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s u m m a r y

Purpose: The aims of this study were to develop a new instrument for measuring self-management with
a hierarchical structure [the Diabetes Self-Management Scale (DSMS)] in patients with type 2 diabetes,
and evaluate its psychometric properties.
Method: The DSMS instrument was developed in three phases: (1) conceptualization and item genera-
tion; (2) content validity and pilot testing; and (3) field testing of its psychometric properties. A con-
venience sample of 473 participants was recruited in three university hospitals and one regional health
center, South Korea.
Results: Exploratory and confirmatory factor analyses yielded two second-order component models
explaining the common variance among six first-order factors. Principal axis factoring with a varimax
rotation accounted for 60.88% of the variance. Confirmatory factor analysis of the hierarchical structure
revealed the following fit indices: c2/df ¼ 1.373, standardized root-mean-square residual ¼ .050,
goodness-of-fit index ¼ .935, incremental fit index ¼ .975, comparative fit index ¼ .974, and root-mean-
square error of approximation ¼ .039. All Cronbach' a values for internal consistency exceeded the cri-
terion of .70. All of the intraclass correlation coefficients for testeretest reliability exceeded .70 except
that for the taking-medication subscale. The components of the DSMS were moderately correlated with
the comparator measures of self-efficacy and health literacy administered for convergent validity.
Conclusion: The DSMS is a new instrument for measuring the complex nature of self-management in
patients with type 2 diabetes, comprising 17 items scored on a five-point Likert scale. The DSMS exhibits
satisfactory psychometric properties for five reliability and validity metrics, and so is a suitable instru-
ment to apply in both research and clinical practices.
© 2020 Korean Society of Nursing Science. Published by Elsevier BV. This is an open access article under
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Introduction

Diabetes is a major global health problem being faced this
century. The disease affects approximately 463 million people in
the world, which is estimated to reach 700 million by 2045 [1].
Type 2 diabetes reportedly accounts for 90.0e95.0% of all cases of
diabetes [2]. Self-management is regarded as the cornerstone
treatment for improving metabolic control and quality of life, and
reducing the risk of complications and health care expenditure [1].
Therefore, the assessment of diabetes self-management by health
professionals is crucial for patients with type 2 diabetes.
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The past two decades have seen the development of various
self-reported instruments measuring diabetes self-management in
patients with type 2 diabetes. The most popular and frequently
used instrument [3] is the Summary of Diabetes Self-Care Activi-
tiesdRevised (SDSCA-R), which has 11 items asking the frequency
of performing particular diabetes self-care activities over the last
7 days [4]. The SDSCA-R is shorter than other instruments, which
improves the feasibility of using it in practice. However, the SDSCA-
R is criticized as being out of date, and so needs to be updated based
on recently acquired health knowledge [5]. Moreover, Lee et al [3]
noted that it may be difficult for the patients with low health
numeracy levels to complete the SDSCA-R, because the instrument
uses a frequency-based response format that requires a certain
level of health numeracy (e.g., for comprehending and calculating
numerical values). Crucially, rigorous evidence for its validity is not
available [6].

Psychometric problems are not limited to the SDSCA-R instead
also applying to most of the other instruments that are currently
used to measure diabetes self-management. Recent narrative and
systematic reviews of the psychometric properties of instruments
for patients with type 2 diabetes have consistently suggested the
need for the further development of instruments exhibiting strong
psychometric properties [3,6,7].

The conceptualization of a target construct is a basic step when
developing a new instrument [8]. Nevertheless, many instrument
developers have not clearly defined the diabetes self-management
measures, and only in rare cases they have grounded the under-
lying concept on a theory [5]. Content validitydreferring to the
extent to which the content of an instrument reflects the construct
to be measureddis the most important measurement property
because it impacts other properties [9]. The systematic review
study of Lee et al [3] found only very-low- to moderate-quality
evidence for the content validity of diabetes self-management in-
struments, implying poor trustworthiness of the results for other
measurement properties (e.g., structural validity).

Diabetes self-management is considered to be a multidimen-
sional construct, but no universally accepted domains exist [6]. The
most commonly identified domains/subscales have been diet, ex-
ercise, taking medications, self-monitoring of blood glucose, and
foot care, in addition to less common domains such as psycholog-
ical coping [6,10]. However, how the domains are mutually struc-
tured has been controversial. The Diabetes Self-Management
Instrument (DSMI) was originally demonstrated to have a first-
order multifactor structure [11]. Its subsequent short version, the
DSMI-29, yielded single second-order structure [12]. The SDSCA-R
has been demonstrated to have a first-order multifactor structure
(with 4e6 factors) [13e15]; however, a single-order structure was
recently suggested by Jannoo and Khan [16]. While these structural
discrepancies need to be further explored, an appropriate instru-
ment must also have a clear definition and rigorous content
validity.

The scoring methods of instruments also need to be considered.
Some researchers have noted that the domains of diabetes self-
management instruments are not strongly related to each other,
therefore requiring scoring separately in each domain [4]. Other
authors have asserted the need for a total score combined across all
domains as well as scores in the separate domains [16e19]. How-
ever, the optimal scoring method may be affected by how the do-
mains of diabetes self-management are related to each other: if an
instrument is conceptually hypothesized and empirically demon-
strated to have a first-order structure, each domain is scored
separately, while if it has a single higher-order structure, each
domain and the total score across domains can both be reasonably
scored [20].
Based on all the aforementioned issues, the aims of the present
study were to develop a new instrument for measuring self-
management in patients with type 2 diabetes and evaluate the
following psychometric properties: content validity, structural
validity, internal consistency, testeretest reliability, and convergent
validity.

Methods

Phase I: Conceptualization and item generation

The term self-management has been widely explored over the
past three decades, but there is still no consensus on its definition.
Self-management has been used interchangeably with the term
self-care in the literature [21], and the two terms are similar in
being related to an individual engaging in behaviors on their own to
achieve health outcomes [22]. However, the conceptual range
represented by the two terms differs: self-care is considered a
broader concept expressing the healthy lifestyle behaviors required
for optimal human growth and development [23], whereas self-
management involves health behaviors that are more specific to
particular conditions [24]. In a similar vein, Jones et al [25] noted
that self-management relates to the condition-specific behaviors of
patients with a long-term condition, and the term self-
management is mentioned more frequently in the literature on
chronic diseases [26]. Another difference is the degree of involve-
ment of health professionals, with some researchers differentiating
between self-care being performed by individuals independently of
health professionals (e.g., toileting and general bathing) and self-
management being carried out by patients in conjunction with
health professionals [21,27]. The terms self-care and self-
management are sometimes used interchangeably with self-
monitoring, referring to the monitoring of physiological parame-
ters or symptoms of a health condition [28]. However, it is prefer-
able for self-monitoring to fall within the domain of self-care or
self-management [23,29]. Thus, diabetes self-management was
conceptualized in the present study as behaviors that are per-
formed intentionally by a patient with diabetes in daily life to
control or reduce the impact of the disease on their health. More-
over, the behaviors represent the tasks planned in collaboration
with health professionals.

A review of broad literature, including the latest Association of
Diabetes Care and Education Specialists [30] and American Dia-
betes Association [31], was explored to specify behaviors of dia-
betes self-management. Then, the following potential behaviors
were identified with a consensus among authors: physical exercise,
diet, body weight checking, emotional coping, taking medication,
self-monitoring of blood glucose, symptom regulation, and foot
inspections. In general, self-management behaviors are clustered
into healthy lifestyle behaviors (e.g., exercise and healthy diet) and
disease-controlling behaviors (e.g., medication adherence and
detecting/avoiding symptom triggers) [32]. Empirical studies of
diabetes have found lifestyle behaviors (e.g., physical exercise and
diet) to be correlated more strongly with one another than with
disease-regimen behaviors (e.g., self-monitoring of blood glucose
and foot inspections) [13,14,33]. Based on the clustering pattern,
diabetes self-management was hypothesized in the present study
as two second-order hierarchical components (later named as
lifestyle and regimen behavioral components) with their corre-
sponding lower-order potential behaviors (domains). Based on a
review of a large amount of literature, we derived 32 attributes of
the potential behavioral domains. Then, three experts (2 nursing
professors and 1 diabetes nurse educator) confirmed which of the
attributes were related to the potential behavioral domains of the
diabetes self-management defined in this study.



Table 1 General Characteristics of the Participants (N ¼ 473).

Variable Total sample
(N ¼ 473)

Subsample 1
(n ¼ 219)

Subsample 2
(n ¼ 254)

n (%) n (%) n (%)

Gender
Men 247 (52.2) 126 (57.5) 121 (47.6)
Women 226 (47.8) 93 (42.5) 133 (52.4)

Age (yrs)
�30 2 (0.4) 1 (0.5) 1 (0.4)
31e40 12 (2.6) 4 (1.8) 8 (3.1)
41e50 55 (11.6) 33 (15.1) 22 (8.7)
51e60 149 (32.0) 68 (31.0) 81 (31.9)
61e70 169 (35.2) 72 (32.9) 97 (38.2)
�71 86 (18.2) 41 (18.7) 45 (17.7)

Marital status
Married/living together 381 (80.5) 180 (82.1) 201 (79.1)
Divorced/widowed 75 (16.0) 32 (14.6) 43 (16.9)
Unmarried 12 (2.5) 5 (2.3) 7 (2.8)
Other 3 (0.6) 1 (0.5) 2 (0.8)
Data missing 2 (0.4) 1 (0.5) 1 (0.4)

Employed
Yes 240 (50.7) 116 (53.0) 124 (48.8)
No 232 (49.1) 102 (46.5) 130 (51.2)
Data missing 1 (0.2) 1 (0.5) �

Education
Elementary school 62 (13.1) 24 (11.0) 38 (15.0)
Middle school 77 (16.2) 37 (16.9) 40 (15.7)
High school 189 (40.0) 85 (38.8) 104 (40.9)
College and above 138 (29.2) 71 (32.4) 67 (26.4)
Other 6 (1.3) 2 (0.9) 4 (1.6)
Data missing 1 (0.2) � 1 (0.4)

Treatment regimen
Oral hypoglycemic
agent

363 (76.7) 172 (78.5) 191 (75.2)

Insulin 14 (3.0) 2 (2.3) 9 (3.5)
Oral hypoglycemic
agent þ insulin

96 (20.3) 45 (19.2) 54 (21.3)

Glycemic control
Controlled, HbA1c�6.5% 116 (24.5) 52 (23.7) 64 (25.2)
Uncontrolled, HbA1c
>6.5%

357 (75.5) 167 (76.3) 190 (74.8)

Mean±SD Mean±SD Mean±SD

Duration of disease (yr) 11.5±9.2 11.7±9.7 11.2±8.6

Note. HbA1c ¼ hemoglobin A1c; SD ¼ standard deviation; Yrs ¼ years.
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The attributes were rephrased for each item in accordance with
the reading levels of the sixth grade of elementary school or the
first grade of middle school [8]. A five-point Likert scale was used
for the response options for each item with the following verbal
descriptors: never, rarely, sometimes, very often, and always. For
the direction of the item timeframe, the recall period was set as the
previous month, because a 1-month recall period was found to be
more accurate than 3- and 7-day recall periods for self-reported
measures in diabetes [34].

Phase II: Content validity and pilot testing

The content validity of the expert agreement was assessed using
the item-level content validity index (I-CVI) [8]. A panel of seven
experts (4 diabetes nurse educators and 3 professors in nursing)
was asked to rate how relevant the 32 items were to the constructs
of diabetes self-management on the following four-point scale: 1,
not relevant; 2, somewhat relevant; 3, quite relevant; and 4, highly
relevant. The I-CVIs were computed as the proportion of experts
who agreed that the item was either quite or highly relevant. An I-
CVI value of >.78 was considered evidence that the item exhibited
adequate relevance. In addition, comprehensiveness and compre-
hensibility (jargon, reading level, and clarity) of the items were
assessed using open questions [8]. For pilot testing, 20 participants
with type 2 diabetes and older than 19 years were recruited at a
university hospital.

Phase III: Field testing of psychometric properties

1. Study design

A psychometric evaluation was conducted to assess the struc-
tural validity, internal consistency, testeretest reliability, and
convergent validity of the newly developed Diabetes Self-
Management Scale (DSMS).

2. Sample and data collection

A sample of 473 participants was recruited fromApril to October
2019 at outpatient clinics in three university hospitals and one
regional health center. The inclusion criteria for participants were
being diagnosed with type 2 diabetes, administered diabetes
medications, aged at least 19 years, and articulate in the Korean
language. The exclusion criterion was having gestational diabetes.
Health professionals (nurses) working at the hospitals screened the
participants by applying the study inclusion and exclusion criteria.
Potential participants were met at outpatient clinics by trained
research assistants. The participants who agreed to participate
were asked to sign an informed consent form, and they were then
asked to complete questionnaires in a small room at the outpatient
clinic. To assess the testeretest reliability of the DSMS, 75 partici-
pants were consecutively recruited from among those who had
already completed questionnaires at the outpatient clinics in the
three university hospitals, and invited to complete the DSMS again
1 week later. Those who agreed were asked to take a stamped and
self-addressed envelope that contained a paper version of the
DSMS to their home, complete it 1 week later [20], and then post it
in the return envelope to the study researchers.

3. Ethical considerations

This study was approved by the institutional review boards of
the Ajou, Inha and Chonnam university hospitals (Approval no.
AJIRB-MED-SUR-18-535, INHAUH 2019-03-017-001, and CNUH-
2019-105). All participants were informed about the purpose and
voluntary nature of their participation, and the right to refuse and
withdraw from participating in the study, and then signed an
informed consent form and received remuneration for partici-
pating in the study.

4. Measurements

The Diabetes Management Self-Efficacy Scale (DMSES) [35] and
the Diabetes Health Literacy Scale [36] were used as comparator
tools for assessing the convergent validity of the DSMS, because
these two scales measuring self-efficacy and health literacy have
been empirically reported to exhibit moderate correlations with
diabetes self-management [37,38].

The original version of the DMSES comprises 21 items in four
subscales [35]. The present study used the Korean version of the
DMSES (K-DMSES), which comprises 16 items in four subscales
[39]. The K-DMSES exhibited satisfactory content validity, struc-
tural validity, concurrent validity, and internal consistency (Cron-
bach's a ¼ .92), and also testeretest reliability [intraclass
correlation coefficient (ICC) ¼ .85] in 440 patients with type 2
diabetes [39]. Each K-DMSES item is scored on a 11-point scale,
with higher scores implying greater self-efficacy for self-
management.
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The Diabetes Health Literacy Scale is a comprehensive instru-
ment measuring diabetes-related informational, numeracy, and
communication health literacy. It comprises 14 items scored on a
five-point Likert scale, with higher scores indicating better health
literacy. The instrument exhibited excellent content, structural
validity, convergent validity, criterion validity, and internal con-
sistency (Cronbach's a ¼ .85�.90) and also testeretest reliability
(ICC ¼ .80�.85) in 462 patients with diabetes [36].

5. Data analysis

Data were analyzed using the SPSS for Windows (version 25,
IBM Corp., Armonk, NY, USA) and AMOS software (version 25, IBM
Corp., Armonk, NY, USA). For the cross-validation of structural
validity, the total sample (Table 1) was randomly split into two
subsamples using the SPSS random-assignment function, and
subsample 1 (n ¼ 219) and subsample 2 (n ¼ 254) were then used
for exploratory factor analysis (EFA) and confirmatory factor anal-
ysis (CFA), respectively. The number of subsamples satisfied the
required number of cases, which was seven times the number of
items for EFA and at least 200 cases for CFA [9].

EFA was performed to reduce items and to provide the number
of potential factors for CFA. Before performing EFA, a zero-order
correlation matrix for all items was computed to determine
whether the matrix was factorable. Items with only a weak or no
correlation between them (r < .30) were eliminated because they
would share too little common variance and so potentially yield
excessive number of factors [40]. Bartlett's test of sphericity and the
KaisereMeyereOlkin test were also performed to assess the fac-
torability of the data for EFA. EFA was performed using principal
axis factoring (PAF) with a varimax rotation. The number of factors
for which the eigenvalues were >1 was determined, and the cu-
mulative percentage of variance extracted by the factors was at
least 60.0% [40]. The criterion for a meaningful factor loading was
set as >.50, and the criterion for item communality (h2) was >.40
[41].

For CFA, the missing data were replaced using expect-
ationemaximization estimation. The assumption of multivariate
normality for CFAwas tested usingMardia's normalized estimate of
multivariate kurtosis. Because of the violation of the assumption,
Table 2 EFA Results and Cronbach's a Values with Subsample 1 (n ¼ 219).

No. Abridged item description

1 Amount of aerobic exercise
2 Intensity of aerobic exercise
3 Muscular exercise
4 Move my body in daily life
5 Avoid high-calorie foods
6 Consider the types and amounts of foods
7 Positive attitude
8 Divert myself when stressed
9 Take or inject prescribed medication at the correct time
10 Take or inject the correct dose of prescribed medication
11 Regular blood glucose tests
12 Record blood glucose levels
13 Compare measured blood glucose level with goal level
14 Attention to symptoms of hypoglycemia
15 Bring along first aid foods for symptoms of hypoglycemia
16 Attention to any changes in symptoms (e.g., thirst or frequent urination)
17 Foot inspections

Eigenvalue
Percentage of the variance
Cronbach's a

Factor 1, self-regulation; Factor 2, blood glucose monitoring; Factor 3, physical exercis
communality.
Boldface indicates factor loadings that exceed the criterion of .50.
Note. EFA ¼ exploratory factor analysis.
bootstrapping on 1000 samples using a maximum likelihood esti-
mation and bias-corrected confidence intervals (90% CIs) was per-
formed [42]. The hypothesized hierarchical structure with two
second-order components and first-order factors derived from the
PAFwas evaluated using CFAwith the followingfit indices:c2/df< 2,
standardized root-mean-square residual <.08 [43], goodness-of-fit
index >.90, incremental fit index >.95, comparative fit index >.95,
and root-mean-square error of approximation <.05 [42,44].

Internal consistency was assessed using the corrected item-total
correlation coefficient with a criterion of .31�.80, and Cronbach's a
with a criterion of .70 [40]. Testeretest reliability was tested using
the ICC with a criterion of �.70 [9]. Convergent validity with self-
efficacy and health literacy were analyzed using Pearson
's correlation.

Results

Content validity and pilot testing

Five items were eliminated because I-CVI was <.78, and seven
items were rephrased to improve the comprehensibility. A pro-
fessor majoring in Korean language and literature refined the se-
mantics used to present the items. Participants in the pilot study
were aged 59.9 ± 13.1 years, 35.0% of themwere women, and 80.0%
of them used an oral hypoglycemic agent. They were asked to
complete the 27 content-validated items andwere also interviewed
about the relevance and comprehensibility of the items. One item
(“nutritional information label”) was refined to improve its
comprehensibility. The content-validated DSMS was produced,
which contained 27 items scored using a five-point Likert scale
ranging from 0 to 4, with higher scores indicating better self-
management.

Structural validity

1. EFA with subsample 1

A zero-order correlation matrix for all items revealed that three
items were not significantly or only weakly correlated (r <.30) with
most other items (88.9�92.6%), so those items were eliminated.
Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 h2

.06 .05 .69 .15 .03 .05 .51

.24 .05 .70 .13 e.06 e.03 .57

.10 .11 .62 e.07 .18 .11 .45
e.05 .11 .61 .08 .24 .23 .50
.16 .04 .14 .10 .84 .06 .77
.24 .19 .16 .20 .54 .20 .49
.23 .16 .04 .24 .10 .68 .61
.12 .02 .20 .05 .09 .72 .59
.17 .13 .14 .82 .11 .22 .79
.18 .10 .12 .81 .14 .07 .73
.15 .77 .09 .10 .00 .08 .64
.18 .81 .07 .06 .11 .02 .71
.27 .75 .14 .09 .11 .11 .68
.68 .25 .05 .18 .15 .03 .58
.68 .15 .03 .13 .03 .07 .50
.78 .11 .18 e.01 .11 .20 .71
.62 .18 .14 .15 .18 .14 .51

2.31 2.06 1.93 1.58 1.24 1.23
13.56 12.13 11.37 9.29 7.28 7.25

.82 .86 .76 .76 .73 .71

e; Factor 4, taking medication; Factor 5, diet; Factor 6, stress alleviation; h2, item



Figure 1. Two second-order components of the six-factor model of the DSMS. Note. D ¼ diet; e ¼ measurement error; LBC ¼ lifestyle behavioral component; PE ¼ physical exercise;
RBC ¼ regimen behavioral component; SA ¼ stress alleviation; SMBG ¼ self-monitoring of blood glucose; SR ¼ self-regulation; TM ¼ taking medication.
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PAF with 24 items in subsample 1 extracted a six-factor solution
with eigenvalues >1, and six items that did not load at a criterion
of >.50 onto any factor. After removing these items, PAF with 18
items extracted the following six factors that accounted for 62.3% of
the total variance in the items: physical exercise (4 items), diet (2
items), stress alleviation (3 items), taking medication (2 items),
self-monitoring of blood glucose (3 items), and self-regulation (4
items). However, one item that loaded on the stress-alleviation
factor exhibited a corrected item-total correlation coefficient of
.82, implying item redundancy, and so that item was eliminated.
Finally, PAF with 17 items extracted six factors that accounted for
60.88% of the total variance, and all items of the DSMS loaded
meaningfully onto one of these six factors, while there were no
cross-loadings >.50 (Table 2). The communality (h2) exceeded .40
for all the items. Bartlett's test of sphericity was significant
(c2 ¼ 1741.62, p < .001), and the KaisereMeyereOlkin value was
good, at .85, implying that the data were suitable for factor analysis
[44]. The six factors were significantly correlated with one another,
ranging from r ¼ .21 (between stress alleviation and self-
monitoring of blood glucose) to r ¼ .42 (between self-monitoring
of blood glucose and self-regulation).
2. CFA with subsample 2

CFA was performed to assess whether the hierarchical structure
of the two second-order components (lifestyle and regimen
behavioral components) was predicted to account for correspond-
ing the six first-order factors derived from the PAF, as presented in
Figure 1. This model provided a good fit: c2/df¼ 1.373, standardized
root-mean-square residual ¼ .050, goodness-of-fit index ¼ .935,
incremental fit index¼ .975, comparative fit index¼ .974, and root-
mean-square error of approximation ¼ .039 (90% CI of root-mean-
square error of approximation¼ .022e.053). Three factors (physical
exercise, diet, and stress alleviation) loaded significantly on the
second-order lifestyle behavioral component, and the remaining
three factors (taking medication, self-monitoring of blood glucose,
and self-regulation) also loaded significantly on the second-order
regimen behavioral component. All the bootstrapped standard-
ized items loaded significantly on their corresponding first-order
factors, ranging from .52 to .94 (Figure 1). The proportion of the
second-order components that explained the first-order factors
ranged from 86.0% (diet subscale) to 16.0% (stress-alleviation sub-
scale). The second-order components were moderately correlated
with each other (r ¼ .55, p < .001).



Table 3 Internal Consistency and Test�Retest Reliability of the DSMS.

Internal consistency (N ¼ 473) Testeretest
reliability (n ¼ 75)

Corrected item-total
correlation coefficient

Cronbach's
a

ICC

First-order subscales
Physical exercise .49�.63 .76 .86
Diet .62 .76 .80
Stress alleviation .59 .74 .73
Taking medication .78 .88 .66
Self-monitoring of
blood glucose

.73�.74 .86 .94

Self-regulation .60�.65 .80 .87
Second-order components
Lifestyle
behavioral
component

.31�.54 .76 .92

Regimen
behavioral
component

.39�.61 .84 .84

Note. DSMS ¼ Diabetes Self-Management Scale; ICC ¼ intraclass correlation
coefficient.
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Internal consistency and testeretest reliability

Table 3 indicates that the DSMS satisfied internal consistency.
The corrected item-total correlation coefficients for the compo-
nents and subscales ranged from .31 to .78. Cronbach's a values for
the components ranged from .76 to .84, and those for the subscales
ranged from .74 to .88. All the ICCs for components and subscales
supported the satisfactory testeretest reliability of the DSMS
(ICC >.70), with the exception of the taking-medication subscale
(ICC ¼ .66).

Convergent validity with a total sample

The lifestyle component of the DSMS was moderately correlated
with health literacy (r ¼ .43, p < .001) and self-efficacy (r ¼ .54,
p < .001), and the regimen component was correlated with health
literacy (r ¼ .40, p < .001) and self-efficacy (r ¼ .43, p < .001),
thereby satisfying convergent validity. Each subscale was also
correlated with both health literacy and self-efficacy, with co-
efficients ranging from r ¼ .30 to r ¼ .44 (p < .001).

Descriptive statistics of each item with a total sample

The proportion of missing values for each item ranged from 0%
to 1.1%. More than half of the participants responded “always” to
the item 9 (“take or inject prescribed medication at the correct
time”) and item 10 (“take or inject the correct dose of prescribed
medication”) (63.6% and 56.0%, respectively). These items had the
highest and the second-highest scores (3.48 ± 0.87 and
3.39 ± 0.88), implying the presence of ceiling effects
(Supplementary Table 1).

Discussion

Psychometric properties

The DSMS is a newly developed and validated instrument that
comprises 17 items scored on a five-point Likert scale. The term
diabetes self-management has been considered to be a multidi-
mensional concept [6]. Nevertheless, most of the existing in-
struments have been criticized for measuring restricted domains of
the concept, in particular excluding the emotional-coping and/or
medication domains [6,19]. The DSMS developed in the present
study covers these domains, and so it can be considered a more
comprehensive instrument.

It was originally considered that the structures underlying most
instruments that assess diabetes self-measurement comprised
first-order multidimensions. However, subsequent re-explorations
and ancillary analyses of some instruments considered hierarchical
structures (a single second-order construct with multiple di-
mensions) to investigate the more-complex nature of the con-
structs, such as the SDSCA-R [16], DSMI-29 [12], and DHPSC [19].
However, these investigations did not clearly describe the con-
ceptual definitions or empirical/theoretical backgrounds that had
been initially defined when developing the instruments. In
contrast, the DSMS was originally developed from the conceptu-
alization of a hierarchical structure based on empirical back-
grounds. In addition, the two second-order components (lifestyle
and regimen behavioral components) differentiate the DSMS from
previous instruments with a single second-order construct of the
overall diabetes self-management. In a similar vein, Corbin and
Strauss [45] also suggested the possibility of multiple second-order
constructs of the concept of self-management. The two second-
order components of the DSMS empirically supported that the six
subscales can be scored either individually or together in their
corresponding two components. In other words, scoring different
subscales or components individually might be more informative
when assessing diabetes self-management, rather than scoring an
entire scale.

All the Cronbach's a values of the DSMS components and sub-
scales demonstrated ranged from .74 to .88, which implies that (1)
the DSMS satisfied internal consistency because of the criterion
value of �.70, and (2) there was no redundancy of items because
none of the Cronbach's a values exceeded .90, and there was no
need to determine whether any items needed to be combined or
deleted [46].

The testeretest reliability of the DSMS remained stable over a 1-
week interval, with the exception of the taking-medication sub-
scale. There were ceiling effects for the two items of the taking-
medication subscale. Considering that a ceiling effect can nega-
tively affect an estimate of reliability [8], the marginally unsatis-
factory testeretest reliability of the taking-medication subscale
(ICC ¼ .66) might have been due to the ceiling effect on its items.

Convergent validity refers to the degree to which the scores of a
focal instrument (self-management in this study) are correlated
with the scores of comparators that they should be correlated with
[20]. Self-efficacy is a well-known predictor of diabetes self-
management [47], and health literacy is an emerging and impor-
tant predictor of it [48]. Using the predictors as comparators, the
DSMS exhibited satisfactory convergent validity.

Strengths and limitations

This study had some specific strengths. From the perspective of
contents, the DSMS comprehensively measures the concept of
diabetes self-management and reflects the current usage of tech-
nology in medical environments. Most people now use smart-
phones, and so patients with diabetes can use a smartphone-linked
blood glucose meter and record their blood glucose levels in ap-
plications [50]. To the best of our knowledge, such a recording
attribute with glucose meter usage has not been included in other
psychometrically validated self-reported instruments. From a
methodological point, a cross-validation approach was used to
assess the structural validity of the DSMS using EFA and CFA in
different subsamples. In particular, the present study is the first to
suggest and demonstrate a hierarchical structural instrument with
two second-order components for measuring the more-complex
nature of diabetes self-management. The DSMS uses a Likert scale
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as the response format. When considering that a frequency-based
format requires a certain level of health numeracy [3], the DSMS
has the advantage of being less affected by the level of health
numeracy.

The first limitation of this study is that responsiveness was not
evaluated, referring to the ability to detect changes over time. It is
therefore recommended for future studies to longitudinally inves-
tigate interventions (e.g., diabetes self-management education)
that can induce changes in diabetes self-management. The second
limitation was the DSMS only being applied to patients in Korea
with type 2 diabetes, so that its cross-cultural validity could not be
evaluated. It is recommended to assess the DSMS in other lan-
guages to determine whether or not the translated items
adequately reflect the original items of the DSMS. The third limi-
tationwas that the date onwhich participants completed the DSMS
might not have corresponded to the date of the hemoglobin A1c
(HbA1c) examination, because the most recent HbA1c values were
collected from the participants’ medical records. These mean that
the HbA1c could not be used as a comparator for assessing the
convergent validity of the DSMS. Future studies should therefore
match assessments between the two measures for convergent
validity. Criterion validity was not evaluated in this study because
there is no gold standard for diabetes self-management [5].
Implication for practice

Self-management is the cornerstone treatment for diabetes,
taking place in daily life at the home or workplace. This means that
it is impractical to make direct observations of patient adherence;
instead, health professionals in clinical practices directly ask how
their patients are taking care of themselves. In a busy clinical
setting, the use of the reliable and valid DSMS will help health
professionals to assess self-management by patients in a time-
efficient manner. The scores derived from the DSMS may be used
to facilitate providerepatient communication in implementing
educational interventions tailored to the needs of individual
patients.
Conclusion

This study developed the DSMS for measuring self-management
in patients with type 2 diabetes, which comprises 17 items scored
on a five-point Likert scale. The DSMS is a comprehensive instru-
ment measuring the more-complex nature of the hierarchical
structure of diabetes self-management. The instrument exhibited
good psychometric properties of content validity, structural val-
idity, convergent validity, internal consistency, and testeretest
reliability. The instrument may be less affected by the health
numeracy levels of respondents compared with instruments using
frequency-based item responses. These characteristics mean that
the DSMS may make it possible for health professionals to accu-
rately assess the self-management levels of patients in practice, and
for researchers to accurately assess the effect of self-management
intervention in patients with type 2 diabetes.
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