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A B S T R A C T 

Background and aim: Today, scientists use cell-free circulating microRNAs (miRNAs) biomarkers to identify, 

control, and treat cancer, even in its early stages. The present study aimed to evaluate the sensitivity and specificity 

of circulating microRNAs to diagnose breast cancer. 

Material and methods: The search was conducted based on keywords related to the study objectives in the 

international databases PubMed, Scopus, Science Direct, ISI, Web of Knowledge, and Embase between January 

2015 and March 2023. Effect size (95% confidence interval) was calculated using the fixed effect model with the 

inverse-variance method. STATA/MP. V17 software was used for meta-analysis. 

Results: In the present study, 31 articles were included in the meta-analysis. Sensitivity of circulating microRNAs 

to diagnose breast cancer was 85% (ES: 0.85 [95% CI: 0.74, 0.95]. Specificity of circulating microRNAs to diagnose 

breast cancer was 85% (ES: 0.85 [95% CI: 0.75, 0.96]. The AUC of miR-21 to diagnose breast cancer was 84% 

(ES: 0.84 [95% CI: 0.71, 0.97].  

Conclusions: Based on the present meta-analysis, circulating microRNAs are promising biomarkers in breast cancer 

diagnosis. 

 

1. Introduction 

Breast cancer is the most common cancer in women; it is the main cause 

of death and a very important issue of women's health and treatment.[1] So in 

2020, more than 2.3 million new cases were diagnosed, and there were 7.8 

million living women with a history of breast cancer in the last five years.[2, 3] 

Risk factors such as age, family history of cancer, history of abortion, 

lifestyle, contraceptive drugs, and environmental factors have been attributed 

to breast cancer.[4] Today, one out of every eight women is infected, and one 

out of every 30 women with breast cancer dies.[5] The best way to reduce 

mortality from breast cancer is to detect it early to treat it.[6] Early detection of 

breast cancer is very important, and choosing an accurate and reliable 

diagnostic method is challenging; Among the various introduced methods, 

mammography has been highly welcomed, and this method is very 

common.[7] Systematic screening of the women's community using 

mammography devices and early detection of breast cancer in the early stages 

can reduce the chances of the patient's survival and the negative side effects 

caused by the necessary treatments.[8] Using mammography to diagnose breast 

cancer also has problems; there is a high possibility of damage to the film, or 

the image is not suitable for diagnosis; The observation is visual, and eye 

observations are used to detect the lesion, which leads to errors; The doctor's 

diagnosis may not be the same as the radiologists. Reports indicate that 3 to 

20 percent of breast cancer cases are not detected by mammography.[9, 10] Also, 

mammography screenings are scheduled at fixed intervals that may occur 

between two screenings for unanticipated cancers.[11] Biomarkers are 

considered a suitable and minimally invasive method for breast cancer 

diagnosis. It can greatly help with early identification and screening 

planning.[12] In recent years, non-invasive biomarkers have been introduced, 

such as cell-free DNA, circulating cell-free, single nucleotide 

polymorphisms, and exosomal non-coding RNAs.[13-16] Today, scientists use 

cell-free circulating microRNAs (miRNAs) biomarkers to identify, control, 

and treat cancer, even in its early stages.[17] miRNAs, closely related to 

malignant phenotypes, can be helpful as diagnostic markers for early disease 

detection.[18] More than 2500 miRNAs have been identified in the human 

genome, which regulates more than 30% of protein-coding genes. Since the 

expression of miRNAs is related to a variety of clinical and biological 
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characteristics of the tumor, such as tissue type, differentiation, invasion, and 

response to treatment, therefore, it is possible to detect miRNAs in the serum 

or blood plasma of patients without the need to use any type of invasive 

method. They used diagnostic markers of cancer cells. miRNAs are found in 

serum, plasma, saliva, or urine.[19-21] In diagnostic studies, circulating 

miRNAs have been investigated in different types of cancers, such as breast 

cancer,[22] and have been introduced as a diagnostic tool for tumor 

detection.[23] Another advantage of circulating cell-free miRNAs is their low 

cost and convenient analysis. Based on studies, circulating miRNAs are 

considered diagnostic biomarkers. However, conflicting results are observed 

in some studies.[24] In previous meta-analyses, it was observed that miRNAs 

have a promising diagnostic function in cancer diagnosis. However, the 

reviewed articles were very old, and very high heterogeneity between studies 

was observed.[25, 26] Unlike the meta-analyses performed in the present study, 

only newer studies with high methodological quality have been examined in 

order to provide stronger and newer evidence. Also, sensitivity and specificity 

were analyzed in all studies. This study aimed to evaluate the sensitivity and 

specificity of circulating microRNAs to diagnose breast cancer. 

 

2. Material and methods 

Search strategy 

The present study was conducted based on the PRISMA 2020 

checklist.[27] The search was conducted based on keywords related to the study 

objectives in the international databases PubMed, Scopus, Science Direct, ISI, 

Web of Knowledge, and Embase; all articles were reviewed between January 

2015 and March 2023. The PICO framework (Population, Intervention, 

Comparison, and Outcomes) is summarized in Table 1. Keywords and the 

MeSH terms:  

((((((("Neoplasms"[Mesh] OR "Early Detection of Cancer"[Mesh]) OR 

"Neoplasms/diagnosis"[Mesh]) OR "Breast Neoplasms"[Mesh]) AND 

"Circulating MicroRNA"[Mesh]) OR "MicroRNAs"[Mesh]) OR ( 

"Biomarkers"[Mesh] OR  "Biomarkers, Tumor"[Mesh] )) AND 

"Diagnosis"[Mesh]) AND "Sensitivity and Specificity"[Mesh].

 

Table 1. PICO strategy. 

PICO Strategy Description 

P Population: breast cancer 

I Intervention: cell-free circulating microRNAs 

C Comparison: healthy controls 

O Outcome: Sensitivity and Specificity 

 

Data collection  

First, a checklist was prepared, including the author's name, publication 

year, study design, sample size, and sentinel lymph nodes. The study data 

were entered in this checklist and summarized in Table 2. The sensitivity and 

diagnostic specificity data of the studies were extracted and used for meta-

analysis. Two independent, blinded reviewers screened each record, and a 

third person retrieved each report. The selection of articles was based on 

inclusion and exclusion criteria. 

 

Inclusion and exclusion criteria 

Only articles published in English, prospective and retrospective studies, 

case-control studies, miRNA models based on qRT-PCR data, and reported 

diagnostic performance data were included. Case studies, case reports, and 

review articles; studies without access to the full text were excluded from the 

study. 

 

Risk assessment 

The quality of studies was measured using diagnostic accuracy studies 

(QUADAS-2).[28] This tool examines four areas of patient selection, index 

test, reference standard, and schedule. 

 

Data analysis 
Potential heterogeneity between studies was reported with the I2 

coefficient. Values 50%< indicate low heterogeneity, 50% to 75% indicate 

moderate heterogeneity, and values >75% indicate high heterogeneity. Effect 

size (95% confidence interval) was calculated using the fixed effect model 

with the inverse-variance method. STATA/MP. V17 software was used for 

meta-analysis. 

 

3. Results 

Study selection 

In the initial search, 659 articles were found based on keywords, and all 

articles were entered into EndNote X8 software. Duplicate articles with 

inappropriate and inconsistent titles, and other reasons were removed, then 

the abstracts of 624 articles were reviewed, 423 articles were removed (based 

on the inclusion and exclusion criteria). The full text of 201 articles was 

reviewed. Articles whose full text was incomplete had incomplete data, 

articles that were not in line with the objectives of the study were excluded, 

and finally, 31 articles were selected (Fig. 1). All the steps of searching and 

reviewing the articles were done by two blind observers and evaluated by a 

third observer. 

 

Study characteristics 

Six randomized control studies, nine retrospective, and two prospective 

studies were selected and included in the present meta-analysis. A total of 

2827 patients (Experimental: 1169; control: 1658); the mean ages in the 

experimental and control group was 42.2 years and 37.12 years, respectively. 

Table 2 shows a summary of the data extracted. 

 

Risk assessment 

According to Cochrane Collaboration's tool, six randomized clinical trial 

studies had high quality (low risk of bias). According to the ROBINS-I tool, 

eight studies had a low risk of bias, and three studies had a Middle risk of bias 

(Tables 3 and 4). 
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Fig. 1. PRISMA 2020 Checklist.

 

Table 2. Demographic information extracted from the full text of the selected studies. 

No Study. Years Source of MiRNAs 

Number of Patients 

MiRNAs 

MiRNAs Control 

1 Rasheed et al., 2023[29] Whole Blood 75 50 miR-92a 

2 Zou et al., 2022[30] Serum 70 25 miR-301a-3p 

3 Li et al., 2022[31] Serum 49 49 

miR-9-5p 

miR-17-5p 

miR-148a-3p 

4 Sadeghi et al., 2021[32] Whole Blood 70 60 miR-145 

5 Swellam et al., 2021[33] Serum 44 50 miR-27a 

6 Zou et al., 2021[34] Serum 100 296 

miR-451a 

miR-126-5p 

miR-192-5p 

miR-195-5p 

Records identified 
(n =659) 

 

Records removed before the screening: 

Duplicate records (n = 25) 

Records marked as ineligible by automation 
tools (n = 5) 

other reasons (n = 5) 

Records screened 

(n=624) 

Records excluded. 

(n = 423) 

Reports sought for retrieval 

(n =0) 

Reports not retrieved. 

(n = 0) 

Full text  

(n =201) 

Reports excluded. 

(n = 170) 

 
 

Included studies 

(n =31) 

Identification of studies via databases and registers 
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miR423-3p 

miR-17-5p 

7 Shaker et al., 2021[35] Serum 180 270 

miR-29 

miR-182 

8 Diansyah et al., 2021[36] Plasma 26 16 miR-21 

9 Zou et al., 2021[37] Serum 124 122 

miR-16-5p 

miR-19a-3p, 

miR-19b-3p 

miR-20a-5p 

miR-223-3p 

miR-25-3p 

miR-425-5p 

miR-451a 

miR-92a-3p 

miR-93-5p 

10 Nashtahosseini et al., 2021[38] Serum 34 38 miR-660-5p 

11 Jang et al., 2021[39] Plasma 80 56 

miR-1246 

miR-206 

miR-24 

12 Hosseini Mojahed et al., 2020[40] Serum 36 36 miR-155 

13 Kim et al., 2020[41] Plasma 30 30 miR-202 

14 Pastor-Navarro et al., 2020[42] Serum 45 45 

miR-21 

miR-205 

15 Han et al., 2020[43] Serum 144 38 miR-1204 

16 Ashirbkekov et al., 2020[44] Plasma 30 33 

miR-16-5p 

miR-21 

miR-210-3p 

17 Ibrahim et al., 2020[45] Plasma 30 20 

miR-10b 

miR-181a 

miR-145 

miR-21-3p 

18 Swellam et al., 2019[46] Serum 96 86 miR-21 



 INTERNATIONAL JOURNAL OF SCIENTIFIC RESEARCH IN DENTAL AND MEDICAL SCIENCES 5 (2023) 35–47 39 

  

miR-126 

miR-155 

19 Pena-Cano et al., 2019[47] Serum 50 50 miR-195-5p 

20 Motamedi et al., 2019[48] Plasma 23 24 miR-21 

21 Swellam et al., 2019[49] Serum 80 70 

miR-17-5p 

miR-222-3p 

miR-155 

22 Li et al., 2019[50] Plasma 113 113 miR-122-5p 

23 Fang et al., 2019[51] Plasma 53 78 

miR-324-3p 

miR-324-3p 

miR-21-3p 

miR-382-5p 

miR-30a-5p 

24 Soleimanpour et al., 2019[52] Plasma 30 30 

miR-21 

miR-155 

25 Heydari et al., 2018[53] Serum 40 40 miR-140-3p 

26 Li et al., 2018[54] Plasma 146 146 miR-106a 

27 Yu et al., 2018[55] Serum 113 47 

miR-21-5p 

miR-21-3p 

miR-99a-5p 

28 Zhang et al., 2017[56] Whole Blood 15 13 

miR-30b-5p 

miR-96-5p 

miR-182-5p 

miR-374b-5p 

miR-942-5p 

29 Zhang et al., 2017[57] Plasma 75 50 

miR-200c 

miR-141 

30 Freres et al., 2016[58] Plasma 88 88 miR-16 

31 Antolin et al., 2015[59] Whole Blood 44 20 miR-200c 

 

Diagnostic accuracy 

The sensitivity of circulating microRNAs on whole blood models to 

diagnose breast cancer was 79% (ES: 0.79 [95% CI: 0.67, 0.90], (I2=0%; p 

=0.99; low heterogeneity) (Fig. 2). specificity of circulating microRNAs on 

whole blood models to diagnose breast cancer was 90% (ES: 0.90 [95% CI: 

0.58, 1.22], (I2=0%; p =0.99; low heterogeneity) (Fig. 3).  

The sensitivity of circulating microRNAs on serum models to diagnose 

breast cancer was 83% (ES: 0.83 [95% CI: 0.68, 0.99], (I2=0%; p =1.00; low 
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heterogeneity) (Fig. 4). specificity of circulating microRNAs on serum 

models to diagnose breast cancer was 82% (ES: 0.82 [95% CI: 0.67, 0.97], 

(I2=0%; p =0.99; low heterogeneity) (Fig. 5). 
 

 

 
Fig. 2. Sensitivity of circulating microRNAs on whole blood models. 

 

 
Fig. 3. Specificity of circulating microRNAs on whole blood models. 

 

 
Fig. 4. Sensitivity of circulating microRNAs on serum models. 
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Fig. 5. Specificity of circulating microRNAs on serum models. 

 

The sensitivity of circulating microRNAs on plasma models to diagnose 

breast cancer was 87% (ES: 0.87 [95% CI: 0.70, 1.04], (I2=0%; p =1.00; low 

heterogeneity) (Fig. 6). Specificity of circulating microRNAs on plasma 

models to diagnose breast cancer was 88% (ES: 0.88 [95% CI: 0.71, 1.05], 

(I2=0%; p =0.99; low heterogeneity) (Fig. 7).  

 

 
Fig. 6. Sensitivity of circulating microRNAs on plasma models. 
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Fig. 7. Specificity of circulating microRNAs on plasma models. 

 

Diagnostic accuracy of miR-21 

MiRNA-21 was the most frequently analyzed miRNA in the selected 

studies; It was included in the meta-analysis for the same reason. The AUC 

of miR-21 to diagnose breast cancer was 84% (ES: 0.84 [95% CI: 0.71, 0.97], 

(I2=0%; p =0.99; low heterogeneity) (Fig. 8).  

 

 
Fig. 8. AUC of miR-21 to diagnose breast cancer. 

 

The sensitivity of circulating microRNAs to diagnose breast cancer was 

85% (ES: 0.85 [95% CI: 0.74, 0.95], (I2=0%; p =1.00; low heterogeneity) 

(Fig. 9). Specificity of circulating microRNAs to diagnose breast cancer was 

85% (ES: 0.85 [95% CI: 0.75, 0.96], (I2=0%; p =0.99; low heterogeneity) 

(Fig. 10). 
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Fig. 9. Sensitivity of circulating microRNAs to diagnose breast cancer. 
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Fig. 10. Specificity of circulating microRNAs to diagnose breast cancer. 

 

4. Discussion 

In the case of breast cancer, mammography is one of the best diagnostic 

tools, although it has limitations, such as ionizing radiation and errors. On the 

other hand, using common markers such as estrogen and growth hormone 

receptors is not completely flawless.[60, 61] miRNA has a significant potential 

to be used as biomarkers for identifying, diagnosing, classifying, and treating 

cancer because they have the necessary sensitivity. In addition, they can show 

the stage of the tumor, the receptor status, and the survival of the patient.[62] 

Based on the meta-analysis of the present study, the sensitivity of circulating 

microRNAs to diagnose breast cancer in the plasma model was higher than 

the serum model, and these two were higher than the whole blood model. 

Also, the specificity of circulating microRNAs to diagnose breast cancer in a 

whole blood model was higher than plasma and serum. The present meta-

analysis showed that, in general, the specificity and sensitivity of circulating 

microRNAs to diagnose breast cancer are completely satisfactory. The 

obtained sensitivity and characteristics were 85%, making this estimation 

strong and reliable. The heterogeneity between the studies was very low, 

which indicates the appropriate cognitive methodology of the studies, and the 

results of the present study provide good evidence. The results of a study 

showed that before biopsy, blood sampling could be effective on the level of 

circulating miRNAs.[63] The results of the studies indicate that the use of 

plasma samples may lead to hemolyzed samples, which can affect the miRNA 

content of the samples.[64, 65] In studies that have used a plasma model, 

hemolyzed samples need to be checked and removed.[66, 67] In using the serum 

sample, RNA molecules may be released and change the actual profile of 

circulating miRNAs; Therefore, it is very important to use a standard method 

to detect circulating miRNA.[64] It is better to use a standard laboratory 

protocol to obtain miRNAs. The present meta-analysis showed that the 

diagnostic accuracy of miR-21 in diagnosing breast cancer is high and 

significant. According to the published results of a meta-analysis in 2014, 
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miR-21 has been used as a cancer biomarker in more than 31 studies to 

investigate various malignancies. It confirms the high potential of this 

microRNA as a diagnostic tool for the early detection of breast cancer.[26] 

Another meta-analysis study in 2015 observed, by reviewing 15 articles, that 

sensitivity and specificity of 0.82. These findings are consistent with the 

present study. The difference between the present study and the previous 

studies is that in the present study, the articles that reported stage >4.5% were 

not included in the meta-analysis because it seems that stage IV cases can 

affect the accuracy of diagnosis. The present study had some limitations; 

firstly, laboratory and experimental differences were not investigated, some 

studies may not have been selected in the search stage, only articles published 

in English were selected and reviewed, and studies that were based on the 

whole blood model. They had used few. One of the advantages of the present 

study was the low heterogeneity between subjects. 

 

5. Conclusion 

Based on the present meta-analysis, the sensitivity and specificity of 

circulating microRNAs to diagnose breast cancer were estimated at 85%; 

these findings show that circulating microRNAs are promising biomarkers in 

breast cancer diagnosis. Also, the sensitivity of circulating microRNAs to 

diagnose breast cancer in serum, plasma, and whole blood models was 83%, 

87%, and 79%, respectively. Moreover, specificity in serum, plasma, and 

whole blood models was estimated at 82%, 88%, and 90%, respectively. 

Circulating microRNAs have the potential to be used for breast cancer 

screening. 
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