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Background: Long-term conservative approaches are effective management options for asymptomatic 
uterine fibroids, but not for uterine myomas with excessive growth. In this investigation, a regression model 
was constructed to evaluate the clinical characteristics related to uterine fibroids’ growth.
Methods: In this retrospective study, 19,840 patients with ultrasound-diagnosed uterine fibroids were 
identified from six centers between 2013 and 2019. In total, 739 patients were followed up for more than  
1 year with B-ultrasound test results and clinical test results and had no acute events or surgical treatments. 
The endpoint was changed in the size of the uterine fibroids. Multivariate stepwise logistic regression 
analysis was used to identify predictors of uterine fibroid growth, and these were used to build a prediction 
model. The prediction model’s discrimination, calibration, and clinical efficacy were assessed using the area 
under the curve (AUC)/index of concordance (C-index), calibration plot, decision curve analysis, and clinical 
impact curve. Internal validation was performed using bootstrapping validation. A linear regression model 
was constructed to predict uterine fibroids’ growth rate without the occurrence of acute events.
Results: A total of 513 patients presented with significant growth of uterine fibroids, with an average 
follow-up time of 927 days, and 267 patients showed negative growth, with an average follow-up time of  
960 days. Age, follicle-stimulating hormone (FSH), low-density lipoprotein (LDL), luteinizing hormone 
(LH), total cholesterol (TCHO), and neutrophil to lymphocyte ratio (NLR) were the main influential factors 
that predicted the uterine fibroid growth state, and these were used to develop a nomogram with predictive 
accuracy (AUC: 0.825). A linear regression prediction model was built based on the following factors: FSH, 
high-density lipoprotein (HDL), LH, triglyceride (TRIG), TCHO, and lymphocyte to monocyte ratio 
(LMR). The mean square error (MSE) was 0.32.
Conclusions: This study directly measured the growth rate of uterine fibroids. A prediction model 
assessing the growth rate of asymptomatic uterine fibroids was established. This model is useful for the early 
detection of potentially rapidly growing uterine fibroids in patients.
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Introduction

Uterine fibroids are benign neoplasms of the uterus. It is more 
common in women between the ages of 30 to 50 years (1).  
In China, more than 20% of women over the age of 35 have 
uterine fibroids. The prevalence of uterine fibroids is about 
11.21%, and the rate of malignant change is approximately 
0.30% (2). In many patients, uterine fibroids are discovered 
during physical examination. Most of these uterine fibroids 
do not cause noticeable symptoms in the short term. 
Some uterine fibroids grow slowly or even stay unchanged 
for long periods, and these patients failed to seek early 
treatment or do not receive any treatment. Another subset 
of uterine fibroids can grow rapidly and trigger acute events 
within a relatively short period, such as anemia, pelvic pain, 
increased urinary frequency, and abdominal distension. The 
annual treatment costs of uterine fibroids are estimated at 
$6–34 billion in the United States, with similar high costs 
internationally (3). 

The growth of uterine fibroids is affected by estrogen, 
luteinizing hormone (LH), and follicle-stimulating hormone 
(FSH) (4-7). High levels of hormones stimulate the rapid 
growth of fibroids in the uterus (8). Interestingly, uterine 
fibroids in postmenopausal women appear to shrink (9).  
Lipid metabolism in the body can also affect uterine 
fibroids (10). One Japanese case-control study found that 
the percent of body fat, but not the body mass index (BMI), 
is associated with a greater incidence of uterine fibroids (11). 
However, another study revealed that oral contraceptives 
were a risk factor for the incidence of uterine leiomyoma in 
Chinese women of childbearing age. The innate immune 
status also affected the growth of uterine fibroids (12). 
Naturally, there are still many unknown factors that affect 
the growth of uterine fibroids. This retrospective study 
analyzed patients' clinical characteristics with uterine 
fibroids and examined the growth ratio of uterine fibroids 
using a multivariate prediction model. 

Clinical prediction models have become increasingly 
popular over recent years (13). As a quantitative tool for 
assessing risks and benefits, clinical prediction models can 
provide more objective and accurate information to aid 
doctors, patients, and health administrators (14). However, 
to date, there is currently no clinical model for predicting the 

growth of uterine fibroids. This study aimed to establish a 
predictive model to assist clinicians in assessing the growth of 
uterine fibroids. Our prediction model could identify patients 
with rapidly growing uterine fibroids from a cohort of single-
fibroid asymptomatic patients. We present the following 
article in accordance with the TRIPOD reporting checklist 
(available at http://dx.doi.org/10.21037/atm-20-4559).

Methods

The study was conducted in accordance with the 
Declaration of Helsinki (revised in 2013) and was approved 
by the institutional research ethics committee of Huazhong 
University of Science and Technology Union Shenzhen 
Hospital. All accessed data were anonymized (ID: LW-
2020-007). Due to the retrospective nature of the research, 
the requirement for patient informed consent was waived.

Study population

This was a retrospective multicenter study conducted at 
the following 6 institutions: The First Affiliated Hospital 
of Guangzhou Medical University, Huazhong University 
of Science and Technology Union Shenzhen Hospital, 
Shenzhen Shekou People’s Hospital, Shenzhen Nanshan 
Maternity and Child Healthcare Hospital, Southern 
University of Science and Technology Hospital, and 
Shenzhen Nanshan District Institute for Chronic Diseases 
Prevention and Treatment. The follow-up period was from 
2013 to 2019. 

Patients with a B-ultrasound diagnosis of uterine fibroids 
with no associated symptoms (such as pain), and 3 or more 
follow-up consultations over 1 year or more, were included in 
this study. The exclusion criteria included patients who had 
an acute event during the follow-up that required surgical 
treatment, FSH concentrations greater than 40 U/L; patients 
with incomplete clinical testing information in their follow-
up data; and patients diagnosed with pregnancy or fatal 
diseases, such as cancer, during their follow-up period. 

Data collection 

Basic patient clinical data, including ultrasound results 
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and hematological tests, were collected. Basic clinical 
characteristics included ID that was used to queried 
multiple hospitalization information, age, and marital status 
were collated. The longest diameter and widest diameter of 
the uterine fibroid was collected from the ultrasound report. 
Location data of the fibroids were collected from ultrasound 
reports. Location-1 was defined as uterine fibroids detected 
in the intramural, subserosal, and submucosal regions. 
Location-2 was defined as uterine fibroids detected in 
the bottom, cervix, and body of the uterus. The uterine 
fibroid size was measured as the product of the longest 
diameter by the widest diameter. The patient’s age at the 
first follow-up and the last follow-up was documented. The 
average growth rate of uterine fibroids was measured as the 
change in size (mm2) in uterine fibroids during the follow-
up period divided by the duration of the follow-up period 
(days). Hematological tests included levels of creatinine (Cr, 
µmol/L), eosinophil (EOS, 109/L), FSH (mIU/mL), HDL 
(mmol/L), LDL (low-density lipoprotein, mmol/L), LH 
(mU/mL), lymphocytes (109/L), monocytes (Monc, 109/L),  
neutrophils (Neut, 109/L), serum albumin (g/L), total 
cholesterol (TCHO, mmol/L), triglycerides (TRIG, mmol/L),  
lymphocyte to monocyte ratio (LMR), monocyte to 
neutrophil ratio (MNR), neutrophil to lymphocyte ratio 
(NLR), high-density lipoprotein to low-density lipoprotein 
ratio (HLR), and estradiol (E2, pmol/L). 

Statistical analysis

Statistical analysis was performed using R software (version 
3.6.3; http://www.R-project.org). Two-sided P<0.05 was 
regarded as statistically significant. 

The classification of individual cases with positive 
growth was based on the growth ratio of uterine fibroids 
larger than 2.5 mm2/d. Since B-ultrasound measurement of 
uterine fibroids is not very accurate, a growth rate greater 
than 2.5 mm2/d was defined as significant growth. The 
patient characteristics were summarized using counts for 
categorical data and the mean for continuous variables. 
Multivariate logistic regression was used to explore the 
clinical and imaging characteristics against uterine fibroid 
growth. Reduced model selection was performed using 
a backward step-down selection process. The area under 
the curve (AUC) of the receiver operating characteristic 
(ROC) curve was used to quantify the prediction accuracy. 
A nomogram was developed to predict uterine fibroid 
growth using the regression coefficients of each predictor. 
In this process, each predictor's impact on uterine fibroid 
growth was weighted and converted to a numerical score. 
The individual numerical scores corresponding to each 
predictor were added to determine the total score. It was 
then translated to provide the predicted chance of uterine 
fibroid growth using a nomogram. The calibration curves, 
the C-index, decision curve, and clinical impact curve were 
used to evaluate the nomogram (15-17). A linear regression 
model was developed to predict uterine fibroids' growth 
rate by analyzing patients with an average growth rate 
greater than 2.5 mm2/day.

Results

Patient characteristics

The clinical characteristics of the 19,840 patients diagnosed 
with uterine fibroids by ultrasound are shown in Table 1. 
The relationship between the number of cases and age 
is shown in Figure 1. Between 19 and 46 years of age, 
the number of cases increased with age. After 46 years of 
age, the number of cases decreased significantly with age. 
The size of the uterine fibroids was less than 5,000 mm2 

in 97.35% of the patients. Following the inclusion and 
exclusion criteria, a total of 739 uterine fibroid patients 
were included in the study. The clinical characteristics 

Table 1 The clinical characteristics of the 20,088 patients diagnosed  
with uterine fibroids by ultrasound scan

Variable Value

Age (year), mean ± SD 42.92±7.72

Size (mm2), mean ± SD 933.20±1,529.79

Location-1, N (%)  

Subserous myoma 14,596 (27.04)

Intramural myoma 4,779 (71.15)

Submucosal myoma 213 (0.97)

Location-2*, N (%) 

Cervix 162 (0.73)

Uterus 1,655 (8.08)

Body of uterus 14,339 (70.53)

*, some patients are missing information. SD, standard deviation.
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of these patients are shown in Table 2. The mean (range) 
patient follow-up time was 948 (367–2,080) days. The 
location characteristics of the 739 patients diagnosed with 
uterine fibroids by ultrasound scan are shown in Table 3. 
The average growth rate of uterine fibroids in the negative 
growth group and the positive growth group was −0.43 and 
0.98 mm2/d. Clinical factors significantly different in the  
2 groups included age, FSH, LH, neutrophils, and NLR. 

A predictive model for the growth direction of uterine 
fibroids

The endpoint event is a fibroid growth rate greater than  
2.5 mm2/d. Table 4 shows the individual and joint predictive 
influence of various characteristics based on univariate and 
multivariate logistic regression. The following factors were 
associated with uterine fibroid growth: age, FSH, LDL, 
LH, TCHO, and NLR (Figure S1).

Stepwise multivariate logistic regression analysis 
identified six significant predictors for uterine fibroid 
growth in the study cohort, including age, FSH, LDL, 
LH, TCHO, and NLR (Table 5). A nomogram was 
developed using these six significant predictors to predict 
significant uterine fibroid growth (Figure 2). The sum of the 

corresponding scores in the six categories was calculated. 
An interpretation scale was built into the nomogram to 
assist physicians with translating the scores into the percent 
chance of positive growth. The total score reflects the 
chance of significant uterine fibroid growth. Patients with a 
high total score had a greater chance of significant uterine 
fibroid growth, while those with a low total score had a 
reduced chance of significant fibroid growth. 

Evaluation of the predictive model for uterine fibroid 
growth

Figure 3A shows the ROC curve of the logistics model in 
the test data. The AUC was 0.8235, and the nomogram 
calibration plot demonstrated high reliability. The uterine 
fibroid growth was predicted using the model and the 
calibrated observations. The model showed the best fit when 
the uterine fibroids’ growth ratio was between 0% and 50%. 
When the uterine fibroids’ growth ratio ranged from 50% 
to 70%, the model overestimated the growth rate of uterine 
fibroids. When the predicted probability was greater than 
70%, the model underestimated uterine fibroids’ growth 
rate (Figure 3B). The C-index for the prediction nomogram 
was 0.825 for the cohort, indicating that the model showed 

Sample
(n=20,088)

Analysis sample
(n=780)

Negative growth
(n=465)

Positively growth
(n=274)

1. Limited clinical information,
2. The follow-up time was less than 1 year,
3. Treatment with surgery.

Regression prediction model of  
uterine fibroid growth

Growth ratio >0.25 mm2/d
(n=304）

Regression prediction model of uterine fibroid growth

Figure 1 The relationship between the number of cases and the age of the patients.
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good discrimination. As shown in the decision curve, the 
predictions based on the nomogram were clinically useful if 
the threshold values in the approximate range of 0.1 to 0.9 
were used to determine the treatment strategy. Additionally, 
the decision analysis curve showed that predicting patients 
with fast-growing uterine fibroids with a risk threshold of 0.1 
to 0.9 potentially yielded a net clinical benefit (Figure 3C). 
The clinical impact curve shows the estimated numbers of 
patients deemed high risk and true positives in the range of 
0 to 0.4 using our risk model (Figure 3D).

Linear regression prediction model for the uterine fibroid 
growth ratio

A linear regression model was developed to predict uterine 
fibroids’ growth rate in a population with significant growth 
(fibroid growth rate >2.5 mm2/d). In this cohort, 70% of 
patients were randomly selected as the training data, and 
the remaining 30% of patients represented the test data. 
By analyzing the information of the training data, a linear 
regression model was established (Table 6). The linear 

Table 2 The clinical characteristics of the 739 patients diagnosed with uterine fibroids by ultrasound scan

Factor
Negative growth group (n=465) Positive growth group (n=274)

P value
Mean SD Mean SD

Area-start (mm
2
) 714.41 1,104.19 761.23 1,185.08 0.52 

Age-end (years) 42.85 6.33 48.31 4.92 <0.01*

Age-start (years) 37.32 6.19 42.72 4.88 <0.01*

Follow time (days) 922.51 424.76 997.70 468.13 0.07 

Change of fibroids (mm
2
) 189.27 1,155.93 7.44 871.92 <0.01*

Growth rate (mm
2
/d) –0.43 0.9 0.98 0.90 <0.01*

EOS (10
9
/L) 0.08 0.10 0.10 0.14 0.10 

FSH (mIU/mL) 9.66 6.23 12.63 5.67 <0.01*

HDL (mmol/L) 1.27 0.30 1.26 0.33 0.62 

LDL (mmol/L) 3.00 0.71 2.97 0.70 0.92 

LH (mU/mL) 5.91 6.29 16.20 14.38 <0.01*

Lymphocyte (10
9
/L) 1.78 0.52 1.83 0.48 0.13 

Monc (10
9
/L) 0.42 0.16 0.39 0.15 0.01*

Neut (10
9
/L) 4.90 1.83 4.33 1.76 <0.01*

Serum albumin (g/L) 42.13 4.10 42.65 2.77 0.36 

TCHO (mmol/L) 4.93 0.93 4.92 0.88 0.93 

TRIG (mmol/L) 1.28 0.76 1.23 0.70 0.37 

LMR 4.88 2.24 5.18 2.23 0.02*

MNR 0.09 0.04 0.10 0.03 0.08 

NLR 3.02 1.62 2.50 1.16 <0.01*

HLR 0.44 0.12 0.44 0.13 0.48 

E2 1,222.81 1,480.27 1,034.91 1,368.55 0.03*

*P<0.05. SD, standard deviation. EOS, eosinophil; FSH, follicle-stimulating hormone; HDL, high-density lipoprotein; LDL, low-density  
lipoprotein; LH, luteinizing hormone; Monc, monocytes; Neut, neutrophils; TCHO, total cholesterol; TRIG, triglyceride; LMR, lymphocyte 
to monocyte ratio; MNR, monocytes to neutrophil ratio; NLR, neutrophil to lymphocyte ratio; HLR, high-density lipoprotein to low-density 
lipoprotein ratio; E2, estradiol.
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regression prediction model was used to predict the test 
data. The mean squared error (MSE) was 0.32, and the 
R-square value (coefficient of determination) was 0.79. 
The predicted values were distributed around actual values 
(Figure 4). The error of the linear regression prediction 
model was normally distributed (Figure 5).

Discussion 

The incidence rate of uterine fibroids is approximately 30% 
in women aged 30–50 years. Most women with uterine 

Table 3 The location characteristics of the 739 patients diagnosed 
with uterine fibroids by ultrasound scan

Negative  
growth group

Positively 
growth group

P value

Location-1 (related to myometrium) 0.32

Intramural 311 183

Subserosal 144 89

Submucosal 10 2

Location-2 (myoma location) 0.91

Uterine bottom 36 19

Cervix 3 1

Body of uterus 324 196

Unknown 102 58

Marital status 0.82

Unmarried 38 19

Married 406 243

Remarriage 21 12

Area-start is the size of the uterine fibroids measured by ultrasound  
at the initial follow-up. Age-start is the age at the initial follow-up. 
Age-end is the age at the last follow-up. The ratio is the change 
in fibroids/follow-up time (mm2/d). The max-area is the maximum  
area of myoma during the follow-up. Myoma related to the  
myometrium is classified as location-1. Myoma, located in the 
uterus, is defined as location-2 (Table 3).

Table 4 Univariate and multivariate logistic regression analysis of the predictors of significant fibroid growth

Predictors
Univariate unadjusted

Multivariate adjusted

Full Reduced

OR (95% CI) P OR (95% CI) P OR (95% CI) P

Age 1.189 (1.152±1.231) <0.001 1.132 (0.964±1.331) 0.131 1.151 (1.112±1.195) <0.001

FSH 1.081 (1.055±1.11) <0.001 1.053 (1.019±1.089) 0.002 1.059 (1.027±1.093) <0.001

LDL 0.957 (0.773±1.183) 0.687 0.353 (0.119±1.031) 0.058 0.660 (0.371±1.170) 0.155

LH 1.128 (1.102±1.157) <0.001 1.104 (1.076±1.137) <0.001 1.095 (1.069±1.124) <0.001

TCHO 0.992 (0.841±1.168) 0.927 1.185 (0.662±2.100) 0.563 1.195 (0.764±1.859) 0.432

NLR 0.757 (0.666±0.852) <0.001 0.570 (0.336±0.891) 0.022 0.864 (0.749±0.990) 0.039

FSH, follicle-stimulating hormone; LDL, low-density lipoprotein; LH, luteinizing hormone; TCHO, total cholesterol; NLR, neutrophil to  
lymphocyte ratio.

Table 5 Logistic regression analysis identified six significant predictors  
for uterine fibroid growth

Factor Regression coefficient

Age 0.12

FSH 0.05

LDL −0.56

LH 0.09

TCHO 0.31

NLR −0.07

Intercept −6.46

FSH, follicle-stimulating hormone; LDL, low-density lipoprotein; 
LH, luteinizing hormone; TCHO, total cholesterol; NLR, neutrophil  
to lymphocyte ratio.
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fibroids can be treated conservatively. However, some 
uterine fibroids can grow rapidly and cause acute adverse 
events. Therefore, in patients with asymptomatic fibroids, 
it is important to predict fibroids’ growth rate for follow-
up and monitoring. This study constructed a predictive 

model to screen patients with asymptomatic single-onset 
uterine fibroids for possible rapid fibroid growth. The 
predictive outcomes provide an early warning to increase 
the frequency of monitoring, thereby reducing acute uterine 
fibroid events.

A retrospective analysis of clinical data from patients 
with uterine fibroids was performed. Logistic regression 
models were constructed to predict patients who were 
likely to have rapidly growing uterine fibroids (growth ratio 
>0.25 mm2/d). A linear regression model was constructed 
to predict the uterine fibroid growth rate for patients with 
potential rapid fibroid growth. Figure 1 is a flowchart for 
the predictive model. Data regarding age and the average 
FSH levels, LH, NLR, LDL, and TCHO, were collected. 
The logistic regression model was used to predict the 
growth of fibroids. If the prediction is negative, the patient 
is considered to have a slow-growing uterine fibroid. If 
the result is positive, the uterine fibroids are considered to 
have a faster growth rate. Patients with positive predictions 
from the logistic model can predict the myoma growth rate 
in a linear regression model. The linear regression model 
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requires the collection of FSH, HDL, LH, TCHO, TRIG, 
and LMR values to predict the uterine fibroids’ growth rate. 
Physicians may recommend more frequent follow-up for 
patients with faster fibroid growth rates.

The uterine growth prediction model incorporated  
6 factors, including age, FSH, LH, NLR, LDL, and 
TCHO. These 6 factors were included in the linear 
regression model to predict the uterine fibroid growth rate. 
FSH and LH are factors in both models, and these are 
currently recognized to have growth-promoting effects on 
uterine fibroids (18). Our model also suggested that these  
2 factors positively affect the growth of uterine fibroids and 
growth rate. Other studies have suggested that estrogen 
may promote the growth of uterine fibroids (19). Growth 
hormone synergizes with estrogen to promote mitosis 
and fibroid growth. Researchers have also speculated that 
human placental lactogen synergizes with estrogen to 
promote fibroid growth (20). The current study found 
that the average estrogen concentration in the positive 
growth group was higher than that in the negative growth 
group. However, estrogen levels fluctuated widely, and no 
significant differences were found in the statistical analysis.

Age has a complex effect on the growth of uterus fibroids. 
Fibroids are rare in women younger than 20 years of age, 
but women aged 30–50 have a higher prevalence of uterine 
fibroids. After the age of 50 years, uterine fibroids may 
shrink (21). The age range in the logistic regression model 
was 20–55 years. Beyond this range, the influence of age 
on uterine fibroids appeared uncertain. Before the age of 
20 and after the age of 50, hormone levels are significantly 
lower than during the childbearing years. Therefore, the 
uterus grows the fastest during the reproductive years. 

The three factors HDL, TCHO, and TRIG, which are 
common to both models, are related to lipid metabolism. 
HDL carries cholesterol in surrounding tissues converted 
to bile acids or excreted directly from the intestine through 
bile. It can effectively reduce the concentration of TCHO 
and TRIG. The relationship between lipid metabolism 
and uterine fibroid growth is currently unclear (22-24). 
Some studies believe that fat accumulation leads to chronic 
inflammation, which can promote the growth of uterine 
fibroids (25). In our model, HDL was negatively correlated 
with the growth rate of uterine fibroids.

There were some limitations to this study. First, the 

Table 6 Linear regression prediction model for the uterine fibroid 
growth ratio

Factor Regression coefficient

FSH 0.04

HDL −1.08

LH 0.04

TCHO 0.25

TRIG −0.14

LMR 0.04

Intercept −0.12

FSH, follicle-stimulating hormone; HDL, high-density lipoprotein;  
LH, luteinizing hormone; TCHO, total cholesterol; TRIG, triglyceride; 
LMR, lymphocyte to monocyte ratio.
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Figure 5 The studentized residual showed that the errors predicted 
by the linear regression model obeyed the normal distribution.

Figure 4 A linear regression model was used to predict the growth 
rate of the positive growth group. The red circle represents the 
actual growth ratio, and the color represents the residuals. The 
white circle above the red circle indicates that the residual value is 
positive, otherwise, the residual value is negative.
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number of patients with uterine fibroids was relatively 
small, and the results require further validation with a larger 
study cohort. Second, the mean follow-up time in this study 
was 948 days, and a longer follow-up time would further 
verify these results.

In this investigation, two complementary models were 
constructed to identify potential rapid fibroid growth in 
patients with a single asymptomatic uterine fibroid episode.
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Supplementary

Figure S1 The correlation between the various clinically tested factors. The color and value represent the correlation coefficient. Cr, 
creatinine; EOS, eosinophil; FSH, follicle-stimulating hormone; HDL, high-density lipoprotein; LDL, low-density lipoprotein; LH, 
luteinizing hormone; Monc, monocytes; Neut, neutrophils; TCHO, total cholesterol; TRIG, triglyceride; LMR, lymphocyte to monocyte 
ratio; MNR, monocytes to neutrophil ratio; NLR, neutrophil to lymphocyte ratio; HLR, high-density lipoprotein to low-density lipoprotein 
ratio; E2, estradiol.
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