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Background: This study aimed to explore the risk factors and clinical characteristics of granulomatous mastitis (GM) using a case- 
control study and establish and validate a clinical prediction model (nomogram).
Methods: This retrospective case-control study was conducted in three hospitals in China from June 2017 to December 2021. A total 
of 1634 GM patients and 186 healthy women during the same period were included and randomly divided into the modeling and 
validation groups in a 7:3 ratio. To identify the independent risk factors of GM, univariate and multivariate logistic analyses were 
conducted and used to develop a nomogram. The prediction model was internally and externally validated using the Bootstrap 
technique and validation cohort. The receiver operating characteristic (ROC) curve and calibration curve were used to evaluate the 
discrimination and calibration of the prediction model. Decision curve analysis (DCA) and clinical impact curve (CIC) were used to 
evaluate the clinical significance of the model.
Results: The average age of GM patients was 33.14 years (mainly 20–40). The incidence was high within five years from delivery and 
mainly occurred in the unilateral breast. The majority of the patients exhibited local skin alterations, while some also presented with systemic 
symptoms. On multivariate logistic analysis, age, high prolactin level, sex hormone intake, breast trauma, nipple discharge or invagination, 
and depression were independent risk factors for GM. The mean area under the curve (AUC) in the modeling and validation groups were 
0.899 and 0.889. The internal and external validation demonstrated the model’s predictive ability and clinical value.
Conclusion: Lactation-related factors are the main risk factors of GM, leading to milk stasis or increased ductal secretion. 
Meanwhile, hormone disorders could affect the secretion and expansion of mammary ducts. All these factors can obstruct or injure 
the duct, inducing inflammatory reactions and immune responses. Additionally, blunt trauma, depressed mood, and diet preference can 
accelerate the process. The nomogram can effectively predict the risk of GM.
Keywords: granulomatous mastitis, risk factors, case-control study, nomogram, prediction model

Introduction
Granulomatous mastitis (GM), also known as idiopathic granulomatous mastitis clinically, is a benign inflammatory 
disease of the breast. The pathological features of GM are lobular-centered multifocal non-caseous granulomatous lesions 
of the breast. GM accounts for about 4–5% of clinical breast benign lesions,1 mainly occurring in women of childbearing 
age. The early clinical manifestations of GM are not specific, and it is easily misdiagnosed. Histopathological examina-
tion is the primary diagnostic method. The disease has a long course and is easy to relapse, seriously affecting patients’ 
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breast appearance and quality of life.2 The occurrence of GM has been on the rise in recent years; however, the 
predisposing factors remain unclear, making it more challenging to prevent and treat GM.

Currently, three common hypotheses exist regarding the risk factors of GM, including autoimmune disorders, 
hormonal imbalances, and infections. Besides, multiple factors such as gestation, lactation, antitrypsin deficiency, 
smoking, and obesity may increase the risk of developing GM. However, limited conducted relevant research mostly 
consists of case reports or small sample retrospective analyses. Clinical prediction models for GM are also rarely 
reported or have not been thoroughly validated.

Based on the literature we reviewed, this is the largest case-control study of GM. We explored the risk factors for 
GM. The objective is to help make early clinical diagnosis, take preventive measures, and implement appropriate 
treatment strategies.

Materials and Methods
Clinical Data and Inclusion Criteria
This case-control study was conducted in the Beijing Hospital of Traditional Chinese Medicine, Capital Medical 
University, Xiyuan Hospital of China Academy of Chinese Medical Sciences, and Guang’anmen Hospital of China 
Academy of Chinese Medical Sciences from June 2017 to December 2020. Eligible GM patients were included in our 
study, and the healthy women who received physical examinations at the hospitals were recruited into the control group 
in the same period (all participants were female). The included participants were randomly divided into the modeling and 
validation groups in a ratio of 7:3 using the random numbers table method.

The inclusion criteria included: (1) GM patients diagnosed by pathology and control group participants with no 
history of GM; (2) patients with complete clinical data; (3) patients with normal communication ability and were able to 
cooperate with researchers to complete the questionnaire; (4) no severe heart, lung, liver and kidney dysfunctions; and (5) 
participants who voluntarily took part in this study, were not involved in other clinical trials in the same time, and signed 
the informed consent.

The exclusion criteria were people (1) incomplete information—missing more than 30% in the questionnaire; (2) 
malignant tumors or other breast diseases besides GM; (3) other autoimmune diseases, such as systemic lupus 
erythematosus, and rheumatism.

Sample Size
Using the PASS 15.0 software, a minimum of 82 cases in each group was required to detect a minimum odds ratio (OR) 
of 2.5, assuming an exposure rate of 0.5 for the study factors in the control group. We accepted an α and β risk of 0.05 
and 0.10 in a unilateral contrast according to the recommended sample size estimation method in the literature.3

Data Collection
The researchers designed a questionnaire including 47 possible risk factors of GM based on literature reports, clinical 
experience, and consultation results from experts in this area. The questionnaires were filled out by trained professional 
researchers mainly through face-to-face interviews, and the information was collected on a one-to-one basis. The data 
collected included: (1) demographic information: age (years), height (m), weight (kg), BMI (kg/m2), marital status, 
menstrual status, gestation history, abortion history, time after last delivery (years), and family history of breast disease; 
(2) lactation-related factors: breastfeeding or not, lactation time (months), nipple discharge, nipple invagination, prolactin 
level, and history of psychotropic drugs intake; (3) hormone-related factors: sex hormone intake (medication history of 
drugs, including estrogen and progesterone) and thyroid hormone (hyperthyroidism and hypothyroidism); (4) other 
factors: blunt breast trauma; emotional abnormality (anxiety or depression); sleep condition; diet preference, smoking, 
allergic or skin diseases history.

The family history of breast diseases included breast cancer and non-lactation mastitis. Nipple invagination was graded as 
follows. In Grade I, the inversion is corrected simply by manipulation, and the nipple protrusion is long-lasting. In Grade II, 
the inversion can be corrected by manipulation, but recurrence of the inversion is frequent. Finally, the inversion can only be 
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corrected with a surgical procedure in Grade III. Considering that long-term medication intake would not have a considerable 
influence on the disease, the period of drug intake was restricted to current users and those who used a drug in the past three 
months to avoid recall bias. BMI was calculated as follows, BMI= weight(kg)/[height(m)]2. The Self-Rating Depression 
Scale (SDS) and Self-Rating Anxiety Scale (SAS) were used to evaluate emotional conditions.

The investigators and researchers in this study all received unified training to ensure the standardization of informa-
tion. We had thorough communication with the participants. Then, we designed a data extraction table for this study, and 
two researchers extracted the information from the obtained questionnaires. The EpiData3.1 software was used to 
establish a database and data entry program. We checked the data twice and locked the database.

Statistical Analysis
IBM SPSS Statistics 26.0 software was used for the statistical analysis. Measurement data were expressed as mean ± 
standard deviation (Mean ± SD) and analyzed using the t-test. Countable data and univariate comparisons were analyzed 
using the χ2 test. A multivariable logistic regression model was used to explore the importance of the risk factors 
identified from the univariate analysis. The adjusted ORs with their 95% confidence intervals (Cis) were obtained using 
binary conditional multiple logistic regression analysis. Missing values were handled using the column deletion method. 
The results were statistically significant at P<0.05.

We established the clinical prediction model (nomogram) to predict the occurrence risk of GM using the 
R-4.2.2 software. The predictive power of the nomogram was tested using internally repeated sampling 1000 times 
(Bootstrap method) and externally validated with the validation group. Calibration curves were plotted, and the 
predictive value of the model was evaluated by the Hosmer-Lemeshow Goodness of Fit test and receiver operating 
characteristic (ROC) curve. The larger the area under the ROC curve (AUC), the stronger the model’s predictive 
power. The clinical decision curve (DCA) and clinical impact curve (CIC) were plotted to visually estimate the 
number of patients at risk for each risk threshold and to evaluate the model’s clinical predictive value.

Results
Clinical Characteristics
In this study, 1634 eligible GM patients and 186 healthy women (control group) were included. The participants were 
randomly divided into the modeling and validation groups in a 7:3 ratio (Figure 1).

Our results showed that the included GM patients were all female, and their median age at occurrence was 
33.14. GM mainly occurred in women of childbearing age, between 20 and 40. The two groups showed significant 
differences in gestation history (91.78% vs 70.00%, P<0.01), which indicated that gestation might increase the risk 
of GM. However, there was no significant correlation between GM and the number of delivery and abortion 
history. Additionally, the results showed that GM incidence in menopausal women was significantly lower, 
suggesting that menopause status may be a protective factor for GM. The incidence of GM was highest within 
five years (with an average of 3.75 years) and significantly decreased after ten years of the last delivery. There was 
no significant difference in BMI and family history of breast disease (P>0.05) (Table 1).

Although most patients had a gestation history, and this disease mainly occurred during non-pregnancy and non- 
lactation periods. Most GM cases occurred in the unilateral breast (97.81%), and the most common onset locations were 
the areola areas (35.31%) and the outer upper quadrant of the breast (21.33%). Most patients (65.21%) had local skin 
changes, and the most common symptoms were skin redness and warmth (51.31%), swelling (32.78%), and the orange- 
peel sign (24.91%). The breast masses in 40.65% of the patients had festered and ruptured. In addition, 6.03% of the 
patients had fever, arthralgia, erythema nodosum, and other systemic manifestations, and 15.21% had axillary node 
enlargement (Table 2).

Univariate Analysis
When comparing factors relevant to lactation, the results showed significant differences in nipple discharge and nipple 
invagination between the two groups (43.44% vs 17.69%, P<0.01; 31.00% vs 4.62%, P<0.01). In other words, women 
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with nipple discharge and invagination were more likely to have GM. Besides, we found a significant difference in 
prolactin levels between the two groups (6.56% vs 0.77%, P<0.01). High prolactin levels may be an important factor in 
the occurrence of GM. Meanwhile, the intake of psychotropic drugs increased the risk of GM (P<0.01). These results 
showed that factors relevant to lactation were closely related to the occurrence of GM. The results also indicated that 
breastfeeding and lactation time were not relevant to the occurrence of GM (P>0.05) (Table 3).

Figure 1 Flow chart of the study.

Table 1 Comparison of Basic Information Between the Two Groups

Characteristics Cases [n (%)] Controls [n (%)] P value

Age (years), (mean ± SD), (n=1144; 130)* 33.14±6.71 37.24±10.30 <0.01
<20 12 (1.05) 3 (2.31)

≥20 and <40 815 (71.24) 64 (49.23)

≥40 and <60 306 (26.75) 49 (37.69)
≥60 11 (0.96) 14 (10.77)

BMI (kg/m2) (n=1144; 130) 23.56 ± 4.99 22.97 ± 4.44 0.675

<18.5 48 (4.20) 8 (6.13)
>18.5 and ≤23.9 911 (79.63) 96 (73.85)

>23.9 185 (16.17) 26 (20.00)

Marital status (n=1144; 130) <0.01
Married 1063 (92.92) 104 (80.0)

Single 81 (7.08) 26 (20.0)

Menstrual status (n=1144; 130) <0.01
Menopause 38 (3.32) 15 (11.54)

Not menopause 1106 (96.68) 115 (88.46)

(Continued)
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Table 1 (Continued). 

Characteristics Cases [n (%)] Controls [n (%)] P value

Gestation history (n=1144; 130) <0.01

Yes (times) 1050 (91.78) 91 (70.00)
1 865 (75.61) 80 (61.54)

2 133 (11.63) 10 (7.69)

≥3 16 (1.40) 1 (0.77)
No 94 (8.22) 39

Time after last delivery (years), (n=1050; 91) 3.75 ± 2.135 6.55 ± 2.286 <0.01

<5 663 (63.14) 26 (28.57)
≥5 and <10 356 (33.90) 37 (40.66)

≥10 31 (3.00) 28 (30.77)

Abortion history (n=1144; 130) 0.18
Yes (times) 535 (46.77) 65 (50.00)

1 332 (29.02) 30 (23.08)

2 155 (13.55) 22 (16.92)
≥3 48 (3.76) 13 (10.00)

No 609 (53.23) 65 (50.00)

Family history of breast diseases (n=950; 115) 0.08
Yes 165 (17.37) 16 (13.91)

No 785 (82.63) 99 (86.09)

Note: *Indicates (number of cases; number of controls).

Table 2 Clinical Characteristics of the Case Group

Characteristics (n=1144) Cases (n) Frequency (%)

Period of onset Lactation 209 18.27

Gestation 10 0.87

Non-lactation and lactation 925 80.86
Lesion location Left side breast 597 52.19

Right side breast 522 45.63

Bilateral breasts 25 2.19
The quadrant of onset Inner upper 160 13.99

Outer upper 244 21.33

Inner lower 139 12.15
Outer lower 197 17.22

Areola area 404 35.31
Constitutional symptom Yes 69 6.03

Fever 61 5.33

Arthralgia 30 2.62
Erythema nodosum 22 1.92

None 1075 93.97

Local skin changes Yes 746 65.21
Swelling 375 32.78

Redness and hot 587 51.31

Orange-peel sign 285 24.91
None 398 34.79

Masses status Festered and ruptured 465 40.65

No ruptured 679 59.35
Axillary nodes Swelling 174 15.21

No swelling 970 84.79
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Furthermore, we compared hormone-related factors, including sex hormone intake history and thyroid hormone, 
between the two groups. Significant differences in sex hormone intake were observed between the two groups (20.19% 
vs 8.46%, with P<0.01), suggesting that the intake of sex hormone medication may lead to hormonal disorders in the 
body and increase the risk of GM. Similarly, there were significant differences in thyroid hormone levels between the two 
groups (P<0.01), indicating a possible connection between thyroid hormone levels and GM.

Finally, we found significant differences in history of blunt breast trauma and emotional abnormalities (high SDS score) 
between the two groups (P<0.01; P<0.01), suggesting that blunt trauma and depressed mood might be the risk factors for GM. 
In addition, there were differences in diet preference between the two groups. The main preference was a spicy diet, which 
may promote the occurrence of GM (16.00% vs 6.92%, P<0.01). The results also showed that smoking, allergic history, skin 
diseases, and sleep disorders were not directly related to the incidence of GM (P>0.05) (Table 4).

Table 3 Comparison of Factors Relevant to Lactation Between Two Groups

Variables Cases [n (%)] Controls [n (%)] P value

Nipple discharge (n=1144; 130)* <0.01
Yes 497 (43.44) 23 (17.69)

No 647 (56.56) 107 (82.31)

Nipple invagination (n=1144; 130) <0.01
Yes 355 (31.00) 6 (4.62)

Grade I 201 (17.57) 5 (3.85)

Grade II 109 (9.53) 1 (0.77)
Grade III 45 (3.93) 0 (0)

None 789 (69.00) 124 (95.38)
Breastfeeding (n=1100; 124) 0.90

Yes 698 (63.45) 78 (62.90)

No 402 (36.55) 46 (37.10)
Lactation time (months), (n=698; 78) 0.44

Left breast 11.2 ± 7.97 11.51 ± 9.58

Right breast 11.46 ± 8.21 10.49 ± 7.38
Prolactin level (n=1144; 130) <0.01

Above normal 75 (6.56) 1 (0.77)

Normal or unknown 1069 (93.44) 129 (99.23)
Psychotropic drug intake (n=1144;130) <0.01

Yes 21 (1.84) 1 (0.77)

No 1123 (98.16) 129 (99.23)

Note: *Indicates (number of cases; number of controls).

Table 4 Comparison of Other Factors Between the Two Groups

Variables Cases [n (%)] Controls [n (%)] P value

Sex hormone intake (n=1144; 130)* <0.01

Yes 231 (20.19) 11 (8.46)
No 913 (79.81) 119 (91.54)

Thyroid function (n=1144; 130) <0.01

Hyperthyroidism 35 (3.06) 1 (0.77)
Hypothyroidism 99 (8.65) 2 (1.54)

Normal 491 (42.92) 44 (33.85)

Unknown 519 (45.37) 83 (63.85)
Blunt breast trauma (n=1144; 130) <0.01

Yes 519 (45.37) 9 (6.92)

No 625 (54.63) 121 (93.08)

(Continued)
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Multivariate Logistic Analysis
Multivariate logistic analysis was performed for the factors obtained by univariate analysis. Our results showed that age, 
gestation history, sex hormone intake history, blunt breast trauma, nipple discharge history, nipple invagination, and high 
prolactin level were all independent risk factors for GM. Their ORs (95% CIs) values were 1.147 (1.076–1.223), 12.927 
(4.027–38.590), 1.589 (1.058–1.991), 3.129 (2.675–5.216), 2.980 (1.206–7.365), 2.344 (1.010–6.194), 2.956 (1.915– 
5.999), 11.059 (2.667–45.863), respectively (Table 5).

Establishment and Validation of the Clinical Prediction Model (Nomogram)
Based on the logistic regression analysis results, we established the clinical prediction model (nomogram) to predict the 
risk of GM onset using the R software (Figure 2). Each variable in the graph corresponds to a point on the nomogram’s 
variable axis. The scores are obtained using this point perpendicular to the upper scoring scale. The total score was 
obtained by adding the scores of each variable, which corresponded to the risk score of GM.

Table 4 (Continued). 

Variables Cases [n (%)] Controls [n (%)] P value

Emotional abnormalities

SDS score (n=843; 130) <0.01
Normal 523 (62.04) 95 (73.08)

Depression 320 (37.96) 35 (26.92)

SAS score (n=714; 130) 0.58
Normal 529 (74.09) 99 (76.15)

Anxiety 185 (25.91) 31 (23.85)

Diet preference (n=1144; 130) <0.01
Yes 183 (16.00) 9 (6.92)

No 961 (84.00) 121 (93.08)

Smoking (n=1144; 130) 0.23
Yes 80 (7.00%) 7 (5.38%)

No 1064 (93.00%) 123 (94.62%)

Allergic history (n=1144; 130) 0.12
Yes 239 (20.89) 22 (16.92)

No 905 (79.11) 108 (83.08)

Skin diseases (n=1144; 130) 0.90
Yes 15 (1.31) 2 (1.56)

No 1129 (98.69) 128 (98.46)
Sleep disorder (n=1144; 130) 0.11

Yes 351 (30.68) 42 (32.31)

No 793 (69.32) 88 (67.69)

Note: *Indicates (number of cases; number of controls).

Table 5 Multivariate Logistic Analysis of Risk Factors for Granulomatous Mastitis

Variables β S.E Wald 95% CI OR P

Age 0.137 0.083 17.576 1.076–1.223 1.147 <0.001

Gestation history 2.065 0.784 6.929 4.027–38.590 12.927 0.008

Sex hormone intake 2.424 1.232 3.872 1.058–1.991 1.589 0.049
High prolactin level 2.403 0.726 10.966 2.667–45.863 11.059 0.001

Blunt breast trauma 4.674 1.603 8.498 2.675–5.216 3.129 0.004

Nipple discharge 1.092 0.462 5.594 1.206–7.365 2.980 0.018
Nipple invagination 3.127 0.758 17.037 1.010–6.194 2.344 0.001

SDS score 0.085 0.122 4.104 1.915–5.999 2.956 0.043
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The C-index of the nomogram was 0.900 (95% CI=0.872–0.929), indicating the model had a excellent discriminatory 
ability to predict the risk of GM. The corrected C-index was 0.892 through internal verification using the Bootstrap 
method, showing that the prediction model had good accuracy. The P-value of the nomogram was 0.1046 (P>0.05) by the 
Hosmer-Lemeshow test, indicating good goodness of fit. In addition, we compared the differences in the above eight 
important variables between the modeling and validation groups, which showed no significant differences between the 
data of the two groups (P>0.05). This indicates that the validation group data sets can be used to validate the prediction 
model (Table 6). Furthermore, we drew the calibration curves of the prediction model in the modeling and validation 

Figure 2 The clinical prediction model (Nomogram) for predicting the risk of granulomatous mastitis (*Indicates P<0.05; ***Indicates P<0.001).

Table 6 Comparison of Important Variables Between the Modeling and Validation Groups

Variables Modeling Group [n (%)] Validation Group [n (%)] P value

Ages (Mean ± SD) (n=1274; 546)* 33.52 ± 7.26 34.10 ± 6.75 0.631
Gestation history 0.816

Yes 1141 (89.56) 487 (89.19)

No 133 (10.44) 59 (10.81)
Sex hormone intake (n=1274; 546) 0.053

Yes 242 (19.00) 83 (15.20)

No 1032 (81.00) 463 (84.80)
High prolactin level (n=1274; 546) 0.236

Yes 76 (5.97) 25 (4.58)

No or unknown 1198 (94.03) 521 (95.42)
Blunt trauma (n=1274; 546) 0.076

Yes 528 (41.44) 202 (37.00)

No 746 (58.56) 344 (63.00)
Nipple discharge (n=1274;546) 0.506

Yes 520 (40.82) 232 (42.49)

No 754 (59.18) 314 (57.51)
Nipple invagination (n=1274; 546) 0.438

Yes 361 (28.34) 145 (26.56)

No 913 (71.66) 401 (73.44)
SDS score (n=973; 448) 0.440

Normal 618 (63.51) 275 (61.38)

Depression 355 (36.49) 173 (38.62)

Note: *Indicates (number of cases; number of controls).
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groups to evaluate its uniformity. The results confirmed that the model had good predictive performance (Figure 3). 
Meanwhile, the ROC curves of the two groups were plotted using the R software. The AUC of the modeling and 
validation groups were 0.899 and 0.889; both were greater than 0.70, indicating that the model had high sensitivity and 
specificity (Figure 4).

Finally, the R software was used to plot the DCA and CIC of the model in the modeling and validation groups to 
verify its clinical predictive value. The DCA of the simple clinical model (blue curve) was established using common 
risk factors of GM, including age, nipple discharge, and nipple invagination. The red DCA is the curve of the prediction 
model we established. Figure 5 shows that in both internal and external verification, the net benefit rate of the model 
constructed in this study was higher than that of the simple clinical model under each threshold probability. Meanwhile, 
the results of CIC indicate that when the threshold probability was greater than 0.3, the clinical high-risk population 
predicted by the model was close to the actual positive population. Our model is adequate for the clinical diagnosis of 
GM (Figure 6)

Figure 4 The receiver operating characteristic curve of the prediction model in the modeling group (A) and validation group (B), indicating its discrimination.

Figure 3 The calibration curves of the prediction model in modeling group (A) and validation group (B), indicating its uniformity.
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Discussion
GM is the most common pathological type of non-lactation mastitis. With the increasing incidence of GM, studies on its 
risk factors have sharply increased recently. They were mainly small sample studies or case reports based on the three 
hypotheses: autoimmunity, hormone disorders, and infection. The risk factors of GM remain controversial. Therefore, it 
is crucial to study the risk factors of GM using large clinical samples to explore the pathogenesis of the disease. Our 
study is the first case-control study with the largest sample size. We hope our results will help to develop reasonable 
preventive measures early to reduce the risk of susceptible people and improve their quality of life.

First, concerning the clinical features of GM, we found that it mostly occurs in the unilateral breast. The most 
common location was the areola and the outer upper quadrant of the breast. Skin changes were common in GM patients, 
mainly manifesting as redness, warmth, and rupture. Furthermore, some patients exhibited systemic symptoms like 
erythema nodosum, which aligns with the immunological hypothesis regarding GM etiology. Our results of the clinical 
characteristics analysis verified the reports of previous literature.4–6

Figure 5 The decision curve analysis (DCA) of the prediction model in the modeling group (A) and validation group (B), indicating good clinical practicability of the model. 
The red DCA represents the established curve of the prediction model, and the blue DCA is the curve of the simple clinical model.

Figure 6 The clinical impact curves (CIC) of the prediction model in the modeling group (A) and validation group (B). The red curve (number of high risks) indicates the 
number of people classified as positive (high risk) by the Nomogram for each threshold probability. The blue curve (number of high risks with the outcome) represents the 
number of true positives under each threshold probability.
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According to the results, GM was most common in women of childbearing age between 20 and 40, and the median age was 
33.14. Most patients had a gestation and lactation history, and women without a gestation history had a lower risk of GM. The 
incidence of GM was highest within five years after the last delivery and decreased significantly after ten years. Therefore, we 
believe there is a close correlation between lactation-related factors and the occurrence of GM. These factors include 
childbearing age, gestation history, time after the last delivery, and nipple invagination and discharge. These abnormal 
conditions could cause milk siltation or ductal secretion to increase. They can irritate and obstruct the mammary ducts, injuring 
the ductal epithelium and eventually triggering the local inflammatory reaction. It is worth mentioning that though nipple 
invagination may be one of the most important precursors of GM, based on our results, the severity of nipple invagination does 
not seem to have a clear causal relationship with the occurrence of GM. We speculate that the most likely reason is that patients 
with severe nipple invagination (Grade II & III) are relatively rare in the clinic, and it is difficult to identify significant 
differences in statistics. This still needs to be confirmed by further research. Moreover, the occurrence of GM appeared to be 
independent of breastfeeding status and duration, further indicating that we can prevent GM occurrence more effectively as 
long as the milk production or secretion is smooth in the mammary duct.

Another important factor relevant to lactation is hyperprolactinemia. Our results suggest that a high prolactin level is 
an independent risk factor for GM. Many studies have shown that hyperprolactinemia is closely relevant to the onset of 
GM in recent years. Lin7 found that high prolactin levels could increase the mammary duct’s secretion, promote the 
duct’s expansion, cause duct occlusion, destroy duct epithelial cells, and produce pro-inflammatory effects, ultimately 
promoting the occurrence of GM.8 Moreover, the high prolactin level in GM patients can also significantly increase the 
clinical recurrence rate.9,10 It is worth mentioning that our results showed that patients taking psychotropic drugs were at 
higher risk of GM. Studies have shown that some psychotropic drugs, such as risperidone, may be associated with the 
onset of GM. Our results showed that the related psychotropic drugs were risperidone, sertraline, ziprasidone, paroxetine, 
and aripiprazole. These drugs have side effects that increase secretions in the mammary duct, leading to the obstruction 
of the duct.11,12 It could trigger the inflammatory autoimmune reaction and eventually induce GM. Clinical trials13 have 
shown that the incidence of hyperprolactinemia is significantly increased in patients taking psychotropic drugs, suggest-
ing that such psychotropic drugs can dramatically increase prolactin levels. Therefore, it can be inferred that the intake of 
psychotropic drugs may have a similar mechanism as high prolactin levels.

In addition, we investigated the relationship between hormone-related factors and the occurrence of GM. Some 
studies have suggested that sex hormone disorders may be an independent factor inducing GM,14 consistent with our 
findings which showed that the intake of sex hormones (estrogen and progesterone) increases the incidence of GM. 
Exogenous sex hormones could affect the secretion and expansion of mammary ducts. Excessive secretions can damage 
the duct epithelium and promote local duct inflammation.15 In other words, the menopausal state may be protective 
against GM. Besides, our study also found that thyroid dysfunction may be relevant to GM, which has not been reported 
previously. We speculate that breast cells are responsive to thyroid hormone signaling and are affected by altered thyroid 
hormone levels.16 However, further studies are needed to confirm the relevant mechanism.

Finally, we assessed other factors associated with the risk of GM. Our results suggest that blunt breast trauma, depressed 
mood (high SDS score), and diet preference could increase the risk of GM. Among them, blunt breast trauma and high SDS 
score were the independent risk factors for GM. The possible explanation is that blunt trauma can damage the local mammary 
duct, leading to a hypersensitivity reaction mediated by humoral or cellular immunity and inducing GM. The inflammatory 
response gradually spreads and eventually develops into a lump or abscess.17–20 We also found that the SDS score of GM 
patients was significantly higher than that of the normal population. Abnormal emotions can also affect immune response 
through the neuro-endocrine-immune network,21 promote the release of inflammatory factors, such as TNF-α and IL-6, and 
increase the risk of GM.22 It is also worth mentioning that diet preference could increase the inflammatory biomarkers in the 
blood and cause the occurrence or aggravation of chronic inflammation.23,24 Spicy diets can be considered one of the classic 
pro-inflammatory diets that could increase the expression of Th1-type chemokine receptors CXCR3 and CCR5, induce more 
Th1 cell aggregation, and mediate immune response.25 Thus, a spicy diet can increase the risk of GM to some extent.

Previous studies have found that the incidence of GM may be closely related to smoking26 and obesity.27 Interestingly, our 
study showed no significant correlation between smoking and the incidence of GM. We speculate that the main reason may be 
that the smoking rate in Chinese women is only 1.9%,28 which is significantly lower than that of some countries. For example, 
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the smoking rate in American women is 14.2%.29 Therefore, smoking has a lower influence on Asian females. Meanwhile, 
there may be a racial difference in the adverse effects of smoking. A previous study30 suggested that obesity directly impacted 
local estrogen and inflammatory status in the breast, which may cause GM. However, our results did not show this tendency.

Meanwhile, based on the independent risk factors of GM obtained from this study, we established a clinical prediction 
model (nomogram) of GM. The nomogram can quantify and visualize the logistic regression results to predict the risk of GM. 
We confirmed the model’s good discrimination and accuracy through the internal validation method. Meanwhile, we further 
demonstrated the clinical predictive value of this model by proportional random selection of validation sets in the participants. 
The combination of internal and external validation makes our clinical model more convincing.

This clinical prediction model helps screen people at high risk of GM and take early prevention to reduce the 
incidence of GM. For instance, we can avoid exogenous breast injury and sex hormone intake to reduce the occurrence of 
GM. Moreover, we believe that therapies aimed at reducing elevated prolactin levels, correcting nipple invagination, 
promoting good mood, and replacing the drugs with side effects that increase duct secretion, could improve clinical 
effectiveness, shorten the disease course, and avoid relapse.

However, this study still needs some improvement. First, although this is the study with the largest sample size on GM, the 
patients were Asian and enrolled only from three hospitals. Therefore, racial differences in GM incidence could not be explored. 
Second, Corynebacterium infections were reported in some literature, and we discussed it. However, since we could not get biopsy 
samples from controls, it was impossible to compare Corynebacterium in both groups. So, infection-related factors were not 
analyzed in this study. Finally, we did not limit the abortion time before GM occurrence when collecting data on abortion history. 
Since a distant history of abortion has very limited influence on hormone disorders, this may result in false negative results.

Conclusion
In summary, this study explored the risk factors for GM using a case-control study with the largest sample size and 
established a clinical prediction model (nomogram). To the best of our knowledge, this is the first model validated 
internally and externally. The results suggest that lactation-related factors and hormone disorders are the most important 
factors for GM. This signifies that factors that cause increased milk siltation or ductal secretion, such as high prolactin 
level, nipple discharge, and invagination, could obstruct and injure the duct. Meanwhile, hormone disorders, including 
sex and thyroid hormones, may affect secretion and increase the risk of GM. Blunt breast trauma, depressed mood, and 
spicy food could participate in the processes and accelerate the onset of GM. Based on the results, we can take 
appropriate preventive and therapeutic measures to reduce the incidence and recurrence and improve the cure for GM. 
The nomogram we established and validated has high clinical predictive value, which can effectively evaluate the risk of 
GM in susceptible people. It valuable for early screening of high-risk populations.
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