Studying the latent factor structure of nine models of the Hospital Anxiety and Depression Scale (HADS) in the Ecuadorian context

Resumen
La ansiedad y depresión son dos de los trastornos psicológicos más comunes que causan discapacidad y muerte. Por lo tanto, es importante tener un instrumento adecuado para su detección para mejorar la gestión de los recursos de salud. La escala de ansiedad y depresión hospitalaria (HADS) es una herramienta ampliamente utilizada cuyas propiedades psicométricas no se han evaluado en el contexto ecuatoriano. Se evaluó la validez y confiabilidad del HADS en una muestra de 490 adultos usando análisis factorial exploratorio y análisis factorial confirmatorio de nueve versiones diferentes para determinar la estructura factorial subyacente del instrumento. Encontramos que la versión original tiene, relativamente, las mejores propiedades psicométricas. Sin embargo, consistente con otras investigaciones, encontramos resultados ambiguos que sugieren que los resultados de HADS deben interpretarse con cautela.
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Abstract
Anxiety and depression are two of the most common psychological disorders which cause disability and death. Therefore, it is important to have an adequate instrument to improve the management of health resources. The Hospital Anxiety and Depression Scale (HADS) is a widely used screening tool whose psychometric properties have not been evaluated in the Ecuadorian context. We assessed the validity and reliability of the HADS in a sample of 490 adults using exploratory factor analysis and confirmatory factor analysis of nine different versions to determine the underlying factor structure of the instrument. We find that the original version has, relatively, the best psychometric properties. However, consistent with other research, we find ambiguous results that suggest that HAD scores must be interpreted with caution.
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Introduction

Before the global pandemic of the COVID-19 virus, anxiety and depression were two of the most common psychological disorders which cause disability and death in most of the world (World Health Organization, 2017). Estimates for the year 2017 demonstrated that 322 million people were living with depression and 264 million with anxiety (WHO, 2017). Actually, preliminary evidence suggests that symptoms of anxiety and depression and self-reported stress are common psychological reactions to the COVID-19 pandemic on the general public, patients, medical staff, older adults, children and university students (Cao et al.,2020; Li et al., 2020; Rajkumar, 2020) 
Therefore, in addition to efforts to prevent the spread of the disease and high death rate, the screening for psychological disorders including anxiety and depression is also strongly recommended to motivate the rapid social recovery (Huarcaya-Victoria, 2020; Li et al., 2020; Zandifar & Badrfam, 2020). Among the currently available assessment instruments, the Hospital Anxiety and Depression Scale (HADS) developed in 1983 by Zigmond and Smith is one of the most popular. It was designed as a two-factor model for correlated anxiety and depression and is a widely used screening tool that has demonstrated good sensitivity and specificity for mental disorders  (Olssøn, Mykletun, & Dahl, 2005). A systematic review and meta-analysis including 747 studies suggested good internal reliability. Cronbach’s α for the anxiety subscale ranged from 0.68 to 0.93 and that for the depression subscale ranged from 0.67 to 0.90. The instrument also had good concurrent validity, sensitivity and specificity (Bjelland, Dahl, Haug, & Neckelmann, 2002). Furthermore, HADS has been widely used as an effective tool to assess emotional distress in non-clinical populations (Brennan , Worrall-Davies , McMillan, Gilbody , & House, 2010). For instance, it already has 36334 citations on Schoolar Google (verified on June 29, 2020).
Besides its popularity, one of its advantages is that it is an easily administered 14-itemñ self-report measure comprising two 7-item subscales: the HADS-A and HADS-D, intended to measure levels of anxiety and depression respectively (Zigmond & Snaith, 1983). Each item on the questionnaire is scored from 0–3, resulting in a total score comprised between 0 and 21 for either anxiety or depression. 
The original version of this scale has been validated in a diverse and broad range of clinical groups and community samples through different countries and  languages such as Chinese with general hospital in-patients (Leung, Wing, Kwong, & Shum, 1999), HIV-infected adults (Yang  et al., 2019) French with salaried employees  (Bocéréan & Dupret, 2014), Italian with  cancer patients (Annunziata, Muzzatti, & Altoe, 2011) community sample (Iani, Lauriola, & Costantini, 2014),  German with coronary heart disease patients (Barth & Martin, 2005), Portuguese with epileptic patients ( Botega , Pondé , Medeiros, Lima , & Guerreiro , 1998) and  patients with multiple sclerosis (Pais Ribeiro et al., 2018).
The first  HADS validation in Spanish was carried out in 1986 (Tejero, Guimerá, Farré , & Peri, 1986). A recently review that included 15 studies in Spanish samples confirms that HADS works well as a screening instrument, to assess anxiety and depression and also as a full distress scale.  HADS shows optimal psychometric properties in different groups with acceptable or good Cronbach´s alpha indices for both subscales, always above 0.70 and in the vast majority of studies above 0.80 regardless of the sample evaluated (physical, psychiatric or healthy) (Terol-Cantero, Cabrera-Perona, & Aragón, 2015). The HADS also has been validated in Spanish-speaking populations from Latin America recently, for example: México with patients with Inflammatory Bowel Disease (Yamamoto-Furusho et al., 2018) Chile with cancer patients (Villoria & Lara, 2018), Colombia with general population (Hinz et al., 2014).
Despite its popularity in clinical and research settings, a considerable controversy has risen regarding its internal factor structure.  A recent meta-analytic work of 50 studies concluded that factor-structures of the HADS varied across studies and within populations, with the particular factor solutions ranging from one to four factors. It is likely to be partially due to the application of different methodologies between studies (Cosco , Doyle, Ward, & McGee, 2012) . 
Norton et al. (2013) carried out a meta confirmatory factor analysis study to systematically evaluate the HADS structure, the authors concluded that a bifactor model, with a general psychological distress factor and two orthogonal group factors with anxiety and depression, was the best one to account for the HADS structure in the majority of samples.  The bifactor model of HADS is becoming popular because provided an efficient way to model each item’s variance as the byproduct of general and specific unrelated components (Iani et al., 2014)
On the other hand, the large quantity of research originating from non-English speaking countries were not explicit on the way the translated version was acquired and how validation was ensured, there is no guarantee that authors handled the HADS in a proper culturally sensitive way. This could explained at least some of the problems in varying cut points across studies as well as inconsistencies in factor structure (Maters, Sanderman, Kim, & Coyne, 2013). 
Considering the crucial importance to perform an examination of the dimensionality and other psychometric properties of the HADS in order to confirm that it is truly a good choice to measure the symptoms of depression and anxiety in the Ecuadorian context. The present study aims to evaluate the HADS reliability, construct validity and convergent and discriminant validity.
Method
Study design
[bookmark: article1.body1.sec2.sec1.p1]A cross-sectional observational design, that aims to assess the psychometric properties of the HADS. This study uses a descriptive correlational-causal analysis of test items and classical statistical procedures and techniques for psychometric studies. 
[bookmark: sec004]Participants
[bookmark: article1.body1.sec2.sec2.p1]A convenience sample of 490 students at the University of Cuenca and University of Azuay who agreed to participate in a self-reported survey in Cuenca, Ecuador was selected. For the factor analysis, the sample size met the recommendation with a ratio of at least 20 cases per item (MacCallum, Widaman, Preacher, & Hong, 2001). The mean age of the participants was 21.3 years with a standard deviation of 2.6 years (range 18-33 years old), 25.8% were men and 74.2 were women. 89.1% were single, 6.24% were married, 83.3 % were living with at least one of their parents, and 96.2% identified mixed-race (mestizo) as their ethnicity. Regarding the majors, 67.3 % were nursing students, 23.2 were studying medicine, 9.4 % studied business administration and marketing. 
Instruments
The characteristics of the participants were evaluated via an ad hoc questionnaire including sociodemographic variables (age, gender, marital status, who they live with, ethnicity and major)
Hospital Anxiety and Depression Scale (Zigmond and Snaith, 1983; adaptation of Terol et al., 2007). The Spanish HADS adaptation by Terol et al. (2007) was chosen for this study. This version, as the original scale, consists of 14 items that are scored on a Likert-type scale from 0 to 3, which evaluate the emotional responses of anxiety and depression in patients with physical and /or mental disorders and general population. We decided to use this version after consulting three experts in psychology, who after the independently respective analysis, suggested using this translation because it was the one that best suited semantically to Ecuadorian context. 

Procedure	
	In order to verify comprehension of the instrument, a pilot test was performed with 30 persons who were randomly selected, who were asked, individually in the presence of one of the researchers, to say if they understood the items, and, if not, to show where the difficulty lay and which improvement options they suggested for aiding their understanding. All participants understood the items correctly and found no difficulties in doing so.
Authorization was requested from the institutions to access the participants. The application lasted approximately 30 minutes and was carried out by three psychologists who had practical experience of at least 200 hours in the area of psychological evaluation. They team requested collaboration from the teaching staff responsible for different class groups to agree on the time and place. The psychologists moved to the classroom, and informed the students of the research objective and that their participation was completely voluntary, anonymous and confidential. There was not monetary reward offered, nor any other. Once the informed consent was obtained, the participants filled the questionnaire. The study was carried out following the guidelines of the Declaration of Helsinki.

Statistical analysis
[bookmark: article1.body1.sec2.sec6.p2]Data was analyzed using R version 4.0. The participants’ demographic characteristics were expressed as numbers, means, standard deviations (SD), and percentages. For item analysis, we report the mean, standard deviation, item difficulty, asymmetry, kurtosis, item discrimination and item-total correlation (ITC). We expect a minimum value of 0.5 for item difficulty and at least 0.2 for item discrimination (Ebel & Frisbie, 1986; Thorndike, Cunningham, Thorndike, & Hagen, 1999) 
To assess construct validity, an exploratory factor analysis (EFA) and confirmatory factor analysis (CFA) were conducted. EFA was performed to support construct validity by examining the characteristics of the factors and concept correspondence of each item. EFA was conducted after calculating the Kaiser-Mayer-Olkin (KMO) measure, Bartlett’s test of sphericity and Mardia´s multivariate normality test. Factor loadings were obtained using unweighted least squares estimator, polychoric correlations, an oblimin rotation. To determine the number of items to extract, we relied on parallel analysis and visual evaluations of screeplot.
Confirmatory factor analysis was performed using Unweighted Least Squares (ULS) estimator (Brown, 2006). We assessed nine models that included the original two-factor model (model 1) (Zigmond & Snaith, 1983), a two-factor model proposed by Moorey et al. (1991) that groups Anxiety — Items 1, 3, 5, 9, 11, and 13; Depression — Items 2, 4, 6, 7, 8, 10, 12, and 14 (model 2), a single-factor model proposed by Razavi, Delvaux, Farvacque and  Robaye (1990) (model 3), a three-factor model and a hierarchical model as evaluated by Dunbar et al. (2000) based on a tripartite model of anxiety (Clark & Watson, 1991; Dunbar, Ford, Hunt, & Der, 2000)(model 4 and 5, respectively), a three-factor model as proposed by Friedman, Samuelian, Lancrenon, Even,  and  Chiarelli (2001) (model 6), two versions of a three-factor model as reported in Caci et al. (2003) (models 7 and 8) and, finally, a bifactor model whose two orthogonal factors group the same items as the original HADs version (model 9) (Norton et al, 2013) 
Goodness of fit indexes included the root mean square error of approximation (RMSEA), the comparative fit index (CFI), the Tucker-Lewis Index (TLI), and chi-squared statistic. The RMSEA is a measure of the average residual variance and covariance; good models have RMSEA values that are equal to or less than .08. The CFI and TLI should have values greater than .90 considered to be indicators of good fitting models. We also expect a non-significant p-value of χ². For the bifactor model, we report additional goodness of fit measures like the Explained Common Variance(ECV) that should exceed 0.7, Percentage of Uncontaminated Correlations (PUC), omega (ω), and hierarchical omega (ωh) whose values should exceed 0.7 and 0.3 respectively. If these conditions are meet, then the researchers might conclude that the instrument has a structure that is, essentially, unidimensional.
Convergent validity indicates if the latent variables are consistently measured well. To present convergent validity, a model should have a factor loading value (λ) ≥ 0.5, significance p < .05, average variance extracted (AVE) ≥ 0.5, and construct reliability (CR) ≥ 0.7 (Fornell & Larcker, 1981). Discriminant validity was assessed by obtaining the square root of AVE and assuring its value was higher than the largest correlation of the factors. To assess the internal consistency, we calculated Cronbach’s α and composite reliability (ω) as proposed by Raykov (2001)
[bookmark: article1.body1.sec2.sec6.p1]Results
[bookmark: sec010][bookmark: article1.body1.sec3.sec1.p1]Item analysis
[bookmark: article1.body1.sec3.sec2.p1]Item difficulty reveal values ranging from 0.17 to 0.48. Item 6: “I feel happy” has the lowest score (0.17). regarding item discrimination, there are values ranging from 0.314 to 0.553. the lowest value corresponds to item 4:” I am not capable of laughing and looking the funny side of things”. The mean inter-item correlation was .238, rather weak. Item-total correlation values ranged from .31 to .59, which is acceptable. All the values obtained after these analysis lead to the inclusion of the 14 items in the analysis (see table 1)
Table 1
Item statistics 
	Items in Spanish
	Mean
	SD
	Skew
	Kurtosis
	Item Difficulty
	Item Discrimination

	1. Me siento tensa/o o nerviosa/o
	1.24
	0.59
	0.96
	1.38
	0.41
	0.50

	2. Sigo disfrutando con las mismas cosas de siempre
	0.98
	0.7
	0.27
	-0.27
	0.33
	0.43

	3. Siento una especie de temor como si algo malo fuera a suceder
	1.15
	0.96
	0.18
	-1.14
	0.38
	0.52

	4. Soy capaz de reírme y ver el lado gracioso de las cosas
	0.63
	0.9
	1.4
	1.05
	0.21
	0.31

	5. Tengo la cabeza llena de preocupaciones
	1.43
	0.71
	0.84
	0.07
	0.48
	0.55

	6. Me siento alegre
	0.51
	0.64
	0.9
	-0.05
	0.17
	0.52

	7. Soy capaz de permanecer sentada/o tranquila y relajadamente
	1.14
	0.72
	0.14
	-0.35
	0.38
	0.45

	8. Me siento lenta/o y torpe:
	0.94
	0.74
	0.71
	0.68
	0.31
	0.39

	9. Experimento una desagradable sensación de “nervios y hormigueos en el estómago”
	1.02
	0.63
	0.71
	1.71
	0.34
	0.35

	10. He perdido el interés por mi aspecto personal
	0.63
	0.79
	1.11
	0.54
	0.21
	0.43

	11. Me siento inquieta/o como si no pudiera parar de moverme
	0.89
	0.73
	0.6
	0.27
	0.3
	0.34

	12 Tengo ilusión por las cosas
	0.74
	0.91
	1.03
	0.06
	0.25
	0.33

	13. Experimento de repente sensaciones de gran angustia o temor
	1.21
	0.78
	0.52
	0.07
	0.4
	0.59

	14 Soy capaz de disfrutar con un buen libro o un buen programa de radio o de televisión:
	0.66
	0.86
	1.2
	0.63
	0.22
	0.33



Exploratory factor analysis (EFA) 
[bookmark: article1.body1.sec3.sec4.p1]Regarding the EFA of the 14 items, the KMO was high at .87. Bartlett’s test of sphericity showed statistically significant results for EFA (χ² = 1422.267, p < .001) and Mardia´s skewness test was significant (p<.001). Parallel analysis suggested the extraction of four factors whereas screeplot suggested the extraction of three.
Given the variety of internal structures of the HADS, we included a solution that extracted two factors, as the original version of the HADS that explained 38 % of the variance. Whereas, the three and four factors solution explained 41 % and 47% of the variance, respectively. Details of EFA are found in table 2.
Table 2.
Results of EFA
	 
	Two Factors
	Three Factors
	Four Factors

	Item
	ULS1
	ULS2
	ULS1
	ULS2
	ULS3
	ULS3
	ULS1
	ULS2
	ULS4

	I1
	0.48
	0.25
	0.56
	0.19
	-0.03
	0.22
	0.54
	-0.08
	0.05

	I2
	-0.03
	0.71
	0.05
	0.66
	0.02
	0.7
	-0.02
	0.01
	0

	I3
	0.61
	0.1
	0.54
	0.07
	0.14
	0.13
	0.49
	0.1
	0.07

	I4
	0.01
	0.54
	0.04
	0.51
	0.05
	0.52
	0.06
	-0.02
	-0.02

	I5
	0.47
	0.28
	0.56
	0.22
	-0.03
	0.27
	0.47
	-0.05
	0.1

	I6
	0.28
	0.5
	0.44
	0.42
	-0.1
	0.47
	0.11
	-0.01
	0.3

	I7
	0.38
	0.23
	0.02
	0.29
	0.54
	0.3
	0.18
	0.3
	-0.02

	I8
	0.48
	0.08
	0.58
	0.01
	-0.07
	-0.03
	0.04
	0.03
	0.77

	I9
	0.6
	-0.1
	0.44
	-0.09
	0.22
	-0.08
	0.68
	0.05
	-0.13

	I10
	0.34
	0.27
	0.37
	0.23
	0.04
	0.28
	0.05
	0.12
	0.31

	I11
	0.54
	-0.06
	0.15
	-0.05
	0.6
	0
	0
	0.96
	0.01

	I12
	-0.06
	0.61
	-0.05
	0.59
	0.08
	0.6
	-0.07
	0.03
	0.01

	I13
	0.88
	-0.07
	0.84
	-0.12
	0.09
	-0.05
	0.78
	0.05
	0.11

	I14
	0.05
	0.49
	0.02
	0.47
	0.12
	0.52
	0.11
	0.04
	-0.14



[bookmark: article1.body1.sec3.sec4.p3]Confirmatory factor analysis
We assessed the goodness of fit of the nine models described above. We find that all of them present acceptable values of goodness of fit. However, model 9 (a bifactor model of the original version) show better goodness of fit indexes. Details are presented in table 3. We also tested a bifactor version of the three-factor model proposed by Caci et al. (2003) that did not converge. See figure 1 for the original HADS model and for the figure 2 for the eight alternative models with their factor loadings.

[image: C:\Users\Usuario\Dropbox\Artículo escala HAD\1.bmp]
Figure 1
Original version of the HAD and its factor loadings obtained in CFA

Table 3
Results of CFA in HADS
	 
	ULS
	df
	p
	CFI
	TLI
	RMSEA[90% CI]

	Model 1
	201.881
	76
	0
	0.973
	0.968
	0.058 (0.048 – 0.068)

	Model 2
	210.64
	76
	0
	0.972
	0.966
	0.060 (0.050 – 0.069)

	Model 3
	255.848
	77
	0
	0.962
	0.955
	0.068 (0.059 – 0.078)

	Model 4
	183.492
	73
	0
	0.977
	0.971
	0.055 (0.045 – 0.065)

	Model 5
	181.570
	73
	0
	0.977
	0.971
	0.055 (0.045 – 0.065)

	Model 6
	210.109
	74
	0
	0.973
	0.967
	0.059 (0.049 – 0.068)

	Model 7
	200.244
	74
	0
	0.973
	0.967
	0.059 (0.049 – 0.068)

	Model 8
	168.648
	62
	0
	0.970
	0.962
	0.064 (0.053 – 0.074)

	Model 9*
	95.471
	63
	0
	0.993
	0.990
	0.032 (0.018 – 0.045)

	
	
	
	
	
	
	


[bookmark: sec015]*Additionally, model 9 presents ECV=.697, PUC=.538, Omega=.882, Hierarchical Omega=.767
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Figure 2. 
Alternative models of HADS

Reliability
We calculated Cronbach´s, composite reliability index and the extracted variance for each construct of the nine models of the HADS (see table 4)
Table 4
Reliability of the HADS
	Model
	Constructs
	α
	CR
	AVE

	model 1
	Anxiety
	0.82
	0.7
	0.41

	
	Depression
	0.75
	0.68
	0.31

	model 2
	Anxiety
	0.81
	0.69
	0.43

	
	Depression
	0.77
	0.7
	0.30

	model 3
	General 
	0.86
	0.78
	0.32

	model 4
	Autonomic Anxiety
	0.74
	0.69
	0.51

	
	Anhedonic Depression
	0.77
	0.65
	0.31

	
	Negative Affectivity
	0.71
	0.59
	0.39

	model 5
	Autonomic Anxiety
	0.73
	0.54
	0.51

	
	Anhedonic Depression
	0.75
	0.68
	0.31

	
	Negative Affectivity
	0.71
	0.65
	0.40

	model 6
	Psychic Anxiety
	0.77
	0.71
	0.47

	
	Depression
	0.75
	0.68
	0.31

	
	Psychomotor Agitation
	0.6
	0.54
	0.33

	model 7
	Anxiety
	0.81
	0.67
	0.47

	
	Depression
	0.74
	0.66
	0.33

	
	Restlessness
	0.55
	0.49
	0.30

	model 8
	Anxiety
	0.81
	0.7
	0.47

	
	Depression
	0.7
	0.61
	0.33

	
	Restlessness
	0.54
	0.49
	0.30

	model 9
	General Factor
	0.86
	0.68
	0.41

	
	Anxiety
	0.82
	0.22
	0.44

	
	Depression
	0.75
	0.16
	0.39


Α: Cronbach´s alpha; CR: Composite reliability; AVE: Average extracted variance
Discussion
[bookmark: article1.body1.sec4.p1]This study aims to evaluate whether this instrument is psychometrically sound. In order to do so, we evaluated the validity and reliability of HADS with a sample of Ecuadorian adults. 
Item difficulty indexes magnitudes were the lowest in items 4 and item 10, both equal to 0.21. However, none of the items had a value greater than 0.5. Regarding item discrimination, the lowest went to item 4 whose values was 0.314, meaning that it is above the acceptable threshold. The average item whole correlation was .434 with values ranging from 0.31 (item 4) to 0.59 (item 13).  Also, items 10 and 12 present relatively high skewness whereas item 9 present the highest kurtosis, probably attributed to the Spanish translation. 
In Exploratory Factor Analysis, the two-factor solution yielded factor loadings ranging from 0.34 (item 10) to 0.88 (item 13). However, items 8 “I feel slow and awkward” and 10 “I have lost interest in my appearance” do not score in its theoretical construct and, in the case of item 10, it does not discriminate properly between anxiety and depression Regarding the original version of the HAD, item 8, originally meant for depression, loaded in the anxiety dimension. Anomalous loading of item 8 has been also reported in several previous studies (Cosco et al., 2012; Djukanovic , Carlsson , & Arestedt , 2017; Saez-Flores , Tonarely , Barker, & Quittner , 2018; Yang et al., 2019). Also, item 10 did not discriminated correctly since the difference between the loadings of the two factors is less than .1; In the three factor solution, we observe a problem with item 6 “I feel happy” that has a high factor loading in two dimensions. Finally, in the four factor solution items 7 “I can sit at ease and feel relaxed” and 10 “I have lost interest in my appearance” fail to load in only one dimension. Anomalous loading of item 7 and 10 can also be found in other studies in clinical and non-clinical population (Emons, Sijtsma , & Pedersen , 2012; Straat , van der Ark , & Sijtsma , 2013).
A possible explication of this problems with this items might relate with the design of the HADS. The HADS contains six reversed wording items, of which five items belong to the anxiety subscale (items 2, 4, 6, 12, and 14) and only one item (item 7) belongs to the depression subscale. The reversals of wording and varying response keys were intended to avoid effects of a response style but they are disorienting, and even an exceedingly alert person, they will miss the changes in direction of the items and scoring (Coyne & van Sonderen, 2012). Another possibility is that, even though the items on the scale were designed  to evaluating in the most effective way the psychological symptoms of anxiety and depression, these items could  be  unspecific in relation to what they intend to evaluate in non-clinical samples and this could generating that the people respond by associating the options with  their personals experience. Importantly to consider is that the HADS-Depression scale differs from other self-report measures of depression in its focus almost entirely on anhedonia. Despite the results indicated above, in order to maintain content validity, we included all the items for the CFA.
All models presented adequate goodness of fit statistics. Goodness of fit of the bifactor model is the best among all the evaluated. The values of ECV, ω, and ωh scored above the acceptable threshold, but the value of PUC did not. This, and the fact that model 3 (one first-order factor version) has worst goodness of fit of the tested model lead us to discard a single factor structure as suggested by Razavi et al. (1990).
Based solely on the combination of CFI, TLI and RMSEA, models 4 and 5 have the best goodness of fit. The ratio of χ²/degrees of freedom is slightly lesser in model 5 than in model 4 (2.48 vs 2.51)
 Cronbach´s alpha values were acceptable in all the evaluated models, except in the psychomotor agitations of model 6 (α=0.6). Values of composite reliability varied ranging from 0.16 to 0.78. Judging by the values of alpha and composite reliability, we find that model 3 has the best internal consistency, followed by model 1 and model 2. However, judging the models by the average extracted variance, only the construct Autonomic Anxiety construct in models 4 y 5 have a higher value than 0.5 (AVE= 0.51, for both) whereas the values of the other constructs range from 0.3 to 0.47.  This results would reveal low convergent validity of the HADS, in all the evaluated models. On the other hand, to assess discriminant validity, we find that the square root of the AVE is not higher than the largest correlation between factors in any of the evaluated models. 
It is worth noting that the composite reliability was calculated using the procedure suggested by Raykov (2011) whereas if used the approach of Netemeyer, Bearden,  and Sharma, (2003) that considers the standardized loading and the variance of the error term, the composite reliability obtained for the two constructs in model 1 was 0.822 and 0.754 for anxiety and depression, respectively. 
Considering both internal consistency and goodness of fit, we conclude that model 1 (the original version of the HADs) has, relatively, the best psychometric properties.  However, the instrument has several problems at item and model level that other research had taken as signal to interpret its result very carefully. Authors had noted the constant problems of validity and reliability of the HADS that should make researchers discard this instrument altogether (Coyne & van Sonderen, 2012). Others have concluded that the HADS may be more appropriate as a dimensional measure of emotional distress, rather than a categorical measure of discriminating between anxiety and depression (Cosco et al., 2012; Norton et al.,2013). The findings of this article do not fully support  these  recommendations, but signal several issues that could affect its validity Few studies have carried out exploration of the psychometric properties of the HADS in non-clinical samples more investigation is needed to clarify this issues. 
The results of this study contribute to the rather scarce literature on psychometric properties in the Ecuadorian context. Therefore, practitioners and researchers can improve health promotion behavior. Considering that before the global pandemic of the COVID-19 virus, the social situation in Latin America and the Caribbean was deteriorating, as shown by the increasing rates of poverty and extreme poverty, the persistence of inequalities and widespread discontent, we expect depression and anxiety to increase (CEPAL, 2020).
[bookmark: article1.body1.sec4.p5]	Regarding its limitations, the external validity of this study is limited to student populations. In this study, participants had ages between 18 and 33 years. Therefore, the psychometric properties reported in this paper correspond to these segment of young adults. 	Another limitation of this study was the absence of a gold standard diagnostic measure for anxiety or depression validated in Ecuadorian context that would have allowed for analysis of sensitivity of the HADS. Predictive validity and test-retest were not evaluated in this paper. However, the first would be specially needed to determine whether the HADS can be effectively used to anticipated anxiety and depression disorders.
[bookmark: sec016]Conclusions
[bookmark: article1.body1.sec5.p1]This study evaluated the factor structure of the HADs in the Ecuadorian context for its use with students. Results of the reliability and validity test of the HADs revealed that the tool has adequate goodness of fit indexes and might be suitable for measuring depression and anxiety in students. However, several problems regarding convergent and discriminant validity, and item difficulty and discrimination reveal that there are issues that can affect its validity and reliability. Despite the results reported in this article reveal that the HADS is potentially a good instrument to be used in the Ecuadorian context, practitioners and researchers should interpret its results with caution.
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