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A B S T R A C T

Objective: The two-item generalized anxiety disorder scale (GAD-2) has been investigated in different popula-
tions, but with limited evaluation in the Chinese population. This study aimed to validate the diagnostic ac-
curacy of GAD-2 for identifying GAD through a validation study along with an updated meta-analysis.
Methods: We recruited 694 adults in 2015 from “the Henan Rural Cohort study” where the GAD-7 questionnaire
was adopted as the gold standard diagnosis. Receiver operating characteristics (ROC) curve and Cronbach's α
were determined. Furthermore, a meta-analysis was conducted to evaluate the effectiveness of the GAD-2.
Results: In this study, 37 patients [5.33%; 95% confidence interval (CI): 3.78–7.27%] met the criteria for current
GAD. The GAD-2 showed a Cronbach's alpha of 0.806 and an area under the ROC curve (AUC) of 0.954 (95% CI:
0.936–0.968). At a cutoff of 3, GAD-2 had highest Youden's index of 0.845, with a sensitivity of 0.865 and a
specificity of 0.980. A total of 13 studies were included in the meta-analysis. The pooled sensitivity, specificity
and diagnostic odds ratio (DOR) were 0.80, 0.82 and 17.81, respectively, at the optimal cutoff of 3.
Conclusion: GAD-2 has acceptable properties for identifying GAD at a cutoff of 3 in the Chinese rural population.

1. Introduction

Anxiety disorders are the most common mental disorders globally
[1], with a twelve-month prevalence of 2.4% to 18.2% in different re-
gions [2]. Studies have demonstrated that anxiety disorders are the
sixth leading cause of disability worldwide [3] and accounted for 15%
of the disability-adjusted life years in 2010 [4]. Generalized Anxiety
Disorder (GAD), characterized by chronic, excessive and uncontrollable
worry or fearfulness about events [5], is one of the most common of all
anxiety disorders [6]. GAD tends to coexist with other mental disorders,
most often major depressive disorder [7], resulting in severe and

debilitating consequences. In addition, there is evidence that GAD is
associated with reduced quality of life [8], impaired occupational
function [9] and increased risk of cardiovascular diseases [10]. At the
population level early screening for GAD is important for targeted
treatment and prevention [11].

However, only a minority of patients (36%) with anxiety are re-
cognized through primary care [12]. One reason for an under-diagnosis
of GAD might be that anxiety scale tools are time-consuming and ex-
pensive [13]. Consequently, brief patient-completed scales are needed
for use in busy clinical settings or as part of comprehensive health
questionnaires [14]. The two-item generalized anxiety disorder scale
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(GAD-2) was initially developed by Kroenke, Spitzer and their collea-
gues in 2007 and is representative of the “ultra-short screening tools”
(1–4 items, <2 min to complete) [15]. Over the past decade GAD-2 has
been widely applied to identify GAD in primary care settings [16,17]
and in the general population [18–20], with reasonably good psycho-
metric properties in different populations. However, to date no study
has been conducted to investigate the validity of the GAD-2 scale in a
Chinese rural population.

The aim of the present study was to test the reliability and validity
of the GAD-2 scale in a Chinese rural population, and secondly, to
systematically review the accuracy of the GAD-2 questionnaire with
comparison to a validation study.

2. Methods

2.1. Setting and participants

The current study was conducted as part of “the Henan Rural Cohort
study”. The large population-based project was carried out in Yuzhou,
Suiping, Xinxiang, Tongxu, and Yima counties of Henan province in
China from July 2015 to October 2017, and was registered in the
Chinese Clinical Trial Register (Registration number: ChiCTR-OOC-
15006699) before the onset of patient enrollment. The target popula-
tion was permanent residents aged 18–79 years who lived in the five
rural areas. Using a multistage, stratified cluster sampling method for
sample selection, the Henan Rural Cohort study eventually included
39,259 participants aged 18–79 years old with a response rate of 93.7%.

For this study the “gold standard” test for generalized anxiety (GAD-
7) was administered only to participants in Suiping county to reduce
the burden on all participants while still providing a sufficient sample
for this analysis. This study took place between July and August of
2015. A standardized questionnaire was completed by participants in
all Henan counties to collect detailed information on demographic
characteristics, personal and family history of diseases and medication,
lifestyle factors and GAD-2 information. Demographic characteristics
included age, gender, education level (primary school or below, junior
high school, senior high school or above), marital status (married/co-
habiting, widowed/single/divorced), and per capita monthly income
(<500, 500~, and ≥1000 Renminbi (RMB)). Lifestyle factors included
current cigarette smoking, current alcohol consumption, and physical
activity (low, moderate, high). Personal history of chronic diseases fo-
cused on three main chronic diseases: coronary heart disease, type 2
diabetes mellitus and hypertension. All participants who completed the
initial survey were invited to respond to a more detailed questionnaire
asking about any recent psychological issues. From this group 694
participants were included in the current study, yielding sufficient re-
sponses to proceed with the study (the minimum required sample size
for statistical analysis was 623).

This study was approved by the Zhengzhou University Life Science
Ethics Committee (Code: [2015] MEC (S128)), and informed consent
was obtained from all participants. The study was conducted according
to the 1975 Declaration of Helsinki.

2.2. GAD-7 and GAD-2

The Chinese version of GAD-7 is a seven-item self-reported
screening instrument based on the Diagnostic and Statistical Manual of
Mental Disorders-Fourth Edition (DSM-IV) criteria for the rapid detec-
tion of GAD [21]. It assesses the frequency of self-reported anxiety
symptoms (not at all = 0, several days = 1, more than half the
days = 2, and nearly every day = 3) over the prior two weeks. Total
scores for GAD-7 range from 0 to 21 and higher scores indicate more
severe anxiety symptoms. At a cutoff of 10, GAD-7 shows greatest ac-
curacy for identifying GAD, with a sensitivity of 86.2% and specificity
of 95.5% [21]. Therefore, this cutoff was adopted to identify GAD in the
present study.

GAD-2 is an ultra-short screening tool that includes the first two
items of GAD-7 (feeling nervous, anxious, or on edge and not being able
to stop or control worrying) [15]. Total scores for GAD-2 range from 0
to 6. A cutoff of 3 or greater is recommended in the general population
to screen for GAD [18].

2.3. Sample size calculation

The sensitivity of the GAD-2 instrument was considered to calculate
the estimated sample size needed for statistical reliability. According to
the results of Kroenke et al. [15], a sensitivity of 85% is expected for
GAD-2. Referring to the calculation method described by Flahault et al.
[22], at least 33 diagnoses are required to ensure that the minimum
lower limit of the 95% confidence interval (CI) would not be <60%.
Assuming a prevalence of GAD in the Chinese population of 5.3% [23],
a total of 623 persons were needed for this study.

2.4. Statistical analysis

Continuous variables are expressed as mean ± standard deviation
(SD) and categorical variables are presented as numbers and corre-
sponding proportions. Statistical comparisons between persons with
and without GAD utilized the Student's t-test, the Mann-Whitney U test
or a chi-squared test, as appropriate. Cronbach's α was calculated to
determine the internal consistency of the GAD-2 [26]. Discriminant
validity was tested by comparing the differences in GAD-2 total scores
between the GAD group and the non-GAD group. With regard to con-
sistency between GAD-2 and GAD-7, McNemar's test was used to
compare the proportions of GAD diagnosis by the two GAD scales and a
Pearson product-moment correlation coefficient was calculated to de-
termine the correlation between the total scores of GAD-2 and GAD-7.
Sensitivity, specificity, positive and negative predictive values (PPV,
NPV) and likelihood ratios (PLR, NLR) for various cutoffs were analyzed
using a receiver operating characteristics (ROC) curve. The area under
the curve (AUC) was used to measure the overall accuracy of the GAD-2
tool. The best cutoff was determined by balancing sensitivity and spe-
cificity in order to maximize the Youden's index (sensitivity + speci-
ficity – 1) [27]. All statistical analyses were performed using the SAS
9.1 software package (SAS Institute, USA) with two-tailed tests where
P< 0.05 was considered statistically significant.

2.5. Meta-analysis

A meta-analysis was carried out based on the guideline of the
Preferred Reporting Items for Systematic Reviews and Meta-Analysis
(PRISMA) [24]. The PRISMA checklist is included in Supplementary
Table 1. The previous literature on screening for GAD by GAD-2 was
searched in PubMed, Web of Science, Wanfang and China National
Knowledge Infrastructure (all years to December 31, 2018) library da-
tabases using the terms “GAD-2” and “two-item generalized anxiety
disorder” without any qualifier. References from the retrieved articles
were also collected as additional candidates to ensure that the search
was comprehensive.

All studies that reported the accuracy of GAD-2 for screening GAD
were selected. The included studies must provide sufficient information
to generate a 2 × 2 table. Only studies that defined GAD according to
standard diagnostic instruments were included; such instruments in-
cluded but were not limited to the Composite International Diagnostic
Interview (CIDI) or the Structured Clinical Interview for Diagnostic
Statistical Manual (SCID).

Two reviewers evaluated the included studies and extracted the
data independently. The Quality Assessment Tool for Diagnostic
Accuracy Studies-2 (QUADAS-2) was used as a quality assessment cri-
terion [25]. The tool assessed risk of bias and applicability of the in-
dividual studies to the review question in four domains: Patient Selec-
tion, Index Test, Reference Standard and Flow and Timing. Accuracy
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data was recorded to implement contingency tables of the reported
cutoffs. Divergences between the two investigators were resolved by a
discussion or a third assessor.

Stata Software Package, V11.2 (Stata Corp, College Station, Texas,
USA) was used to execute the meta-analysis of the available literature
by random-effects bivariate meta-analysis methods [28]. Thus, pooled
estimates and corresponding 95% CI of sensitivity, specificity, PLR, NLR
and diagnostic odds ratios (DOR) were produced for each cutoff. Het-
erogeneity was assessed using the I2 statistic based on DOR [29]. Suf-
ficient studies were found (n> 10 for a cutoff of 3) to conduct a meta-
regression to further explore sources of heterogeneity in the data [30].
In addition, publication bias was explored by funnel plots [31].

3. Results

3.1. Participant characteristics

A total of 694 participants were enrolled in the present study and 37
patients [5.33%; 95% confidence interval (CI): 3.78–7.27%] met the
criteria for current GAD according to the GAD-7 questionnaire.
Demographic characteristics of the study population are presented in
Table 1. The study population consisted of 304 males (43.8%) and 390
females (56.2%). The mean age of the participants was
47.3 ± 11.9 years (ranging from 18 to 77). Compared to participants
without GAD, those diagnosed with GAD were more likely to be female,
be current smokers and have a low-level of exercise (all P< 0.05).

3.2. Reliability and comparison analysis

Comparative psychometric properties of GAD-2 as a case-finding
tool for GAD were tested. The results show that the GAD-2 tool has
robust internal consistency with a Cronbach's alpha value of 0.806. The
corrected correlations between the total scores of the GAD-2 and each
item were 0.916 and 0.914 (both P< 0.001), respectively. The corre-
lation between the two items of the GAD-2 was 0.675 (P< 0.001).

A comparison between the GAD-2 and GAD-7 tools was conducted.
Using the recommended GAD-7 cutoff of 10 or greater, we divided the
population into a GAD group and a non-GAD group. Application of the
GAD-2 tool showed that the total scores of the GAD-2 assessment dif-
fered significantly between the two groups (P< 0.001), indicating good
discriminant validity for the GAD-2 questionnaire. Regarding con-
sistency between GAD-2 and GAD-7, the proportion of GAD diagnoses
with the GAD-2 tool (6.48%) was not statistically different from the
number obtained with the GAD-7 tool (5.33%) (P= 0.096). In addition,
there was also a robust correlation between total scores of the GAD-2
and GAD-7 (r= 0.894, P< 0.001).

3.3. Operating characteristics of the GAD-2

Table 2 summarizes the operating characteristics of the GAD-2 tool
at various cutoffs. Unsurprisingly, the sensitivity declined and the
specificity increased in a continuous fashion as the cutoff increased. At
a cutoff of 3 the GAD-2 tool yielded the highest Youden's index of
0.845, with a sensitivity of 0.865 and a specificity of 0.980 respectively.

Table 1
Characteristics of subjects (N= 694).

Variables Total
(n= 694)

Non-GAD
(n= 657)

GADa

(n= 37)
Pb

Age (years), mean ± SD 47.33 ± 11.860 47.35 ± 11.938 47.03 ± 10.508 0.872
Gender, n (%) 0.001

Male 304 (43.8) 298 (45.4) 6 (16.2)
Female 390 (56.2) 359 (54.6) 31 (83.8)

Marital status, n (%) 0.748
Married/cohabiting 643 (92.7) 609 (92.7) 34 (91.9)
Widowed/single/divorced 51 (7.3) 48 (7.3) 3 (8.1)

Education level, n (%) 0.196
Primary school or below 88 (12.7) 80 (12.2) 8 (21.6)
Junior high school 381 (54.9) 361 (54.9) 20 (54.1)
Senior high school or above 225 (32.4) 216 (32.9) 9 (24.3)

Per capita monthly income, n (%) 0.939
<500 209 (30.1) 197 (29.9) 12 (32.5)
500~ 221 (31.8) 210 (32.0) 11 (29.7)
≥1000 264 (38.0) 250 (38.1) 14 (37.8)

Current smokingc, n (%) 0.026
No 159 (22.9) 156 (23.7) 3 (8.1)
Yes 535 (77.1) 501 (76.3) 34 (91.9)

Current alcohol used, n (%) 0.205
No 141 (20.3) 137 (20.9) 4 (10.8)
Yes 553 (79.7) 520 (79.1) 33 (89.2)

Physical activitye, n (%) 0.004
Low 176 (25.4) 167 (25.4) 9 (24.3)
Moderate 344 (49.6) 318 (48.4) 26 (70.3)
High 174 (25.1) 172 (26.2) 2 (5.4)

Chronic diseases historyf, n (%) 0.319
No 374 (53.9) 357 (54.3) 17 (45.9)
Yes 320 (46.1) 300 (45.7) 20 (54.1)

BMI (kg/m2), mean ± SD 24.29 ± 3.381 24.29 ± 3.392 24.36 ± 3.229 0.898
GAD-2 score, mean ± SD 0.62 ± 1.207 0.41 ± 0.790 4.19 ± 1.681 <0.001

Abbreviations: SD, standard deviation; BMI, body mass index; GAD-2, the two-item generalized anxiety disorder scale.
a Diagnosis from GAD-7.
b T-test or chi-square test was performed for the comparison of variables.
c A person who smoked more than one cigarette per day in the past six months was defined as current smoker.
d A person who consumed alcoholic drinks twelve or more times in the past year was defined as current alcohol user.
e The classification of physical activity was based on the international physical activity questionnaire (IPAQ 2001).
f The information of chronic diseases history was collected from self-report of subjects.
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GAD-2 was accurate in 71.1% (PPV) of participants with a positive
screen and 99.2% (NPV) of participants that did not screen positive.

An ROC curve of the GAD-2 questionnaire was used to determine
the sensitivity and specificity at various cutoffs (data not shown). In
addition, it suggested that the AUC was 0.954 (95% CI: 0.936–0.968).

3.4. Meta-analysis

A total of 13 studies [15–20,32–38] met the inclusion and exclusion
criteria (see Supplementary Fig. 1). Three of the included studies vali-
dated GAD-2 as a screening test in the general population [18–20]; five
in primary care services [15–17,32,33] and five in samples from the
hospital [34–38]. The mean age of the included participants ranged
from 26.8 to 62.7 years. Within the 13 included studies, the prevalence
of GAD diagnosed by an accepted standard test ranged from 4.0% to
77.0%. The details are shown in Table 3.

The methodological quality of the included studies was assessed using
the QUADAS-2 tool. The results of the quality assessment are shown in
Supplementary Table 2. The main risk of bias identified for these studies
included not selecting patients consecutively or randomly, not avoiding
inappropriate exclusions, not reporting multiple cutoffs for pre-specified
thresholds, and a lack of information on blinding of assessments.

Studies reported cutoffs ranging from ≥1 to ≥6 for this measure.
Sufficient studies were found at cutoffs 2–5 (n≥ 4) to conduct a meta-
analysis. Table 4 shows a summary of the results of the meta-analysis. A
cutoff of 3 had the highest sensitivity and specificity balance, with an
area under the summary ROC (sROC) curve of 0.88 (95% CI:
0.85–0.91); however, the heterogeneity among studies was high
(I2 = 62.8%). To reduce the heterogeneity to an acceptable level, a
sensitivity analysis was performed. After removing two outlying studies
[17,36] from the analysis, the heterogeneity decreased markedly from
62.8% to 37.0% (see Supplementary Table 3). The removal of the
outliers slightly improved the pooled specificity from 0.82 (95% CI:
0.72–0.90) to 0.83 (95% CI: 0.71–0.91) and decreased the pooled
sensitivity from 0.80 (95% CI: 0.67–0.89) to 0.78 (95% CI: 0.61–0.89).
The sROC curves at a cutoff of 3 are displayed in Supplementary Fig. 2,
and indicate no significant change in the AUC (0.88 vs. 0.88) after
adjusting for outliers.

In this meta-analysis the UK group displayed a lower mean age and the
Korean group showed a higher proportion of women [35,36], compared
with other included studies. Therefore, another sensitivity analysis ex-
cluding these two studies was conducted. After removing these two studies
from the analysis, the heterogeneity decreased from 62.8% to 57.2%, and
the pooled sensitivity and specificity improved from 0.80 (95% CI:
0.67–0.89) to 0.83 (95% CI: 0.69–0.92) and 0.82 (95% CI: 0.72–0.90) to
0.83 (95% CI: 0.70–0.91), respectively (see Supplementary Table 4). Si-
multaneously, the AUC of the sROC curves at a cutoff of 3 also increased
from 0.88 to 0.90 (see Supplementary Fig. 3). According to previous stu-
dies, the diagnostic performance of GAD-2 varies in different settings.
Therefore, a subgroup analysis by settings (general population and pri-
mary care vs. hospital settings) was conducted to estimate accuracy. DOR
in hospital settings (DOR =15.16; 95% CI: 5.98–38.41) was lower than
that in the general population and primary care (DOR=19.66; 95% CI:
10.75–35.95). However, heterogeneity in the two subgroups remained
high (general population and primary care I2 =63.8%; hospital settings

I2 =66.0%). Supplementary Table 5 shows a detailed comparative sum-
mary of diagnostic properties of GAD-2 at a cutoff of 3 between the two
subgroups.

A meta-regression was performed given the heterogeneity between
studies. The possible sources of heterogeneity included mean age,
proportion of women, consecutive or random sample, and an interval of
two weeks or less. There was no evidence for publication bias according
to Deeks funnel plot results (see Supplementary Fig. 4).

4. Discussion

4.1. Main findings

To the best of our knowledge, this is the first study investigating the
validity of the ultra-short GAD-2 as a screening instrument for GAD in a
Chinese rural population. The results show that the GAD-2 screening
tool had robust internal consistency as indicated by a Cronbach's alpha
value (α = 0.806) above the conventional threshold of 0.70 [39].
Youden's index for GAD-2 reached a maximum (0.845) at a cutoff of 3,
with a sensitivity of 0.865 and specificity of 0.980. The area under the
ROC curve (AUC) was 0.954 (95% CI: 0.936–0.968), which indicated
that the GAD-2 questionnaire was extremely useful based on conven-
tional guidelines where AUC values ≥0.90 indicate high accuracy [40].

Meta-analysis also revealed that the pooled sensitivity and specifi-
city values were acceptable at a cutoff of 3 [sensitivity: 0.80 (95% CI:
0.67–0.89), specificity: 0.82 (95% CI: 0.72–0.90)]. At that cutoff GAD-2
had reasonably good accuracy, with an area under the sROC curve of
0.88 (95% CI: 0.85–0.91). The stratified meta-analysis by setting
showed higher diagnostic performance in the general population and
primary care compared with hospital settings (sensitivity: 0.83 vs. 0.80,
specificity: 0.84 vs. 0.83, DOR: 19.66 vs. 15.16). These results, however,
should be interpreted with caution due to the high levels of hetero-
geneity.

4.2. Comparison with existing literature

Previous studies have validated GAD-2 as a screening instrument for
GAD in different populations. The original validation study for GAD-2
was conducted in primary care patients and reported an AUC of 0.908,
a sensitivity of 86%, and a specificity of 83% at a cutoff of 3 [15]. In an
Australian population-based study, the sensitivity was 57.6% and the
specificity was 86.3% with a cutoff of 3 or more [18]. A German study
conducted in elderly people aged 58 to 82 revealed that the sensitivity
was 67% and the specificity was 90% at the optimal cutoff of 2 [19]. In
a Dutch population-based study, a web-based GAD-2 showed a sensi-
tivity of 83% and a specificity of 61% with the best cutoff at 4 [20].
Overall, the sensitivity and specificity in the current study were higher
than those obtained in the above studies at the respective best cutoffs.
Language differences may contribute to the differing best cutoff values
in these studies [41].

Additionally, a meta-analysis that included 13 studies was con-
ducted to systematically review the accuracy of GAD-2. Plummer et al.
reported a diagnostic meta-analysis of GAD-2 in 2015 and demon-
strated its acceptable properties for identifying GAD [42]. Our meta-
analysis is similar to Plummer's in some aspects such as the search

Table 2
Operating characteristics of the GAD-2 at various cutoffs.

Cutoffs Sensitivity (%) Specificity (%) PPV (%) NPV (%) PLR NLR

≧1 94.6 (81.8–99.3) 74.3 (70.8–77.6) 17.2 (15.2–19.4) 99.6 (98.6–99.9) 3.68 (3.2–4.3) 0.07 (0.02–0.3)
≧2 91.9 (78.1–98.3) 86.9 (84.1–89.4) 28.3 (24.1–33.0) 99.5 (98.5–99.8) 7.02 (5.6–8.7) 0.09 (0.03–0.3)
≧3 86.5 (71.2–95.5) 98.0 (96.6–98.9) 71.1 (58.6–81.1) 99.2 (98.3–99.7) 43.71 (25.1–76.0) 0.14 (0.06–0.3)
≧4 73.0 (55.9–86.2) 99.5 (98.7–99.9) 90.0 (74.1–96.6) 98.5 (97.5–99.1) 159.81 (50.8–502.7) 0.27 (0.2–0.5)
≧5 43.2 (27.1–60.5) 99.9 (99.2–100.0) 94.1 (68.6–99.2) 96.9 (95.9–97.6) 294.11 (38.7–2084.6) 0.59 (0.5–0.8)

PPV: positive predictive value; NPV: negative predictive value; PLR: positive likelihood ratio; NLR: negative likelihood value: AUC: area under the ROC curve.
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strategy, the exclusion criteria, and the quality assessment criteria
(QUADAS-2). However, our meta-analysis updated the literature search
from March, week 2, 2014, to December 31, 2018 and extended the
overall library databases by including two Chinese databases (CNKI and
Wanfang). As a result, seven additional reports were included in the
current meta-analysis along with the six reports of Plummer's study.
With these additional studies we were able to carry out a more com-
prehensive analysis including a sensitivity analysis, subgroup analyses
and meta-regression. Both the earlier and the current meta-analyses
show similar results with no differences in the sensitivity (0.80 vs.
0.80), specificity (0.81 vs. 0.82) and DOR (17.52 vs. 17.81).

A comparison between the validation study and the updated meta-
analysis was also performed. Although it could be argued that the meta-
analysis should only include studies in China or rural China for best
comparability, there are insufficient Chinese studies (n< 4) to support
this limited meta-analysis. The result of our larger meta-analysis sug-
gests that the accuracy of GAD-2 for identifying GAD is best at a cutoff
of 3 as found in the validation study. In addition, the sensitivity in the
validation study was similar to that in the meta-analysis while the
specificity was significantly higher, which indicated a lower false po-
sitive rate in the validation study.

4.3. Limitations

There are several limitations to be noted in the validation study.
Firstly, it might be inappropriate that a Chinese version of the GAD-7
scale was used as the standard for GAD diagnosis. Although GAD-7 is
not currently recognized as a standard diagnostic instrument, a recent
meta-analysis revealed that GAD-7 had acceptable psychometric prop-
erties for identifying GAD [42]. In addition, GAD-7 has been used as a
reference test in the general population [43] and in patient groups [44].
The close correspondence between GAD-2 and GAD-7 suggests that
GAD-2 would perform comparably against other criteria like the CIDI,
although future work is required to confirm this hypothesis.

Another limitation is possible selection bias due to the default selection
of literate participants who were able to read the questionnaire. The in-
cluded samples were mostly well educated and different outcomes might
arise if the samples were less educated. Whether GAD-2 might perform
better in less educated participants requires further research.

For the meta-analysis in this study, the most notable limitation was
the bias from the selective reporting of cutoffs. It is possible that re-
searchers tend to report more information on the best cutoff rather than
those cutoffs that had low sensitivity and specificity. However, a di-
agnostic meta-analysis is based on a different number of studies for
each cutoff, each of which included a different population and had
different methodologic characteristics.

4.4. Implications and recommendations

As an ultra-brief screening tool, GAD-2 could be useful and valuable
in certain circumstances. For instance, when busy primary care [16,17]
or large population studies [18,19] are undertaken, GAD-2 might be
quite suitable for saving time. It is likely that this scale will have more
applications in the future.

This validation study suggests that GAD-2 has reasonable accuracy

at cutoffs of 2 or 3 in a Chinese rural population. To be specific, GAD-2
displayed a higher sensitivity at a cutoff of 2 (91.9% vs. 86.5%) and a
higher specificity at a cutoff of 3 (98.0% vs. 86.9%). Nevertheless, de-
termining optional cutoffs should not merely consider indexes such as
sensitivity and specificity, but consider the purposes of utilization.
Patients with GAD would suffer further pain and a greater risk of sui-
cide [45] if they are not identified in a timely manner. Given this
consideration, clinicians might expect to choose a cutoff of 2, which
appeared to have a higher sensitivity value. In contrast, a cutoff of 3
might be applied if decreasing the number of false positive patients was
important, thereby avoiding unnecessary treatment risks.

Given the large population and regional differences in China, fur-
ther multi-site studies are encouraged to maximize sample size and
promote the generalizability of results. In addition, it is recommended
that researchers report diagnostic accuracy for all cutoffs, not just best
cutoffs, to ensure the integrity of data.

5. Conclusion

GAD-2 was found to be a valid screening instrument for GAD in a
Chinese rural population, with cutoffs of 2 or 3 depending on the
purpose of the study. Its brevity and ease of use indicate that it is a
valuable tool for the timely identification of GAD.
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Table 4
GAD-2 for identifying GAD: heterogeneity and pooled estimates of sensitivity, specificity, PLR, NLR and DOR by cutoffs.

Cutoffs Number of
studies

Pooled sample
size

Sensitivity (95%
CI)

Specificity (95%
CI)

PLR (95% CI) NLR (95% CI) DOR (95% CI) Heterogeneity: I2 (%)

2 11 3071 0.94 (0.84–0.98) 0.59 (0.43–0.73) 2.29 (1.75–3.01) 0.10 (0.05–0.23) 16.07 (8.89–29.02) 62.7
3 11 3176 0.80 (0.67–0.89) 0.82 (0.72–0.90) 4.25 (2.90–6.21) 0.24 (0.15–0.39) 17.81 (10.88–29.15) 62.8
4 7 1439 0.70 (0.57–0.81) 0.88 (0.76–0.94) 5.49 (2.86–10.51) 0.34 (0.24–0.49) 15.65 (7.40–33.07) 76.3
5 6 1289 0.43 (0.29–0.58) 0.94 (0.85–0.98) 6.20 (2.71–14.14) 0.61 (0.49–0.75) 10.31 (4.75–22.39) 66.8

PLR: positive likelihood ratio; NLR: negative likelihood value: DOR: area under the ROC curve.
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Appendix A. Supplementary data

Supplementary data to this article can be found online at https://
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