Introduction 
[bookmark: _GoBack]There has recently been a growth in the number of diagnostic tests designed to detect structural and functional damage at early stage of glaucoma.1,2 Imaging diagnostic technologies introduced in recent years include scanning laser polarimetry, scanning laser tomography and optical coherence tomography (OCT).1,2 The OCT provides objective, quantitative measures of the retinal nerve fiber layer (RNFL) thickness and shows promise for discriminating between glaucomatous and normal eyes.3-5 In our previous studies,6-9 good glaucoma diagnostic capability of Stratus OCT in Taiwan  Chinese population was reported. Previous studies have observed that differences in RNFL thickness have been demonstrated between racial groups which might have an effect on the detection of glaucoma.10-13 Furthermore, several studies have reported that disease severity has significant effect on the diagnostic performance of some imaging instruments in glaucoma.14-16 And it is not yet clear if different types of glaucoma would have different performance in diagnostic capability. To further realize the potential relevant factors on glaucoma diagnostic accuracy of Stratus OCT, such as visual field severity, glaucoma type or stage and race factor, a systematic review and meta-analysis was performed from the observational studies. To the best of our knowledge, no quantitative summary on this issue has been extensively studied or published before.
Materials and Methods
Search Strategy
We searched MEDLINE to identify available articles on diagnostic accuracy of glaucoma published between January 2004 and December 2011. A PubMed (NCBI) search using medical subject headings and keywords was executed using the following terms: “diagnostic accuracy” or “receiver operator characteristic” or “area under curve” or “AUC” and “Stratus OCT” and “glaucoma” The search was subsequently limited to publications in English. We independently assessed the title, abstract, and key words of the 181 identified articles to determine whether they met the inclusion criteria at first. Publications were included if they studied patients with glaucoma and normal subjects, and if they reported any measure of diagnostic accuracy (e.g., AUC, likelihood ratio, or sensitivity and specificity). Since search strategies for diagnostic accuracy tests are suboptimal17 a hand search of all articles of full text was carefully evaluated by two authors to achieve the consensus. The process of selection is summarized in Figure 1.
Inclusion and Exclusion Criteria
We stage glaucoma severity according to the visual field severity index, mean deviation (MD). In a word: 1. Early stage ( -6 dB<= MD <= -2 dB) 2. Moderate stage ( -12 <= MD <-6 dB) 3. Early to moderate stage (defined by each study ) 4. Glaucoma suspect/ ocular hypertensive group. 5. Pre-perimetric glaucoma. 
Glaucoma types were classified as the followings: Type 1 is primary angle closure glaucoma (PACG). Type 2 is primary open angle glaucoma (POAG). Type 3 is low tension glaucoma (NTG). Type 4 is mixed type. Type 5 is unclearly described in the text.  We also category the study population according to different ethnic groups. Simply to say: Type 1 is Asian (Chinese, Japanese, Korean and Singaporean). Type 2 is Caucasian. Type 3 includes others, such as the Indian, Latino and Spain. When the study population is not clearly stated in the text and then we define as Type 4. Type 5 is mixed type. 
Data Extraction and Quality Assessment
For each study, the following characteristics were extracted: (i) last name of first author, (ii) year of publication, (iii) study design, (iv) race/ethnicity of the study population, (v) number of subjects in the analysis, (vi) age range of subjects included in the studies, (vii) glaucoma type, and (viii) visual field severity. We follow the guidelines of STARD to evaluate the quality of reporting of diagnostic accuracy in these relevant studies.18,19 
Statistical Analysis
Meta-analysis for area under ROC curve (AUC), a commonly used guideline for the accuracy of medical diagnosis method, has not been proposed yet. To combine the information from all searched articles, the weighted average is the most common method to use in meta-analysis. The weight, usually, has the following two important properties: (1) put more weight on those articles with larger sample size, (2) put less weight on those articles with larger estimated standard error. Accordingly, the meta-analysis we are going to use for area under ROC curve (AUC) is shown as follows:


Letbe the obtained AUC value and its estimated standard error, respectively, from the ith article, . The proposed pooled estimator for AUC is defined as:


, where,


and K is the number of searched articles with AUC as one of the primary end-point. With a simple calculation, the corresponding variance ofcan be shown as follows: . 



Since, for each i, the asymptotical distribution of  is normally distributed with mean, the “true” area under the ROC curve, and the asymptotic variance, . The corresponding 95% confidence interval for the “true” area under the ROC curve is , where 






[bookmark: OLE_LINK3]   To test the homogeneity among those, the testing statistics , under H0 that those  are homogeneous,  is chi-square distributed with K-1 degree of freedom. Thus, with the significant levelα= 0.05, we reject the homogeneity hypothesis (H0), if QAUC >. In other words, we will conclude that those  are heterogeneous if the calculated value of testing statistics, QAUC, is larger than the 95% percentile of the chi-square distribution with K-1 degree of freedom (or, equivalently, the corresponding p-value < 0.05). 












When the heterogeneity does happen, the random effects model of meta-analysis will be used instead of the aforementioned fixed effect model.20,21 More specifically, let, denote the true AUC value of the ith study. Assume  are normally distributed with mean μand variance τ2 or equivalently, denote the normally distributed random errors with mean 0 and variance τ2, . That is represent the heterogeneity of AUC’s values among K studies with severityτ2. The index of among-studies variation,, can be estimated by . The new weight for random effects meta-analysis, denoted by , can be defined as  . The corresponding random effect pooled estimator for AUC is  with the estimated asymptotic variance. Therefore, the 95% confidence interval is, where 


   We used STATA/SE version V11.0 for WINDOWS software (Stata Corporation, College Station, TX) to do all statistical analyses.
Results:  
A search of the MEDLINE yielded 181 citations of which, limit to the ones written in English, 10 were excluded. 134 did not present AUC. Among those 37 studies with AUC available, 16 articles did not present the standard error of AUC. Among those 21 articles presented both AUC and its standard error,9,22-41 9 articles reported the results of average RNFL thickness and four quadrants only, others presented additional 12 o’clock parameters. In this paper, we used meta-analysis to estimate the pooled AUC value based on the selected 21 articles in these 5 parameters and the results of 12 o’clock parameters were based on the 13 selected articles. There were 4 papers presented more than one AUC values by comparing various severities of glaucoma groups with the same normal control group, we used all results that were available in the paper. Table 1 lists the all included studies. Table 2 shows the detailed information of 21 included articles (3475 subjects in total).  Table 3 reports the summary score of STARD items.  In our review, although no article fully reported all STARD items but all papers (100%) fully reported more than half of the STARD items. The lowest number of fully reported items by a paper was 13 (article 8) and the highest was 20 (article 16). Item 1, 2, 4, 5, 6, 7, 8 was fully reported by all the papers. Item 3, describing the inclusion or exclusion criteria of study population, was fully reported in 17 articles and was partially reported in 4 articles. And item 10, describing the number, training, and expertise of the persons executing and reading the index tests and the reference standard, was fully reported in 16 articles and partially reported in 5 articles. Item 11 was only reported in 10 articles. Item 12, describing methods for calculating or comparing measures of diagnostic accuracy and the statistical methods used to quantify uncertainty (e.g., 95% C.I.), was only fully reported in one article (18) and partially reported in 20 articles. Item 21, reporting estimates of diagnostic accuracy and measures of statistical uncertainty (e.g., 95% C.I) was fully reported in 20 (95%) of 21 publications. However, descriptions of key aspects of methodology were missing.  For example, random selection is NA in all papers, but consecutive selection might be available for glaucoma subjects (not possible for normal control). 
Since all chi-square tests for the homogeneity were highly significant, we used the aforementioned random effects model to estimate the pooled AUC value of the 17 parameters (mean RNFL thickness, temporal quadrants, superior quadrants, nasal quadrants, inferior quadrants, and 12 o’clock). The results of the fixed/random effect’s model of the pooled AUC were shown in Table 4. From the results of fixed effect’s model in Table 4, we can conclude that the orders of accuracy among those parameters were: Average > Inferior > Superior > 7 o’clock > 6 o’clock > 11 o’clock > 12 o’clock > 1 o’clock > 5 o’clock > Nasal > Temporal > 2 o’clock > 8 o’clock > 10 o’clock > 9 o’clock > 4 o’clock > 3 o’clock. As shown in Table 4, we also found that the ranges of all 95% C.I. of the random effect’s model were much wider than those of the fixed effect’s model. In other words, the between studies’ variation was highly significant. To establish those potential influential factors that might contribute to the heterogeneity between studies, we further used the meta-regression analysis to check the significance of those collected factors, named glaucoma severity (5 stages), glaucoma types (5 types), and ethnicity (5 categories), defined in the materials and methods section. As shown in Table 5, after adjusting the effects of glaucoma severity, glaucoma type and ethnicity, the average RNFL thickness provided significantly highest accuracy (in terms of AUC) compared to other parameters (except superior quadrant). We also found that the diagnostic accuracy in Asian population was significantly lower than that of Caucasian and Type 3 populations (Indian, Latino and Spain), after adjusting the effects of OCT parameters, severity, and glaucoma type. The meta-regression plot (with 95% confidence band for the mean value) of AUC as a function of the linear predicted values was shown in Figure 2. 
Discussion
Stratus OCT is one of several technologies introduced to measure the RNFL thickness and has been accepted as a good glaucoma diagnostic tool in past years.3,22-41 Although different study groups all agree with the good diagnostic accuracy among different ethnic groups; however, patients with early glaucoma provide a diagnostic challenge.3 In Budenz DL et al’s study,11 they reported that RNFL thickness, as measured by Stratus OCT, varies significantly with age, ethnicity, axial length, and optic disc area. Furthermore, they suggest us to be more cautious in interpretation when apply the imaging data in glaucoma management, especially to the Asian and African descent. Even, the current available spectral domain OCT also shows that racial differences does exist in RNFL thickness.12 In Jeoung JW et al.’s study,42 they confirmed again that Stratus OCT with a normative database can detect diffuse RNFL atrophy with moderate sensitivity and high specificity but we still need to be more prudent in evaluation of early stage of glaucoma. Hence, increasing evidences have shown that the real application of Stratus OCT in glaucoma management still have some concerns, it is mandatory to understand the potential problems in diagnostic accuracy coming from potential causes, such as ethnicity, glaucoma type or glaucoma severity.  
Here in this meta-analysis study, very meaningful results were obtained about the RNFL thickness parameters with the best AUCs.  The parameters with the best AUC were shown as below: Average > Inferior > Superior > 7 o’clock > 6 o’clock > 11 o’clock > 12 o’clock > 1 o’clock > 5 o’clock > Nasal > Temporal > 2 o’clock > 8 o’clock > 10 o’clock > 9 o’clock > 4 o’clock > 3 o’clock. In agreement with the prior literature, 9,22-41 the current study suggests that average thickness (AUC, 0.941, 95 % C.I: 0.934~0.948) is the most useful parameter to assess the degree of glaucomatous damage with/without adjusting for the ethnic effect. Other three important parameters include: inferior (AUC: 0.916; 0.908~0.924), superior (AUC: 0.896; 0.886 ~ 0.906) and 7 o’clock (AUC: 0.883; 0.871~ 0.896). We believe the AUCs finding demonstrated by Stratus OCT measured RNFL thickness are consistent with the pathological changes of optic nerve damage in glaucoma optic neuropathy.43,44  
Furthermore, interesting finding was noticed that the ranges of all 95% C.I. of the random effect’s model were much wider than those of the fixed effect’s model, which means that between studies’ variation was highly significant. To clarify the potential factors that might influence the heterogeneity between studies, meta-regression analysis was further applied to check the significance of some important factors, which are glaucoma severity (5 stages), glaucoma types (5 types), and ethnicity (5 categories).  After adjusting for the effects of severity, glaucoma type and ethnicity, the average RNFL thickness provided significantly highest AUC compared to other parameters (except superior quadrant). Moreover, the diagnostic accuracy in Asian population was significantly lower than that of Caucasian and Type 3 populations (Indian, Latino and Spain), after adjusting for the effects of OCT parameter, glaucoma type and severity. The meta-regression plot (with 95% confidence band for the mean value) of AUC as a function of the linear predicted values was shown in Figure 2. Our work again confirms the generally presumed thought that ethnicity plays an important influencing factor in glaucoma diagnosis based on Stratus OCT. In Budenz DL’s study, they reported that mean RNFL values (98.1±10.9 μm) in Caucasians were slightly thinner than those of Hispanics (103.7±11.6 μm; P = 0.022) or Asians (105.8±9.2 μm; P =0.043).  As far as we know that the normative database of the current available Stratus OCT has relatively few subjects in the African American, Asian, and East Indian subgroups. The ethnicity specific databases may need to be developed for improving the accuracy of glaucoma diagnosis in the near future. 
There are some limitations in the current study. First, although the overall study database is large and represents a diverse population, our classification about ethnic issue which was completely based on the reported data from these included studies might not be completely correct.12  Second, the data for each racial group were obtained from specific sites that may not be reflective of an entire racial or ethnic group.12   As the concern mentioned in Knight OJ et al.’s study that the way to pool all of the individuals of Chinese from different study groups for statistical purpose like this may not be representative of the entire Chinese population.12 Third, there exists some unavoidable selection bias in this kind of imaging studies.12,45 Therefore, it is also necessary to evaluate the quality of theses recruited studies in the current work. As far as we know that many imaging studies that are poorly designed and reported might lead to erroneously optimistic results.46 And it has been reported that if a study has one group already diagnosed with the target condition and another group of healthy controls, its sensitivity and specificity are likely to be higher than if the tests were conducted on a group only suspected of having the condition.47 Even, it has been well noted that the standard of reporting of diagnostic accuracy studies in glaucoma using OCT was suboptimal.3 Here in this work we also evaluated the quality of these included study based on STARD guidelines. Overall, the quality of these included Stratus OCT studies reporting over half of the items in current review are not bad. But, there are some important points which should be addressed here. For example, item 10 & 11 were not well reported related to adequate descriptions of the investigators conducting and reporting the tests (item 10), and whether they were masked to the results of other tests (item 11).3  We agree with the proposed point by Johnson ZK’s et al. that diagnostic accuracy estimates may be inflated if readers of one test are aware of the results of the reference standard or of other clinical information when interpreting the index test (expectation and clinical bias)3.   Furthermore, STARD criteria assess the reporting only of the study in question, and not the quality of the study itself and the likelihood of bias in the study also is not scored by the STARD criteria.3   Therefore, assessment of the quality of reporting of a study is just only one aspect of the assessment of its overall quality.3 Other potential factors influencing the quality of a study should be considered, such as the methodology and the applicability of its results.48 It would be better for the researchers to use a flow chart in the reporting of diagnostic accuracy studies to make the design of the study and flow of patients through the study clearer.3,49 
In conclusion, the available evidence suggests that Stratus OCT demonstrated good diagnostic capability in differentiating glaucoma from normal eyes, whatever in different glaucoma stages or types. However, we should be more cautious in applying this instrument in Asian group in glaucoma management. The necessity to build up the normative database for each population should be an interesting issue to be studied in the near future.
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Figure Legend:
Figure 1.  Flowchart of inclusion and exclusion criteria for Diagnostic accuracy of Stratus OCT for meta-analysis.
Figure 2. The meta-regression plot (with 95% confidence band for the mean value) of AUC as a function of the linear predicted values (Adj R-squared = 71.70%) (Circles are proportionate to study weights in the meta-regression)
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