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a b s t r a c t

Objectives: This study aimed to translate the revised 17-item Diabetes Distress Scale (DDS17, 2017) into
mandarin (simplified) Chinese and validate the Chinese version of DDS17 (C-DDS17, 2021) among adult
patients with type 2 diabetes in China.
Methods: A scale translation and cross-sectional validation study was conducted. The DDS17 was
translated into mandarin (simplified) Chinese through a five-step process: authorization, forward
translation, synthesis, back translation, and amendment. During this session, 59 patients assessed the
understandability and readability of the translated scale. From June 7 to September 4, 2021, a cross-
sectional study that adhered to the COSMIN checklist was conducted with 400 individuals with type 2
diabetes from three Class A tertiary comprehensive hospitals in Beijing, China. The content, construct,
convergent, discriminant validity, and reliability (Cronbach’s a coefficient and item-total correlation
coefficients) of the C-DDS17 were evaluated. This study was a part of a project registered in the Chinese
Clinical Trial Registry (no. ChiCTR2100047071).
Results: Among the participants, 33.3% (133/400) of them experienced moderate to high diabetes
distress. The content validity indices of the C-DDS17 equaled 1.00. The scale yielded a four-factor
structure. The average variances extracted were 0.42e0.57, which was lower than squared correla-
tions. Cronbach’s a coefficient was 0.88 for the overall scale and ranged from 0.76 to 0.81 for sub-scales.
Corrected item-total correlation coefficients ranged from 0.42 to 0.61. The eighth item (“Feeling that I am
often failing with my diabetes routine”) was better fit to physician distress than regimen distress but had
little influence on the validation results.
Conclusions: The C-DDS17 is a reliable and valid instrument for assessing diabetes distress in patients
with type 2 diabetes. It is a promising instrument for early identification and management of diabetes
distress in clinical practice and trials.
© 2022 The authors. Published by Elsevier B.V. on behalf of the Chinese Nursing Association. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
What is known?

� The 17-item Diabetes Distress Scale (DDS17) is an assessment
tool with good validity, reliability, and feasibility. In 2012, the
item order of the original DDS17 (DDS17, 2005) in English was
revised, the cutoff points were formally established, and the
scoring method was standardized. The scale has been translated
to 24 languages.
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� The item order and language accuracy of the previous simplified
Chinese Diabetes Distress Scale translated in 2010 requires
improvement and revision.

What is new?

� Based on the revised DDS17 in English (US, 2017 version), this
study provided an updated, more accurate, reliable, and valid
Chinese version of the DDS-17 (C-DDS17, 2021) for patients with
type 2 diabetes in China.

� The adaption of the C-DDS17 allows for a better assessment of
diabetes distress in clinical practice and trials, which may pro-
mote Chinese and transnational studies on diabetes distress of
patients.
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1. Introduction

Type 2 diabetes (T2D) is a growing burden, with an estimated
416.70 million adult patients worldwide and 110.58 million pa-
tients in China [1]. It is a chronic metabolic disease characterized by
hyperglycemia, which is caused by the inability of pancreatic b cells
to secrete enough insulin or the inability of the body to effectively
use the secreted insulin [2]. T2D influences both physical and
mental health. About two-fifths of patients experience mental
problems, such as anxiety, depression and diabetes distress [3].
Among patients with T2D, diabetes distress (DD) is the most
common psychological problem [4]. A systematic review found that
the overall global prevalence of DD was 36.0% in patients with T2D
[5]. A study also showed that approximately 42.5%e77.2% of Chi-
nese people with T2D experienced DD [6]. DD is a negative
emotional response that includes worries, fears, and frustrations
caused by the perceived burden from living with and managing
diabetes on a daily basis [7,8]. DD is associated with low compli-
ance, glycemia, adverse outcomes, and increased costs [3]. More-
over, although DD is not a psychiatric symptom, it could progress to
depression if not properly managed [2]. Therefore, the American
Diabetes Association recommends physicians and nurses evaluate
DD in disease development and treatment [9].

It is meaningful to use validated tools to assess DD [10]. Several
disease-specific instruments have been developed to identify and
assess DD in recent years, including the 17-item Diabetes Distress
Scale (DDS17), the Problem Areas in Diabetes Scale (PAID), the
Diabetes Health Profile, and the Diabetes-specific Quality-of-Life
Scale and Questionnaire [11]. Among all the instruments, the PAID
and the DDS17 are most commonly used in patients with diabetes
because of their high reliability and validity in assessing diabetes-
related stress specifically [12]. Both scales have been translated
into various languages (e.g., Chinese, Turkish, Norwegian) and
show good psychometric qualities (e.g., Cronbach’s a coefficient
ranged from 0.56 to 0.93 for PAID, and ranged from 0.75 to 0.90 for
DDS17) in different countries [13].

The DDS17 has the advantage of not only focusing on an overall
DD level but also identifying key sources of DD [14]. In addition, the
Diabetes Distress Scale has separate versions for type 1 diabetes
and T2D; however, the PAID only developed a hybrid version [12].
Further, the Diabetes Distress Scale has separate versions for adults,
partners, adolescents, and parents [15,16]. It uses a 6-point Likert
scale (developed by Polonsky in 2005 in America) that has been
revised afterwards [17]. The scale was developed based on previous
self-report instruments, resulting in four sub-dimensions with 17
items: five items for emotional burden, four items for physician
distress, five items for regimen distress, and three items for inter-
personal distress [18,19]. For each item, scores range from 1 to 6
(1 ¼ not a problem, 2 ¼ a slight problem, 3 ¼ a moderate problem,
4 ¼ a somewhat serious problem, 5 ¼ a serious problem, or 6 ¼ a very
serious problem) [20]. Each sub-scale was scored separately by
averaging the total score of the sub-scale, while the total score is
generated by averaging all item responses [21,22]. DD increases as
the mean score rises [16]. Because the associations between DDS17
scores and behavioral and biological variables occurred with mean
scores of no less than 2.00, an average score of 2.00 is used as the
cut-off point to define clinically significant DD [22]. Precisely, a
mean score less than 2.00 indicated “little or no distress,” a mean
score of 2.00 to less than 3.00 was considered “moderate distress,”
and a mean score equal to or more than 3.00 was considered “high
distress” [23].

The DDS17 has been translated and validated in 24 languages
using a formal validation process [24]. In China, the DDS17 was first
translated by Yang and Liu in 2010 [16]. The Cronbach’s a coefficient
of the Chinese DD Scale ranged from 0.84 to 0.95 [6]. Although it
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demonstrated good psychometric properties and has been used in
observational and experimental studies for several years, the lan-
guage accuracy and understandability still had room for improve-
ment. Specifically, the phrases “not know enough,” “end up with
serious long-term complications,” and “not take my concerns
seriously enough” were translated into phrases in Chinese with
meaning “lack of knowledge,” “die of serious long-term complica-
tions,” and “not take my concerns seriously,” respectively; while
the words “depressed,” “fail,” and “overwhelmed” were translated
into “repression,” “go wrong,” and “puzzled,” respectively.
Furthermore, the order of items in Yang’s Chinese scale differed
from the original scale, which might influence its reliability [24].
There was a traditional Chinese version provided by Hong Kong,
China in 2011, but it only included 15 items, and the order of the
items was different from DDS17, which might “make the order and
content of the subscales unreliable” [24]. The DDS17 had been
revised in 2012 to adjust the order of the items, establish the cut-off
points for different levels of distress, and standardize the scoring
method for the scale [25]. Therefore, an updated Chinese version of
the Diabetes Distress Scale (C-DDS17) was needed.

The objectives of the current study were to translate and vali-
date the C-DDS17 (2021 version) based on the updated English (US)
version of DDS17 (2017) [24].

2. Material and methods

2.1. Design

A scale translation and cross-sectional validation study was
conducted. First, the DDS17was translated tomandarin (simplified)
Chinese based on semantic and idiomatic equivalence. Second, the
Chinese scale was culturally and conceptually adapted. Third, its
application for DD in T2D was validated. The validation work was
conducted through an analytical cross-section study that adhered
to enhancing the quality and transparency of health research
(EQUATOR checklist) based on the consensus-based standards for
selecting health status measurement instruments (COSMIN
guidelines).

Similar to the original English version and other translated
versions, we hypothesized that the C-DDS17 would demonstrate 1)
excellent fit for four-factor models in the validity analysis, 2) good
content and convergent validity with a poor discriminant validity,
and 3) high Cronbach’s a coefficients and item-total correlations.

2.2. Ethical approval

This study was registered in the Chinese Clinical Trial Registry
(no. ChiCTR2100047071) and was approved by the Human
Biomedical Research Ethics Committee of Peking Union Medical
College (no. [2020]03). This study was performed according to the
Declaration of Helsinki. Participation and written informed consent
was provided by participants before the formal investigation. The
C-DDS17 was approved on the Behavioral Diabetes Institute web-
site (https://behavioraldiabetes.org/scales-and-measures/).

2.3. Translation procedure

The translation of the scale included five stages [26,27]. 1)
Authorization:The approval and authorization for translating the
DDS17 were obtained from the author of the scale. 2) Forward
translation: The original English version of the DDS17 workbook
was translated into Chinese by two bilingual English-Chinese
translators whose mother language is Chinese. One translator is a
nurse, and another translator is a linguistics expert with nomedical
background. 3) Synthesis: The two initial drafts in Chinese were

https://behavioraldiabetes.org/scales-and-measures/
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collaboratively compared and revised as a synthesis version by four
professionals with experience in endocrinology or psychology. 4)
Back translation: The synthesis version was translated back into
English by two independent translators who did not participate in
the initial translation nor possess knowledge of the original scale.
5) Amendment: The translation validity was evaluated to assess the
comparability of the Chinese version, the original English version,
and the back-translated version by five professionals. Further, 59
patients were asked to assess the understandability and readability
of the scale and provide revision suggestions. Amendments were
made until the comparability of the wording, cultural appropri-
ateness, fluency, clarity, and understandability were confirmed.

2.4. Scale evaluation and validation procedure

2.4.1. Study settings
The validationwork was conducted from June 7 to September 4,

2021 at the outpatient clinics of the endocrinology department in
three Class A tertiary comprehensive hospitals in Beijing, China.
Class A tertiary comprehensive hospitals are considered the
highest-level medical institutions in the mainland of China ac-
cording to the current regulation, the Measures for the Administra-
tion of the Hospital Grade.

2.4.2. Participants
During the cross-cultural adaptation of a scale, the sample size

required for a reliable factor analysis is classified as follows:
100 ¼ “weak,” 200 ¼ “medium,” 300 ¼ “good,” 500 ¼ “very good,”
and 1000 ¼ “perfect” [28]. Considering human and material con-
straints, the sample size of the study was determined to be 400.
Participants were recruited through convenience sampling.

Patients diagnosed with T2D by an endocrinologist, according to
the WHO 1999 diabetes diagnosis and classification criteria; aged
�18 years; had clear consciousness and understanding ability;
could communicate with researchers in writing or verbally; and
provided informed consent and voluntarily participated in the
study were eligible to participate. The exclusion criteria included
severe cognitive impairment, inability to cooperate or act autono-
mously, inability to express clearly, acute or serious diabetes
complications, serious comorbidity, and definite diagnosed mental
illness or intake of antipsychotics. Participants who did not com-
plete the investigation were also excluded from the final analysis.

2.4.3. Measurements
Data were collected using a paper-based self-reported ques-

tionnaire including the C-DDS17, socio-demographic characteristics
(sex, age, income, ethnic group, religion, marital status, educational
status, and primary payment of medical costs), and clinical infor-
mation (duration, complications and treatment of diabetes, family
history, BMI, waist-to-hip ratio (WHR), and drinking and smoking
status). Investigations were conducted face-to-face between pa-
tients and the same researcher. All patients were asked to complete
the questionnaires independently, if possible. If they could not (e.g.,
because of visual problems, low education level, or other reasons),
the researchers objectively stated questions and options with uni-
fied instructions and completed the questionnaire for the patients
on their behalf.

2.4.4. Data analyses
Data were analyzed using SPSS Version 24 (IBM, Armonk, NY,

USA) andMplus version 8.3 (Muth�en&Muth�en, Stoner Avenue, LA,
USA). Statistical significance was set at P < 0.05.

Socio-demographic and clinical characteristics were described
by descriptive analysis. Continuous variables that follow a normal
distribution were represented by means and standard deviations
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(SD), while medians and 25th and 75th percentiles (P25eP75) rep-
resented other variables. Count and percentage values were
calculated for categorical variables.

Concerning validity, we evaluated the degree of content validity,
construct validity, convergent validity, and discriminant validity.
The content validity index (CVI) was used to check whether the
scale subjectively addresses the concept it intends to measure [27].
Experts were asked to assess each item by scoring between 1 and 4
(4 ¼ appropriate, 3 ¼ needs minor revision, 2 ¼ needs major revision,
1 ¼ not appropriate) [29]. Item-level CVI (I-CVI) equals the per-
centage of experts who selected four or three for the specific item;
scale-level CVI (S-CVI) was calculated by averaging I-CVIs of all
items [30]. S-CVI > 0.90 and I-CVI > 0.78 suggested sufficiency
content validity levels [31]. The expert group included two endo-
crinologists, two nursing specialists, and one psychologist.

As for construct validity, both an exploratory factor analysis
(EFA) and a confirmatory factor analysis (CFA) were conducted to
examine and confirm the latent structure of the C-DDS17. EFA ex-
trapolates the latent factors responsible for shared variance among
items, while CFA objectively compares prior theory-based models
to definite latent structures [32].

Furthermore, Bartlett’s and Kaiser-Meyer-Olkin (KMO) tests
were used to evaluate the suitability for factor analysis. A KMO
value lower than 0.50 is unacceptable, whereas a value between
0.80 and 0.90 is considered good, and a value higher than 0.90 is
considered great for factor analysis [33]. After confirming the
fitness for factor analysis, the preferred factor structure was
adjudged by factor loadings through principal component analysis
and Kaiser normalization. Factor loadings �0.40 were considered
sufficient to include factors [28]. Specifically, EFA models ranging
from one to four were estimated with oblique GEOMIN rotation,
and CFA was used to test the competing models. To assess whether
the models established were suitable for the data, the absolute
objective goodness-of-fit indices were considered using the
following criteria: an c2=df value no more than 3.00 indicates a
perfect fit, and a value between 3.00 and 5.00 indicates a good fit
[28]. A comparative fit index (CFI) � 0.95, Tucker Lewis index
(TLI) � 0.95, root mean square error of approximation
(RMSEA) � 0.08, standardized root mean squared residual
(SRMR) � 0.08, and weighted root mean squared residual
(WRMR) � 1.00 were considered acceptable [32]. The relative
goodness-of-fit of the estimated models was evaluated using in-
formation criteria indices including the Akaike Information Criteria
(AIC), Bayesian Information Criteria (BIC), and sample size-adjusted
BIC (SSA-BIC). Models with lower information criteria were
considered relatively better fits to the data [32].

Convergent validity is the true correlation degree between two
construct measures that should be related theoretically. It can be
assessed by inter-scale correlations and average variance extracted
(AVE), which should exceed 0.50 [34]. Discriminant validity refers
to the extent to which two theoretically unrelated measures are
truly unrelated [34]. It occurs when the squared correlations (SCs)
between paired constructs are lower than the AVE of the individual
constructs [35].

Regarding reliability, internal consistency was examined using
Cronbach’s a coefficient and corrected item-total correlation co-
efficients. Considered sufficient reliability coefficients should be as
close to 1.00 as possible. In particular, a Cronbach’s a coefficient
value less than 0.40 is considered unreliable, a value between 0.40
and 0.59 is less reliable, between 0.60 and 0.79 is reliable, and
between 0.80 and 1.00 is extremely reliable [28]. Item-total cor-
relation is the correlation between an individual item and the total
score without that item, which is acceptable with a value no less
than 0.40, as estimated by Pearson’s correlation coefficient [36].



Y.-Y. Zhang, W. Li and Y. Sheng International Journal of Nursing Sciences 9 (2022) 243e251
3. Results

3.1. Characteristics of the study sample

The data from 400 participants with T2D were analyzed. Table 1
presents the composition of the participants. Participants’ clinical
characteristics are shown in Table 2. The median duration for T2D
equaled 6.09 years (P25eP75: 1.00e14.57 years), and the mean was
8.44 years. The median BMI was 25.22 kg/m2 (P25eP75:
23.18e27.75 kg/m2), and the mean BMI was 25.76 kg/m2. The mean
WHR was 0.93 (SD ¼ 0.07). Most participants tended to be general
and central obese under the Asian criteria (BMI �25.00 kg/m2 is
defined as general obesity and WHR �0.80 is defined as central
obesity [37]). Most participants had comorbidities (n¼ 342, 85.5%);
however, only about one-third reported complications (n ¼ 137,
34.3%). Almost half (n ¼ 205, 51.3%) were mainly treated at home,
did not consume alcohol (n ¼ 222, 55.5%). More than half accepted
both lifestyle and medication interventions (n ¼ 273, 68.3%), had a
family history of T2D (n ¼ 262, 65.5%), and never smoked (n ¼ 250,
62.5%).
3.2. C-DDS17 scores

The median of the C-DDS17 total and sub-scale scores of the
sample are shown in Table 3. The median total score of C-DDS17
was 1.53 (P25eP75: 1.18e2.18). The emotional burden and regimen
distress dimensions had the highest score (1.60) and the interper-
sonal distress dimension had the lowest score (1.00). As depicted by
percentage of severity, 33.3% (133/400) of the participants experi-
enced moderate to high DD: 24.0% moderate DD and 9.3% high DD.
The prevalence of emotional burdenwas 43.0% (172/400), followed
by regimen distress (39.0%,156/400), physician distress (26.0%,104/
400), and interpersonal distress (19.3%, 77/400).
Table 1
Participants’ socio-demographic characteristics (n ¼ 400).

Socio-demographic characteristics

Sex Male
Female

Ethnic group Han
Manchu
Hui
Mongolian

Religion None
Christian
Buddhism
Islam
Other

Marital status Unmarried
Married
Divorced
Widowed

Educational level Illiteracy
Primary school
Secondary school
College and univer
Graduate school

Employment status Freelance
Full-time
Part-time
Student
Unemployed
Retired

Primary payment of medical costs Basic medical insu
Commercial insura
Free medical servi
Self-payment
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3.3. Validity

3.3.1. Content validity
The back-translated version showed overall semantic similar-

ities to the terms adopted in the original scale. Further, the content
validity of the C-DDS17 was established after evaluation by five
experts. The experts remarked that the C-DDS17 had a high degree
of relevance and representativeness as assessed by CVI (S-
CVI ¼ 1.00, I-CVI ¼ 1.00). Hence, the C-DDS17 was adequately
adapted to Chinese and had a satisfactory content validity as a
rating scale for DD in T2D patients.
3.3.2. Construct validity
KMO coefficient of the C-DDS17 was 0.88, the c2 value was

2703.57 based on Bartlett’s Test of Sphericity analysis and the df
was 136. The test results were significant (P < 0.001). The results
showed that the sample size for the scale was sufficient and suit-
able for factor analysis.

The results of EFA of the C-DDS17 data are summarized in
Table 4. c2=df , CFI, TLI, and RMSEA estimates suggested that the
one- and two-factor models were a poor fit to the C-DDS17 data,
while the EFA three-factor and four-factor models were strong fits
to the data: c2=df , CFI, TLI, RMSEA, and SRMR all fell in the
excellent-fit range. The AIC, BIC, and aBIC favored a four-factor
model over the three-factor model.

As shown in EFA model, the four sub-dimensions accounted for
61.6% of the total variance. Since this exceeds 52.0%, the scale met
the construct validity criterion [33]. Specific items could be
replaced by a new factor. More specifically, Factor 1 comprises
items 1, 4, 7, 10, and 14, with factor loadings ranging 0.58e0.77.
Factor 2 could replace items 2, 5, 11, and 15 with factor loadings
ranging 0.52e0.86. Factor 3 could replace items 3, 6,12, and 16with
factor loadings ranging 0.56e0.78. The last factor could replace
items 9,13, and 17with factor loadings ranging 0.73e0.76. All factor
n %

228 57.0
172 43.0
384 96.0
10 2.5
4 1.0
2 0.5
381 95.3
8 2.0
6 1.5
3 0.7
2 0.5
22 5.5
342 85.5
13 3.3
23 5.7
1 0.2
7 1.8
138 34.5

sity 220 55.0
34 8.5
30 7.5
148 37.0
2 0.5
2 0.5
13 3.2
205 51.3

rance 314 78.5
nce 1 0.2
ce 46 11.5

39 9.8



Table 2
Participants’ clinical characteristics (n ¼ 400).

Clinical characteristics n %

Comorbidities 0 58 14.5
1e5 326 81.5
�6 16 4.0

Complications None 263 65.7
Chronic 63 15.8
Acute 48 12.0
Both chronic and acute 26 6.5

Main treatment spot Outpatient department 140 35.0
Inpatient department 29 7.2
Community health service center 26 6.5
Home 205 51.3

Diabetes treatment None 11 2.7
Lifestyle intervention 28 7.0
Medication 88 22.0
Lifestyle intervention and medication 273 68.3

Family history of diabetes mellitus Yes 262 65.5
No 138 34.5

Smoking status Smoke regularly 74 18.5
Smoke occasionally on an irregular basis 17 4.2
Have quit smoking 59 14.8
Never smoke 250 62.5

Drinking status Drink regularly 40 10.0
Drink occasionally on an irregular basis 100 25.0
Have quit drinking 38 9.5
Never drink 222 55.5

Table 3
Scores and levels of the C-DDS17 among adult patients with type 2 diabetes (n ¼ 400).

Subscale Diabetes distress score Level of diabetes distress, n (%)

Mean ± SD Median (P25eP75) Min Max Little or no Moderate High

Total score 1.80 ± 0.78 1.53 (1.18e2.18) 1.00 4.65 267 (66.7) 96 (24.0) 37 (9.3)
Emotional burden 2.02 ± 1.10 1.60 (1.20e2.60) 1.00 6.00 228 (57.0) 94 (23.5) 78 (19.5)
Physician distress 1.64 ± 0.96 1.25 (1.00e2.00) 1.00 6.00 296 (74.0) 65 (16.2) 39 (9.8)
Regimen distress 1.92 ± 1.00 1.60 (1.20e2.40) 1.00 6.00 244 (61.0) 95 (23.7) 61 (15.3)
Interpersonal distress 1.42 ± 0.79 1.00 (1.00e1.67) 1.00 6.00 323 (80.7) 51 (12.8) 26 (6.5)

Note: C-DDS17 ¼ Chinese version of 17-item Diabetes Distress Scale.

Table 4
Factor analysis goodness-of-fit statistics for the EFA and CFA.

EFA c2 df c2=df k CFI TLI RMSEA SRMR LL k AIC BIC aBIC

One-factor 882.67* 119 7.42 17 0.88 0.87 0.13 0.12 �6675.46 102 13 554.92 13 962.04 13 638.39
Two-factor 509.94* 103 4.95 33 0.94 0.92 0.10 0.08 �6530.62 118 13 297.24 13 768.23 13 393.81
Three-factor 215.76* 88 2.45 48 0.98 0.97 0.06 0.05 �6429.13 133 13 124.25 13 655.11 13 233.10
Four-factor 123.32* 74 1.67 62 0.99 0.99 0.04 0.03 ¡6383.77 147 13 061.54 13 648.28 13 181.84

CFA c2 df c2=df CFI TLI RMSEA SRMR LL k AIC BIC aBIC

Unrevised four-factor 295.12* 113 2.61 0.97 0.97 0.06 0.05 �6450.48 108 13 116.95 13 548.03 13 205.34
Revised four-factor 286.81* 113 2.54 0.97 0.97 0.06 0.05 �6443.96 108 13 103.92 13 535.00 13 192.31

Note: *P < 0.001. The preferred models are presented in bold font. EFA ¼ exploratory factor analysis. CFA ¼ confirmatory factor analysis. k ¼ number of free
parameters. CFI ¼ confirmatory fit index. TLI ¼ Tucker Lewis index. RMSEA ¼ root mean square error of approximation. SRMR ¼ standardized root mean square residual.
LL ¼ loglikelihood. AIC ¼ Akaike Information Criterion. BIC ¼ Bayesian Information Criterion. aBIC ¼ sample size-adjusted BIC. Both weighted least square (WLSMV) and
maximum likelihood (MLR) estimators were used in the analyses.
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loadings are listed in Appendices. The results correspond to the
emotional burden, physician distress, regimen distress, and inter-
personal distress sub-dimensions raised in the original scale
(except for the eighth item). The eighth item (“Feeling that I am
often failing with my diabetes routine”) loaded on physician
distress with a factor loading of 0.48 instead of regimen distress
with a factor loading of 0.34.

The original item classification of sub-dimensions were
c2 ¼ 295.12, df ¼ 113 (P < 0.001), c2=df ¼ 2.61, RMSEA ¼ 0.06,
SRMR ¼ 0.05, CFI¼ 0.97, and TLI¼ 0.97 and the fit index of CFAwas
based on this classification (Table 4). After classifying the eighth
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item into the physician distress dimension, the revised CFA model
showed a slightly better fit to the scale. The revised and unrevised
models both had an acceptable fit. The results showed that the 17-
item, 4-dimensional C-DDS17 was a valid measurement instrument
compatible with the original scale.

3.3.3. Convergent validity
The AVE estimates were 0.50, 0.56, 0.42, 0.57 for the original

four sub-dimensions, respectively. After changing item 8 to the
physician distress dimension, the AVE estimates for physician
distress and regimen distress changed to 0.50 and 0.50. The
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findings showed that the convergent reliability of the C-DDS17 was
more acceptable after revising the regimen distress and physician
distress dimensions.

3.3.4. Discriminant validity
The results showed moderate to high correlations between the

total score and the four sub-scales (Spearman’s r ¼ 0.60e0.87,
P < 0.001) in both the unrevised and revised scales, which indicated
the effectiveness and sufficiency for each sub-scale to measure DD.
Further, the SCs ranged 0.42e0.63 between sub-dimensions, which
were higher than the AVEs. Therefore, the four domains of the scale
showed low discriminant validity, which was suitable for the scale
to measure the same variable. The SCs are listed in Table 5.

3.4. Reliability

3.4.1. Cronbach’s a coefficient
The Cronbach’s a coefficients of the total C-DDS17 was 0.88 and

“Cronbach’s a coefficients if item deleted” were lower than the
overall scale, demonstrating great internal consistency of the scale.
The internal consistencies of the sub-scales, as shown in Appendix
B, were also acceptable. Cronbach’s a coefficients of emotional
burden, physician distress, regimen distress, and interpersonal
distress sub-dimensions were 0.81, 0.76, 0.78, and 0.76, respec-
tively. After changing the eighth item into the physician distress
sub-dimension, the Cronbach’s a coefficients increased to 0.77 for
the physician distress dimension and 0.78 for the regimen distress
dimension.

3.4.2. Corrected item-total correlation
The dimensionality of the C-DDS17 was assessed using cor-

rected item-total correlations. The results ranged 0.42e0.61: all
passed the acceptable cut-off point of 0.40. All correlations are
shown in Appendix C.

4. Discussion

4.1. The C-DDS17 is a reliable patient-rated scale for assessing DD in
China

The current study systematically translated the DDS17 into
Chinese and evaluated the psychometric properties of the C-DDS17.

The mean DDS17 score in this study was lower as compared to
America (2.20 ± 1.00), Australia (1.90 ± 0.80), Malay (1.99 ± 0.77),
and Turkey (2.50 ± 0.90) [38e41]. In addition, there were more
men in this study than in the studies conducted in America (34.8%),
Australia (52.0%), Malay (48.1%), Turkey (41.5%), Thailand (31.8%),
and Indonesia (43.5%) [38e43]. The participants of this study were
also younger than those in America (59.90 ± 11.20), Australia
(58.20 ± 8.80), Thailand (69.00 ± 7.25), and Indonesia
(60.14 ± 9.52), but slightly older than those in the studies from
Malaysia (55.20 ± 9.74) and Turkey (55.29 ± 10.00) [38e43]. The
mean T2D duration was shorter than in America (14.00 ± 9.30),
Table 5
Squared correlations among variables.

Scale Spearman coefficients of sub-scales of the C-DDS17

Total score Emotional burden Physician

Total score 1.00 0.87 0.80
Emotional burden 0.87 1.00 0.56
Physician distress 0.70 0.46 1.00
Regimen distress 0.84 0.63 0.47
Interpersonal distress 0.60 0.42 0.43

Note: Data are squared correlation coefficients. The coefficients of the scale after classifyi
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Australia (8.90 ± 7.00), and Thailand (10.30 ± 7.96), but longer than
inMalaysia (4.90± 4.39) [38e40,44]. Themean BMIwas lower than
in the studies in America (33.10 ± 7.70 kg/m2) and Turkey
(32.20 ± 12.00 kg/m2) [40,41]. In conclusion, the lower DD in this
study as compared to prior studies could be owing to the increased
prevalence of male participants, the shorter T2D duration, and/or
the lower body weight, which was consistent with the correlations
between diabetes distress and demographic characteristics in
previous studies [5].

In general, the translated version demonstrated excellent psy-
chometric properties and was consistent with the original English
scale and other translated versions. The four-factor model offered
excellent fit to the data and explained 61.6% variance of the scale.
The factors correspond to the four domains reflecting emotional
burden, physician distress, regimen distress and interpersonal
distress identified in the original DDS17 study [19]. The preferred
factor structures were also comparable across DDS17 data obtained
from other translation versions, including Yang’s Chinese version
and the German, Danish, and Norwegian versions, supporting good
cross-cultural consistency [13].

All DDS17 items were retained in the factor analysis (all excee-
ded 0.40), with no cross-loaded items. The distribution of the items
over factors was similar to the original scale, except for the eighth
item (“Feeling that I am often failing with my diabetes routine”),
which loaded on physician distress instead of regimen distress. This
might be explained by cultural differences because physicians are
considered to play a more dominant role in diabetes routines, and
diabetes routines place more reliance on numerical targets in China
than in America [45]. Similarly, one question was classified in a
different sub-dimension from the original scale in the validation
analyses of other language versions [41]. The Norwegian version of
the DDS17 found that the seventh item (“Feeling that I will end up
with serious long-term complications, no matter what I do”) was
allocated to regimen distress instead of the emotional burden sub-
scale [46]. The Malay version also showed that the seventh item
(“Feeling that I will end up with serious long-term complications,
no matter what I do”) and the fifteenth item (“Feeling that I don’t
have a doctor whom I can see regularly enough about my diabetes”)
were allocated to regimen distress instead of the physician distress
or emotional burden sub-scales, while the third item (“Not feeling
confident in my day-to-day ability to manage diabetes”) was allo-
cated to emotional burden instead of regimen distress [38]. The
reasons include the patients’ perception of regimens, doctors, and
different cultural backgrounds. Nevertheless, the instrument still
enables the assessment of sub-domains of DD.

Regarding convergent and discriminant validity, this study
found significant positive correlations between the total score and
the four sub-domains of the scale, as well as between the four sub-
dimensions. The results were higher than in the Malaysian English
version [11]. The moderate to high correlations confirmed the
convergent validity of the scale. These results indicated that the
Chinese version was a valid version for DD evaluation in Chinese
populations.
P

distress Regimen distress Interpersonal distress

0.76 0.60 <0.001
0.55 0.42 <0.001
0.45 0.46 <0.001
1.00 0.49 <0.001
0.49 1.00 <0.001

ng the eighth item into the physician distress dimension are presented in bold font.
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The C-DDS17 demonstrated excellent reliability in terms of
Cronbach’s a coefficients and item-total correlations. The Cron-
bach’s a coefficients were similar to the Arabic, Turkish, and
Indonesian versions, of which the indexes ranged 0.87e0.82 for the
total scale and 0.78e0.88 for the sub-dimensions [36,41e43].
However, it was slightly lower than that of the original English
version used among different ethnic groups, of which the Cron-
bach’s a coefficient equaled 0.93 for the total score and 0.88e0.90
for individual sub-scales [47,48]. Further, item-total correlations
passed the acceptable cut-off point of 0.40. These results indicate
that the C-DDS17 is a reliable patient-rated scale for assessing DD
and its four domains in the mainland of China.

4.2. Strengths and limitations

This study has the following strengths. The validation process
followed a stringent methodology; amendments of the C-DDS17
were completed according to the translation validity evaluated by
experts, which increased the language accuracy and understand-
ability. Moreover, the sample size was larger than other scale
translation studies, and the study was multi-centered, which pro-
vides more robust evidence supporting the validity and reliability
of C-DDS17 in patients with T2D in China.

However, this study has some limitations as well. Our partici-
pants were recruited using convenience sampling from Class A
tertiary comprehensive hospitals in Beijing. This might have biased
the sample toward participants in high-grade hospitals and with a
high degree of cooperation, which affects the generalizability of our
results to patients in other levels of hospitals and other areas of
China. Nevertheless, the sample can still represent most patients
with T2D in China to some extent because the age and sex distri-
butions were consistent with that of a large Chinese cohort study of
T2D [49]. For better representation of patients with diabetes, future
studies should include patients from different areas and diverse
medical institutions. A random sample could also be considered to
improve the generalizability of the findings. Furthermore, because
criterion validity was not evaluated in this study, a comparison
study between C-DDS17 and other scales is necessary for future
studies to confirm the criterion validity of the scale.

Another limitation is that the EFA results showed different factor
classification for the eighth item. This might be partially explained
by cultural differences [41]. However, the CFA and reliability results
did not show significant differences between the unrevised and
revised models. Further, statistical results cannot provide adequate
evidence for revision of sub-scales for a mature scale. To maintain
comparability across culture, future usage and analysis of the C-
DDS17 should still follow the construct of the original instrument.
Additionally, it may be useful to conduct more studies in a larger
Chinese T2D population. Owing to its cross-sectional study, some of
the psychometric properties, such as sensitivity to change and
predictive validity, were not explored in this study. Thus, a longi-
tudinal study should be conducted to increase the accuracy of C-
DDS17 for dynamically evaluating DD and investigating the in-
terventions’ effectiveness. Easy identification of patients with DD
could facilitate future research in deriving early interventions.
Future studies could also explore the physio-psychological mech-
anisms of the scale domains.

5. Conclusion

The findings obtained in this study were mostly consistent with
the original scale. The results of the EFA and CFA confirmed the
four-factor structure of the scale. Moreover, the scale had accept-
able Cronbach’s a coefficient s and item-total correlations. These
results demonstrate that the C-DDS17 could be an easily applied,
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psychometrically robust, reliable, and valid instrument for Chinese
patients with T2D. It is a good instrument for early identification
and management of DD in clinical practice and clinical trials.
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