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Background: Despite the rising incidence rate of granulomatous lobular mastitis (GLM), uncertainties persist about its etiologic and 
predisposing factors to guide clinical treatment and early prevention. The objective of this study is to explore the predisposing factors 
for GLM.
Patients and methods: This case-control study was conducted from 2018 to 2021 at Beijing Hospital of Traditional Chinese 
Medicine, Capital Medical University. Patients with GLM (cases) were matched with healthy examinees (controls) in a 1:1 ratio 
according to gender and living area. We analyzed their demographic features and investigated 75 factors that may be relevant to GLM 
using a standard questionnaire. Univariate and multivariable binary conditional logistic regression analyses were used to compare the 
differences between the two groups and evaluate the predisposing factors that may induce GLM.
Results: There were 594 female GLM patients and 594 matched controls included in the study. The average age of the cases was 
32.78 years (mainly 20 to 40). The incidence was high within five years after childbirth, and lesions were mainly in the unilateral 
breast. Univariate and multivariable conditional logistic regression analyses obtained six relevant factors and six high-risk factors. The 
six relevant factors included age, marriage, emotional abnormality, high prolactin, psychiatric drug intake, and sex hormone intake. 
Additionally, the independent high-risk factors for GLM included gestation, nipple invagination, blunt trauma, non-iatrogenic 
massage, lactation disorder, and nipple discharge (odds ratio (OR)=17.378, 8.518, 4.887, 3.116, 2.522, 1.685, P<0.05). Menopause 
was an independent protective factor (OR=0.249, P<0.05).
Conclusion: The factors that increase milk and secretion production in the mammary duct are the main risk factors of GLM, 
especially when the nipples are invaginated. These factors can obstruct the duct and induce inflammation. Additionally, hormonal 
disorders, extrinsic trauma, and emotional abnormalities can accelerate the occurrence of GLM.
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Introduction
Granulomatous lobular mastitis (GLM), known as idiopathic granulomatous mastitis, was first reported by Kessler and 
Wolloch in 1972.1 Epidemiological studies showed its incidence rate is 1.8% in all breast diseases and varies by race. 
GLM usually uses pathological examination as the diagnostic criteria, which manifests multifocal non-caseous granu
lomas centered around the lobules. The morbidity of GLM in Hispanic and Asian women is higher than in other races. It 
usually occurs in the unilateral breast among women from 20 to 40 years old, and the incidence is high within five years 
after delivery.2 Early manifestations of the disease include a localized painful mass and redness of the breast, which 
would then develop into an abscess and ulceration and could form a sinus and fistula. GLM has a long course with easy 
relapses, seriously affecting the patients’ breast appearance and quality of life.3

Presently, the cause of GLM is unclear. It is reported that many factors can affect the occurrence of this disease.4 The 
predisposing factors reported in the literature include gestation, lactation, bacterial infection, trauma, sex hormone level, 
oral contraceptive intake, etc.5 Among infection factors, Corynebacterium have attracted more and more attentions of 
researchers in recent years, and studies found that many factors such as lactation may further exacerbate the infection. 
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The increasing incidence of GLM worldwide in recent years poses a substantial health burden to many women’s health. 
Therefore, it is vital to explore the predisposing factors of GLM to guide specific treatment and disease prevention 
strategies to reduce the incidence rate of GLM and improve the quality of life of susceptible populations.

There are few relevant studies on the predisposing factors of GLM reported in the previous literature. Most studies 
were retrospective analyses or small sample case-control studies, limiting the validity of their results. To the best of our 
knowledge, this is the first large sample case-control study on the predisposing factors of GLM. The purpose is to reduce 
the incidence rate of GLM through early-stage prevention and intervention.

Methods
Study Design and Participants
This case-control study was conducted from June 2018 to June 2021 at Beijing Hospital of Traditional Chinese Medicine, 
Capital Medical University. Patients with GLM were included as the case group, and healthy female physical examinees 
were selected as the control group in the same period. Participants of the two groups were matched according to gender 
and living area (the same prefecture-level city) in a 1:1 ratio. The histopathology diagnostic criteria for GLM patients are: 
The performance of microscopic pathology is atypical lobular centric nonnecrotizing granulomas in breast with or 
without cystic neutrophilic abscesses.6

The inclusion criteria were: (1) The pathological diagnosis of the case group was GLM, while the control group had 
no history of GLM; (2) People with complete clinical data; (3) People were able to communicate orally and cooperate 
with researchers to complete the questionnaire; (4) Participants with no severe heart, lung, liver and kidney dysfunction; 
(5) Participants voluntarily took part in this study, were not involved in any clinical trials in the same time and all signed 
informed consent.

In contrast, the exclusion criteria included: (1) Incomplete data or more than 30% of missing information in the 
questionnaire; (2) People with cancers or other serious diseases; (3) With a diagnosis of other autoimmune diseases, such 
as systemic lupus erythematosus and rheumatism arthritis.

Sample Size Estimation
According to the recommended sample size estimation method in the literature,4,5 the exposure rate of variables in the 
control group was set as 20% with an odds ratio (OR) of 2.0 with a 95% confidence interval (CI) and 80% power, α= 
0.05, β= 0.10. Considering that the age, geographical and cultural variability of our respondents may be relatively large, 
we increased the sample size by 20% to ensure the stability of the analysis results. The minimum sample size was 
estimated to be 243 cases in each group. The formula used for the sample size calculation was as follows:

Where p0 is the incidence rate of GLM in the general population, p1 is the exposure rate of research factors in the case 
group, p1¼p0OR=½1þp0 OR � 1ð Þ�, q1¼ 1 � p1, q0¼ 1 � p0.

Data Collection
The occurrence of GLM is significantly associated with gestation, lactation, abortion, nipple invagination and nipple 
discharge caused by various reasons. Additionally, it may be associated with multiple endogenous and exogenous factors, 
such as dramatic changes in hormone levels, intake of sex hormones, hyperprolactinemia, bacterial infection, and blunt 
trauma.7–10 Based on evidence from the literature and clinical experience, we preliminarily identified 75 possible risk 
factors relevant to GLM and developed a questionnaire accordingly.

The survey involved completing a standard questionnaire including 75 risk factors of GLM designed by collecting 
literature data and combining our previous pilot study results. Trained professional researchers completed the ques
tionnaires mainly through face-to-face interviews and collected personal information one-to-one by reviewing medical 
records. Data was collected on the: (1) General information of patients, including age (years), height (m), weight (kg), 
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body mass index (BMI, kg/m2), living area (prefecture-level city), marital status, gestation history, menopause status, age 
of the youngest child (years), and lactation time (months); (2) Personal history, including lactation time, bilateral breast 
lactation disorder, nipple discharge, nipple invagination (including I, II, and III degree invagination), family history of 
breast benign and malignant diseases; (3) Hormone-related factors like prolactin level, psychotropic drugs intake history, 
sex hormone intake (including medication history of estrogen and progesterone drugs, such as contraceptive), and 
abortion history; (4) Exogenous factors, including history of non-iatrogenic massage on bilateral breasts (lactation and 
non-lactation massage) and history of trauma; (5) Emotional factors, such as emotional status (whether emotional 
abnormality); (6) Other factors, such as thyroid dysfunction (hyperthyroidism and hypothyroidism), sleep, and diet 
preference.

Considering that medications taken too long ago would not have considerable influence on the disease, and in a bit to 
avoid recall bias, the period of drug intake included current intake and intake in the past three months. The normal range 
of serum prolactin level was 3.34–26.72ng/mL before menopause and 2.74–19.64ng/mL after menopause. The standard 
ranges of thyroid hormones were: free triiodothyronine (FT3) 2.14–4.21ng/mL; free thyroxine (FT4) 0.59–1.25ng/mL; 
and thyroid-stimulating hormone (TSH) 0.56–5.91mIU/L. Body mass index (BMI) was calculated as weight (kg)/[height 
(m)]2. Psychotropic drugs included quetiapine, aripiprazole, ziprasidone, risperidone, olanzapine, amisulpride, and 
escitalopram oxalate. The definition of lactation disorders included lactation mastitis, abscess formation, breast surgery, 
nipple inversion, and other reasons for reduced or no breastfeeding, frequently interrupted breastfeeding, and insufficient 
milk supply. Nipple inversion was classified into three grades. 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, in Grade III, the inversion can only be corrected through surgery. In 
addition, the definition of sleep disorders in this study was consistent with the Diagnostic and Statistical Manual of 
Mental Disorders, 5th Ed (DSM-V).

Quality Control
We assigned three trained researchers to conduct interviews and complete the questionnaire. All researchers received 
unified training to ensure standardization and unification of the investigation. A standardized questionnaire based on 
previous clinical studies was used to eliminate potential bias. During the research, we carefully communicated with the 
participants to gain trust and ensure the accuracy and integrity of data collection.

Statistical Analysis
IBM SPSS Statistics 26.0 software (IBM Corp., Armonk, N.Y., USA) was used for statistical analysis. Measurement data 
were expressed as mean ± standard deviation (mean ± SD) and compared using a t-test. Counting data was summarized 
as frequency and percentage, and univariate comparisons were conducted using the χ2 test. A multivariable logistic 
regression model was used to explore the association between the significant factors identified during univariate analyses. 
Adjusted ORs and their corresponding 95% CIs were obtained using binary conditional multivariable logistic regression 
analysis. Missing values during data collection were treated using the column deletion method. P<0.05 from two-tailed 
tests was considered statistically significant.

Results
Clinical Characteristics
This study included 594 female GLM patients and matched 594 healthy female physical examinees in the same period (Figure 1). 
On average, the case group was younger (mean age = 32.78 years) than the control group (mean age = 38.00 years), and most of 
the cases were 20 to 40 years old (Figure 2A). The two groups differed significantly by marital status, gestation, and age of the 
youngest child (P<0.05). Most patients in the case group were diagnosed within five years after the last childbirth (Figure 2B). 
Unilateral GLM was extremely common in the clinic, but bilateral GLM was rare. There was a significant difference in the 
menopausal status between the two groups (P<0.05), indicating that menopausal status may be a protective factor for GLM. In 
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addition, there was no significant difference in BMI between the two groups (P>0.05), so the incidence of GLM may not be 
relevant to obesity (Table 1).

Personal History
The incidence of lactation disorders in the case group was significantly higher compared with the control group (20.64% 
vs 4.44%, P<0.001). There was a significant difference in the history of nipple discharge (25.49% vs 5.92%, P<0.001) 
and nipple invagination (41.39% vs 7.13%, P<0.001) between the two groups. Mild nipple invagination was the most 
common among all the patients (29.22%). There were no significant differences in lactation time (12.49±8.855 months vs 

Figure 1 Study flowchart for inclusion of study participants.

Figure 2 Comparisons of study groups by age (A) and age of the youngest child (B).
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11.64±8.669 months, P=0.153) and family history of benign or malignant breast diseases (P=0.424) between GLM and 
control groups (Table 2).

Hormone-Related Factors
The proportion of patients with high prolactin levels in the case group was significantly higher than in the control group 
(7.41% vs 1.35%, P<0.001). More GLM patients had a history of sex hormone intake, including estrogen and 
progesterone, compared with the control group (1.93% vs 6.32%, P=0.004). The proportion of patients with psychotropic 
drug intake history in the case group was significantly higher than in the control group (37.29% vs 0.68%, P=0.01). 
Therefore, these three factors may increase the possibility of GLM. Meanwhile, there was no significant correlation 
between abortion and GLM (P>0.05) (Table 3).

Exogenous Factors
A history of non-iatrogenic breast massage was more common in the case compared to the control group (9.64% vs 
45.71%, P<0.001). They sought non-iatrogenic breast massages for lactation disorder, and attempted to make the milk 
discharge more unobstructed (Table 4). In addition, the incidence of blunt breast trauma was higher in the case than in 
the control group (20.64% vs 3.02%, P<0.001). Therefore, the two factors were closely related to the occurrence 
of GLM.

Table 1 Comparisons of the Characteristics of the Study Population

Characteristics Cases (n=594) Controls (n=594) P-value

Age (years), Mean ± SD 32.78±5.648 38.00±9.374 <0.001
<20, n (%) 5(0.84) 1(0.16)

≥20 and <40, n (%) 539(90.74) 347(58.41)

≥40 and <60, n (%) 47(7.91) 241(40.57)
≥60, n (%) 3(0.51) 5(0.84)

Body mass index (kg/m2), Mean ± SD 22.27±1.17 21.85±1.75 0.940

<18.5, n (%) 7(1.18) 7(1.18)
>18.5 and ≤23.9, n (%) 388(65.32) 445(74.92)

>23.9, n (%) 199(33.50) 142(23.91)
Marriage, n (%) <0.001

Married 558(95.38) 514(86.53)

Single 27(4.62) 80(13.47)
Gestation history, n (%) <0.001

Yes 549(92.42) 466(78.45)

No 45(7.58) 128(21.55)
Menopause status, n (%) <0.001

Yes 18(3.03) 71(11.95)

No 576(96.97) 523(88.05)
Age of youngest child (years), n (%), (n=466) 4.38±3.484 11.89±9.414 <0.001

<5 389(83.48) 87(18.67)

≥5 and <10 73(15.57) 95(20.39)
>10 4(0.86) 284(60.94)

Location of GLM, n (%)

Left breast 299(50.34)
Right breast 249(41.92)

Both breasts 46(7.74)

Abbreviations: GLM, Granulomatous lobular mastitis; SD, Standard deviation.
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Emotional and Other Factors
There was a significant difference in the proportion of people with emotional abnormalities, including depression and 
anxiety, between case and control groups (27.71% vs 16.00%; 48.99% vs 38.72%, P<0.001) (Table 5). However, 
hyperthyroidism, hypothyroidism, sleep disorder, and diet preference were not significantly relevant to GLM (P>0.05).

Multivariable Conditional Logistic Regression Analysis
The predisposing factors associated with GLM from univariate analyses were coded as binary independent variables 
(Yes=1, No=0). The multivariable binary conditional logistic regression analysis showed that gestation, lactation 
disorder, non-iatrogenic breast massage, breast trauma, nipple discharge, and nipple invagination were independent 
risk factors for GLM (P<0.05). Menopause was an independent protective factor for GLM (P<0.05) (Table 6, Figure 3).

Table 3 Comparisons of Hormone-Related Factors Between the Case and Control Groups

Variables Cases Controls P-value

Prolactin level, n (%), (n=594) <0.001

Above normal 44(7.41) 8(1.35)

Normal 204(34.34) 211(35.52)
Below normal or unknown 346(58.25) 375(63.13)

Sex hormone intake, n (%), (n=570) 0.004

Yes 36(6.32) 11(1.93)
No 534(93.68) 559(98.07)

Abortion history, n (%), (n=583) 0.670

Yes 46(7.89) 39(6.69)
No 537(92.11) 544(93.31)

Psychotropic drug intake, n (%), (n=590) 0.01

Yes 22(37.29) 4(0.68)
No 568(96.27) 586(99.32)

Table 2 Comparisons of Personal History Between the Case and Control Groups

Variables Cases Controls P-value

Lactation time (months), Mean ± SD, (n=466) 12.49±8.855 11.64±8.669 0.153
≤12, n (%) 278(56.28) 251(53.86)

>12 and ≤24, n (%) 179(36.23) 172(36.91)

>24, n (%) 37(7.49) 43(9.23)
Lactation disorder, n (%), (n=466) <0.001

Yes 116(20.64) 27(4.44)

No 446(39.36) 581(95.56)
Nipple discharge, n (%), (n=557) <0.001

Yes 142(25.49) 33 (5.92)
No 415(74.51) 524 (94.08)

Nipple invagination, n (%), (n=575) <0.001

Yes 238(41.39) 41(7.13)
I° 168(29.22) 27(4.70)

II° 86(14.96) 11(1.91)

III° 29(5.04) 3(0.52)
No 337(58.61) 534(92.87)

Family history of breast disease, n (%), (n=583) 0.424

Yes 40(6.86) 26(4.46)
Benign disease 16(2.74) 12(2.06)

Malignant tumor 24(4.11) 14(2.40)

No 543(93.14) 557(95.54)
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We plotted the ROC curve of the risk factors identified from the multivariable logistic regression analysis and calculated 
the area under the curve (AUC) for each variable. The results showed that nipple invagination was the most reliable risk 
factor to induce the disease, followed by lactation disorder, age, and non-iatrogenic breast massage (Figure 4).

Table 4 Comparisons of Exogenous Factors Between Case and Control Groups

Variables Cases Controls P-value

Non-iatrogenic massage, n (%), (n=560) <0.001
Yes 256(45.71) 54(9.64)

Lactation 223(39.82) 38(6.79)

Non lactation 33(5.89) 16(2.86)
No 304(54.29) 506(90.36)

Blunt trauma, n (%), (n=562) <0.001

Yes 116(20.64) 17(3.02)
Affected breast side 103(18.33)

Healthy breast side 13(2.31)
No 446(79.36) 545(96.98)

Table 5 Comparisons of Emotional and Other Factors Between the Case and 
Control Groups

Variables Cases Controls P-value

Emotional status, n (%), (n=594) <0.001
Depressed 129(27.71) 95(16.00)

Anxiety 291(48.99) 230(38.72)

Normal 174(29.30) 269(45.28)
Thyroid function, n (%), (n=594) 0.264

Hyperthyroidism 1(0.17) 5(0.84)

Hypothyroidism 16(2.70) 12(2.02)
Normal 302(50.84) 312(52.53)

Unknown 275(45.96) 265(44.61)

Sleep, n (%), (n=579) 0.699
Sleep disorders 223(38.51) 220(38.00)

Normal 356(61.49) 359(62.00)

Diet preference, n (%), (n=577) 0.412
Spicy diet 251(43.50) 238(41.25)

Normal 326(56.50) 339(58.75)

Table 6 Multivariable Logistic Regression Analysis of the Risk and Protective Factors of GLM

Variables Β S.E Wald P Adjusted OR 95% CI

Menopause −1.390 0.400 12.065 0.001 0.25 0.11–0.55

Gestation 2.855 0.698 16.740 <0.001 17.38 4.43–68.23
Lactation disorder 0.925 0.193 22.918 <0.001 2.52 1.73–3.68

Non-iatrogenic massage 1.136 0.183 38.544 <0.001 3.12 2.18–4.46

Blunt trauma 1.587 0.240 43.552 <0.001 4.89 3.05–7.83
Nipple discharge 0.522 0.229 5.206 0.023 1.69 1.08–2.64

Nipple invagination 2.142 0.154 192.751 <0.001 8.52 6.30–11.53
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Figure 3 Forest plot of binary conditional logistic regression analysis of risk factors of GLM.

Figure 4 Receiver operating characteristic (ROC) curve of the predisposing factors of GLM.
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Discussion
Few studies have been published on GLM predisposing factors, and their limitations are obvious. A case-control study of 
85 GLM cases emphasized that reproductive factors were the main risk factors of GLM,11 but the sample size was 
relatively small. In addition, some retrospective studies surveyed the risk factors of GLM occurrence and recurrence,12,13 

but the lack of a control group limited the reliability of the results. Therefore, this is the first study to explore the 
predisposing factors of GLM using a large sample case-control design to provide effective evidence for clinical treatment 
and prevention.

It is reported that the ages of patients with GLM vary widely from 16 to 83.14,15 GLM mainly occurs between 20 and 
40 years old,16 especially within two to five years after delivery. This study showed that the age of GLM ranges from 16 
to 75, with an average age of 32.78. The incidence rate of GLM between the age of 20 to 40 was high, consistent with the 
literature. GLM mainly occurs in non-gestational and non-lactating women; GLM in gestational or lactating women is 
relatively rare.17,18 Our study suggests that the highest period of GLM occurrence is within five years after childbirth, 
with a median of about four years after delivery. Most GLM were unilateral breast diseases, while bilateral cases were 
rare. Menopause is an independent protective factor for GLM, which is congruent with the results of the patient’s age, the 
youngest child’s age, etc. The main reason is the relatively stable sex hormone levels in menopausal women.

Our results show that nipple discharge related to mammary duct disease was an independent risk factor for GLM. The 
reason may be that the secretions from the mammary duct and the stimulation of residual milk after lactation increase the 
permeability and obstruction of the duct, causing duct rupture and secretions overflowing to the breast mesenchyme. This 
process promotes humoral or cellular immunity. Local inflammation gradually expands to involve most of the breast 
tissues and may develop into a mass or abscess.19 The effectiveness of glucocorticoid and immunosuppressive therapy 
for GLM also supports this hypothesis.20 Our results indicate that lactation disorder and nipple invagination are also 
independent risk factors for GLM. Lactation disorder increases the milk residue in the mammary duct, and nipple 
invagination exaggerates the obstruction and tension of the duct, which could stimulate an inflammatory immune 
response and promote the onset of GLM. However, although our results suggest that nipple invagination may be one 
of the most important precursors of GLM, the severity of nipple invagination does not seem to have a clear causal 
relationship with the occurrence of GLM. The lack of an association with the severity of nipple invagination is likely 
because patients with severe nipple invagination are relatively rare in the clinic, and it is difficult to identify statistically 
significant differences. Therefore, this finding needs to be confirmed by further research.

Hormone-related factors, including changes in prolactin and other sex hormone levels, were important and indepen
dent causes of GLM. Our results showed that prolactin level is important in the pathogeny of GLM, which is consistent 
with the literature. Lin et al found that prolactin increase may lead to the accumulation of secretions, leading to 
a destruction of the epithelial cells of the mammary duct due to dilation and obstruction of the mammary duct.21 

Epithelial cell destruction induces inflammatory reactions and GLM. Therefore, hyperprolactinemia was the main factor 
influencing GLM.22 Similarly, Sheybani et al proposed that a high level of prolactin is not only a vital factor in GLM but 
also a predictor of GLM recurrence.23,24 Increased prolactin is the main reason for the occurrence of GLM,8 and drugs 
are a cause of perturbations of hormone levels. Our results show intake of psychotropic drugs can increase the risk of 
GLM. A study showed that 37% of 42 patients with mastitis suffered from mental diseases and needed psychotropic 
drugs.25 Some psychotropic drugs have the side effect of increasing secretions in the duct, promoting mammary duct 
obstruction and causing GLM.26 Tollin found that the incidence rate of hyperprolactinemia was high in patients with 
mental disorders on risperidone,27 indicating that such psychotropic drugs could significantly promote prolactin secre
tion. This result is consistent with ours.

Similarly, a drastic change in other sex hormone levels (including estrogen and progesterone intake, as contra
ceptives) can lead to endocrine disorders and cause GLM, which is proven by our results about the significant differences 
in estrogen and progesterone intake between the two groups. Sex hormone disorders may lead to excessive proliferation 
of the mammary duct endothelium, resulting in obstruction of the duct and inflammatory reactions.28 The sex hormone 
levels of menopausal women decrease, so they have a reduced incidence rate of GLM. In summary, increased prolactin 
and the rapid change of other sex hormone levels could lead to GLM.
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GLM is generally believed to be an autoimmune disease,9 and this is supported by the effectiveness of steroids and 
immunosuppressants in the treatment of GLM. The initial factor of GLM is the high level of prolactin or accumulation of 
secretions in the mammary duct, which can lead to duct damage. The damage triggers an inflammatory autoimmune 
reaction mediated by T cells and forms non-caseous granuloma. Cserni and Szajki believed that GLM was caused by the 
local autoimmune reaction of hyperprolactinemia to the fat-rich or protein-rich secretions deposited or overflowing in the 
mammary duct.29 Erhan et al found that most patients had T cell advantages based on immunohistochemical evaluation, 
indicating that the pathogenesis of GLM was closely associated with inflammatory immune response mediated by 
reactive T cells leading to the damage of mammary ducts and formation of centrilobular granulomas.30 It also explained 
the autoimmune pathophysiological results in GLM. In clinical practice, immunosuppressants and steroids can be used to 
achieve significant therapeutic effects.31

Based on the above research, we can infer that factors relevant to duct secretion are the main predisposing factors of 
GLM. These factors include gestation, lactation, nipple discharge, high prolactin level, and psychotropic drug intake, and 
they increase milk and secretion production in the mammary duct. Other factors like nipple invagination and sex 
hormone intake can aggravate the obstruction of mammary ducts. They all can induce inflammatory and autoimmune 
responses and cause GLM.32 This highlights the importance of measuring prolactin levels in the clinic. When treating 
patients with psychotropic drugs, which could increase mammary duct secretion, replacing these drugs with another 
without this side effect is recommended.

In addition, our results showed blunt breast trauma and non-iatrogenic massage were independent predisposing 
factors for GLM. The two factors meant the breasts were squeezed, rubbed, or injured by other external forces. Among 
various hypotheses on the etiology of GLM, inflammatory autoimmune reactions caused by duct and acinus injury are 
central.23 Sarkar demonstrated a robust relationship between the incidence of GLM and breast lesions.33 Local breast 
tissue, such as duct and acinus, would break after acute stimulation and induce an inflammatory response, eventually 
resulting in GLM.24,29 In cases of elevated secretion and tension in a duct, breast trauma may be the final trigger to the 
onset of GLM. Therefore, avoiding breast trauma would significantly reduce the risk of GLM.

Our results also showed a correlation between emotional abnormalities and GLM, including depression and anxiety. 
The level of inflammatory cytokines, such as TNF-α (Tumour necrosis factor-α) and IL-6 (interleukin 6), significantly 
correlate with negative emotions.34 The higher levels of pro-inflammatory cytokines in patients with emotional abnorm
alities could induce inflammatory reactions and promote the occurrence of GLM. Meanwhile, the inflammatory reaction 
in the pathogenesis of GLM leads to the increase of inflammatory cytokines, which can also induce emotional 
abnormalities. Besides, emotion can also affect the immune system through the neural-endocrine-immune network.35 

Negative emotions, including depression and anxiety, could disturb the immune system and increase the risk of GLM to 
some extent.

We explored predisposing factors of GLM through the largest sample case-control study. Our results can guide some 
measures to prevent and treat GLM, such as nipple correction for nipple invagination patients and steroid support for 
immunologic-related GLM.

However, this study had some limitations. The conclusions of our study must be verified by further multicenter 
clinical trials. In addition, the mechanism of the predisposing factors of GLM is not fully understood. Besides the above 
predisposing factors, GLM may also be associated with Corynebacterium kroppenstedtii infection,36,37 smoking,38 α-1 
antitrypsin deficiency,39 and many unknown risk factors. Corynebacterium infection and smoking were discussed in our 
questionnaire design. Since we could not obtain biopsy samples from the controls, it was impossible to compare 
Corynebacterium infection between the two groups. Although smoking has been reported in some articles, it was not 
associated with GLM in our preliminary research. More clinical studies are still needed. Furthermore, recall bias is not 
completely avoidable despite our best efforts to avoid it, such as recall bias related to lactational practices.

Conclusion
To the best of our knowledge, this is the largest sample size case-control study on the predisposing factors of GLM. We explored 
the risk factors of GLM through this study and identified six high-risk factors of GLM, including gestation, lactation disorder, 
non-iatrogenic massage, blunt trauma, nipple discharge, nipple invagination, and six relevant factors of the disease, including 
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age, marriage, emotional abnormality, high prolactin, psychiatric drugs intake, and sex hormone intake. We believe the factors 
relevant to duct secretion are the main predisposing factors of GLM, such as gestation, lactation disorder, nipple discharge, 
nipple invagination, and high prolactin level. Hormones like estrogen and progesterone can exaggerate the process by promoting 
epithelial cell proliferation. Extrinsic factors like blunt trauma and non-iatrogenic massage may damage local breast lobular 
tissue and initiate an autoimmune system reaction. Emotional abnormalities can increase the risk of GLM by affecting immune 
function (Figure 5). We hope the predisposing factors identified in this study improves understanding of GLM occurrence, and 
offer a better clinical strategy for treating and preventing GLM, such as testing prolactin level, replacing the drugs that increase 
the secretion of mammary ducts, correcting nipple invagination, and maintaining good emotions. We can also take preventive 
measures such as avoiding exogenous breast injury and sex hormone intake to reduce the incidence rate of GLM.
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