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ABSTRACT
ANCA DANA DRAGOMIR: Uterine Location of Leiomyomata:
Risk Factors and Relation to Stress Urinary Incontinence
(Under the direction of Jane Schroeder)

The first objective of this research was to compare risk factors for three uterine
leiomyomata (UL) subtypes (submucosal UL, intramural/subserosal UL, and diffuse only)
among African-American and Caucasian women. The second objective was to investigate the
association between UL and self-reported SUI in premenopausal women. Data were from 35
to 49 year old premenopausal African American and Caucasian women enrolled in the
National Institute of Environmental Health Sciences Uterine Fibroid Study.

The cross-sectional study of risk factors for UL subtypes included 986 premenopausal
women (581 African-American, 405 Caucasian). For women in both ethnic groups,
associations with age at ultrasound examination, age at menarche, body mass index, and
current physical activity were similar for all three UL subtypes. Inverse associations
estimated for pregnancies after age 24 were stronger for the submucosal UL subtype than the
other two subtypes. Current smoking was positively associated with the diffuse only subtype,
but was not associated with focal UL subtypes in either ethnic group.

The study of UL and SUI included 798 premenopausal women (446 African-
American and 352 Caucasian). The estimated prevalence of SUI was higher among women
with UL than among women without UL. Associations were slightly stronger for medium (2-

4cm) and large (> 4cm) UL, but anterior location was not associated with further increase in
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prevalence. Women with very large uterine volume (above the 83" percentile for the
population) reported more SUI than those with small uterine volume (bellow the 33
percentile). There was no clear evidence of effect modification by ethnicity or parity.

The two studies have improved upon prior research by identifying and characterizing
UL based on ultrasound examinations (instead of including diagnosed UL only), and by
including both African American and Caucasian women. Results suggest that future studies
of UL etiology should distinguish the focal UL subtypes from the diffuse only subtype to
account for potential differences in etiologic mechanisms, and that treatment for larger UL

might enhance SUI treatment in some women.
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CHAPTER 1
REVIEW OF THE LITERATURE
Introduction

Uterine leiomyomata (UL) are the most prevalent tumors of women in the United
States (Flake et al. 2003). Based on cross-sectional screening for UL done among women
aged 35 to 49 years old without regard to the presence or absence of clinical symptoms, the
National Institute of Environmental Health Sciences (NIEHS) Uterine Fibroid Study
estimated that more than 80% of African-American women and about 70% of Caucasian
women develop UL by age 50 (Baird et al. 2003). Although only about 20% to 50% of
women with UL experience related symptoms (Stovall 2001), the economic impact of UL is
considerable. Estimates for the direct cost of treating UL have been as high as $2.1 billion
per year (Flynn et al. 2006).

Epidemiological studies tend to investigate risk factors associated with the presence
of UL without regard to anatomic location, whereas studies that have evaluated the
association of characteristics of UL with reproductive outcomes have noted that anatomic
location could be an important predictor of adverse effects. Thus there is a need to identify
risk factors associated not only with the presence of UL in general, but also with their
presence at specific location.

No population-based epidemiological studies have investigated risk factors for the
location of UL. The association of age at first birth with the location of UL has been

examined only as a secondary analysis in a practice-based case-control study, in which the



results were limited by the small number of women with known location of UL (Faerstein et
al. 2001 a). The proposed research will investigate risk factors for the location of UL using
premenopausal African-American and Caucasian women from the baseline data of the
NIEHS Uterine Fibroid Study for whom the location of their UL is known.

Urinary incontinence is one of the most common types of lower urinary tract
dysfunction, affecting about a third of adult women in the United States (DuBeau 2001). The
annual direct cost of urinary incontinence for women in the US is estimated as $12.4 billion
(in 1995 dollars) (Wilson et al. 2001).

Stress urinary incontinence (SUI), i.e. the complaint of involuntary leakage of urine
on effort or exertion, or on sneezing or coughing (Abrams et al. 2002), is the most common
type of urinary incontinence in women, with about half of women with urinary incontinence
suffering from SUI (Hampel et al. 1997). SUI accounts for 85% of treatment expenditures for
urinary incontinence for women (Wilson et al. 2001), and also may have a substantial
negative impact on the quality of life (Contreras-Ortiz 2004).

Although it is often stated in the literature that UL and SUI are associated (Stovall
2001, Nygaard and Heit 2004) there is little evidence to support it. No population-based
observational studies have assessed the association between the size and location of UL and
SUI The proposed research will fill this research gap based on data from African-American
and Caucasian premenopausal women from the first follow-up of the NIEHS Uterine Fibroid

Study.



Epidemiology of Uterine Leiomyomata

UL are the most prevalent tumors of women in the United States (Flake et al. 2003).
These benign neoplasms are monoclonal, arise from the smooth-muscle cells of the uterus,
and contain an increased amount of extracellular matrix proteins, such as collagen and elastin
(Stewart 2001, Walker and Stewart 2005). Regarding their gross features, UL are firm,
rubbery, and are characterized by a very sharp line of demarcation between them and the
surrounding myometrium (Robboy et al. 2000).

Although the prevalence of UL was estimated to be as high as 77% in hysterectomy
specimens (Cramer and Patel 1990), perhaps only about 20% to 50% of women with UL
experience related symptoms (Stovall 2001). Several epidemiological studies have found that
African-American women are more likely than Caucasian women to have multiple UL,
larger diameter UL, and greater uterine weight (Kjerulff et al. 1996, Marshall et al. 1997).
Based on cross-sectional screening for UL done among women aged 35 to 49 years old
without regard to the presence or absence of clinical symptoms, the National Institute of
Environmental Health Sciences (NIEHS) Uterine Fibroid Study estimated that more than
80% of African-American women and about 70% of Caucasian women develop UL by age
50 (Baird et al. 2003). If attention is restricted to clinically relevant UL (defined as the
presence of an enlarged uterus, or the presence of a tumor with a diameter of at least 4 cm, or
the presence of submucous UL) approximately 50% of African-American and 35% of
Caucasian premenopausal women will have clinically relevant UL by age 50.

Although a large percentage of the women with UL are asymptomatic, the economic
impact of UL is considerable. From 1988 to 1990 UL was one of the five most common

hospital discharge diagnoses among all gynecologic disorders for reproductive-age women



(Velebil and al. 1995). From 1990 to 1997 about 40% of total abdominal hysterectomies, and
about half of subtotal hysterectomies were performed for UL (Farquhar and Steiner 2002).
From 1994 through 1999 UL was the most frequent diagnosis for the approximately 600,000
hysterectomies performed annually in the United States (Keshavarz et al. 2002). Estimates
for the direct cost of treating UL have been as high as $2.1 billion per year (Myers et al.
2001).

UL are heterogeneous with respect to their natural history. Etiology is believed to
involve the combined effect of risk factors (such as ethnicity, parity, obesity) and genetic
alterations (including hereditary susceptibilities and somatic alterations) acting through
hormones (estrogen and progesterone) and growth factors (Walker and Stewart 2005).

A recent comprehensive review on the epidemiology of UL (Schwartz 2001)
summarized the results of 20 papers published between 1986 and 2001 that were based on
data from 11 epidemiological studies. The review emphasizes that many of these studies have
important methodological limitations, the most critical being limitations due to the presence
of subclinical UL among women without established clinical disease, and the use of case
identification via hysterectomy. Because of the latter, women who have not been treated for
their UL often have not been included as cases, and even when case status is based on a
clinical diagnosis of UL there may be substantial misclassification of case/control status
because of undiagnosed UL.

Of the 11 epidemiological studies cited only two were specifically designed to
identify risk factors for UL, one in Thailand (Lumbiganon et al. 1996) and the other in the
United States (Faerstein et al. 2001 a, Faerstein et al. 2001 b). Most of the studies were

conducted as ancillary investigations within larger studies of women’s reproductive health,



such as the Oxford Family Planning Association Study (Ross et al. 1986), the Cancer and
Steroid Hormone Study (Samadi et al. 1996), and the Nurses’ Health Study (Marshal et al.
1997). Five of the studies were cohort studies, while the other six were case-control studies,
including the two studies that focused on UL etiology. Overall most of the participants in
these studies were Caucasian premenopausal women.

Schwartz’s review underlines the consistency of results for ethnicity, age at
menarche, postmenopausal status, parity, years since last birth, and cigarette smoking, while
inconsistent results were noted for use of oral contraceptives, history of infertility, and BMI
(Schwartz 2001). There were also risk factors that were investigated by too few studies to
provide conclusive evidence, such as the use of an injectable progestin-only contraceptive
(Lumbiganon et al. 1996), diet (Chiaffarino et al. 1999), family history (Lumbiganon et al.
1996), perineal talc use (Faerstein et al. 2001 b), and use of antihypertensive medication
(Faerstein et al. 2001 b). In addition there is also evidence that risk factors for UL may vary
by ethnicity (Chen et al. 2001).

Table 1.1 contains the 20 papers reviewed in Schwartz (2001) and nine more recent
papers not included in that review. The nine epidemiological papers published since 2001
include six based on the Black Women’s Health Study and the NIEHS Uterine Fibroid Study,
two studies that included African-American women. The three papers that used prospective
data from the Black Women’s Health Study provide evidence supporting the role of age at
menarche, parity, years since last birth, BMI, age at first birth, current use of progestin-only
injectables, and alcohol consumption, among African-American women (Wise et al. 2004 a,
Wise et al. 2004 b, Wise et al. 2005). Without reporting estimates for the effect of smoking

on UL, all three papers included adjustment for smoking. These data also suggest that among



African-American women the inverse association between parity and UL is attenuated by
obesity, such that the inverse relationship was stronger among those with BMI <27 (below
the median) (Wise et al. 2004 a). The most recent paper (Wise et al. 2005) described different
relationships between BMI and UL (self-reported, ultrasound or hysterectomy-diagnosed
cases), one for the parous and the other for the nulliparous premenopausal African-American
women.

Based on cross-sectional data from the NIEHS Uterine Fibroid Study, which included
both African-American and Caucasian women, it was shown that prenatal diethylstilbestrol
exposure is associated with UL (Baird and Newbold 2005) and that luteinizing hormone may
stimulate UL development in premenopausal women (Baird et al. 2006). Also the number of
full-term pregnancies after age 24, physical activity, and alcohol consumption have been
found to be associated with UL (D’Aloisio and Baird 2004, Baird et al. 20006).

Prospective data from the Nurses’ Health Study (Boynton-Jarrett et al. 2005) suggest
that hypertension is a risk factor for UL, consistent with previous results (Faerstein et al.
2001 b). Maternal history of UL was strongly associated with UL in a small hospital-based
case-control study involving mostly Caucasian women (Van Voorhis et al. 2002). The use of
estrogen and progestogen therapy was associated with UL among perimenopausal and
postmenopausal women with lower BMI (BMI < 24) in a recent case-control study of mostly
Caucasian women (Reed et al. 2004).

In summary, the reviewed literature underlines the importance of ethnicity,
postmenopausal status, age at menarche, parity, cigarette smoking, BMI, physical activity,

and alcohol consumption, as risk factors for UL.



Location of Uterine Leiomyomata

Based on their location, UL are classified as submucosal, intramural, and subserosal.
Submucosal UL intrude in, or are contained in, the endometrial cavity; intramural UL are
contained within the wall of the uterus; and subserosal UL extend the uterus into the
peritoneal cavity (Stewart 2001). According to the literature, intramural UL are the most
common (Robboy et al. 2000, Walker and Stewart 2005). For example, in an ultrasound
study of UL in pregnancy involving 408 women aged 23 to 43 years old, 281 (69%) women
were classified as having intramural UL, 75 (18%) women had subserosal UL, and only 52
(13%) women had submucosal UL (Rosati et al 1989).

There is available scientific evidence of differences between submucosal, intramural,
and subserosal UL, that extend beyond their anatomic location. Pathophysiological data
suggest that submucosal UL, which arise from the highly specialized structure of the
junctional zone myometrium, are distinct clinical entities from other UL (Brosens 2003). A
cytogenetic study that investigated the presence of chromosomal aberrations in 217 UL using
cytogenetic karyotyping found that the prevalence of abnormal karyotypes among
submucosal UL (12%) was significantly smaller than among intramural UL (35%) or
subserosal UL (29%), after adjusting for the size of UL (Brosens et al. 1998). Using uteri
obtained from 30 women undergoing hysterectomy for UL, a laboratory study found that
during the proliferative phase of the menstrual cycle, estrogen receptor and progesterone
receptor levels were significantly higher in submucosal UL (n=5) than in subserosal UL
(n=5) (Marugo et al. 1989). Receptor levels were also significantly higher in submucosal UL

(n=9) than in subserosal UL (n=9) in the secretive phase of the menstrual cycle.



The choice among various surgical techniques to deal with UL, and the outcome of
various infertility treatment options, are strongly dependent on the anatomical location of
UL. Pregnancy and implantation rates were significantly lower in patients with submucosal
and intramural UL in a study of the effect of the location of UL on the outcome of assisted
reproductive technology treatment (Eldar-Geva et al. 1998). In decreasing order of
importance, submucosal, intramural, and subserosal UL, have been found to be associated
with infertility and pregnancy wastage (Bajekal and Li 2000). A meta-analysis on the
association of UL with infertility suggests that only submucosal UL are associated with
adverse reproductive outcomes (Pritts 2001), although other studies suggest adverse effects
associated with nonsubmucosal UL as well (Rackow and Arici 2005).

Because the location of UL is important, there is a need to identify risk factors not
only for the presence of UL in general, but for their specific location, e.g. submucosal versus
nonsubmucosal, as well. To date only one epidemiological study has investigated risk factors
associated with the location of UL, although results were limited by the small number of
women with known location of UL (n = 111) (Faerstein et al. 2001 a). The authors
categorized UL as “at least one submucosal” (n=40) and “nonsubmucosal only” (n=71), and
used two separate logistic regression models to compare each case subtype group to the
group of women without UL (n=394), as additional analyses in the practice-based case-
control study. The two logistic regression models were used to evaluate the association of
age at first birth and age at first being detected infertile with the location of UL, adjusted for
age, clinic, marital status, and ethnicity. Parity was found to be negatively associated with the
presence of submucosal UL (versus no UL), and positively associated with the presence of

only nonsubmucosal UL (versus no UL). Results for infertility were in the opposite direction.



The odds of having submucosal UL (versus no UL) among women first found to be infertile
before age 25 were 7.2 times higher than the same odds among women never found to be
infertile, 95% CI: (2.0, 26.0). This was the only statistically significant result found by these
additional analyses.

The only statistically significant result was found for the comparison of women first
found to be infertile before 25 years old with women never found to be infertile

It should be noted that the main goal of these additional analyses was not to identify
risk factors for the location of UL, but rather to argue that infertility and consequent lower
parity represent consequences of UL. An alternative hypothesis is that the association of
parity with a reduced risk of UL may be due to a protective effect of postpartum involution
of the uterus, which may clear small UL during the remodeling of the myometrial tissue
(Baird and Dunson 2003). According to this hypothesis, the greatest protective effect of
parity would occur for pregnancies during the mid-reproductive years. The Eker rat model
for UL supports the latter hypothesis of a protective effect of pregnancy (Walker et al. 2001).

Although there are proven differences between submucosal, intramural, and
subserosal UL beyond their anatomic location, only one study to date has considered the

location of UL as the outcome for an additional analysis.

Epidemiology of Stress Urinary Incontinence

Urinary incontinence is one of the most common types of lower urinary tract
dysfunction, affecting about a third of adult women in the United States (DuBeau 2001). The
annual direct cost of urinary incontinence for women in the US is estimated as $12.4 billion

(in 1995 dollars) (Wilson et al. 2001).



The most recent report from the Standardization Sub-committee of the International
Continence Society (Abrams et al. 2002) proposed uniform definitions of the symptoms,
signs, urodynamic observations, and conditions associated with lower urinary tract
dysfunction. The symptom of stress urinary incontinence (SUI), one of the lower urinary
tract storage symptoms, is defined as the complaint of involuntary leakage on effort or
exertion, or on sneezing or coughing. The sign of SUI is defined as the observation of
involuntary leakage from the urethra, synchronous with exertion/effort, or sneezing or
coughing. Urodynamic stress incontinence is defined as the involuntary leakage of urine
during increased abdominal pressure, in the absence of a detrusor contraction, and it is noted
during filling cystometry (the method by which the pressure/volume relationship of the
bladder is measured during bladder filling) (Abrams et al. 2002).

The focus of this review will be on SUI symptoms, not on the sign of SUI or
urodynamic stress incontinence. SUI is one of the three most common subtypes of urinary
incontinence symptoms; the others are urge urinary incontinence (associated with urgency,
i.e. the sudden compelling desire to pass urine), and mixed urinary incontinence (associated
with urgency, exertion, effort, coughing, or sneezing) (Fine et al. 2004).

According to the literature SUI is the most common type of urinary incontinence in
women (Miller 2005), occurring at least weekly in at least a third of adult women (Nygaard
and Heit 2004). Nearly half of women with urinary incontinence suffer from SUI (Hampel et
al. 1997). About half of all women report symptoms of SUI during pregnancy that in most
cases disappear after delivery (Nygaard and Heit 2004). In addition to the pressure effect of
the enlarged uterus and changes in renal, bladder and urethral function, the reproductive

hormone relaxin may also play a role in SUI during pregnancy (Kristiansson et al. 2001).
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A recent population-based postal survey of 6,000 women aged between 30 and 90
years who were enrolled in a health maintenance organization (Group Health Cooperative)
found that among women with urinary incontinence the prevalence of self-reported SUI (SUI
in the absence of urge urinary incontinence, occurring at least monthly) decreased with age,
from 45% for women aged 30 to 39 years old, to 16% for women aged 80 to 90 years old
(Melville et al. 2005). The results are in agreement with a previous review that concluded
that the proportion of women with SUI (and without urge urinary incontinence) among
women with urinary incontinence is highest among younger women (Thom 1998).

There is a higher prevalence of SUI symptoms among Caucasian women than among
African-American women. A survey of 2,370 women attending a university gynecologic
clinic noted that 39% of the Caucasian women reported SUI, compared with only 27% of
African-American women (Sze et al. 2002). Parous Caucasian women between 30 and 50
years of age were significantly more likely to have SUI symptoms than African-American
women of similar age and parity (Sze et al. 2002).

The estimated increase in the lifetime medical cost of treating a woman with SUI is
$58,000 (in 2002 US dollars) resulting in total lifetime medical costs that are 1.8 times
greater than the costs for a demographically similar woman without SUI (Birnbaum et al.
2003). SUI accounts for 85% of treatment expenditures for urinary incontinence for women
(Wilson et al. 2001). SUI also has a negative impact on the quality of life; women with SUI
may be prevented from participating in sports activities, meeting people or shopping. They
may feel less attractive, be less sexually active, and have low self-esteem and more anxiety

and depression than other women (Contreras-Ortiz 2004).
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Epidemiological studies on SUI differ with respect to outcome definitions, study
populations, study designs, and data collection. Table 1.2 includes epidemiological studies on
risk factors for SUI that included adjustment for potential confounders. These published
studies were found through a careful review of the literature. Recognizing their role as
established risk factors for SUI, the majority of the studies adjusted for age, BMI, and parity.

Thirty-two papers investigated risk factors for SUI, including 21 cross-sectional
studies, 6 prospective cohort studies, 3 retrospective cohort studies, 2 case-control studies,
and one randomized clinical trial. One paper described both a cross-sectional study and a
retrospective cohort study (Hojberg et al. 1999). Most of the studies were population-based.
Outcome definitions included self-reported symptoms of SUI during the previous year (8),
the previous month (4), the prior week (2), 4 years after the first delivery (1), 5 years after
first delivery (1), and current (i.e. at the time of data collection) (2). Most of the studies
considered the outcome defined as SUI vs. no SUI, regardless of the presence or absence of
urge urinary incontinence. The other eleven studies defined the outcome as SUI only (i.e.
SUI present, urge urinary incontinence absent) vs. no incontinence (i.e. both SUI and urge
urinary incontinence absent). Participants were women from U.S.A. (8), Denmark (7),
Norway (5), U.K. (3), France (2), Sweden (2), Italy (1), Taiwan (1), South Korea (1),
Thailand (1), and China (1).

Established risk factors for SUI include ethnicity, age, BMI, parity, and mode of
delivery. Four studies examined the effect of ethnicity. Caucasian ethnicity (vs. African-
American) was associated with SUI during the previous week (Brown et al. 1999), SUI
occurring weekly or more during the past year (Jackson et al. 2004), SUI some of the time or

more (Handa et al. 2004), and at least weekly SUI during the last year (Thom et al. 2006).
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Older age has been associated with current SUI (Peyrat et al. 2002, Goldberg et al.
2003, Goldberg et al. 2005, Song et al. 2005), SUI during the last month (Rohr et al. 2005),
SUI during the last week (Schytt et al. 2004), and SUI occurring monthly or more
(McGrother et al. 2006). As noted before, all studies included age as a potential confounder,
although they may not necessarily report on the association of age with SUI specifically.

BMI was positively associated with the presence of SUI during the previous year
(Mommsen and Foldspang 1994, Hojberg et al. 1999), once a week or more SUI (Nygaard
1997), SUI during the previous month (Parazzini et al. 2003, Rohr et al. 2005), SUI during
the previous week (Brown et al. 1999), current SUI (Goldberg et al. 2003, Goldberg et al.
2005), SUI occurring weekly or more during the past year (Jackson et al. 2004), and SUI
occurring some of the time or more during last month (Handa et al. 2004). Higher BMI was
associated with an increased risk of SUI (Kuh et al. 1999), weekly or more SUI (Moller et al.
2000), and SUI occurring monthly or more (McGrother et al. 2006). Obesity was associated
with SUI (Hannestad et al. 2003, Song et al. 2005), SUI at least several times a month at 1-
year follow-up (Dallosso et al. 2003), sometimes or more SUI (Teleman et al. 2004), and SUI
one year after childbirth (Schytt et al. 2004). Obesity was defined as BMI > 40 (Hannestad
et al. 2003), BMI > 30 (Dallosso et al. 2003, Teleman et al. 2004, Schytt et al. 2004) or as
BMI > 75" percentile (Song et al. 2005). Elevated BMI since age 25 has also been associated
with SUI (Teleman et al. 2004).

Parity was associated with SUI during the previous year (Foldspang et al. 1992),
current SUI (Nygaard 1997, Rortveit et al. 2001, Peyrat et al. 2002, Chen et al. 2003,
Goldberg et al. 2005, Song et al. 2005), SUI during the last month (Rohr et al. 2005,

Manonai et al. 2005), weekly or more SUI (Moller et al. 2000), SUI some of the time or more
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(Handa et al. 2004), SUI during the last week (Schytt et al. 2004), and SUI occurring
monthly or more (McGrother et al. 2006). The effects of parity seem to disappear with older
age (Rortveit et al. 2001).

Previous vaginal delivery has been associated with current SUI (Peyrat et al. 2002,
Song et al. 2005). Having a history of four or more vaginal deliveries was associated with
SUI during the past year (Han et al. 2005). A history of vaginal only deliveries (vs. Cesarean
only) was associated with SUI (Rortveit et al. 2003 a). The history of at least one vaginal
delivery (vs. Cesarean only) has been associated with SUI (Goldberg et al. 2003, Handa et al.
2004, Goldberg et al. 2005). History of vaginal birth vs. nulliparous was associated with SUI
during the last year (Hojberg et al. 1999). History of vaginal birth vs. nulliparous and history
of Cesarean section vs. nulliparous were both associated with SUI during the last month
(Parazzini et al. 2003). Among primiparous women, Cesarean at first delivery (vs. vaginal
delivery) has been associated with a reduced risk of SUI 4 years after the first delivery (Fritel
et al. 2004), and one year after the childbirth (Schytt et al. 2004). Among parous women, a
history of vaginal delivery vs. Cesarean section was associated with SUI during the last
month (Manonai et al. 2005).

Conflicting results have been found regarding associations between SUI and HRT use
(Parazzini et al. 2003, Teleman et al. 2004, Hendrix et al. 2005), postmenopausal status (Kuh
et al. 1999, Manonai et al. 2005, Goldberg et al. 2005), alcohol consumption (Teleman et al.
2004, Song et al. 2005), and occupation (Han et al. 2005, Manonai et al. 2005, Song et al.
2005).

Risk factors identified by at most two studies include use of diuretics (Moller et al.

2000, Rohr et al. 2005), current oral estrogen use (Jackson et al. 2004), higher waist-to-hip
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ratio (Brown et al. 1999), higher waist circumference (Han et al. 2005), higher level of
education (Kuh et al. 1999), current cigarette smoking (Hannestad et al. 2003), and low
impact physical activity (Hannestad et al. 2003).

Other risk factors for SUI identified by only one study include several types of
surgery (Mommsen et al. 1993, Moller et al. 2000, Peyrat et al. 2002, Chen et al. 2003, Song
et al. 2005), delivery-related variables (Hojberg et al. 1999, Parazzini et al. 2003, Rortveit et
al. 2003 b, Fritel et al. 2004), pregnancy and sports-related incontinence-type variables
(Nygaard 1997, Viktrup and Lose 2001, Peyrat et al. 2002, Fritel et al. 2004, Schytt et al.
2004), constipation variables (Schytt et al. 2004, Song et al. 2005, McGrother et al. 2006),
health status variables (Kuh et al. 1999, McGrother et al. 2006), history of various medical
conditions (Chen et al. 2003, Jackson et al. 2004, Song et al. 2005, Rohr et al. 2005,
McGrother et al. 2006), family history of SUI (Hannestad et al. 2004), and diet variables
(like bread consumption, carbonated drinks consumption, etc.) (Dallosso et al. 2003,

Hannestad et al. 2003).

Uterine Leiomyomata and Stress Urinary Incontinence

Uterine enlargement due to the presence of UL, in particular large subserosal UL
located in the anterior lower part of the uterus, is believed to cause urinary symptoms by
compressing the urinary bladder, which is located in front of the uterus (Haney 2000). In
particular, laughing, coughing, or sneezing, may push UL against the bladder and cause
involuntary loss of urine (i.e. SUI). Several papers have stated that UL may be associated
with SUI (Stovall 2001, Altman et al. 2003, Nygaard and Heit 2004). There is also a case

report of a pedunculated UL causing acute SUI (Isherwood et Rane 1999).
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One cross—sectional study involving 1,293 women scheduled for hysterectomy from
the Maryland Women’s Health Study evaluated the association of UL (as the primary
diagnosis for hysterectomy) with self-reported SUI during the previous month (Handa et al.
2004). Women with UL as a primary diagnosis were as likely to report SUI as women who
had other primary diagnoses, such as noninfectious conditions, cancer and premalignant
conditions, adnexal conditions, and infections. It should be noted that the study did not
compare the prevalence of SUI among women with UL to women without UL, and that the
study was not population-based.

The association between UL and urinary incontinence (not SUI) has been investigated
in only one study to date (Sampselle et al. 2002). This study used baseline data from the
longitudinal cohort of the Study of Women’s Health Across the Nation, a multiethnic study
of the natural history of menopausal transition. Participants were 3,302 women aged 42 to 52
years old, 47% of whom were Caucasian, 28% African-American, and the rest Chinese,
Hispanic, and Japanese. Women were classified as having UL if they reported that a health
care provider had ever told them that they had the condition. Among women without a
history of UL, African-American women were less likely than Caucasian women to report
urinary incontinence, OR = 0.31, 95% CI: (0.23, 0.40). However, among women with history
of UL, African-American women were more likely than Caucasian women to report urinary
incontinence, OR = 1.81, 95% CI: (1.22, 2.71). The authors did not report race-specific odds
ratios for the association of history of UL with urinary incontinence. Results were adjusted
for age, menopausal status, BMI, diabetes, and parity. To explain the finding the authors

speculated that the propensity of African-American women to develop larger UL resulted in
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an increased prevalence of SUI, and subsequently an increased prevalence of urinary
incontinence.

Research on changes in SUI symptoms before and after hysterectomy (or other
treatments) may provide indirect information about the association between UL and SUL
In a small study including 14 patients with large UL treated with monthly injections of
gonadotropin-releasing hormone analogues, the number of patients with SUI decreased from
6 to 5. Based on this, the authors concluded that SUI is probably unrelated to uterine size;
however the small numbers involved prevent any meaningful conclusion regarding the
association of UL with SUI based on this study (Langer et al. 1990).

A randomized double blind clinical trial, comparing urinary function outcomes after
total and subtotal abdominal hysterectomy, found reductions in SUI symptoms in both
treatment groups, and the reductions were similar in the two groups (Thakar et al. 2002). The
authors stated that improvements in SUI symptoms were not associated with the presence or
absence of UL, without providing any data to support their claim, and further concluded that
improvements could not be attributed to the elimination of the pressure effects of the UL.

In a prospective observational study designed to compare the effects of different
hysterectomy techniques (total abdominal, vaginal, laparoscopic, and subtotal) on urinary
and sexual function, patients reported significantly lower rates of SUI six months after
surgery than before the operation, regardless of the technique used (El-Toukhy et al. 2004).
The primary indications for hysterectomy were abnormal uterine bleeding (43%) and UL
(41%). The prevalence of SUI dropped from 36% before the surgery to 19% 6 months after
the surgery (p=0.005). It was also stated that the presence of UL before surgery was

associated with improvement in urinary symptoms after hysterectomy, without specific
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reference to improvement of SUI symptoms. The authors attributed the improvement in some
of the urinary symptoms to postoperative urethral obstruction and bladder neck elevation
associated with hysterectomy.

A Danish multicenter randomized controlled trial, investigating lower urinary tract
symptoms after total and subtotal hysterectomy, found a decreased number of patients
reporting SUI after surgery (Gimbel et al. 2005). In the total hysterectomy group the
prevalence decreased from 9% to 2% one year later. In the subtotal hysterectomy group the
decrease was smaller, from 9% to 6% one year later. The reduction of SUI in both groups
was attributed to the removal of uteri with large UL; the larger reduction in the total
hysterectomy group was attributed to the minor bladder neck suspension associated with the

procedure.
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CHAPTER 11
STATEMENT OF SPECIFIC AIMS
Risk Factors Associated with Subtypes of Uterine Leiomyomata

No population-based epidemiological studies have investigated if the associations
between risk factors and UL subtypes are similar. The association of age at first birth and age
at first being detected infertile with the location of UL as an outcome has been examined
only as a secondary analysis in a practice-based case-control study (Faerstein et al. 2001 a).
The research described in this dissertation included premenopausal African-American and
Caucasian women from the baseline phase of the NIEHS Uterine Fibroid Study. The USF
study combines the strengths of having detailed information on the location of UL with the
inclusion of a large number of African-American women.

The risk factors considered were age, age at menarche, parity, BMI, current cigarette
smoking status, and current physical activity. When examining parity, full-term births after
age 24 were considered the primary variable (Baird et al. 2003). Separate investigations were
performed for each ethnic group. The UL subtypes considered were: submucosal UL (i.e. at
least one submucosal UL present), intramural/subserosal UL (i.e. focal UL present, but only
of intramural or subserosal type), and diffuse only (i.e. only a diffuse heterogeneous
echopattern present).

The specific aims were to investigate for each ethnic group if the associations

between a risk factor and the three UL subtypes (submucosal UL, intramural/subserosal



UL, and diffuse only) are similar, or equivalently if the three corresponding odds ratios are
equal. The specific study questions considered were:

Are the associations similar between age and the three UL subtypes among the
African-American premenopausal women? Are the associations similar between age and the
three UL subtypes among the Caucasian premenopausal women?

Are the associations similar between age at menarche and the three UL subtypes
among the African-American premenopausal women? Are the associations similar between
age at menarche and the three UL subtypes among the Caucasian premenopausal women?

Are the associations similar between any full-term births after age 24 and the three
UL subtypes among the African-American premenopausal women? Are the associations
similar between any full-term births after age 24 and the three UL subtypes among the
Caucasian premenopausal women?

Are the associations similar between BMI and the three UL subtypes among the
African-American premenopausal women? Are the associations similar between BMI and the
three UL subtypes among the Caucasian premenopausal women?

Are the associations similar between smoking status and the three UL subtypes
among the African-American premenopausal women? Are the associations similar between
smoking status and the three UL subtypes among the Caucasian premenopausal women?

Are the associations similar between physical activity and the three UL subtypes
among the African-American premenopausal women? Are the associations similar between

physical activity and the three UL subtypes among the Caucasian premenopausal women?
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Self-Reported Urinary Symptoms Associated with Uterine Leiomyomata

No population-based observational studies have assessed the association between the
characteristics of UL and SUI The research described in this dissertation included African-
American and Caucasian premenopausal women from the first follow-up of the NIEHS
Uterine Fibroid Study. This study combines the strengths of detailed information on the size
and location of UL with the inclusion of a large number of African-American women, who
are at increased risk of UL compared with Caucasian women.

The proposed aims were to:

1. Estimate the association between the presence of UL and SUI, and assess if this
association differs by ethnicity and parity.

2. Estimate the association between the size of the largest UL (small, medium, large)
and SUI, and assess if this association differs by ethnicity and parity.

3. Estimate the association between the presence of a large (> 4cm diameter) anterior
UL in a non-retroverted uterus and SUIL, and assess if this association differs by
ethnicity and parity.

4. Estimate the association between the presence of a medium/large (> 2cm diameter)
anterior UL in a non-retroverted uterus and SUI, and assess if this association differs
by ethnicity and parity.

5. Estimate the association between the size of uterus (small, medium, large, very large)
and SUI, and assess if this association differs by ethnicity and parity.

The presence of a large anterior UL in a non-retroverted uterus is very likely to exert

pressure on the bladder; by contrast the presence of a large anterior UL in a retroverted uterus

may have much lesser impact on the bladder, if any.
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The interest in effect modification by ethnicity was motivated by the African-American
women being at an increased risk of UL, but at a decreased risk of SUI when compared with
Caucasian women. The interest in the effect modification by parity was motivated by the fact
that pregnancies loosen the pelvic floor.

The specific study questions considered were:

Are premenopausal women with UL more likely to report symptoms of SUI than
premenopausal women without UL? Does this association differ by ethnicity or parity?

Are premenopausal women with large (> 4 cm diameter) UL more likely to report
symptoms of SUI than premenopausal women without UL? Are premenopausal women with
medium (2-4 cm) UL more likely to report symptoms of SUI than premenopausal women
without UL? Are premenopausal women with small (<2 cm) UL more likely to report
symptoms of SUI than premenopausal women without UL? Do these associations differ by
ethnicity or parity?

Are premenopausal women with large (> 4 cm diameter) anterior UL in a non-
retroverted uterus more likely to report symptoms of SUI than premenopausal women
without UL? Are premenopausal women with other types of UL more likely to report
symptoms of SUI than premenopausal women without UL? Do these associations differ by
ethnicity or parity?

Are premenopausal women with medium/large (> 2 cm diameter) anterior UL in a
non-retroverted uterus more likely to report symptoms of SUI than premenopausal women
without UL? Are premenopausal women with other types of UL more likely to report
symptoms of SUI than premenopausal women without UL? Do these associations differ by

ethnicity or parity?
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Are premenopausal women with very large uterine size (above the 83™ percentile of
uterine volume) more likely to report symptoms of SUI than premenopausal women with
small uterine size (lower tertile of uterine volume)? Are premenopausal women with large
uterine size (67" to 83" percentile of uterine volume) more likely to report symptoms of SUI
than premenopausal women with small uterine size (lower tertile of uterine volume)? Are
premenopausal women with medium uterine size (middle tertile of uterine volume) more
likely to report symptoms of SUI than premenopausal women with small uterine size (lower

tertile of uterine volume)? Do these associations differ by ethnicity or parity?
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CHAPTER 111
METHODS
Study Design and Study Population

The investigation used data from the NIEHS Uterine Fibroid Study, a study
specifically designed to reduce detection bias by randomly selecting women and screening
them for UL using a standardized protocol, in contrast with prior studies that have identified
women based on clinical diagnosis. The study was approved by the Humans Subject’s
Review Boards at the NIEHS and at George Washington University.

Women, aged 35 to 49 years old, were selected randomly from a computerized list of
the members of a health plan at its Washington, DC, site. The prepaid urban health plan was
chosen because of the overall characteristics of its membership. About half of the members
were African-American, and the health plan had a broad socioeconomic base. The specific
age range was selected because it covers the late premenopausal years (when UL are most
prevalent) and because ultrasound screening can be used for the majority of the women
within this age range, since a small proportion of them is expected to be surgically or
naturally menopausal.

A random sample of 2,384 health plan records of women aged 35-49 with telephone
contact information was obtained. The randomly selected women were sent a letter
describing the study. A phone call was attempted to confirm their eligibility with respect to
gender, age (35 to 49 years old), health plan membership at the Washington, DC, site, and

ability to complete data collection in English. A small proportion (129 (5%)) could not be



reached, 150 (6%) refused screening for eligibility, and 3 were not contacted due to error. Of
the 2102 women screened, 316 (15%) were ineligible, primarily because they did not obtain
care at the Washington, DC health plan site. Of the 1786 eligible women, 335 (19%) refused
to participate. Also prior to data collection contact was lost with 17 (1%) who initially agreed
to participate and 4 who were undecided about participation. At the end, 1430 women,
constituting 80% of the eligible women, participated in the study. The baseline phase was
conducted between 1996 and 1999.

Out of the 1245 premenopausal women from the baseline phase of the NIEHS
Uterine Fibroid Study 1,229 have been followed for symptoms including SUI The first

follow-up was conducted between 2001-2002.

Baseline Data Collection

A mail questionnaire which took about 30 minutes to complete was used to collect
data regarding medical history (Section A), symptoms (Section B), employment and
household exposures (Sections C and D), pets (Section E), household pests (Section F),
alcohol use (Section G), demographics (Section H), and stress (Section I).

The phone interview, which lasted about an hour, collected information about age
(Section A), occupational history (Section B), menstruation and douching (Section C),
contraceptive history (Section D), hormone medication history (Section E), pregnancy
history (Section F), residential history and childhood factors (Section G), physical activity
(Section H), smoking history (Section I), hair products (Section J), nonprescription
medication and sleep patterns (Section K), and fibroid-related medical history (Section L).

The last section complemented Section A of the mail questionnaire, and included information
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about medical procedures or conditions such as tubal ligation, pelvic surgeries, UL diagnosis
and treatment, and ultrasound/sonograms.

The women were told that the goal of the research was to study UL. All interviewers
were trained by the study interviewer supervisor on how to conduct the interviews and record
responses. Interviewers were unaware of the UL status of the study participant when they
conducted most of the phone interview. All data were double entered.

The determination of UL status involved, as a first step, a self-reported UL diagnosis
at the telephone interview. The question used was: “Have you ever been told by a doctor or
other health professional that you have uterine fibroid tumors or a leiomyoma, a benign
tumor of the uterus or womb?” Women, who answered affirmatively and did not report
misdiagnosis in subsequent questions about diagnostic, follow-up examinations, treatment,
and persistence of UL, were classified as having a previous diagnosis of UL.

Women were classified as premenopausal if they had a menstrual period or were
pregnant or breast-feeding during the previous 12 months.

For premenopausal women who had had a pelvic ultrasound examination recently at
the health plan, that examination was used to assess the UL status. For the remaining
premenopausal women, a subsequent pelvic ultrasound examination at the primary care site
provided further UL status assessment for those with a previous diagnosis, and allowed the
identification of undiagnosed UL for those with no previous diagnosis of UL. Women who
failed to visit the clinic for an ultrasound examination but reported a previous diagnosis were
included as UL cases, but those without ultrasound and no prior diagnosis were left with an

undefined UL status.
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The study ultrasound included both a transabdominal and a transvaginal ultrasound.
The transabdominal ultrasound allowed identification of UL in the upper uterus, which may
be difficult to detect with a transvaginal ultrasound.

Both the transabdominal and transvaginal ultrasound examinations were performed
by sonographers who were certified by the American Registry of Diagnostic Medical
Sonographers, under the supervision of a radiologist with fellowship training in sonography.
A single radiologist reviewed any questionable sonograms. The examinations were
performed with ultrasound units ATL HDI 9 (ATL, Bothell, Washington), Acuson 128 XP
(Siemens, Issaquah, Washington), and Diasonics DRF 400 (General Electric, Milwaukee,
Wisconsin), using transabdominal ultrasound probes (3.5-5.0 MHz) and transvaginal
ultrasound probes (5.0-7.0 MHz). The sonographers filled out a study-specific data collection
form that included data on uterine size, uterine contour, heterogeneity of the echo pattern,
number of focal UL, the size and location of the two largest UL (if more than 2 cm in
diameter), and the size of the three largest submucosal UL.

Sonogram data, including the size and location of UL when present were available for
1083 women (87% of the premenopausal participants). About 20% of sonograms from the
NIEHS Uterine Fibroid Study indicated a diffuse heterogeneous echopattern only (Wegienka
et al. 2003). This echopattern was extensive (rather than occurring only along the
endometrial stripe as with adenomyosis). Women with this pattern were classified as having
“diffuse only”. There was also a very small number of participants with only submucosal UL,
which prevented the categorization of women with focal UL into “submucosal only”,

“nonsubmucosal only”, and “both submucosal and nonsubmucosal”. Because of these
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b9

reasons the UL subtype was categorized as “diffuse only”, “intramural/subserosal UL”, and

“submucosal UL”.

Follow-up Data Collection

A computer-assisted telephone interview was used to collect data on employment,
medical insurance, and general health status (Section A), pregnancy history since enrollment
(Section B), medical history (Section C), new UL diagnosis (Section D), sonograms and MRI
(Section E), major UL treatment and hysterectomy (Section F), menstruation (Section G),
symptoms (Section H), medication (Section I), and demographics (Section J).

The urinary symptoms investigated were the self-reported (at the follow-up) presence
of SUI. More precisely the following question from Section H from the follow-up phone
questionnaire was used: “During the [last 12 months/12 months before your last period/12
months before the (Procedure)], have you ever had urine leak when you cough or sneeze?”
The “procedure” mentioned in the question was the procedure reported in Section F (Major
UL treatment and hysterectomy) of the phone interview, and it was one of the following:
myomectomy, hystereoscopic resection, uterine artery embolization, or hysterectomy.

For women currently menstruating, who did not undergo any of the procedures listed
above, the time frame for the question was “last 12 months”. For those without a period in
the last two months the time frame for the question was “12 months before your last period”.
For those who underwent surgery the time frame was “12 months before the procedure”.
Procedure had precedent (i.e. “12 months before the procedure” was asked) if women were

still menstruating and have had one of the surgical procedures listed.
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Data Analysis for Paper 1

We defined four possible outcome groups:

1) “No UL”,

2) “Submucosal UL” (i.e. at least one submucosal focal UL present, with or without

other UL),

3) “Intramural/subserosal UL” (i.e. focal intramural or subserosal UL present, and

no submucosal UL), and

4) “Diffuse only” (defined in this study as a diffuse heterogeneous echo pattern with

no measurable focal UL).

Risk factors analyzed for the current study included age at ultrasound examination,
age at menarche, having at least one full-term pregnancy after age 24, body mass index
(BMLI, kg/m?, categorized as <25, 25+), current physical activity (low/medium vs. high/very
high), and current cigarette smoking (yes, no). Earlier work with the NIEHS UFS showed
that pregnancies early in life were not associated with UL risk, but full-term pregnancies
after age 24 were inversely associated with risk (Baird and Dunson 2003). The physical
activity variable was categorized as in Baird et al. 2006, based on self-reported hours/week of
vigorous activities, moderate activities or walking, and the estimated metabolic units
associated with each type of activity.

Separate analyses were performed for each ethnic group (African-American and
Caucasian women), and for all women combined. Ethnicity was determined by self-report.
Univariate analyses were performed to describe the distributions of exposures and outcomes,

and assess missing data.
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The models of interest were the race-specific polytomous logistic regression models
that included all six risk factors. A polytomous logistic regression model for all data
combined was also performed. The later model included ethnicity in addition to the six risk
factors of interest. The referent group for the polytomous logistic regression models was “no
UL”. Age and age at menarche were modeled as continuous variables after confirming the
assumption of linearity. Tests of equal effects across UL subtypes were performed for each
variable of interest in all models, using Wald chi-squared tests of corresponding contrasts.
All analyses were performed using the SAS software package (SAS v.9.1; SAS Institute,

Inc., Cary, North Carolina).

Data Analysis for Paper 2
The outcome variable considered was the presence of self-reported SUI (“yes”/’no”).
UL status was classified according to:
1) The presence of any UL: “any UL” vs. “no UL”
2) The size of the largest UL: “no UL”, “small (< 2cm) UL”, “medium (2-4cm)
UL”, and “large (> 4cm) UL)”
3) The presence of a large (> 4cm) anterior UL in a non-retroverted uterus: “no
UL”, “large (> 4cm) anterior UL in non-retroverted uterus”, and “other UL”
4) The presence of a medium/large (> 2cm) anterior UL in a non-retroverted uterus:
“no UL”, “medium/large (> 2cm) anterior UL in non-retroverted uterus”, and

“other UL”
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5) Uterine size: “small (lowest 33% of overall uterine volume distribution)”,
“medium (middle 33%)”, “large (those in 67™ to 83" percentile)”, and “very
large (those above the 83" percentile)”.

The uterine volume was calculated using the prolate ellipsoid formula (0.52 x length
x width x anterior/posterior diameter). The actual cut points used to define the four categories
of uterine size were: 91.4 cm® (the 33™ percentile), 147.8 cm’ (the 66™ percentile), and 206.5
cm’ (the 83™ percentile).

Potential confounders, selected based on a review of the literature regarding risk
factors for UL and SUI, included age at the reference date (continuous or categorized as <40,
[40,45), [45,50), 50+), ethnicity (African-American, Caucasian), BMI at baseline (kg/mz,
categorized as <25, [25,30), [30,35), 35+), and the number of deliveries prior to the reference
date (categorical, 0, 1, 2, 3+). A composite variable involving the number and the type of
deliveries (none, only C-section deliveries, 1 vaginal delivery, 2 vaginal deliveries, 3+
vaginal deliveries) was also evaluated as a potential confounder, but was not used since
results were comparable with those adjusted for the number of deliveries.

Univariate analyses were performed to describe the distributions of exposures and
outcomes, and assess missing data. Given the prevalence of the outcome under study (about
50% of the participants have reported SUI), odds ratios are an overestimate for the relative
risk. Therefore, we used linear risk models to estimate prevalence differences (PD) and
corresponding 95% confidence intervals (CI) (Spiegelman and Hertzmark, 2005). Separate
linear risk models were used to evaluate the association between each of the five variables of
interest and self-reported SUI. We estimated crude, ethnicity-adjusted, and fully-adjusted

PDs with 95% Cls, with the fully-adjusted estimates from linear risk models that included
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age at reference (continuous), ethnicity, BMI, and number of deliveries. All model estimates
were evaluated to confirm that predicted prevalences were between 0 and 1.

Ethnicity was evaluated as a potential effect modifier since African American women
are at increased risk of UL but at decreased risk of SUI compared with Caucasians. In
addition we evaluated effect modification by parity (nulliparous vs. parous) as pregnancy
loosens the pelvic floor. Formal evaluation of effect modification by ethnicity and parity was
performed using likelihood ratio tests (oo = 0.10). All analyses were performed using the SAS

software package (SAS v.9.1; SAS Institute, Inc., Cary, North Carolina).
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CHAPTER 1V
PAPER 1: RISK FACTORS ASSOCIATED WITH SUBTYPES OF UTERINE
LEIOMYOMATA
Abstract
OBJECTIVE: To compare risk factors for each of three uterine leiomyomata (UL)
subtypes (submucosal UL, intramural/subserosal UL, and diffuse only) among
premenopausal African-American and Caucasian women.
METHODS: This cross-sectional study used data from 986 premenopausal aged 35 to
49 years old that were enrolled in the National Institute of Environmental Health Sciences
Uterine Fibroid Study. Participants were randomly selected from the membership list of a
Washington, DC health plan, and data were collected between 1996 and 1999. UL were
identified and subtyped based on transabdominal and transvaginal ultrasound examinations.
Polytomous logistic regression models were used to estimate associations between six
potential risk factors and UL subtypes within each ethnic group and for all women combined.
RESULTS: For both African-American and Caucasian women, age at ultrasound
examination, age at menarche, body mass index, and current physical activity had similar
associations across the three UL subtypes. Inverse associations with pregnancies after age 24
appeared to be stronger for the submucosal UL subtype than for the other two subtypes
(aOR=0.59 95% CI: 0.35, 1.01 in African-Americans and aOR=0.25 95% CI: 0.10, 0.58 in

Caucasians). Current smoking was positively associated with the diffuse only subtype



(aOR=1.97 95% CI: 1.11, 3.51 in African-Americans, aOR=3.00 95% CI: 1.07, 8.38 in
Caucasians), but was not associated with focal UL subtypes in either ethnic group.

CONCLUSIONS: Despite possible histopathologic differences that have been noted
in the literature, the two focal UL subtypes appeared to have similar risk factor profiles for
the factors examined. In contrast, the diffuse only subtype appeared to have a distinctive risk
profile with regard to current smoking. Further study of the epidemiological and

histopathologic correlates of diffuse heterogeneity seen with uterine ultrasound are needed.

Introduction

Uterine leiomyomata (UL) are the most prevalent solid tumors among women in the
United States (Flake et al. 2003). Based on cross-sectional screening for UL among women
aged 35 to 49 years old, the National Institute of Environmental Health Sciences (NIEHS)
Uterine Fibroid Study estimated that more than 80% of African-American women and that
about 70% of Caucasian women develop UL by age 50 (Baird et al. 2003). Although only 20
to 50% of women with UL experience related symptoms (Stovall 2001), the economic impact
of UL is considerable. Estimates for the direct cost of treating UL have been as high as $2.15
billion per year (Flynn et al. 2006).

UL are benign tumors derived from smooth muscle cells in the uterine myometrium.
UL are sub-classified as submucosal, intramural, or subserosal according to their position
within the uterine myometrial wall. Specifically, submucosal UL lie immediately adjacent to
or protrude into the endometrial cavity; intramural UL are contained within the muscle layer;
and subserosal UL lie immediately adjacent to or protrude into the peritoneal cavity (Stewart
2001). Although there is evidence that differences exist beyond the position of UL subtypes

(Marugo et al. 1989, Brosens et al. 1998, Brosens 2003), published research on risk factors
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for UL subtypes is limited to a small secondary analysis of subtype-specific associations with
parity and infertility in a practice-based case-control study of 111 women with known
location of UL (Faerstein et al. 2001 a). The objective of this study was to compare risk
factors for UL subtypes among premenopausal African-American and Caucasian women in

the NIEHS Uterine Fibroid Study.

Methods

The NIEHS Uterine Fibroid Study (UFS) was specifically designed to reduce
detection bias by randomly selecting women for UL screening using a standardized protocol,
in contrast with most studies that determined UL status based on clinical diagnosis only. The
study was approved by Humans Subject Review Boards at the NIEHS and George
Washington University.

Women aged 35 to 49 years old were selected randomly from a computerized list of
health plan members at a Washington, DC, site. The prepaid urban health plan was chosen
because about half of its members were African-American, and it had a broad socioeconomic
base. The specific age range was selected because it covers the late premenopausal years
(when UL are most prevalent), and because relatively few women in this age group were
expected to be surgically or naturally menopausal.

A random sample of 2,384 health plan records of women aged 35-49 with telephone
contact information was obtained. The randomly selected women were sent a letter
describing the study, which was followed by a phone call to confirm eligibility with respect
to gender, age, health plan membership at the Washington, DC, site, and ability to complete

data collection in English. A small proportion (129 (5%)) could not be contacted, 150 (6%)
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refused screening for eligibility, and 3 were not contacted due to error. Of the 2,102 women
screened, 316 (15%) were ineligible, primarily because they did not obtain care at the
Washington, DC health plan site. Of the 1,786 eligible women, 335 (19%) refused to
participate, and 24 (1%) were lost to contact prior to data collection. In total, 1,430 women,
constituting 80% of those determined to be eligible, participated in the UFS.

Baseline data collection for the UFS was conducted between 1996 and 1999 using a
mail questionnaire that took about 30 minutes to complete, and a phone interview, which
lasted about an hour. All interviewers were trained, and all data were double entered and
verified.

The study was designed to evaluate UL status by ultrasound for all premenopausal
women with intact uteri, and this analysis is limited to that group. Women were classified as
premenopausal if they had a menstrual period or were pregnant or breast-feeding during the
previous 12 months. If participants had had a recent pelvic ultrasound at the clinic we
abstracted data from that to determine UL status (sonograms within 5 years that showed UL
were used; sonograms within 2 years that showed “No UL” were used). All others were
asked to have a study ultrasound examination.

The study ultrasound included both transabdominal and transvaginal examinations,
with the former used to facilitate identification of UL in the upper uterus. Examinations were
performed by sonographers certified by the American Registry of Diagnostic Medical
Sonographers, under the supervision of a radiologist with fellowship training in sonography.
A single radiologist reviewed all questionable sonograms. The examinations were performed
with ultrasound units ATL HDI 9 (ATL, Bothell, Washington), Acuson 128 XP (Siemens,

Issaquah, Washington), and Diasonics DRF 400 (General Electric, Milwaukee, Wisconsin),
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using transabdominal ultrasound probes (3.5-5.0 MHz) and transvaginal ultrasound probes
(5.0-7.0 MHz). Sonographers filled out a study-specific data collection form that included
data on uterine size, uterine shape, diffuse heterogeneous echo pattern (yes/no), number of
focal UL, the size and location of the two largest UL (if more than 2 cm in diameter), and the
size of the three largest submucosal UL.

We defined four possible outcome groups: 1) no UL, 2) submucosal UL (i.e. at least
one submucosal focal UL present, with or without other UL), 3) intramural/subserosal UL
(i.e. focal intramural or subserosal UL present, and no submucosal UL), and 4) diffuse only
(defined in this study as a diffuse heterogeneous echo pattern with no measurable focal UL).

Women were eligible for the current study if they were premenopausal African-
American or Caucasian participants in the baseline phase of NIEHS UFS (n = 1,144).
Women were excluded if they were missing UL subtype data (n = 158); therefore the final
population included 986 women (86% of those eligible).

Risk factors analyzed for the current study included age at ultrasound examination,
age at menarche, having at least one full-term pregnancy after age 24, body mass index
(BMLI, kg/m?, categorized as <25, 25+), current physical activity (low/medium vs. high/very
high), and current cigarette smoking (yes, no). Earlier work with the NIEHS UFS showed
that pregnancies early in life were not associated with UL risk, but full-term pregnancies
after age 24 were inversely associated with risk (Baird and Dunson 2003). The physical
activity variable was categorized as in our previous analysis (Baird et al. 2006), based on
self-reported hours/week of vigorous activities, moderate activities or walking, and the

estimated metabolic units associated with each type of activity.
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Separate analyses were performed for each ethnic group (African-American and
Caucasian women), and for all women combined. Ethnicity was determined by self-report.
Univariate analyses were performed to describe the distributions of exposures and outcomes,
assess missing data, and identify potential outliers.

The models of interest were the race-specific polytomous logistic regression models
that included all six risk factors. A polytomous logistic regression model for all data
combined was also performed. The later model included ethnicity in addition to the six risk
factors of interest. The referent group for the polytomous logistic regression models was “no
UL”. Age and age at menarche were modeled as continuous variables after confirming the
assumption of linearity. Tests of equal effects across UL subtypes were performed for each
variable of interest in all models, using Wald chi-squared tests of corresponding contrasts.
All analyses were performed using the SAS software package (SAS v.9.1; SAS Institute,

Inc., Cary, North Carolina).

Results

Characteristics of the sample of 986 premenopausal women included in the current
study are presented in Table 4.1. More African-American women than Caucasian women had
early (< 12 years old) menarche (27% vs. 19%), had a high BMI (mean BMI 30.4 vs. 25.9
kg/mz, with 43% vs. 18% classified as obese), were current smokers (29% vs. 8%), reported
full term pregnancies after age 24, and reported low or medium physical activity.

Overall, 63% of the analysis sample had UL, including 72% of African Americans

and 50% of Caucasians (Table 4.1). In both racial groups, about 20% of women with UL

74



were classified as having diffuse only, about 20% had submucosal UL, and the remaining
60% had intramural/subserosal UL.

African-American women had a higher prevalence of all three UL subtypes than
Caucasian women, but the association with ethnicity was somewhat weaker for the diffuse
only subtype (adjusted odds ratio (aOR) 1.86, 95% confidence interval (95% CI): 1.14, 3.06,
adjusted for age, age at menarche, full term pregnancies after age 24, BMI, physical activity
and current smoking) than for submucosal UL (aOR=3.30 95% CI: 2.05, 5.34) and
intramural/subserosal UL (aOR=2.72 95% CI: 1.94, 3.83). However, the three estimated
adjusted ORs were not statistically different from each other (p = 0.157).

For most potential risk factors, associations were similar for all three subtypes of UL
(Figure 4.1, Table 4.2). For both African Americans and Caucasians, age was positively
associated with all three UL subtypes, without clear differences in the magnitude of subtype-
specific associations (p-values for differences among UL subtypes estimated adjusted ORs
were 0.438 and 0.084 for African American and Caucasians, respectively, see Table 4.3).
Age at menarche and physical activity were inversely associated with all three UL subtypes
among women in both ethnic groups, and there was no significant difference between
subtypes (all p-values for difference > 0.500, see Table 4.3). Subtype-specific associations
with BMI also were comparable within ethnic groups; however, associations were positive
among African Americans and weak among Caucasians, consistent with previous studies of
UL in general (Marshal et al. 1998 a, Wise at al. 2005, Baird et al. 2006).

Pregnancies after age 24 were inversely associated with submucosal UL in both
African-Americans and Caucasians (aOR=0.59 95% CI: 0.35, 1.01 and aOR=0.25 95% CI:

0.10, 0.58 respectively), while the associations were weaker for the other UL subtypes in
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both ethnic groups. There was even a non-significant positive association with the diffuse
only subtype for Caucasians (aOR=1.58 95% CI: 0.76, 3.28), where the effects across UL
subtypes were significantly different (p < 0.001).

Associations with smoking also differed across UL subtypes, and patterns were
similar between African Americans and Caucasians. Specifically, smoking was positively
associated with the diffuse only subtype (aOR=1.97 95% CI: 1.11, 3.51 in African
Americans, aOR=3.00 95% CI: 1.07, 8.38 in Caucasians), but was not associated with
submucosal or intramural/subserosal UL. P-values for differential effects across UL subtypes
were 0.014, 0.036, and 0.002 for African Americans, Caucasians and all women combined,

respectively.

Discussion

The NIEHS Uterine Fibroid Study used ultrasound to screen for UL, which allowed
for outcome categorization according to UL subtypes. We examined the association of six
putative risk factors with each of the three UL subtypes examined, using separate analyses
for African-American and Caucasian women. Within each ethnic group age, age at
menarche, BMI, and physical activity had very similar associations across UL subtypes.
There was more variation among subtypes in association with pregnancies after age 24
especially for Caucasians, and current smoking had significant differential subtype-specific
associations in both ethnic groups. The effect was different for the diffuse only subtype than
for focal UL (submucosal and intramural/subserosal UL) subtypes.

Although UL subtypes may develop in response to different environmental or

endogenous factors, this is the first epidemiological study to systematically evaluate risk
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factors for UL subtypes. We examined submucosal UL as a separate subtype based on
evidence that the subendometrial myometrium (i.e. the junctional zone adjacent to the
endometrium) is structurally and functionally different from the outer myometrium (Brosens
2003). In addition, pathophysiological data suggest that submucosal UL are distinct clinical
entities from other UL. Specifically, abnormal karyotypes have been reported to be less
prevalent in submucosal UL than in intramural or subserosal UL (Brosens et al. 1998), and
estrogen receptor and progesterone receptor levels were found to be higher in submucosal
UL than in subserosal UL, both during the proliferative phase and the secretive phase of the
menstrual cycle (Marugo et al. 1989).

Very little is known about the pathophysiology of the diffuse only subtype. The
diffuse heterogeneous echo pattern associated with this subtype may result from multiple
small focal UL, or from larger UL that lack the usual distinct histological demarcation from
the surrounding myometrium. We considered the diffuse heterogeneous echo pattern as a UL
subtype because like focal UL, in the NIEHS UFS it is associated with enlargement of the
uterus (Baird et al. 2003) and excess bleeding (Wegienka et al. 2003). Adenomyosis also can
present as a diffuse heterogeneous echo pattern, but adenomyosis is usually accompanied by
UL in uteri > 280g and occurs alone in only a minority of smaller uteri (LevGur 1996).

Current smoking was positively associated with the diffuse only subtype among both
African American and Caucasian women (aOR 2.13 95% CI: 1.29, 3.53 for all women
combined), but appeared to have little or no association with either submucosal UL or
intramural/subserosal UL. The lack of an association between smoking and submucosal or
intramural/subserosal UL is consistent with data for clinically diagnosed UL from the Nurses

Health Study (Marshal et al. 1998 a) and the Black Women’s Health Study (Wise et al. 2004
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b). The positive association between smoking and the diffuse only subtype supports our
assumption that this ultrasound finding is not a marker for adenomyosis, which has been
found to be inversely associated with smoking in a previous study (Parazzini et al. 1997).
The associations we see are quite strong (adjusted ORs of 2.0 and 3.0) and the fact that it is
seen in two separate groups strengthens the likelihood that this is a real association.

Our findings with regard to pregnancies did not replicate those of Faerstein et al.
(2001 a), who reported that parity was negatively associated with “any submucosal UL” but
positively associated with “non-submucosal UL” in a clinic-based study population that
included 111 women with information on UL location. In contrast, we noted inverse
associations for both focal UL subtypes and pregnancies after age 24, in both African
American and Caucasian women, after adjusting for age, age at menarche, BMI, physical
activity, and current smoking. However it should be noted that we also found that
submucosal UL were the subtype with the strongest inverse association with our parity
measure.

One possible explanation may be the hypothesized protective effect of postpartum
involution of the uterus, which may clear small UL during the remodeling of the myometrial
tissue (Baird and Dunson 2003). The stronger negative association between pregnancies and
submucosal UL versus intramural/subserosal UL could be due to the expulsion of (especially
submucosal) UL during pregnancy. Previously reported inverse associations between parity
and UL in general could not be explained by UL-related infertility (Marshall et al. 1998 b)
(Baird and Dunson, 2003), and in the present study the associations between pregnancies
after age 24 and UL subtypes were very similar after the exclusion of women who reported

being infertile after age 25 (data not shown).
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The primary strength of our study is the sonogram-based screening for UL among
randomly selected premenopausal women irrespective of clinical symptoms. As such women
with both symptomatic and asymptomatic UL could be accurately classified according to UL
status and subtype. In addition, we were able to estimate subtype-specific associations
separately by ethnicity. Consistent associations for most exposures across ethnic groups
support the validity of our subtype-specific estimates. A major limitation is the cross-
sectional study design, which does not allow for confirmation that exposures to extrinsic risk
factors preceded the onset of UL. In addition the Caucasian women in the study tended to be
of high socioeconomic status (SES) and low parity and, as such, the finding noted may not be
generalizable to US Caucasian women of low SES and/or high parity. Lastly, although
overall sample sizes were relatively large, particularly for African American women, we had
reduced power to estimate effects for UL subtypes, especially among Caucasians.

In summary, despite possible histopathologic differences, submucosal UL appear to
have a very similar risk factor profile to intramural/subserosal UL. In contrast, the diffuse
only subtype may have a somewhat different risk factor profile. Smoking was unrelated to
focal UL, but it appears to be a strong risk factor for the diffuse only subtype. These findings
suggest that future studies of UL etiology should distinguish focal UL from the diffuse only

subtype.
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Table 4.1. Characteristics of premenopausal women from the NIEHS Uterine Fibroid Study
by race and overall.

African American Caucasian All
Characteristic (N=581) (N=405) (N=986)
No. (%) No. (%) No. (%)
Age (vears)
<40 248 (42.7) 143 (35.3) 391 (39.7)
40-44 194 (33.4) 130 (32.1) 324 (32.9)
45+ 139 (23.9) 132 (32.6) 271 (27.5)
Age at Menarche
<11 61 (10.6) 18 (4.5) 79 (8.1)
11 93 (16.1) 59 (14.6) 152 (15.5)
12 160 (27.7) 111 (27.5) 271 (27.6)
13 141 (24.4) 138 (34.2) 279 (28.4)
14 54 (9.3) 43 (10.7) 97 (9.9)
>14 69 (11.9) 34 (8.4) 103 (10.5)
Missing 3 2 5
Any Pregnancies
No 297 (51.1) 256 (63.2) 553 (56.1)
Yes 284 (48.9) 149 (36.8) 433 (43.9)
Body Mass Index
<25 148 (25.5) 234 (57.8) 382 (38.8)
25-29.99 180 (31.0) 98 (24.2) 278 (28.2)
30-34.99 115 (19.8) 37 (9.1) 152 (15.4)
35+ 137 (23.6) 36 (8.9) 173 (17.6)
Missing 1 0 1
Physical Activity™
Low/Medium 399 (69.2) 243 (60.2) 642 (65.4)
High/Very 178 (30.9) 161 (39.9) 339 (34.6)
Missing 4 1 5
Current Smoking
No 412 (70.9) 372 (91.9) 784 (79.5)
Yes 169 (29.1) 33 (8.2) 202 (20.5)
Location of UL
No UL 162 (27.9) 202 (49.9) 364 (36.9)
Diffuse only 78 (13.4) 40 (9.9) 118 (12.0)
Submucosal 93 (16.0) 40 (9.9) 133 (13.5)
248 (42.7) 123 (30.8) 371 (37.6)

* Physical activity without chores (indexed to estimated hours/week of vigorous activity):
low (<1.85), medium (1.85-4.14), high (4.15-6.55), very high (>6.55).
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CHAPTER V
PAPER 2: SELF-REPORTED URINARY SYMPTOMS ASSOCIATED WITH
UTERINE LEIOMYOMATA
Abstract

OBJECTIVE: To investigate the association between uterine leiomyomata (UL) and
self-reported stress urinary incontinence (SUI) in premenopausal women.

METHODS: This study used baseline (1996-1999) and follow-up (2001-2002) data
from 798 premenopausal participants (446 African-American and 352 Caucasian) in the
National Institute of Environmental Health Sciences Uterine Fibroid Study. At follow-up,
participants were asked about symptoms during a 12-month reference period, and women
were classified as having SUI if they reported any urine leak when they coughed or sneezed.
UL status was characterized at baseline using transabdominal and transvaginal ultrasound.
The UL risk factors considered were: presence of any UL, size of the largest UL, presence of
a large (> 4cm) anterior UL in a non-retroverted uterus, presence of a medium/large (> 2cm)
anterior UL in a non-retroverted uterus, and uterine size. Linear risk models were used to
estimate adjusted prevalence differences (aPD) and 95% confidence intervals (CI) controlling
for age, ethnicity, body mass index (BMI), and the number of deliveries. In addition,
ethnicity and parity were evaluated as effect measure modifiers.

RESULTS: About half (51%) of study participants reported SUI during the reference

period. Compared with women without any UL, SUI prevalence was higher among women



with any UL (aPD=6.7 95% CI: -0.5, 13.7), and with a medium or large UL (aPD=9.0 95%
CI: 0.3, 17.4 and 8.6 95% CI: -1.4, 18.6, respectively). Anterior location was not associated
with further increase in prevalence. Women with very large uterine volume (> 206.5 cm’)
reported more SUI than those with small uterine volume (<91.4 cm3, aPD=9.1 95% CI: -1.5,
19.5), but SUI was not associated with intermediate categories of uterine volume. There was
no clear evidence of PD modification by ethnicity or parity.

CONCLUSIONS: We found increases in SUI prevalence of about 7% to 9% with UL.
The associations were not as strong as for established risk factors such as parity and obesity,
which were associated with increased prevalences ranging from 13% to 22%. However, for a
common outcome like SUI even this smaller increase in prevalence is important. Contrary to
expectations, an anteriorly located UL was not associated with higher prevalence than UL in
other locations. Uterine volume above the 83" percentile for the population (>206.5 cm’),
which may reflect the overall burden of UL better than the size of the largest UL, also was
positively associated with SUI. Overall, these findings suggest that treatment for larger UL

might enhance SUI treatment in some women.

Introduction

Urinary incontinence is one of the most common types of lower urinary tract
dysfunction, affecting about a third of adult women in the United States (DuBeau 2001). The
annual direct cost of urinary incontinence for women in the US is estimated as $12.4 billion
(in 1995 dollars) (Wilson et al. 2001).

Stress urinary incontinence (SUI), the complaint of involuntary leakage of urine on

effort or exertion, or on sneezing or coughing (Abrams et al. 2002), is the most common type
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of urinary incontinence in women, with about half of women with urinary incontinence
suffering from SUI (Hampel et al. 1997). SUI accounts for 85% of treatment expenditures for
urinary incontinence for women (Wilson et al. 2001), and also may have a substantial
negative impact on the quality of life (Contreras-Ortiz 2004).

Established risk factors for self-reported SUI symptoms include age, ethnicity, body
mass index (BMI), parity, and mode of delivery. In particular several epidemiological studies
have identified older age (Goldberg et al. 2005), Caucasian race (vs. African-American)
(Jackson et al. 2004, Thom et al. 2006), high BMI (Mommsen and Foldspang 1994, Hojberg
et al. 1999, Jackson et al. 2004), parity (Foldspang et al. 1992), and history of vaginal
deliveries (Hojberg et al. 1999, Han et al. 2005) as risk factors for self-reported SUIL

Uterine enlargement due to the presence of uterine leiomyomata (UL), in particular
large UL in the anterior lower uterus, may cause urinary symptoms by extrinsically
compressing the urinary bladder (Haney 2000). In particular, laughing, coughing, or
sneezing, may displace UL against the bladder and cause involuntary loss of urine (i.e. SUI).
It has been hypothesized that UL may be associated with SUI (Stovall 2001, Altman et al.
2003, Sampselle et al. 2002, Nygaard and Heit 2004). There is also a case report of a
pedunculated UL causing acute SUI (Isherwood et Rane 1999). However, an epidemiological
study investigating the association of parity and route of delivery with self-reported SUI
during the previous month, found no association between UL (as the primary indication for
hysterectomy) and SUI (Handa et al. 2004). The authors compared the prevalence of SUI
between women who had hysterectomies due to UL and women who had hysterectomies due

to other causes. UL was not the main risk factor under investigation, and only an unadjusted
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OR was reported for the association between UL and SUL It should be noted that the study
used a highly selective sample, not representative of women with UL or women with SUL

No population-based observational studies have directly assessed the association
between UL and self-reported SUI Therefore, the objective of this study was to investigate
the association between SUI and UL overall, and between SUI and UL characteristics,
among 446 African-American and 352 Caucasian premenopausal women who participated in
the first follow-up interview of the National Institute of Environmental Health Science’s

(NIEHS) Uterine Fibroid Study.

Methods

The NIEHS Uterine Fibroid Study (UFS), which was approved by Human Subject
Review Boards at the NIEHS and George Washington University, was designed to measure
the prevalence of UL, identify risk factors for UL, and evaluate UL-related symptoms among
African American and Caucasian women. Enrollment occurred between 1996 and 1999 at
which time participants were screened for UL and baseline data were collected using a mail
questionnaire that took about 30 minutes to complete, and a telephone interview, which
lasted one hour. Premenopausal participants were followed-up in 2001-2002 using a
computer-assisted telephone interview.

Study Participants: The UFS enrolled women aged 35 to 49 years old who were
selected randomly from a computerized list of health plan members at a Washington, DC
site. In addition to age and health plan membership requirements, eligible women had to be
able to complete the UFS study interview in English. Of the 2,102 women screened for

enrollment, 316 (15%) were ineligible, primarily because they did not obtain care at the
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Washington, DC health plan site. Of the 1,786 eligible women, 335 (19%) refused to
participate, and 24 (1%) were lost to contact prior to data collection. In total, 1,430 women,
constituting 80% of the eligible women, participated in the baseline phase of the UFS.

Out of the 1,430 baseline participants, 1,144 were premenopausal African-American
or Caucasian women, and out of these 913 participated in the first follow-up of the NIEHS
UFS. Women were excluded from the current study if they were missing data on SUI (n = 4)
or on selected UL characteristics (n = 92). In addition, women who were pregnant during the
12-month reference interval for self-reported history of SUI (n =14) and women for whom
the age at reference was unknown (n = 5) were also excluded from the current study. The
final population included 798 premenopausal women, 446 African-American and 352
Caucasian.

Determination of UL Status: During the baseline telephone interview, women were
asked: “Have you ever been told by a doctor or other health professional that you have
uterine fibroid tumors or a leiomyoma, a benign tumor of the uterus or womb?”” Women who
answered affirmatively and did not report a subsequent misdiagnosis in response to questions
about diagnostic or follow-up examinations, UL treatment, or UL persistence, were classified
as having a previous diagnosis of UL. For most women UL was identified or confirmed
based on a pelvic ultrasound examination conducted for the study at the primary care site.
Women who were previously diagnosed with UL and had an ultrasound during the previous
five years, or were not diagnosed with UL and had an ultrasound during the previous two
years, had those sonograms used instead of a study sonogram.

Study ultrasound examinations included both transabdominal and transvaginal

examinations to facilitate identification of UL in the upper uterus. Both examinations were
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performed by sonographers certified by the American Registry of Diagnostic Medical
Sonographers, under the supervision of a radiologist with fellowship training in sonography.
A single radiologist reviewed all questionable sonograms. Sonographers filled out a study-
specific data collection form that included data on uterine size, uterine shape, the presence of
diffuse heterogeneous echo pattern, number of focal UL, the size and location of the two
largest UL (if at least 2cm in diameter), and the size of the three largest submucosal UL.

UL status was classified according to 1) the presence of any UL (any UL vs. no UL),
2) the size of the largest UL (no UL, small (< 2cm) UL, medium (2-4cm) UL, large (> 4cm)
UL), 3) the presence of a large (> 4cm) anterior UL in a non-retroverted uterus (no UL, large
(> 4cm) anterior UL in non-retroverted uterus, other UL), or 4) the presence of a
medium/large (> 2cm) anterior UL in a non-retroverted uterus (no UL, medium/large (> 2cm)
anterior UL in non-retroverted uterus, other UL). In addition, 774 women were classified
according to overall uterine volume (small (lowest 33% of overall uterine volume
distribution), medium (middle 33%), large (those in 67" to 83 percentile), and very large
(those above the 83" percentile)), with uterine volume calculated using the prolate ellipsoid
formula (0.52 x length x width x anterior/posterior diameter). The actual cut points used to
define the four categories of uterine size were: 91.4 cm’ (the 33™ percentile), 147.8 cm’ (the
66™ percentile), and 206.5 cm3 (the 83" percentile).

For the previous definitions the “no UL” category included women who had neither
focal UL nor a diffuse heterogeneous echo pattern present. The later may result from
multiple small focal UL, or from larger UL that lack the usual distinct histological
demarcation from the surrounding myometrium. We considered the diffuse heterogeneous

echo pattern as an indicator of UL being present because like focal UL, in the NIEHS UFS it
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is associated with enlargement of the uterus (Baird et al. 2003) and excess bleeding
(Wegienka et al. 2003). Adenomyosis also can present as a diffuse heterogeneous echo
pattern, but adenomyosis is usually accompanied by UL in uteri > 280g and occurs alone in
only a minority of smaller uteri (LevGur 1996). For the 87 women who had a diffuse
heterogeneous echopattern and no detectable focal UL we assigned a UL size based on their
uterine volume.

SUI Determination: Data collected at the follow-up during the computer-assisted
telephone interview included self-reported history of SUIL, which was classified as positive if
women reported that they ever had urine leak when they coughed or sneezed during the 12
month interval prior to a reference date determined by UL treatment and menstrual history.
The reference date for women who had had UL treated by myomectomy, hystereoscopic
resection, uterine artery embolization, or hysterectomy was the date of the procedure if they
were still menstruating, or was the date of their last period if they had stopped menstruating
prior to the treatment procedure. The reference date for women who did not undergo any of
the procedures listed above was the date of their follow-up interview if they were still
menstruating, or the date of their last period if they did not report a period in the last two
months.

Data Analysis: Potential confounders selected based on a review of the literature
regarding risk factors for UL and SUI included age at the reference date (continuous or
categorized as <40, [40,45), [45,50), 50+), ethnicity (African-American, Caucasian), BMI at
baseline (kg/m2, categorized as <25, [25,30), [30,35), 35+), and the number of deliveries
prior to the reference date (categorical, 0, 1, 2, 3+). A composite variable involving the

number and the type of deliveries (none, only C-section deliveries, 1 vaginal delivery, 2
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vaginal deliveries, 3+ vaginal deliveries) was also evaluated as a potential confounder, but
was not used since results were comparable with those adjusted for the number of deliveries.

Univariate analyses were performed to describe the distributions of exposures and
outcomes, and assess missing data. Given the prevalence of the outcome under study (about
50% of the participants have reported SUI), odds ratios are an overestimate for the relative
risk. Therefore, we used linear risk models to estimate prevalence differences (PD) and
corresponding 95% confidence intervals (CI) (Spiegelman and Hertzmark, 2005). Separate
linear risk models were used to evaluate the association between each of the five variables of
interest and self-reported SUL. We estimated crude, ethnicity-adjusted, and fully-adjusted
PDs with 95% Cls, with the fully-adjusted estimates from linear risk models that included
age at reference (continuous), ethnicity, BMI, and number of deliveries. All model estimates
were evaluated to confirm that predicted prevalences were between 0 and 1.

Ethnicity was evaluated as a potential effect modifier since African American women
are at increased risk of UL but at decreased risk of SUI compared with Caucasians. In
addition we evaluated effect modification by parity (nulliparous vs. parous) as pregnancy
loosens the pelvic floor. Formal evaluation of effect modification by ethnicity and parity was
performed using likelihood ratio tests (o = 0.10). All analyses were performed using the SAS

software package (SAS v.9.1; SAS Institute, Inc., Cary, North Carolina).

Results
Over half of study participants were African-American, and about a third reported

being nulliparous (Table 5.1). Most women were age 40-49 on the reference date (mean

(£SD) 45.8 (£4.0) years), and 60% were overweight or obese (mean (£SD) 28.4 (£7.5)
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km/m?). The average time from the ultrasound examination to the reference data was about 4
years (mean (£SD) 3.9 (£2.0) years). Overall, 393 of 798 (51%) of study participants
reported SUI during the reference period. Consistent with the literature, African-American
women reported less SUI than Caucasian women (43% versus 57%), and there was a general
tendency for the prevalence of SUI to increase with age, BMI, and number of deliveries.
Sixty-three % of participants had at least one UL (499 of 798), and the prevalence of SUI
was increased among women with UL (51%) relative to women without UL (47%). The
adjusted prevalence difference (aPD) associated with UL was 6.7 with 95% CI: -0.5, 13.7.

Forty-five % of participants had had at least one UL that was 2cm or larger (Table
5.2). Relatively few women had an anterior UL in a non-retroverted uterus that was > 4cm or
> 2cm (4% and 15% respectively). The prevalence of SUI was similar for women with no
UL and for those with UL < 2cm, but was increased among women with UL 2-4 cm
(aPD=9.0 95% CI: 0.3, 17.4) and UL 4cm or larger (aPD=8.6 95% CI: -1.4, 18.6). Contrary
to expectations, the association between UL and SUI appeared to be weaker for large (> 4cm)
anterior UL in a non-retroverted uterus (aPD=2.8 95% CI: -13.4, 19.2) then for other UL
(aPD=7.0 95% CI: -0.3, 14.1); however, estimates were imprecise due to the small number of
observations in the former group. The association between the presence of anterior UL 2cm
or larger in a non-retroverted uterus and SUI (aPD=8.6 95% CI: -1.6, 18.6) was similar to the
association estimated for other UL and SUI (aPD=6.1 95% CI: -1.5, 13.5).

The prevalence of SUI among women with a very large uterine volume (> 206.5 cm’)
was increased relative to women with a small uterine volume (< 91.4 cm®) (aPD=9.1 95% CI:
-1.5, 19.5); however, SUI was not positively associated with “medium” or “large” uterine

volume.
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The increase in SUI prevalence associated with medium size (2-4 cm) UL was the
only statistically significant finding. Because ethnicity is a very strong risk factor for both
SUI and UL, Table 5.1 and Table 5.2 contain crude, ethnicity-adjusted, as well as fully-
adjusted PDs with and 95% ClIs. There was no evidence that the association between UL
presence and SUI differed by race (p = 0.637) or parity (p = 0.999). For example the race-
specific associations between UL presence and SUI were similar, aPD=8.3 95% CI: -1.4,
18.0 for African-Americans and aPD=4.9 95% CI: -5.3, 15.1 for Caucasians. In addition,
there was no evidence of PD modification by ethnicity or parity when UL was classified
according to size or position, or of modification of the association between uterine volume
and SUI (all likelihood ratio test p-values > 0.10). The results did not change qualitatively
when the 87 women who had a diffuse heterogeneous echopattern and no detectable focal UL

were excluded.

Discussion

Although several papers have hypothesized that UL may be associated with SUI
(Stovall 2001, Altman et al. 2003, Sampselle et al. 2002, Nygaard and Heit 2004), this is the
first population-based epidemiological study to systematically evaluate the association
between UL characteristics and presence of self-reported SUI. In addition to the presence or
absence of any UL, we evaluated the size of the largest UL, UL location, and overall uterine
volume, since these characteristics may affect SUI by increasing pressure exerted on the
bladder.

Almost half of the study population reported symptoms of SUI during the reference

interval, but the prevalence of SUI was about 7% higher among women with UL compared
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with women without UL after adjusting for age, ethnicity, BMI, and number of deliveries.
Relative to women without UL, the prevalence of SUI was about 9% higher among women
with UL that were 2cm or larger, and among women with a very large uterine volume.
However, an anterior UL of at least 4 cm in a non-retroverted uterus, which we hypothesized
would be most likely to exert pressure on the bladder, was not more strongly associated with
SUI than other UL. In addition, we did not see evidence that associations between UL and
SUI were modified by race or parity.

The association between the presence of UL and urinary incontinence has been only
indirectly investigated in previous studies. A cross—sectional study involving 1,293 women
scheduled for hysterectomy evaluated the association between self-reported SUI during the
previous month and UL as the primary indication for hysterectomy (versus other indications
for hysterectomy) (Handa et al. 2004). Women with UL as the primary indication were no
more likely to report SUI as women with other indications for hysterectomy (such as
noninfectious conditions, cancer and premalignant conditions, adnexal conditions, and
infections). However for the reasons provided in the introduction part this study cannot be
used as evidence against an association between UL and SUL

Sampselle et al. (2002) studied 3,302 women aged 42 to 52 years old that were
enrolled in the Study of Women’s Health Across the Nation cohort, a multiethnic
longitudinal study of the natural history of menopausal transition (47% Caucasian, 28%
African-American). Women were classified as having UL if they reported that a health care
provider had ever told them that they had the condition. The authors estimated associations
between ethnicity and incontinence according to UL status, but did not estimate the

association between UL and incontinence specifically. Among women without UL, African-
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American women were less likely than Caucasian women to report urinary incontinence
(aOR =0.31 95% CI: 0.23, 0.40 adjusted for age, menopausal status, BMI, diabetes, and
parity). However, among women with UL, African-American women were more likely than
Caucasian women to report urinary incontinence (aOR = 1.81 95% CI: 1.22, 2.71). To
explain their finding the authors speculated that the propensity of African-American women
to develop larger UL resulted in an increased prevalence of SUI, and subsequently an
increased prevalence of urinary incontinence.

There have been few studies that have looked on the effect of hysterectomy on SUI
symptoms. In a prospective study the SUI prevalence dropped from 36% before surgery to
19% six months after surgery (El-Toukhy et al. 2004). Two randomized clinical trials have
also found reductions in SUI after hysterectomy (Thakar et al. 2002, Gimbel et al. 2005). In
the first clinical trial the reduction in SUI was not associated with UL presence, while in the
second the SUI reduction was attributed to the removal of uteri with large UL. We found no
literature on the effect of myomectomy or uterine artery embolization on SUI, studies that
would more directly address the efficacy of removal of UL for treating SUL

A strength of our study is that UL status was based on screening a randomly selected
sample, so women with both symptomatic and asymptomatic UL could be accurately
classified. The ultrasound data also allowed us to characterize the size and location of UL. In
addition, our outcome measure was restricted to SUI, versus self-reported urinary
incontinence of any type as in Sampselle et al. (2002). However, we could not confirm that
UL preceded the onset of SUIL and the number of women with large (> 4cm) anterior UL in a

non-retroverted uterus was small (n=34).

98



In summary, we found an increase in SUI prevalence of about 7% associated with the
presence of UL, with slightly larger increases in prevalence associated with larger UL and
large uterine volume. These findings are consistent with expectations regarding associations
between UL and SUI, and suggest that the effective treatment of SUI may require treatment

for larger UL in some cases.
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CHAPTER VI
CONCLUSIONS

Introduction

The common idea behind the two epidemiological studies described in this
dissertation was to move research forward from studies of uterine leiomyomata (UL) as a
single entity to a more detailed characterization of UL (involving position within the
myometrium, size of the largest UL, etc.). In the first study we compared associations with
six putative risk factors among three UL subtypes defined by location within the
myometrium (submucosal UL, intramural/subserosal UL, and diffuse only). In the second
study we investigated UL characteristics as risk factors for self-reported stress urinary
incontinence (SUI). It should be noted that in the first paper UL subtype was the outcome,
and in the second paper the UL characteristics were the risk factors of interest.

Although UL are the most prevalent tumors among women in the United States
(Flake et al. 2003) and there is evidence of histopathologic differences among UL subtypes
(Marugo et al. 1989, Brosens et al. 1998), no study to date has systematically investigated
risk factor profiles of individual UL subtypes. Similarly, although it has been hypothesized
that uterine enlargement due to large anterior UL may cause SUI (Stovall 2001, Sampselle et
al. 2002) no population-based epidemiological studies have assessed the association between
UL characteristics and SUL

Both studies used data from the National Institute of Environmental Health Sciences

(NIEHS) Uterine Fibroid Study (UFS), a study designed to measure the prevalence of UL,



identify risk factors for UL, and evaluate UL-related symptoms among African-American
and Caucasian women. The first study used baseline data (collected between 1996 and 1999),
while the second study used UFS baseline and follow-up data (collected between 2001 and
2002). Both studies took full advantage of the detailed data obtained from ultrasound
examinations (both transabdominal and transvaginal) performed as part of the baseline
assessment. The follow-up data examination included self-reported history of SUI during the
12-month period prior to a reference date determined by UL treatment or change in

menopausal status.

Summary of Results

For both African-American and Caucasian premenopausal women we found similar
associations of four of the risk factors considered (age at ultrasound examination, age at
menarche, body mass index, and current physical activity) with the three UL subtypes. For
both ethnic groups the inverse association of having any full-term pregnancies after age 24
with the submucosal UL subtype seemed to be stronger than its associations with the
intramural/subserosal UL subtype and the diffuse only subtype. There was also a positive
association of current smoking with the diffuse UL subtype, in contrast to no associations of
current smoking with the two focal UL subtypes, for both African-Americans and
Caucasians.

Compared with women with no UL, we found an estimated increase in the prevalence
of SUI of 7% associated with any UL, with slightly larger increases (about 9%) among
women with medium (2-4 cm) or large (4+ cm) UL. We also found an increase in SUI of

about 9% when we compared women with a very large uterus to those with small uterine
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size. However, contrary to what we hypothesized, we did not find a stronger association

between the presence of an anterior UL and SUI than UL in other locations.

Significance

The findings of the first paper suggest that future studies of the etiology of UL should
distinguish focal UL subtypes (such as submucosal UL and intramural/subserosal UL) from
the diffuse only subtype because of possible different etiologic mechanisms. In particular the
different association seen between current smoking and the diffuse only subtype provide
motivation for the study of this subtype as a separate entity, to better understand the
biological cause of the diffuse heterogeneous echopattern seen on sonograms.

Very little is known about the pathophysiology of the diffuse only subtype. The
diffuse heterogeneous echo pattern associated with this subtype may result from multiple
small focal UL, or from larger UL that lack the usual distinct histological demarcation from
the surrounding myometrium. Although many radiologists/sonographers may not include the
presence of a diffuse heterogeneous echopattern as part of the definition of UL, we
considered the diffuse heterogeneous echo pattern as a UL subtype because like focal UL, in
the NIEHS UFS it is associated with enlargement of the uterus (Baird et al. 2003) and excess
bleeding (Wegienka et al. 2003). Adenomyosis also can present as a diffuse heterogeneous
echo pattern, but adenomyosis is usually accompanied by UL in uteri > 280g and occurs
alone in only a minority of smaller uteri (LevGur 1996).

One important finding from the first paper is the absence of major differences between the
risk factor profile of the two focal UL subtypes, despite documented histopathologic

evidence that there are differences between the submucosal UL and the intramural or
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subserosal UL beyond their anatomic position within the myometrium. Another very
interesting finding is the strong inverse association of full-term pregnancies after age 24 with
submucosal UL (stronger than the association with intramural/subserosal UL). One possible
explanation may be the expulsion of submucosal UL with birth and postpartum remodeling
of the uterus.

The findings from the second paper suggest that treatment for larger UL might
enhance SUI treatment in some women. Similar to five previous epidemiological studies
(Brown et al. 1999, Jackson et al. 2004, Handa et al. 2004, Hendrix et al. 2005, and Thom et
al. 20006), the present study is investigating SUI in both African-American and Caucasian
women, and provides further information on the association between ethnicity and SUI, in

addition to information on the association of SUI with age, BMI, and parity.

Strengths and Limitations

NIEHS Uterine Fibroid Study participants, both African-American and Caucasian,
were screened to identify UL among randomly selected premenopausal women irrespective
of clinical symptoms. Consequently, women with both symptomatic and asymptomatic UL
could be accurately classified according to UL presence and characteristics. This is important
because UL may cause symptoms even when undiagnosed, and studying only symptomatic
UL may be more likely to identify risk factors associated with growth than with incidence.
Another important strength of the study is the detailed sonogram data that includes data on
uterine size, uterine shape, the presence of diffuse heterogeneous echo pattern, number of
focal UL, the size and location of the two largest UL, and the size of the three largest

submucosal UL.
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Limitations include the cross-sectional nature of the studies, which does not allow us
to establish the temporality of the relationships under investigation. In particular we cannot
evaluate risk factors for incident (versus prevalent) UL, and cannot confirm that UL preceded
the onset of SUI symptoms. There are also limitations related to looking only at the size of
the largest UL, and not being able to look at the number of UL. Considering the uterine size
may have partly offset these limitations by providing a measure of the overall burden of UL.
Also, the Caucasian women included in our study populations tended to be of low parity and
high socioeconomic status, which may make the findings not generalizable to US Caucasian

women of high parity and/or low socioeconomic status.

Direction for Future Research

The results of the first paper suggest treating the diffuse only subtype as a separate
entity from the focal UL subtypes in future etiologic investigations. Although there is
histopathologic evidence that the two focal UL subtypes are different from each other, more
work also needs to be done to investigate potential differences between the two focal UL
subtypes and the diffuse only subtype. An interesting related question would be to see if
women can self-report the type of UL they have been diagnosed with.

Although we have investigated the association with risk factors consistently
associated with focal UL, it is possible that other risk factors that have shown inconsistent
results with respect to their association with focal UL may have different associations with
the focal UL subtypes (submucosal UL and intramural/subserosal UL). Data on other
potential risk factors were collected in the NIEHS Uterine Fibroid Study, such as oral

contraceptives and reproductive tract infections, that do not show strong overall relationships

111



with UL, but could be investigated in relation to UL subtypes in the future. As more research
is done to characterize the biological variation in UL, there may be alternative ways to
examine this potentially heterogeneous outcome than by the three subtypes examined here. It
should be noted that larger studies would be needed to be able to examine risk factors for UL
subtypes than for UL presence (all subtypes combined).

The second paper provided preliminary evidence supporting a role of UL in the
etiology of SUI, though contrary to expectations, location in the anterior uterus was not
clearly associated with SUI. Although those findings suggest that treatment for larger UL
might enhance SUI treatment in some women, they do not shade any light on what needs to
be known in order to determine whether or when treatment of UL in order to treat SUI is
appropriate to recommend. The later issue is very important from a public health point of
view, and one possibility to deal with that will be for more studies to collect data specifically
on self-reported SUI before and after UL treatment, and look at changes in the prevalence of
SUL

The NIEHS Uterine Fibroid Study includes data regarding “how much of a problem”
SUI was, with the options given as: “not a problem”, “a small problem”, “a medium
problem”, and “a big problem”, therefore future analyses may investigate UL characteristics
in association with severity of self-reported SUI. Another possibility would be to examine
associations between UL characteristics and urinary urgency, which was assessed in relation
to the same reference period as SUI by the following question: “Have you felt the need to
urinate urgently, even though you have had little or no warning?”” Although this question
does not directly assess urge urinary incontinence, which requires urine leakage in addition to

urgency, it would add additional information regarding potentially relevant symptoms.
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Therefore, the consideration of severity of self-reported SUI and of the presence of self-
reported urgency would provide more insight into the relationship between UL

characteristics and urinary symptoms that may substantially impact quality of life.
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