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Abstract: People with type 1 diabetes (T1D) are more likely to have depression than the general
population and their prognosis is worse. Unfortunately, the characteristics of persons with T1D lead
to inadequate screening for depression in this population. To aid in the detection of depression in
this population, this study was undertaken to develop a depressive symptoms assessment instru-
ment specific to patients with T1D and to examine its psychometric properties. A total of 207 people
with T1D participated in this study. The reliability of the new scale was assessed using Cronbach'’s
alpha and the Spearman-Brown split-half coefficient. The Depression Inventory for type 1 Diabetes
(DID-1), composed of 45 items on a Likert scale (1-7), shows high internal and temporal consistency,
as well as adequate concurrent, convergent and discriminant validity. Factor analysis identified 7
factors (Symptoms of depression, Diminished interest, Hopelessness and dissatisfaction, Guilt,
Fear, frustration and irritability, Defenselessness, and Interference in daily life) that explained
61.612% of the total variability. The cut-off score for diagnosis was set at 155 points. It was con-
cluded that the DID-1 scale is a reliable, valid and useful tool for the assessment of depressive symp-
toms, eliminating the bias of other nonspecific diabetes scales.

Keywords: type 1 diabetes; depression; depressive symptoms; scale development; Depression In-
ventory for type 1 Diabetes

1. Introduction

People with diabetes have a higher risk of depression than those who do not have
this disease[1,2]. The presence of diabetes complications[3,4] or of other physical diseases
together with the diagnosis of diabetes[5] increases the risk of experiencing depression,
and the risk of diabetes complications is also more prevalent in people with depression[6].
In addition, the course of depression in individuals with diabetes is less favorable than in
people with depression but no other chronic disorder[7].

The literature does not usually differentiate between type 1 diabetes (T1D) and type
2 diabetes (T2D), but it is necessary to do so, since the psychosocial factors that play an
integral role in managing diabetes differ according to type. T1D and T2D are distinct con-
ditions that have different psychological effects [8—10]. Furthermore, although higher de-
pression scores have been reported in people with diabetes, the prevalence rate of depres-
sion is three times higher in people with T1D (12%, range 5.8-43.3% vs. 3.2%, range 2.7—
11.4%) and almost twice as high in people with T2D (19.1%, range 6.5-33% vs. 10.7%,
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range 3.8-19.4%) compared to people without this disease [11]. In a study carried out in
Spain, in which the Mini International Neuropsychiatric Interview (MINI) was used for
assessment, the prevalence of depression was found to be 24% in people with T1D [12].
Indeed, several factors have been found to increase the risk of developing depression in
T1D, such as being a woman, not being employed, smoking, having complications due to
T1D or another physical condition, not perceiving support from family, friends or cowork-
ers in relation to T1D, high number of weekly episodes of hyperglycemia and poor quality
of life [13].

Therefore, given that the risk of developing T1D is not only higher but is also increas-
ing [14,15], the need to detect depression in people with T1D is a priority, which makes
the evaluation of depression in these people essential.

Although the proper evaluation of depressive disorder in patients with T1D is crucial
in order to address the disease, the results are far from desirable; Anarte et al.[16] found
that 25% of people with T1D and depression are not detected at their visit to the doctor.
On the other hand, Poulsen et al.[17] found that, although the prevalence of depression
and anxiety in their sample was high, less than half were detected by the medical team.

Recently Davis et al. [18] developed a validated combined depression-anxiety metric,
the Diabetes Anxiety Depression Scale (DADS), for potential clinical application in people
with T2D. However, it is not a specific instrument for measuring depression in T1D. Con-
sequently, this study was carried out for the purpose of obtaining an accurate and specific
measure of depression in T1D.

Diagnostic criteria from the Diagnostic and Statistical Manual of Mental Disorders
(DSM) for depressive disorders are the gold standard for carrying out an appropriate as-
sessment of clinical depression. Nevertheless, due to time constraints and costs involved
in performing this assessment, this method is rarely used in patients with diabetes, both
T1D and T2D (hereinafter the term diabetes will be used in this sense since the literature
does not differentiate between them)[19]. This is why questionnaires, which are more
quickly and easily completed, are often employed to assess depression in these patients.
However, the results, as seen above, are not desirable. In addition, the assessment instru-
ments currently used for this purpose do not measure the same construct[20] and present
several limitations:

First, the prevalence of depression in individuals with diabetes varies systematically
depending on the method used for its identification[21]. Although several studies have
analyzed the psychometric properties of depression questionnaires in patients with dia-
betes, obtaining positive results[22,23], these studies report little data on their reliability
and validity[22,24,25]. Some authors believe that generalizing the results of studies con-
ducted solely with self-administered questionnaires carries the risk of overestimating the
prevalence (high “false positive” rate) [26,27] and that a proper assessment would first
require a diagnosis based on a clinical interview or using only questionnaires validated
specifically for the study population[28].

Second, it is also believed[26] that self-report measures are not specific for assessing
depression in these patients because high scores may be due not only to the presence of
depression but also to other comorbid disorders such as anxiety, stress, or even to the
diabetes itself.

Third, patients with depression may have suboptimal glycemic control, which would
facilitate confusing depressive symptoms with symptoms typical of diabetes and glycemic
control[29,30].

Finally, results suggest that diabetes may influence the assessment of depres-
sion[31,32], and some studies indicate that patients with diabetes who experience depres-
sion report an increase in diabetes symptoms[33]. Moreover, the evaluation system used
to detect depression should take into account the life context in which depressive symp-
toms are occurring[34]. This last aspect raises the question of the meaning of depression
in diabetes and how it might be specifically assessed within the context of the disease
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itself. Although much work has been done on its relevance to different aspects of depres-
sion and diabetes, little has been said about the construct itself. Snoek et al.[35] point out
that depression is a heterogeneous construct defined by a range of symptoms and the se-
verity and impairment associated with them. If the complexity of the construct itself is
compounded by the characteristics of a disease such as diabetes, it makes it difficult to
detect the symptoms and, therefore, depression itself.

These problems have already been identified in other constructs such as distress or
quality of life, among others, generating new instruments that assess the specific impact
of diabetes. These instruments help researchers and clinicians to detect and address these
issues in people with diabetes.

Consequently, with the aim of assessing the construct of depression in the context of
diabetes, eliminating the limitations of the existing methods, the main objective of this
study was to develop a specific questionnaire to assess depressive symptoms in patients
with T1D and to analyze its psychometric properties.

2. Materials and Methods

This study was conducted in two phases: scale development and scale validation
(Figure 1).

Step 1. Conceptual framework and - Literature review

Composition of preliminary items - Analysis of existing methods to assess depression
-Observations of expert psychologists

- 42 items

- 7 point Likert scale

Step 2. Content validity Expert opinion (n=6)
(42—48 items)

Scale development

Step 3. Pretesting Expert opinion (n=6)
(42—48 items)

Step 4. Participants 207 participants

Step 5. Evaluation of scale - Reliability

(48 items —45 items)

-Contruct Validity Test

-Test-retest stability

-Convergent validity

- Discriminant validity

- Cut-Off scores

- Criterion-related validity

- Validity parameters of other depression scales

Scale validation

Figure 1.Steps of scale development and validation.

2.1. The Depression Inventory for Type 1 Diabetes (DID-1): Scale Development
2.1.1. Conceptual Framework and Composition of Preliminary Items

The Depression Inventory for type 1 Diabetes (DID-1) was developed after an analy-
sis of the literature on the subject. In addition, we used the Structured Clinical Interview
for Axis I Disorders of the DSM-IV diagnostic criteria for Major Depressive Disorder
(MDD) as a reference. We also analyzed a pool of items from other depression scales, the
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clinical characteristics present in this population based on previous literature, and the rec-
ommendations of expert psychologists in T1D, centered on their clinical experience and
observation.

Efforts were made to ensure that the items could be easily understood. The research-
ers reviewed all potential items to avoid redundancy. In addition, items were carefully
reviewed in order to prevent any being confused with symptoms of diabetes, as stated in
the previous literature and in the Introduction to this work. Finally, the initial scale was
made up of 42 items and a 7-point Likert scale.

2.1.2. Expert Opinion

After constructing the scale, it was given to a panel of endocrinology and nutrition
specialists (n = 6), with broad clinical experience in a population with T1D[16], with the
following instructions: (1) In your routine clinical practice, what symptoms would lead
you to believe that a patient with T1D experiences depression?; (2) If any item is confusing,
irrelevant, etc., please indicate the item and why it should be eliminated; (3) Comments
and Suggestions. The panel contributed a series of items related to complaints made by
patients with regard to their diabetes management and a major depressive episode. For
example, for the symptom of loss of interest (DSM criteria for major depressive episode),
clinicians referred to items such as the following: “I don’t feel like going to my medical
checkups,” “I am not interested in learning anything else about diabetes”. With the sug-
gestions given, somatic items that could have been related to T1D symptoms were elimi-
nated (in order not to overestimate depressive symptoms), confusing items were modified
and those that were relevant and repeatedly mentioned by the experts were incorporated.
Thus, a scale of 48 negative items measured on a Likert scale was obtained (1. Completely
disagree—7. Completely agree).

2.1.3. Pretesting

Pretesting was conducted in the population of interest. Once constructed, the scale
was administered to 30 patients with T1D to examine whether the items were understand-
able and well written. After making the appropriate changes, the scale was administered
to the population that constitutes the study sample.

2.2. Scale Validation
2.2.1. Participants and Ethics

This study included 207 patients with T1D who were seen at the Regional University
Hospital of Malaga, Spain. Patients (M = 33.72, SD = 11.1 years) participated voluntarily
in the study. This study was evaluated and approved by the Research and Ethics Com-
mittee of the Regional University Hospital of Malaga.

2.2.2. Informed Consent

The study was first explained to the patients. Before signing the informed consent,
the patients read the document and all questions were answered. All 207 patients com-
pleted the assessment. Thirty-seven patients were randomly selected for assessment with
the DID-1 two weeks after the initial evaluation to study reliability.

2.2.3. Measures

The demographic variables (e.g., age, gender, marital status, educational level, occu-
pation, social support perceived, duration of diabetes, diabetes treatment) were collected
through a structured interview conducted by a psychologist.

As an indicator of metabolic control, we used glycated hemoglobin (HbA1lc), meas-
ured using high-performance liquid chromatography (HPLC) with a Kyoto Daiichi
Kagaku device.
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To diagnose the patients with T1D according to the presence of depression, the pa-
tients were evaluated with the Structured Clinical Interview for Axis I Disorders DSM-IV
(SCID-I)[36] for MDD. Depression symptoms were evaluated with the Beck Depression
Inventory-II and the Spanish version of the Zung Self-Rating Depression Scale. The Beck
Depression Inventory-II (BDI-II)[37] evaluates the intensity of depressive symptomatol-
ogy an individual has had in the last two weeks. It is a self-administered questionnaire
composed of 21 multiple response items (0-3). The minimum score is 0 and the maximum
63 points. A score of 14-19 points is considered to show that the patient has symptoms of
mild depression, 20-28 represents moderate depression, and 29-63 represents severe de-
pression. In this study, we used a cut-off value of 14 (mild depressive symptoms). We
obtained a Cronbach alpha coefficient of 0.94. The Zung Self-Rating Depression Scale
(SDS) [38] is made up of 20 items and each item is scored on a scale of 1-4 points correlat-
ing to the frequency of behavior. The minimum score is 20 and the maximum 80 points.
A score of 50-59 points is considered to show that the patient has symptoms of mild de-
pression, 60-69 represents moderate depression, and 70-80 represents severe depression.
In this study, we used a cut-off value of 50 (mild depressive symptoms). The internal con-
sistency was a = 0.80. The participants were evaluated by a trained psychologist, who
conducted the SCID-I interview and administered the study questionnaires.

2.2.4. Data Analyses

Data analyses were performed using the Statistical Package for the Social Sciences
(SPSS) version 16.0 (IBM Corp., Armonk, NY, USA) for Windows[39]. Hypothesis tests
were conducted using a 95% confidence interval. To analyze the structure and construct
validity of the DDI-1, item analysis and Exploratory Factor Analysis (EFA) were carried
out using the Principal Components method and Promax rotation. Cronbach’s alpha co-
efficient and mean inter-item correlations were used to measure the internal consistency
of the questionnaire. Since the number of items tends to overestimate the alpha value, the
questionnaire was then randomly split into two halves, using the Spearman-Brown corre-
lation coefficient. The temporal reliability of the DID-1 (final version) was assessed using
Pearson’s correlation coefficient in a test-retest procedure two weeks after the initial eval-
uation. To examine convergent validity, Pearson’s correlation coefficient was used be-
tween DID-1, BDI-II and SDS. Discriminant validity was analyzed comparing the mean
scores on the DID-1 using Student’s t-test between two differentiated groups: patients
with and without a diabetes complication and/or disease different from diabetes. ROC
(Receiver-Operating Characteristic) methodology was used to obtain a cut-off point for
the DID-1 questionnaire, with the structured interview from the DSM-IV (SCID-I) as the
diagnostic criterion. Concurrent validity was evaluated using Student’s t-test to determine
whether significant differences indeed existed between the mean scores obtained on the
DID-1 between patients diagnosed with and without depression according to the SCID-I.
The predictive value of diagnostic validity was evaluated by calculating the negative and
positive predictive values of the DID-1, based on the prevalence of the disorder, and com-
paring these results with those obtained in the same study with the BDI-II and the SDS.

3. Results
3.1. Sample Characteristics

The sample comprised 207 patients with T1D, of whom 99 were men (47.8%) and 108
women (52.2%), with a mean age of 33.72 years (range: 15-65, SD = 11.10). The character-
istics of the sample are presented in Table 1.
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Table 1. Demographic characteristics of the total sample (N=207).

Depression (SCID-I) (N=207) Depression (DID-1) (N = 207)
Variable Yes (n=32) No (n=175) Yes (n =45) No (n=162)
Sex
Men 6 (18.8) 93 (53.1) 12 (26.7) 87 (53.7)
Women 26 (81.3) 82 (46.9) 33 (73.3) 75 (46.3)
Physical illness
Yes 20 (62.5) 56 (32) 26 (57.8) 50 (30.9)
No 12 (37.5) 119 (68) 19 (42.2) 112 (69.1)
40.41 +10.84 32.60 = 10.74 33.12 £ 10.86
Age of the participants* 24 +11.68 (16-57
ge of the participants (18-57) (15-65) 36.24 +11.68 (16-57) (15-65)
16.82 +9.85 15.08 + 9.65 15.57 £9.77
Diabetes duration * 15.28 + 9.64 (0.04—
tabetes duration (0.07-35) (0.04-50) (0.07-36) 528 £9.64 (0.04-50)
78+18 7.76 +1.67 7.57 +1.32
A (%) 7.6+1.3 (5.10-14
HbAue (%) (5.70-14) 6+13(5.10-14) (5.10-14) (5.20-14)
62 +-3.82 60+-9.3 61 +-5.24 59 +-9.07
HbA 1/mol)*
te(mmol/mol) (39-130) (32-130) (32-130) (33-130)

n (%) (Frequency and percentages); *Mean, Standard Deviation (M + SD) and Range.

The characteristics of the sample selected for the test-retest were not significantly dif-
ferent from those of the rest of the population for the principal sociodemographic varia-
bles: gender, age, time of diagnosis of diabetes and percentage of patients diagnosed with
depression according to the structured interview. No significant differences in glycemic
control were observed.

3.2. Evaluation of Scale
3.2.1. Reliability

The initial scale, composed of 48 items, demonstrated high internal consistency, as
reflected by a Cronbach’s alpha coefficient of 0.958. Three items presented low correlation
with the total scale (r< 0.30) and were therefore eliminated. The internal consistency of the
resulting scale (DID-1), composed of 45 items, was equally optimal based on Cronbach’s
alpha coefficient (@ = 0.960) and the value of the Spearman-Brown coefficient for the ran-
dom split-half method (rss = 0.897). Hence, the mean inter-item correlation was r=0.338.

3.2.2. Construct Validity Test

A factor analysis was carried out with the resulting 45-item scale. In this case, the
condition of seven factors was chosen.

Factor analysis suitability was made evident by the KMO index (0.919) and the high
significance of the Bartlett test (x2(990) = 5903.928, p< 0.001). The 7-factor solution ex-
plained 61.612% of the total variability. An item was said to associate with the factor for
which it had the largest loading (Table 2). Correlations between factors were moderate
(Table 3).

Table 2. Factor loading matrix after Promax rotation.

Items Factor1 Factor2 Factor3 Factor4 Factor5 Factor 6 Factor7

FACTOR 1: Symptoms of depression

2. People around me have noticed sudden
changes in my mood

3. I often have feelings of emptiness or sadness  0.870 -0.063 0.051 -0.039 0113 -0.065 -0.050
1. My general mood isn’t good 0.869 -0.095 0.020 -0.0561 0.048 -0.085 0.075

0.877 -0.114 -0.292 0.124  -0.007  0.072 0.101
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4.1 frequently feel like crying
25. I feel unhappy
24. 1 don’t feel as happy as before

5. I frequently feel like screaming, hitting or
breaking something

13. I don’t take care of my appearance
26. My current situation drives me to despair
20. I obsess over things
7.1 often feel like being alone
29. Time seems to pass more slowly
27. It terrorizes me to think about my future

22. It is hard for me to fall asleep when I go to
bed

18. I often feel useless

21. I am restless and it is difficult for me to stay
still

6. I am more tired than usual

28. It is difficult for me to do the things I used
to do

8.1 think my life is going to be a failure
11. I feel inferior to everyone else

12. Things don’t satisfy me as much as they
used to

19. I feel like the people who loved me have
abandoned me

10. I don't trust people
FACTOR 2: Diminished interest

31.Idon’t want to take my glucose test results
to my doctor

40. I don't feel like going to my medical check-
ups
45. I am not interested in learning anything
else about diabetes
42. I've stopped taking care of my diabetes
16. I don’t take care of my health like before
FACTOR 3: Hopelessness and dissatisfaction
17. I've thought about taking my life
15. I think my life serves no purpose anymore
32. I feel like I can’t cope with my diabetes
14. Sexual relations don’t satisfy me
FACTOR 4: Guilt
38. I think my diabetes is a punishment

36. I am ashamed of my diabetes

0.765
0.722
0.709

0.708

0.685
0.662
0.661
0.660
0.660
0.653

0.621

0.610

0.573

0.568

0.542

0.507
0.465

0.459

0.458

0.416

-0.129

-0.024

-0.136

0.157
0.398

-0.094
0.180
-0.093
0.303

0.009
-0.167

-0.036
0.085
-0.081

-0.005

0.005
0.025
0.038
0.247
-0.072
-0.057

-0.001

0.040

0.039

-0.023

0.053

-0.004
0.001

0.089

-0.042

0.177

0.804

0.779

0.683

0.651
0.595

-0.130
-0.182
0.415
-0.031

0.083
0.255

0.107
0.061
0.131

-0.224

-0.125
0.225
-0.054
0.138
-0.199
-0.131

0.021

0.390

-0.149

0.060

0.136

0.400
0.339

0.305

0.174

0.150

0.031

-0.061

-0.193

-0.275
-0.007

0.834
0.662
0.467
0.316

0.087
0.025

0.055
0.172
-0.082

0.124

-0.140
0.123
-0.199
-0.171
0.111
0.063

0.064

0.112

0.044

-0.108

-0.067

0.054
-0.001

-0.135

0.382

-0.220

0.088

0.090

0.080

0.177
-0.024

0.141
0.134
0.069
-0.254

0.712
0.664

0.016
-0.109
0.005

-0.001

0.152
-0.007
0.318
-0.228
-0.207
0.352

-0.057

-0.153

0.164

0.145

0.032

-0.074
0.161

0.043

-0.165

-0.179

-0.010

-0.060

-0.042

0.155
0.022

0.017
0.032
0.271
0.078

-0.018
-0.080

-0.089
-0.060
0.112

0.025

0.153
-0.146
-0.057
-0.149

0.303

0.076

-0.230

-0.032

-0.099

-0.249

0.017

0.139
0.026

0.223

0.180

0.189

-0.093

0.163

0.335

0.085
-0.103

-0.165
0.111

-0.080
0.166

0.113
0.130

0.031
0.104
0.069

0.170

-0.116
0.012
-0.142
0.035
0.185
-0.050

0.357

-0.119

0.284

0.341

0.276

-0.029
-0.205

0.148

-0.163

0.100

0.194

0.142

0.048

-0.294
-0.221

0.037
0.102
0.088
0.179

-0.035
0.183
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33. I feel guilty about my diabetes -0.107 0.207 0.196 0.613 0126  -0.236  0.089
23. I feel like everyone would be better off if I 0.104 0411 0.487 0532  -0106 0024 —-0127
died
34. I feel like I can’t take care of myself and that 0.207 0048 -0101 0.385 0326 -0145 0247
I need help from others
FACTOR 5: Fear, frustration and irritability
41. I dread thinking about the possible compli- - o) 5050 076 0025 0787 0078 0.014
cations that diabetes might cause me
30. I feel angry about my diabetes 0.038 -0.014 0.323 -0.030  0.565 0.111 0.132
44.1 feel like I can’t live a normal life like eve- 0.070 0.009 0.120 0.039 0.550 0.308 0.044
ryone else
FACTOR 6: Defenselessness
43.1 don’t believe any.treatment can improve _0.128 0.104 0.052 0.042 0.149 0815  —-0.076
my diabetes
37.Heel like [can’t do anything toimprovemy 1., (706 0069 0005 0151 0486  0.118
diabetes
FACTOR 7: Interference in daily life
9-My sleep schedule has changed (Isleepmore o0 (150 159 0050 —0131 -0105 0577
hours or less hours than before)
35. It is hard for me to' concentrate because of 0,042 0.071 0.204 0.147 0.178 0113 0.515
my diabetes
39-Tworry about my diabetes somuchthatl —,0c 050 0077 0321 0189 0150  0.371

can’t think about anything else

Note: The factor loading of the items in their corresponding factor has been indicated in bold. N=207.

Table 3. Correlation matrix between factors.

Factor 1 2 3 4 5 6 7
1 1.000 0.338 0.568 0.299 0.421 0.309 0.268
2 1.000 0.308 0.125 0.370 0.238 0.115
3 1.000 0.182 0.295 0.258 0.187
4 1.000 0.300 0.166 0.143
5 1.000 0.113 0.242
6 1.000 0.163
7 1.000

Reliability for each factor was adequate, with the following Cronbach’s alpha values: a= 0.95 (mean inter-item correlation
=0.49) for Factor 1 (Symptoms of depression), @ =0.80 (mean inter-item correlation = 0.44) for Factor 2 (Neglect of diabetes
care), o= 0.73 (mean inter-item correlation = 0.40) for Factor 3 (Hopelessness and dissatisfaction), a = 0.74 (mean inter-item
correlation = 0.36) for Factor 4 (Guilt), a = 0.73 (mean inter-item correlation = 0.47) for Factor 5 (Fear and frustration), & =
0.62 (mean inter-item correlation = 0.45) for Factor 6 (Defenselessness), and a = 0.64 (mean inter-item correlation = 0.37) for

Factor 7 (Interference in daily life).

On the other hand, significant differences were found in the scores for the total DID-
1 scale and each of the seven sub-factors depending on whether or not patients had de-
pression according to the SCID-1 interview (Table 4).
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Table 4. Differences in the scores on the DID-1 scale and in the seven factors according to the characteristics of the sub-
jects.
N =207 DID-1 Scale Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 Factor 7
Variable N (%) Mz=SD t/p MzSDt/p M=xSDtlp M+£SDtlp M+SDtlp M=+SDtlp MzSDtlp M=zSDt/p
Sex
Men 108 (47.8) 9779 £44.51 59.53+31.08 11.37+6.93  250+1.51 9.44+£5.74 8.72+4.51 4.27 +2.96 1.93£1.55
Women 99 (52.2) 122.22+51.01 77.87+£36.62 12.58+6.67  3.29+2.46 10.80+5.73 1092+5.34  4.34+2.79 2.41+1.82
-3.679/>0.001 -3.866/>0.001 -1.279/0.202 -2.813/0.005 -1.704/0.090 -3.193/0.002 -0.175/0.861 -2.039/0.043
Physical ill-
ness
Yes 76 (36.7) 125.30+£54.52 80.14+£38.86 1246+6.26 3.76+299 10.85+6.48 1092+547  4.66+3.03 2.50 +£1.87
No 131 (63.3)  101.97 +44.22 62.70+31.33 11.74x7.12  2.42+1.06 9.75£5.29 9.26 £4.74 4.10+2.75 1.99 £1.58
3.174/0.002 3.336/0.001  0.733/0.465 3.757/20.001  1.334/0.184  2.209/0.029  1.337/0.183  1.986/0.049
Age of the
participants
<30 yearsold 78 (37.7) 108.55 +46.68 65.65+31.19 12.86 +8.07 248 +£1.18 10.70+5.95 10.24 £5.23 451+3.14 2.09+£1.77
230 yearsold 129 (62.3) 111.73+51.16 71.18+37.41 11.49+589  3.18+245 9.82+5.65 9.64+497 418269  223+1.67
-0.448/0.654  -1.146/0.253  1.304/0.195 -2.717/0.007 1.068/0.287 0.824/0.411  0.795/0.428  -0.581/0.562
Diabetes du-
ration
<15 years 101 (48.8) 111.81+4828 69.93+3490 12.17+7.04 2.86+191 10.39+581 9.93+5.16 436+298  216+1.65
with diabetes 106 (51.2)  109.32+50.70 68.31+35.67 11.85+6.61 297+226  9.92+574  9.81+5.00 425+2.76  219+1.77
215 years 0.362/0.718  0.330/0.742  0.336/0.737 -0.378/0.706  0.587/0.558  0.169/0.866  0.280/0.780  -0.167/0.868
with diabetes
HbA1c (%)
<7.0% 71(34.6) 10429+4796  65.56+34.05 9.80+4.05 280+1.95 10.09+570  9.66+4.80 4.01+278 2.35+1.682.06
>7.0% 134 (65.4) 113.26+49.70 70.57+35.54 13.23+7.66 299+218 10.06+560 9.88+5.19 4.45+2.90 +1.68
-1.244/0.215 -0.974/0.331 -4.189/>0.001 -0.614/0.540  0.038/0.970  -0.294/0.769 -1.050/0.295  1.185/0.237
Depression
(SCID-T)
Yes 32 (15.5) 188.47 £33.60 126.78 +17.84 16.50+8.17  5.87 +3.56 1478 +8.79  14.75+5.41 6.09 £ 3.56 3.68 £2.20
No 175 (84.5) 96.29 £37.02 5855+2623 11.18+6.21 2.37+1.01 9.31+£4.57 8.97 £4.47 3.98 £2.60 1.90 +1.44
13.126/>0.001 18.309/>0.001 3.499/0.001 5.513/>0.001 3.436/0.002  6.483/>0.001  3.202/0.003  4.406/>0.001

3.2.3. Test-Retest Stability

Test-retest assessment was calculated using Pearson’s correlation coefficient (r=
0.824). This high value indicates that the resulting DID-1, composed of 45 items, exhibits
good temporal consistency.

3.2.4. Convergent Validity

The scores obtained by patients on the DID-1 showed high correlation with scores

obtained on other depression questionnaires: in this case the BDI-II (r= 0.884) and the SDS
(r =0.788), which shows that the convergent validity of the DID-1 is adequate. Although
the correlation obtained with the SDS was slightly lower, it must be kept in mind that
eight items in this scale are somatic symptoms.

3.2.5. Discriminant Validity

The scores obtained on the DID-1 differed significantly between the patients who
experienced a physical condition and those who did not. The mean DID-1 scores in the
first group (M = 125.30, SD = 54.52, range: 45-301) were significantly higher than in the
second group (M =101.97, SD =44.22, range: 45-248), t (132.078) = 3.174, p=0.002. For these
reasons, the discriminant validity of the DID-1 scale is adequate.
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3.2.6. Cut-Off Scores

Using ROC curves, a cut-off score for the DID-1 was obtained, using the DSM-IV
(SCID-I) structured interview as the diagnostic criterion. Once this classification was com-
plete, the sensitivity (Se) and the specificity (Sp) of the test were determined. Youden’'s
index (Se + Sp— 1) was used to measure the mean gain in certainty.

A cut-off score was set at 155, which enabled the establishment of the presence of
depressive symptoms after administration of the DID-1. This cut-off score was chosen for
its high sensitivity (0.906) and specificity (0.909), taking into account that both were
greater than 90%. The area under the ROC curve (AUC) was 0.961 and its significance
probability (p < 0.001) supports the hypothesis that the curve moves sufficiently away
from the diagonal and thus has high discriminant power (Figure 2).

1 - T
=
2
5
=

0 1 .

0 1

1 - Spacificity
Figure 2.ROC Curve.

The percentage of false positives was 9.14%, while that of false negatives was 9.38%.
If false positives are considered equally as serious as false negatives, a mean gain in cer-
tainty of 0.815 is obtained on calculation of the Youden’s index. Thus, the minimum score
that can be obtained on the DID-1 questionnaire is 45 points and the maximum 315 points.

3.2.7. Criterion-Related Validity

Concurrent validity. With regard to concurrent validity, significant differences in the
total DID-1 score exist between the patients diagnosed with depression according to
SCID-I (M =188.47, SD = 33.59, range: 149-301) and those who were not (M = 96.29, SD =
37.03, range: 45-198), the scores being higher, and therefore more unfavorable, in the
group of patients diagnosed with depression according to SCID-I, ¢ (205) = 13.126, p< 0.001.

Predictive value of diagnostic validity. Taking the prevalence obtained in the study
according to SCID-I (15.46%), the positive and negative predictive values of diagnostic
validity of the DID-1 were the following: positive predictive value (PPV) = 0.644, and neg-
ative predictive value (NPV) = 0.981.

3.2.8. Validity Parameters of Other Depression Scales

BDI-II and SDS. The results of the three depression scales used in this study can be
seen in Table 5. The DID-1 is the most balanced of the three scales, as it is the only one
with a sensitivity and specificity greater than 90%, displaying similar values for false pos-
itives and false negatives. It also had the best Youden’'s Index, presenting only a slight
difference when compared to the BDI-II, but with a marked difference compared to the
SDS. Regarding the existing correlations between the three scales and HbAlc in the sub-
jects, the DID-1 results were: ¥ =0.187, p = 0.007; the BDI-II r= 0.039, p = 0.582; and the SDS
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r=0.074, p = 0.293. Thus, the DDI-1 is the only scale that obtains a significant correlation
with HbATlc at the level of 0.01 (bilateral).

Table 5.Parameters of validity of depression scales.

DID-1 BDI-II SDS

Sensitivity (Se) 0.906 0.969 0.719
Specificity (Sp) 0.909 0.843 0.937
False Positives (FP) 9.14% 15.70% 6.29%
False Negatives (FN) 9.38% 3.12% 28.13%
Youden’s Index 0.815 0.812 0.622
Prevalence 21.74% 28.43% 16.43%
PPVa 0.644 0.534 0.676

NPV?b 0.981 0.993 0.948

Note.?PPV: Positive Predictive Value; "NPV: Negative Predictive Value.

3.3. Prevalence of Depressive Symptoms

In this sample, the prevalence of depressive symptoms with the DID-1 was 21.74%,
whereas with the BDI-II depression questionnaire it was 28.43% and 16.43% with the SDS.

3.4. Differences in DID-1 and 7-Factor Scores as a Function of Subject Characteristics

With respect to the results obtained with the DID-1 and the seven factors that com-
prise it (Table 4), in the sex variable, differences are obtained in the total score and in the
seven factors, with the score being higher in women than in men, with this difference
being statistically significant in the total score (p=0.001) and in the following factors: Factor
1 (p=20.001), Factor 3 (p = 0.005), Factor 5 (p = 0.002) and Factor 7 (p = 0.043). With regard to
patients with physical illness, differences were found between those with physical illness
and those without, and this was significantly higher in those with physical illness in the
total score (p = 0.002) and in the following factors: Factor 1 (p = 0.001), Factor 3 (p=0.001),
Factor 5 (p =0.029) and Factor 7 (p = 0.049). No significant differences were found accord-
ing to the age of the participants or the length of diabetes duration. With respect to glyce-
mic control, significant differences in HbAlc were found in Factor 2, with higher scores
in those subjects with HbA1c>7.0%.

4. Discussion

Depression is commonly identified in association with a number of chronic medical
illnesses and is most strongly associated with diabetes mellitus[40], with the prevalence
rate of depression being three times higher in people with T1D than in the general popu-
lation. However, the evaluation of depressive disorder in this population has been prob-
lematic. In this regard, Fisher et al.[41] called for greater clarity and accuracy to define and
measure ‘depression’ in a consistent manner.

Many of the somatic symptoms of depression (e.g., change in appetite resulting in
weight gain or loss, loss of energy and difficulty concentrating) could be attributed to di-
abetes, making it difficult to determine a specific attribution to comorbid depression[42].
Clark et al.[43] insist that: suicidal ideation, sense of failure, sense of punishment, loss of
social interest, indecision, and dissatisfaction may represent criteria for depressive sever-
ity that are not confounded by the presence of physical illness or the attendant distress.
One of the most widely used instruments in clinical psychology and psychiatry to assess
the severity of depression in patients with mental disorders and to detect possible depres-
sion in normal populations is the BDI. However, it has been questioned by clinicians be-
cause it includes eight somatic symptoms that may be spuriously producing elevated es-
timates of the prevalence of depression in patients with medical problems, as these symp-
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toms of depression overlap with symptoms caused by many medical disorders. For ex-
ample, in patients with diabetes, a somatic symptom of depression on the BDI-II, such as
tiredness or fatigue, may be related to complications produced by the medical disorder,
or else be an indicator of depression. For this reason, Beck et al.[44] constructed the BDI-
FastScreen to reduce the number of false positives for depression in patients with medical
problems. However, the BDI-FastScreen is not a diabetes-specific instrument. As Her-
manns et al.[42] indicates, screening needs to be implemented in these practices, but other
factors will also influence the usefulness of screening for comorbid depression. These in-
clude selecting the most sensitive and specific test, among other measures.

Recently, Davis et al.[18] developed a validated combined depression-anxiety metric,
the Diabetes Anxiety Depression Scale (DADS), for potential clinical application in people
with T2D; however, it is not a specific instrument. In this work, we have obtained a new
specific instrument to measure depression in people with T1D that aims to reduce the
number of false positives for depression in patients with T1D, by excluding overlapping
somatic symptoms.

This new scale (DID-1) was developed to assess depressive symptoms in patients
with T1D, using the Structured Clinical Interview for Axis I Disorders DSM-IV (SCID-I)
for MDD as the gold standard. It proved to be a useful tool for the correct assessment of
depression in these patients. To achieve this, our research team was scrupulous in the
conceptual definition of the disorder “depression” in order to obtain results for this vari-
able that could not be confused with the presence of other psychological disorders related
to diabetes. Thus, in the process of creating the instrument, special attention was paid to
the item selection phase, including those items that met DSM-IV diagnostic criteria for
MDD, as well as the clinical criteria used by endocrinologists and psychologists treating
patients with diabetes. The most commonly used depressive symptoms assessment scales,
such as the BDI-II and the SDS, were considered, and care was taken to avoid those items
that might overestimate the presence of depressive symptoms in patients with diabetes,
such as change in appetite, weight gain or loss, loss of energy or difficulty in concentrat-
ing, etc.

The results show that the DID-1 has excellent psychometric properties, with high in-
ternal consistency and test-retest reliability. In addition, as was expected, the results sup-
port the convergent and discriminant validity of the new instrument. Furthermore, the
scale discriminates well between those patients who present depressive symptoms and
those who do not. The definitive questionnaire of 45 items is composed of seven factors
that explain 61.612% of the total variability. Each of the seven factors is related to symp-
toms of depression and correctly discriminates between individuals with and without de-
pression according to SCID-I. In this sense, Factor 1 items comprise the main symptoms
of a major depressive episode. This Factor includes one of the two cardinal symptoms of
depression according to the DSM (depressed mood). Factor 2 items refer to the second
cardinal symptom of depression according to the DSM (diminished interest). This factor
includes items that reflect loss of interest in self-care of diabetes, observed by psycholo-
gists and medical specialists and reported in the literature[45-47], as a cause of psycho-
logical impairment in the patient [48]. Factor 3 (Hopelessness and Dissatisfaction) contains
one of the characteristic aspects of mood and diabetes care set out in the literature. van
Tilburg et al.[49] indicate that patients with T1D would be more likely to manifest learned
helplessness if they observed that their attempts to control their diabetes were not suc-
cessful. In addition, we must not forget that Hopelessness and Dissatisfaction are two di-
agnostic criteria of MDD according to the DSM. Factor 4 (Guilt) is another symptom listed
in the DSM criteria, and items refer to the guilt a patient may experience, which, in the
case of diabetes, may be related to the disease (for example: “I think my diabetes is a pun-
ishment”). Factor 5 items (Fear, frustration and irritability) refer to fear of the future, anger
and longing/impossibility of returning to life before diabetes (for example: “I feel like I
can’t live a normal life like everyone else”). We should bear in mind that depression is
more than sadness, so the mood can be anger or restlessness as indicated in the DSM. The
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three items comprising this factor show a moderately high correlation with the total scale.
In addition, this factor shows adequate correlation with the remaining factors of the scale
(Table 3). Factor 6 items (Defenselessness) address the feeling of worthlessness (DSM cri-
terion) that has been described in the literature as an attributional style [50], characteristic
of depressed individuals, as manifested by the population with diabetes in relation to their
disease (for example: “I don’t believe any treatment can improve my diabetes”). Finally,
Factor 7 items (Interference in daily life) refer to other depressive symptoms and the in-
terference that diabetes has in the daily life of the patient (sleep disorders and decreased
ability to think or concentrate). For example: “It is hard for me to concentrate because of
my diabetes.” In fact, the degree of interference is one of the criteria for the diagnosis of
MDD (Criterion B of the DSM).

In sum, the seven factors of the DID-1 are the following:

Factors 1 and 2: cardinal symptoms of depression seen in persons with T1D.

Factors 3 to 7: Other symptoms of depression included in the DSM diagnostic criteria
for MDD and with theoretical support, described in persons with T1D.

Accordingly, all seven factors refer to symptoms of depression in patients with T1D,
precisely differentiating between depressive disorder and other psychological disorders.

The prevalence of depression found in this study through the SCID-I is low in com-
parison with the estimates of some authors, who place the prevalence of depression in
patients with T1D at around 30% [12,14,21]. Perhaps, for this reason, the positive predic-
tive value (PPV) is not very high in any of the three scales, although it is high enough to
assure that the DID-1 confirms the disease. Additionally, the high negative predictive
value (NPV) indicates that the DDI-1 is a helpful tool for ruling out depression in patients
with T1D. Therefore, in a population with a high prevalence of depression (as is the gen-
eral case in patients with T1D), the DID-1 scale proves to be a useful instrument for con-
firming as well as for ruling out the disease.

Despite not providing the best results in terms of sensitivity and specificity, the DID-
1is the most balanced of the three scales, as it is the only one of the three scales displaying
levels of greater than 90% in both validity parameters and in false positives and negatives.
Moreover, this scale demonstrates the best accuracy for the identification of depressive
symptoms in patients with T1D. The complexity of the disease was taken into considera-
tion in the creation of this tool, resulting in a highly reliable instrument.

When assessing differences in DID-1 scores as a function of sample characteristics,
we found that women scored worse than men on both the total scale score and the seven
factors. These results are consistent with previous results and those found in the general
population and in the population with diabetes, with a higher prevalence of depression
in women[14,35]. With regard to complications, significant differences were found be-
tween those with physical illness and those without. This aspect has been noted in previ-
ous literature and recently reviewed for the European Depression in Diabetes Research
Consortium[6]. Although previous studies have found that participant age and duration
of diabetes were related to depression[14], in our study no significant differences were
found in terms of the presence of depressive symptoms, perhaps due to the relatively
young age of the population. With respect to glycemic control, recent publications suggest
a link between depression and poor glycemic control[14,51]. In this study, we found sig-
nificantly worse scores on Factor 2 (Diminished interest) in those subjects with an HbAlc
greater than or equal to 7%. This result indicates that scores on the questions in this factor
may help to identify poor glycemic control behaviors in the patient.

Although a protocol for screening for depression symptoms in people with T1D has
not yet been created[52], previous studies have shown that systematic screening for de-
pression in patients with diabetes increases the detection and treatment of this disor-
der[53]. The DID-1 is a good instrument for screening or initial assessment to determine
the presence of depressive symptoms in patients with T1D.
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5. Conclusions

The new instrument (DID-1) is a good specific tool to aid clinicians in making an
accurate assessment of depressive symptoms in patients with T1D. This facilitates appro-
priate treatment and prevents relapses and chronification, as well as possible complica-
tions associated with the presence of depression in these patients.

The DID-1 scale is composed of 45 items evaluated on a Likert scale (1. Completely
disagree—7. Completely agree) and seven factors (Symptoms of depression, Diminished
interest, Hopelessness and dissatisfaction, Guilt, Fear, frustration and irritability, Defense-
lessness and Interference in daily life) that represent symptoms of depression present in
people with T1D. To determine whether or not the subject has depression, the items must
be summed. A score of 155 points or more indicates that the subject has depressive symp-
tomatology.

The new instrument has several advantages:

- The DID-1 has excellent psychometric properties, with high internal consistency and
test-retest reliability.

- The DID-1 is a depression assessment instrument designed specifically for people
with T1D.

- The DID-1 is a good instrument for screening or initial assessment to determine the
presence of depressive symptoms in patients with T1D.

- The DID-1 offers advantages compared with the scales used in the general popula-
tion: The scores on these scales are usually distributed according to the severity of
the symptoms (mild, moderate...). With this instrument we are providing healthcare
professionals with a tool to detect whether or not the patient has depressive symp-
toms.

- The DDI-1 is also a useful tool for research in T1D, as it is specific to this population,
has good psychometric properties and its use would standardize studies using the
same assessment tool.

Limitations of the study:

A possible limitation of the study is that the resulting scale is rather long for applica-
tion in clinical consultation. A future study will entail the development of a short version
that allows its application in a fast and efficient way.

In this study, no measure of distress was administered. Given the correlation found
in several studies between depression and distress, this would have been of interest. How-
ever, we were not able to include a measure of distress in this study because the Spanish
translation was completed only recently by our research group and has not yet been pub-
lished [54]. Further studies on this new instrument are needed to continue to improve it.

Type 1 diabetes (T1D) can influence the evaluation of depression, even in standard-
ized clinical interviews administered by trained professionals, considered the gold stand-
ard of assessment. Measurement of depression in people with T1D must therefore be im-
proved [31]. The new instrument developed, the DID-1, is intended to respond to this
need.
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