
logical criteria, including cleavage rate, cell number, 
degree of fragmentation, blastomere symmetry, and 
overall developmental progression. Based on these 
parameters, embryos were classified as either 
good‐quality or poor‐quality according to standard 
embryological grading criteria. Each cumulus cell 
sample was subsequently matched to its correspon‐
ding embryo and its developmental outcome. 

 
Statistical analysis 
Statistical analysis was performed using Stata 

version 19 (StataCorp, College Station, TX, USA). 
Expression levels were analyzed at multiple an‐

alytical levels: 
Sample‑level analysis: Individual cumulus sam‐

ples were compared according to embryo quality 
classification. 

Patient‑level analysis: Average expression val‐
ues were calculated per patient and compared be‐
tween groups. 

Paired intra‑patient analysis: In patients pro‐
ducing embryos of differing quality, paired compar‐
isons were performed to minimize inter‐patient 
biological variability. 

Continuous variables were presented as mean ± 
standard deviation or as median and interquartile 
range, as appropriate. Comparisons between inde‐
pendent groups were performed using Student’s t‐
test. Paired comparisons were performed using 
paired Student’s t‐test. 

Statistical significance was defined as p < 0.05, 
and all tests were two‐tailed. 

Power analysis: A power analysis was con‐
ducted retrospectively to determine the necessary 
sample size for future large‐scale studies. Calcula‐
tions were based on the mean differences and vari‐
ance observed in the present pilot data. 

 
Results 
 
Study population and sample characteristics 
A total of 19 women undergoing IVF treatment 

were included in the study. Of these, eight patients 
underwent natural cycle IVF and constituted the 
methodological validation group; samples from this 
cohort were used exclusively to optimize lysis 
buffer conditions and extraction timing, and to val‐
idate assay sensitivity when downscaling from 
pooled samples to single cumulus cell masses. 
Three patients were classified as having a good re‐
productive prognosis and formed the discovery co‐
hort, while eight patients with poor reproductive 
prognosis comprised the validation cohort. Poor 
prognosis was defined by the presence of advanced 
maternal age, recurrent implantation failure, or re‐
current miscarriage. 

Cumulus cells were successfully isolated from in‐
dividual oocytes (Table 1) and processed for miRNA 
analysis. Strict traceability was maintained be‐
tween each cumulus cell sample and its correspon‐
ding oocyte and resulting embryo. All collected 
samples yielded sufficient RNA for downstream 
analysis, and miRNA expression was successfully 
quantified in all analyzed samples, confirming the 
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Table 3. ΔCt expression levels of selected miRNAs in cumulus cells according to embryo quality. 
miRNA                      Poor‑quality            Mean ΔCt ± SD         Good‑quality              Mean                     Mean difference               p‑value 
                                    embryos (N)                                                   embryos (N)            ΔCt ± SD                         (95% CI) 
miR‐21                                25                          0.84 ± 0.96                        25                    1.19 ± 0.99            −0.35 (−0.90 to 0.20)              0.210 
miR‐144                              19                         13.16 ± 1.74                       13                   12.33 ± 2.96            0.83 (−0.87 to 2.52)               0.326 
miR‐146                              25                          7.88 ± 2.79                        24                    7.01 ± 1.44             0.87 (−0.41 to 2.15)               0.179 
miR‐149                              25                          7.44 ± 1.16                        25                    7.55 ± 0.68            −0.11 (−0.66 to 0.43)              0.676 




