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Abstract 
    Background: Verification bias is a common bias in the diagnostic accuracy of diagnostic tests and occurs when a number of 
individuals do not perform the gold standard test. In this study, we review the correcting methods of verification bias. 
   Methods: In a cross-sectional study in 2020, 567 infertile women who were referred to Royan Research Institute were evaluated. The 
ultrasound is the performed test and the gold standard are hysteroscopy for some, and pathology for other abnormalities. For correcting 
verification bias conventional, Begg and Greens, Zhou, and logistic regression methods were used. 
   Results: In the gold standard hysteroscopy test, the sensitivity (SEN) and specificity (SPEC) obtained in conventional, Begg and 
Greens, Zhou, and logistics Regression methods were (50%, 90.3%), (48%, 96%), (22%, 77%), (50%, 90%), and (72.8, 77) respectively.  
Furthermore, the area under the curve (AUC) index and kappa statistics were calculated as 70.2%, and 43.6% respectively. In the 
pathology gold standard test, the SEN and SPEC for the conventional methods, Begg and Greens, Zhou and logistics regression were 
(67.7%, 86.7%), (66%, 88%), (29%, 70%), (66.9%, 87.6%), and (73%, 83.9%) respectively. Also, the AUC index and kappa statistics 
were 77%, and 55% respectively. 
   Conclusion: In the study on endometrial abnormalities in infertile women, assuming that the missing data mechanism is random, the 
amount of bias in calculating SEN and SPEC is very low in the diagnostic tests calculated before and after correction, using Begg and 
Greens and logistic regression method. But Zhou's method gives rather large biased estimates. 
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Introduction 
Verification bias occurs when only some participants of 

diagnostic tests perform the gold standard test or when 
some participants perform one gold standard test and others 
perform another one (1). 

In Diagnostic test studies, accurate and uniform verifica-
tion of the disease is very important. Using two different 
gold standard tests leads to different accuracy in verifying 

the disease. 
Many gold standard tests are invasive and expensive or 

dangerous (such as angiography, biopsy, and surgery), or 
in some gold standard, such as ultrasounds, the lesions ex-
ist, but it is less important from the clinical point of view 
than the patients do not undergo the exploratory surgery 
and the existence or absence of lesions do not confirm. In 
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↑What is “already known” in this topic: 
In diagnostic experiments, the missing data can affect the values 
of sensitivity and specificity of the tests. Also, different gold 
standards have different effects on the value of the above 
indices. Using different gold standards and correction methods 
to reduce the verification bias can help the researchers to 
determine the best bias correction method.   
 
→What this article adds: 

The article introduces different methods for correction of the 
verification bias to find a unique accuracy when the patients do 
not undergo the gold standard or receive different gold 
standards. Furthermore, different amount of missing data was 
considered, and its effect was compared in various correction 
methods.  
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this case, the real situation of the patient will be missing. 
Sometimes in ultrasounds or exploratory surgery gold 
standard, the lesions are not recognizable, then the real sit-
uation of the patients will be unknown and the data in these 
cases will be missing.  Therefore, in many studies, verifi-
cation bias is inevitable by the researchers. 

As a result of the advancement of medical science and 
technology in diagnostic aids equipment, new methods 
have been provided to physicians for more accurate diag-
nosis of the diseases of patients who visit medical centers. 
Currently, diagnostic tests compare and test new methods 
with previous common methods using statistical methods. 
Physician-scientists, to investigate all kinds of diseases, are 
always looking for diagnostic aids methods that have a 
faster and more accurate diagnosis and are accompanied by 
less pain and less intervention (less invasive) for the pa-
tient. Moreover, saving money and time for the patient and 
the physician should also be taken into consideration.  

Imaging methods, including types of ultrasounds and ra-
diology, are among these types of diagnostic aid methods, 
which have significantly helped physicians and patients. 
Many studies have been conducted on all kinds of diseases 
and complications using ultrasound. These diagnostic 
methods, like other methods, depend on the physician's ex-
perience and the type and quality of the device. 

One of the factors of infertility is the intrauterine envi-
ronment. Implantation in the uterus during Assisted Repro-
ductive Treatment is influenced by the morphology and 
thickness of the endometrium (endometrium is an inner ep-
ithelial layer along with its mucous membrane. The endo-
metrium is the inner wall of the uterus) and is the uterine 
cavity. Fibromas, congenital uterine anomalies, endome-
trial polyps, and uterine synechiae are among the potential 
causes of infertility. The improper shape of the uterine cav-
ity due to the fibroma or septum can lead to implantation 
failure and frequent premature abortions (2). Fibroids, in 
10% of cases, have a destructive effect on women's fertility 
(3) and cause an increase in the risk of miscarriage in 
women who had a natural pregnancy, as well as an increase 
in miscarriage in half of the pregnancies in IVF (In Vitro 
Fertilization) cycles (4). 

Evaluation of the uterine cavity is a major part of the 
complete evaluation of an infertile individual. The exami-
nation methods may be different, and it is better to be done 
according to the individual needs of the patient, which in-
clude ultrasound or hysteroscopy (5). 

The first tool for diagnosing uterine anomalies is ultra-
sound. Ultrasound is a safe, non-invasive, and almost 
bloodless method which can currently be used without spe-
cial equipment in the evaluation of the uterine cavity of in-
fertile women. Ultrasound has been proven to be a method 
with high reliability in diagnosing endometrial abnormali-
ties. Sonographic examination of the endometrium can 
show structural abnormalities; however, it is difficult to 
correctly diagnose the type of lesion and its exact location 
in the uterine cavity, and some lesions may be overlooked 
or not detected. Moreover, the conducted studies to exam-
ine the diagnostic accuracy of this method have reported 
different results (2). 

Hysteroscopy is a therapeutic-diagnostic method which 

enables direct imaging of the uterine cavity and can be used 
to sample suspicious lesions. Furthermore, as a gold stand-
ard method, it is considered to identify intrauterine lesions 
and congenital uterine anomalies, including arcuate uterus 
and septum (for adventitious lesions such as a polyp, my-
oma, synechiae, hyperplasia, retained products of concep-
tion, pathology is used as the gold standard Hysteroscopy, 
as the second step after the ultrasound, is used for screening 
and distinguishing patients from non-patients. The ad-
vantage of hysteroscopy is that it can be used for diagnostic 
and therapeutic measures at the same time for people (6). 

It is worth mentioning that hysteroscopy is an invasive 
procedure that causes patients to suffer anesthesia. Hyster-
oscopy is used to examine the cervix and uterine cavity. 
Hysteroscopy has risks such as uterine perforation, infec-
tion, bleeding, and embolism (2). 

For example, a patient who does not have any lesions ac-
cording to the diagnosis of the physician and sonography 
should be subjected to anesthesia and exploratory surgery 
to examine the absence of lesions in her, but in dealing with 
patients, due to the invasiveness of the method, high cost 
and life risks, the gold standard test is not ethically per-
formed for all people, especially healthy one. This issue 
seems reasonable in clinical methods, but in the evaluation 
of diagnostic tests, the impossibility of calculating sensitiv-
ity (SEN) and specificity (SPEC) will lead to missing data 
and then bias in the results (7). Verification bias can also 
cause researchers to make mistakes in their conclusions. 
For example, are the results of exploratory surgery more 
accurate for patients, or is ultrasound sufficient? This can 
lead to irreparable consequences, especially if diagnostic 
tests are performed based on incorrect results (8). The pur-
pose of this research is to use verification bias correction in 
endometrial abnormalities in infertile women referred to 
Royan Institute, using Begg and Greens, Zhou, and Logistic 
Regression methods, and to compare these methods. 

 
Methods 
Patients’ Selection 
In this cross-sectional study in 2020, the data of referred 

patients to Royan Institute were collected. The inclusion 
criteria were those women who were referred to Royan In-
stitute with the infertility diagnosis. The data was from 576 
patients who were checked by a gynecologist with infertil-
ity diagnosis. In infertile patients with possible endometrial 
abnormalities, an ultrasound examination was performed, 
and patients with lesions were referred for exploratory sur-
gery. It is worth noting that exploratory surgery is per-
formed only to diagnose lesions and diseases, and is not a 
treatment. 

In some lesions, the physician cannot recognize its type 
just by seeing the lesion, and a portion of the lesion must 
be removed from the patient's body and send to the pathol-
ogy laboratory for microscopic examination and the final 
opinion depends on the laboratory's diagnosis; this opera-
tion of removing the lesion is called Biopsy.  The patients 
with adventitious lesions undergo a biopsy test which is de-
termined as the gold standard, and then the calculations of 
diagnostic tests, including SEN, SPEC, and positive and 
negative predictive values, are performed. In patients with 
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congenital lesions, the above indices were calculated using 
exploratory surgery as the gold standard.  Figure 1 is the 
flowchart which is introduced for a better understanding of 
the research process. 

 
Sample size 
The data was collected from the patients’ files who were 

referred to Royan Institute. Using the formula for compar-
ison of two diagnosis tests in the same population, we have 
(9): 			 ஽ܰ௜௦௘௔௦௘ ൌ ቄ௭భషഀ/మ			Ʌା௭భషഁ		ඥɅమ_		఍మ	ሺଷାɅሻ/ସቅమɅ�మ   ܰ ൌ ஽ܰ௜௦௘௔௦௘ߨ஽௜௦௘௔௦௘  

Where Diseaseπ  is the predicted prevalence of the dis-
ease, and also 

Ʌ=(1-Sen1)Sen2 + (1-Sen2)Sen1 and  ζ= (1-Sen1)Sen2 –(1-
Sen2)Sen1 

 
Where   Sen1 and Sen2 are the SEN of the first and second 

diagnosis tests respectively. The prevalence of  
Endometrial abnormalities are determined to be at least 

13.5%. Also, the SEN of sonography and Hysteroscopy 
were arranged to be 0.79 and 0.94 respectively. Then using 
the type one error as 0.05, we have N=567. 

 

Accuracy in diagnostic tests 
In statistics, SEN and SPEC are two evaluation indices of 

the result of a two-way test (diagnostic test). When the data 
can be divided into positive (sick) and negative (healthy) 
groups, the accuracy of the test results that divide people 
into these two groups can be measured and described using 
the SEN and SPEC indices. SEN refers to the proportion of 
positive cases that the diagnostic test correctly marks them 
as positive. SPEC refers to the proportion of negative cases 
that the diagnostic test correctly marks as negative. We also 
define the following:  

True Positive (TP): Frequency of patients in which the 
patient is correctly diagnosed as sick. 

False positive (FP):  is the frequency of healthy people in 
which a healthy person is incorrectly diagnosed as sick. 

True Negative (TN): Frequency of healthy people in 
which a healthy person is correctly diagnosed as healthy. 

False Negative (FN): It is the frequency of patients in 
which the patient is incorrectly diagnosed as healthy. 

In other words, SEN is the result of dividing TP cases by 
the sum of TP and FN cases.  

The formulas for calculating SEN and SPEC are as fol-
lows: ܵ݁݊ݕݐ݅ݒ݅ݐ݅ݏ ൌ ܰܧܵ ൌ ܶܲ/	ሺܶܲ ൅ ݕݐ݂݅ܿ݅݅ܿ݁݌ܵ 		ሾ1ሿ										ሻܰܨ ൌ ܥܧܲܵ ൌ ܶܰܶܰ ൅  ሾ2ሿ																			ܲܨ

Several articles have been published about verification 

 
Figure 1. The flowchart of performing the research process 
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bias correction methods, and we will review the most im-
portant ones. 

Methods of correction of verification bias 
Begg and Greens Method: Let's assume the gold stand-

ard missing data are random. Then, all patients undergo a 
diagnostic test, but only some have the gold standard test. 
This means that not all patients undergo surgery or biopsy. 

To correct this bias, as suggested by Begg and Greens, 
the following maximum likelihood (ML) estimation formu-
las are used to calculate their SEN and SPEC (10). ܵê݊ ൌ ݉ଵݏଵ/ሾܰሺݏଵ ൅ ଴ݏ଴/ሾܰሺݏଵሻሿ݉଴ݎ ൅ ଴ሻሻݎ ൅ ሺ݉ଵݏଵ/ሾܰሺݏଵ ൅ 	ଵሻሿݎ 																	ሾ3ሿ 

êܿ݌ܵ  ൌ ଴ݏ଴݉଴ሾܰሺݎ ൅ ଴ݏ଴ሾܰሺݎ଴ሻሿ݉଴ݎ ൅ ଴ሻሿݎ ൅ ݉ଵݎଵሾܰሺݏଵ ൅ ଵሻሿݎ 																						ሾ4ሿ 
 
The values in equations (3) and (4) are presented in the 

Begg and Greens contingency table (Table 1). 
 
Zhou's Maximum Likelihood (ML) Method: The gold 

standard hypothesis of missing data is not random in this 
method and occurs when the verification process depends 
on unobserved data (11). This situation often occurs when 
there is one of the following: 

1. The interval between the initial diagnostic test and the 
gold standard is long. 

2. Different researchers in different centers or laborato-
ries have conducted multiple research projects. 

3. The patient population is very heterogeneous. 
4. An unknown disease process has been used (10). 

In this case, the ML estimation method was suggested by 
Zhou to calculate the SEN and SPEC. In this method, the 
log-likelihood function for estimating SEN and SPEC is as 
follows (11), where t shows the sickness or no sickness of 
the case in the gold standard test.  ෍݉௧	݈݃݋	߮ଵ௧ଵ
௧ୀ଴ 	൅෍ݏ௧	݈݃݋ሺ	݁௧		ߣ଴௧	߮ଶ௧	ଵ

௧ୀ଴ ሻ 	൅ ଴௧ሺ1ߣ	ሾ݃݋݈	௧ݎ	 െ 	߮ଶ௧	ሻሿ ൅ ሺ1െ	ሾ݃݋݈	௧ݑ ݁௧		ߣ଴௧ሻ	߮ଶ௧	 ൅ ሺ1 െ ଴௧ሻሺ1ߣ െ 	߮ଶ௧	ሻሿ					ሾ5ሿ 
 
Where  
φ1t  =P(T=t )           φ2t  =P(D=1| T=t)           t=(0,1)     [6] 
 
Also, we have 
 ݁௧		 ൌ ఒభ೟ఒబ೟                                                                                                              [7]  
 
Where: 

10λ  is the probability of choosing a really sick person 
with a negative test. 

11λ   is the probability of choosing a really sick person 
with a positive test. 

00λ    is the probability of choosing a really healthy per-
son with a negative test. 

01λ    is the probability of choosing a really healthy per-
son with a positive test. 

0e  is the probability of choosing a really sick person with 
a negative test divided by the probability of choosing a re-
ally healthy person with a negative test. 

1e  is the probability of choosing a really sick person with 
a positive test divided by the probability of choosing a re-
ally healthy person with a positive test. 

Therefore, the  ML estimator for SEN and SPEC is as 
follows (10), where the unknown symbols are presented in 
Table 1. ܵ݁ ො݊ሺ݁଴, ݁ଵሻ ൌ ଵݏଵ݉ଵݏ ൅ ݁ଵݎଵݏଵ݉ଵ/ሺݏଵ ൅ ݁ଵݎଵሻሻ ൅ ሺ ଴ݏ଴݉଴ݏ ൅ ݁଴ݎ଴ሻ 																													ሾ8ሿ ܵ̂ܿ݁݌ሺ݁଴, ݁ଵሻ ൌ ݁଴ݎ଴݉଴/ሺݏ଴ ൅ ݁଴ݎ଴ሻ݁଴ݎ଴݉଴/ሺݏ଴ ൅ ݁଴ݎ଴ሻ ൅ ݁ଵݎଵ݉ଵ/ሺݏଵ ൅ ݁ଵݎଵሻ											 ሾ9ሿ 

 
Logistic regression method: Kosinski and Barnhart pro-

posed a likelihood-based regression approach, which can 
be used according to different types of missing data (12). 
They assumed that there are p variables for all patients 
tested in diagnostic tests and its likelihood function was ob-
tained based on the observed data as follows: ܮ௢௕௦ ൌෑ݌ሺܴ௜, ௜ܶ , ,௜ሻோ೔ܲሺܴ௜ݔ|௜ܦ ௜ܶ|ݔ௜ሻଵିோ೔ே

௜ୀଵ ൌෑ݌ሺܴ௜, ௜ܶ , ௜ሻோ೔ሼ෍ݔ|௜ܦ ,ሺܴ௜݌ ௜ܶ , ௜ଵܦ
ௗୀ଴

ே
௜ୀଵൌ ௜ሻሽଵିோ೔ݔ|݀ 		ሾ10ሿ 

 
Where i index is for the patients. Also, we have: 

iR  is the sickness situation of ith patients according to 
the gold standard. 

Ti is the diagnostic test situation of ith patients. 
Di is the sickness situation of ith patients. 
Xi is a binary variable for ith patients. 
 
To write P(R,T, D) as the multiplication of some condi-

tional probability, Baker (12) introduced the following 
way: 

Table 1. The data contingency table 
Observed data  A New Test Result 

T=1 (positive test) T=0 (negative test) 
Gold standard test results D=1 (patient) s1 s0 

D=0 (healthy) r1 r0 
Unconfirmed patients u1 u0 
Total m1 m0 
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,ሺܴ݌ ܶ, ሻܦ ൌ ܲሺܶሻܲሺܦ|ܶሻܲሺܴ|ܶ,  [ሾ11																																											ሻܦ
 
Then, according to the Baker method, we have ܲሺܴ, ܶ, ሻݔ|ܦ ൌ ܲሺݔ|ܦሻ ൈ ܲሺܶ|ܦ, ,ܶ|ሻܲሺܴݔ ,ܦ   [ሾ12																ሻݔ
 
Then we can calculate SEN and SPEC from P(T|D,x), so 

the possibility of modeling for P(R|T,D,x), which is the 
same missing data mechanism, is feasible. Therefore, with 
the above component, we can write the logistic model for 
disease, diagnostic tests, and missing data mechanism 
components (13). 

Other calculated indices to examine and compare the 
above methods are as follows: 

Receiver Operating Characteristic (ROC): ROC is one 
of the methods of analyzing and evaluating the function of 
binary classification. ROC is considered a binary classifi-
cation to show the evaluation ability of a system, and its 
detection threshold is also variable. The axes are calibrated 
based on SEN and SPEC complement (1-SPEC) (14). 

Area under Curve (AUC): This is the optimal area of the 
curve above the bisector, and we get the best results when 
the SEN and the complement of SPEC are at their highest 
and lowest values, respectively. The area under the ROC 
curve is called the AUC (14). 

Cohen's kappa coefficient: In statistical inference, there 
is a concept called a measurement of agreement, which ex-
amines and evaluates the relationship between two quanti-
ties. The difference between this concept and other statisti-
cal concepts is the separate measurement of these two quan-
tities by two people, phenomena, or two decision-making 
sources; the difference between the Kappa coefficient and 
the percentage of simple agreement is in the elimination of 
random agreements (15). 

This research was performed at Iran University of Medi-
cal Sciences in 2020 and was registered with the code 
IR.IUMs.REC.1299.253 in the National System of Ethics 
in Biomedical Research. 

 
Results 
According to the research results, the average age of the 

subjects in this study is 33.1±5.64 years. The duration of 
their infertility was also investigated, and the average dura-
tion of infertility and its standard deviation is 7.4 years and 
5.14, respectively. 

In addition, among these subjects, 338 subjects (59.6%) 
had primary infertility, 172 subjects (30.3%) had secondary 
infertility, 2 subjects (0.4%) did not have infertility, and the 
information of 55 subjects (9.7%) was not available. 

Medical ultrasound was performed for all 567 patients, 
and they were evaluated for endometrial abnormalities with 
hysteroscopy gold standard. From the above patients, 523 
patients also underwent hysteroscopy, and 44 patients are 
part of the missing data; the information of the patients' 
Contingency tables is presented in Table 2 based on a pos-
itive or negative result. 

Moreover, all 567 patients were examined for endome-
trial abnormalities with the gold standard of pathology by 
ultrasound, of which 380 patients had known data and had 
been divided into positive or negative results, and 187 pa-
tients were part of the missing data. The information of 
their Contingency tables is presented in Table 3 based on a 
positive or negative result. 

According to the obtained Contingency tables, the SEN 
and SPEC were calculated by the mentioned methods, and 
also, the AUC, the Kappa, absolute value Bias (16), and in-
dependent chi-square statistics were calculated. The results 

 
Table 2. Contingency table between ultrasound and hysteroscopy results in the gold standard of the hysteroscopy group 

Medical ultrasound Hysteroscopy (gold standard) 
 Negative Positive Missing data Total 
Negative 308 91 40 439 
Positive 33 91 4 128 
Missing data 0 0 0 0 
Total 341 182 44 567 

  
Table 3. Contingency table between ultrasound and pathology results in the gold standard pathology group 

Medical ultrasound Pathology (gold standard) 
 Negative Positive Missing data Total 
Negative 222 40 139 401 
Positive 34 84 48 166 
Missing data 0 0 0 0 
Total 256 124 187 567 

 
Table 4. Comparing the diagnostic accuracy of ultrasound and hysteroscopy, in the gold standard group of Hysteroscopy, by different methods 

Method SEN (%) |Bias| SPEC (%) 
Standard method 50 0 90.3 

Correction Methods 

Begg and Greens' method 48 2 96 
Zhou method 22 28 77 
Logistic regression method of predictive power of ul-
trasound 

50 0 90 

Logistic regression method of predictive power of 
hysteroscopy 

72.8 22.8 77 

AUC                                                                                                                 0.702 (P < 0.001) 
Kappa statistic                                                                                              0.436 (P < 0.001) 
Chi-square statistic                                                                                      106.667 (P < 0.001) 
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are shown in Tables 4 and 5 based on the gold standard 
type.  

Also, using the Homogeneity chi-square test in Table 4, 
the SEN in different methods are significantly different (P 
< 0.001) 

Furthermore, the SEN in different methods is signifi-
cantly different (P = 0.000) using the Homogeneity chi-
square test in Table 5. 

It is essential to add that the two AUCs are almost the 
same, and there is no significant difference between them 
using the Delong test. 

Figures 2 and 3 also show the calculated ROC curve for 
each gold standard. The optimal area of the diagram is 
above the bisector, and we get the best results when the 
SEN and the SPEC complement are at their highest and 
lowest values, respectively. 

 

Discussion  
It was shown that in the hysteroscopy gold standard 

group, the SEN and SPEC were 50% and 90.3%, respec-
tively, according to the standard method, 48% and 96% ac-
cording to Begg and Green's method, 22% and 77% accord-
ing to the Zhou method, and according to the logistic re-
gression method to analyze the predictive power of ultra-
sound, it was 50% and 90%. Using the logistic regression 
method to analyze the predictive power of pathology gold 
standard, they were calculated to be 72.8% and 77% 

In the gold standard pathology group, the SEN and SPEC 
were 67.7% and 86.7%, respectively, by the standard 
method, 66% and 88%, by Begg and Green's method, 29% 
and 70%, by the Zhou method, and by logistic regression 
method to analyze the predictive power of ultrasound it was 
66.9% and 87.6%, and also using the logistic regression 
method, to analyze the predictive power of pathology, they 
were calculated to be 73% and 83.9%. 

In a similar study on uterine anomalies in 2019, 1141 
people were subjected to ultrasound, 180 and 961 of whom 
had a positive and a negative ultrasound test, respectively. 
Out of 1141 subjects, 351 cases showed uterine abnormal-
ities in hysteroscopy, of which 205 had negative ultra-
sounds (17). This shows that ultrasound in the present study 
has performed better than similar articles. Therefore, to de-
termine patients with uterine abnormalities, ultrasound is a 
non-invasive method for diagnosis of intrauterine abnor-
malities. It is a valuable equivalent to hysteroscopy with 
high accuracy for the determination and characterization of 
uterine abnormalities. This may lead to a more precise sur-
gery plan and performance. 

 Zhou also presented a new method based on the ML es-
timation for SEN and SPEC, which adjusted the effect of 
this bias and presented some new correction formulas based 
on it. The distinguishing point of Zhou's theory is in the 
assumption that missing data are not at random. He used 
the results of this study to examine the diagnostic accuracy 
of the liver scan to diagnose liver patients, and out of 650 
studied patients, 306 patients were not confirmed due to not 
performing gold standard. According to the results, the 
SEN and SPEC estimators are 63% and 90%, respectively, 
and the ML estimator by Zhou's method is between 68% 
and 95% for SEN and between 74% and 84% for SPEC 
(11). To compare the results of ultrasound and hyster-
oscopy, in the evaluation of anomalies septum, arcuate and 
uterine synechiae, the calculated SEN and SPEC by the 
standard method were 50% and 90.3%, and by the Zhou 

Table 5. Comparing the diagnostic accuracy of ultrasound and pathology in the gold standard pathology group by different methods 
Method Sensitivity (%) |Bias| Specificity (%) 
Standard method 67.7 0 86.7 

Correction Methods 

Begg and Greens' method 66 1.7 88 
Zhou method 29 38.7 70 
Logistic regression method of predictive power of 
ultrasound 

66.9 0.8 87.6 

Logistic regression method of predictive power of 
hysteroscopy 

73 5.3 83.9 

AUC                                                                                                             0.772 (P < 0.001) 
Kappa statistic                                                                                              0.551 (P < 0.001) 
Chi-square statistic                                                                                       115.725 (P < 0.001) 

 

 
Figure 2. ROC curve of comparing ultrasound and hysteroscopy 
(gold standard) 
 

 
Figure 3. ROC curve comparing ultrasound and pathology (gold 
standard) 
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correction method were calculated at 22% and 77%. There-
fore, the obtained results in the presented research are sim-
ilar to Zhou's method (11), and to determine the liver le-
sions in patients, the Zhou method and the presented re-
search perform the same, so there are not many differences 
between the SEN and SPEC indices between the two re-
searches. 

 Kosinski and Barnhart presented a complementary 
method to previous studies, assuming missing data are not 
at random. This method can repeatedly use a logistic re-
gression module and is based on the ML method, it has 
been tested on the data of 2688 cardiac patients, of which 
2217 patients did not perform the gold standard (coronary 
angiography) test, and only 471 people have a confirmed 
condition in terms of the disease; that means there were 
82.5% missing data. The SEN and SPEC of the standard 
method using the Kosinski and Barnhart method were 98% 
and 14%; Then, it was modeled using different assump-
tions, and the obtained SEN in the case of the highest and 
the lowest values were 81% and 66%, respectively. Also, 
the SPEC was between 59% and 65% (12) using the Kosin-
ski and Barnhart method. To compare the results of ultra-
sound and pathology to evaluate abnormalities of polyps, 
fibroids, hyperplasia, and retained products of conception, 
the calculated SEN and SPEC by the standard method are 
67.7% and 86.7%, respectively, and by the logistic regres-
sion correction method, was 67.7% and 86.7%. Since the 
data of Kosinski and Barnhart's study has 32% missing 
data, the results obtained in the above research are similar 
to the results of the present research. Therefore, to deter-
mine the situation of coronary disease patients with a high 
percentage of missing data, the results are similar to the pre-
sented research. 

Ünal and Burgut have used a set of available methods, 
including Begg and Green's method, Zhou's ML method, 
and the logistic regression method in the correction of ver-
ification bias. These methods have been used to calculate 
the diagnostic accuracy of dual-phase MIBI parathyroid in 
the diagnosis of primary and secondary hyperparathyroid-
ism, in which out of 69 patients, 48 patients did not have 
histopathology (gold standard) results. Their studies on real 
data have shown that verification bias should not be ig-
nored. Otherwise, the diagnostic accuracy of the test will 
be incorrect, and as a result, the diagnostic accuracy will be 
underestimated or overestimated. Assuming the random-
ness of the data, Begg and Green's method has better per-
formance in this study, and Zhou's method may not be suit-
able for correction due to high bias. The values of SEN and 
SPEC obtained in this study were 72% and 93% by the 
standard method, 75% and 90% by Begg and Green's 
method, at least 56% and 35% by the Zhou method, and at 
least 70% and 90% by the logistic regression method (10). 

According to different methods, the values of SEN and 
SPEC in the present study are very similar, but these values 
in the Zhou method are very different from other methods 
and have the most biased values. At the same time, the re-
sults of the present study on endometrial abnormalities are 
similar to the study of Ünal and Burgut for all described 
methods, but, in Zhou method in Ünal and Burgut study the 

values of SEN and SPEC had some bias similar to the pre-
sent study. Therefore, both studies had the same result for 
SEN and SPEC, except for the Zhou method, which is an 
estimation for both studies and both indices are different 
from all the above methods. Therefore, to determine the sit-
uation of hyperparathyroidism patients, with the gold 
standard of histopathology, the results are similar to the 
presented research, so more bias in the Zhou method and 
fairy bias in other methods. 

A systematic review research studied 793 articles over 
the past ten years and examined the diagnostic accuracy of 
one type of test in diagnosing celiac disease. In these arti-
cles, the SEN fluctuated and decreased from 92% to 57%. 
Moreover, SPEC has increased from 97% to 99%. As a re-
sult, if verification bias correction methods are not used, the 
SEN may be estimated to be much higher than reality in the 
studies, and this highlights the effect of verification bias on 
the estimation of diagnostic accuracy. In addition, for sys-
tematic review studies, the author has suggested excluding 
biased studies from the systematic review (18). However, 
in the current study on endometrial abnormalities, the 
amount of bias was very low, and there was not much dif-
ference in the calculated SEN before and after the verifica-
tion bias correction, which indicates the good accuracy of 
ultrasound diagnosis in this study. Therefore, to investigate 
Celiac disease to determine endometrial abnormalities, the 
bias was low so SEN before and after correction are the 
same, which is different from the current research. 

 
Conclusion 
Following examination of different methods of verifica-

tion bias, the best methods were introduced. In the studies 
with missing data that focus on the SEN and SPEC of a new 
method for diagnosing diseases, the methods used in the 
present study help to correct calculations; therefore, re-
searchers who will conduct research in this field in the fu-
ture are recommended to use available methods to correct 
the bias and calculate the real accuracy of the tests. 

It is suggested that if other variables are also effective in 
the diagnosis of the disease, the researcher should collect 
relevant data to increase the accuracy of prediction in future 
research. 

For research projects in which the purpose of the study is 
to calculate the diagnostic accuracy of the tests in studying 
alternative diagnostic methods, the use of verification bias 
correction methods is recommended since they play an im-
portant role in reducing the effect of missing data in the fi-
nal results of the study. 

Moreover, in similar articles, there are other methods for 
the correction of verification bias, which are worth investi-
gating and studying. Among these methods are Artificial 
Neural Networks and the data simulation method. 
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