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Abstract

Objective To develop both a revised version of the Dia-

betes Diet-Related Quality of Life (DDRQOL-R) scale that

can be applied to patients with nephropathy and a short

form of the DDRQOL-R.

Method A total of 184 outpatients with type 2 diabetes

were asked to complete the self-administered DDRQOL-R

scale to confirm its psychometric properties. A short-form

version was developed, based on two methods: the result of

the developed DDRQOL-R scale and consensus using the

Delphi method among medical experts.

Results Correlations were generally strong between the

DDRQOL-R factors extracted by factor analysis and each

SF-36 subscale. Cronbach’s a coefficients were at least 0.7,

and intraclass correlation coefficients were between 0.59

and 0.78. The nine items that showed high factor loadings

were also assessed as important by the medical experts and

were selected for the short form of the scale. The reliability

and validity of the short form were found to be similar to

those of the DDRQOL-R scale.

Discussion Our findings indicate that the DDRQOL-R

scale and its short form have acceptable reliability and

validity. The revised version is highly versatile, and the

short form can be conveniently administered.

Keywords Diet-related quality of life � Diabetes � Diet
therapy � Scale development

Introduction

Globally, the number of people with diabetes is increasing

and is projected by the International Diabetes Federation to

exceed 642 million by 2040 [1]. This trend also exists in

Japan, and in 2012 the Ministry of Health, Labour and

Welfare reported that the suspected number of people with

diabetes was 9.5 million [2].

There are three main methods of treatment for type 2

diabetes: dietary therapy, physical activity and medica-

tions. Each treatment method involves self-management by

the patient [3] that requires daily adjustments of the amount

and types of food consumed, maintaining time for physical

activity, and taking oral antidiabetic drugs or insulin

injections and responding to hypoglycemia, all of which

affect various aspects of the patient’s lifestyle, which place

a physical and psychological burden on them [4–8].

Therefore, treatment evaluation should not only assess the

prevention of complications but should also consider

quality of life (QOL) as a subjective indicator for the

patient [9]. The diabetes treatment guidelines of the Japan

Diabetes Society state that the objectives of diabetes

management are to reduce symptoms of diabetes, prevent

the development or progression of diabetic complications
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and of diseases associated with diabetes, and to enable

affected individuals to maintain their QOL and life

expectancy comparable to healthy individuals [10]. Thus,

treatment evaluation that takes QOL into consideration in

addition to complication prevention and progression is

necessary for maintaining or improving patient’s QOL.

Various diabetes studies of patients have been con-

ducted in Western countries from the 1980s regarding

QOL. The first recorded study to use a QOL index to assess

intervention outcomes was the Diabetes Control and

Complications Trial (DCCT) [11], which investigated the

complication preventive effects of intensive treatment. In

the DCCT, QOL evaluation was considered crucial because

of the risk that the number of insulin injections would be a

burden to patients and would lead to a greater risk of

hypoglycemia. Therefore, the diabetes quality-of-life

(DQOL) measure, the first diabetes-specific QOL scale,

was developed [12]. Since then, numerous diabetes-specific

QOL scales have been developed with the aim of evalu-

ating the effects of medication and comprehensive educa-

tional programs for diabetes [12–19].

However, problems exist with many of the diabetes-

specific QOL scales when evaluating patient education

conducted in routine clinical practice. Patient education for

dietary therapy, physical activity and diabetes medication

does not offer support that directly affects QOL related to

health and illness, although it does offer support for

patients’ perceptions and behavior regarding diet, physical

activity, taking medication and injections. Moreover,

treatment support for diabetes patients in Japan is often

performed by different specialists for each type of treat-

ment. To evaluate patient education for each type of

treatment and to measure the effects of each treatment on

patients, QOL is considered to be the method consistent

with the daily status of patient education. However, this is

difficult because existing diabetes-specific QOL scales

were not constructed for the evaluation of each type of

treatment, and so they are also insufficient for evaluating

the effects of each treatment on QOL. Therefore, patient-

reported outcome (PRO) measure with which the patients

themselves evaluate the effects of patient education

regarding, for example, diet, physical activity or insulin

injections, is required. Recently, PROs have been used to

measure QOL in the field of medicine [20].

Because of the need to develop PRO measures for dia-

betes treatment, QOL scales have been developed to

measure the physical, psychological and social effects of

treatment on patients [21–24]. Previously, we focused on

QOL and developed the diabetes diet-related quality of life

(DDRQOL) scale [22]. We believe that the development of

a QOL scale focusing on the effect of dietary therapy on

daily lifestyle would be highly significant from the view-

point of short- to medium-term evaluation of patient

dietary therapy education. However, the DDRQOL scale

has various weaknesses, including the burden of answering

a large number of questions and being limited to patients

with no protein intake restrictions. Therefore, a more

suitable measurement scale that is easier to use needs to be

developed.

The main aim of the present study was to improve the

DDRQOL scale and to develop a DDRQOL revised

(DDRQOL-R) version with high versatility that could also

be used for diabetes nephropathy patients. Additionally, a

simple scale with a reduced questionnaire burden and yet

highly convenient in the fields of clinical treatment and

research is needed to measure QOL. Therefore, the second

aim of this study was to develop a short-form version of the

DDRQOL-R.

Methods

A summary of the procedures used to develop the

DDRQOL-R scale and its short form is shown in Fig. 1.

DDRQOL-R validity and reliability

Subjects and procedure

From the patients with type 2 diabetes attending two clinics

in central Tokyo, we selected 202 subjects who satisfied the

following conditions: age 20–69 years, at least 3 months

following the diagnosis of diabetes, not on dialysis, no

cognitive or similar disorders and having the ability to fill

out the self-administered questionnaire as judged by a

doctor. The two clinics, A and B, which participated in this

study, were located within an inner-city area. Clinic A

specialized in diabetes and offers dietary guidance by a

nutritionist when necessary. Clinic B mainly focused on

health checkups for working individuals and treatment for

lifestyle-related diseases. It did not offer any diabetes-

specific guidance.

Each patient who satisfied the inclusion criteria

attended a clinic and was seen by a doctor or nurse who

explained a summary of the study, requested their

cooperation and orally confirmed their participation. If

agreeable, an investigator in another room then

explained the purpose of the study, obtained written

informed consent and asked the patient to fill in the self-

administered questionnaire. After informed consent had

been obtained, detailed information was collected from

their medical records. The study period was from March

to June 2008. Two weeks after the first survey, another

copy of the questionnaire was sent by mail to the 131

patients who had given consent to evaluate the repro-

ducibility of the scale.
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Measures

The DDRQOL scale [22] was designed to determine

quantitative and qualitative satisfaction with diet and the

degree of restriction on daily and social life functions due

to dietary changes for patients with diabetes. It consists of

the following seven subscales including a total of 31 items:

(1) satisfaction with diet; (2) burden of diet therapy; (3)

perceived merits of diet therapy; (4) general perception of

diet; (5) restriction on social functions; (6) vitality; (7)

mental health. Subscales 1–3 consist of 17 items in total

and were designed to determine QOL specific to diet

therapy for diabetes. Subscales 5–7 were modified and

applied from the Short Form Health Survey 36 (SF-36)

[25–27], which is a comprehensive health-related QOL

scale reflecting restriction of daily life functions. The

DDRQOL scale also includes two items exploring any

changes in diet during the previous year and dietary ther-

apy adherence, but these items do not contribute to the

subscale scores.

When creating the DDRQOL-R, our research members

first considered the scope of the revised version while

receiving advice from a specialist from the Japan Diabetes

Society. Because the diabetes treatment guidelines edited

by the Japan Diabetes Society state that dietary therapy for

stage 5 patients with diabetic nephropathy is based on

dietary therapy for dialysis patients, we limited the scope

of our scale to stage from one to four patients. We also

investigated whether any of the questions in the DDRQOL

required revision because of expanding the scope of the

scale. Because protein intake restrictions are required for

patients with diabetic nephropathy of stage 3 or higher, we

revised the item regarding the burden caused by calorie

restrictions to ‘‘Do you find it hard to restrict energy

(calories) and protein intake to a certain level?’’

Investigation of the content validity of the revised draft

was conducted by three specialists from the Japan Diabetes

Society, two certified diabetes nurses and two dietitians

qualified as certified diabetes educators. We asked for their

opinions regarding whether our expansion of the scope of

the scale had led to any inconsistencies, excesses or defi-

ciencies in the defined compositional concept and scale

item details. We also asked whether any parts of the pro-

posed revision were difficult to understand or had inap-

propriate expressions. The opinions that we received

indicated that questions were required regarding not only

protein restrictions, but also salt restrictions. No problems

regarding any other items were indicated.

Face validity was also investigated with a mail survey

incorporating the Delphi method [28] regarding the

importance of scale items used in the development of the

DDRQOL-R-short form version. The Delphi method is a

widely used consensus method in which opinions of a

panel of experts is collected and converged to achieve

consensus on issues for which the evidence is unclear. We

questioned a total of 62 subjects including 21 Japan Dia-

betes Society specialists, 20 certified diabetes nurses and

21 dietitians qualified as certified diabetes educators

Fig. 1 Developing procedures

of the DDRQOL-R scale and its

short form. a Diabetes diet-

related quality of life.

b Diabetes diet-related quality

of life revised version
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recruited by means of snowball sampling regarding the

face validity of the DDRQOL-R. Various respondents

suggested that the expression ‘‘to a certain level’’ in the

question, ‘‘Do you find it hard to restrict energy (calories),

protein and salt intake to a certain level?’’, made it seem

that there was a requirement to have a designated daily

intake level, but this was not appropriate because individ-

uals had only been instructed to control their intake to a

certain extent. Therefore, we once again conferred with

research members and ultimately decided to revise the

question to ‘‘Do you find it hard to control energy, protein

and salt intake?’’

We also investigated the face validity according to three

diabetes patients with diabetic nephropathy of stage 3 or

higher who were being treated at inner-city Clinic A.

Because no problems such as meanings being difficult to

understand or questions being difficult to answer were

indicated, we adopted the created scale as the DDRQOL-R.

Answers to each subscale of the DDRQOL-R converted to

subscale scores ranging from 0 to 100 points, with higher

scores indicating higher QOL.

The Japanese version of the SF-36 [25–27] was used to

investigate criterion validity of the DDRQOL-R. The SF-

36 is a comprehensive scale for health-related QOL that is

widely used throughout the world and has currently been

translated into over 170 languages. It is composed of eight

subscales: physical functioning, role physical, role emo-

tional, general health, social functioning, bodily pain,

vitality and mental health. In SF-36, a higher subscale

score reflects a better QOL. In the DDRQOL-R, dietary

therapy adherence was questioned with the item, ‘‘In the

past week, to what extent have you followed your

instructed dietary restrictions?’’

The background information of subjects was collected

from the self-administered questionnaire and from their

medical records and included: sex, age, living status (alone

or with family members), occupation, height, weight,

duration of diabetes, diabetes treatment, HbA1c level and

diabetic nephropathy status.

Data analysis

The distribution of responses to each item of the

DDRQOL-R scale was examined to check if there was any

marked skewness or lack of response for any of the items.

Exploratory factor analysis (maximum likelihood method,

promax rotation) of the 17 items reflecting QOL specific to

diet therapy was performed to evaluate the factor validity

of these items. Cronbach’s a coefficient was calculated for

each subscale to evaluate its internal consistency.

To evaluate the criterion validity, Spearman’s rank

correlation coefficients between each of the DDRQOL-R

and SF-36 subscale scores were calculated. The following

hypotheses were then examined: (1) ‘‘satisfaction with

diet’’ is strongly correlated with ‘‘vitality’’ and ‘‘mental

health;’’ (2) ‘‘burden of diet therapy’’ is strongly correlated

with ‘‘social functioning’’ and ‘‘mental health;’’ (3) ‘‘re-

striction of social functions’’ is strongly correlated with

‘‘social functioning’’ and ‘‘role emotional;’’ (4) ‘‘perceived

merits of diet therapy’’ is strongly correlated with dietary

therapy adherence. The DDRQOL-R subscale scores were

compared by HbA1c, nephropathy stage and the extent of

implementation of adherence to diet therapy using the

Mann-Whitney U test.

The intraclass correlation coefficient (ICC) was calcu-

lated for each subscale, and the weighted k coefficient for

each item was calculated to evaluate reproducibility. IBM

SPSS Statistics 22 (IBM Corp., Armonk, NY) was used for

the analyses, and the level of significance was set at 5%

(two-tailed).

Creation of DDRQOL-R-short form version

The candidate items included in the short form were

selected from items in the three subscales reflecting QOL

specific to diabetes diet therapy, namely, ‘‘satisfaction with

diet,’’ ‘‘burden of diet therapy’’ and ‘‘perceived merits of

diet therapy.’’

Investigation of item importance (qualitative analysis)

The importance of each item was qualitatively investi-

gated. We used the Delphi method [28] to gather the

opinions of 62 medical specialists, as described previously

in this article, regarding the importance of each item in the

DDRQOL-R, ranked the items and selected candidate

items for the short form of the scale. During recruitment,

we set conditions not limited to individuals with the

aforementioned qualifications, but to people interested in

patient QOL and asked for subjects to be referred. The

study period was from August to October 2007.

The first round of the survey asked the participants to

rate, on a 6-point scale ranging from ‘‘very important’’ to

‘‘not important at all,’’ the 17 items in the three subscales

of the DDRQOL-R. When an item was rated as ‘‘not very

important’’ to ‘‘not important at all,’’ respondents were

asked to give the reason, and the reasons were categorized

according to their content. After compiling the results of

the first round of the survey, we conducted the second

round of the survey, in which the participants were pro-

vided with the response ratios for each item, the reasons for

having judged items as unimportant and the respondent’s

responses to the first round of the survey and were asked to

fill out the same questionnaire again as in the first round of

the survey. It was clearly stated on the questionnaire that

the participants were allowed to revise the answers they
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gave in the first round of the survey. The subjects were

asked their profession, years of experience, gender and age

as their basic attributes.

The participants’ selection of each item were calculated

as percentages. Items for which over 70% of responses

were ‘‘very important’’ or ‘‘important’’ according to the

results of the second survey were set as medical specialist

opinion consolidation results and were used as candidate

items for the short form of the scale based on qualitative

analysis.

Item selection and data analysis (quantitative analysis)

Items with high factor loading according to factor analysis

of DDRQOL-R were used as candidate items for the short

form of the scale based on quantitative analysis. Items

given high ranking for both of these two methods were

selected to create the short form of the scale.

The validity and reliability of the DDRQOL-R-short

form version were investigated by calculating Spearman’s

rank correlation coefficient between the DDRQOL-R short-

form version and DDRQOL-R subscales. In addition,

validity and reliability were also investigated with the same

analysis used for the DDRQOL-R.

Ethical considerations

This study was conducted following approval by the

Research Ethics Committee, Faculty of Medicine and

Graduate School of Medicine, University of Tokyo (ap-

proval no. 1754-1 and 1965).

Results

Psychometric properties of the DDRQOL-R scale

Collection of the questionnaires and subjects’ backgrounds

Of the 202 patients who gave their informed consent for the

study, questionnaires were collected from 189. Five

patients were excluded from the analysis because they had

left 10% or more of the questions blank. Thus, 184 patients

(91.1% effective response rate) were included in the

analysis. Of the 184 subjects, 142 were from Clinic A and

42 from Clinic B. In the retest, the questionnaire was

collected from 118 of the 131 patients who gave their

consent. Three patients had left 10% or more of the

questions blank. Thus, 115 patients (87.8% effective

response rate) were included in the analysis.

The subjects’ background characteristics are presented

in Table 1. Concerning the diabetes treatment method,

15.8% of the patients were undertaking only diet and

physical activity, 67.4% were taking oral hypoglycemic

agents, and 16.8% were on insulin therapy. Duration of

diabetes for subjects was 12.0 ± 8.6 years on average. A

total of 11.4% of the subjects were patients with stage 3

diabetic nephropathy according to the Joint Committee on

Diabetic Nephropathy’s classification [29], and they

required a restricted protein intake.

Validity

The distribution of responses to each item was examined,

and no marked skewness was found. There were missing

responses for 5 of the 31 items, and for each only one

response was missing.

The results of exploratory factor analysis of the 17 items

reflecting QOL specific to diabetes diet therapy are shown

in Table 2. The expected factor structure, similar to that of

the original version, was obtained. All items, except

Question 5, contributed to only one factor, with factor

loadings of at least 0.4.

Table 1 Characteristics of the participants (n = 184)

n (%) or mean ± SD

Sex

Male 146 (79.3)

Female 38 (20.7)

Age (years) 57.3 ± 5.8

Employment status

Full- or part-time 140 (76.1)

Unemployed 44 (23.9)

Education

High school or less 62 (33.7)

College or more 121 (65.2)

No answer 2 (1.1)

Living situation

Living with family 154 (83.7)

Living alone 30 (16.3)

Treatment

Diet and physical activity 29 (15.8)

Tablets 124 (67.4)

Insulin 31 (16.8)

Duration of disease (years) 12.0 ± 8.6

BMI (kg/m2) 25.3 ± 4.4

HbA1c 7.4 ± 1.2

Diabetic nephropathya

Stage 1 (pre-nephropathy) 127 (69.0)

Stage 2 (incipient nephropathy) 36 (19.6)

Stage 3 (overt nephropathy) 21 (11.4)

SD standard deviation
a According to the Joint Committee on Diabetic Nephropathy
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Correlations between factor 1 ‘‘satisfaction with diet,’’

factor 2 ‘‘burden of diet therapy’’ and factor 3 ‘‘perceived

merits of diet therapy’’ were investigated. Results indicated

a correlation of -0.10 between factors 1 and 2, 0.27

between factors 2 and 3 and 0.18 between factors 1 and 3.

With regard to criterion validity, Spearman’s rank cor-

relation coefficient was calculated for DDRQOL-R and SF-

36 subscale scores (Table 3). Spearman’s rank correlation

coefficients for ‘‘satisfaction with diet’’ with ‘‘vitality’’ and

‘‘mental health’’ were 0.51 and 0.46, respectively. Spear-

man’s rank correlation coefficients for ‘‘restriction of social

functions’’ with ‘‘social functioning’’ and ‘‘role emotional’’

were 0.45 and 0.35, respectively. Although the Spearman’s

rank correlation coefficient for ‘‘burden of diet therapy’’

with ‘‘mental health’’ was 0.45, it was 0.17 with ‘‘social

functioning,’’ demonstrating stronger correlations with

‘‘vitality’’ and ‘‘general health.’’ The results of subgroup

analysis that compared the DDRQOL-R subscale scores by

HbA1c, nephropathy stage and the extent of implementa-

tion of adherence to diet therapy are shown in Table 4.

Regarding the ‘‘perceived merits of diet therapy,’’ patients

with an HbA1c of C8% had a significantly lower QOL than

patients with an HbA1c of\8%. In addition, patients with

stage 3 diabetic nephropathy had significantly lower

‘‘perceived merits of diet therapy’’ than stages 1 and 2

patients. As for dietary therapy adherence, comparing

patients with good adherence to diet therapy, patients with

poor adherence to diet therapy had significantly lower

‘‘satisfaction with diet,’’ ‘‘burden of diet therapy,’’ ‘‘per-

ceived merits of diet therapy,’’ ‘‘general perception of diet’’

and ‘‘vitality.’’

The mean, standard deviation, and Cronbach’s a coef-

ficient for each of the DDRQOL-R subscales are shown in

Table 5. Cronbach’s a coefficient for ‘‘restriction of social

functions’’ was 0.73 and that for the other subscales was

between 0.81 and 0.87.

Test-retest reliability

The ICC for each subscale, calculated using the data from

the 115 subjects who provided retest responses, was

between 0.59 and 0.78 (Table 5). The weighted k coeffi-

cient for each item was between 0.38 and 0.78.

Items and psychometric properties of the short form

of the DDRQOL-R scale

Survey regarding the importance of DDRQOL-R items

using the Delphi method

The questionnaires were filled in by 56 experts (90.3%

response rate) for both the first and second rounds. The

subjects’ background characteristics were: male 32.1%;

Table 2 Factor analysis of 17 items specific to diabetes diet therapy (maximum likelihood method, promax rotation) n = 184

Factor 1 Factor 2 Factor 3

Factor 1: satisfaction with diet

Q1 Do your meals taste good?a 0.72 -0.08 -0.07

Q2 Do you feel satisfied after having a meal?a 0.93 0.07 0.01

Q3 Do you enjoy having meals?a 0.77 0.05 0.05

Q4 Do you feel full after having a meal?a 0.71 -0.03 0.01

Factor 2: burden of diet therapy

Q5 Do you find it hard to have meals at regular times? 0.19 0.38 0.08

Q6 Do you find it hard to control energy, protein or salt intake? -0.03 0.75 0.12

Q7 Do you find it hard to plan menus? 0.05 0.70 0.00

Q8 Do you find it hard that you cannot eat what you like? -0.10 0.82 0.00

Q9 Do you find it hard that you cannot eat the same foods as others on social occasions? 0.04 0.80 -0.10

Q10 Do you feel that your diet therapy imposes an economic burden? 0.14 0.48 0.01

Q11 Do you find it hard that you cannot eat the same foods as other members of your family? -0.05 0.82 -0.03

Q12 Do you feel that preparing diabetic meals imposes a burden on you or the person who prepares them for

you?

-0.09 0.66 -0.03

Factor 3: perceived merits of diet therapy

Q13 Do you feel that your diet therapy has improved your physical condition?a -0.06 0.04 0.76

Q14 Do you feel that your diet therapy has improved your glycemic control?a -0.03 -0.14 0.78

Q15 Do you think that your diet therapy has helped you to lead a regular life?a 0.07 0.04 0.68

Q16 Do you feel that your diet therapy has contributed to making your family closer?a 0.13 0.01 0.56

Q17 Do you think that your diet therapy is helping to prevent the progression of your diabetes?a -0.09 0.07 0.80

a Reverse items
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average age 42.3 ± 7.7 years; average work experience

17.2 ± 6.1 years. The percentage of men varied by pro-

fession, accounting for 88.2% of Japan Diabetes Society

specialists, 0% of certified diabetes nurses and 15.8% of

dietitians qualified as certified diabetes educators. The

mean overall age was 42.3 ± 7.7 years, the mean number

of years of experience in a specialized position was

17.2 ± 6.1 years, and the mean number of years special-

izing in the field of diabetes was 12.8 ± 6.4 years. Mean

values for age, number of years of experience in a spe-

cialized position and number of years specializing in the

field of diabetes were all higher in the Japan Diabetes

Society specialists.

With regard to selection percentages for each item in the

first survey, over 70% of respondents answered ‘‘very

important’’ or ‘‘important’’ for a total of ten items. These

comprised three items (Q1, Q2, Q3) for ‘‘satisfaction with

diet,’’ four items (Q8, Q9, Q11, Q12) for ‘‘burden of diet

therapy’’ and three items (Q13, Q14, Q17) for ‘‘perceived

merits of diet therapy.’’

The response distribution for each item in the second

survey is shown in Fig. 2. Of the items for which over 70%

of respondents answered ‘‘very important’’ or ‘‘important’’

in the first survey, the percentage was somewhat low for

Q12, ‘‘burden of diet therapy,’’ falling below 70%. For the

other items, the number of ‘‘very important’’ or ‘‘impor-

tant’’ responses increased or hardly changed. Therefore, the

remaining nine items were implemented as medical

specialist opinion consensus results used as candidate items

for the short form of the scale based on qualitative analysis.

Selected items

Table 2 shows results of the exploratory factor analysis for

the DDRQOL-R. The top three items for factor loading of

the three subscales specific to dietary therapy for diabetes

were Q1, Q2 and Q3 for ‘‘satisfaction with diet,’’ Q8, Q9

and Q11 for ‘‘burden of diet therapy’’ and Q13, Q14 and

Q17 for ‘‘perceived merits of diet therapy.’’ These nine

items that were rated as ‘‘very important’’ or ‘‘important’’

by over 70% of respondents using the Delphi method were

completely consistent. Accordingly, we used these as items

for the DDRQOL-R-short form version (DDRQOL-R-9).

Psychometric properties of the short form of the DDRQOL-

R scale

Spearman’s rank correlation coefficient between the

DDRQOL-R-9 and DDRQOL-R subscales was 0.97 for

‘‘satisfaction with diet,’’ 0.90 for ‘‘burden of diet therapy’’

and 0.93 for ‘‘perceived merits of diet therapy.’’

For criterion validity, we calculated Spearman’s rank

correlation coefficient between the DDRQOL-R-9 and SF-

36 subscale scores (Table 3). The correlation coefficients

for ‘‘satisfaction with diet’’ with ‘‘vitality’’ and ‘‘mental

health’’ were 0.53 and 0.47, respectively. For ‘‘burden of

Table 3 Correlations among the DDRQOL-R, short form of DDRQOL-R, SF-36 (n = 184)

Physical

functioning

Role

physical

Bodily

pain

General health

perception

Vitality Social

functioning

Role

emotional

Mental

health

DDRQOL-R

Satisfaction with diet 0.26** 0.24** 0.16* 0.40** 0.51** 0.32** 0.35** 0.46**

Burden of diet therapy 0.30** 0.26** 0.15* 0.41** 0.54** 0.17* 0.27** 0.45**

Perceived merits of diet

therapy

0.12 0.06 0.05 0.05 0.15* 0.14 -0.01 0.11

General perception of diet 0.25** 0.18* 0.10 0.38** 0.37** 0.17* 0.13 0.28**

Restriction of social

functions

0.13 0.28** 0.17* 0.28** 0.33** 0.45** 0.35** 0.36**

Vitality 0.42** 0.43** 0.39** 0.60** 1.00** 0.37** 0.50** 0.73**

Mental health 0.30** 0.32** 0.32** 0.48** 0.73** 0.40** 0.48** 1.00**

Short form of DDRQOL-R (DDRQOL-R-9)

Satisfaction with diet (3

items)

0.31** 0.27** 0.18* 0.40** 0.53** 0.29** 0.37** 0.47**

Burden of diet therapy (3

items)

0.26** 0.22** 0.16* 0.39** 0.43** 0.12 0.27** 0.40**

Perceived merits of diet

therapy (3 items)

0.08 0.03 0.08 -0.03 0.09 0.11 -0.04 0.03

Bold indicates an expected relationship
* p\ 0.05, ** p\ 0.01
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diet therapy’’ with ‘‘mental health,’’ the result was 0.40, but

there was no significant correlation with ‘‘social function-

ing’’ (0.12). For ‘‘perceived merits of diet therapy’’ and

‘‘dietary therapy adherence,’’ the correlation coefficient

was 0.26. No significant correlation was observed between

‘‘perceived merits of diet therapy’’ and SF-36 subscales.

The mean, standard deviation and Cronbach’s a coeffi-

cient for each of the subscales of the short form of

DDRQOL-R scale are shown in Table 5. Cronbach’s a
coefficients were between 0.82 and 0.86.

The ICC for each subscale was between 0.55 and 0.66

(Table 5). The weighted k coefficient for each item was

between 0.39 and 0.63.

Discussion

We have created and investigated the validity and relia-

bility of a revised and short form version of the DDRQOL

for type 2 diabetes patients being treated on an outpatient

Table 5 Internal consistency and reproducibility of subscales in DDRQOL-R and the short form

Subscale DDRQOL-R Short form of DDRQOL-R (DDRQOL-R-9)

Mean ± SDa ab ICCc Mean ± SDa ab ICCc

Satisfaction with diet 73.5 ± 18.6 0.85 0.67 75.4 ± 19.2 0.86 0.61

Burden of diet therapy 69.9 ± 20.4 0.87 0.78 68.1 ± 24.7 0.86 0.66

Perceived merits of diet therapy 47.4 ± 22.8 0.84 0.66 52.9 ± 24.9 0.82 0.55

General perception of diet 54.9 ± 26.1 – – – – –

Restriction of social functions 86.5 ± 17.5 0.73 0.59 – – –

Vitality 64.0 ± 20.1 0.81 0.77 – – –

Mental health 72.4 ± 17.6 0.81 0.73 – – –

SD standard deviation
a All measures are scored from 0 to 100
b Cronbach’s a
c Internal correlation coefficient

39.3  

5.4  

5.4  

73.2  

46.4  

25.0  

26.8  

10.7  

37.5  

32.1  

16.1  

12.5  

8.9  

7.1  

46.4  

41.1  

48.2  

51.8  

39.3  

60.7  

21.4  

28.6  

44.6  

48.2  

55.4  

51.8  

48.2  

42.9  

48.2  

26.8  

46.4  

41.1  

51.8  

46.4  

0.0 20.0 40.0 60.0 80.0

Fig. 2 Medical experts’ ratings of the importance of the 17 items reflecting QOL specific to diet therapy (second-round survey results according

to the Delphi method). Sum of the proportions of ‘‘very important’’ and ‘‘important’’ for each item
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basis. When creating the DDRQOL-R, we not only

investigated content validity with a limited number of

specialists, but also surveyed the importance of DDRQOL-

R items using the Delphi method. We sought opinions from

many specialists comprising 62 Japan Diabetes Society

specialists, certified diabetes nurses and dietitians qualified

as certified diabetes educators to examine face validity.

The survey specialists had on average over 10 years spe-

cializing in the field of diabetes and had a strong interest in

QOL. By involving many opinions and carefully revising

any indicated problematic points, we believe that we were

able to improve the validity of the scale.

Exploratory factor analysis of the 17 items reflecting the

QOL directly related to diabetes diet therapy in the

DDRQOL-R scale showed that all items, except Question

5, contributed to only one factor, with factor loadings

greater or equal to 0.4 [30]. The expected three-factor

structure, as seen in the DDRQOL scale, was obtained for

the DDRQOL-R scale. As in the development of the

DDRQOL, there is no appropriate scale for criterion

validity so SF-36 was used to evaluate the revised version

of the scale, producing results very similar to those

hypothesized. However, although a moderate correlation

was seen for ‘‘burden of diet therapy’’ with ‘‘mental

health,’’ the Spearman’s rank correlation coefficient with

‘‘social functioning’’ was 0.17. This was low even when

compared with the DDRQOL development. Compared

with the DDRQOL development survey, subjects for this

survey had good blood sugar control, were highly educated

and included patients with diabetic nephropathy stage 3 or

higher. The clinics that participated in this study were in

the inner city, but for development of the DDRQOL, we

targeted regional hospitals. Therefore, the different clinics

may also have affected the results. The results of subgroup

analysis of DDRQOL-R showed that QOL was lower in

cases of a high HbA1c, severe diabetic nephropathy and a

lack of implementation of diet therapy. This finding is

consistent with previous studies [9, 13, 31] and is thought

to support criterion validity.

Concerning the reproducibility of the DDRQOL-R

scale, the weighted k coefficients for two items were

slightly below the standard value of 0.4 [32]. Not including

‘‘general perception of diet,’’ which includes only one item,

ICCs were greater than or equal to the standard value of 0.7

for three of the remaining six subscales. However, those for

the three subscales, ‘‘satisfaction with diet,’’ ‘‘perceived

merits of diet therapy’’ and ‘‘restriction of social functions’’

were slightly lower than 0.7. Nonetheless, the standard

value of 0.7 is not absolute, and some researchers consider

an ICC of 0.5–0.6 to be acceptable [33]. Moreover, con-

sidering that only two items are included in the ‘‘restriction

of social functions’’ subscale, the results suggest that the

DDRQOL-R scale exhibits acceptable reproducibility.

At present, no gold standard for preparing a short form

of a scale has been established. Therefore, both qualitative

and quantitative methods were used to select items for the

DDRQOL-R-9 scale. The Delphi method, a consensus

method, was used by medical experts to rank the items in

the DDRQOL-R scale according to their importance, and

nine items were selected as candidate items for the short

form of the scale. These items were the same as the nine

items that showed high factor loadings in the exploratory

factor analysis of the DDRQOL-R scale. The fact that the

same results were obtained from qualitative and quantita-

tive analyses suggests that the short form, i.e., the

DDRQOL-R-9 scale, has good validity. As with the crite-

rion validity of the DDRQOL-R scale, very similar results

to the hypothesized relationships were obtained, which

suggests good criterion validity. Cronbach’s a coefficients

exceeded the standard value of 0.7 for all subscales, sug-

gesting good internal consistency.

Concerning reproducibility, the weighted k coefficient

for one item was slightly below the standard value of 0.4

[32], while the others satisfied the standard. The ICC for

the three subscales of the DDRQOL-R-9 scale were

between 0.55 and 0.66, which is slightly lower than the

standard value of 0.7, but, as mentioned before, some

researchers think that an ICC of 0.5–0.6 is acceptable [33].

Moreover, considering that only three items are included in

each subscale of the DDRQOL-R-9, the results suggest that

the scale has an acceptable level of reproducibility. Thus,

these results show that the validity and reliability of the

DDRQOL-R scale we developed are comparable to those

of the DDRQOL scale and that the DDRQOL-R-9 scale

also has an acceptable level of validity and reliability.

Because we targeted inner-city clinics for convenience,

just over 10% of subjects had diabetic nephropathy

requiring protein restrictions. However, the primary

objective of this study was not to create a scale for patients

with advanced diabetic nephropathy, but to expand the

scope of application of the DDRQOL that was originally

developed for patients with stage 1 and 2 diabetic

nephropathy and to revise it into a scale that could also be

used for patients with advanced diabetic nephropathy.

Regarding the proportions of each stage of diabetic

nephropathy in Japan, the Japan Diabetes Complications

Study (JDDM) [34], a large-scale clinical trial, reported

that the proportions at primary care facilities are as follows:

stage 1, 58%; stage 2, 32%; stage 3, 7%; stage 4, 2.6%;

stage 5, 0.4%. The proportion of patients in stage 3 and

above, the stages in which diet therapy includes protein

restrictions did not differ greatly between subjects in the

JDDM (10%) and our study (11.4%). Therefore, the

DDRQOL-R was deemed applicable to patients with

advanced diabetic nephropathy as well. However, further

investigation of populations containing many diabetic
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nephropathy patients is needed in the future. Also, the fact

that all subjects were attending the clinics as outpatients

and were able to answer a self-administered questionnaire

suggests that their complications were relatively non-ad-

vanced. Therefore, a wider range of subjects needs to be

investigated. Furthermore, the physician in charge obtained

information about the diabetic nephropathy stage, but data

on numerical values such as eGFR were not collected,

which would have been more appropriate.

Our investigation of criterion validity used SF-36 and

dietary adherence as indices, but problems exist for both of

these. First, because there is no Japanese language scale

that can measure similar concepts to the diet-related QOL

for which reliability and validity were verified by the

comprehensive QOL SF-36 scale, the SF-36 was only used

for developing the DDRQOL as well as in other previous

studies. However, criterion validity was not sufficiently

investigated. Another limitation of our study was that of

subject memory for accurately evaluating dietary therapy

adherence. In this survey, we questioned patients regarding

self-evaluation of dietary therapy adherence over the pre-

vious 1 week. However, because the ‘‘perceived merits of

diet therapy’’ cannot be felt within a short period of time, it

was difficult to detect correlations, and this may have led to

underevaluation of validity. Therefore, future evaluations

from a longitudinal viewpoint will be required. Addition-

ally, evaluation of dietary therapy adherence using objec-

tive methods with verified reliability and validity is

required. Finally, it would also be optimal to investigate the

capacity of the DDRQOL-R and DDRQOL-R-9 from the

viewpoints of sensitivity with and without dietary therapy

protein restrictions and responsivity when protein restric-

tions are added.

The development of the DDRQOL-R expanded the

scope of the DDRQOL scale, making it possible to be

applied to diabetic nephropathy patients undergoing stricter

dietary therapy. We also created the DDRQOL-R-9, which

has the advantages of reducing the burden and simplifying

the answering of questions for patients. Therefore, we

believe that these scales could now be easier to apply to

patients as a PRO for evaluating the quality of patient

education regarding dietary therapy. The quantification of

diet-related QOL and identification of related factors make

it possible to investigate the details of support aimed at the

maintenance and improvement of diet-related QOL. Fur-

thermore, the sharing of diet-related QOL evaluation

results between patients and medical professionals could

provide a useful reference when selecting the method and

details of treatment. It has also been reported that these

sharing methods for determining treatment selection after a

QOL appraisal increase patient satisfaction and trust of

medical professionals [35]. Thus, it is anticipated that the

scale developed in this study will become widely used as a

PRO for QOL evaluation by patients themselves.
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