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Abstract

BACKGROUND: Uterine fibroids are common. Symptoms are debilitating for many, leading to
high medical and societal costs. Indirect data suggest that compared to white women, African-
Americans develop fibroids at least ten years earlier on average, and their higher health burden has
been well documented.

OBJECTIVE: To directly measure fibroid incidence and growth in a large, community-based
cohort of young African-American women.

STUDY DESIGN: This observational, community-based, prospective study enrolled 1693
African American women, ages 23-35 with no prior diagnosis of fibroids. Standardized
transvaginal ultrasound examinations at enroliment and after approximately 18-months were
conducted to identify and measure fibroids =0.5 cm in diameter. Fibroid growth (change in natural
log volume per 18 months) was analyzed with mixed model regression (n = 344 fibroids from 251
women whose baseline ultrasound revealed already existing fibroids).
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RESULTS: Among the 1123 fibroid-free women with follow-up data (88% were followed),
incidence was 9.4% (95% confidence interval, CI=7.7,11.2) and increased with age
(Ptreng=<0.0001), from 6% (CI=3,9) for 23-25 year-olds to 13% (CI=9,17) for 32-35 year-olds.
The chance of any new fibroid development was over twice as high for women with existing
fibroids compared to women who were fibroid-free at baseline (age-adjusted relative risk = 2.3,
(CI1=1.7,3.0). The uterine position of most incident fibroids (60%) was intramural corpus. Average
fibroid growth was 89% per 18 months (C1=74%,104%), but varied by baseline fibroid size
(p<0.0001). Fibroids =2 cm in diameter had average growth rates well under 100%. In contrast,
small fibroids (<1 cm diameter) had an average growth rate of nearly 200% (188%,
Cl=145%,238%). However, these small fibroids also had a high estimated rate of disappearance
(23%).

CONCLUSIONS: This is the first study to directly measure age-specific fibroid incidence with a
standardized ultrasound protocol and to measure fibroid growth in a large community-based
sample. Findings indicate that very small fibroids are very dynamic in their growth, with rapid
growth, but a high chance of loss. Larger fibroids grow more slowly. For example, a 2-cm fibroid
is likely to take 4-5 years to double its diameter. Detailed data on fibroid incidence confirm an
early onset in African American women.
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Introduction

Uterine leiomyomata (fibroids) are common benign tumors of the uterine muscle layer. The
condition is a major cause of morbidity for reproductive-age women. Symptoms include
pelvic pain, heavy menstrual bleeding with subsequent anemia, urinary incontinence,
bleeding during pregnancy and postpartum hemorrhage.! These tumors are the leading
indication for gynecologic in-patient care for premenopausal women in the United States.?
Annual costs are estimated at from $6-$34 billion,3 and high costs are also seen
internationally.* Despite the major health burden, in vivo fibroid development has received
limited attention by researchers. More information is needed about age-specific fibroid
incidence and growth to develop life-course treatment strategies.

African Americans are at higher risk of fibroid-related health problems than are women of
European ancestry.>6.7 Mathematical models from cross-sectional prevalence data suggest
about a 10-year earlier tumor onset in black women compared to white women.8 Yet, once
the 10-year offset is considered, the two ethnic groups appear to have a similar rate of
increase in risk with increasing age.8 The two ethnic groups may also have similar fibroid
growth rates among women <35 years of age.? It may be that the earliear onset in blacks that
results in a longer period of hormonal support for tumor development is the major
contributor to the increased health burden experienced by black women.

Despite the health burden of fibroids, no prospectively collected, image-based data on age-
specific fibroid incidence exists. Data on fibroid growth are limited, especially for African-
Americans. The aim of the current study is to provide such needed data by conducting
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standardized ultrasound examinations at baseline and after an 18-month follow-up period in
a large cohort of African-American women.

Materials and Methods

Study population

The Study of Environment, Lifestyle & Fibroids (SELF) is a community-based, cohort study
of fibroid incidence and growth. Detailed methods have been published.10 Eligible
participants were self-identified African-American women who lived in the Detroit,
Michigan area, 23-34 years of age at recruitment (23-35 at enrollment), with an intact
uterus and no prior diagnosis of fibroids. Participants were screened for fibroids at baseline
and again after an approximate 18-month follow-up. Of the 1693 participants 1490 (88%)
returned for the follow-up visit. After exclusion due to limited ultrasound quality at either
visit (n=56) or uterine surgery during follow-up (n=7), 1427 constituted the analysis sample
(Supplementary Methods 1.1). The study was approved by the institutional review boards of
the National Institute of Environmental Health Sciences and Henry Ford Health Systems.
Participants gave informed consent.

Ultrasound assessment of fibroid status

Study sonographers were registered diagnostic medical sonographers and had at least three
years of gynecologic ultrasound experience. Additional study-specific training was
conducted to assure standardized fibroid detection and data recording for fibroids =0.5 cm in
diameter.5: 1112 Ultrasound examinations were conducted transvaginally, with 2-D
equipment (Supplementary Methods 1.2). The largest six fibroids were measured in
triplicate, i.e., during each of 3 separate passes through the uterus each fibroid’s 3
dimensions were measured. In addition, the total number of fibroids were counted, with “10
or more” recorded as “10”. The position of each fibroid in the uterus was recorded with a
similar protocol to that used by Peddada et al. ® See Supplementary Methods 1.2 for details
of the ultrasound examination and data recording.

For analyses, the volume of each fibroid was calculated from the 3 measured diameters
using the ellipsoid formula, and the calculated volumes from the 3 replicate measures were
averaged. Still and video images were archived from each examination and used for quality
control. The head sonographer (TC) reviewed 8% of each sonographer’s examinations each
month, or at least one per sonographer (oversampled for those with fibroids).

Statistical analyses

Variables for fibroid size and position in uterus were constructed to have sufficient numbers
in each category for analysis. Fibroid size (volume) was categorized into a 5-level variable
defined by the diameter equivalent of the volume (Supplementary Methods 1.3). Position in
the uterus was categorized as submucosal, intramural fundal, intramural corpus, intramural
lower uterine segment, or subserosal/serosally-pedunculated, given the predominance of
intramural fibroids.
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Analysis of fibroid incidence —Fibroid incidence was defined as detection of
fibroid(s) at follow-up in the 1123 women who were fibroid-free at baseline (Supplementary
Methods 1.1). We used logistic regression to assess the association between women’s age
and development of incident fibroids. We did not adjust for length of follow-up, because it
differed little among participants (90% within 3 months of the mean length), and when
tested, it did not influenced incidence. To investigate whether the size and position of
incident fibroids differed from size and position of fibroids present at baseline, we compared
the two groups of fibroids using logistic regression. Results from an analysis that adjusted
for possible correlation among fibroids from the same woman (mixed model, SAS PROC
GLIMMIX) showed very similar results, and are not shown.

Analysis of net gain or loss in number of fibroids among those with fibroids at
baseline —The analysis sample included those who had 1-4 fibroids at baseline (=282
women, 93% of the 304 women with fibroids at baseline) (Supplementary Methods 1.1).
Those with =5 at baseline were excluded because ultrasound accuracy declines as humber of
fibroids increase,13 especially when numbers exceed four.14 Net gain (or loss) was
calculated by subtracting the number of fibroids at baseline from the number at follow-up. It
is possible that some women who had no net change in fibroid number had both lost a
fibroid and gained a fibroid. Thus, our net gain and net loss estimates may underestimate
true gain and loss.

Logistic regression was used to examine factors associated with net gain (vs no net gain) and
net loss (vs no net loss) of fibroids, including baseline age (4-level ordinal variable), number
of fibroids (continuous), and size of largest fibroid (5-level ordinal variable). Follow-up
interval length was not predictive of net gain or loss, so was not included in the model.

The specific fibroids gained or lost were not identified except for those in the 33 women
who lost all their fibroids (n=35 fibroids). Using logistic regression, we compared fibroid
size (5-level ordinal variable) and position (5-level class variable) of the lost fibroids with
size and position of baseline fibroids from women who still had fibroids at follow-up (N =
249). Results of a mixed-model analyses were essentially identical and not presented.
Extrapolating from the 35 lost fibroids in the 33 women who lost all their fibroids, we also
estimated the percent of prevalent baseline fibroids in each fibroid size category that were
lost (Supplementary Methods 1.4).

Risk of developing new fibroids for women with baseline fibroids compared to
risk for women fibroid-free at baseline —We combined the sample of 1123 fibroid-
free women with the 282 women with 1-4 fibroids at baseline. We used log-binomial
regression to estimate the relative risk (RR) and 95% Cls of any new fibroids for the women
with prevalent fibroids at baseline compared to development of incident fibroids in fibroid-
free women.

Analysis of Fibroid growth —Fibroid growth was evaluated for a set of 344 fibroids
from 251 women. This sample of fibroid pairs was identified as the same fibroid at baseline
and follow-up based on the position in the uterus and/or by confirmation from examination
of the archived scans by the head sonographer (Supplementary Methods 1.1). Growth was
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calculated as the difference between baseline and follow-up size indexed to 18 months, using
the natural logarithm of the volumes and previously described methods.® We conducted
outlier analysis, as described by Peddada et al.? and identified five rapidly shrinking fibroids
(residuals >3 standard deviations from the mean). On examination, the patterns across
covariate categories for analyses with and without outliers were similar, and we present
results excluding the outliers, as done in the prior literature.® For ease of interpretation,
growth rates were converted to percent change in fibroid volume per 18 months, and fibroid
sizes are presented in diameter equivalencies of volume (Supplementary Methods 1.5).

We examined factors potentially affecting fibroid growth using a mixed model (GLIMMIX
procedure in SAS 9.4) to account for the potentially correlated growth among fibroids from
the same woman. Factors were examined first in univariate models. Then, multivariate
models were used to adjust for factors found to be important in univariate models (age and
initial fibroid size), after removing outliers. To better describe the association of initial
fibroid volume with 18-month growth, we developed a natural cubic spline model with four
a priori cut-points (Supplementary Methods 1.6).

Participant characteristics of the 1427 women in the analysis sample are shown in Table 1.
Uterine fibroids were detected at baseline for 21%. Most women with baseline fibroids had
single small fibroids (Table 1).

Fibroid incidence

Of the 1123 women without fibroids at baseline, 106 (9.4%, CI1=7.7,11.2) developed 133
fibroids during the 18-month follow-up interval. Incidence increased with age from 6%
(C1=3,9) for 23-25 year-olds, 8% (CI=5,11) for 26-28 year-olds, 11% (CI=8,15) for 29-31
year-olds, and 13% (CI=9,17) for 32-35 year-olds (pireng=<0.0001). Nearly all participants
with incident fibroids developed either a single fibroid (77%) or two fibroids (21%) during
follow-up. The 133 incident fibroids were significantly smaller (p<0.0001) than the fibroids
prevalent at baseline with 57% <1 cm in diameter (Table 2). The location of incident fibroids
in the uterus was only marginally different from the distribution seen for the baseline
fibroids (p=0.08); intramural corpus was the dominant location (Table 2).

Net gain or loss in number of fibroids

Nearly a quarter (N=67) of the 282 women with 1-4 fibroids at baseline had a net gain in
fibroid number during follow-up (Table 3). A net loss of fibroids was nearly as common
(21%). For most, the gain or loss was a single fibroid. Women with larger fibroids tended to
gain (p=0.06), while women with small fibroids tended to lose fibroids (p=0.009). Having a
net gain or a net loss in fibroid number did not vary significantly by participant age.

The specific fibroids that were gained or lost were not identified, except for the 35 fibroids
in the 33 women who lost all their fibroids, but a comparison of those 35 fibroids with the
249 fibroids in women who did not lose all their fibroids show that position in the uterus
does not differ between the two groups (p=0.41) (see Table, Supplementary Results 2.1).
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Sixty-five of the 430 prevalent baseline fibroids were lost by follow-up (15%). Extrapolating
from rates of loss seen for those who lost all fibroids where fibroid size is known, we
estimated that loss rates were high (23%) in the smallest fibroid-size category (fibroid <1 cm
diameter) and declined across size categories to 0% in the largest size category (=4 cm in
diameter).

Risk of developing a new fibroid for women with existing fibroids compared to women
fibroid-free at baseline

The risk of developing a new fibroid was over twice as high for women who already had
fibroids than for fibroid-free women (RR¢ryge=2.5, 95% CI 1.9, 3.3 and aRR44j=2.3, 95% Cl
1.7, 3.0 after age-adjustment).

Fibroid growth

The 344 matched fibroids from 251 women varied in their baseline size from 0.05 cm3 to
380 cm3. Diameter equivalents were 0.5 to 9.0 cm, with median=1.7 cm. Based on
calculations from In-volume change (indexed to 18 months), the average fibroid growth was
an 89% increase in volume per 18 months (CI 74%,104%). Figure 1 shows the adjusted
fibroid growth per 18 months associated with categories of age, baseline fibroid size, fibroid
number, uterine position (retroverted versus anteverted), and fibroid position in the uterus,
adjusting for age and baseline size of fibroid. Though age had appeared important in
univariate analyses, the four-category age variable was only marginally significant (in the
final adjusted model (p=0.09). The 32-35 year-olds had slower growing fibroids than
younger women (57% volume increase per 18 months compared to approximately 90%
increase in the younger age categories). Baseline fibroid size was strongly related to growth
rate (p<0.0001). Overall, small fibroids (<1.0 cm in diameter) tended to grow rapidly (188%
increase per 18 months (95% CI 145,238)), while fibroids =2 cm diameter generally grew at
less than half that rate. Position in the uterus was associated with growth (p=0.04) after
adjusting for age and fibroid size. There was rapid growth for submucosal (137%) and
intramural fundal (110%), less rapid growth for intramural corpus (77%) serosal (69%) and
intramural fibroids in the lower segment (40%), but the sample sizes were small for the
lower segment and submucosal groups (Figure 1) (see Supplementary Results 2.2 for
unadjusted estimates).

The decline in growth rate with increase in baseline fibroid size is shown in Figure 2. A
sharp decline is apparent for fibroids <2 cm in diameter. The very smallest fibroids were
estimated to grow nearly 300% per 18 months. However, among fibroids =2 cm in diameter,
the estimated growth rates were all well below 100% per 18 months, with only a small
difference in growth rates across baseline fibroid-size categories (p=0.06).

Fibroid shrinkage (decrease of >20% in fibroid volume) was seen in 11% of the fibroids and
occurred in all size categories, varying from 7% to 19% (Figure 2). Shrinkage is
underestimated because fibroids that were lost during follow-up are not included. Therefore,
Figure 2 includes a separate bottom panel showing the estimated percentage of fibroids lost
in each size category (23% loss for <1 cm fibroids, decreasing to 0% loss for the =4 cm
fibroids).
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Our fibroid-size-dependent growth estimates allow us to estimate the average time it takes
for a fibroid to grow from some given starting size to some larger size. For example, growth
from a 2-cm-sized to a 4-cm-sized fibroid (indexing to women age 26-28) is estimated to
take 4.5 years on average (95% Cl=3.6-5.3) (Supplementary Methods 1.7).

During an 18-month follow-up of young African Americans, we found a nearly 10%
incidence of fibroids among those who were fibroid-free at baseline. Incidence increased
with age. We found that new fibroid development was even more frequent in women who
already had fibroids (24%), and new development in this group did not increase with age.
Fibroid growth varied by initial size. Small fibroids grew very rapidly on average, but also
had a high risk of loss.

The single prior image-based, prospective study of fibroid incidence reported 13% per 31
months among 53 fibroid-free white women. Prior estimates of age-specific fibroid
incidence have all been modeled from cross-sectional data.8:1516, Our study validates the
prior estimates showing that tumor onset begins in the 20s for African-American women,
about ten years earlier than estimated for white women.

Eight prior studies have examined fibroid growth,%:17:18.19.20.21,22.23 some of which were
included in a recent review.2* The studies vary in design, number of women studied (11 to
152), eligibility criteria, size of monitored fibroids, imaging method, length of follow-up,
and methods of analyzing fibroid growth (Table 4). The prior studies report average or
median growth rates ranging from 18% per year %23 to 82% per year,?2 and our estimates
fall within this range. Our data suggest that much of this variation could be due to the
different fibroid-size distributions being studied (see Supplementary Results 2.3 for detailed
review).

Our fibroid growth data suggest that women with small fibroids (<2cm in diameter) can be
re-assured that such fibroids often shrink, and growth to a size likely to cause symptoms (>4
cm) will usually take several years. Our prospectively confirmed increase in fibroid
incidence with age has reproductive health implications. Women are increasingly delaying
their childbearing.2> Older women will be more likely to have fibroids, with the associated
problems such as the possibility of reduced fertility,2 pain and bleeding during early
pregnancy,2’ and increased risk of cesarean birth.28

The higher risk of new fibroid development that we observed among women with existing
fibroids compared to incidence in fibroid-free women may result from population
heterogeneity in fibroid susceptibility. Multiple susceptibilities are likely at play, including
genotype at time of conception, along with numerous life-course exposures that could have
acute and/or long-term impacts through mutation, epigenetic changes, and immunologic/
endocrine effects. The fibroid-free women likely include a full range of susceptibilities,
while the women with existing fibroids likely include more highly susceptible individuals.
This suggests that women who develop multiple fibroids at a young age constitute a high-
risk group, and they may benefit from more frequent follow-up.
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Little is known about early fibroid development, but mutation-driven initiation is likely, with
MEDI12 mutations the most common.2%:39 However, the high variability we observed in
growth of small fibroids, with their frequent loss, suggests that other factors, such as
inflammatory or hormonal factors, influence lesion development and survival. Further
research on factors associated with fibroid loss that might be leveraged for treatment is
needed. Research that separately evaluates fibroid incidence and fibroid growth will be
important for planning future clinical trials of new fibroid medications because medications
that reduce growth may not reduce incidence.

Our study has limitations. Because we focused exclusively on African Americans, the ethnic
group with the highest fibroid health burden in the U.S., our findings may not be directly
generalizable to other ethnic groups. Also, we used ultrasound imaging rather than MRI.
However, ultrasound is the usual diagnostic procedure for clinical practice, making the
findings directly relevant to clinical practice. Though sonographers were trained in
distinguishing fibroids from other pathologies, some misclassification is possible. In
addition, though fibroid loss has been reported previously,19 all data on fibroid loss is
limited by detection limits. “Lost fibroids” were not seen either because they shrank below
detection (<0.5 cm diameter) or resolved completely.

The major strengths were the prospective study design and large sample size with low loss to
follow-up which allowed us to measure age-specific fibroid incidence directly for the first
time. In addition, the detailed analysis of fibroid growth allowed us to estimate time required
for a fibroid to grow from a given size to a larger size.

Conclusions

In summary, this is the first study to directly measure age-specific fibroid incidence and the
largest study of fibroid growth. Our incidence data suggest that previous estimates of age-
specific incidence rates provide reasonable approximations of population-level onset-age.
Our use of fibroid growth data to estimate the time required for fibroids to grow a given
amount is an approach that will be useful for developing future life-course treatment
strategies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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AJOG at a Glance:
Why was this study conducted?

Age-specific fibroid incidence has been estimated with prevalence data, but not directly.
This study prospectively quantified fibroid incidence and growth.

Key findings

During an 18-month follow-up, fibroid incidence increased from 6% for 23-25 year-olds
to 13% for 32-35 year-olds. The small fibroids (<1 cm diameter) averaged a nearly 200%
increase in volume, while fibroids >4 cm averaged about a 50% increase. Estimated
average time for fibroids to grow from 2 to 4 cm in diameter was 4.5 years.

What does this add to what is known?

This is the first study of age-specific fibroid incidence and the first to measure fibroid
growth in a large, community-based, high-risk cohort. These data will be useful in
designing life-course treatment strategies for this common condition.
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Fibroid Growth

(% increase in volume per 18 months)

Variation in fibroid growth by woman and fibroid characteristics

Fibroid growth per 18 months associated with categories of baseline characteristics (n = 339
fibroids after excluding 5 outliers). Horizontal lines show 95% Cls. Estimates are adjusted
for baseline age and fibroid size and are based on converting model results (change in In-
volume over time) to percent change in volume indexed to 18 months. There was no

interaction between age and fibroid size (p=0.70).
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Figure 2.
Change in fibroid growth with fibroid size

Change in fibroid growth rate with baseline fibroid size as estimated by cubic spline
analyses. Estimates are based on change in In-volume for 344 fibroids with nodes at

diameter equivalencies of 1, 2, 3, and 4 cm, and indexed to women 26-29 years of age. The
graph is truncated at 5 cm to better show the drop in fibroid growth rates in the smaller
fibroid-size categories. The shaded area represents the 95% confidence limits around the
estimated average growth. The vertical lines show the observed median (solid circle on
vertical line) and interquartile range of growth rates for the fibroids in each size category.

Percent >400 (above the upper dotted line) are the percent of observed fibroids with growth
rates that exceed 400 percent per 18 months. Percent shrinking are the percent of observed
fibroids with a decrease in volume of 20% or more. The estimated percent of fibroids lost in
each size category during the 18-month follow-up is shown in the box below the graph;
methods for estimating loss are described in Supplementary Methods 1.3.
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TABLE 1
Characteristics of participants (N = 1427)

Variable n %
Age at baseline (years)

23-25 304 21

26-28 363 25

29-31 392 27

32-35 368 26
Education

<High school or GED 300 21

Some college 730 51

Bachelors/Masters/PhD 3% 28

Missing 1 -
Body mass index (kg/m2)

<25 288 20

25-<30 295 21

30-<35 270 19

=35 574 40
Parity

Never pregnant 376 26

0 178 12

1 379 27

2 259 18

>3 235 16
Smoking

Never 1055 74

Former 103 7

Current

<10 cigarettes/day 195 14
=10 cigarettes/day 74 5

Length of interval between baseline and follow-up (months)

16 118 8

17-22 1166 82

23-25 132 9

26-28 11 1
Number of fibroids

0 1123 79

1 190 13

2 49 3

3 30 2
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Variable n %
4 13 1
>5 22 2

Size of largest fibroid (among 304 with fibroids)a
<0.52 cm?® [<1 cm diameter] 85 28
0.52 —<4.19 cm?3 [1 cm — <2 cm diameter] 116 38
4.19 - <14.1 cm3 [2 cm - <3 cm diameter] 48 16
14.1 - <33.5 cmd [3 cm — <4 cm diameter] 25 8
>33.5 cm?® [>4 cm diameter] 30 10

a.. . _— .
Diameter equivalency of the fibroid volume shown in brackets.
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