean, so comparisons between those
two subgroups would be difficult to interpret. (See also Appendix 5.)

Third, the differences in the baseline medians between the
improvement subgroup and the decay-of-impact subgroup were generally
small, and for some outcomes they were nearly zero. Thus, any regression-to-
the-mean artifact would be small or nonexistent for comparisons between the
decay subgroup and the improvement subgroup.

For those reasons, in the analyses aimed at identifying predictors of
decay of impact, the decay subgroup was compared with the improvement

subgroup.
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2.5.8.2 CART models to identify predictors

To identify good predictors of having decay of impact, the method of
“classification and regression trees” was used [90] (the method is referred to
as C&RT, CART, and CRT). In the present study the dependent variable was
binary (decay vs. improvement), so the trees used were classification trees,
not regression trees.

CART modeling is a type of recursive partitioning. For making
prediction models, it has various potential advantages over other methods: It
can be used when there are many possible predictors, it automatically
separates relevant from irrelevant predictors, it is not adversely affected by
outliers or by missing values, it has been found in many cases to be more
accurate than logistic regression, and it is particularly well-suited to
exploratory analyses (such as in the present study) because there is no need to
pre-specify a statistical model. Basic introductions to CART with examples
can be found in [91-93]. Detailed explanations can be found in [90, 92, 93].

When making a prediction model, it is reasonable to include
independent variables on the basis of theory, and also on the basis of the
results of previous research. However, there is no theory of the decay of
impact in self-management education for people with chronic diseases.
Nonetheless, the self-management program was designed on the basis of self-
efficacy theory [18], so it was hypothesized that people with higher self-
efficacy after the end of the program would be less likely to have decay of
impact. Thus, self-efficacy measured at the 3-month follow-up was included
as one of the independent variables. According to the theory of relapse-
prevention after treatment of addiction [94], social support, coping skills, and

self-efficacy are among the factors that maintain abstinence. Thus, measures
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of both coping and self-efficacy are among the independent variables. In total,
for the present analyses, 28 independent variables were entered: 4 socio-
demographic variables, 11 clinical variables, 11 baseline values, and 2 values
measured at the 3-month follow-up (which are self-efficacy at 3 months and
perceived positive change).

As with linear regression models, logistic regression models, and other
statistical models, CART models can “overfit” the data if there are too many
independent variables, which results in loss of generalizability. With CART
models, the method used to prevent overfitting is called “pruning.” Following
the procedure suggested by Hastie at al. [95, page 308], in this study the trees
were first allowed to grow to be very large (maximum depth: 5; minimum of
5 cases per parent node and 2 per child node), and then the trees were pruned
in order to prevent overfitting. In this context, “pruning” means removing
some nodes from the bottom up. Nodes were removed to make the smallest
tree satisfying the “1 SE rule” that was suggested by Breiman et al. [90, pages
79-80]. According to that rule, 1 standard error is the maximum difference
between the misclassification risk of the pruned tree and the misclassification
risk of the tree with the smallest risk of misclassification.

To evaluate the CART models, three indices were used: the risk of
misclassification, the percentage of participants who were correctly classified
as having decay of impact, and the area under the receiver operating
characteristic (ROC) curve [93, 95, 96]. Better models have lower risks of
misclassification, higher percentages of participants correctly classified as

having decay of impact, and larger ROC areas.
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2.5.9 Statistical software

The data were analyzed with IBM SPSS version 20.
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3. Results

3.1 Participants and data collected

Baseline data were obtained from 479 participants. Decay of impact can
be detected only if a variable is measured at three or more times: once at
baseline and at least twice thereafter. Therefore, data from people who
returned the baseline questionnaire and at least two of the follow-up
questionnaires were used (n = 364; 77.1% of 479, Table 1). Basic information
about the scores at baseline are shown in Table 2.

As shown in Table 3, many of the participants were middle-aged, and
almost 80% of them were women. About two thirds of the participants had
finished college, and about half were married and living with a spouse. The
length of time since the diagnosis of their chronic disease varied widely, from
less than one year to more than sixty years, with a mean of 14 years. More
than 40% of the participants had more than one diagnosis, and more than 15%
of them had more than two diagnoses. The variety of diagnoses was very
wide. The most common diagnosis was allergic disease, while cardiovascular
disease, connective tissue disease, diabetes, and rheumatic disease were also
relatively common. The 10 most common diagnoses are shown in Table 3. A

complete list of the other diagnoses is in Appendix 6.

3.2 Basic findings regarding the four patterns of change

For each outcome measure, Figure 4 shows the whole-group-summary
and subgroup-summary changes over time in boxplots. The differences
between the patterns in different subgroups can be seen clearly. All four

patterns can be seen and they can be easily distinguished from each other.
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For some outcomes, there appear to be no changes at all at the whole-
group level, but the pattern-defined subgroups with improvement, decay of
impact, no change, and deterioration are easy to identify. This is particularly

noticeable with regard to pain (Figure 4b).

3.3 Prevalence of decay of impact

The percentages of participants who had each pattern of change are
shown in Figure 5 for each of the 8 measures. Depending on the outcome
measure, from 7% to 26% of the participants had decay of impact. The highest
percentage was on the scale measuring self-rated health status, and the lowest

percentage was on the scale measuring pain.

3.4 Magnitude of decay of impact

Distributions of the individual magnitudes of decay of impact as
percentages of each measure’s full-scale value are shown as box-and-whisker
plots in Figure 6. Overall, decay of impact was greater on the measures of
general health status than on the measures of self-management behavior or
psychological health. The median magnitudes of the decay ranged from 16.4%
of full scale for depression to 39.5% of full scale for pain. However, all of the
distributions were right-skewed: some people had more than 50% decay, and
some had more than 60% decay, on some measures. The coefficient of
skewness ranged from 0.76 (standard error, 0.32) for communication to 1.60

(standard error, 0.32) for health distress (Table 4).

3.5 Number of outcomes with decay of impact
Among the 364 participants, 121 (36%) did not have decay on any of

the 8 measures, while 117 participants (35%) had decay on at least 2 measures.
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The distribution of the number of measures with decay of impact was right-

skewed, with a median of 1 (Figure 7).

3.6 Timing of decay of impact

The individual starting times for decay of impact did not cluster strongly
either at 3 months or at 6 months. Specifically, the percentage in whom the
decay began at 3 months ranged from 26.1% to 61.4% and, correspondingly,
the percentage in whom it began at 6 months ranged from 38.6% to 73.9%. On
all outcome measures except self-rated health, in more than half of the
participants who had decay of impact that decay began 6 months after the

baseline measurement (Table 5).

3.7 Patterns of change, by diagnosis

There is no consistent, clearly discernible pattern among the results
shown in Tables 6a through 6e. That is, none of the 4 subgroups was clearly
associated with diagnosis, and none was clearly associated with the number
of diagnoses. For all 8 outcomes, the magnitude of decay of impact was also

not clearly associated either with diagnosis or with the number of diagnoses.

3.8 Predictors of having decay of impact

Results regarding the CART models as predictors of having decay
of impact are summarized in Tables 7a and 7b (see also Appendix 7), and
the classification trees are shown in Figures 8a through 8h. The CART
models were either good or very good as classifiers. In general, the risks of
misclassification were low, the percentages of participants who were
correctly classified with decay of impact were high, and the areas under
the ROC curves were high. The best CART models were those for

predicting decay on coping, on anxiety, and on self-rated health.
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In the final CART models, diagnoses were generally not included as
predictors. The exceptions were fibromyalgia syndrome and Parkinson’s
disease. People with fibromyalgia syndrome were more likely to have
decay on the self-rated health scale, and people with Parkinson’s disease
were more likely to have decay on the pain scale.

The most consistent single predictor was the number of years since
diagnosis. That predictor was included in six of the eight CART models. In
general, participants with longer disease histories were predicted to have
decay of impact (Tables 7a and 7b and Figures 8a through 8h). The only
exception was communication with medical doctors (Figure 8c).
Participants with longer disease histories were predicted have
improvement rather than decay of impact in their communication with

medical doctors.
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4. Discussion

4.1 Summary of the main findings

Answering the two questions at the end of section 1.10 (above), this
study provides information about the prevalence, magnitude, and timing of
the decay of impact. It also shows one way of predicting who will have decay,
and thus who will need reinforcement.

First, on all outcomes except pain, more than 10% of the participants
had decay of impact. Decay was most prevalent on self-rated health (26%),
coping (20%), and communication (15%). The magnitude of the decay varied
among outcomes, with medians of about 16% to 40% of the full-scale values,
and the inter-individual variation was large. Regarding when the
reinforcement is needed, in about 30% to 60% of the participants the decay
began 3 months after the program started. That is, reinforcements are needed
approximately 6 weeks after the program ends (Table 5).

Second, the best overall predictor of the need for reinforcement was the
number of years since diagnosis. In general, diagnoses were not good
predictors of having decay of impact. For self-rated health, coping, and
anxiety, the CART models were good predictors of having decay of impact.
Those models correctly classified 71%, 82%, and 77%, respectively, of the

participants who needed reinforcement.

4.2 Patterns of change, in the context of previous work

Patterns of change and the need for reinforcement:

At least since 1977, when LW Green included the concept of decay of
impact in his discussion of the problems encountered when evaluating health

education [55], it has been recognized as a possible cause of both over-
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estimation and under-estimation of a program’s effects. Nonetheless, as a
research topic it has received very little attention.

Caplin, et al. [73] studied 53 patients who had completed a self-
management program, and they classified 20 of those patients as “relapsers.”
That study differed from the present one in at least four important ways: (1)
all of its participants had asthma, (2) the self-management program was
disease-specific, (3) the study had one follow-up measurement six years after
the end of the program (rather than three follow-up measurements during
one year after the program), and (4) relapse was defined partly on the basis of
self-report (rather than by changes on psychometric scales). One of the aims
of the present study (to determine when decay begins) is similar to the aim of
the study by Hennessy, et al. [75], but in that study a different method was
used, and the population and intervention were also different. A search of the
literature revealed no previous systematic analysis of decay after self-
management education for people with various chronic diseases. In the
present study, the analysis of decay at the level of individuals also made it
possible to measure the magnitude of decay and to compare that magnitude
among various outcomes (psychological and behavioral).

This is the first study to propose a single answer to two important
questions: Why are the effects of these programs generally small, and
restricted to only a few of the outcomes measured? [22] And, why have
reinforcement programs not succeeded? [29, 30, 68, 79, 80] The proposed
answer is that using whole-group summary statistics only, i.e. not analyzing
pattern-defined subgroups, results in dilution. Specifically, in answer to the
first question, previous studies have focused on whole-group analyses, in

which the benefits to some participants are diluted by the lack of benefits to
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others. Regarding the second question, the present results show that studies
of the effects of reinforcements may have included many people who did not
need reinforcements, so the benefits of reinforcements to the people who need
them were diluted by the lack of benefit to people who do not need them.
Any success of reinforcement programs among people with decay of impact
would be diluted by the lack of effect of such programs among people who
maintain their benefit or continue to improve during the follow-up period
even without reinforcement. The solution, therefore, is to focus more attention
on pattern-defined subgroups.

As mentioned above in section 1.9, only a few reinforcement programs
have been studied, and the results have generally not been positive [29, 30, 68,
79, 80]. The present study provides a first step toward a clear and accurate
understanding of the phenomenon that reinforcement programs (“booster
sessions”) are intended to prevent or reverse. The present findings also may
help to explain why some of the reinforcement programs that have already
been studied have been only slightly effective or ineffective. Specifically, one
of the main findings of this study is that decay of impact can occur in up to
25% of the participants. However, equally important is the finding that many
participants did not have decay. Because they did not have decay, those
people would be expected to benefit only little, or not at all, from
reinforcement. Therefore, when a reinforcement is found to have no benefits,
or to have benefits that are small, or that are limited to only a few of the
measured outcomes, the reason may be that only a subgroup in fact needed
the reinforcement. Reinforcements may appear to be ineffective because they

are actually needed by fewer than half of the people who receive them. In
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whole-group statistics, the benefits of reinforcements to the people who need

them are masked by their lack of benefit to people who do not.

Previous studies of subgroups:

This is not the first study of changes after a self-management program
in subgroups. Lorig, et al. [49] analyzed the effects of such a program by
diagnosis-defined subgroup, and found only small differences. More recently,
Franks, et al. [65] found that a self-management program was more effective
in subgroups defined by certain personality characteristics, and Smeulders et
al. [64] found that a self-management program was more effective in a
subgroup with a low educational background. Reeves et al. [63] found
differences in the effects of a self-management program between subgroups
defined by age and by baseline self-efficacy. Ritter et al. [54] found no
important differences in the program’s effects between subgroups defined by
baseline status on demographics and health-related variables. However, in
those studies none of the subgroups were defined by their pattern of change.

There have been two studies in which subgroups were defined by their
pattern of change. First, Caplin, et al. [73] studied 53 people with asthma 6
years after they had completed a self-management program, and they
classified 20 of them as “relapsers”. As noted above, that study was very
different from the present one. Still, it is interesting that one of the factors
associated with relapse was a lack of “commitment to strengthen their self-
efficacy.” Second, Nolte et al. [62] found that improvement was more
common among younger participants, and particularly among younger
women. In Nolte et al.’s study there was only one measurement after the
baseline measurement, and therefore people with decay of impact could not

be identified.
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Other patterns:

There might be important patterns of change over time other than the
four defined in this study. For example, people whose scores start high and
stay high might differ in important ways from people whose scores start low
and stay low [97]. That is beyond the scope of this study, but itis a

worthwhile topic for future work.

4.3 Timing of decay, in the context of previous work

Because no previous studies have focused on the decay of impact after
this type of educational program, it is not possible to directly compare the
timing of decay found here with previous findings. However, some studies
have been done in related areas.

Caplin et al. [73] identified a subgroup that they called “relapsers.”
However, their measurements were not made at multiple times after the
baseline data were collected, so from their results it is not clear when the
relapse began.

Krebs, et al. [74] meta-analyzed a total of 88 studies of computer-
tailored interventions intended to influence various health-related behaviors
(smoking cessation, dietary fat reduction, increasing fruit and vegetable
intake, physical activity, and mammography screening). They found large
variation between studies, but overall there was a decay of impact that began
4 to 6 months after the baseline measurements [Figure 1 in 74], which is
generally consistent with the present results.

In a study of an intervention to increase self-efficacy for condom use to
prevent HIV infection, the aim of Hennessy et al. [75] was to determine when
boosters should be given. They found that the decay of impact began less than

3 months after the end of the initial intervention. That finding is also
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consistent with the present findings, and it strengthens the conclusion that

reinforcements should start early.

4.4 Predictors of decay, in the context of previous work

To predict who will have decay of impact and will therefore need
reinforcement, at least three approaches are possible: theory-based, empirical,
and mixed. The approach used in the present study could be classified as
mixed. As mentioned above (in section 2.5.8.2) the use of self-efficacy and of
coping as independent variables has theoretical justification. Nonetheless,
much of this study is exploratory, observational, and empirical. That is,
because there was no pre-existing framework to explain the decay of impact
in this context, many independent variables were analyzed to derive the
CART models. In general, this was successful. The classification trees worked
well as predictors even after they had been pruned to avoid overfitting. The
risk of misclassification was less than 0.25 for 5 of the 8 outcomes. Still, more
work is needed to test those prediction trees in other settings and with other
populations.

A conceptual framework that acknowledges the importance of self-
efficacy, such as the theory of relapse prevention after treatment of addiction
[77, 94] or the model proposed by LW Green and MW Kreuter [98, pages 160-
161], might be adapted to fit the decay of impact after education for chronic
disease self-management. Because this educational program was founded and
developed on the basis of self-efficacy theory [18], it would be reasonable to
expect scores on the self-efficacy scale at 3 months to be good predictors of
having decay of impact. In fact, as shown in Tables 7a and 7b those scores
were included in the prediction models for only 4 of the 8 outcome measures

(self-rated health, coping, health distress, and anxiety). These results seem to
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indicate that a high level of self-efficacy after the program is not necessary for
all of the benefits of this program to be maintained. That finding need not
contradict the idea that self-efficacy is important as a determinant of changes
in health-related behavior, but it does raise the possibility that change and
maintenance are mediated by different factors, which is consistent with the
general theory proposed by Rothman [99]. According to Rothman, “Decisions
regarding behavioral initiation are predicted to depend on favorable
expectations regarding future outcomes, whereas decisions regarding
behavioral maintenance are predicted to depend on perceived satisfaction
with received outcomes.” That theory should be operationalized in the
context of the patterns of change after self-management education for people
with chronic diseases, and it should be tested in that context.

One noteworthy finding regarding predictors is that, on 5 of the 8
outcome measures, participants with longer diseases histories were more
likely to have decay of impact. The reasons for this finding are not clear, but it
does imply that people with longer diseases histories are more likely to need
reinforcements.

On the scale measuring communication with medical doctors,
participants with longer diseases histories were less likely to have decay of
impact. In this context it may be worth noting that older participants were
also less likely to be completely lost to follow-up after this program [100]. It is
possible that people with more experience as patients might be more
motivated to maintain their new self-management skills.

In the CART models, people with fibromyalgia syndrome were
predicted to have decay of impact on self-rated health, and people with

Parkinson’s disease were predicted to have decay on pain. However, none of

43



the other diagnoses were included in the prediction models for any of the
outcomes. Multimorbidity was also not included in the prediction models for
any of the outcomes. One possible explanation is that some of the diagnosis
groups were small, which would limit the ability to detect their effects. Also,
multimorbidity was common, which would make the effects of any single
diagnosis more difficult to detect. Another possibility is that the causes of
decay of impact actually have little or no relationship with diagnoses. The
latter interpretation is consistent with previous studies showing that the

benefits of the program are not related to diagnoses [49, 54].

4.5 Limitations

a. In this study the assignment to a diagnosis category, and the numbers
of diagnoses among participants with multimorbidity, were based on
self-reported diagnoses. A few studies have found inaccuracy of self-
reported diagnosis [101-103]. Many others have found that the
accuracy of self-reported diagnosis varies by disease, and that, for
many chronic conditions, self-reported diagnosis is accurate enough to
be used in survey research in Japan [104] and in other countries [105-
119]. Nonetheless, when participants are categorized by diagnosis
those categorizations should be done with reference to medical records
whenever possible, which might improve the predictive value of the
classification-tree models.

b. One possible explanation of any apparent improvement or
deterioration is response shift [120, 121]. The concept of response shift
was developed in the context of quality-of-life measurement, and it has
been applied to outcomes of programs such as this one [122, 123].

However, for response shift to account for the apparent decays of
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impact in the present study it would have to occur in opposite
directions sequentially, and it would have to do so not only in
measures of psychological health but also in reports of frequencies of
health-related behaviors.

Regarding the timing of events, having measurements at only four
time points over one year limits the ability to identify the time at which
decay of impact began. If more points had been available on the time
axis, then the time of the start of the decay could have been identified
more precisely. For example, if the interval before the first
measurement is shorter than 3 months, then some people might be
found to have decay starting earlier than 3 months after the baseline
measurement. If data were available not only at 3 months, but also 2
months after the start of the program, and if some participants had
decay starting at 2 months, then the overall percentage of participants
classified as having decay of impact would be larger. Those
participants who meet the criteria for decay of impact (section 2.5.1
above) at 3 months, 6 months, or both, would still meet those criteria,
and to their number would be added the participants with decay
starting at 2 months. Therefore, the results reported in Figure 5 (and
elsewhere) might be biased toward low apparent prevalences of decay
of impact. That is, the prevalences of decay of impact reported here
should be considered to be lower boundaries, and the actual
prevalences are likely to be higher. The existence of decay of impact
starting earlier than 3 months after the start of the program would also
have practical implications. Specifically, it would mean that

reinforcement programs should start almost immediately after the
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main program ends. Furthermore, the CDSMP was designed to last 6
weeks, but in fact the ideal length of the program is not known. If
decay of impact starts less than 3 months after the start of the main
program, then one option would be to extend the main program
beyond 6 weeks. As another practical point, these considerations also
show that more frequent monitoring of outcomes is important. If a
small number of particularly important outcome indices can be
identified, then even daily monitoring would be practical [124]. Also,
of course, at least some of the participants whose patterns were
categorized as “improving” might have been categorized as having
decay if the study had lasted for more than 12 months. In this study,
“long-term” follow up is follow-up lasting for 12 months after the
baseline measurement. Follow-up beyond 12 months might reveal
other patterns. For example, some of the people who had decay might
“reverse” again and begin improving.

. This study is, in many ways, descriptive and exploratory, because the
topic is new. In fields with essentially no previous research it is natural
to start with exploratory work.

. Another possible limitation is the fact that many more women than
men were in this study. Although the present results might not apply
to a program with a much smaller percentage of women, such
programs seem to be rare, while programs with many more women
than men are typical. In 17 studies of programs such as this one (i.e.,
focusing on self-management of chronic illness [57, 20, 21, 23, 27, 28, 60,

125-133], the percentage of women participants ranged from 61.1%
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[129] to 88.9% [130] and the mean was 75.7%. In the present study it
was 79.1%.

One limitation concerns the operational definitions of the four patterns
of change. Those definitions depend on each measure’s coefficient of
test-retest reliability. Those coefficients of test-retest reliability are
based on measurements made in a previous study that was not done in
Japan, and the measurements were separated by 10 days [page 18 and
Table 2.4 of reference 82]. That time period (10 days) is typical for
assessments of test-retest reliability. However, the measurements in the
present study were separated not by 10 days but by 3-12 months. As
noted by DeVellis [134, page 52], test-retest reliability coefficients “tell
us about the measure only when we are highly confident that the
phenomenon has remained stable. Such confidence is not often
warranted.” For example, even if we assume that the actual self-
efficacy remained stable over 10 days, we cannot be confident that it
would have remained stable over 3-12 months. A 12-month study to
measure test-retest reliability would definitely be impractical, and it
might even be impossible because it would depend on the true value of
the measured variable not changing over those 12 months. Limitations

like this are unavoidable in almost all long-term follow-up studies.
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5. Conclusions and recommendations

This study found that decay of impact occurred in 7% to 26% of the
participants. Among those who do have decay of impact, it can start as early
as 3 months after the baseline measurement, i.e. 6 weeks after the end of the
program. The magnitude of decay ranged from 16.4% to 39.5% of the full-
scale value. Decay occurred in all outcomes, and it was most common in self-
rated health.

The CART models for self-rated health, coping, and anxiety were
different from each other, but each one gave good predictions of who would
have decay, and therefore who would need reinforcement. In general,
diagnoses were not included in the CART models, which means that in most
cases diagnoses could not be used to predict the need for reinforcement.
Regarding self-rated health, coping, self-efficacy, health distress, and
depression, people with longer disease histories were predicted to have
decay, and so they need reinforcement.

The findings reported from many previous studies, including
randomized controlled trials, are likely to be wrong. Specifically, the existence
of subgroups that can be distinguished by their patterns of change can explain
why randomized controlled trials have found that these programs have only
small effects, and why reinforcements generally seem to be unsuccessful. The
effects in whole groups appear to be small and isolated because of dilution.
More attention must be given to pattern-defined subgroups.

As part of that extra attention to subgroups, patterns other than decay
of impact should be studied. Although four patterns of change after the
CDSMP were identified, the analyses of predictors focused on the differences

between participants who had decay of impact and those who had
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improvement only. In future studies, predictors of the other two patterns
should also be identified.

There is a need for external validation and replication, to determine the
extent to which these findings can be generalized to other CDSMP
participants. There is also a need for qualitative studies, including in-depth
interviews with participants who have decay of impact and with those who
do not. The interviews could include questions about social support, self-
efficacy, and satisfaction with changes brought on by the program. In those
interviews it will be important to find out about how people avoid decay or
overcome factors that could cause decay. That is, it will be important to
investigate resilience among people with chronic illness.

Future studies might identify other good predictors of decay if those
studies were based on relevant theories. For example, Hendershot’s
conceptual model of relapse prevention [94] implies that social support is
important, so it should be measured in future studies. Also, in Rothman'’s
theory of behavioral maintenance “perceived satisfaction with received
outcomes” [99] is important, so that type of satisfaction should also be
measured. In this context it is also important to note that future studies
should include measures of satisfaction with the program, in addition to
measures of response shift.

Another recommendation is to use patterns of change to evaluate
programs. For example, in future studies a successful program might be
defined as one in which very few of the participants eventually have decay of
impact, or as one in which that decay is small.

A recommendation can also be made regarding studies of educational

programs in general. The results presented here show how classification-tree

49



models might also be applied in other contexts. The software needed for
generating and evaluating tree models is now easy to obtain and use, and
health-education researchers often need to study many possible predictors
with little or no theory to guide the construction of a linear or logistic model.
It should be remembered that the predictors actually identified are likely to
differ from those found in the present study, but nonetheless classification
and regression trees may be useful in those situations.

Finally, some recommendations can also be made regarding practice.
Specifically, based on the results of this study (and consistent with the results
of Hennessy [75]) it is clear that many people who have decay need
reinforcement very soon after the main program ends. In the case of the
CDSMP, “very soon” means as early as 3 months after the start of the main
program. Also, if the resources needed to implement reinforcement programs
are limited, then the classification trees (especially the trees for self-rated
health, coping, and anxiety) can be used to predict which of the participants
will have decay of impact. The program administrators can then focus their

limited resources on the participants who are likely to need them most.
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Table 3. Demographic and clinical characteristics of the group as a whole (n = 364)

Age (years)

Sex

Schooling

Civil status

Years since diagnosis

Number of diagnoses

Diagnoses

Number of absences™*

mean + SD (range)

Male
Female

High school or less

College or more

Living together
Others

mean + SD (range)
median (25%, 75%)

median (25%, 75%)

min-max

NV WKN =

Allergic disease

Cardiovascular disease
Connective tissue disease
Diabetes

Rheumatoid arthritis

Fibromyalgia syndrome
Asthma

Inflammatory bowel disease
Parkinson's disease

Depression
Others

median (25%, 75%)
min-max

Number (%)
48.6 +14.1 (18-83)

79 (21.7)
285 (78.3)

121 (33.2)
241 (66.2)

190 (52.2)
174 (47.8)

14.2 +10.0 (0.4-63)
10.0 (5.0, 20.0)

1.0 (1.0, 2.0)
1-7

210 (57.7%)
91 (25.0%)
41 (11.3%)
22 (6.0%)

Only 1 diagnosis > 1 diagnosis Total
(n, %)
101 (27.7%)

80 (20.0%)
67 (18.4%)
65 (17.9%)
39 (10.7%)
29 (8.0%)
18 (4.9%)
16 (4.4%)
12 (3.3%)
10 (2.7%)
138 (37.9%)

(number) (number)

28 73

14 66
32 35
29 36
20 19

12 17
0 18
10 6
10 2

2 8
51 87

0 (0, 1.0)
0-5

*Number of absences from program sessions; minimum possible number = 0, maximum possible number = 6.
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Table 6e. The results of Fisher Exact tests of Table 6a-6d.

Self-rated health Pain Communication Coping Self-efficacy Health distress Anxiety Depression

Fisher Exact p-value

Allergic*CVD 0.29 049  >.999 0.27 0.6 0.37 >.999 078
Allergic*CTD > 999 >.999 0.78 >.999 077 0.64 >.999 023
Allergic'DM 0.74 046  >.999 0.80 0.79 0.34 >999 022
Allergic"RA 0.12 053  >.999 0.42 0.74 0.12 >999  >.999
Allergic"FMS 0.29 >.999 0.74 >.999  >.999 > 999 0.75 0.48
Allergic*Asthma 0.41 >.999 045 0.46 0.59 0.72 0.61 > 999
Allergtic*IBD > 999 052  >.999 0.39 > 999 > 999 0.64 > 999
Allergic*Parkinson 0.20 011 055 >.999  0.10 >.999 0.28 >.999
Allergic*Depression > 999 025  0.65 0.39 0.24 0.73 0.65 > 999
CVD*CTD 0.26 041  >.999 0.43 >.999 0.79 >.999 050
CVD*DM 0.52 >.999 > .999 0.19 >.999 > 999 0.75 0.48
CVD*RA 0.60 026  >.999 0.10 >.999 0.46 >.999  >.999
CVD*FMS 0.79 0.67 051 0.36 0.73 0.76 0.50 0.70
CVD*Asthma 0.70 >.999 044 0.13 0.64 > 999 0.58 > 999
CVD*IBD 0.74 >.999  >.999 >.999  0.65 0.71 0.65 >.999
CVD*Parkinson 0.67 021 054 0.58 0.11 0.59 0.13 >.999
CVD*Depression 0.71 057  0.64 0.18 0.45 > 999 0.63 > 999
CTD*DM 0.65 039  >.999 0.78 >.999 0.79 >.999  >.999
CTD'RA 0.11 >.999  >.999 0.54 > .999 0.28 >.999 045
CTD*FMS 0.26 >.999 047 >.999 072 >.999 0.73 >.999
CTD*Asthma 0.40 >.999 0.24 0.43 0.62 >.999 0.62 0.34
CTD*IBD 0.73 045  >.999 0.38 0.65 >.999 0.62 0.34
CTD*Parkinson 0.19 010 027 >.999  0.10 0.62 0.27 0.61
CTD*Depression > 999 020  0.65 0.37 0.42 > 999 0.64 0.61
DM*RA 0.28 024  >.999 0.75 > 999 0.46 0.68 0.43
DM*FMS 0.42 0.66 051 >.999 072 0.54 0.74 >.999
DM*Asthma 0.43 >.999 043 0.68 0.63 >.999 >.999 033
DM*IBD > 999 >.999 > .999 0.36 0.65 0.70 0.62 0.33
RA*FMS >.999 049 070 0.73 0.69 0.24 0.66 0.67
RA*Asthma >.999 >.999  0.40 >.999  >.999 0.62 0.55 >.999
RA*IBD 0.46 033  >.999 0.16 0.62 0.34 >999  >.999
RA*Parkinson >.999 0.67 0.53 >.999  0.14 0.22 0.22 >.999
RA*Depression 0.43 014 062 >.999  0.67 0.61 0.58 > 999
FMS*Asthma >.999 >.999  >.999 0.66 0.57 0.70 >.999 061
FMS*IBD 0.70 >.999 > .999 0.35 >.999 >.999 0.35 0.61
FMS*Parkinson 0.66 017  >.999 >.999 048 > 999 0.58 > 999
FMS*Depression 0.68 050 033 0.62 0.36 > 999 >.999  >.999
Asthma*IBD 0.64 >.999 > .999 0.14 0.52 > 999 0.50 >.999
Asthma*Parkinson > 999 040  >.999 >.999 043 0.58 >.999  >.999
Asthma*Depression 0.62 049 029 >.999 > .999 > 999 >.999 > .999
IBD*Parkinson 0.61 >.999 > .999 0.52 0.26 > 999 0.19 > 999
IBD*Depression >.999 >.999 0.54 0.24 0.31 >.999 0.54 >.999
Parkinson*Depression (59 >.999 0.23 >.999 045 > 999 0.57 > 999
> 1 diagnosis*1 diagnosis (32 031 073 0.63 0.23 0.74 0.44 0.33
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Table 7a. CART models for predicting decay of impact: indices of classification tree

performance and relative importance of independent variables

Self-rated health Pain Communication Coping
Number: decay, improvement 93, 113 25,43 54, 84 71, 85
Indices of classification-tree performance
Misclassification risk + SE 0.25+0.03 0.25+0.05 0.24 +£0.04 0.19 £ 0.03
(0-1; Lower is better.)
% correctly classified as decay 71.0% 40.0% 46.3% 81.7%
(0-100%; Higher is better.)
Area under ROC curve 0.789 0.680 0.775 0.863
(0.5-1.0; Higher is better.)
Relative importance of independent variables. For each outcome, maximum importance = 100%.
Percentages in bold are for indepnedent variables that were included in the final models.
Other percentages are for independent variables that were not included in the final models.
Asterisks (*) are for independent variables that were not included in any model.
Socio-demographic
Age 20.0% 87.8% 45.7% 74.9%
Sex 5.1% * * 40.5%
Schooling 3.5% * * 42.3%
Civil status 1.5% * 14.1% 1.7%
Clinical
Years since diagnosis 42.6% * 100.0% 37.6%
Number of diagnoses 15.2% * 6.8% 1.7%
Allergic disease 14.0% * 14.1% 20.9%
Cardiovascular disease 1.0% * * 11.7%
Connective tissue disease 5.7% * * 13.8%
Diabetes 9.5% * 11.9% 17.6%
Rheumatoid arthritis 12.2% * * 26.7%
Fibromyalgia syndrome 25.1% * * 11.4%
Asthma 1.4% * 13.0% 2.5%
Inflammatory bowel disease 1.6% ¥ 0.0% ¥
Parkinson's disease 1.6% 64.0% * 2.5%
Depression * * 13.8% 5.2%
1 diagnosis 10.4% * * 1.7%
Health status at baseline
Self-rated health 14.8% 28.0% 47.4% 27.0%
Pain 44.5% 83.1% 28.1% 47.0%
Self-management behaviors at baseline
Communication 79.1% * 25.9% 62.4%
Coping * 100.0% 18.1% 70.8%
Psychological health at baseline
Self-efficacy * * 38.5% 62.7%
Health distress 28.3% 60.6% 51.6% 40.5%
Anxiety 100.0% * 55.5% 100.0%
Depression * 18.6% 55.7% 32.6%
Others
Self-efficacy at 3 months 48.2% * 40.6% 68.3%
Number of absences 7.4% * 67.3% 27.3%
Perceived positive change 20.3% ¥ 99.5% 60.6%
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Table 7b. CART models for predicting decay of impact: indices of classification tree
performance and relative importance of independent variables

Self-efficacy Health distress Anxiety Depression

Number: decay, improvement 52,108 54,115 44, 67 41,73
Indices of classification-tree performance

Misclassification risk + SE 0.23 +£0.03 0.24 +0.03 0.20+£0.04 0.28 £ 0.04
(0-1; Lower is better.)

% correctly classified as decay 30.8% 35.2% 77.3% 24.4%
(0-100%; Higher is better.)

Area under ROC curve 0.732 0.696 0.832 0.683

(0.5-1.0; Higher is better.)

Relative importance of independent variables. For each outcome, maximum importance = 100%.
Percentages in bold are for independent variables that were included in the final models.

Other Percentages are for independent variables that were not included in the final models.

Asterisks (*) are for independent variables that were not included in any model.

Socio-demographic

Age 52.1% 8.6% 65.8% *
Sex x x x x
Schooling * 43.7% 1.2% *
Civil status * * * *
Clinical

Years since diagnosis 100.0% 71.6% 12.6% 91.2%
Number of diagnoses 5.2% 7.0% 11.5% *
Allergic disease * * 31.9% *
Cardiovascular disease * * 8.8% *
Connective tissue disease * * 4.8% *
Diabetes * * 4.8% *
Rheumatoid arthritis * * 5.0% *
Fibromyalgia syndrome * * * *
Asthma * * * *
Inflammatory bowel disease * 9.2% 24.6% *
Parkinson's disease * * * *
Depression * * 3.6% *

1 diagnosis * * 6.3% *
Health status at baseline

Self-rated health 34.1% 7.4% 3.1% *
Pain * 62.9% 18.2% *
Self-management behaviors at baseline

Communication * 53.6% 50.8% *
Coping 37.9% 64.0% 26.8% 88.6%
Psychological health at baseline

Self-efficacy 58.8% * 43.7% *
Health distress * * 68.6% 100.0%
Anxiety 42.9% 8.2% 22.0% 27.8%
Depression 3.7% * 44.7% 6.8%
Others

Self-efficacy at 3 months 26.3% 100.0% 100.0% 2.9%
Number of absences 38.7% 9.2% 61.7% 8.8%
Perceived positive change 12.9% 7.9% 30.3% 22.6%
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Figure 4a.

Individual-level changes
over time in self-rated health
Range: 1-5

Lower scores are better.

All participants, n = 352
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Figure 4b.
Individual-level changes
over time in pain

Range: 0-10

Lower scores are better.

All participants, n = 361
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Figure 4c.

Individual-level changes over
time in communication with MDs
Range: 0-15

Higher scores are better.

All participants, n = 360
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Figure 4d.
Individual-level changes
over time in coping
Range: 0-30

Higher scores are better.

All participants, n = 359
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Participants with improvement, n = 108

o o
50 © 8 8 :
. g40- B
Flgl'll'.e 4e. £ 30 :
Individual-level changes < : .
. . . w n
over time in self-efficacy o 8 8 8 0
Range: 0-60
Higher scores are better. 0 | | |
0 6 12
Time (months)
Participants with decay, n = 52
60— o o
50 ° g
40 8
£ 30
All participants, n = 361 3 20
60 8 °
Q 8 10 °
50 o 8 o

2]
’l‘ 0 3 6 12
Lr‘ Time (months)

o

I

Self-efficacy
w
o
|

;
N
I
!

20
BT o
e o Participants with no change, n = 143
0 —
T T T T 607 .
o 8 8
0 3 e 9 12 5 o o
Time ( hs) 50 ’l‘
h g R
S
“(}—) 30 LIJ
8 20
8 8 8 8
104 8 o °
o) o
0 —
T T T T
0 3 6 12
Time (months)
Participants with deterioration, n = 58
60
(o)
50— e
3 40 §
(S}
£ 30
320 8
10 N S
(o) o
O —
T T T T
0 3 12

6
Time (months)

92



Participants with improvement, n = 115
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Figure 4¢.
Individual-level changes

over time in anxiety

Range: 0-21

Lower scores are better.
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Figure 4h.
Individual-level changes

over time in depression
Range: 0-21
Lower scores are better.

All participants, n = 361
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Deterioration No change Improvement Decay of Impact

Self-rated

health 17.3 24.1 32.1 26.4
Pain 11.9 69.3 11.9 6.9
Deterioration No change Improvement Decay of Impact
Communication 16.1 45.6 23.3 15.0
Coping | 7.5 49 23.7 19.8
Deterioration No change Improvement Decay of Impact
Self-efficacy 16.1 39.6 29.9 14.4
Anxiety 13.6 55.7 18.6 12.2
Depression 14.7 53.7 20.2 11.4
Health distress 8 455 31.7 14.9

Figure 5. Percentages of participants who had each of the four
patterns of change.
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Communication i e
Coping } — O OO
Self-efficacy H { O
Anxiety — |
Depression H —— OO OO
Health distress —— | O
0 | 20 “‘ 40 60 80 | 100

Decay of impact (as percent of full scale)

Figure 6a. Boxplots showing magnitudes of decay of impact as
percentages of each measure’s full-scale value.
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Self-rated health

Pain

Communication

Coping

Self-efficacy

Anxiety

Depression

Health distress

O
|
|
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| e
’7
N 0
— 0
\ \ \ \ \ |
0.50 1.0 1.5 2.0 3.0 3.5 4.0

Decay of impact (standardized effect size, SD units)

Figure 6b. Boxplots showing magnitudes of decay of impact as
standardized effect sizes. The smallest median standardized
effect size was 0.97 (for Coping). Standardized effect sizes

greater than 0.8 are considered to be “large.”
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Figure 7. Frequency distribution of the number of
outcomes with decay of impact.
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Figure 8a. Classification tree for self-rated health.
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ImproDecay

Node 0
Category % n

B Improvement 63.2 43
m Decay 36.8 25

Total 100.0 68

‘-—

[ =]
Age
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29 2
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Node S Node 6
Category % n Category % n
B |mprovement 0.0 0 H |mprovement 73.2 41
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N

Figure 8b. Classification tree for Pain
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ImproDecay
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Category % n
® |mprovement 60.9 84
® Decay 39.1 54
Total 100.0 138
PPC
Improvement=0.037
<= IL.SDO > IJ.SOD
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me ] e

Figure 8c. Classification tree for Communication
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Figure 8d. Classification tree for Coping
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Figure 8e. Classification tree for self-efficacy
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Figure 8f. Classification tree for Health distress.
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Figure 8¢g. Classification tree for anxiety.
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Figure 8h. Classification tree for depression.
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Appendix 2. Informed-consent form.
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Appendix 3. Baseline questionnaire

BIEESY ) 7YX N0 74

Y 55E

RRAARERZREZRMARH REMLS

-

.

CY Y Yolcik=geoRc®;H L 1)

CERPITALGENIEVELES, TRETBHAGDLESLEE,

RRRFREZREZZARE RBEREUEFHE
IV TR AY N OS5 AFHERRTF — A
B HEE Ko 2a)) - RBINEF (WhboIFND)
TEFE:03-5841—-3514
FAX: 03—-5684—6083
E XA —Jb : mjpark-tky@umin.ac.jp (Zftesk : B 10 B~17 B)

~

//

110

FHE




D7 T—FMIBEZWLEWTWSSHEDOBAR : & A H

(G HBEDZEICDNWTEI MBVLET]

(] otnT. 5TEESBOVEDLOEDHTEEN, () CHEGHCEEE LS,
1. BBEOER - ERERXTI LI,
B mft )

2. HBRIDHBEEHRZTIIEEZL,
1. BF 2. ZDfth ( )

3. DIEIEDEBRFEBEHATILEEN,

1. IV 2. PER 3. Bk 4. BHPIER 5. K
6. K 7. K#k 8. Fnh ( )

4. MAEDERRAEHZ TSLESN,
1. KR 2. BHERE 3. BUERIE 4. BEIE 5. 3ERI

5. Hlarkld. BHRBEEFLTIN, CRE - ERERBEDABEEASLS,

1. BEKRENDH S 2. 1BHEEREBEZ
ROR—SABEHL EE N
WMHEEICIIROEBEHYETM? (TRTICHEZLSEZW)

1. #ERR L -»HY 1. 18 2. 28 3. Z0 ( )
2. A LY
3. WKEHS I

EMHAEMEHEE AL -HY
4. ZODOMEKE L -dY (BWH%: )
5. &SR BL-dY 1.B0F 2.SE0E 3.Z0f (BEE: )
6. BER-I"WFHESE LZUL-HY 1.BEF 2.859% 3. 20 (B4 )
7. DA 7L -dY (% : )
8. ZLi¥—1¢e&&%

FOMOEREE ML -HY (i : )
9. 7hE—HRBEX

ZDMDEBESE L -HY (BHE: )
10. 1 ~9L%D

B &EE ZL-HY (W% : )

W (LIRS E DR TAEICAYETH,
(ERORENHHHIBBEVHGDOTHEEXLTEL) [ ]E[: ]7H

111



[E£RRAEERREICD NV T]
HIORERE, 2RI T, WHHBTTH, (BTEEZBESVEDO)

L ETHLN )
&0
. Bl
CRPEBHLLLIAN
. BbbLLAEN

4NN

[AEIRICD VT

CC1rBE. ROEXSICESYBELIEY LEZENEDS SWDSEETHY KL,

(ENENHTRESHESVLDICO)

7=¥%IC 1FEAE WoH
2<Bhok bHok B b o7 < Hok WobHo BHole

1) B ORREDOHEBETESLAD

i vingiy O+ ++ +1 + e+ e2cueeeldeeeidesssh

2) B DOFRROBRIREEZEZ D & O« ++ el w23 cde .5
H<BEBIEDBHoI

3) B DORFIREBEIANEILEITS IR O N T T S
DEFEOVEDLEERI ZENDHO

4) BADREREZEHESY . 1 , . , :

WoTWEWERLBZENHO =

112



CC 2BEDIREICDVNTOIDBNET,

1) CC2:BEDHBDEFDEEICDNT, TORTHTIIEIHRFVLEDICOEDIFTILEX,

0 1 2 3 4 5 6 7 8 9 10
EHIEL EHOTHAEVES

2) CC2BRDHEBIEDEYINOEEICDNT, TORTHTIIERIHFULEDICOEDIFTESE

LY,

0 1 2 3 4 5 6 7 8 9 10
BtiniL EhOHTMABENETIN

3)CC 2 BB EIDBHADEEICDNT, TORTHTRERRFVEDICOEDIFTIEEL,

0 1 2 3 4 5 6 7 8 9 10
BAHEL EDLOTHAEEH

113



LEE)CDIVT])

HEIZROESHE, - 1BRTAHABREL SWFOE LED,
(FDO1EBBNDHBY THEDS/ZELTH, DEDLTEEZZLTELN)
(FNFNHTITEBRESVEDICO)
L 30 PR/ E 30~60 /8 1~ 385[@/B 3 EFREILLE/B

1) ANV Y FELRH AL -2 O« »«+ - Te oo 2+ 0 v e 300 .. 4

2) OA—F2U O+« + « + T+« « . r 3. e 4

3) KikFEBTO/T7IIOYHA4X O- -+~ Tewoo e 2+ v e e 3. e - 4

4) B4 LUV H (TT7ANS L HED) 0« -+« - 1o+ o - 24+ - - 3. - 4

5) EDfDY L EFERL/ICA®RRESH 0 - - - - Te o oo 20 s v e CEEE 4

6) ZTOMDHEETES O« « « - - 1o oo .. 2. i .. - 4
(BFHIIC )

[FEIRANDXFLIZDINT]
SODVELAALEY ., BHPMORRIERSHDEE, HAREEFEDLD THLLTNETH,
(FhEFhdTIREBRESVLEDICO)

FEAE
2< LAY EFEICTE BaedTd £<T3 nWobT3 WoH¥3

1) NREERPSBNT, BHOED

—gﬁ'((g;fd:(,\t@;béc];5§§y)5 0 s s s s '| « s e . 2 . s e . 3 L 5

2) FRIGERELTEZSIC, BOVLED 0 : ’ 3. 4 5
BEELEEVSAMMBORELLTEZS

3) NMRIGERDO[ELEESDOTLHIC, 0 . ’ . 3. 4 5
BEORTT—ALZELEY, REFKSLVTS

4) MR EILHDBHRZEVS Y I RAESHD O« s 123 dgen.h

5) BABECPRIDLECBICWBLSBEBRE . ’ 3. 4 5
LY, BEICEMNDIAA—VEETD

6) MEBLAIMEICEZDLDICTS O+« 123 h

114



[BEDEFEICDINT]

MBS T, HEERIRODIEEZEDSSNWTEETH, (FNENHTIHEBES0EDI0)

MORES 7R W< S hEE Ry EE T&EHZN

1) BATEXENTEELIN? Q- « « « T e v v v 2. . ... 3
HObEHESRZ L REBITHED)

2) BE - EROBESTEETH? 0« -« - - Te oo 2. 3
3) WolEWITKBA>TWBRBIPI Y T%& O« « « « « I 2. . ... 3
OXETERNETN?
4) BATTEEAEES CENTEETH? 0« + = - - Te oo 20 e e 3
5) %K\, FFNTHSZEDTEETN? O« - - Toe oo 2+ - - 3
6) BEE(TKRICHDIKREEZIRS CENTEETM? O: -+ - Te oo 2 o0 oo 3
7) EODRITHADBTEETN? O« -+~ - Toe oo 2+ - - 3
8) HORUBUMNTEETN? 0« +« - - Te o oo 20 0. 3
(BEAFEICDNT]

CZZ 48[, RDEENETBE. EDOKSVDEENSHY ELED,
(FNZFNHTIIESDBE SV EDIC0)

e lamhofe YULbok Bebhol KL< BHo= WObboi

1) BREDOEBICE ST, ik - KA - BBED O + s+ ]+ s+ 220 ee:30...4
AEBEDAEADHIEFBICKEBNHYELLEDN?

2) REREDMREICK > T, BMERE/IFREIC A
XEBHYELEN?

3) BRLEDMEICL> T, RELKESHYELLN? O+ s+ ]+ s+ 220 ee:3c...4

4) REELOMEICL ST, ASPEMICHSDIC O« + + + ]+ ++ 22t ee3ceae.q
XEBHYELLED?

115



[EfTTEHEEICDIT]

BRST, HREPROIEERTTESABREDISVHY ETH.

(ENZTNHTRESHFVLDICO)

1) BRUICKBDEFBH-OTDH
PUENWZEERITTESHEIR
EDKSVWHYETM?

£<EEDSEL REICHENHS

2) RRUCKDEDRREPEADHO>TH
PYUREWILERTTTESABIR
EDILNWHYEITM?

< aESZL TECAENSHS

3) MRICKDBEHMIERBOIHO>TH
PYURWIEERTTEDAEBR
EDILNWHYEITM? |

0 1 2 3 4 5 6 7 8 9 10

< afEMNEN TECHENLHS

4) ZOMDEKRCREBMENH>TH
PUENWZEERITTESHEIR
EDLKSVWHYETM?

< BEMEL REICHENDD

5) EERICHODBERIEBPEDLDIC
HIEEFBEDRRERICVHER
TEIERLERITTEBHER
EDLS5WVWHYETM?

2< BEMNEL TEICAErHS

6) MRICLDEBEEENDEENHEDLDIC
IRELUADZ EHRITTZSHIEIR i
EDLLSWHYETM? 0 = b [ R 3

e<BaESZL TECAESHS

116



[ FDRELCAICDINT]

HIEFEDOANEICHTBIECHAICDVWTODPDBNET, ThENO0OHNLS5 10FETDS B,
HIEEORCAFZEZRDOBLSERLTNAEFOEDICOZEDIFTLEZL,

1) T3, BEEETERYT SR#PHEED
BRAEZERDIIHIENTED

8 9 10

E<HTRFESAN FBICLLSHTIRES

2) BEXECERT 2HEECHED
W< DM ESVERYVBALICET S, &

WWIBZD

6 7 8 9 10

2<HTRFESAN FEICELSHTIRES

3) WI. BEEBFTELCHSEHECHEZ
HELLYTFALLYTES

1 2 3 4 5 6 7 8 9 10

E<HTRFESAN FBICLLSHTIRES

4) thOBEERER.
EVLEBRESZTINS

9 10
FEBICLLSHTIIES

0 1 2 3 4 5 6 7 8

< HTIEESHZW

117



[.LDIKEE

[ZDLVT])

CC1BEOBEFDHFICTDNTODBNET,

HEEIFZZCTEBEDEDICRERLTVWETN, (FNEAHTIIEBZES 0 EDI1C0)

1. BELEY., SN Leobwdbhok ULV H > 1 cxEEHBL <ot
RUDBHFEYUTBHIEN 0+ = « « « = =« 1 ¢« « o o« o o & T 3
2. LHLELAECLE 2<ALEGH 1 DRYBS 1 PULEFH 1= BorIcBmmo I
STHELWEESZ &N O« « + « o o T o o o o o o 2 v e e e e 3
3. RICHBBLNIEN LeobwdHoT  UEUHZN LLHBH
BB 5ELTWBREND FEEICRICE S HEYKITHSHEN > KITELEMOE e<mhof
,I&llﬁ!igé*%j:&b\ 0 ....... '| ....... 2 ....... 3
4. %?@E?L\E?%'{TC‘J\ WDbHERALEITEL HARYTES PULESTERE < TERPOL
BBELEYTEHILD O« =+« =« 1 v o o v v e 2 e e 3
ZRIZES < FRNB,
5. DEESOISTEOIEN L&eobwdbHok= =U0EUH o 1= LEEEHHOE KEEICH-
O« « + ¢ o o 1 ¢ o o o o o 2 IS 3
) , EXe 3 Y rEICHI cxEEBoE LeobwIbhok
\C N
6' é’(j’/\.}d)ﬂt tb 0 ....... ‘I ....... 2 ....... 3
PRLTTES ELTWTES FEEICTES < TEID O
7. E[IC CKDBLTED
RICEST, <23<2¢Lh O+ = « + « « T ¢ o 0 v o v 2 v v e e e . 3
8. g%’&'_@”'{“édﬁlc BEAEVDbHoL  RUREUHoE  LEEEBOL 2<nmok
BRLOBILD O+ « « « « « & T ¢ o o v o o 2 e e e e 3
9. RETELENRNLD EXe Y Y LELEB UGB Liobwdbof
R EFOZEN 0+ = « « + « =« 1 ¢« ¢ o o o o & 2 ¢ e e e e e 3
. - Lk uEemoT LEIEEREERS>T  WOHERALLDIEC
10. Eﬁaﬁgﬁ EE. R=C B 2o e Wamst WasSEsbLARL  REESTUE
O+ = + « o o 1 ¢« o o o o o 2 2 U 3
11. Uo&lLTWvshnAaWNWEE LeobwddHolk EU0EUHo PLETH- <ok
BHEEMEWNWZEN O« + ¢« « « T ¢« ¢ o o o o & 2 ¢ e e e e e 3
» - WObHERL LIS E F LIgi& U bBISMIC
12. MIBERLAHICLT EFH7% BMS R Srmo BorEpok
JFooLm O« = + « o o 1 ¢ o o o o o IS 3
13. R BEOBWVEMHE  Lioswisor U EUB 1 LULEFB 1 < Mok
(N zZ9h) ITBEDNBEMN 0« + o o o o = T v o v oo 2 e e e 3
FEAEDDIIC
14. BAWEKY, SOAFELEF EUREUTER LEEETER rEEICTER TEhpok
TUEBHERELDGZEN
0 ....... ‘| ....... 2 ....... 3

118



[EELDEDLYICDNT]

1. HEEDEMEZZTIE, ROZEEZEDLSLWVTOVWETH, (FnznsTliEsE20E2120)

FEAE
E<LAN  LFICTS BedsH  Kk<TEH LDOHT3E WoHdD

1) EMICEBLAEVWZEDURME

ﬁq%j'é 0 s s s s ‘| « s s s 2 « s s s 3 s s s = 4 s s s = 5
2) BEICDVWTHUEWI EY
HRETETWVENWILEZEHNTS 0 ! 2 3 4 5
3) WRICTH DD B HAEFDEANLEE
ICDWTELED B ! 2 3 4 5
2. CC6 s BRBIT. HaEABEMEZZLELEDN, C] =]

(AR DOEMDEZ Y. HBIARADREZIRL)

3. 2264 AMT. HIARKSAREFBLELED, L @
4. 2264 AMT. HlrZAEARLELED, @
264 AMT. HEEITEARLELED, S

(RRETBI LIERDOBELALTSLEEW)

119



4&_:) EEES_C\

BRim. WmE. BIE. BiEME.
BER&E. BHUVOTF, FLIF—EEL
TFhE— MK BHBLEBEEADAK
SPBVET

(&K= D7)

1. REBERDPDHS

|

HbAlc ( %)
ZEREREIAE (

(2 DA]

mg./dl)

[BREDOHI=DERAICDINT]

HIZF=DIEIR®. 23 vARADKREHRZRICDNT
EZELXABVWEET, ROERBICBEEAT U,

2. BBEZZIFTOEWL DhH S

(=R : A B)
(#%R8 : A B)

@ E—szo—#HELTHNETH?

1. EEAMICHELTS

2. AlEL TN

O BEOFIEEEZFEBEELLERS L

1. & 2.

E{E{CIV

3. B

@ CZn1BEET. RELODVELREEORERIHY ELEN?

T. [0 (REOEE : [, 38) 2.

Wz

® ZO1BEETRETCENGZVARZHYELEN?

1. (30 (BBhAaho7=B%:

(ElEDA]

meE ( /

(SEEMAED ]

1. RBEBERDBHS

WaLx57FO—Jb (T-cho) (

HDLa L X57A—-Jb (
LDLaVvRFA—-Jb (
PERERS (TG) (

mmHg)

B i8) 2. Wz

(®=EA : A B)

2. BEEZIFTTOEW DH SN

mg./dl)
mg./dl)
mg./dl)
mg./dl) (#z=A : A g)

120



(BR&ED7T]

1. #ﬁﬁ?ﬁ%b‘%% 2. BEEZ(FTTWEW DS
m;x (ESR) ( mm) (&R : A H)
[BHERY D F DA

@ ZHATHALLEE.
5 THUCEBERIVDHYVEIN? BUBEHOHK il

® Imit - CRP ORZE@ICDNT

1. REGBRENHS 2. BBEZIFTWEL DH SR
m;x (ESR) ( mm)
CRP ( mg/dl) (#=B : A H)

(T LI F-ERRDF]

CD1BEET, AESSWVER (KUedk Rk BDEY) BHELEN?
1 BZFa] - F&ChIF. 1BRA 14EDS5. ERPHARBELEEA TS

corame e

(7 FE-MRERDF]

@ Zo1BEET. 1BHEYVFHLTARS SWARHERLCELLH?

1 B¥EH [::]@

@ EREFL2EOEDOBMATIN? HTIEFEZHDICOEDIFTILEL,
H-E-E-R-ER-EFR-BLY -F-Fi-B-00- -0

—FTRTODFICO BNV ET—
REDHEDTFTR. BEDLEDIC
LBIFTNBSZEITDNT
CHHICEEEL S

121



BFYUTIVRRBZEB DA BLUTOERICEEZAS LS

EZH HREEDEZTIE, UTITRTEOLBERKICEATSZENSD,
HIEEICE>TEDLS SVHEREICA>TOWETM?
FhEFNOEBERICDVT, RHBHTREFEZIZEDESICOEDIFTLSEXW,

BIZ L,

HHEMEADSHEICEST, LETHELS, HTREST, ALK > TOEITNIE,
“17 ICOZDIFTTFE, BLEDZLETREVWAABMATESNNIE, “57 COELTTFELN,
ZTNTNOERBICDONWT, 1 55D 5 BEDFMNSBESTHEATI LS,

HRAIRTOEEWERTHFICOEDIITHVET D, b5 —EIHIATEV

—_

BN OERFEOBEE (REEEA.

. . s - hTE>TENIE IZFDZET
EHEE. RAE. 4R ViES. @<ﬁ%fmau KA TIND
HEmMEANESZLE) OVT, I N T R R 5
[Fo%= Y& LB EESEN
ITE>TENIE IFDZ LT
2. BOOERBEDREENSNRICADS E<HETRERAZL AZEMRATNS
‘| .................... 5
.~ Z TENnlT FZFDZ&ET
3. BRAAREANSEETO L AN oy
EEXBLIDID L e e e D e B e 5
4. FERBORECEELT,
o [z T 3 FZFDZET
BYDAEEH S REREENE AN Ry
SHOND BIRIE. tALBEEIC S A 5
AEBRBNEMERT B1E)
. . FhITE->TENIX FhIZFDZET
5. RAYPREOELHEEDNL S<mETRAEN REHiA T B
LBLS T R 5
6. BREEREOMSESTUKCLE  Acmacipa Ao
EEZBHLEWOODICES T S S BT 5
. AICE > TENIE LMIZFDZET
7. BHDEACBEHTERRAE pT ARG R mA oD
BRLTOBDE S DERDSAED T T S A 5
FITE->TENIX FhIZFDZET
8. ERAEICITbOHENELSCBELE  E<HETELL ARBATINS
‘| .................... 5
FhTE>TENIE FIZFDZET
9. [EMELSLETH S 2<BBETITAZN REMRATNDS
'| .................... 5
.~ [z T 3 IZDZET
10. BREEBEANSES TN CEE o BRoGas et
EZ2BLENUID N . T 5
#AI:J:S'C%#’H?.* ﬂx[i‘?‘;@:c‘:_é
11. DRICERYPASESSICAD E<HEETREAN RERATNSD
‘| .................... 5

122



12, BROZEPEOAELLS T T AR et
DHLNAENS ENLERTH D L
‘| . . 2 ..... 3 ..... 4 ..... 5
~ [: : o)
13. BRAEEELTN ZEND ST AN A
BERLcLE, FRBEPARERLD T o ¢ o o« o v SRR 2 S SRR, PP 5
. _ IcEoTENIL IEZDZET
14. BADERBCTHDI L% g<ra%m¢r;u REMATNDS
ZIFANTOAZN 1 ¢ & o o s 2 v e Y 5
- IcEoTENIL IETZDZET
15. ﬁ?ﬁfﬁ’&&f%b?‘(t\élﬁ% é’<FﬂE]iEZET(ifJL\ j(&“‘li:‘.(i/u'(t\é
I L TARENDH S 1 ¢ v o o 2 v e LI I 5
16. EREDEDIC.
pai , X . lcEsTZNIE mrzDoET
BH%< @*%WB'JIZ)L:F—‘\}’ 2 < EETIRAN KEWATND
AENIXLF—HEDATNS D P B g :
EBS
HIcE-TZNIL IEZzDZET
17. BREOEVNTOEYE>BELES> E<HETRAL RERATNS
1 « o+ o 2 ¢ .. - ST 5
18. BANERREBEDEDIC FWCE>TENIZ IIFDZET
TBHLTNS S &ICH LT, 2<HETIIEN KERATIND
Ekxb%%ﬁﬁ(imjjﬂ']ffd:“t@bé ‘| ..... 2 ..... 3 .......... 5
19, BANSE>TOBRRBROAMELS SR s
AL TN S EPBLNEBLD Peee e 2. S g 5
20. BERFEEERTRE0IC hCE->TENI IEDZET
BHLOOFT. < EETIE AN REMKATNS
ﬁhi”siﬁé‘fbiof: ‘| ..... 2 ..... 3 .......... 5

2. BBEOSR - HE. BRFIE> TAFEOD, BLUMRROREHI T LI

cm kg

YERIRICIR> T

FERRFEDE (HTIEEZHDICO)

MAZEERM

123




DETERREDYTY, CHADUBESTSNELE,
BFHUTIN, 35— EBEETNDSROMNTHREBEOLET,
RECCOMRRBEICHTZIER - CRELEHVELELS, THARIRBEESLESL,

~

124



Appendix 4. 3-month questionnaire

/

(T Y Fk=gshed T T 1)

CHEPIFBALRESNITNELLES, TRETEMEDLELEZ,

REREREREZRMAE REHSZHE
VTR A 7O S LAFERART —A
B HME (KO0 a)) BIEF (hbITNI)
®WE:03-5841-3514

FAX: 03-5684—6083
E A—JL : mjpark-tky@umin.ac.jp (S4EM : 8 1085~17 B5)

BIESL), IYRYAY NTOYS L B5a3E 0 |

D

125



D—02ay7ORBHLS3 s ABEBLELE, COT T — TR,

BATLSEZW,

1)

2)

3)

&R : & A B
[ EEEREICDINT]
HIETEODREREILX, 2BRNVICR T, WhNTTh.
(RHbEL<HTREHIES 0&EDIC0)
/2.&T%$M \\
2. &u
3. ¥@
4. PREHDHLLLAIZN
5. BbbLL AW
\ J
[FEIR (D VT
ZC1n2BB. ROESICBoLEVRUAVYLEZEBEDLSSVDIEETHY F LD,
(ZhEFNhEHLLSDBDTREESRES 0&0120)
e<ho= E=ZEIC Bebhol &<bof FEAE WoH
Hore WobdH-> Hore
e
BYORELTOMETELADL
C&Z)‘J’DDK’: 0....‘]....2 .3. 4 .5
HODERDBEREEEZ25 & Orversleer2 "3 4 "9
WM< B Enbo=
BOORBRKREIIAEICEITS O+ =1+ :2 -3 4 -5
LDEEBEOVEDELBS CENDH =
BoORBRRERHFLEBYIC 0« 1.2 -3 4 -5

4)

HEFEOBREDRKEICDINT

WoTWEWERLBZESH-

126



CC2BRDOREICDVWTODIMBVET,

1) CC2BMDHEIDEFOEEICDONT, TORTHTRESRFVLEDICOEDIIT
<EXW,

0 1 2 3 4 5 6 7 8 9 10
BEEEL EDOLOTHAHVES

2) CC 2B EEDBENNOEREICDODVNT., TORTHTREZHEFOLDOICOEDIF

TLEZ WL,

0o 1 2 3 4 5 6 7 8 9 10
BYinizL EhHTMAENEUN

3) CC2BAMDHIBRIEDBHDEEICDNT, TORTHTREIBEFVEDICOEDHT

0 1 2 3 4 5 6 7 8 9 10
RH1EL EDLOTHAE VEH

127



[EFICDL\T]
HEERIROEHE, CC 1 BARNTAHARBASVFOVELED, 20 1 BEABVD S

BYTEMEELTH, DEDLTBEEAT N,
(FNEFNEBELLHTIEREZES 0&2I1C0)

L 309K/  30~604/B 1~3KfE/E 3 RKRELILE/GE

1) AbVyFELEIGHFHANV—-=5 0 - - Te oo v 2 - s st RICEENERE 4
2) Ur—F2F HFERE)-PaF¥Fry 0 - - - T+ oo 2 v e 30 4
3) KKEEIIKBPTOES O+« - T o v e 2+ 0 e 30 4
4) Y4 o)y (z7aONnN42bEE) 0 - - - - 1o v v 2. ... - 4
5) VDV’EEFHL/TCEEJ O« « « « =« 1+« « « & 2 0 e 3. e - 4
6) %@f@@ﬁy’ O« « « - =« 1+« « « 2 0 e 3 e - 4
(B&EMIC )
[FEIRAND XD VT]
[MELRAALTEY., BHOMOFRRBEKRSHDEE, HREBEDLDIICHALT
WETh, (EhThEBLLSHTIRESIEES 0EDI1C0)
2< LA KEFICT BaT FELE W2 b7
3} 3 3 K<T3 nWob73 )
1) zsz;ﬁﬁb\‘sﬁﬁh_c\ E‘ﬁ‘@ﬁi@ 0 « s s = 1 « s = @ 2 « s s 3 s s = = 4 « s s @
—BTRAEVWERLS L5885 5
2) AREERELTEZTIC, BN E
» O+ ¢+ s 1 « o s 82 ¢ s o 03 s 0 g s o
BMBELLOVSAMMBOBEEL LTEX 5
%
3) ARAERDPOGREEESDbTASDIC, O vt T r 20034
BOFTr—L2LEY, REZ-LUT 5
0 1 -2 3 4
4) BAZLICHDEFHRAZYSYIREHED 5
5) BABECHMDECBICNBE g, O - nr s T2 m s 2 s s 3 e e n e
LY., BEICEDPNBAA—-DEETD 5
0 1 c 2 - 3 4
6) MEEZRRAESICEZXSLOICTS 5

128



[BEDEEIZCDINT]

REEST, HIEEEFIRDODZIEEEDLSSWNWTEETH, (FNEFNHTIHEBBE=S0EDIC0)

AOEEE /LN W< ShEE NE Y R T&EHZN
1) B TEXENTEXTN? O« + « + - Te oo 2. i 3
#HobEERZE, KYVBITHED)

2) BE - BEROBENTEETHN? O+« « -« Te oo o 2u e .. 3
3) WoEWICKBA>TNSRBIPIY T% Q-+« « » 1o oo 2. e 3
AL TERETH?
4) BATFHEMEES ZENTEXTM? O+« - - Te oo 2 s 0o 3
5) 2%k, SANTHSZENTEEIMN? O« - - Te o oo 2+ 0 e 3
6) BEXITRICHAKREER I CEMTEXRIHN? O« -+ Teoo o 20 v e 3
7) RODRITEHADBTEETM? O+« o« Te oo oo 2t ... 3
8) BNRYBYUNTEETM? O« « - - Te o oo 20 e e e 3
(B#4ECOVT)

CCABE. ROFBHETDHE. EOKSVDXENHY ELED.

(ENENHTREBZESVLEDICO)

e<aPok PLbolk BebHok L<bok LWObHOL

1) RELOMBECL ST, R - KA - EBO O v e ale i3 a
AEB ED S ADRREEICERAH Y E LI ?

2) BEREOMEICK > T, BERELIFREIC U
XEPHYELLEN?

3) RELOMBECL>T, RECEBHHYELED? Q. v v cle e e udens.3ee. 4

4) BELOMEICK> T, ABPEMICHZDIC VR - T |
XEBHYELLED?

129



[EFTTEHHEICDOINT]
BEBAT, HHEESRODZLERTTEZHEREDLSSVHY ETH,
(ZhZhBbHE<HTREBZRFVLEDICO)

1) MRICEBBRFEBHO>TH
PUEWCLEZRTTTESHER
EDSSVHBYETH?

0 1 2 3 4 5 6 7 8 9 10

2<BESEN REICEENSHS

2) MERARLLBEDFREPHEADH>TDH
PUEWZ EZRITTESRER
EDKSVWHBYETHM?

0 1 2 3 4 5 6 7 8 9 10

2< BEHSEN TEICBRESHD

3) MERIKLSBHNER/OSHLTH
PUREWIELEZRTTTESABR
EDSSVHBYETH?

0 1 2 3 4 5 6 7 8 9 10

< AESEN TEICBENDHS

4) TDMOERPREAESNH>TH
PUELEWILEZRTTTESHER
EDSSVHBYETH?

0 1 2 3 4 5 6 7 8 9 10

2< BESEN RBICAENDS

5) EEICHrHZEEMSES LD IC
HEEFEBEBDREEEICHER
TEIFELRLERITTESHER
EDLSSVWHYETM?

0 1 2 3 4 5 6 7 8 9 10

2< BfEN RN TEICBRELDHD

6) MAICLSAELEBTNDORENESILSIC
RELADZEHBRITTESHER
EDSSVHBYETH?

0 1 2 3 4 5 6 7 8 9 10

2<BfESRN TEICAENDHS

130



[EFDORRLAICDINT]

HIERTEDOANEICHTBRELAICDODVNTODHBNET, TENENONLS 10 FEFTDS L,
HIEEDBRUAZRHBISKEKXLTLWBEZVLEDICOEDIFTSEZL,

1) (3. BRAEETEERT SERBCHEED
BRAFEERDIIBENTES

0 1 2 3 4 5 6 7 8 9 10

2<HTRFESHEN FEICELSHTIIES

2) BHEAETERY 2R CEED
W<OPEEAESVRVBTICET S, &
WIBZD

0 1 2 3 4 5 6 7 8 9 10

E<HTRESZND HBICLIHTRES

3) T, BEEEFETELCS R PHEE
BBLLEUFALEYTES

0 1 2 3 4 5 6 7 8 9 10

E<HTRESZN FBICLIHTRES

4) ThDBEEEEL.
EUVLEEREEEATIND

0 1 2 3 4 5 6 7 8 9 10

E<HTRESZN FBICLSHTRES

131



[LDIKEICDVT]

CCIBREOBBIEDIHEFICOVNTOIMDPNVNET, HAZBCZTHEBEDLSIC

BRLTULWETH, (ENEFIhBHE<HTIIEZES 0 LDIC0)
1) RERLEY, SR/LEHS Leobwdbok AUEUB-E LElEbok RLAMOE
R‘RUDHEVUTBRZED 0 - =+ - « = 1 = « =« « =« « & 2« e e 3
2) b LBEBLAECEE 2<RALCEGFH-E »RERUBSE YLETBo/= DokIKEDPoE
STHELWEESZ LR O+ = ¢ « + o o & T & o o« o o o & 2 ¢« s 40 e 3
3) BECHBBLWI LM LeobwdH>T ULUBHBH PLHBM
B354 LT3 EWNS FRICRICA>LE BIEVKKASHL L RICASAM>LE £<AMIOEL
RimBEZOoLEN O+ « = » « o =« T o o o o o o & 2 e e a0 e 3
4) MEOEAVEZERSLY. opeALrdTErdRYTEL SLETTER 2<TERDOL
BRLEYTHI LN QO+ *» *» o & & o« 1 « o« o o & o &« 2 ¢ e v e e 3

5) LEBEBLICELRIEN

ZThEES IO,
EVOEUH- - LEalEdhok

0« = = « = =« 1 « o o o o o« 2 v i e e 3
X <ok Bk LELEBoT Liobwdbok
6) EFLDRN LM 0 R 2. ea
, . pESTTER EWTWTERE  fElCTEE < TEADL
7) RCBOT, <23 LM 0, A AR Iy
8) HFEZRBIITLAHLSIC BLAEWDbBoE  RUEUBoE  LELEBOE  L<ABbHoKk
BLB & 0« v n o v e T o oo e P 3
9) RETELEMINE D1 <ok LEEEHOS ULEUBoI Liobodhok
BB EROED QO+ = = = - = 1 = = = = =« = & 2« e e e e 3
= itk vEzsR-oT HEIFLERISZE->T WVWIOIHERALELSIC
82(55*‘7’53‘ B RELC giugs<sor nabor WEDoEPSUNEL SEES TOE
= ©coooooc 1 ooooooac D ocoooo0oc 3
11) Lol LTWBAENEE Liobwdhot kULUSoE PLEGH K e<amor
EHEEMIWNWZED QO+ +* = = = - = 1 = = = = =« o & 2« e e s e 3
_ WobERL LURNIE & 13 LIE& Y B S MBI
12) MEERLAICLT 2E® o Biro 7o PNy Borldo
mocen 0 cooooo0oc 1 ooooo0a0c Do oooooc 3
13) £R. ﬂﬁa@ﬁb\?&ﬁ&}i LeobwdBok  EUEUSHOE DPULEFHoE @<Lk
(Nz2y9)) CEEDNB &M O+ » « « + + = 1 ¢ ¢ o o o o 2 v e e e 3
14) AAWEY, SSFELEL . BEmEDSTIC
— & — > N N N — N \-: N r~ —
e R e 7‘-0‘7‘-;}‘(‘%7‘- agaa]vaf %l -carz <& msor;

132



[EEEDBEDYICDONTI]
1. BEB/PEMERZLTEIE. ROZLEZEDISVTTOERT D,
(FNENBLE<BTRESEZVLEDKO)

FEAE Wob
£2< LA FEICTE B4ATD £<753% Wobd3d 73

1) EMICEEALAEVWZEDUR

FERABT3 O+« « +1 « + s 22 ¢ e8¢ eds-445
2) BECDODVWTHYAENI LD

BRTETVAVWCLEER O+ ++ e + oo a0ttt a8 asedesess

5 )

3) BMRICHLDZHREDODEA
MAMEICOVWTELES O+ ++1+-+=2-+:+3-+--4----5

2. CC64AMT, B NEEMEZZLELLD,

(ARFOEMOEIRZY. BEAXADREIIEKRL)

3. CC 645 AMT. HALEFMEKINRZFNALE LD,

4. CC64ART, HEEFMAEABRLE LN,

CC 647 AMT. HAIIEF. FAARLELLD.
(RRETBILEROBERALTILEEN)

J udu

iH

133



[(D—402ayvTE2EELT]
A D=0y TR IFEEEDB DAL ELEDEFVESZLEICEALT, BEIELET,
1) BIEoFEERBEDHDDALXLEDEFVICODVWTEMN>AZSRBFHYELENM? (BEVEDIZO)
mihof= bLboik BBWIH-o /=

<2 3&EBBZDAN> BHEMICIIEABREATLEN?

2) B2 1REED DAL EDEFVICDWTABE >7=SHEFHVELEN? (FESVEDICO)
o7 bLdbof= BEWCTHo7=

<2:3LEBEADAAN> BHHICEREABRTLEN?

B. 9—023y7ICE8MIBLEBLT, HRERIRORTED LI BEMRD
HYELEDL? (HTREZESVLDIICO)

_ st 1o EEERENZE TEEEER EEEHENKE
1) SPFLEHEITE- 2KBENEME BoShADSE WAL Bo5nr BsLWCBLOHE
ENWDRER 0« « « = » » T e o o v o 20 e e e 3o e 4
2) LLEDTLLY, EBEHENZIE  EBESHED EBEHEVNZIE
WE A< TRN S<BONENo  BENEMOE WA Bohi BBLCBLNhE
t(‘\5!§g:\éﬁ‘(i o ------ 1 ------ 2 ------ 3 ------ 4
EsomEnziE  EBSED EBEHEVNZIE
3) ADBIFICASTNS  e<@onuror  @bhammor WAL @onr BBLICELNE
EWSRER O+ + o o o = To o o v o 20 e e e Ze e e e 4
4) MEEHHIEESEIC EEohENzIE  EBHED EsomEnzid
St S5ND o 7= o 7= WZ AR Wz = Wz
EWVWSHRRE(T QO+ = ¢« o o & 1« ¢« « ¢« o & 2 e s e IR R 4
5) TEhvo kY EESMEVNRIE  EBBED EESMHEVRIE
< = = 2L 5k ko= VALY A oY NZ ARG o= Ko7
TE52&IC
E?b‘lﬁl< ;5‘: 0 ------ 1 ------ 2 ------ 3 ------ 4
- EEERENZETTEEELER EBEEHENKE
6) fREIEHE >l & S<ELNGED-E  BShEHoE Wamh ‘sonr ‘|ons
CLBLEEE 0« -« - « - 1« - 2 e e e R 4
EBESMENRIE EBESMENRIE
EWVARIC E\VAMIC EB5Ld RUOAREIC BRUOWARIC
7) [AEICEVLTDH E2BEDICHo ERBLIICHoE  WARL  ExBESCHo EzxBLSIhHo
O+ » + = = =« 1« « =« « « & 2 « « 4o 30 0 0. 4

8) FDITMIC, '7—073v7’(:5§h
FETEREPEL

BEMIC

134



aR—Y HMEST.

Wikim., w2, SMmME. SEME.
RBER®E. BHUVOIF, FUIF—tE8A
ThE—M4RER BHDIEBEZADAHK
SOBNET

(FEPRAEDF]

1. REERDDH D

|

HbAlc ( %)
ZERERSIIAE (

(M2 DA]

mg/dl)

[IREDOHE=DEFICDINT]

HIET=DEKR®, 23 vBROKREHZERICDNT
EZEULZXZLHVWEET, ROEBICBEZLTIL,

2. BEBEEZ(FTWVEO DhH S0

(=R : R H)
(#%E\ : A A)

@D E—ooOo—#ZAFELTHVETM?

1. EHEIMISHELTINS

2. AIE LTV

O BEROFIEEFEBEELENS L

1. &b 2.

EJEIEIV

3. Bl

@ Zn1EET. RELOPVLELEBEORFERIHYELEN?

T. (30 (REDOEE : B 38) 2.

WVZ

® ZO1EMTRETENGVEEIHYELEN?

1. (ZW (Bhiah->7/=B% :

(EMEDH]

meE ( /

(EREMAE D7)

1. REBERDPH S

WaLx7Fa—Jb (T-cho) (

HDLalLRFOo-—Jb (
LDLabVR7FO-—J)b (
FERERS (TG) (

mmHg)

B i#) 2. LWWhWZ

(1REB : A H)

. BEESITTOAEN DS

mg.”dl)
mg.”dl)
mg./dl)
mg./dl) (=8 : B A)

135



[BRFEDA]

1. REZERLH S 2. BREZZ(FTWEN DhHSIN
m:k (ESR) ( mm) (=R : A H)
[BEERY O FDA]

@ ZHEATHALELE.
25 TRUBEHEIOV<SDHYETH? BUBEDE o PR

@ Ik - CRP DBREEIZDINT

1. REZFRILH S 2. BEEZZ(FTOEW " DhH S
mmik (ESR) ( mm)
CRP ( mg/dl) (=R : )= H)

(7 LI F—HRRDF]

CO1EET. MEIKSWMER (KLedk - 8K BDFEY) BHELEM?
1BZF8 - FRICOI, 1 BES 14BN L., ERSEALERZEZEEATS0

(7 FE—ERERDT]

@ ZO1BEET. 1BHEYFHLTAR SWHPRHERELE LLH?

1 B C]IEI

@ ERBLBOEDOBMATIN? HTREZHDICOZDIFTILEL,
F-EHE-BE-W-ERH-FP-BLY-F-F-EB-00-0&

—IRTOARIDPBVET —
RIEDEFEDHEF L. BEROHIC
LBIFTNSZEICDONT
SHBEICEFEE LT

136



BEFUTINERRESHELEOA BLUTOHERICEEALSLEN

BZAH HEEOZZTIE, UTICRTESEERKICEAT S ENS,
BIEFEICE>TEDLL SVWHEEBICAE>TWET M ?
FNFNOEMIERICDNT, BYUTEEIEDBESICOEDIFTLEZW,

Bz IE,

HHEMBEENHAZICEST, LETHERLS, HTRIEST. HEICAZ> TOERITNIE,
“17 ICOZEDIFTTEN, BLEDZETEWANABATESNNIE, “57 [COZLTTE,
ENTNOEBICDONT, 1 550 5 BEDHHSBFTTREATLEZ,

BHRAIRTOESWERTHFICOZDIFITHYETHN, BO—EIHRTZW

—_

BS OREKEDARE (REEEA.

. ; o = HicE-TENR Mz ET
EEEE RBE. AR ViEH. T REWATNS
HEmMEAERZE) [COWT, N I T S 5
[Eo& Y L LAEEFHNGEEDNZO
fhlceoTENI hEzDZET
2. BN OERBORBEESVRICES 2<HATERN RZEMATND
‘I .................... 5
- L& > TENIE LEZDNZ T
3. MRRERBRMSEETNCCL T AN R
EEZBEZDLAD T S S S TP 5
4. PWERBOBEICEEL T,

o L& > TENIE L EDZ T
BYDABEhEAEREERENE ;< angjg—c«(;,rf;(,\ ;g'r&i/u’ﬂ\é
SE5NB BIZIE tABHEEIC ST 5
AEBRBZRENMERTBKE)

« " fhceoTENR iz eT

5. BRYIPEREBEOELAZEEDNE 2 < BETIEARLY KEWATNG
LRLS T S S S TP 5

6. MRFERBANSEETNCCE  org2linB s
EEADLWI5DICED T S N TS T 5

« LI &> TENIE LZZDZ T

7. BAORACBIENERR LA Y
BfRL TN LS DHRD SR T S S S SRR 5

AIcE > TN WEZDET

8. MRBICITbDOENLDCRELE  E<HETIZL REMATNS
T ¢ o o o 002 v o o v v 3 0 o o s e dosoe e 5

flcEoTENI iz ET

9. ENENSLETSHS < BETEZN KERATND
T ¢ o o v o2 v v o v 03 e v 0 s e doe e e 5

- L& > TENIE L EDZ T

10. BRFEBBLALEETIIEE B o oy
EZBLEMILD T S N TP T 5

fhlceoTENI Mz ET

11. DRICERYPEIENSSICHED 2< BETEAR AREMATINS
’I ..... 2 ..... 3 ..... 4 ..... 5

137



CELTENR

IIEDZLT

12. 1@5’5@:&‘\55(«\'31#52(:@’5 %<F=-EI§E’C(¢7&L\ k’g’lﬁi/uft\é
DHLNGENIZ EBLETHD 1 « o o o a2 v v o o 3o e e 4+ 0 0o 5
. ICEoTENI FZDNZET
13. BRREBEELTVZENS 2<ﬁévmuu i%ﬁh?“é
BRERLLE, FEROTRERLD 1 o v o v 2 e e LI 5
. _ IcE>TENIL MIZEDZET
14, BADERKRCTHEDLE £ <BETIEEL KEMATND
RIFANTOEN 1+ 0 v v I LI R 5
15. BREEBTH 5> TNBES SN A TS
IS L TR BB 1o e e, PR G e e 5
16. MBREDEDHIC,

o s fhicE>TEN hFEDOZET
BASOBABTRILF—P S<METEBL REBATNS
AGHIRILF—BEDITNS 1 « ¢« « o & 2 ¢ e .. < T T B 5
EBS

icE>TENE MFZEDZET

17. EREOEVTOEYF>bEEE>  2XHETERD REMATNG
‘| ..... 2 ..... 3 .......... 5

18. BNDERAEEDEDIC hicE o TENIG hEEDNZ LT

BAHLTNS &L, 2<BETIEAEN AERATIND
EARKREIZGAUTHRNERL S 1T ¢ o o o @ 2 e e e I SR R R R A R R I 5

19. BANSEoTOARMRBOAMEL o apcen B rcos
LU TS S ENBLNEBLS P 2. IR A 5

20. BRFREEERT B0 FhICE o TENIG WEEDZET

BHLDDHT. S<METEAL AEMATND
ﬁnwigg—cbijr: ‘] ..... 2 ..... 3 ..... 4 ..... 5

2. HRIEDODEER - BE, BERKICIE> TRFEDD., BLUOBERBEORERZ TILEL

FEPRIBICIR > T PERBDE (HTIREZHDICO) MRZERAME

cm kg

(BE&mIC

138




LIETERBEIRDLYUTYT, CHADUDNESTINELE,
BFHTTN., b5 —EBEETNHSRWHOTHREZEEVLET,
BEICCOMERAEBICHTEZICER - CREAEHYELAES, CHHICBEZEL S,

139



Appendix 5: Caution regarding interpretation of improvement and
deterioration

Differences between the deterioration subgroup and the improvement
subgroup should be interpreted only with extreme caution, because of the
possibility of regression to the mean. This can be seen in the findings
regarding anxiety. As shown in Figure 4g, the median anxiety scores in the
improvement subgroup at baseline were clearly higher than those in the
deterioration subgroup at the same time. That is, many participants with high
anxiety scores at baseline had lower scores at subsequent times, and many
participants with low anxiety scores at baseline had higher scores at

subsequent times, which indicates some regression to the mean.
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Appendix 6. Diagnoses designated as "other" in Table 3.

Diagnosis

Number of patients

adrenal insufficiency

amblyopia

amyotrophic lateral sclerosis

anemia

ankylosing spondylitis
antiphospholipid antibody syndrome
aphasia

aplastic anemia

balance disorder

benign paroxysmal positional vertigo
biliary sludge

bipolar disorder type II

central retinal vein occlustion
cerebellar infarction

cervical disc hernia
cervico-omo-brachial syndrome
chromosomal abnormality

chronic glomerulonephritis

chronic hepatitis

chronic nephritis

chronic pancreatitis

chronic pharyngitis

chronic thyroiditis

complex regional pain syndrome
congenital male infertility
conjunctivitis

dry eyes

dysuria

endometriosis

esophageal achalasia

glaucoma

Graves’ disease

growth hormone deficiency dwarfism
Hashimoto’s disease

hemophilia A

hepatitis

hepatitis C

hyperthyroidism

hypopituitarism.

hypothyroidism

idiopathic avascular necrosis of the femoral hec
idiopathic small bowel dysfunction
idiopathic thrombocytopenic purpura
IgA nephropathy
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Appendix 6. (continued) Diagnoses designated as "other" in Table 3.

Diagnosis

Number of patients

Klinefelter’s syndrome

left ear hearing loss
low-back pain

lower limb disuse syndrome
lumbar vertebrae herniated disk
macroamylasemia

migraine

Minamata disease

multiple sclerosis
myasthenia gravis
neurofibromatosis
neurogenic bladder

obesity

ossification of posterior longitudinal ligament
ossification of the yellow ligament
osteoarthritis

osteoporosis

panic disorder

pemphigus

perceptive deafness

periodontal disease
polychondritis

post-nephrectomy

post-traumatic stress disorder
primary biliary cirrhosis

prostatic hypertrophy
pyelonephritis

rectal dysfunction

renal failure

retinal occult macular dystrophy
retinitis pigmentosa

retinopathy

Russell-Silver syndrome

sarcoidosis

schizophrenia

sciatica

sensitivity to cold

sinusitis

social anxiety disorder
spinal canal stenosis
spinocerebellar degeneration
subacute myelo-optico-neuropathy
sudden deafness
temporomandibular disorder
terminal ileitis
thrombocytosis

tinnitus

uterine fibroid

visual field disturbance
visual impairment

—_
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Appendix 7. There are various methods for growing classification trees. Table 7 and Figure 8
show the results for the method called CRT. The “unbiased” method called QUEST was also
used. For 4 of the 8 outcomes QUEST gave worse predictions than CRT, and for the other 4

outcomes QUEST gave no predictions at all, as shown in the Table below.

Self-rated health

Growing method CRT QUEST (p =0.32)
Number of nodes >1 >1
Misclassification risk 0.252 +0.03 0.374 +0.03
% correctly predicted to have decay 71.0% 45.2%
Area under the ROC curve 0.789 0.645

Pain

Growing method CRT QUEST (p =0.99)
Number of nodes >1 1 (no tree)
Misclassification risk 0.250 + 0.05 0.368 £ 0.06
% correctly predicted to have decay 40.0% -

Area under the ROC curve 0.680 -
Communication

Growing method CRT QUEST (p = 0.15)
Number of nodes >1 >1
Misclassification risk 0.239 + 0.04 0.333 £ 0.04
% correctly predicted to have decay 46.3% 24.1%
Area under the ROC curve 0.775 0.593
Coping

Growing method CRT QUEST (p =0.16)
Number of nodes >1 >1
Misclassification risk 0.186 + 0.03 0.404 £ 0.04
% correctly predicted to have decay 81.7% 32.4%

Area under the ROC curve 0.863 0.574
Self-efficacy

Growing method CRT QUEST (p =0.35)
Number of nodes >1 >1
Misclassification risk 0.231+£0.03 0.244 + 0.03
% correctly predicted to have decay 30.8% 26.9%

Area under the ROC curve 0.732 0.731
Health distress

Growing method CRT QUEST (p = 0.99)
Number of nodes (1 or > 1) >1 1 (no tree)
Misclassification risk 0.237 £ 0.03 0.32 +0.04

% correctly predicted to have decay 35.2% -

Area under the ROC curve 0.696 -
Anxiety

Growing method CRT QUEST (p =0.99)
Number of nodes >1 1 (no tree)
Misclassification risk 0.198 + 0.04 0.396 £ 0.05
% correctly predicted to have decay 77.3% -

Area under the ROC curve 0.832 -
Depression

Growing method CRT QUEST (p =0.99)
Number of nodes >1 1 (no tree)
Misclassification risk 0.281 + 0.04 0.36 + 0.04

% correctly predicted to have decay 24.4% -

Area under the ROC curve 0.683 -
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