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Abstract: (1) Background: Diabetic patients must engage in self-care practices in order to maintain
optimal glycemic control, hence reducing the likelihood of developing complications, and enhance
the overall quality of their lives. The Diabetes Self-care Management Questionnaire (DSMQ) is
a tool for assessing self-management habits that may be used to predict glycemic control in people
with diabetes. However, no Arabic language version of the instrument has been found. Therefore,
we adapted an Arabic language version of the instrument in Tunisia. The purpose of the current
research aimed to assess the psychometric features of the Tunisian version of the DSMQ in patients
with type 2 diabetes. (2) Method: Two samples including both genders, one exploratory (n = 208,
mean age 53.2 ± 8.3) and one confirmatory (n = 441, mean age 53.4 ± 7.4), completed an adapted
Arabic language version of the DSMQ, a sociodemographic questionnaire and information about their
HbA1C levels. (3) Results: The exploratory factor analysis revealed that the 15 items of the A-DSMQ
fit well with the data. Likewise, the alpha coefficients for the A-DSMQ factors were above 0.80: for
“Glucose Management” (GM), “Dietary Control” (DC), “Physical Activity” (PA), and “Heath-Care
Use” (HU). The fit indices for the CFA were good, and the four-factor solution was confirmed. The
Average Variance Extracted values and Fornell–Larcker criterion established the convergent and
discriminant validity, respectively. The concurrent validity of the tool was established through the
statistically significant negative relationships between the A-DSMQ factors and HbA1C, in addition
to its positive association with the practice of physical activity measured by the IPAQ. (4) Conclusions:
Given the high EFA factor loadings, the CFA fit indices, the correlation matrix, the sensitivity analysis,
the convergent validity, and the excellent internal consistency of the A-DSMQ, it can be concluded
that the A-DSMQ is an effective psychometric tool for diabetes self-management in Tunisia.

Keywords: diabetes type 2; self-management; validity; reliability; physical activity

1. Introduction

Diabetes is a chronic, complex metabolic health problem that can be considered one
of the main causes of human mortality [1]. It generates serious consequences all over the
world. It has a huge impact on the human physiology as well as cognitive, psychological
and social functioning [2–5]. Diabetes has a vast societal and economic cost in terms of
increased medical expenses, lost productivity and premature death, and intangible costs
such as lower quality of life in many populations [6–9].
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Globally, the prevalence of diabetes has reached 10.5% (536.6 million people), making it
a worldwide public health concern [10]. Men and women have equal rates of diabetes, with
those aged 75–79 years old having the highest rates. The age-adjusted diabetes prevalence in
the world is 12.2 %, with the greatest incidence in Arab nations [11]. Type 2 diabetes (T2DM)
is responsible for around 90 % of all diabetes cases in the world. More than 425 million
people worldwide had diabetes in 2017, and according to current projections, this number
is expected to rise to 629 million by 2045 [12]. Type 2 diabetes causes microvascular and
macrovascular problems that give rise to significant psychological and physical discomfort
in both patients and caregivers.

By preventing or delaying problems, early management of type 2 diabetes minimizes
morbidity and mortality [13–15]. However, diabetes care is complicated and varied [16],
since the condition is accompanied by a variety of complications and takes a considerable
psychological toll on the person [17,18].

Effective diabetes care requires not just adequate euglycemic medication usage, but
also patient education concerned with their medications, healthy dietary alternatives,
exercise, and blood glucose self-monitoring [19–21].

Controlling glycated hemoglobin HbA1C helps regulate diabetes and decreases mi-
crovascular and macrovascular problems [22–24]. As it is the most significant long-term
blood glucose control marker, the measurement and management of HbA1C is the gold
standard of diabetes management [25]. Although many variables influence HbA1C, self-
care behaviors such as blood sugar self-monitoring, a balanced diet, physical exercise,
and a suitable medication regimen may help diabetes patients regulate their blood sugar
levels [26]. Consequently, a standard questionnaire is required to assess self-care activ-
ities. A review of self-care questionnaires for diabetes patients revealed that most had
unsatisfactory psychometric qualities and others examined just one component, such as
medication adherence. Recent studies also found no consistent and significant relationships
with HbA1c [27].

Numerous tools have been created to assess diabetic self-management behaviors.
The Summary of Diabetes Self-Care Measures (SDSCA) is the most widely used and
popular tool for assessing diabetes self-management practices [28,29]. On the other hand,
the questionnaire was not created with glycated hemoglobin in mind, and a preliminary
analysis indicated no significant connections between its scores and HbA1c [30].

The Diabetic Self-Management Questionnaire (DSMQ) developed by Schmitt et al. [30]
is a new self-report tool for diabetes patients. The DSMQ has been shown to distinguish
between patients with diabetes who are appropriately or inappropriately self-medicating,
allowing for the early identification of patients at high risk for a bad diabetes prognosis [31].
The tool assesses four diabetic self-care domains: glucose regulation, food, exercise, and
healthcare. The DSMQ is a simple [16-item] test that may be completed quickly. There was
good psychometric fit when used in other language versions, such as German [30], Hun-
garian [32], Persian [28], Thai [33] and Urdu [34]. Additionally, a revised version has been
validated in the Hungarian context [35]. Several investigations have also established links
between diabetes self-management and HbA1C [36–38]. However, to our best knowledge,
there is no appropriate Arabic version of the DSMQ to assess self-care in diabetic patients
in Arabic countries.

Thus, this research attempted to adapt and psychometrically test the Arabic version of
the DSMQ in a cohort of Tunisian T2DM patients.

2. Materials and Methods
2.1. Data Collection

A total of 800 subjects, who are regular patients at the National Institute of Nutrition
and Food Technology in Tunisia, were invited to participate in this study. A total of
151 subjects who did not agree to participate in the study (n = 49) or who did not meet
the inclusion criteria were excluded (n = 102). The final sample included 649 patients.
Eligible participants had to be native Arabic speakers, over the age of 18, have had a
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T2DM diagnosis for at least two years, and be Tunisian. Participation in the study was not
a requirement for drug treatment. Inability to complete the questionnaire was an exclusion
criterion (for example, reading or comprehension problems). The recruited patients were
randomly divided into exploratory (n = 208) and confirmatory samples (n = 441). Table 1
shows the socio-demographics of the samples. Participants gave their informed consent
before the start of the survey.

Table 1. Demographics of samples.

Variables
Exploratory (n = 208) Confirmatory (n = 441)

n % n %

Gender Female 121 58.17% 169 38.32%
Male 87 41.83% 272 61.68%

Socio economic
level

Low 67 32.21% 117 26.53%
Medium 80 38.46% 220 49.89%

High 61 29.33% 104 23.58%

Academic level Graduate 87 41.83% 224 50.79%
Undergraduate 121 58.17% 217 49.21%

Other disease Yes 31 14.90% 52 11.79%
No 177 85.10% 389 88.21%

Age Mean ± Std. Deviation 53.2 ± 8.2 53.4 ± 7.4
HbA1c value (%) Mean ± Std. Deviation 8.2 ± 1.3 8.6 ± 1.7

2.2. Instruments
2.2.1. Socio-Demographic Questionnaire and HbA1C

Participants provided data on age, gender, and socio-economic level (the minimum
wage, between two and three times the minimum wage, and more than three times the
minimum wage). Academic level was coded as graduate and undergraduate, and the
Other Disease was coded binary (Yes or No). Patients’ HbA1c (glycated hemoglobin) was
quantified by electrophoresis on a Capillarys 2 Flex Piercing apparatus at the laboratory of
the National Institute of Nutrition and Food Technology in Tunisia as the average glycaemia
of the last three months and presented as the percentage of hemoglobin that has bound
sugar in the blood.

2.2.2. Arabic Version of the Diabetes Self-Management Questionnaire (A-DSMQ)

To assess diabetes self-management, we used an Arabic adapted version of the Di-
abetes Self-Management Questionnaire (DSMQ). The original self-report questionnaire
consisted of four subscales evaluated with 15 items, which were “Glucose Management”
(GM), “Dietary Control” (DC), “Physical Activity” (PA), and “Heath-Care Use” (HU), as
well as one additional item 16, which must be included in the “Sum Scale” (SS), that served
as an overall assessment of self-care [28]. The initial scale exhibited good reliability (‘Sum
Scale’ α coefficient = 0.84) and validity (CFI = 0.95 and RMSEA = 0.053) [39].

2.2.3. International Physical Activity Questionnaire (IPAQ)

The Physical activity level was quantified using the IPAQ’s approved Arabic short
version [40]. The IPAQ short form utilized in this investigation has seven items that assess
time spent walking, engaging in vigorous- and moderate-intensity physical activities, and
engaging in sedentary activity over the preceding seven days. IPAQ defines moderate
physical activity as any activity that results in a modest rise in respiratory rate, heart rate,
and perspiration for a minimum of ten minutes. This equates to 3–6 metabolic equivalents
(MET) based on the physical activity compendium. Vigorous physical activities are those
that result in a sharp rise in respiratory rate, heart rate, and perspiration for at least ten
minutes. The metabolic equivalent is greater than six MET [40].

2.3. Procedure

Two committees (each with two translators and bilingual clinicians) performed for-
ward and backward translations of the A-DSMQ.



Healthcare 2022, 10, 951 4 of 11

Forward translation: Two independent English–Arabic bilingual translators (bilingual
clinician and licensed translator) translated the original English scales into two Arabic
drafts. The first consensus method involved an independent multilingual person comparing
both Arabic drafts to each other as well as the original English version. This comparison
sought to identify and resolve any uncertainties and differences in the meanings of words or
sentences. Any non-agreed items, phrases, or words during this comparison were discussed
and revised by both translators, the first author, and the independent bilingual person.

Back translation: The Arabic version was back translated to English by two English–
Arabic bilingual independent translators (a bilingual clinician and a licensed translator)
who were unaware of the forward translation technique and the original English versions
of the scales.

Finally, a small group of both men and women (n = 30) were requested to complete
the Arabic version of the scale as a pre-test.

Ethical Approval: Institutional review board approval for the cohort study was ob-
tained from both the Tunisian National Institute of Nutrition (Tunis, Tunisia) and the
University of Jendouba Research Ethics Committee.

2.4. Statistical Analysis

The analyses were performed using SPSS 26.0.00 (IBM Inc., Chicago, IL, USA) and
Lavaan package in RStudio free Software (Boston, USA). For age, education, and reported
income, descriptive statistics, (means with standard deviations and frequency distributions)
were produced.

Skewness and kurtosis tests were used to determine data normality during the ex-
ploratory phase, whereas multivariate normality was assessed during the confirmatory
phase. Skewness values greater than 7 or kurtosis values greater than 3 were considered
non-Gaussian and associated with low psychometric sensitivity. Additionally, during the
confirmatory phase, the Mardia coefficient of multivariate normality was determined.

The factor structure was originally validated using principal component analysis
(PCA) and varimax rotation with Kaiser Normalization. More precisely, varimax rotation
was chosen above other types of rotation because, unlike the others, it permits the reduction
in component complexity while increasing the variation in factor loadings [41].

The probable number of factors was determined by computing the number of factors
with eigenvalues greater than one [41,42] and visually evaluating the Cattell’s scree-plot. Af-
ter examining the factor loadings, entries with unacceptable loadings (that is, values < 0.3)
were removed. Additionally, elements were excluded and suppressed if their factor loading
contradicted a reasonable theoretical explanation.

Following that, confirmatory factor analysis (CFA) was performed. Numerous schol-
ars have suggested and recommended calculating and reporting a variety of fit indices,
including the following: (i) discrepancy indices (including chi-squared and Steiger–Lind’s
root-mean-square error of approximation (RMSEA), and (ii) tests comparing the target
model to the null model, such as the Bentler–normed Bonett’s fit index (NFI), which is
calculated by dividing the chi-squared value by the degrees of freedom (df) value. Accord-
ing to Schumacker and Lomax [43], RMSEA values greater than 0.10 indicate unsuitable
models [44], while TLI and CFI should be greater than 0.95 [45]. Finally, the GFI and AGFI
cut-off and threshold values should be greater than 0.90 [45].

Convergent validity was determined using the average variance extracted (AVE) and
the Fornell–Larcker criterion, respectively [46]. AVE levels more than 0.7 are considered
highly good, while values less than 0.5 are deemed acceptable [47]. When the variance
shared by two distinct latent variables is smaller than the variance shared by the latent vari-
able and its indicators, discriminant validity is assured (i.e., items). This indicates that the
square root of the AVE must be bigger than the sum of all latent variable correlations [48].
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3. Results
3.1. Descriptive Statistics and PCA

The descriptive statistics in Table 2 include the means and standard deviations; the nor-
mality skewness and kurtosis coefficients; and the lambda factor loadings. The normality
coefficients substantiate the normality of the distributions.

Table 2. Descriptive statistics of the exploratory sample (n = 208).

Mean Std. Deviation Skewness Kurtosis Lambda

I1 1.70 1.03 −0.33 −1.02 0.86
I2 1.76 0.98 −0.31 −0.90 0.81
I3 1.70 1.00 −0.33 −0.93 0.80
I4 1.83 0.85 −0.20 −0.70 0.82
I5 1.78 0.82 −0.27 −0.42 0.80
I6 1.91 0.82 −0.20 −0.74 0.78
I7 1.74 0.90 −0.29 −0.66 0.86
I8 1.70 0.97 −0.22 −0.94 0.87
I9 1.79 0.76 −0.43 0.06 0.83
I10 1.78 0.80 −0.59 0.10 0.79
I11 1.80 0.80 −0.25 −0.38 0.72
I12 1.77 0.82 −0.52 −0.05 0.79
I13 1.77 0.85 −0.24 −0.57 0.77
I14 1.70 0.88 −0.35 −0.52 0.84
I15 1.77 0.90 −0.34 −0.61 0.85

The results show that the A-DSMQ is suitable for factor analysis (KMO = 0.87; Bartlett
sphericity test = 1649.07; df = 105; p < 0.001). PCA revealed a four-factor solution (eigenval-
ues of 5.95, 1.99, 1.60 and 1.42 for the first, second, third and fourth factors, respectively),
accounting for up to 73.03% of total variance and with lambda factor loadings ranging from
0.72 to 0.87 for the items. The first component accounted for 39.70% of total variance, the
second factor accounted for 13.23% of the variance, the third factor accounted for 10.98% of
the total variance and the fourth factor 9.46% of the total variance. Additionally, the scree
plot validates the four-factor approach; a clear shift in the slope is visible in Figure 1.
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3.2. Reliability

The internal consistency and reliability of the four scale factors were examined by the
Cronbach’s α, coefficient (Table 3). Examination of the reliability indices for the four com-
ponents of the scale yielded values greater than or equal to 0.80. This provides evidence for
the internal consistency of the scale. In addition, the corrected item-total correlation was
calculated for each latent variable. The results show that the values were adequate, since
they were located between 0.738 and 0.823 for the Glucose Management (GM), between
0.710 and 0.729 for the Dietary Control (DC), between 0.613 and 0.736 for the Heath-Care
Use (HU), and between 0.650 and 0.743 for the Physical Activity (PA). The internal consis-
tency of the component is considered good if the value is equal to or greater than 0.70. The
15 items of A-DSMQ total score exhibited a 0.89 Cronbach’s Alpha value. These results
confirm that the instrument has good reliability.

Table 3. Internal consistency of the Arabic version of Diabetes Self-Management Questionnaire (A-DSMQ).

Factors Items Scale Mean if Item
Deleted

Corrected Item-Total
Correlation

Cronbach’s Alpha if Item
Deleted Cronbach’s Alpha

GM

I1 7.08 0.823 0.869

0.904
I2 7.01 0.749 0.885
I3 7.07 0.769 0.881
I4 6.94 0.739 0.888
I5 6.99 0.738 0.889

DC
I6 3.43 0.710 0.807

0.851I7 3.61 0.729 0.785
I8 3.64 0.736 0.783

HU

I9 5.36 0.692 0.768

0.828
I10 5.37 0.637 0.791
I11 5.35 0.613 0.802
I12 5.38 0.680 0.772

PA
I13 3.47 0.650 0.822

0.838I14 3.54 0.743 0.733
I15 3.47 0.711 0.765

3.3. Confirmatory Factor Analysis

We used the robust Maximum Likelihood estimation approach to perform confirma-
tory factorial analysis (CFA) of the first and second order. Psychometric data are always
non-normal in their multivariate distribution. Thus, we used the Mardia coefficient to
determine the multivariate normality of the data (Table 4). The findings indicated that
the distribution was not normal (Multivariate Kurtosis = 4.31; Kurtosis Critical values
C.Rk = 2.01), while the indices generated by the CFA indicated a conformance factorial
structure that is compatible with the initial model. A product’s resilience increases as its
factor loadings increase. The current research found that the second-order confirmatory
factorial analysis of the 15 items had good factorial loadings ranging from 0.73 to 0.86 (see
Figure 2).

The model’s fit indices values were suitable: the chi-square/degree of freedom
(χ2/df) = 1.47, the goodness of fit index (GFI = 0.998), the goodness of fit index (AGFI = 0.991),
the comparative fit index (CFI = 0.998) and The Tucker–Lewis index (TLI = 0.998). Like-
wise, the errors fit index was adequate: the root mean square error of approximation
(RMSEA = 0.017), and the standardized root mean square residual were investigated
(SRMR = 0.043). Typically, values of RMSEA less than 0.08, and SRMR less than 0.08
are advised to demonstrate a reasonable fit to the data.
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Table 4. Descriptive statistics, univariate and multivariate normality of items at confirmatory phase.

Variable Mean Std. Deviation Skew C.RS Kurtosis C.Rk

I1 1.82 1.04 −0.36 −3.12 −1.08 −4.63
I2 1.83 0.99 −0.30 −2.58 −1.02 −4.36
I3 1.79 0.99 −0.35 −2.97 −0.92 −3.92
I4 1.74 1.04 −0.35 −2.96 −1.04 −4.45
I5 1.80 0.97 −0.39 −3.35 −0.82 −3.52
I6 1.91 0.89 −0.53 −4.52 −0.41 −1.76
I7 1.88 0.88 −0.31 −2.67 −0.72 −3.08
I8 1.85 0.97 −0.28 −2.43 −1.01 −4.31
I9 1.88 0.90 −0.36 −3.06 −0.74 −3.15
I10 1.89 0.94 −0.32 −2.75 −0.94 −4.04
I11 1.79 0.97 −0.39 −3.38 −0.82 −3.52
I12 1.79 0.96 −0.37 −3.19 −0.81 −3.45
I13 1.90 0.93 −0.61 −5.22 −0.41 −1.77
I14 2.00 0.93 −0.52 −4.43 −0.73 −3.11
I15 1.88 0.98 −0.39 −3.30 −0.95 −4.06

Footnote: C.RS = Skew Critical values; C.Rk; C.Rk = Kurtosis Critical values.
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(89) = 99.89, p = 0.20; χ2/df = 1.47; GFI = 0.998; AGFI = 0.991; TLI = 0.998; CFI = 0.998; RM-
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PA = Physical Activity and HU= Heath-Care Use.

3.4. Concurrent Validity of the A-DSMQ

Statistically significant negative relationships were found between the A-DSMQ fac-
tors and HbA1C, as revealed by the correlation matrix. Table 5 shows the correlations
between the variables. Furthermore, with regard to the Pearson correlation table, the
correlation between GM and HbA1C was the highest value (r = −0.41). While the HU was
highly correlated with the HbA1C (r = −0.23), a high correlation that was significant at the
0.001 level); the DC factor of the A-DSMQ was associated with HbA1C (r = −0.28). Finally,
the Pearson correlation coefficient between PA and HbA1C was −0.36 and indicated a mod-
erate correlation, while the total score exhibited the highest correlation level (r = −0.48)
and indicated a high correlation with the HbA1C.
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Table 5. Correlation matrix between A-DSMQ factors, total score and HbA1C.

GM HU DC PA A-DSMQ HbA1C

HU 0.32 **
DC 0.25 ** 0.23 **
PA 0.26 ** 0.22 ** 0.31 **
SS 0.76 ** 0.59 ** 0.66 ** 0.60 **

HbA1C −0.41 ** −0.23 ** −0.28 ** −0.36 ** −0.49 **
IPAQ 0.23 ** 0.17 ** 0.17 ** 0.47 ** 0.38 ** −0.27 **

** Correlation is significant at the 0.01 level.

3.5. Convergent and Discriminant Validity

The average variance extracted AVE was 0.65, 0.67, 0.63 and 0.60 for Glucose Man-
agement (GM), Dietary Control (DC), Heath-Care Use (HU) and Physical Activity (PA),
respectively. These values establish the convergent validity of the scale. The square root
of the AVE values: 0.81, 0.82, 0.79 and 0.77 for GM, HU DC and PA, respectively, were
greater than all correlations between the factors of the A-DSMQ. This result confirms the
discriminant validity of the scale.

4. Discussion

This research aimed to investigate the psychometric features of an Arabic language
adaptation of the Diabetes Self-Management Questionnaire [DSMQ]. The Arabic version of
the DSMQ, abbreviated A-DSMQ, strengthened the presence of four components, as indi-
cated by 15 questions. In terms of the reliability of the adapted tool, the Cronbach’s alpha
coefficient demonstrates that the internal consistency of the four resulting scales is satisfac-
tory. Moreover, confirmatory factor analysis suggested that the structure of the scales fit
well the data and confirmed the DSMQ initial structure. In a related study Schmitt et al. [39]
showed that the self-management and glycemic control structural equation models fit the
data extremely well. Self-management, as measured by the DSMQ, was associated with
HbA1c of –0.53 for type 1 and –0.46 for type 2 diabetes, respectively, accounting for 21% and
28% of variation in glycemic control, respectively. Similar to our study, Mirzaei et al. [28],
through EFA with Varimax rotation, extracted four components that accounted for 67.36%
of the total variance of the Persian version of the DSMQ scale. Moreover, the CFA, which
demonstrated a reasonable fit for the four-factor structure retrieved from the EFA [CFI: 0.98,
TLI: 0.97, RMSEA: 0.042], are as follows: Internal consistency was high: Cronbach’s alpha
coefficient for the whole scale was 0.84; for the subscales, it ranged from 0.75 to 0.91 [28].
The convergent validity analysis revealed substantial negative correlations between DSMQ
subscales and HbA1c.

Equivalent results were reported on the reliability of the Urdu version [34]. All, DSMQ
scales and the total score had a high degree of internal consistency. For consideration of
factor structure, after modeling all significant correlations between the items’ error terms
consecutively, an adequate fit to the data was obtained for the single factor model (TLI = 0.98,
CFI = 0.99, and RMSEA = 0.05). In addition, the first order four factor model has significantly
worse fit indices to the data, whereas a higher order factorial structure has not been
examined. Similarly, concurrent validity showed significant strong negative associations
with HbA1c. In contrast, except for the physical activity subscale, the Hungarian version of
DSMQ [32] had minimal to fair association with HbA1c. A negative relationship (r = 0.25)
was discovered between the DSMQ sum scale and HbA1c values. There was a significant
slight correlation between HbA1c and subscales of glucose management (r = 0.16) and
nutritional control (r = 0.23). As for our study, research has shown associations between
HbA1c and the practice of physical activity [49,50].

Limitation of the Study

One of the study’s drawbacks is its cross-sectional design and the limited represen-
tativeness of the sample size at the national level, since the majority of the participants
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lived in Tunisia’s metropolitan areas. In addition, another limitation of this study is the
respondents’ unknown literacy rate.

5. Conclusions

This study demonstrates that the A-DSMQ has reliability and validity in Tunisia
patients with type 2 diabetes.

While further research is needed to assess the self-management of type 2 diabetes and
its social determinants in a larger and more diverse Tunisian population, the validated
A-DSMQ have proven to be reliable and valid for use in the clinical setting in Tunisia.
Further research is required in the rest of the Arab world to determine whether the tool, if
adapted to each country’s health system, can be used to measure the management of type 2
diabetes at the local level.
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