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Abstract  
Screening of Generalised Anxiety Disorder (GAD), which is often undetected and 
untreated, could be improved by quick and easy web-based data collection. This 
paper aims to validate the web-based self-rated 7-item GAD-7, its shortened 2-item 
GAD-2 and a single item from the GAD-7 scale (GAD-SI) to screen for GAD. Of a 
total of 502 subjects aged 18-80 who rated the web-based GAD-7, CES-D and 
HADS, 157 (31%) subjects had a WHO Composite International Diagnostic 
Interview for DSM-IV-disorders by telephone. The GAD-7 had good reliability. 
Subjects with a GAD-diagnosis had significantly higher means on GAD-2, GAD-SI 
and GAD-7 than subjects without a GAD-diagnosis. The AUC (area under the 
curve) of the GAD-SI and GAD-2 was accurate and not significantly different to the 
GAD-7 AUC. The web-based GAD-SI, GAD-2 and GAD-7 are reliable, valid tools to 
quickly screen for GAD in busy mental health settings and clinical research. More 
research is needed to validate the GAD-SI ‘Do you have trouble relaxing’ to see if 
its screening properties approach those of the GAD-7.  
 
Keywords: Screening instruments; Internet use; online; validation; Sensitivity; 
Specificity 
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1. Introduction  
 
DSM-IV Generalized Anxiety Disorder (GAD), with chronic, excessive and 
uncontrollable worry as central feature (American Psychiatric Association, 1994) is 
one of the most common of all anxiety disorders (Somers et al., 2006). Estimated 
lifetime prevalence is 6.2 % in the general population (Somers et al., 2006). It is 
associated with subjective distress due to constant worry and difficulty in controlling 
worry, resulting in impaired social functioning and quality of life (Hunot, et al., 
2007). Several studies have reported effective treatments (both pharmacological 
and psychological) in reducing GAD-symptoms (Hoffman and Mathew, 2008; 
Hunot et al., 2007).   
  Unfortunately, only a minority of anxiety patients are detected in primary 
care (Kessler et al., 1999). One reason might be that anxiety questionnaires are 
time consuming and expensive (Zimmerman and Mattia, 2001). The development 
of brief, patient-completed measures which are easily administered has been 
stimulated by the need of busy primary care and mental health practitioners 
(Swinson, 2006) to effectively and feasibly detect GAD (Kroenke et al., 2007). 
However, there is a paucity of brief, validated and freely available measures for 
anxiety (Spitzer et al., 2006). To overcome this gap, Spitzer and colleagues 
developed the 7-item self-rated Generalized Anxiety Disorder Scale (GAD-7; 
Spitzer et al., 2006). Several studies have reported good psychometric properties 
for the GAD-7 as well as its two core items (GAD-2) in primary care settings 
(Kroenke et al., 2007; Spitzer et al., 2006) and in the general population (Lowe et 
al., 2008). See Supplementary Material 1for the GAD-7 and GAD-2. Furthermore, 
both GAD-7 and GAD-2 performed well as screening tools for Panic Disorder, 
Social Phobia and Post Traumatic Stress Disorder (PTSD [Kroenke et al., 2007]). 
This finding seems to be in line with a study by Slade and Watson (2006), which 
concluded that those disorders share a common internalizing factor characterized 
by an underlying dimension of distress (GAD and PTSD) and fear (Social Phobia 
and Panic).    

Screening via the Internet can be a valid (Buchanan, 2003) and both time 
and economically efficient tool (Austin et al., 2006). However, the psychometric 
equivalence between paper-pencil and Internet-versions of the same questionnaire 
cannot be assumed (Buchanan, 2002; 2003)(Buchanan 148-54;Buchanan 100-09). 
Several factors might affect the reliability and validity of self-ratings on the Internet. 
For example, the difference in hardware and software combinations can cause 
online tests to look different or even to malfunction (Austin et al., 2006; Buchanan 
and Smith, 1999). Also, the Internet’s advantage of greater anonymity might 
increase honesty and self-disclosure among participants, which too can cause 
differences in reliability and validity (Joinson, 1999). We therefore investigated 
whether the psychometric properties of the GAD-7 and GAD-2 paper-pencil version 
were equivalent to the converted online version. Furthermore, we examined 
whether the web-based GAD-7 could be further reduced to one item.  

This paper aims to validate the Dutch web-based version of the self-rated 
GAD-7, GAD-2 and a single item from the GAD-7 (GAD-SI). In addition, we 
investigate its psychometric qualities in screening for Depressive Disorders and 
three other common anxiety disorders: Panic Disorder, Social Phobia and PTSD.  
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2. Methods 
 
2.1 Subjects and procedure  
  
Data for this paper were collected as part of a larger study of a brief, web-based 
screener (Web screening questionnaire; WSQ) for common mental disorders 
(detailed in Donker et al., 2009). In short, participants were recruited from the 
general population by using Internet banners (Google, Dutch websites on mental 
health issues). We specifically targeted adults aged 18 or older who were anxious, 
depressed or drinking too much alcohol – people with a high rate of common 
mental disorders who are likely to use the WSQ in the future. In order to test the 
false and true negative rate of the WSQ, we also recruited 20 undergraduate 
psychology students, using banners at the VU university-students web page for 
participation in VU studies. They were not required to have symptoms. Participants 
who gave informed consent and completed the self-ratings were included in the 
study; people who reported suicide plans (assessed by a self-rated question on the 
WSQ) were excluded. The study received approval by the Medical Ethics 
Committee at the VU Medical Centre in Amsterdam. 
  The study had a twofold design:  

1. 502 participants responded to Internet-based demographic questions, 
GAD-7, CES-D and the HADS.   

2. Of the 502 participants, 157 completed a DSM-IV-diagnostic interview by 
telephone with a CIDI-trained interviewer (CIDI lifetime, WHO version 2.1).  

  A total of 687 people applied for the study, of whom 185 (27%) were excluded 
on the following grounds: high suicide risk (n=5), no written informed consent 
(n=22) or refusal to participate (n=158). This left 502 participants. Of these, 118 
refused to participate in the diagnostic telephone interview. A further 227 could not 
be contacted leaving 157 participants. A CIDI-trained interviewer phoned 157 
participants within a mean of 13 days to conduct a CIDI assessment of the 
presence of a current (within last 6 months) DSM-IV diagnosis of GAD, Panic 
Disorder, Social Phobia, PTSD and Depressive Disorder. CIDI-interviewers were 
blind to the subjects` self-reports and the inclusion of control subjects 
(undergraduate psychology students). 
 
2.2 Measurements 
 
2.2.1 GAD-7, GAD-2 and GAD-SI 
 
 The GAD-7 (Spitzer et al., 2006) measures the presence and severity of GAD and 
was selected for validation on the Internet based on the psychometric properties of 
its paper and pencil version, its understandability, briefness and availability without 
charge. The 7 self-rated items GAD-7 are each scored 0-3 (“not at all [0]”, “several 
days [1]”, “more than half the days [2]”, “nearly every day [3]”); total score range 0-
21. Reliability and validity are excellent (Cronbach =.92, AUC: 0.91). With a cut-
off point of  10, sensitivity is 0.89 and specificity is 0.82 among primary care 
participants (Kroenke et al., 2007). Validity of the GAD-7` 2 core items (GAD-2) 
was also excellent (AUC: 0.91). With a cut-off point of 3, sensitivity is 0.86 and 
specificity is 0.83. Both GAD-7 and GAD-2 also performed well (AUC: 0.80 to 0.85) 
as screening tools for Panic Disorder, Social Phobia and PTSD (Kroenke et al., 

70



2007). Age- and gender-specific normative data for the GAD-7 as a reliable and 
valid measure of anxiety in the general population is also available (Lowe et al., 
2008).  
  The GAD-7 was translated into Dutch by using forward-translation (translated 
and discussed by two independent health professionals) and blind backward-
translation (by an independent translator whose mother tongue is English). The 
Dutch versions, as well as the American and German versions (Kroenke et al., 
2007; Lowe et al., 2008; Spitzer et al., 2006), are freely available.      
 
2.2.2 CES-D 
 
The Dutch version of the Center for Epidemiological Studies Depression scale 
(CES-D; Radloff, 1977) has 20 self-rated items; each scored 0-3; total score range 
is 0-60. Among different populations, the paper-pencil CES-D has acceptable 
psychometric properties with a cut-off score of 16 (sensitivity: 0.84-1.00, specificity: 
0.69-0.90) (Beekman et al., 1997; Wada et al., 2007; Whooley et al., 1997). The 
Internet CES-D is also reliable and valid with a cut-off score of 22 (Cronbach’s 
alpha: 0.93; AUC: 0.90; sensitivity: 0.90; specificity: 0.74) in an adolescent 
population (Cuijpers et al., 2008) and adult population (Cronbach’s alpha: 0.90; 
AUC: 0.84; sensitivity: 0.94; specificity: 0.62 [Donker et al., 2010]).   
 
2.2.3 HADS 
  
The anxiety part of the Hospital Anxiety and Depression Scale (HADS; Zigmond 
and Snaith, 1983) Dutch version (Spinhoven et al., 1997) has 7 self-rated items; 
each scored 0-4; total score range is 0-21. Reliability of the paper-pencil HADS 
ranged from Cronbachs’ alpha of 0.68 to 0.93 (Bjelland, Dahl, Haug, and 
Neckelmann, 2002), with a cut-off score of eight, sensitivity and specificity was 
approximately 0.80. The HADS-A correctly classified 76% of the patients in relation 
to GAD (Olssøn et al., 2005).  
 
2.2.4 Diagnoses  
 
The Lifetime version 2.1 of the Composite International Diagnostic Interview (CIDI; 
World Health Organization, 1997) in its Dutch version (Janca, Ustun, and Sartorius, 
1994; Smeets, 1993) was used as a ‘gold standard’ to assess the presence of 
DSM-IV disorders in the last 6 months (GAD, Panic disorder, Social Phobia, PTSD 
and Depressive Disorder). The CIDI is a reliable and valid instrument (Andrews 
and Peters, 1998; Wittchen, 1994). It was administered via telephone, by trained 
CIDI interviewers who were qualified psychologists or master-level psychology 
students. There are several studies providing qualified justification for the use of 
telephone interviews to collect data on mental health disorders (Evans et al., 2004; 
Rohde et al., 1997; Willemse et al., 2004). 
 
2.3 Statistical analyses  
 
Reliability of the GAD-7 was tested by its internal consistency (Cronbach’s ). We 
then used exploratory factor analyses to asses divergent validity, by examining 
whether anxiety according to GAD-7 and depression according to CES-D are two 
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separate dimensions. Factors with an eigenvalue greather than 1 (Kaiser, 1960) 
and factor loadings with an absolute value greater than .4 (Stevens, 1992) were 
retained. To test convergent validity, the correlation of the GAD-7 was investigated 
with the HADS.  

We next used linear regression analyses to find which item(s) explained most 
of the variance in GAD-7. We also performed logistic regression analyses (Forward 
Likelihood Ratio method) to find which item(s) of the GAD-7 best predicted the 
chance of detecting a DSM-IV diagnosis of GAD. To test whether scores on the 
GAD-7, GAD-2 and GAD-SI differed significantly between subjects with and without 
DSM-IV GAD diagnosis, we conducted t-tests on the means and standard 
deviations of each self-rated measure separately (construct validity). 

For predictive validity, we then analysed whether the Area Under the Curve 
(AUC) of sensitivity versus (1 – specificity) of the GAD-SI, GAD-2 and GAD-7 
differed significantly from each other, with the diagnoses GAD, Panic Disorder, 
Social Phobia PTSD and Depressive Disorder as gold standard. The AUC (the sum 
of sensitivity versus [1 – ] specificity) measures a scale’s accuracy; it equals the 
probability that a randomly chosen case will score higher than a randomly chosen 
non-case (Cairney, et al., 2007). AUCs of 0.5 to 0.7 are said to reflect low 
accuracy, 0.7 to 0.9 moderate accuracy, and 0.9 to 1.0 high accuracy (Fischer et 
al., 2003).  

We calculated sensitivity (the probability that someone who has the disorder 
screens positive), specificity (the probability that someone without the disorder 
screens negative) and its 95% confidence intervals (CI),  positive predictive values 
([PPV] the probability of a positive diagnosis after a positive screening) and 
negative predictive values ([NPV] the probability of a negative diagnosis after a 
negative screening) for a range of cut-off scores of the GAD-7, GAD-2 and GAD-SI 
with respect to the DSM-IV diagnoses of GAD, Panic Disorder, Social Phobia, 
PTSD and Depressive Disorder. In addition, we determined the best cut-off score 
by deriving the set wich generates the highest sum of sensitivity and specificity 
coefficients (Leentjens et al., 2000). Furthermore, we performed t tests and ² tests 
to examine differences in demographic and questionnaires results between the sub 
sample who received the CIDI diagnostic interview and those who did not. 

Our analyses used subjects diagnosed within the last 6 months in the 
categories ‘no depression or anxiety diagnosis’, ‘GAD’, ‘GAD without anxiety’ 
(anxiety disorder without GAD), ‘any anxiety disorder’ (GAD, Panic Disorder, Social 
Phobia and/or PTSD) and GAD plus Depression (GAD plus a Depressive Disorder 
[Minor Depressive Disorder, Major Depressive Disorder, Dysthymia]).  

All analyses used SPSS version 15.0 for Windows, except that equivalence of 
the AUCs was tested with STATA SE9. There were no missing values, because all 
web-based questions were mandatory to fill in. 
 
3. Results 

3.1 Demographics 

The total sample (N=502) had a mean age of 43 (SD 13, range 18-80); and 285 
(57%) of the subjects were female; the majority were Dutch (n=474; 94%) and 217 
(43%) subjects had received medium-level education (Intermediate Vocational 
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Training, school of higher general secondary education or pre-university 
education). Of the 157 subjects who had completed a CIDI interview, the mean age 
was 43 (SD 15, range 18-80); 89 (57%) were female; the majority were Dutch 
(n=146, 94%) and 173 subjects had received medium-level education (47%). Thirty 
(19%) subjects met DSM-IV criteria for current (within the past 6 months) GAD. Of 
them, 12 (7.6%) had a co-morbid DSM-IV anxiety disorder. For Panic Disorder, 
Social Phobia and PTSD the results were 2 (1.3%), 6 (3.8%) and 4 (2.5%) 
respectively. Of those 30 subjects with GAD, 19 patients (12%) met DSM-IV criteria 
for Depressive Disorder. Only one subject had a diagnosis of GAD only. 
 
3.2 Reliability, convergent and divergent validity (N=502).  
  
In the total sample (N=502), the reliability (Cronbach`s alpha) for the GAD-7 was 
0.86. Convergent validity of the GAD-7 compared to the HADS anxiety scale was 
good (r= 0.82, P <0.001). Divergent validity was examined by using principal 
component analysis (varimax rotation) of the 7-item GAD-7 scale and 20-item 
CES-D scale (27 items in total). The eigenvalue >1 criterion (Kaiser, 1960) 
indicated a five-factor solution. The first factor explained 39% of the variance and 
comprised 12 items of the CES-D depression scale (factor loadings 0.43-0.79). The 
second factor explained 7% of the variance and consisted of all GAD-7 questions 
(factor loadings 0.46-0.76) and one CES-D item (“I felt fearful”, factor loading 0.49). 
The third, fourth, and fifth factors comprised the remaining CES-D items and 
captured 1.3%, 1.2% and 1.1% of the variance.      
 
3.3 Single item from the GAD-7: GAD-SI 
 
Using linear regression analyses with the GAD-7 total score as dependent variable, 
the GAD-7 scale item 4 (“do you have trouble relaxing?”) explained 80% of the 
variance (F [1,155]=605,262, P<0.001). Logistic Regression analysis with a current 
CIDI DSM-IV diagnosis of GAD (current) as dependent variable, and the GAD-7 
scales as independent variable confirmed this finding, as indicated by a significant 
Likelihood Ratio test (P <0.001), and was therefore taken into further analysis as 
GAD-SI.  
 
3.4 Construct and predictive validity (n=157) 
 
As presented in Table 1, subjects with a CIDI DSM-IV diagnosis for GAD had 
significantly higher means (P<.001) on the self-rated GAD-7, GAD-2 and GAD-SI 
scales for generalized anxiety symptoms than did subjects without such symptoms.  
Only subjects with PTSD or Depressive Disorder without GAD had significantly 
higher means on GAD-7, GAD-2 and GAD-SI (except for PTSD) than subjects who 
had no depressive and/or anxiety disorder.  
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Table 1. Means and standard deviations of the net self-rated Generalized Anxiety 
Disorder (GAD)-7, GAD-SI and GAD-2 Scales, in subjects with and without a 
current DSM-IV Generalized anxiety disorder (6-month prevalence, n=157) 
 
DSM-IV CIDI diagnosis   GAD-7 GAD-SI GAD-2 
 N % M SD  M SD  M  SD  
No Depr or anx 
disorder 

50 32 8.0 5.5  1.3 1.6  3.8 1.8 * 

Any disorder  10
7 

68 11.6 5.2 * 2.1 0.9 * 4.5 1.5 * 

GAD 30 19 14.4 4.0 * 2.6 0.6 * 4.7 1.3 * 
Panic wo GAD¹ 8 5 12.5 4.8 ns 2.4 0.7 n

s 
4.3 1.8 ns 

Social Phobia wo 
GAD2 

26 17 11.6 5.9 ns 2.0 0.9 n
s 

3.7 1.8 ns 

PTSD wo GAD3 8 5 15.1 5.1 ** 2.5 0.8 n
s 

4.9 1.6 ** 

Any Anx dis wo GAD4 36 23 11.5 5.4 ns 2.1 0.9 n
s 

3.8 1.8 ns 

Depression wo GAD5 33 21 13.7 4.7 * 2.3 0.8 * 4.4 1.6 * 
*significant at P<.001  
**significant at P=.002  
¹ subjects who had a Panic Disorder without GAD  
2 subjects who had a Social Phobia without GAD  
3 subjects who had a PTSD without GAD  
4 subjects who had any Anxiety Disorder without GAD 
5 subjects who had a Depressive Disorder without GAD 

 
As illustrated in Figure 1, the AUC for DSM-IV GAD of the GAD-7 (AUC: 0.77; 95% 
C.I.: 0.68-0.85) did not differ significantly (P>0.05) from the GAD-SI (AUC: 0.78; 
C.I.: 0.69-0.86) and the GAD-2 (AUC: 0.76; C.I.: 0.69-0.85).  
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Figure 1. Area Under the Curves (AUC) of the net self-rated Generalized Anxiety 
Disorder (GAD)-7, GAD-2 and GAD-SI Scales, for Generalized Anxiety Disorder (6-
month prevalence, n=157)  
 

 
ROC = Receiver Operator Characteristics                       
 
Using DSM-IV CIDI GAD diagnosis as gold standard, Table 2 summarizes the 
sensitivity and specificity for the GAD-7, GAD-SI and GAD-2 at various cut points. 
At a cut point of 12 or greater for the GAD-7 (sensitivity: 0.83 [95% CI: 0.66-0.93]; 
specificity: 0.65  [95% CI: 0.56-0.72]), a cut point of  3 for the GAD-SI (sensitivity: 
0.70 [95% CI: 0.52-0.83]; specificity: 0.76  [95% CI: 0.67-0.82]), and a cut point of 4 
for the GAD-2 (sensitivity: 0.83  [95% CI: 0.66-0.93]; specificity: 0.61  [95% CI: 
0.53-0.69]), sensitivity and specificity reached its maximum. PPV and NPV for 
GAD-7 at a cut point of 12 were 0.36 and 0.94 respectively. For GAD-SI with a cut 
point of 3, PPV was 0.40 and NPV was 0.91. PPV and NPV for the GAD-2 with a 
cut point of 4 were 0.34 and 0.94 respectively.  
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Table 3 presents the AUC, sensitivity and specificity for each anxiety and 
depressive disorder for the GAD-7, GAD-SI and GAD-2 measures. The AUCs for 
the GAD-7, GAD-SI and GAD-2 ranged from 0.57, 0.55 and 0.57 (Social Phobia) 
respectively to 0.76, 0.69 and 0.74 (PTSD) respectively. They did not differ 
significantly from each other (P>.05). The AUCs for the GAD-7, GAD-SI and GAD-
2 for Depressive Disorder were 0.72, 0.66 and 0.71 respectively. The AUC for the 
GAD-7 was statistically different than the AUC for the GAD-SI (P=.02) but not for 
the GAD-2 (P >.05).  The AUC for the GAD-2 was not statistically different than the 
AUC for the GAD-1 (P >.05).  
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3.5 Differences between CIDI diagnosed and non-diagnosed sub samples.  
 
There were no significant differences (P>.05) in demographic variables and scores 
on the CES-D, HADS and GAD-7 between the sub sample who received the CIDI 
diagnostic interview and those who did not.  
 
4. Discussion 
  
This study’s results suggest that the self-rated web-based Dutch versions of the 
GAD-7, GAD-SI and GAD-2 are reliable and valid measures to detect GAD. Factor 
analysis of the GAD-7 confirmed GAD and depression as distinct dimensions, 
which supports divergent validity and is in line with previous research (Lowe et al., 
2008; Spitzer et al., 2006).That the GAD-7 reflects anxiety appropriately is 
supported by the fact that internal consistency reliability and convergent validity 
(GAD-7 compared with the HADS anxiety scale) were excellent. Similar results 
were obtained in paper-pencil versions of the GAD-7 (Lowe et al., 2008; Spitzer et 
al., 2006). Significantly higher mean scores of GAD-7, GAD-SI and GAD-2 scales 
in subjects with GAD compared to subjects without GAD gives evidence for 
construct validity. Although the AUCs of both GAD-7 (AUC:0.77), and GAD-2 
(AUC: 0.76) are lower than in previous research (AUC of GAD-7 and GAD-2: 0.91 
[Kroenke et al., 2007]), it still reflects moderate accuracy (Fischer et al., 2003) in 
detecting probable cases of GAD.  
  There is no consensus on which levels of sensitivity and specificity are optimal, 
as these depend on the test’s aim, costs and benefits (Smits et al., 2007). 
However, as we have insufficient data to calculate these costs and benefits, we 
found that the optimal cut-off score (highest sum of sensitivity plus specificity 
coefficients) for GAD seems to be 12 or greater on the GAD-7, 3 or greater on the 
GAD-SI and 4 or greater on the GAD-2.  
 The optimal cut-off scores for which the sum of sensitivity and specificity is 
maximum in our study for the web-based GAD-7 and GAD-2 is somewhat higher 
than for the paper-pencil versions (a cut of score of 10 and 3 respectively).  This 
finding is in line with previous research on web-based questionnaires, such as the 
CES-D (Donker et al., 2010). One possible explanation for this finding is that 
people sometimes disclose more sensitive information in computer-based 
compared to face-to-face interviews (Buchanan, 2002; Carlbring et al., 2007a; 
Joinson, 1999), hence higher mean scores, and consequently higher cut-off scores 
on questionnaires may be needed. In addition, our study’s lower specificity -and 
consequently, its AUC- compared to previous research (Kroenke et al., 2007; 
Spitzer et al., 2006) might also reflect greater honesty and self-disclosure by 
participants (Joinson, 1999) ensuing from greater anonymity when rating sensitive 
issues on the Internet at home. Since the gold-standard CIDI diagnostic interviews 
were conducted by individuals on the phone, less anonymity could yield less self 
disclosure, more ‘false’ positives, and less specificity. Moreover, the trained 
interviewers questioned subjects thoroughly about symptoms, which too could 
account for our low specificity.  At the cut-off score of 12 on the GAD-7, 36% of the 
participants who actually had no GAD diagnosis, were falsely classified as GAD 
positive (false positives). This risk of an “over diagnosis” with GAD could implicate 
a wrong direction of treatment and stigmatise participants for receiving a 
psychiatric diagnosis, possibly resulting in negative feelings. Although GAD-7’s 
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false positives do not have a diagnosis, they might have symptoms of GAD, since 
they have elevated scores on the relevant screening questionnaire. However, the 
test successfully identified “true” negatives (high NPV), which is to say that 
subjects with no GAD-7 positive score (“diagnosis”) of any kind are likely to have 
no relevant DSM-IV diagnosis when interviewed by CIDI.   
 Remarkably, not the two core GAD-symptom questions of the GAD-2, but 
the ‘having trouble relaxing’ question (GAD-SI) explained most of the variance of 
the GAD-7 scale and was significantly associated with the prediction of detecting 
generalized anxiety disorder. Our finding that the GAD-SI’s AUC did not differ 
significantly from the AUC of the GAD-7, however, is also found for the GAD-2`s 
AUC compared to the AUC of the GAD-7 (Kroenke et al., 2007). The brevity and 
validity of the GAD-SI makes it suitable for routine use by hard-pressed 
professionals in primary care or mental health settings. However, more research is 
needed across different clinical settings and patient populations before the validity 
of this brief measure can be assumed. In order to get a broader score range to 
detect changes in general anxiety with treatment, the GAD-SI could be amended 
from a single 0-3 scale to a 0-8 scale (yielding 9 rather than 4 discrimination points 
and allowing ‘9’ as a missing-data score if needed). One reason for the different 
GAD-SI question compared to the GAD-2 might be that we used different 
techniques (Linear and Logistic Regression analysis) to determine which 
question/s improved the detection of GAD. In contrast, the GAD-2 is based upon 
the core GAD symptoms. The finding that both GAD-7 and GAD-SI also performed 
well for PTSD (0.76 versus 0.75, respectively), whereas results were lower for 
Panic Disorder and Social Phobia, is in contrast to previous research where higher 
AUCs were obtained for all three anxiety disorders (Kroenke et al., 2007). Besides 
the fact that the GAD-7 is designed to screen for GAD and therefore might reach 
lower AUCs for the other anxiety disorders, one explanation for the high results in 
screening for PTSD might be that GAD questions also cover some of the PTSD-
core symptoms (e.g., ‘feeling afraid as if something awful might happen’, ‘becoming 
easily annoyed and irritable’). Furthermore, previous research (Slade and Watson, 
2006) identified PTSD and GAD as sharing the same underlying dimension of 
distress. With respect to the clinical utility of the GAD-7 to distinguish between 
GAD and PTSD, an additional question regarding whether a person experienced a 
traumatic event could be added when a person scores positive on the GAD-7. The 
AUC of the GAD-7 and GAD-2 for Depressive Disorder (0.72 and 0.71 
respectively) was somewhat lower than for GAD (0.77 and 0.76), with lower 
sensitivity in particular (GAD-7 [cut-off score of 12] and GAD-2 [cut-off score of 4]: 
0.64 for Depressive Disorder versus 0.83 for GAD). Regarding the clinical utility of 
the GAD-7, an additional question assessing depressed mood could be added 
when a person scores positive on the GAD-7 to distinguish between GAD and 
Depressive Disorder.  
 This study has several limitations. First, the CIDI interviews were not 
recorded, so inter-rater reliability could not be calculated. Second, we assume that 
Internet ratings were done mainly at home, which decreases control of the test 
situation regarding noise, distractions, mood, fatigue or intoxication, possibly 
increasing rating variability (Buchanan and Smith, 1999), and hence reducing the 
generalisability of our results. Similar lack of control, however, might apply to 
Internet and paper and pencil ratings done in other ‘real life’ situations. A third 
limitation is the lack of direct comparison with paper-pencil ratings, since all self-
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report measures were rated only by Internet. Therefore, it is unclear whether the 
internet versions are more reliable or valid compared to the paper and pencil 
versions. A fourth limitation is the small sample size of the control group (20 
undergraduate students) and the smaller sample size compared to the original 
GAD-7 and GAD-2 validation papers (Kroenke et al., 2007; Spitzer et al., 2006). 
Furthermore, only one participant had a diagnosis of GAD only, without any other 
anxiety or depressive disorder.  Our conclusions about the psychometric properties 
of the GAD-7 and GAD-SI in particular with respect to the specific types of anxiety 
disorders should be taken with caution and require confirmation in future research. 
Fifth, some individuals (especially older adults/the elderly/economically 
disadvantaged individuals) may not have access to the Internet, thereby 
decreasing generalizability of the results. Finally, mandatory rating of all items may 
yield complete data at the expense of some of those ratings perhaps being 
unreliable when subjects do not agree with any of the options presented.  
 Although web-based rating of the GAD-7 reached higher cut-off scores and 
sensitivity scores with lower specificity scores compared to its paper and pencil 
version, our findings illustrate that the self-rated GAD-7, GAD-2 and GAD-SI can 
be reliable and valid tools for hard-pressed mental health practitioners and clinical 
researchers to quickly screen for GAD on the Internet. The psychometric properties 
on the single item of the GAD-7 must be considered with caution, since face 
validity of the GAD-SI is lower compared to the GAD-2 and is difficult to interpret. 
Future research has to confirm or disconfirm results of the current study 
  Given the high level of co morbidity within mental health disorders (De Graaf et 
al., 2003, Jacobi et al., 2004, Kessler et al., 1994), it is recommended to screen for 
psychiatric disorders in a stepwise screening procedure. A short questionnaire 
screening for different disorders could be used as a first step. If subjects score 
positive on a specific subscale, they can then undergo more in-depth screening 
with the appropriate longer questionnaire or diagnostic interview. This type of 
screening is also being investigated in another study (Donker et al., 2009). 
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Additional file 1.  
 
The generalized anxiety disorder 7-item (GAD-7) scale (with permission of 
prof.dr.K. Kroenke). 

 
 GAD-1: item 4; GAD-2: item 1 and 2  
 Dutch version freely available by VU University (t.donker@psy.vu.nl) 
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