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Abstract
Background: Depression is one of the common non-motor symptoms in patients with Parkinson disease (PD), which can have a
negative effect on the quality of life of the patients. Therefore, it is necessary to have suitable, accurate, cheap, and simple diagnostic
tools to identify depression in patients with PD and apply a proper treatment. The current study aimed at comparing the single-item
visual analog scale (VAS) with the multi-item hospital anxiety and depression scale (HADS) and patient health questionnaire-9 (PHQ9) in respect to their sensitivity and specificity to diagnose depression in patients with idiopathic PD.
Methods: The current cross sectional, comparative study employed the simple non-probability method and selected 79 patients
with idiopathic PD, with the mean (SD) age of 59.10 (10.84) years and the average (SD) of disease progression level of 3.24 (1.13), based
on Hoehn and Yahr scale. The single-item scale VAS and multi-item tests HADS and PHQ-9 were used as an index tests, and Beck
depression inventory (BDI) was employed as the reference test to evaluate depression in 3 levels of lack of (or mild) depression,
moderate depression, and severe depression using 90% sensitivity and 90% specificity. To determine the sensitivity, specificity, and
the ability of each index test in order to diagnose depression, agreement percent of index tests with reference test and receiver
operating characteristic (ROC) analysis were used.
Results: The results of ROC analysis showed that VAS (AUC = 0.84) and HADS (AUC = 0.87) and PHQ-9 (AUC = 0.85) possessed similar
abilities to discriminate depression in patients with PD. The sensitivity of VAS, HADS, and PHQ-9 tests in moderate or greater threshold were 92%, 96%, and 89%, respectively, and in severe threshold were 64%, 79%, and 49%, respectively. Specificity of these tests in
moderate or greater threshold were 42%, 50%, and 62%, respectively, and in severe threshold were 88%, 77%, and 88%, respectively. The
highest agreement level with BDI in mild/moderate and severe levels of depression were found in VAS and PHQ-9, respectively.
Conclusions: The single-item scale VAS, similar to multi-item tests HADS and PHQ-9, had a low to high sensitivity and specificity to
diagnose depression in moderate or greater and severe thresholds in patients with PD.
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1. Background
Parkinson disease (PD) is a neurodegenerative disease
with a prevalence about 1% to 2% in people over 65 years
old (1, 2). The prevalence of this disease is estimated about
222.9 in every 100,000 individuals in Tehran (3). Depression is one of the common non-motor symptoms (about
30% to 40%) with an unknown cause, which has a negative
effect on quality of life, functional, and cognitive ability of
the patients (4), and can impose a great cost on the health
system. Moreover, depression has a high correlation with

suicide and is considered as a third reason for disability
worldwide (5, 6). Therefore, diagnosis of depression in patients with PD could be helpful in their treating and preventing the damages caused by depression.
A suitable and useful tool is necessary to diagnose and
determine the severity of depression in patients with PD.
The suitability and usefulness of a depression diagnostic
tool is measured according to the number of false-positive,
which is the number of people without depression who
are diagnosed incorrectly as the ones with depression in
screening (7). Undue costs are the results of high false-
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positive (8). On the other hand, the ratio of false-negative
(ie, the number of people with depression who are not diagnosed correctly) should be considered and this can lead
therapists not to attend to the depression signs and symptoms and treatment (9).
Due to the complex concepts of depression, there are
several methods for its diagnosis. One of these methods is using a standard questionnaires with several questions such as Beck depression inventory (BDI), hospital
anxiety and depression scale (HADS), and patient health
questionnaire-9 (PHQ-9). Reduced error and bias are some
of the advantages of such questionnaires. But, these questionnaires are costly and time consuming and are not suitable for initial evaluation and screening. Another group
of the tools are single-item scales such as visual analog
scale (VAS) to measure depression. The advantages of such
scales are their shortness and less completion time. A reliable and valid single-item scale is a proper tool for initial
screening and evaluation, particularly in daily care centers
or studying a large sample of people in a time-limited period (10, 11). So far, however, only 2 studies are conducted on
comparing single- or 2-item scale and standard questionnaires of depression. In 1 study, psychometric properties
of a simple item with “yes” or “no” answers (have you felt
depressed or sad most of the past year?) were evaluated an
analyzed, compared with PHQ-9 in veteran affairs primary
care setting (7), and in another study, comparison of depression single-item scale with PHQ-9 was studied to identify normal people with depression in Australia (9). But,
none of these studies was conducted on patients with PD.
On the other hand, the method of diagnosing depression
and using depression diagnosis tools totally depends on
the culture and the kind of disease (12). Therefore, the current study aimed at comparing the single-item VAS with
HADS and PHQ-9 to identify patients with PD. Further, the
current study investigated the sensitivity, specificity, and
positive and negative predictive values of single-item VAS,
multi-item HADS, and PHQ-9 with those of BDI questionnaire, as a reference scale.
2. Methods

orthopedic and neurological disorders except PD according to the medical record or patient’s report, no common
surgery for PD according to the medical record or patient’s
report, and the ability to read and write in Persian. The
study was started with the approval of ethics committee of
Iran University of Medical Sciences and receiving the written consent from patients to participate in the study.
2.2. Procedure
Demographic data including age, time since diagnosis
of PD, and education level were collected through a demographic questionnaire (Table 1). The single-item VAS and
multi-item HADS and PHQ-9, as index tests, and BDI, as a
reference test, were used to diagnose depression. All tests
were performed in an off-drug phase. The sequence of tests
was completely random. The cutoff point values for all
tests (VAS, HADS, and PHQ-9) to identify different levels of
depression were calculated using the sensitivity and specificity of at least 90% (14) and the results are reported in Table 2. The scores higher than 90% sensitivity were considered as the first level. The scores between 2 points of 90%
sensitivity and 90% specificity were considered as the second level, and the scores less than 90% specificity were considered as the third level. The cutoff values for the 2 thresholds of questionnaire were determined for varying levels
of sensitivity and specificity (at least 0.90 and at least 0.90,
respectively). Also, the points between lack of depression
and moderate and severe depression were considered as
one threshold, and the point between severe depression
and lack of depression or a moderate depression was considered as another threshold (9-19).
2.3. Outcome Measures
2.3.1. Single-item VAS
Single-item VAS is based on a 100-mm line, which its left
end (0) shows lack of depression and its right end shows
(100) severe depression. Patients were asked to rate their
depression during the past 2 weeks between lack of depression and severe depression on the line (14). It is a suitable
tool to classify the level of depression and also screen patients with depression (9).

2.1. Participants
The current non-experimental, cross sectional, comparative study employed simple non-probability method
and selected 79 patients with PD (69 male, 10 female) by
mean (SD) disease progression level of 3.24 (1.13), based on
Hoehn and Yahr scale in patients with idiopathic PD referred to health centers of Tehran, Iran. Inclusion criteria
for the current study were idiopathic PD based on a neurologist diagnosis, no cognitive damage based on the minimental status examination (MMSE) (scores > 21) (13), no
2

2.3.2. HADS
The multi-item HADS includes 14 questions, among
which 7 questions are related to the depression subscale
and 7 to the anxiety subscale. Each item is scored based on
a Likert scale ranging from 0 to 3 in which 3 shows the most
severe state. The total score for each subscale ranges between 0 and 21, which the highest score indicates the most
severe depression (16). The depression subscale of the test
was used in the current study. In a study by Schrag et al., in
Middle East J Rehabil Health Stud. 2017; 4(4):e57484.
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Britain, good internal consistency and test-retest reliability of HADS was reported in patients with PD (4). Montazeri
et al., also reported an acceptable validity and reliability of
Iranian version of this scale in patients with breast cancer
(Cronbach’s alpha = 0.86 and 0.78 for depression and anxiety subscales, respectively) (17).

2.3.3. PHQ-9
The multi-item PHQ-9, a 9-item questionnaire, is used
to diagnose depression and its severity in clinical environments. Each item is scored between 0 and 3, based on a Likert scale in which 3 is the most severe form. Total score for
this scale ranges between 0 and 21, which the highest score
indicates the most severe depression (18). This test has a
suitable validity and reliability (ICC = 0.86-0.89, r = 0.7), and
also good sensitivity (19).

3. Results
Demographic data of participants and descriptive data
of VAS, HADS, PHQ-9, and BDI are shown in Table 1.
Table 1. Descriptive Demographic Data and Outcome Measures in Subjects with Idiopathic Parkinson Disease (N = 79)

Demographic Data
Gender

Male

69 (87.34)

Female

10 (12.66)

Disease progression level, based on Hoehn and Yahr
scalea

2.3.4. BDI
BDI was used as a reference test, which its cutoff point
to evaluate depression threshold is determined for patients with PD (4). This scale was also used as a reference
test in previous studies (20, 21). BDI is a self-report scale
consisted of 21 items. Each item is scored from 0 to 3, based
on a Likert scale in which 3 is the most severe form. Total score of this scale ranges from 0 to 63, among which 0
to16, 17 to 29, and 30 to 63 indicate the mild, moderate, and
severe depression, respectively (22). BDI is used to screen
depression, measure the severity of symptoms, and evaluate the response to the medications and surgery in patients
with PD (4-22). This test has a high internal consistency and
test-retest reliability (ICC = 0.93, a = 0.91) (23). In the current
research, scores of 14 or greater in BDI were considered as a
cutoff point to classify patients as with/without depression
(4).

Values

a

First stage

6 (7.6)

Second stage

12 (15.2)

Third stage

31 (39.2)

Forth stage

17 (21.5)

Fifth stage

13 (16.5)
a

Educational level

Diploma or lower

59 (74.7)

Associate degree or bachelor

13 (16.5)

Master or PhD
Age, y

8 (8.8)

b

Time since the disease diagnosis, y

59.10 (10.84)
b

9.30 (6.03)

Outcome Measures
VASb

59.72 (17.38)

HADSb
b

PHQ-9
BDI

b

10.89 (3.90)
12.46 (5.13)
20.51 (11.11)

Abbreviations: BDI, Beck Depression Inventory; HADS, Hospital Anxiety and Depression Scale; PHQ-9, Patient Health Questionnaire; VAS, Visual Analog Scale.
a
Values are expressed as No. (%).
b
Values are expressed as mean (SD).

2.3.5. Statistical Analysis
Frequency and frequency percent were used to analyze
the agreement between VAS, HADS, PHQ-9, and BDI to evaluate depression severity. Then, the answers of BDI were
classified into 2 groups of with and without depression, according to the cutoff point 14 or greater. Considering BDI
as a reference test, the sensitivity, specificity, and positive
and negative values of VAS, HADS, and PHQ-9 were calculated to investigate depression severity in 2 different cutoff points (moderate or greater and severe thresholds). The
area under the curve of receiver operating characteristic
(ROC) was used to compare the ability of VAS, HADS, PHQ9 with that of BDI to identify patients with PD and depression.
Middle East J Rehabil Health Stud. 2017; 4(4):e57484.

3.1. Agreement of VAS, HADS, and PHQ-9 with BDI in Order to
Measuring Depression Severity in Patients with PD
According to Table 2, among 33 patients in the level of
lack of depression or weak depression, 33.3%, 39.4%, and
51.5% were correctly identified based on the single-item
VAS, HADS, and PHQ-9, respectively, while 66.7%, 60.6%, and
48.5% were incorrectly identified based on VAS, HADS, and
PHQ-9, respectively. Among 30 patients at the level of
moderate depression, according to BDI, 33.3%, 23.3%, and
36.7% were correctly identified according to the singleitem VAS, HADS and PHQ-9, respectively. However, 66.7%,
76.3%, and 63.3% of these 30 patients were wrongly identified based on VAS, HADS and PHQ-9, respectively. Among
3
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16 patients at the level of severe depression, based on BDI,
all of them were also diagnosed with severe depression
based on the single-item VAS. Conversely, among these 16
patients, 93.8% and 68.8% were correctly identified according to the HADS and PHQ-9 respectively, whereas 6.2% and
31.2% were wrongly identified, respectively.
3.2. Sensitivity, Specificity, and Positive and Negative Predictive
values of Single-Item VAS, and Multi-Item HADS, and PHQ-9 to
Identify Patients with PD and Depression in Different Thresholds
According to Table 3, in a moderate or greater threshold, VAS, HADS, and PHQ-9 showed a high sensitivity to
identify depression severity (i.e., 92, 96, and 89 cases out of
100 patients at the moderate or greater level of depression,
based on BDI using cutoff point of 14, were also at the same
level according to VAS, HADS, and PHQ-9). In this threshold,
the specificity was 42%, 50%, and 62%, respectively. By increasing the threshold to the severe level, the level of specificity rose to 88, 77, and 88, respectively. In the moderate or
greater threshold, according to VAS, HADS, and PHQ-9, 15,
18, and 20 cases out of 100 patients identified with depression according to BDI, were truly depressed, respectively
(positive predictive value: VAS = 15%, HADS = 18%, and PHQ9 = 20%), while most of the patients identified without depression, based on BDI test, also had not depression according to VAS, HADS, and PHQ-9 (negative predictive value: VAS
= 98%, HADS = 99%, and PHQ-9 = 98%). However, in the severe
level, the positive predictive values were 38%, 28%, and 32%,
and the negative predictive values were 96%, 97%, and 94%
for VAS, HADS, and PHQ-9, respectively (Table 3).
According to Table 4, the area under the curve applied
to measure the efficiency of VAS, HADS, and PHQ-9 to separate patients with and without depression, showed that
these tests had significant ability (P < 0.0001) to diagnose
patients with PD with/without depression, and none of the
tests showed any significant difference with the results of
BDI to classify patients with PD with/without depression (P
= 0.75).

4. Discussion
Depression is one of the non-motor symptoms of PD,
which has a marked effect on quality of life and daily life
activities in such patients. In the rehabilitation settings,
suitable and useful tools are necessary to diagnose, screen,
and determine the severity of depression in patients with
PD (4, 7). Moreover, appropriate assessment tools are required to evaluate the rehabilitation outcomes. The current study evaluated the efficiency of depression singleitem test (VAS) and multi-item tests (HADS and PHQ-9)
4

against BDI, as a reference test, to separate patients with
PD with/without depression. The efficiency of these tests
is not yet investigated together in patients with PD.
Comparison the levels of depression based on BDI with
the level of depression based on single-item VAS and multiitem HADS and PHQ-9 showed that PHQ-9 was the best tool
to identify the lack or weak (51.5%) and moderated depression (36.7%) in patients with PD, but VAS was a good test
to identify severe depression (100%) in such patients. Although both HADS and PHQ-9 were the multi-item tests,
similar to BDI, there was a high agreement among them
and BDI at the weak and moderate levels of depression.
This result may be due to the measurement error observed
in all tools, and the difference between patients perception about depression and depression concept considered
in the scientific studies (9). In addition, each of these tests
asked the depression concept through different questions,
among which some were easy and some difficult. For example, Golden et al., reported that HADS questions were more
difficult, compared with BDI ones (24). This is more obvious when participants in the study have a lower education
(25). Therefore, this result could be explained by the fact
that most of the current study participants (74.7%) had a
low educational level. In a severe level, just the single-item
VAS showed a 100% agreement with BDI; therefore, it can
be generally suggested that the single-item VAS is the best
tool to identify patients with PD and severe depression.
Also, sensitivity and specificity, as well as positive and
negative predictive values for the 2 thresholds of moderate
or greater and severe depression were calculated for the
single-item VAS and multi-item HADS and PHQ-9 using BDI
(at the cutoff point of 14) as a criterion value. The results
showed that probably the best threshold for both singleitem VAS and multi-item HADS and PHQ-9 to identify people with depression depends on the context in which these
scales are used. The results of the current study showed
that the moderate or greater threshold had a high sensitivity to single-item VAS and multi-item HADS and PHQ-9
(i.e., VAS, HADS, and PHQ-9 had the ability to identify depression in 92, 89, and 96 cases out of 100 persons identified with depression based on BDI). However, in this threshold, the specificity was very low for the 3 scales; therefore,
VAS, PHQ-9, and HADS correctly identified only 42, 62, and
50 cases out of 100 persons without depression based on
BDI, respectively, and they respectively identified other 58,
28, and 50 persons with depression, which are considered
as false-positive. This result showed that this threshold
was suitable for the second level evaluation of screening
to omit false-positive. By increasing the threshold for all
the 3 scales, the specificity also increased (i.e., among 100
patients identified at severe level of depression based on
BDI, 88, 88, and 77 cases did not have depression according
Middle East J Rehabil Health Stud. 2017; 4(4):e57484.
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Table 2. Depression Severity on VAS, HADS, and PHQ-9 Compared with the BDI in Patients with Parkinson Disease (N = 79)a

Scale

Severity of Depression

Depression Classification Based on BDI
No or Mild
Depression: 0 - 16,
N = 33

VAS

HADS

PHQ-9

Moderate
Depression: 17 - 29,
N = 30

Severe Depression:
30 - 63, N = 16

Total, N = 79

No or mild depression: 0 - 45

11 (33.3)

4 (13.3)

0 (0)

15 (18.99)

Moderate depression: 45 - 58

17 (51.5)

10 (33.3)

0 (0)

27 (34.18)

Severe depression: 59 - 100

5 (15.2)

16 (53.4)

16 (100)

37 (46.83)

No or mild depression: 0 - 7

13 (39.4)

1 (3.3)

1 (6.2)

15 (18.99)

Moderate depression: 8 - 10

9 (27.3)

7 (23.3)

0 (0)

16 (20.25)

Severe depression: 11 - 21

11 (33.3)

22 (73.4)

15 (93.8)

48 (60.76)

No or mild depression: 1 - 9

17 (51.5)

5 (16.7)

0 (0)

22 (27.85)

Moderate depression: 10 - 14

12 (36.4)

11 (36.7)

5 (31.2)

28 (35.44)

Severe depression: 15 - 27

4 (12.1)

14 (46.6)

11 (68.8)

29 (36.71)

Abbreviations: BDI, Beck Depression Inventory; HADS, Hospital Anxiety and Depression Scale; PHQ-9, Patient Health Questionnaire; VAS, Visual Analog Scale.
a
Values are expressed as No. (%).

Table 3. Accuracy of Different Thresholds for the Single-item VAS, HADS, and PHQ9 Against the Beck Criterion Score in Patients with Parkinson Disease (N = 79)

Scale

Severity of Depression

VAS

PHQ-9

HADS

Sensitivity (95% CI)

Specificity (95% CI)

Positive Predictive
Value (95% CI)

Negative
Predictive Value
(95% CI)

Moderate depression or greater

92 (81.8 - 97.9)

42 (23.4 - 63.1)

15 (6.4 - 28.3)

98 (85.2 - 100)

Severe depression

64 (49.8 - 76.9)

88 (69.8 - 97.6)

38 (13.9 - 67.9)

96 (87.6 - 99.2)

Moderate depression or greater

89 (77 - 95.7)

62 (40.6 - 79.8)

20 (8.6 - 37.6)

98 (88.5 - 100)

Severe depression

49 (35.1 - 63.2)

88 (69.8 - 97.6)

32 (9.3 - 63.9)

94 (85.3 - 98.3)

Moderate depression or greater

96 (87 - 99.5)

50 (29.9 - 70.1)

18 (7.7 - 32.2)

99 (88.7 - 100)

Severe depression

79 (65.9 - 89.2)

77 (56.4 - 91)

28 (11.2 - 50.2)

97 (88.7 - 99.7)

Abbreviations: HADS, Hospital Anxiety and Depression Scale; PHQ-9, Patient Health Questionnaire-9; VAS, Visual Analog Scale.

Table 4. The Results of ROC Analysis to Perform VAS, HADS, and PHQ9 Against the Beck Criterion Scale to Detect Depression in Patients with Parkinson Disease (N = 79)

Scale

Area Under the Curve, Compared with Reference Line

AUC Difference Between Index Tests (VAS, HADS, PHQ-9) and Criterion Test (BDI)

AUC (95% CI)

Z

P value

Mean Difference

Z

P value

VAS

0.84 (0.74 - 091)

7.23

< 0.0001

0.04

0.75

0.45

HADS

0.87 (0.78 - 0.93)

9.66

< 0.0001

PHQ-9

0.85 (0.75 - 0.92)

7.19

< 0.0001

Abbreviations: AUC, Area Under Curve; BDI, Beck Depression Inventory; HADS, Hospital Anxiety and Depression Scale; PHQ-9, Patient Health Questionnaire-9; VAS: Visual Analog Scale.

to VAS, HADS and PHQ-9, respectively). But, the sensitivity
markedly decreased in this threshold (i.e., severe threshold), that is among 100 patients identified at severe level
of depression based on BDI, only 65, 49, and 79 cases were
also identified at the same level of depression according to
VAS, HADS, and PHQ-9, respectively. Therefore, this threshold may be suitable when there are not enough resources
for the second stage screening, but some studies suggested

Middle East J Rehabil Health Stud. 2017; 4(4):e57484.

that this level of sensitivity was clinically unusable.
The results of the current study showed that both in
moderate or greater and severe thresholds, the positive
predictive values were very low for all the 3 tests; therefore,
in the moderate or greater threshold, the positive predictive values of VAS, PHQ-9, and HADS were 15%, 20%, and 18%,
respectively, and 38%, 32%, and 28%, respectively, in the severe threshold. This result showed that among every 100
5
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patients, 15, 20, and 18 cases, according to moderate or
greater threshold, and 38, 32, or 28 cases according to severe threshold, really had depression and 75, 80, and 82 or
62, 68 and 73 cases were false-positive. Therefore, the current study results showed that after positive diagnosis of
patients in the first level of evaluation based on BDI, using
another tool such as standard diagnostic tools or expert
therapists is necessary to accurately measure depression
in patients with PD in the second level of evaluation. Also,
the results of the current study showed that the negative
predictive values of VAS, HADS, and PHQ-9 were very high
(higher than 90%) in both thresholds. Thus, through these
tests, about 1 of 10 patients not identified with depression,
based on BDI, may have depression.
Studies on the importance of using single-item scales
against multi-item standard tools showed that increasing
the items to 2 or more resulted in increasing the accuracy (26), while in the current study it was observed that
both single-item and multi-item scales had the same ability to identify patients with depression, compared with
BDI. Therefore, both single-item and multi-item scales had
marked ability to separate patients with PD with/without
depression. This result may be due to the effect of disease,
culture, and concepts about depression in different communities.
Some of the limitations of the study were the small
sample size and the low educational level of most of the patients, which may affect the results, and it is suggested to
consider these limitations in more detailed investigations
on these tools in the future studies.
4.1. Conclusion
The results of the current study showed that just the
single-item VAS had a complete agreement with BDI to
identify people with severe depression. None of the singleitem VAS and multi-item HADS and PHQ-9 alone could accurately identify patients with PD and depression, and there
is a need for a more accurate standard tool. These results indicated that it was better to use different tests to diagnose
and determine the severity of depression in rehabilitation
settings. Also, more detailed investigation on the sensitivity of the depression measurement tools after rehabilitation, especially after occupational therapy interventions, is
suggested in further studies.
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