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Background. The need to evaluate the emotional changes women experience 
during the diagnostic stage of breast cancer creates the need for easily appli-
cable short screening tools; thus, evaluations which rely on a single question 
and visual analogical scales are widely used in hospital environments.

Objective. This study aimed to determine the optimal cut-off points for 
anxiety, depression, and stress emotional thermometers measured against 
the Hospital Anxiety and Depression Scale anxiety and depression sub-scales 
(HADS-A and HADS-D), and the Cohen Perceived Stress Scale-14, respec-
tively; in addition, the study aimed to evaluate the prevalence of these changes 
in women scheduled for breast biopsies.

Design. The study included 221 women who were scheduled for breast bi-
opsies; their ages ranged between 28 and 80 years old. They were individually 
evaluated using the Emotional Thermometers, the HADS-A, the HADS-D, 
and the PSS-14 before undergoing their biopsies. Data from 203 participants 
were analyzed.

Results. The following optimal cut-off points were obtained: 3 for the anxi-
ety emotional thermometer (ET) (sensitivity 0.71, specificity 0.25); 3 for the 
depression ET (sensitivity 0.87, specificity 0.34); and 4 for the stress ET (sen-
sitivity 0.80, specificity 0.43). According to these cut-off points, 56% of the pa-
tients exhibited anxiety, 40% exhibited depression, and 55% exhibited stress. 

Conclusion. Using emotional thermometers to screen anxiety, depression, 
and stress is therefore recommended in the context of breast biopsies.
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Introduction 
Breast cancer is the second most common cancer in the world and the most fre-
quent cancer in women, with approximately two million new cases in 2018 (Ferlay 
et al., 2019). The early detection of breast cancer is a fundamental strategy for its 
diagnosis, treatment, and control. In Mexico, the Secretary of Health has placed a 
permanent screening program in specialized units for women between the ages of 
40 and 69 (Uscanga-Sánchez et al., 2014). Of women undergoing a mammography 
screening, 2-4% are referred for biopsies due to breast abnormalities (Alikhassi et 
al., 2015; Luiten et al., 2019). 

The lesions suspected to be malignant are diagnosed using minimally inva-
sive methods such as stereotactic and ultrasound-guided biopsies, which present 
the least risks of infection, tissue damage, and invasiveness (Gutwein et al., 2011). 
Despite this fact, women who undergo these procedures still demonstrate anxiety, 
physical discomfort, emotional stress, perceived stress, and moderate pain before, 
during, and after the biopsy procedures. These effects may persist for several weeks 
after the procedure, even after a woman receives a negative diagnosis for cancer 
(Bredal et al., 2013; Humphrey et al., 2014; Miller et al., 2013; Miller et al., 2014; 
Witek-Janusek et al., 2007).

The risk of a possible diagnosis, the invasiveness of the procedure, anxiety as a 
personality trait, chronic stress, and the level of coping skills are some of the most 
important psychosocial variables associated with anxiety before and after a breast 
biopsy (Raineri et al., 2019).

It has been recommended that all oncological patients undergo psychologi-
cal evaluation as part of their standard treatment. Detection and treatment of 
psychological problems has been justified by the fact that patients with  higher 
levels of psychological discomfort require more medical services, exhibit low ad-
aptation to disease, are less likely to adhere  to treatment plans, and have a higher 
degree of difficulty in making decisions. They also show more dissatisfaction 
with the medical care received, and a lowering of quality of life; such psycho-
logical discomforts are also associated with lower longevity (Jadoon, et al., 2010; 
Vázquez et al., 2013).

Furthermore, it has been found that stress and anxiety can influence post-sur-
gery recovery time, the use of analgesics, and the length of hospital stay (Jiménez-
Jiménez et al., 2013; Mavros et al., 2011; Montgomery et al., 2007; Tefikow et al., 
2013).

Previous studies have shown that anxiety has negative consequences before, 
during, and after biopsy procedures. As far as we know, there have been no stud-
ies in Mexico that report on anxiety levels, depression, or stress in patients during 
biopsy programs; nor are there studies that validate an analogous visual scale to 
measure these variables.

The use of short screening tools such as visual analogue scales (VAS), which are 
easily implemented in hospital environments, is recommended for identifying pa-
tients who initially display symptoms of anxiety and/or depression; these patients 
can then be referred for subsequent and more thorough examinations so that they 
may receive adequate psychological care (Almanza-Muñoz et al., 2009; Boyes et al., 
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2013). Some researchers have found a substantial correlation between the levels of 
stress, anxiety, and depression measured by VAS, and those measured by the Co-
hen Perceived Stress Scales (PSS) and the Hospital Anxiety and Depression Scale 
(HADS) in both medical personnel (Lesage et al., 2012) and cancer patients (Grassi 
et al., 2009; Lambert et al., 2014).

Roth et al. (1998) developed a distress thermometer for patients with prostate 
cancer. Subsequently, Mitchell et al. (2010) validated an emotional thermometer 
(ET) that incorporates analogue visual scales for depression and anxiety in cancer 
patients before their first chemotherapy treatment. However, as suggested by Ma 
et al. (2014), additional studies are needed to determine the accuracy and optimal 
cutoff point for ETs in different populations, as well as under different medical 
conditions, since the use of short scales as a screening tool for emotional changes 
during the diagnostic stage, particularly during breast biopsy, has not been widely 
studied.

The National Comprehensive Cancer Network (NCCN, 2018) recommends us-
ing the distress thermometer developed by Roth et al. in 1998. However, in some 
countries, including Spanish-speaking regions, the translation of the term “distress” 
is problematic because of a lack of a precise conceptual and operational definition 
of the term; thus it results in the use of different assessment tools. Additionally, 
different terms are used as synonyms for distress: i.e., stress, anxiety, anger, ten-
sion, confusion, depression, intrusion, being sad, and feeling bad (Donovan et al., 
2014; Gil et al., 2005; Montgomery & McCrone, 2010; Muszbek  et al., 2006; Potter, 
2007; Romito et al., 2013). This imprecision results in a risk of measuring different 
dimensions, whereas terms such as depression, anxiety, and stress are easily trans-
lated and understood, leading us to recommend measuring each of these variables 
separately. 

Most studies of emotional thermometers have been carried out in Europe; thus, 
data is needed from Latin America and at different stages of cancer development 
(Harju et al., 2019).

The main objectives of this study were to determine the optimal cut-off points 
for the anxiety ET, depression ET, and stress ET measured against the Hospital 
Anxiety and Depression Scale for anxiety (HADS-A), the HADS for depression 
(HADS-D), and the Perceived Stress Scale (PSS-14), respectively, in women sched-
uled for breast biopsies, and to evaluate the prevalence of anxiety, depression, and 
stress in this population.

Methods
Participants 
A non-probabilistic sample was used. A total of 221 women scheduled for ultra-
sound or a stereotactic-guided breast biopsies was invited to participate in the 
study. Of these, three refused to participate and nine did not complete the survey; 
six women did not meet the inclusion criteria, which included: 1) falling within 
the range of 28 to 80 years of age; 2) having had no previous breast biopsy; 3) be-
ing able to read and write in Spanish; and 4) having had no previous diagnosis of 
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cancer, psychiatric disorder, or mental deficiency. In the end, the data from 203 
participants were analyzed (Figure 1).

 
Figure 1. Flow diagram

The study was approved by the Bioethics Committee of the Bernardo Sepúlve-
da Hospital of the Secretary of Health of Nuevo León (protocol #14/597), where it 
was conducted. The samples were collected between January 2015 and December 
2016. 

Procedure
All patients who required biopsies due to abnormalities in their mammograms had 
been referred to the psychology department for evaluation by the surgeon of the 
breast disease clinic and the department of radiology. After signing the informed 
consent form, each individual patient underwent a semi-structured interview for 
the collection of sociodemographic data; then they were individually evaluated us-
ing the Emotional Thermometers, the HADS-A, HADS-D, and the PSS-14 before 
undergoing their biopsy. Each patient was briefly informed of what the emotional 
thermometer consists of and the variables being studied: anxiety, depression, and 
stress. The application of the evaluation instruments was conducted in the psychol-
ogy department of the hospital by trained psychologists.

Questionnaires 
A sociodemographic questionnaire was used for obtaining information regarding 
each woman’s age, level of education, marital status, number of children, and so-
cioeconomic status. To evaluate anxiety, depression, and stress, the following tools 
were used.
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The Hospital Anxiety and Depression Scale (HADS) was developed by Zig-
mond and Snaith in 1982 and comprises a total of 14 questions: seven for measur-
ing anxiety (HADS-A) and seven for measuring depression (HADS-D). The Span-
ish version of the scale developed by Tejero, Guimerá, and Farré (1986) which has 
a Cronbach’s alpha coefficient of .80, was used in the present study. The HADS 
evaluates the psychological aspects of anxiety and depression, but does not consid-
er symptoms such as insomnia, fatigue, and appetite loss. In each subscale, readings 
above the cut-off point of 8 indicate changes on the clinical level.

The Perceived Stress Scale (PSS-14) of Cohen, Kamarck, and Mermelstein 
(1983) contains 14 questions and evaluates the degree to which life situations are 
perceived as stressful by an individual. The questions are classified on a 5-point Lik-
ert scale (0 = never, 1 = almost never, 2 = sometimes, 3 = often, and 4 = very often). 
A larger score indicates a greater level of stress. The present study used the scale’s 
Mexican version developed by González and Landero (2007). González-Ramírez, 
Rodríguez-Ayán, and Hernández (2013) proposed that a standard deviation above 
the mean can be used as an indicator of clinical stress.

The Emotional Thermometer (ET), developed by Mitchell et al. (2010), is a 
combination of five visual analogical scales that measure stress, anxiety, depres-
sion, anger, and the need for help. These scales contain 11 degrees from 0 to 10, 
with 0 representing the absence of the emotion, and 10 the maximum level of 
the perceived emotion. The recommended cut-off point for all the scales is 3 vs 
4, with a sensibility of 92% and specificity of 61% for the anxiety thermometer, 
and a sensibility of 60% and specificity of 78% for the depression thermometer, as 
compared with the HADS subscales. For the present study, only the anxiety and 
depression thermometers were used, and a thermometer for measuring stress was 
added.

Statistical analysis
The statistical analyses were performed using Windows program SPSS 21. For vali-
dating the optimal cut-off point of the anxiety ET, the point system of the HADS-A 
subscale was used (cut-off 7 vs 8); for the depression ET, the point system of the 
HADS-D was used (cut-off 7 vs 8), as recommended by Mitchell et al., (2010); and 
for the stress ET, the point system obtained in the PSS-14 was used, as recom-
mended by González-Ramírez, et al. (2013). They propose that the average of the 
group, plus one standard deviation, should be considered as indicative of stress on 
a clinical level (cut-off 27 vs 28).

Using a 2 × 2 table, the Positive Predictive Values (PPV) [true positive/total pos-
itive] and Negative Predictive Value (NPV) [true negative/total negative] were ob-
tained. A Receiver Operating Curve (ROC) was generated through which the Area 
Under the Curve (AUC), sensibility, and specificity were obtained. A  Spearman 
correlation was performed to determine the effect size (small = .10, medium = .30, 
and large ≥ .50) between the variables (Téllez et al., 2015). Finally, based on the cut-
off points, the frequencies and percentages of women who exhibited anxiety, stress, 
and depression were obtained.
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Results
Socio-demographic data
Of the 221 patients who consented to participate, 203 were evaluated using the 
various tools. The average age of the participants was 48 years (SD = 10.9), 64.8% 
lived in a conjugal relationship, and 28.6% were employed. The average number of 
years of education was 8.4 (SD = 3.7), and the average monthly income was 193 U.S. 
Dollars (SD = 214 USD).

Properties of the ETs as diagnostic tests
Table 1 presents the cut-off points that are considered most adequate according to 
the ROC. For the cut-off point of 3 on the anxiety ET, an AUC of .789 was obtained 
[95% confidence interval (CI) = .726, .852; p = .000]; for the cut-off point of 3 on 
the depression ET, an AUC of .855 was obtained [95% CI = .784−.925; p = .000]; 
and for the cut-off point of 4 on the stress ET, an AUC of .734 was obtained [95% 
CI = .629–.839; p = .001].

Table 1
Psychometric properties of the ETs

Sensitivity Specificity PPV NPV Accuracy

ET Anxiety
 Cut-off 3 0.71 0.25 0.75 0.70 .789
ET Depression 
 Cut-off 3 0.87 0.34 0.25 0.97 .855
ET Stress 
Cut-off 4 0.80 0.43 0.15 0.96 .734

ET= Emotional Thermometer, PPV=Positive Predictive Value, VPN=Negative Predictive Value

The correlation analysis between the scales shows a positive correlation with a 
large and statistically significant effect size between the HADS-A subscale and the 
ET anxiety scale (rs = .633, p = .01), as well as between the HADS depression sub-
scale and the ET depression scale (rs = .566, p = .01). A positive correlation with 
a medium-large effect size was also found between the PSS-14 and the ET stress 
scales (rs =. 403, p = .01).

Prevalence of anxiety, depression, and stress according  
to the cut-off points obtained
The average score on the anxiety ET was 3.7 (SD = 3.2) and for the HADS-A was 7.7 
(SD = 4.2); for the depression ET the average score was 3.2 (SD = 3.3) and 3.7 on the 
HADS-D (SD = 3.1). The average obtained for the stress ET was 4.0 (SD = 3.0), and 
on the PSS-14 the average was 21.3 (SD = 7.5).

According to the cut-off points used in the ETs, 56% of the patients exhibited 
anxiety, 40% exhibited depression, and 55% exhibited symptoms of stress (Figure 2).
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Discussion
The primary objective of this study was to determine the optimal cut-off points for 
the anxiety and depression thermometers as compared to the HADS scale for eval-
uating anxiety and depression, and the same for the stress thermometer measured 
against the PSS-14. Although the thermometers were applied to women who had 
not yet been diagnosed with cancer, a cut-off point of 3 for anxiety and depression, 
and 4 for stress, coheres with the results of Mitchell et al. (2010), who suggested a 
cut-off point of 3 vs 4 for all the thermometers used with cancer patients; and with 
those of Beck et al. (2016), who found a cut-off point of 4 for anxiety and 3 for 
depression in patients with different types of cancer.  Shahvaroughi et al. (2019) 
have also established a cut-off point of 3 for the Persian version of the anxiety and 
depression thermometers in Iranian patients with advanced cancer.  

Some other studies have found different cut-off points than we did in this study. 
For instance, Teixeira et al. (2020) found a cut-off point of 5 vs 6 for anxiety, and 
4 vs 5 for depression in a validation of emotional thermometers in Portuguese pa-
tients receiving treatment for different types of cancer. Civilotti et al. (2020) ap-
plied the distress thermometer against HADS in patients with a recent diagnosis of 
breast cancer, recommending a cut-off point of 4 for anxiety, depression and dis-
tress. A systematic review by Harju et al. (2019) found that most authors suggest a 
cut-off point to be equal or higher than 4 for anxiety and depression thermometers. 
Probably the differences in the results of those authors and our study is due to the 
different instruments used to validate the thermometers.

The original study involving the emotional thermometers developed by Mitch-
ell et al. (2010) found an average of 4.78 for anxiety level and 2.34 for depression, 
while our study found average levels of 3.7 for anxiety, 3.2 for depression, and 4 
for stress. These scores are higher than those reported by Hinz et al. (2019) in the 
general German population; they found an average of 1.3 for anxiety level and 1.6 
for depression. The slight differences in the results obtained in both studies may be 
explained by differences between the medical conditions and demographics of the 
patients. 

The averages of 7.7 for anxiety measured using the HADS-A, 3.7 for depression 
measured using the HADS-D, and 21.3 for stress using the PSS-14 corroborate the 
results obtained by other authors for anxiety and depression before  biopsies  (Lam-
pic et al., 2001; Dey et al., 2002; Kamath et al., 2012). On the other hand, Gibbons et 
al. (2016) obtained an average of 23.4 for stress at the time of diagnosis.

Figure 2. Prevalence of anxiety, depression, and stress
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In the present study, the anxiety, depression, and stress ETs displayed adequate 
levels of sensibility at >.70, demonstrating that they have a great ability to detect 
patients undergoing these changes; however, they also displayed low levels of speci-
ficity at <.50, which may hinder their ability to screen those without such changes, 
thus potentially increasing the probability of false positives. However, in the pres-
ent study scenario, it is preferable to detect the majority of patients who do exhibit 
emotional changes. 

As for the predictive value, it was observed that the depression and stress ETs 
display a high NPV, thus reflecting a low prevalence of these symptoms in the stud-
ied population (Colimon, 1990); however, a high NPV minimizes the false nega-
tives, and an optimal cut-off point for screening based on a specific population 
requires a minimum number of false negatives (Bidstrup et al., 2012). The predic-
tive values for both positives and negatives for the anxiety ET yield a result of 70%, 
reflecting a prevalence of approximately 50%. This is in agreement with the preva-
lence results obtained in this study based on the cut-off points selected.

However, the AUC provides a means to discriminate between those people who 
experience the variable of interest vs those who do not. An AUC value between 
0.7 and 0.8 is considered in line with acceptable discrimination (Hosmer & Lem-
eshow, 2000), in addition to being an indicator of diagnostic exactness (Schubart 
et al., 2015). The three thermometers we measured achieved adequate AUC values, 
which, in addition to the results obtained from the correlation between the ETs, 
the HADSs, and the PSS-14, indicates that the ETs may be used to detect patients 
who require a more thorough evaluation for anxiety, depression, and stress. These 
results for sensibility, specificity, and AUC are similar to those reported by Mitchell 
et al. (2010) for selected cut-off points in patients with cancer.

In our sample, 56% of the patients exhibited anxiety, 40% exhibited depression, 
and 55% exhibited stress symptoms; that is, approximately half of the patients pre-
sented some type of emotional change related to the biopsy procedure. In a study 
of the diagnostic period involving mammograms and biopsies, Lampic et al. (2001) 
found that of 509 patients, 46% exhibited anxiety and 11% exhibited depression. In 
a recent study, Moseholm et al. (2016) found that 34% of a sample of 666 patients 
with all types of cancer, exhibited anxiety, and 24% exhibited depression before the 
diagnosis. Similar data was found by Civilotti et al. (2020) in Italian women with 
newly diagnosed cancers; 52.1% of the women affected by breast cancer presented 
anxiety symptoms, whereas 33% presented depressive symptoms.  Regarding stress, 
Turkoglu and Mutlu (2016) found that 33% of patients exhibited stress before un-
dergoing any type of biopsy.

Research into psychological disorders and tools used during the diagnostic 
process could help identify women who are at risk for chronic psychological prob-
lems and social isolation during their cancer treatments. This in turn could help 
identify risk and protective factors for these women and help to develop specific 
intervention techniques for them (Kamath et al., 2012). For example, Perlman et 
al. (2016) suggest that strategies for improving the mood of women who are facing 
breast biopsies could greatly benefit them. Téllez et al. (2016) and Sánchez-Jáuregui 
et al. (2018) used an intervention with hypnosis and music, and found a decrease 
in anxiety, stress, and pain, as well as an increase in optimism and well-being both 
before and after the biopsy. Furthermore, to improve the biopsy experience, Soo et 
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al. (2019), recommend giving information about the procedure before the biopsy, 
providing a comfortable and private waiting room space, and using local anesthe-
sia, anxiolytics, or psychotherapeutic interventions such as hypnosis, relaxing mu-
sic, and guided meditation.

To the best of our knowledge, ours is the first study reporting the adequate ad-
aptation of ETs for women scheduled for breast tissue biopsies. The thermometers 
are a useful and reliable tool to screen emotional changes in a hospital environ-
ment, allowing medical personnel to identify patients who display results above 
the cut-off point, and to channel them for more thorough psychological evalua-
tion. 

Finally, although the importance of evaluating psychological changes during 
the medical procedures and the usefulness of short tests such as ETs has already 
been demonstrated, less than 15% of medical personnel use screening tools in clin-
ical practice (Mitchell et al., 2008). Therefore, we strongly recommend using this 
tool as a regular part of the medical routine in the context of the diagnosis of breast 
cancer.

Conclusion
The evaluation of emotional changes during the biopsy procedure for suspected 
breast cancer is important. The anxiety, depression, and stress ETs are precise 
screening tools when used with the cut-off points suggested in the present study. In 
addition, they are low-cost and easily applicable in a hospital context. 

Limitations
Our study has some limitations, such as the fact that the validation of the emo-
tional thermometers was done by comparing them with the HADS subscales, in 
which low scores of anxiety and depression were obtained. Thus, in future studies 
it would be advisable to use other standardized diagnostic scales, such as the Struc-
tured Clinical Interview for DSM–IV to confirm the results. It is also important to 
consider that the population we studied has a low degree of education and income, 
so the results cannot be generalized to populations with different characteristics. 
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