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Abstract

Objective: To evaluate individual characteristics of women with fibroids in relation to fibroid 

size and number.

Methods: This cross-sectional study involved 2,302 women (black and white, age range 18–87) 

with image- or surgery-confirmed fibroids from the Synthetic Derivative, a database of de-

identified demographic and clinical information from patient electronic health records (EHRs) 

from the Vanderbilt University Medical Center. We performed multivariate regression analyses on 

the following outcomes: volume of largest fibroid, largest dimension of all fibroids, and number of 

fibroids (single vs multiple). Candidate risk factors included age at diagnosis, body mass index 
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(BMI), race, type 2 diabetes status, and number of living children (a proxy for parity). We assessed 

potential effect measure modification by race and both age and BMI using a likelihood ratio test.

Results: Black race was strongly associated with having multiple fibroids (adjusted odds ratio 

[aOR]: 1.83, 95% confidence interval [CI]: 1.49, 2.24) and larger fibroid volume (adjusted beta: 

1.77, 95% CI: 1.38, 2.27) and greater largest dimension (adjusted beta: 1.28, 95% CI: 1.18, 1.38). 

Having multiple fibroids was most strongly associated with ages 43 to 47 (aOR = 3.37, 95% CI: 

2.55, 4.46) compared with the youngest age group (ages 18 to 36). Having a larger number of 

living children was associated with having single a fibroid (aOR: 0.88, 95% CI: 0.78, 0.99).

Conclusions: Our findings suggest that different underlying etiologies are involved for women 

developing single versus multiple fibroids and small versus large fibroids.. Studies are needed of 

the mechanisms by which these characteristics influence fibroid formation and growth.
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1. Introduction

The majority of women in the United States have at least one uterine fibroid by the age of 

menopause [1]. Fibroids are a major cause of hysterectomies [2], which are primarily done 

to manage symptoms [3] and cost the U.S. up to $34.4 billion annually in healthcare, 

treatment, and time lost from work [4]. Fibroids vary in size and number between women, 

leading to a range of symptoms including: pressure of the abdomen, chronic pelvic pain, and 

heavy or painful periods [5]. In addition, presence of multiple fibroids has associated with 

preterm birth and cesarean delivery, while large fibroids have associated with preterm 

premature rupture of membranes [6]. Increasing body mass index (BMI; kg/m2) [7], 

nulliparity [8, 9], and being African American (compared to being white) [10–13] have 

previously been associated with fibroid risk. In contrast, women with type 2 diabetes are less 

likely to develop fibroids [14, 15].

Although fibroid risk factors have been well-documented [7, 8, 10–13], limited studies that 

examine factors of fibroid size and number exist. One potential reason for the lack of studies 

on fibroid characteristics is that fibroid size and number can only be assessed by imaging or 

surgical procedures (such as ultrasounds or hysterectomies). As a result, few studies have 

examined risk factors for fibroid characteristics. In a study by our group, we found an 

inverse relationship between age at menarche and fibroid number and size using the Right 
From the Start (2001–2010) cohort, in confirming reproductive hormonal exposure is a 

significant factor influencing fibroids [16]. A cross-sectional study of 988 women (630 

cases) who had ultrasound results from the National Institute of Environmental Health 

Sciences Uterine Fibroid Study reported that decreased levels of insulin-like growth factor-I 

were associated with having small- (<2 cm) and medium- (≥2 to <4 cm) sized fibroid in 

white women, and decreased insulin levels were associated with having a large fibroid (≥4 

cm), especially in black women [17]. In another cross-sectional study from the Prospective 
Research on Ovarian Function Study, fibroid characteristics, abstracted from pathology and 

operative notes, and key risk factors were compared between black and white women 
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(N=360) undergoing hysterectomies [18]. The authors found that black women, on average, 

had larger and more numerous fibroids than white women [18]. The authors also found that 

nulligravid black and white women were more likely to have larger fibroids, and nulligravid 

white women were more likely to have multiple fibroids than white women with one or 

more pregnancies [18].

Individual characteristics of a woman may put her at risk of developing single versus 

multiple fibroids or a small versus large fibroid. Knowing which of these characteristics is 

strongly associated with fibroid size and number might allow for better understanding of the 

mechanisms underlying individual variation in fibroid size and number. Our objective was to 

identify individual characteristics of a woman associated with fibroid size or number. We 

examined the association of fibroid volume, largest fibroid dimension, and fibroid number 

with candidate risk factors using a clinical population of 2,302 women identified from 

electronic health records (EHRs).

2. Materials and Methods

2.1. Study Population - The Synthetic Derivative

We conducted our analyses using subjects from the Synthetic Derivative, a clinical 

population at Vanderbilt University Medical Center [19] consisting of de-identified 

demographic and clinical information from patient EHRs. We used a previously validated 

phenotyping algorithm with a positive predictive value of 96% to identify fibroid cases [20]. 

The algorithm included black and white women who were 18 years or older, had at least one 

International Classification of Diseases, 9th Revision (ICD-9) or current procedure 

terminology (CPT) code for pelvic imaging, and had at least one ICD-9 or CPT code 

indicating a fibroid diagnosis. Fibroid status for 2,302 cases was manually validated by 

examining image or surgical reports from patient EHRs. We manually extracted dimensions 

for each reported fibroid, number of fibroids, and relevant demographic information from 

pelvic imaging reports, including ultrasound, magnetic resonance imaging, and computed 

tomography scans or surgical reports from myomectomies and hysterectomies. Precedence 

for recording patient information was given to the first image report mentioning fibroids. If a 

patient’s EHR lacked an image report citing fibroids, we entered patient data from the first 

surgical report describing their fibroids.

We abstracted fibroid number (single vs. multiple), volume of largest fibroid (cm3), and 

largest dimension (cm) of all reported fibroids. The following formula for volume of an 

ellipsoid was used to calculate fibroid volume: length × width × height × 0.523. The largest 

fibroid dimension and volume measurements were log10-transformed to accommodate the 

assumption of normally distributed residuals for linear regression. For individuals with two 

recorded dimensions of their largest fibroid (35.6% of cases), we assigned the last 

measurement by averaging the initial two to calculate fibroid volume. For individuals with 

data for number of fibroids, some EHRs (18.6%) noted the presence of many fibroids but 

gave no specific number. Because of this limitation, we coded fibroid number as one versus 

multiple fibroids.
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Abstracted clinical characteristics included age at diagnosis, BMI (continuous), selfreported 

or clinically identified race, type 2 diabetes status, and number of living children. We used 

previously published programming algorithms to abstract type 2 diabetes from EHRs [21]. 

Number of living children was chosen as a proxy for parity. In addition, we abstracted 

indication for imaging and fibroid location. This study was evaluated and approved by the 

Vanderbilt University Medical Center Institutional Review Board (IRB).

2.2. Statistical Analyses

We performed univariate and multivariate regression analyses for the following outcomes: 

volume of largest fibroid, largest dimension of all fibroids, and number of fibroids (single vs. 

multiple). Exposures included age at diagnosis, BMI, race, type 2 diabetes status, and 

number of living children (numbered 0 through 5 and 6 or more grouped together) as 

covariates. All multivariate regression analyses included age, BMI, and race as covariates. 

Age and BMI were not normally distributed and had nonlinear effect sizes; therefore, 

analyses were performed by grouping age into quintiles and BMI into World Health 

Organization (WHO) categories [22]. Too few underweight individuals were in our dataset 

(underweight N=27), so we combined individuals from the underweight and normal weight 

categories. We assessed potential effect measure modification by race across age quintiles 

and BMI categories using a likelihood ratio test. A likelihood ratio test p-value of 0.10 or 

less was considered an interaction.

In secondary analyses, multiple imputation was performed for missing data (number of 

living children) for each outcome to determine if missingness in this exposure affected our 

analyses. All exposures in the multivariate regression model and outcome were included in 

each multiple imputation data model. Each dataset was imputed ten times. To ensure 

consistency in multiple imputation analyses, the random number generation functions were 

seeded with the number 12,345. Multiple imputation analyses were largely consistent with 

effect sizes estimated from non-imputed data; therefore, we present and discuss results 

herein using non-imputed missing data. Lastly, Stata/SE 13 (College Station, Texas) was 

used for all statistical analyses.

3. Results

Our study population included 2,302 individuals with fibroids (Table 1). Their mean age (± 

SD) was 45.5 years ± 12, and the majority were overweight (29%) or obese (44%). The 

average BMI (± SD) was 30.4 kg/m2. The mean volume (± SD) of largest fibroid and mean 

largest fibroid dimension (± SD) were 71.4 cm3 ± 202 cm3 and 3.7 cm ± 3 cm, respectively. 

Fibroid number was dichotomized (single vs. multiple), and more women (52%) had 

multiple fibroids.

Fibroid number

Increasing age had a nonlinear association with having multiple fibroids (Table 2). The 

strongest association was observed when comparing ages 43 to 47 to the referent group 

(ages 18 to 36) (adjusted odds ratio [aOR]: 3.37, 95% confidence interval [CI]: 2.55, 4.46). 

Black race associated with having multiple fibroids (aOR: 1.83, 95% CI: 1.49, 2.24), while 
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having a higher number of living children was associated with having fewer fibroids (aOR: 

0.88, 95% CI: 0.78, 0.99). BMI and type 2 diabetes were not associate with fibroid number. 

We did not observe evidence of effect measure modification by race on age or BMI for 

analyses of fibroid number (age - p = 0.739, BMI - p = 0.632).

Fibroid size (volume and largest dimension)

Increasing age had a nonlinear association with both fibroid volume and largest fibroid 

dimension (Table 3 and Table 4).The strongest effect of age on fibroid volume (adjusted 

beta: 1.57, 95% 1.12, 2.22) (Table 3) and dimension (adjusted beta: 1.19, 95% CI: 1.07, 

1.32) (Table 4) was for women between 48 and 54 years of age. Black race also associated 

with increasing fibroid volume (adjusted beta: 1.77, 95% CI: 1.38, 2.27) and larger 

dimensions (adjusted beta: 1.28, 95% CI: 1.18, 1.38). BMI, type 2 diabetes, and number of 

living children were not associated with fibroid volume or largest dimension. There was no 

effect modification by race on age or BMI for our analyses of fibroid volume (age - p = 

0.281, BMI - p = 0.172) or largest dimension (age - p = 0.414; BMI - p = 0.144).

4. Discussion

In this analysis of individual characteristics as they relate to fibroid size and number, we 

observed no synergistic interaction of race with age or race with BMI. This suggests effects 

of age and BMI do not fundamentally vary by race so that they can be considered primary 

rather than joint influences on fibroid size and number. Increasing age was nonlinearly 

associated with fibroid number and size, with risk peaking at premenopause/early 

menopause and then declining for subsequent age groups. This is consistent with overall 

fibroid risk which also increases until menopause [1]. Our findings are also consistent with a 

study of women undergoing hysterectomies that observed postmenopausal women had 

smaller and fewer fibroids compared to premenopausal women [23]. However, the authors 

found little difference in fibroid risk with regards to menopausal status [23]. Our findings 

combined with prior studies support a hormonal influence on size and number of fibroids, 

which become relatively dormant after menopause. Fibroids have not been documented in 

prepubescent girls [24], confirming fibroids have a hormonal component. A plausible model 

is that fibroids form and progress as a result of cumulative exposure to hormones, including 

estrogen and progesterone. In effect with increasing age women have greater exposure time 

as well as more cumulative calendar time in which to develop one or more fibroids. After 

menopause, estrogen and progesterone fall and fibroid progression/development is stunted.

BMI was not associated with fibroid number or size in our study. However, in a previous 

study of women who had a hysterectomy, increasing BMI was associated with fibroid risk 

but not with largest fibroid dimension [7]. This lack of an association between BMI and 

fibroid size or number could mean that BMI influences fibroid risk and not progression. This 

may suggest that the increased exposure to estrogen resulting from increasing obesity [13] is 

not a driver for larger or multiple fibroids.

Type 2 diabetes was also not associated with fibroid number or size in our study. Diabetes 

has inversely associated with fibroid risk in prior studies, including a study by our group that 

observed an OR of 0.61 (95% CI: 0.47, 0.80) for the association [15]. However, studies 
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evaluating the association between diabetes and fibroid size or number are limited. One 

study evaluated the association between diabetes metabolites and fibroid size in white and 

black women and observed an inverse association between insulin-like growth factor-I and 

fibroid size in both white and black women [17]. The authors had approximately 92 

individuals with diabetes (including gestational diabetes) and could not perform association 

analyses between diabetes and fibroid size [17]. The lack of an association between type 2 

diabetes and fibroid number and size could mean that our sample size was too small with 

317 diabetic women. Further larger powered studies are necessary to better understand the 

association between type 2 diabetes and fibroids size and number. Additionally, it is possible 

that the effect of diabetes on fibroids is due to exposure to specific diabetes medications, 

which we did not evaluate in our analyses.

Parity was not consistently documented in the EHRs, and we used number of living children 

as a proxy. We observed that having more children was associated with single fibroids, 

suggesting that the hormonal effects of pregnancy may reduce the number of fibroids 

present. This is consistent with prior studies that showed uterine involutions during 

childbirth are associated with loss of fibroids [25]. This is also consistent with literature 

showing that women with higher parity are at reduced risk for fibroids (relative risk: 0.5, 

95% CI: 0.4, 0.6) [9]. The protective effects of carrying a child to term could not only 

decrease the risk of having fibroids but also the number of fibroids. We also observed trends 

showing an increased number of living children associated with smaller fibroid sizes. In 

addition, we cannot rule out the possibility that women with multiple fibroid may be less 

able to become pregnant and have children. Future studies need to examine if a higher 

number of children (increased parity) is associated with decreased fibroid number or if 

having less children is a byproduct of having multiple fibroids.

Limitations in our study exist. Race was determined by a third-party source such as a 

physician or nurse to be either black or white. We note that there may be dissimilarities in 

the risks of different fibroid characteristics between African and African American women. 

However, were unable to distinguish country of origin from medical records and therefore 

summarized data only according to race (black and white). Our study population represents 

patients from within Vanderbilt University Medical Center. We cannot rule out that women 

had previous treatment (surgical or hormonal at other medical institutions). In addition, we 

did not assess fibroid treatments prior to imaging event and note that there may differences 

in fibroid size and number from women who previously sought treatment.

Using a dataset of EHRs consisting of women with image- or surgery-confirmed fibroids, 

we found that black race was associated with multiple and larger fibroids. We also observed 

that increasing age was nonlinearly associated with multiple and larger fibroids, with the 

trends for these fibroid characteristics varying across age groups. Lastly, we observed that 

multiple fibroids (but not size) were associated with an increasing number of living children. 

A strength of our study is focusing on women with fibroids rather than directly comparing to 

controls. Prior studies examining the relationship between fibroid characteristics and risk 

factors compared each characteristic to controls. With that approach, it is difficult to 

determine if the observed effect is due to a woman having a fibroid or differences in fibroid 
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size or number. Our findings suggest that different underlying etiologies are involved for 

women developing single versus multiple fibroids and small versus large fibroids.
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Highlights

• The objective of this study was to identify the individual characteristics of a 

woman associated with fibroid size and number.

• Black race was associated with multiple and larger fibroids.

• Increasing age was nonlinearly associated with fibroid size and number, with 

risk peaking at premenopause/early menopause and then declining for 

subsequent age groups.

• The presence of multiple fibroids was associated with a larger number of 

living children (a proxy for parity) but the size of the fibroids was not.

• There are different underlying etiologies for single versus multiple fibroids 

and small versus large fibroids.
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Table 1.

Demographic characteristics of Synthetic Derivative study population.

Characteristics N Study Population

Age (mean±SD) 2,302 45.5±12

 18 to 36 (%) 510 22

 37 to 42 (%) 438 19

 43 to 47 (%) 442 19

 48 to 54 (%) 493 21

 55 to 87 (%) 419 18

BMI (kg/m2) (mean±SD) 2,302 30.4±8

 Underweight (<18.5) (%) 27 1

 Normal Weight (18.5-24.9) (%) 606 26

 Overweight (25-29.9) (%) 663 29

 Obese (≥30) (%) 1,006 44

Race (%) 2,302

 White 1,616 70

 Black 686 30

Indication for Imaging (%)
a 1,375

 Pain 565 41

 Pressure 39 2

 Bleeding 848 62

 Reproductive Ultrasounds
b 120 9

 Procedure Planning
c 19 1

Fibroid Location (%)
a 1,092

 Intramural 320 29

 Submucosal 545 50

 Subserosal 447 41

 Pedunculated 77 7

Fibroid Volume (cm3) (mean±SD) 1,307 71.4 (202)

Largest Fibroid Dimension (cm) (mean±SD) 1,777 3.7 (3)

Fibroid Number (%) 2,149

 1 1,042 48

 >1 1,107 52

Type 2 Diabetes Status (%) 2,30f2

 No 1,985 86

 Yes 317 14

Number of Children (%) 692

 0 160 23

 1 107 15

 2 242 35

 3 113 16
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Characteristics N Study Population

 4 39 6

 5 20 3

 >6 11 2

BMI, body mass index; cm3, cubic centimeters; SD, standard deviation.

a
Some women had more than one indication of imaging or fibroid location.

b
Fibroids were discovered during ultrasound procedures relating to pregnancy or fertility problems.

c
Fibroids were discovered during ultrasound procedures unrelated to fibroids.
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Table 2.

Association between fibroid number and exposure variables.

Exposure variables N Crude OR [95% CI] Crude p-value Adjusted
a
 OR [95% CI] Adjusted

a
 p-value

Age 2,149

 18 to 36 474 1.00 (referent) - 1.00 (referent) -

 37 to 42 405 1.79 [1.36, 2.34] <0.001 1.85 [1.41, 2.44] <0.001

 43 to 47 417 3.07 [2.34, 4.04] <0.001 3.37 [2.55, 4.46] <0.001

 48 to 54 465 2.09 [1.61, 2.72] <0.001 2.48 [1.89, 3.25] <0.001

 55 to 87 388 1.84 [1.40, 2.41] <0.001 2.17 [1.64, 2.89] <0.001

BMI (kg/m2) 2,149

 Normal Weight
b
 (≤24.9) 595 1.00 (referent) - 1.00 (referent) -

 Overweight (25-29.9) 623 1.21 [0.96, 1.51] 0.102 1.08 [0.85, 1.36] 0.527

 Obese (≥30) 931 1.07 [0.87, 1.32] 0.513 0.93 [0.75, 1.16] 0.530

Race 2,149

 White 1,503 1.00 (referent) - 1.00 (referent) -

 Black 646 1.52 [1.27, 1.84] <0.001 1.83 [1.49, 2.24] <0.001

Type 2 Diabetes Status 2,149

 No 1,858 1.00 (referent) - 1.00 (referent) -

 Yes 291 0.94 [0.73, 1.20] 0.623 0.77 [0.59, 1.01] 0.055

Number of Living Children 631 0.93 [0.83, 1.04] 0.213 0.88 [0.78, 0.99] 0.036

CI = confidence interval; BMI = body mass index; kg/m2 = kilograms per meter squared.

a
Adjusted for age quintiles, WHO BMI categories, and race, respectively.

b
Due to the limited number of underweight subjects (N=27), normal weight includes underweight individuals.
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Table 3.

Association between fibroid volume and exposure variables.

Exposure variables N Crude Beta
c
 [95% CI] Crude p-value Adjusted

a
 Beta

c
 [95% CI] Adjusted

a
 p-value

Age 1,307

 18 to 36 313 1.00 (referent) - 1.00 (referent) -

 37 to 42 258 1.19 [0.85, 1.68] 0.311 1.22 [0.86, 1.71] 0.262

 43 to 47 261 1.40 [0.99, 1.97] 0.054 1.47 [1.05, 2.07] 0.027

 48 to 54 276 1.33 [0.95, 1.86] 0.102 1.57 [1.12, 2.22] 0.010

 55 to 87 199 0.70 [0.48, 1.01] 0.055 0.81 [0.56, 1.18] 0.281

BMI (kg/m2) 1,307

 Normal Weight
b
 (≤24.9) 344 1.00 (referent) - 1.00 (referent) -

 Overweight (25-29.9) 377 1.42 [1.05, 1.93] 0.025 1.31 [0.97, 1.78] 0.083

 Obese (≥30) 586 1.32 [1.00, 1.75] 0.049 1.13 [0.85, 1.50] 0.408

Race 1,307

 White 844 1.00 (referent) - 1.00 (referent) -

 Black 463 1.75 [1.38, 2.21] <0.001 1.77 [1.38, 2.27] <0.001

Type 2 Diabetes Status 1,307

 No 1,141 1.00 (referent) - 1.00 (referent) -

 Yes 166 0.78 [0.55, 1.09] 0.149 0.72 [0.51, 1.02] 0.062

Number of Living Children 345 0.97 [0.82, 1.14] 0.696 0.93 [0.79, 1.11] 0.422

CI = confidence interval; BM = body mass index; kg/m2 = kilograms per meter squared.

a
Adjusted for age quintiles, WHO BMI categories, and race, respectively.

b
Due to the limited number of underweight subjects (N=27), normal weight includes underweight individuals.

c
Beta values are back-transformed to cm3.
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Table 4.

Association between largest fibroid dimension and exposure variables.

Exposure variables N Crude Beta
c
 [95% CI] Crude p-value Adjusted

a
 Beta

c
 [95% CI] Adjusted

a
 p-value

Age 1,777

 18 to 36 408 1.00 (referent) - 1.00 (referent) -

 37 to 42 345 1.05 [0.94, 1.18] 0.347 1.06 [0.95, 1.19] 0.264

 43 to 47 345 1.13 [1.02, 1.27] 0.026 1.16 [1.04, 1.30] 0.007

 48 to 54 381 1.11 [1.00, 1.24] 0.051 1.19 [1.07, 1.32] 0.002

 55 to 87 298 0.88 [0.78, 0.98] 0.024 0.94 [0.84, 1.05] 0.284

BMI (kg/m2) 1,777

 Normal Weight
b
 (≤24.9) 491 1.00 (referent) - 1.00 (referent) -

 Overweight (25-29.9) 510 1.10 [1.00, 1.21] 0.043 1.06 [0.97, 1.17] 0.200

 Obese (≥30) 776 1.11 [1.02, 1.22] 0.015 1.05 [0.96, 1.14] 0.319

Race 1,777

 White 1,209 1.00 (referent) - 1.00 (referent) -

 Black 568 1.28 [1.18, 1.38] <0.001 1.28 [1.18, 1.38] <0.001

Type 2 Diabetes Status 1,777

 No 1,545 1.00 (referent) - 1.00 (referent) -

 Yes 232 0.98 [0.88, 1.08] 0.644 0.94 [0.84, 1.05] 0.278

Number of Living Children 491 0.98 [0.94, 1.03] 0.517 0.96 [0.92, 1.01] 0.155

CI = confidence interval; BMI = body mass index; kg/m2 = kilograms per meter squared.

a
Adjusted for age quintiles, WHO BMI categories, and race, respectively.

b
Due to the limited number of underweight subjects (N=27), normal weight includes underweight individuals.

c
Betas are back-transformed to cm.
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