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Abstract

OBJECTIVE—To estimate leiomyoma-related inpatient care in the United States for 2007 with
predictions for the ensuing 40 years.

STUDY DESIGN—We used the 2007 Nationwide Inpatient Sample to estimate hospitalizations
and inpatient surgeries for uterine leiomyoma in US women 15 to 54 years. We used the US
Census Bureau population projections to predict leiomyoma-related inpatient care through 2050.

RESULTS—In 2007, 355,135 women were hospitalized for leiomyoma (rate = 42 per 10,000
women-years). Black women had increased rates of hospitalization, hysterectomy, and
myomectomy (relative risk, 3.5, 2.4, 6.8, respectively) compared with white women. Leiomyoma-
related hospitalizations are predicted to increase 23% (to 437,874) between 2007 and 2050, with
20% and 31% increases in leiomyoma-related hysterectomies and myomectomies.

CONCLUSION—Leiomyoma-related inpatient care and major surgery remains substantial
despite advances in less invasive treatment options. Given population growth, the projected
burden of leiomyoma-related inpatient care will increase significantly by 2050, differentially
impacting black vs white women.
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Uterine leiomyoma, (fibroids) and their treatment are arguably the most significant women’s
health issue facing reproductive-aged women in the United States today. Leiomyoma are the
most common reproductive tumor in women. By age 50, cumulative incidence of
ultrasound-detected fibroids for white women is almost 70% and more than 80% for black
women; moreover, for women in their thirties and forties with ultrasound-detected
leiomyoma, up to 35% of white and 50% of black women will have symptoms. 1
Leiomyoma-related symptoms are associated with a dramatically decreased quality of life
and health.2Common symptoms from leiomyoma are heavy, painful menstrual bleeding,
often leading to anemia, and “bulk” symptoms such as pelvic pressure and urinary
frequency. Women with leiomyoma are more likely to miss work3 and to experience certain
pregnancy complications.*
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Women with leiomyoma incur total health care costs over twice that of their counterparts
without leiomyoma and the majority of costs come from inpatient care.3> Absenteeism and
disability from fibroids results in indirect costs equivalent to direct healthcare costs.®
Though not all women seek treatment for their symptoms, leiomyoma are the primary
indication for hysterectomy in this country, accounting for 33% to more than 40% of the
approximately 600,000 hysterectomies each year.”8 Hysterectomy for leiomyoma exceeds
the number of hysterectomies performed for all types of gynecologic cancers combined.8
Minimally invasive treatments, such as uterine artery embolization (UAE) and magnetic
resonance guided focused ultrasound surgery (MRgFUS), are available but underused, and
most leiomyoma treatment still involves an inpatient hospital stay with its associated
disadvantages, including cost.

Age and race are the 2 major determinants of fibroid burden. Premenopausal women,
generally between ages 35 and 45, are the most affected group. Although white, Asian, and
Hispanic women are currently thought to have similar incidence of leiomyoma, black
women bear a disproportionate burden from fibroids.%10

As a pressing women’s health issue, uterine leiomyoma and their treatment patterns demand
informed planning as we navigate the current health care environment. Our first objective in
this study was to update the data describing current leiomyoma-related hospitalizations and
surgery. To reflect the growing US population and projected racial distribution changes, we
also created predicted scenarios for the coming decades. These predictions are illustrations
of the future public health burden of fibroid care, intended to guide researchers,
policymakers, and healthcare agencies. These predictions will also equip training programs
to calculate the number of graduates needed to meet the demands for well-trained
gynecologic surgeons and women’s health care providers.11

Materials AND Methods

Data source

Analysis

We used the 2007 data from the Nationwide Inpatient Sample (NIS) of the Healthcare Cost
and Utilization Project (HCUP) to calculate the number of hospitalization, hysterectomy,
and myomectomy for US women aged 15 to 54 with a diagnosis of uterine leiomyoma.12
The NIS is the largest US inpatient database, containing information on 7 million hospital
discharges from 800 to 1000 hospitals, representing all payers. The data (patient
characteristics, diagnoses, surgeries) approximate a 20% stratified sample of US community
hospitals and is retained for all discharges for each hospital for the year, capturing all
hospital stays with an inpatient designation. Women with uterine leiomyoma as any of their
hospital diagnoses, based on the /nternational Classification of Diseases, 9th revision,
(ICD-9) Clinical Modification (codes 218.0, 218.1, 218.2, 218.9), were included. Procedures
were identified using ICD-9 procedure codes: for hysterectomy (68.3-68.9) and for
myomectomy (68.29 and 68.19). Reporting of data on race is not required in the NIS and
varies by state and hospital. However, given the importance of race in the study of fibroids,
we examined and analyzed available race data for black and white women.

We calculated the 2007 age-specific rates of leiomyoma-related hospitalization,
hysterectomy, and myomectomy (events) for women aged 15-54 using the US Census
Bureau 2007 population data.13 These rates were estimated individually for each 5-year age
group regardless of race and then stratified for race. For example, to calculate an age and
race-specific rate, we took the NIS data for the number of leiomyoma-related
hospitalizations in white women, aged 40-44, and divided it by the total number of white
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women, aged 4044, in the United States in 2007 as reported by the US Census. We
multiplied these rates by the US Census Bureau population projections for 2010 to 2050 for
each 5-year age group individually, then summed these numbers to report results by the
decade (2010, 2020).14.15 These values yield age and race-specific predictions for the
magnitude of future leiomyoma-related inpatient care. We used the middle series of the US
Census Bureau population projections for each year and applied the 95% CI around the 2007
rates to calculate a range of leiomyoma-related events predicted for each decade.

Given the complex sampling design of the NIS, we used STATA 9.2 (StataCorp, College
Station, TX) to account for sampling weights, strata, and clusters and to provide national
estimates. Rate calculations and projections were performed using Microsoft Excel
(Microsoft, Redmond, WA). The NIS contains only de-identified data and thus, this study
was granted exemption status by the Mayo Clinic Institutional Review Board (Jacksonville,
FL).

In 2007, there were 355,137 leiomyoma-related hospitalizations in women aged 15-54 for a
rate of 42 per 10,000 women years (95% confidence interval [CI], 39-46). There were
538,719 hysterectomies, of which 43% had a diagnosis of leiomyoma. Although nearly one-
third (101,616) of women in the NIS had missing race data, 77,001 black women and
120,688 white women allowed us to examine racial differences in this subset. For black
women, the calculated rate of hospitalization was 3.5 times that in white women. For all
races, combined, leiomyoma-related hysterectomy was 27 per 10,000 women-years (95%
Cl, 25-30), and 2.4 times more common in black women than in white women.
Myomectomy rate was 4.4 per 10,000 women-years (95% Cl, 3.7-5.2). According to
available data, black women had 6.8 times the rate f myomectomy compared with white
women (Table 1).

Assuming stable rates of these leiomyoma-related events, compared 2007 data, the number
of hospitalizations should increase 23%( to 437,873) by 2050 because of an increase in the
female US population and changing demographics.16 The number of leiomyoma-related
inpatient hysterectomies is predicted to increase by 20%, with an increase of 22% in black
women and 8% in white women as compared with 2007 numbers. Inpatient myomectomies
are predicted to increase in number by 31%, to nearly 50,000, in 2050, with a 26% increase
in black women and a 21% increase in white women compared with these figures in 2007
(Figure and Table 2).

Hospitalization for fibroids differed by age and peaked in women 40-44 and 45-49 years
old (85 and 86 per 10,000). The same trend is seen for hysterectomy (62 and 71 per 10,000),
accounting for more than 150,000 hysterectomies in 2007 in this age group alone.
Myomectomy was most common in 30-34 and 35-39 year-olds (8.9 and 11 per 10,000)
(Table 3).

Leiomyoma-related inpatient care is substantial and predicted to increase significantly by
2050. Approximately 42 per 10,000 women, aged 15-54, are hospitalized annually for
leiomyoma-related treatments. Major surgery, including hysterectomy and myomectomy,
occurs in the majority of these hospitalizations. Such leiomyoma-related health care events
appear, from this data, to occur much more often in black women than in white women.
Given the increasing population and the projected increasing diversity and changing
demographics of the US populationl8 the absolute magnitude of this common female health
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problem will increase 20 to more than 30% by the year 2050. If current trends continue,
there will be more than 400,000 leiomyoma-related hospitalizations in 2050 with the
associated morbidity and cost. Because indirect costs (disability and absenteeism) are a
significant proportion of the health care costs for leiomyoma, these trends could also have
substantial implications for workforce productivity.3:6

Uterine leiomyoma have a differential impact for black women for several reasons. 1
Incidence rates for black women are 2- to 3-fold higher than for white women.?17 Black
women, as compared with white women, are more likely to be hospitalized and to have a
hysterectomy for fibroids; they are much more likely to have a myomectomy. They are also
more likely to have a more severe disease at the time of presentation and the time of surgery
as well as a higher prevalence and relative risk of fibroids.2-18-20 Finally, leiomyomas affect
black women over a wider age span with an earlier age of onset and no growth deceleration
as women approach menopause.18:21 These factors magnify the importance of the changes
anticipated by this study.

Our results point toward an increasing financial burden related to leiomyoma-related
inpatient care for our country’s future. Health care costs related to leiomyoma are already
high; costs for total health care and for inpatient care in women with fibroids are 2.6 times
and 6.6 times those for women without fibroids. 3 Inpatient stays, generally 2—3 days for
leiomyoma care, represent a large part of treatment costs.5:22 Inpatient myomectomy costs
$5425-11,839 and inpatient hysterectomy costs $5012-7934 in 2004 dollars.23 Using data
from 1999-2004, leiomyoma-related direct (medical) and indirect (productivity) costs for
women 25-54 with symptomatic leiomyoma were examined: direct 12-month costs were
$11,720 for women with leiomyoma, compared with $3257 for women without such
leiomyoma, and indirect health-related costs over a year were an additional $11,752
compared with $8083 for controls (2 < .0001).8 Other costs (pregnancy complications,
infertility, urinary symptoms) are not easily represented or measured, but are substantial.3
Furthermore, myomectomy and other uterine-sparing treatments are likely to increase as
more women delay childbearing or opt for minimally invasive procedures such as uterine
artery embolization. These treatments are not infrequently followed by additional medical
symptom management, UAE, repeat myomectomy, and hysterectomy, compounding the
overall per-person cost for fibroid-related care.

Conclusions from this study must be evaluated within the context of its limitations. One
limitation is the number of necessary assumptions. We assume that the rates of
hospitalizations, hysterectomies, and myomectomies going forward will remain similar to
2007 rates. This assumption is supported by Whiteman et al 24 using NIS data to
demonstrate no significant change in leiomyoma-related hospitalizations over 7 years to
2005. Given the importance of racial difference in the impact of uterine leiomyoma, we
chose to analyze and report difference by black and white race, despite awareness that race
data in the NIS is incomplete. Our calculations are valid only under the assumption that
black and white race categories are equally likely to have missing data. We intend the race
data and predictions from this data only to stimulate discussion and further research in this
arena; yet our findings are not incongruous with known increased prevalence and fibroid
burden born by black women but also previous research suggesting that black women are
more likely to undergo major surgery for fibroids.1”25 Age differences in this data are
presented without complex analysis to identify statistical differences among age and race
categories. Though rates of events differed somewhat by age, age standardization in similar
studies did not make a significant difference to overall rates.” The NIS uses only ICD-9
codes, and the ICD-9 codes available to identify myomectomy are nonspecific and may miss
some procedures or include nonspecific uterine surgery not myomectomy. The data were
also searched by using ICD-9 codes 68.29 with 69.19, resulting in minimal change in
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estimates of myomectomy numbers and rates. Also, the ICD-9 codes we used to identify
hysterectomy may include surgeries performed for gynecologic cancer with leiomyoma as a
secondary finding.

Our calculated rates likely underestimate total leiomyoma-related health care delivery for a
number of reasons. The NIS does not capture treatments associated with admission not
designated as inpatient. This would exclude from the NIS data most minimally invasive
fibroid treatments: laparoscopic, robotic, and many vaginal hysterectomies, nearly all
hysteroscopic myomectomies, and most UAE, not to mention MRgFUS. Also important is
that estimates of hysterectomy rates, including ours, do not routinely correct for the number
of women in the population who have already had hysterectomies and are therefore no
longer “at risk” for the outcome (ie, they should not be in the denominator for calculating
rate), making the estimated rates artificially lower than actuality.28

A major strength of this study is that the 2007 Nationwide Inpatient Sample is a reliable and
recent source, and in fact, the best available data on leiomyoma-related US hospitalizations,
hysterectomies, and myomectomies. US Census Bureau predictions for future population
size and demographics are readily available. The combination of these data sources
represents a new application of a proven strategy to illustrate the predicted current and
future impact of leiomyoma-related inpatient care, a critically important women’s health
issue.2” Our conclusions are supported by similar analyses in the literature, though reported
rates of inpatient leiomyoma care are lower if inclusion is limited to leiomyoma only as the
principal diagnosis. Though arguably less specific, we include all patients with diagnoses of
leiomyoma to include those patients whose principal diagnosis may have leiomyoma as the
underlying disease process (eg, abnormal uterine bleeding).

Symptomatic uterine leiomyoma are a critical issue in women’s health. Common and with
an often devastating impact on quality of life, leiomyoma are also a primary source of
resource consumption. Inpatient care and major surgery for uterine leiomyoma remains
substantial despite advances in less-invasive treatment options. Assuming stable rates of
hospitalization and surgery, this study also illustrates the magnitude of leiomyoma-related
hospitalizations and inpatient procedures as predicted to occur in the next 4 decades. Unless
fibroid incidence decreases or outpatient, minimally invasive treatments become more
accessible, effective, and used, the burden of leiomyoma-related health care will increase
with the increasing population and changing demographics as we move toward 2050. These
projections differentially impact black vs white women and may serve as a tangible tool to
inform surgeon availability, healthcare distribution policies, and research fund allocation for
the management of uterine leiomyoma.

For future direction, it will be important to look at the upcoming years’ NIS data to identify
changes in the rates of inpatient leiomyoma-related care, particularly as there have been
large advances and more popular acceptance of minimally invasive treatment of fibroids (eg,
robotic surgery, UAE), allowing more outpatient and short-stay treatments. Such changes
will hopefully reduce inpatient care of uterine leiomyoma and alter the course of the health
care demands projected in this study. In addition, there is a growing body of recent literature
that examines cost and compares treatment modalities using validated outcomes (eg, quality
of life); such studies are providing the data that will allow a more analytical approach to
leiomyoma treatment, mindful of economic and health benefits on both an individual patient
and population basis. Perhaps most importantly, our projections in this study mandate a
commitment to research in uterine leiomyoma, focused on cause, prevention, medical
treatment, and racial disparities, as a high-yield target for dramatically improving the future
of women’s health.
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Rates of leiomyoma-related hospitalization, hysterectomy, and myomectomy in 2007, in women 15-54 years

TABLE 1

old, including all races, black and white

Event Allraces Black  White
Hospitalization
Rate 42 65 18
95% ClI 39-46 54-75  16-20
Hysterectomy
Rate 27 33 14
95% ClI 25-30 28-38  12-15
Myomectomy
Rate 4.4 9.2 13
95% ClI 3.7-5.2 6.9-11 1.0-16

Rate per 10,000 women-years.

C/, confidence interval.
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