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[ Abstract] Objective Ultrasound categories of Breast Imaging Reporting and Data System (BI-RADS) are an
important outcome used in the evaluation of the characteristics of breast lesions. In this study, we aim to explore the
potential influencing factors that may cause the progression of BI-RADS categories. Methods Based on the cervical
cancer and breast cancer screening cohort in Shuangliu District, Chengdu from 2015 to 2021, we collected ultrasound and
questionnaire results. Progression was defined as changing from BI-RADS category 1 or 2 to 3 or above, or from the initial
screening result of BI-RADS 3 or above to a higher category in subsequent ultrasound screenings. The Cox proportional
hazards regression model was used to explore potential influencing factors for BI-RADS classification progression. A
restricted cubic spline was used to explore the nonlinear association between the variables and the risk of progression.
Results A total of 7069 participants were included in the analysis and followed up for 23 580 person-years. Compared
with other age groups, the proportion of participants of BI-RADS category 3 and above was highest in the 40-44 age group
(24.83%). Cox regression analysis showed that postmenopausal women had a lower risk of BI-RADS progression than
premenopausal women did (hazard ratio [HR]: 0.65, 95% confidence interval [CI]: 0.44-0.97). In postmenopausal women,
late menopause (HR=1.16, 95% CI: 1.03-1.30) was identified as a risk factor for BI-RADS progression. Obesity in
premenopausal women was negatively associated with the risk of progression (HR=0.43, 95% CI: 0.21-0.88).
Conclusion The risk factors for progression in ultrasound BI-RADS categories overlap with the risk factors for breast
cancer. A risk score based on the high-risk factors for BI-RADS progression can be constructed to optimize screening
programs for high-risk populations and improve the efficiency of breast cancer screening.
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Table 1 Breast ultrasound screening results in Shuangliu District, Chengdu, China by age distribution between 2015 and 2021

Age/yr. n  Category 0/case (%) Category 1/case (%) Category 2/case (%) Category 3/case (%) Category 4/case (%) Category 5/case (%) Category 6/case (%)
<40 3824 10 (0.26) 1477 (38.62) 1539 (40.25) 674 (17.63) 106 (2.77) 16 (0.42) 2(0.05)
40-44 6212 5 (0.80) 1819 (29.28) 2846 (45.81) 1278 (20.57) 237 (3.82) 24 (0.39) 3(0.05)
45-49 8137 5(0.61) 2544 (31.26) 3781 (46.47) 1470 (18.07) 282 (3.47) 47 (0.58) 8(0.10)
50-54 6934 11 (0.16) 2358 (34.01) 3452 (49.78) 904 (13.04) 183 (2.64) 18 (0.26) 8(0.11)
55-59 3116 5(0.16) 1405 (45.09) 1329 (42.65) 322 (10.33) 37 (1.19) 9(0.29) 9(0.29)
60- 2348 1(0.43) 740 (31.52) 1365 (58.13) 217 (9.24) 17 (0.72) 5(0.21) 3(0.13)
Total 30571 37(0.12) 10343 (33.83) 14315 (46.82) 4865 (15.91) 862 (2.82) 119 (0.39) 33(0.11)

Category 0: Additional imaging needs to be done; category 1 and 2: no malignant probability; category 3-5: benign possible with less than 2%, 2%-95%, and

more than 95% malignant probability respectively; category 6: known malignancy or pathologically proven to be malignant.
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Table 2 Baseline characteristics of the breast cancer screening cohort

Variable Total (n=31942) Progress group (1n=670) Non-progress group (1n=6399) p*
Age/case (%) <0.001
<40 yr. 4151 (13.00) 112 (16.72) 719 (11.24)
40-49 yr. 15030 (47.05) 12 (1.79) 217 (3.39)
50-59 yr. 10352 (32.41) 393 (58.66) 3417 (53.40)
=60 yr. 2409 (7.54) 153 (22.84) 2046 (31.97)
Education level/case (%) <0.001
Primary school and below 9014 (40.51) 225 (34.04) 2632 (41.53)
Middle school 11386 (51.17) 372 (56.28) 3252 (51.31)
High school 1501 (6.75) 48 (7.26) 380 (5.94)
College and above 352 (1.58) 16 (2.42) 74 (1.17)
BMI/case (%) 0.005
<18.5 kg/m’ 830 (2.87) 17 (2.58) 129 (2.05)
18.5-23.9 kg/m2 16154 (55.78) 389 (59.12) 3381 (53.85)
24.0-27.9 kg/m” 9621 (33.22) 218 (33.13) 2239 (35.66)
=>28.0 kg/m’ 2356 (8.14) 34 (5.17) 529 (8.43)
Age of menarche/yr., X+ 14.06+1.77 13.96+1.53 14.19+1.68 <0.001
Menstrual cycleb/ d, case (%) 0.572
Normal 11796 (90.89) 589 (95.31) 5694 (95.87)
Abnormal 1182 (9.11) 29 (4.69) 245 (4.13)
Menstrual period’/d, case (%) 0.273
Normal 12299 (90.21) 547 (96.99) 5251 (95.94)
Abnormal 1335 (9.79) 17 (3.01) 222 (4.06)
Menopause/case (%) <0.001
No 17555 (58.04) 471 (78.37) 3738 (63.07)
Yes 12317 (40.72) 130 (21.63) 2189 (36.93)
Age at menopausec/yr., Xts 48.46+3.82 48.24+3.42 48.03+3.62 0.523
Reproductive period/year, X+ s 31.59+4.87 30.52+4.62 31.32+4.53 <0.001
History of abortion/case (%) 0.943
No 6733 (23.02) 162 (24.40) 1537 (24.19)
Yes 22512 (76.98) 502 (75.60) 4817 (75.81)
Number of abortions (X + s) 1.49+0.83 1.89+1.10 1.92+1.11 0.612
Age at first birth/yr., X+ s 25.13+4.77 25.13+5.06 25.01+4.69 0.607
Contraceptives/case (%) 0.409
No 4689 (89.35) 634 (97.09) 6093 (97.69)
Yes 559 (10.65) 19 (2.91) 144 (2.31)
1UD/case (%) 0.552
No 1072 (7.45) 311 (47.63) 2889 (46.32)
Yes 13325 (92.55) 342 (52.37) 3348 (53.68)
Duration of IUD use/year, X+ § 16.37+8.52 16.2+7.72 16.7+£8.07 0.290
History of breast feeding/case (%) 0.999
No 1710 (5.59) 26 (3.95) 245 (3.90)
Yes 28903 (94.41) 633 (96.05) 6033 (96.10)
Duration of breastfeeding/month, X+ s 12.16+5.79 10.80+5.14 11.44+5.33 0.006
Number of live births (X £ §) 1.20+0.45 1.14+0.38 1.17£0.43 0.132
Age at first birth/yr., Xts 22.98+2.59 22.86+2.33 22.75%+2.24 0.249
History of breast examination/case (%) 0.003
No 20399 (66.10) 406 (61.42) 4250 (67.27)
Yes 10463 (33.90) 255 (38.58) 2068 (32.73)
Family history of breast cancer/case (%) 0.093
No 12312 (97.36) 86 (92.47) 1337 (96.19)
Yes 334 (2.64) 7 (7.53) 53 (3.81)
BI-RADS categories at baseline 0.138°
0 37 (0.12) 0 0
1-2 24658 (80.65) 460 (68.66) 4573 (71.46)
3-5 5879 (19.23) 210 (31.34) 1826 (28.54)
6 33(0.11) 0 0

BMI: body mass index; IUD: intrauterine device. * The differences were tested between the progress group and the non-progress group.

According to Guideline on Diagnosis and Treatment of Abnormal Uterine Bleeding: 2022 Revisions, menstrual cycles lasting 21-35 days are defined as being

normal and menstrual periods lasting 1-7 days are defined as being normal.  The analysis was performed in postmenopausal women only. ¢ People of the
categories of BI-RADS 0 and BI-RADS 6 were excluded from the Chi-square test.
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Table 3 Cox regression of the influencing factors of BI-RADS progression

. Premenopausal females Postmenopausal females
Variable HR" (95% CI) P - "
HR" (95% CI) p HR" (95% CI) P
BMI
<18.5 kg/m’ 1.78 (1.00-3.16) 0.051 1.95 (1.05-3.61) 0.035 0.60 (0.08-4.69) 0.627
18.5-23.9 kg/m’ Ref Ref Ref
24.0-27.9 kg/mz 0.89 (0.69-1.15) 0.385 0.86 (0.65-1.15) 0.321 1.06 (0.58-1.95) 0.844
>28.0 kg/m’ 0.60 (0.35-1.04) 0.071 0.43 (0.21-0.88) 0.021 1.30 (0.50-3.33) 0.591
Age of menarche 0.98 (0.90-1.07) 0.656 0.94 (0.85-1.03) 0.165 1.04 (0.88-1.22) 0.637
Menopause
No Ref
Yes 0.65 (0.44-0.97) 0.034
Age at menopauseb 1.16 (1.03-1.30) 0.012
Duration of breastfeeding/month 0.99 (0.96-1.01) 0.237 0.98 (0.96-1.01) 0.216 0.98 (0.93-1.04) 0.553
History of breast examination
No Ref Ref Ref
Yes 1.34 (1.05-1.69) 0.016 1.17 (0.90-1.53) 0.237 2.35(1.32-4.19) 0.004

Ref: reference; HR: hazard ratio; CI: confidence interval. * Adjusted for age upon enrollment (<40, 40-49, 50-59, or =60 years old), educational attainment
(primary school and below, middle school, high school, or college and above), menstrual cycle (normal or abnormal), menstrual period (normal or abnormal),
number of abortions (continuous), IUD use (yes or no), number of live births (continuous), age at first birth (continuous), and BI-RADS categories measured at

baseline (BI-RADS 1-6). " The analysis was performed in postmenopausal women only.
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Fig 1 Non-linear association analysis of BMI, duration of breastfeeding, and age of menarche with the risk of BI-RADS progression
The solid lines are multivariable adjusted HR, with the shadows showing 95% CI derived from restricted cubic spline regressions with three knots. The red and gray
areas indicate the pre- and post-menopausal females, respectively. A, BMI, with 23.4 kg/mZ as the reference value; B, duration of breastfeeding, with 12 months as the
reference value; C, age at menarche, with 14 years old as the reference value. Adjusted for age at enrollment (<40, 40-49, 50-59, or =60 years old), educational attainment
(primary school and below, middle school, high school, or college and above), menstrual cycle (normal or abnormal), menstrual period (normal or abnormal), number of

abortions (continuous), IUD use (yes or no), number of live births (continuous), age at first birth (continuous), and BI-RADS categories measured at baseline.
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