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Abstract

Background: Uterine fibroids (UF) affect 77% of women by menopause, and account for $9.4 billion in annual
healthcare costs. Type-2-diabetes (T2D) has inconsistently associated with protection from UFs in prior studies.
To further evaluate the relationship between T2D and UFs we tested for association between T2D and UF risk

in a large clinical population as well as the potential differences due to T2D medications and interaction with race.

Methods: This nested case—control study is derived from a clinical cohort. Our outcome was UF case-control status
and our exposure was T2D. UF outcomes and T2D exposure were classified using validated electronic medical record
(EMR) algorithms. Logistic regression, adjusted for covariates, was used to model the association between T2D
diagnosis and UF risk. Secondary analyses were performed evaluating the interaction between T2D exposure and race
and stratifying T2D exposed subjects by T2D medication being taken.

Results: We identified 3,789 subjects with UF outcomes (608 UF cases and 3,181 controls), 714 were diabetic
and 3,075 were non-diabetic. We observed a nominally significant interaction between T2D exposure and race
in adjusted models (interaction p=0.083). Race stratified analyses demonstrated more protection by T2D
exposure on UF risk among European Americans (adjusted odds ratio [aOR]=0.50, 95% Cl 0.35 to 0.72) than
African Americans (@OR=0.76, 95% Cl 0.50 to 1.17). We also observed a protective effect by T2D regardless of
type of T2D medication being taken, with slightly more protection among subjects on insulin treatments (European
Americans aOR =042, 95% Cl 0.26 to 0.68; African Americans aOR = 0.60, 95% Cl 0.36 to 1.01).

Conclusions: These data, conducted in a large population of UF cases and controls, support prior studies that have
found a protective association between diabetes presence and UF risk and is further modified by race. Protection from
UFs by T2D exposure was observed regardless of medication type with slightly more protection among insulin users.
Further mechanistic research in larger cohorts is necessary to reconcile the potential role of T2D in UF risk.
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Background

Uterine leilomyomata, or fibroids (UF), are the most com-
mon female pelvic tumor. Prevalence estimates for these
benign growths range from 20 to 77%, increasing with age
up to menopause [1-3]. The most well-established risk
factors for UFs include African American race [1, 2, 4-7],
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high body mass index (BMI) [8, 9], and increasing age [4].
Suggestive protective associations have been observed in
two studies, reducing relative risk of UFs by a third to a
half [10, 11]. One of the studies evaluated the association
among European Americans; however, they were under-
powered, with only five T2D exposed UF cases and four
controls. Neither study evaluated the potential interaction
with race in the protective association between T2D and
UFs. The protective association between T2D exposure
and UFs was counterintuitive given the documented rela-
tionship between higher BMI and increased UF risk, but
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may be explained by a direct relationship between UFs
and diabetes treatment.

A few studies support a potential relationship between
UF risk, UF tumor growth, and diabetes treatment in
modifying risk for UFs. The relationship with diabetes
treatment was indirectly examined in one study among
African Americans that found that the protection by dia-
betes was only among diabetics on medication (with
medications incidence rate ratio [IRR] = 0.77, 95% confi-
dence interval [CI] 0.60-0.98; without medications IRR =
0.91, 95% CI 0.64—-1.28) [11]. Also supporting that the
protection by diabetes derives from treatments are stud-
ies of tumorigenesis from in vivo and in vitro models of
cancer reporting decreased risk of cancer among dia-
betics on medications, such as metformin, on a long
term basis, usually greater than 5 years [12-15].

This study seeks to evaluate the relationship between
type 2 diabetes exposure (T2D) and fibroid risk in large
clinical cohort, including evaluating the role of diabetes
treatments and race on risk for UFs. To obtain data for
these analyses we used validated algorithms to classify
cases and controls, as well as exposure to T2D from de-
identified electronic medical records (EMR).

Methods
Study population
We utilized clinical data from the Synthetic Derivative
(SD) database, located at Vanderbilt University, Nashville,
TN [16]. The SD is a de-identified version of the EMR that
consists of clinical data obtained from patients at all clinics
in the Vanderbilt University Medical Center healthcare
system. The SD is not a public database but is accessible
with IRB approval to Vanderbilt University investigators.
The SD contains several data types, including diagnostic
and procedure codes, basic demographics, prescription
medication information, imaging reports, discharge sum-
maries, nursing notes, progress notes, health history,
multi-disciplinary assessments, laboratory values, echocar-
diogram diagnoses, and electronically derived data. The
Internal Review Board of Vanderbilt University, Nashville,
TN approved this study and access to this SD database.
The outcome evaluated in these analyses was UF sta-
tus after T2D evaluation. UF cases and controls (Fig. 1)
were women at least 18 years old who had diagnostic
imaging with ultrasound, magnetic resonance imaging
(MRI), or computed tomography after evaluation for
T2D. We excluded cases with an International Classifi-
cation of Diseases 9" edition [ICD 9] diagnostic code
for UFs or current procedural terminology [CPT] code
indicating UF removal prior to T2D evaluation. We in-
cluded cases who had diagnostic imaging and either a
diagnosis of a UF, as indicated by physician diagnosis, or
a surgical procedure for UF removal after T2D evalu-
ation. For controls, two or more instances of pelvic
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Fig. 1 Fibroid case-control inclusion/exclusion criteria for nested case—
control design. Provides a detailed description of the fibroid case—control
inclusion/exclusion criteria

imaging on separate dates were required after T2D
evaluation. Women with hysterectomy, myomectomy, or
other procedures for UFs were excluded as controls.
Our sampling algorithm to define UF cases and controls
has been previously published [17] and is informed by a
published UF algorithm by Hartmann and colleagues
using EMRs [18]. This sampling algorithm results in
96% positive predictive value for cases, 98% negative
predictive value for controls, 97% sensitivity, and 98%
specificity. Information on covariate data was abstracted
using natural language processing (NLP) algorithms of
study participant EMRs, prescription medication informa-
tion, as well as from ICD 9 diagnostic and CPT procedure
codes. Prior validation studies of this phenotyping algo-
rithm indicate that the majority of imaging information in
both cases and controls comes from pregnancy ultra-
sounds [17].

T2D exposure was determined using a previously pub-
lished and validated electronic algorithm that required
diagnosis of T2D according to diagnostic codes, men-
tions of T2D medications in the medical record, and la-
boratory measures relevant to T2D diagnoses (glucose >
200 or HgbA1C > 6.5%) [19]. T2D controls were women
who had at least 2 clinic encounters with one or more glu-
cose or HgbA1C measures and who had no evidence of
T2D diagnosis in their EMR such as text mentions or la-
boratory tests indicating a T2D diagnosis. This algorithm
did not exclude based on Type I diabetes diagnostic codes
due to those codes not being reliable in the EMR system.
However, to confirm that individuals were not Type I dia-
betics we did a manual chart review of a subset of the re-
cords in our cohort that indicated a Type I diabetic code
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and in all cases confirmed T2D diagnosis. For a detailed
description of the T2D algorithm refer to Ritchie et al. [19].

Medication exposure assessment

T2D treatment information after diagnosis with T2D
was extracted from both structured (e.g., computerized
physician order entry) and unstructured (e.g., clinic visit
notes) sources using MedEx, a high performance medi-
cation information extraction system [20, 21].

Statistical methods

We performed logistic regression analyses to evaluate the
association between T2D exposure and UF risk, un-
adjusted and adjusted for confounders. Potential con-
founders included in statistical models included age
(years) at UF diagnosis for cases or last pelvic imaging for
controls, body mass index (BMI) (kg/mz) at UF diagnosis
or last pelvic imaging for controls, and race (European
American [reference], African American, Hispanic, Asian,
and Other). Secondary analyses were also performed
evaluating effect modification by race, limiting to subjects
who were African American or European American, using
a likelihood ratio test. Finally, analyses were also per-
formed limiting subjects to those on specific T2D medica-
tions including: metformin, thiazolidinedione, and insulin.
We used a two-sided significance level of alpha = 0.05 for
all tests of association. STATA statistical software version
11.0 (StataCorp LP, College Station, TX, USA) was used to
perform tests and to prepare summaries of demographic
characteristics. Effect sizes are presented as Odds Ratios
(OR) with 95% confidence intervals (CIs).

Results

There were 3,789 subjects included in analyses (Table 1).
Mean age of UF diagnosis was 47 (standard deviation 13)
and 44 (18) for controls. Women with UFs compared to
those without UFs were more likely to be African American
(35% T2D cases and 19% controls) and obese (BMI > 30)
(48% T2D cases and 31% T2D controls). There were
slightly more women who were diagnosed with T2D among
those without fibroids (UF cases with T2D 17% and con-
trols with T2D 19%). HgbA1C levels were similar across UF
cases and controls (data not shown). A detailed description
of demographic characteristics by T2D exposure is pro-
vided in Additional file 1: Table S1.

Association analysis results between UF and T2D were
modeled crude and adjusted for age, BMI, and race
(Table 2). We tested for an interaction between race and
T2D and observed a nominally significant (likelihood ratio
test p =0.083) interaction, and therefore also present re-
sults stratified by race. Since the interaction was only
nominally significant we also report models adjusted for
race. Race stratified analyses are limited to the largest ra-
cial groups, European American and African Americans,
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due to lower power for analyses among other racial
groups. We observed an overall protective effect by T2D
exposure on UF risk in both the overall adjusted model
(adjusted OR [aOR] = 0.61, 95% CI 0.47 to 0.80) and race
stratified models with a more protective effect observed
among European Americans (aOR = 0.50, 95% CI 0.35 to
0.72) compared to African Americans (aOR =0.76, 95%
CI0.50 to 1.17) (Table 2).

We also conducted secondary analyses stratifying dia-
betics by T2D medication and comparing them to con-
trols in order to assess whether there were differences in
UF based on the type of T2D medication (Table 3).
These analyses were adjusted for age, BMI, and race,
with secondary analyses stratifying by race. The effect
size of T2D exposure on UFs was in the protective direc-
tion for all adjusted analyses evaluating the different
types of medications, although not statistically significant
in all analyses. However, the effect was most protective
among those subjects who reported taking insulin for
treatment of UFs in both the race adjusted (aOR = 0.50,
95% CI 0.35 to 0.70) and race stratified analyses, with a
more protective effect among European Americans (aOR
=042, 95% CI 0.26 to 0.68) than African Americans (aOR
=0.60, 95% CI 0.36 to 1.01).

To address the potential misclassification of T2D due
to gestational diabetes due to the large number of the ul-
trasounds performed during pregnancies we conducted
secondary analyses excluding subjects (N =23) who were
diagnosed with type 2 diabetes at the time of ultrasound
or at the time (also diagnosis within 1 year before or
after) a pregnancy diagnosis. This change had a very
small effect on the effect sizes we estimated (data not
shown), supporting that misclassification of chronic T2D
status for transient gestational diabetes due to our study
ascertainment criteria (requiring ultrasounds for inclu-
sion as fibroid cases and controls) did not impact re-
search findings significantly.

Discussion
Consistent with prior studies, we observed protective as-
sociations between UFs and T2D in models adjusting for
age, BMI, and race and in race stratified models. Race was
observed to be an effect modifier for the association, al-
though only nominally (p < 0.10), with slightly more pro-
tection by T2D exposure on UF risk among European
Americans compared to African Americans. We evaluated
models limited to women on specific T2D medications in
secondary analyses. These models suggest that regardless
of medication taken there was a protective effect of T2D
exposure for developing UFs with slightly more protection
among those taking insulin.

Diagnosis of diabetes has associated with protection
from UFs in two studies, reducing relative risk of UFs by
a third to a half [10, 11]. In our larger powered study we
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Table 1 Study population characteristics and demographic
variables by fibroid outcome

n Fibroid Cases Fibroid Controls
(N=1608) (N=3,181)
Mean(SD) or %  Mean(SD) or %

Age (years), mean (SD) 3,789  47(13) 44(18)

Race/ethnicity
European American, 2502  56% 68%
non-Hispanic
African American, 835 35% 19%
non-Hispanic
Hispanic ethnicity 73 2% 2%

Asian 45 1% 1%
Other 92 1% 3%
Missing 242 5% 7%

BMI (kg/m?), mean (SD) 2496 34 (10) 32 (11)
Underweight (<20) 128 2% 4%
Normal weight (20-24) 468 1% 13%
Overweight (25-29) 610 21% 15%
Obese (=30) 1290  48% 31%
Missing 1293 18% 37%

T2D diagnosis
Yes (%) 714 17% 19%

No (%) 3075  83% 81%

Diabetes treatments®
Insulin 406 9% 12%
Metformin 360 11% 10%
Thiazolidinedione 133 5% 4%

Other medications 84 2% 3%

BMI body mass index, SD standard deviation
*Treatment percentages sum up to greater than 100% because women could
have been on more than one treatment

Table 2 Association of type Il diabetes and fibroid risk

T2D Model n ORmp 95% CI P
Lower  Upper

All Races

72D 3789 083 0.66 1.05 0.125

T2D, Age, BMI, Race 2,353  0.61 0.47 0.80 2.73x107*
European American

72D 2502 0.71 0.51 0.97 0.032

T2D, Age, BMI 1618 0,50 035 0.72 2.07x107*
African American

72D 835 0.94 0.65 137 0.749

T2D, Age, BMI 585 0.76 0.50 1.17 0212

T2D type 2 diabetes, BMI body mass index, OR Odds ratio, C/ 95% confidence
interval; Bold indicates models with p < 0.05
Age and BMI are modeled as continuous measures
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estimated effect sizes for analyses adjusting only for age
and BMI (African American OR =0.76, 95% CI 0.50 to
1.17; European American OR =0.50, 95% CI 0.35 to
0.72) that were consistent with Baird and colleagues (Af-
rican American OR =0.67, 95% CI 0.35 to 1.29; Euro-
pean American OR=0.96, 95% CI 0.24 to 3.76) and
Wise and colleagues (African American diabetics on
medication incidence rate ratio [IRR] = 0.77, 95% CI 0.60
to 0.98; diabetics not on mediations IRR =0.97, 95% CI
0.64 to 1.28) who reported an inverse association be-
tween diabetes and UF. We note that Baird and col-
leagues was able to observe a suggestive association
despite being underpowered (Baird and colleagues 35
diabetic cases and 19 diabetic controls). Additionally, all
of the subjects we evaluated were being treated for dia-
betes; therefore, unlike Wise and colleagues, we were
unable to evaluate the association using a diabetic popu-
lation that was untreated.

Our findings suggested a protective effect by T2D ex-
posure regardless of type of medication being taken,
however, a slightly more protective effect was observed
among those taking insulin. We were interested in the
potential effect of T2D medications due to multiple
studies showing that diabetic patients are at reduced risk
of cancer if they are taking metformin and thiazolidine-
diones [12, 13, 15, 22-25]. The biological reasons why
insulin may provide a slightly stronger protective effect
is unclear, but may be due to the role of T2D severity in
protection from fibroids, as women who are on insulin
may have more severe forms of diabetes.

A single prior retrospective case—control study by Faer-
stein and colleagues evaluated the relationship between
diabetic medications and UF risk and observed an in-
creased risk for UFs among diabetics on medication [5].
This study also reported an effect size consistent with pro-
tection from UFs among diabetics when including all sub-
jects in the cohort regardless of diabetes medication use
(OR =0.9, 95% CI 0.4 to 2.2). Cases were women with an
ICD-9 218 code for UFs and confirmed by histologic find-
ings or at least one ultrasound. Controls visited the same
physician and had a prior pelvic examine without mention
of findings consistent with having UFs. The study included
318 UFs cases and 394 controls, 4.7% of UF cases and
4.1% of controls were diabetic. Among diabetics only 2.2%
of cases (n =7) and 0.5% of controls (1 = 2) reported being
on a medication for diabetes. Although they were under-
powered to detect an association, they observed a suggest-
ive increased risk with OR=2.1, 95% CI 04 to 12.6,
adjusting for age, clinic, ethnicity, and BMI 5 years before
interview. We note that differences in our findings and
Faerstein and colleagues may be due to differences in
power across these two studies as well as study design.

Our study has several strengths. We were able to le-
verage clinical EMR data to identify subjects diagnosed
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Table 3 Association analysis results for unadjusted and adjusted models of T2D exposure and UF risk limiting to subjects on specific

treatments
N Crude Adjusted
ORmap 95% Cl P ORmap 95% Cl P
Lower Upper Lower Upper

All Races

T2D (diabetics on Metformin) 3,435 1.12 0.84 1.48 0450 0.77 0.56 1.05 0.096

T2D (diabetics on Thiazolidinedione) 3,208 1.36 0.86 2.08 0.161 091 0.56 148 0.708

T2D (diabetics on insulin) 3481 0.71 0.52 0.97 0.032 0.50 0.35 0.70 5.10x107°
European American

T2D (diabetics on Metformin) 2,250 0.97 0.65 1.44 0.863 0.70 045 1.08 0.104

T2D (diabetics on Thiazolidinedione) 2,084 143 0.85 243 0.181 091 051 1.64 0.757

T2D (diabetics on insulin) 2,292 0.60 0.38 0.95 0.020 0.42 0.26 0.68 3.54x107*
African American

T2D (diabetics on Metformin) 755 1.07 0.68 1.69 0.760 0.78 047 1.28 0.329

T2D (diabetics on Thiazolidinedione) 669 124 0.56 276 0.597 0.77 032 1.90 0.581

T2D (diabetics on insulin) 764 0.76 047 1.22 0.260 0.60 0.36 1.01 0.055

T2D type 2 diabetes, BMI body mass index, OR Odds ratio, Cl 95% confidence interval; Bold indicates models with p < 0.05; Adjusted models use age (continuous),
BMI (continuous); Bold indicates models with p < 0.05; N-samples size of total number of cases and controls within each drug category

with UFs after T2D diagnosis. Furthermore, the utility of
EMR combined with NLP approaches to abstract T2D
medication use and detailed covariate data allowed us to
comprehensively evaluate the relationship between UF
and T2D medications. However, we acknowledge limita-
tions to our study. In addition, although we evaluated
T2D treatments that were initiated after diagnosis it is
possible that some women were on these medications
for other conditions that were not accounted for in these
analyses. We also only evaluated whether or not a T2D
treatment was initiated between T2D diagnosis and UF
diagnosis but were unable to account for duration of
treatment due to limitations of the study design. Finally,
there is the possibility that another unaccounted for
confounder like prior pregnancy history or hormonal
treatments among these subjects may contribute to the
observations observed.

Conclusions

Our study supports prior studies that have observed a
protection from UFs conferred by T2D diagnosis with
somewhat more protection observed among European
Americans than African Americans. Furthermore, our
results suggest that the protective effect of diabetics oc-
curs regardless of type of medication being taken,
although subjects on insulin have slightly more protec-
tion from UFs. Furthermore, these data suggest that
UFs have a complex etiology that involves interactions
with multiple biological pathways. Further investiga-
tions are needed to determine what biologic mecha-
nisms that may be involved in T2D pathways to protect
from UFs.

Additional file

Additional file 1: Table S1. Study population characteristics and
demographic variables by T2D exposure. Provides a summary of study
participant characteristics stratified by our primary exposure, type 2
diabetes. (DOCX 17 kb)

Abbreviations

BMI: Body mass index; Cl: Confidence interval;, CPT: Current procedural
terminology; EMR: Electronic medical records; ICD9: International Classification of
Diseases 9™ edition diagnostic code; IRB: Institutional Review Board; IRR: Incidence
rate ratio; MRI: Magnetic resonance imaging; NLP: Natural language processing;
OR: Odds ratio; SD: Synthetic derivative; T2D: Type 2 diabetes; UF: Uterine fibroids

Acknowledgements
None.

Funding

This work was funded by the Building Interdisciplinary Research Careers in
Women's Health career development program (2K12HD043483-11),
TROTHDO074711-02, TRO3HD078567-01, the Vanderbilt Clinical and Translational
Research Scholar Award 5KL2RR024977 from the National Center for Advancing
Translational Sciences, the Vanderbilt CTSA award, from the National Center for
Advancing Translational Sciences, and the BioVU dataset used for the analyses
described was obtained from Vanderbilt University Medical Center’s BioVU
which is supported by institutional funding and by the Vanderbilt CTSA grant
ULTR000445 from NCATS/NIH. The content of this manuscript are solely the
responsibility of the authors and do not necessarily represent official views of
the National Center for Advancing Translational Sciences or the National
Institutes of Health.

Availability of data and materials

Our dataset included clinical information on patients from Vanderbilt Clinics
and due to this sensitive information individual-level data is not available to
be redeposited in a repository or shared.

Authors’ contributions

DRVE-contributed to developing the analytic design, conducted the analyses,
drafted the manuscript, and revised the manuscript. KEH-contributed to
developing the analytic design and revised the manuscript. MW-contributed to
data interpretation, drafting, and revising the manuscript. AS-conducted the


dx.doi.org/10.1186/s12905-017-0386-y

Velez Edwards et al. BMC Women's Health (2017) 17:28

data programming to prepare the dataset and revised the manuscript.
HX-contributed to developing the analytic design, programming, and
revised the manuscript. TLE-contributed to developing the analytic design,
drafting the manuscript, interpreting the study findings, and revising the
manuscript. All authors read and approved the final manuscript.

Competing interests
None of the co-authors have any financial or non-financial competing interests
to declare.

Consent for publication
Not applicable.

Ethics approval and consent to participate
The Internal Review Board of Vanderbilt University, Nashville, TN approved
this study. This study qualifies as non-human subjects research (IRB #110407).

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published
maps and institutional affiliations.

Author details

'Vanderbilt Epidemiology Center, Vanderbilt University Medical Center, 2525
West End Ave,, Suite 600 6th Floor, Nashville, TN 37203, USA. “Institute of
Medicine and Public Health, Vanderbilt University Medical Center, Nashville,
TN, USA. *Vanderbilt Genetics Institute, Vanderbilt University Medical Center ,
Nashville, TN, USA. “Department of Obstetrics and Gynecology, Vanderbilt
University Medical Center, Nashville, TN, USA. *Division of Diabetes,
Endocrinology, and Metabolism, Department of Medicine, Vanderbilt
University Medical Center, Nashville, TN, USA. 6Depanment of Biomedical
Informatics, Vanderbilt University Medical Center, Nashville, TN, USA. “The
University of Texas School Health Science Center, School of Biomedical
Informatics, Houston, TX, USA. ®Division of Epidemiology, Department of
Medicine, Vanderbilt University Medical Center, Nashville, TN, USA.

Received: 9 March 2016 Accepted: 4 April 2017
Published online: 11 April 2017

References

1. Cramer SF, Patel A. The frequency of uterine leiomyomas. Am J Clin Pathol.
1990;94:435-8.

2. Marshall LM, Spiegelman D, Barbieri RL, Goldman MB, Manson JE, Colditz
GA, et al. Variation in the incidence of uterine leiomyoma among
premenopausal women by age and race. Obstet Gynecol. 1997,90:967-73.

3. Vollenhoven B. Introduction: the epidemiology of uterine leiomyomas.
Baillieres Clin Obstet Gynaecol. 1998;12:169-76.

4. Day BD, Dunson DB, Hill MC, Cousins D, Schectman JM. High cumulative
incidence of uterine leiomyoma in black and white women: ultrasound
evidence. Am J Obstet Gynecol. 2003;188:100-7.

5. Faerstein E, Szklo M, Rosenshein NB. Risk factors for uterine leiomyoma: a
practice-based case—control study. Il. Atherogenic risk factors and potential
sources of uterine irritation. Am J Epidemiol. 2001;153:11-9.

6.  Faerstein E, Szklo M, Rosenshein N. Risk factors for uterine leiomyoma: a
practice-based case-control study. I. African-American heritage, reproductive
history, body size, and smoking. Am J Epidemiol. 2001;153:1-10.

7. Ojeda VJ. The pathology of hysterectomy specimens. N Z Med J.
1979;89:169-71.

8. Moore AB, Flake GP, Swartz CD, Heartwell G, Cousins D, Haseman JK, et al.
Association of race, age and body mass index with gross pathology of
uterine fibroids. J Reprod Med. 2008;53:90-6.

9. Takeda T, Sakata M, Isobe A, Miyake A, Nishimoto F, Ota Y, et al. Relationship
between metabolic syndrome and uterine leiomyomas: a case-control study.
Gynecol Obstet Invest. 2008,66:14-7.

10. Baird DD, Travlos G, Wilson R, Dunson DB, Hill MC, D'Aloisio AA, et al. Uterine
leiomyomata in relation to insulin-like growth factor-, insulin, and diabetes.
Epidemiology. 2009,20:604-10.

11, Wise LA, Palmer JR, Stewart EA, Rosenberg L. Polycystic ovary syndrome and
risk of uterine leiomyomata. Fertil Steril. 2007,87:1108-15.

12. Bodmer M, Meier C, Krahenbuhl S, Jick SS, Meier CR. Long-term metformin
use is associated with decreased risk of breast cancer. Diabetes Care.
2010;33:1304-8.

20.

21,

23.

24.

25.

3.

Page 6 of 6

Bosco JL, Antonsen S, Sorensen HT, Pedersen L, Lash TL. Metformin and
incident breast cancer among diabetic women: a population-based case—
control study in Denmark. Cancer Epidemiol Biomarkers Prev. 2011,20:101-11.
Currie CJ, Poole CD, Jenkins-Jones S, Gale EA, Johnson JA, Morgan CL.
Mortality after incident cancer in people with and without type 2 diabetes:
impact of metformin on survival. Diabetes Care. 2012;35:299-304.

Currie CJ, Poole CD, Gale EA. The influence of glucose-lowering therapies
on cancer risk in type 2 diabetes. Diabetologia. 2009,52:1766~77.

Pulley J, Clayton E, Bernard GR, Roden DM, Masys DR. Principles of human
subjects protections applied in an opt-out, de-identified biobank. Clin Transl
Sci. 2010;3:42-8.

Feingold-Link L, Edwards TL, Jones S, Hartmann KE, Velez Edwards DR.
Enhancing uterine fibroid research through utilization of biorepositories
linked to electronic medical record data. J Womens. Health (Larchmt.)
2014;23:1027-1032.

Hartmann KE, Birnbaum H, Ben-Hamadi R, Wu EQ, Farrell MH, Spalding J, et al.
Annual costs associated with diagnosis of uterine leiomyomata. Obstet
Gynecol. 2006;108:930-7.

Ritchie MD, Denny JC, Crawford DC, Ramirez AH, Weiner JB, Pulley JM, et al.
Robust replication of genotype-phenotype associations across multiple
diseases in an electronic medical record. Am J Hum Genet. 2010,86:560-72.
Doan S, Bastarache L, Klimkowski S, Denny JC, Xu H. Integrating existing
natural language processing tools for medication extraction from discharge
summaries. J Am Med Inform Assoc. 2010;17:528-31.

Xu H, Stenner SP, Doan S, Johnson KB, Waitman LR, Denny JC. MedEx: a
medication information extraction system for clinical narratives. J Am Med
Inform Assoc. 2010;17:19-24.

Libby G, Donnelly LA, Donnan PT, Alessi DR, Morris AD, Evans JM. New users of
metformin are at low risk of incident cancer: a cohort study among people
with type 2 diabetes. Diabetes Care. 2009;32:1620-5.

Ben SI, Le Marchand-Brustel Y, Tanti JF, Bost F. Metformin in cancer therapy:
a new perspective for an old antidiabetic drug? Mol Cancer Ther. 2010,9:1092-9.
Vazquez-Martin A, Oliveras-Ferraros C, Menendez JA. The antidiabetic drug
metformin suppresses HER2 (erbB-2) oncoprotein overexpression via
inhibition of the mTOR effector p70S6K1 in human breast carcinoma cells.
Cell Cycle. 2009;8:88-96.

Wang LW, Li ZS, Zou DW, Jin ZD, Gao J, Xu GM. Metformin induces apoptosis
of pancreatic cancer cells. World J Gastroenterol. 2008,14:7192-8.

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal

* We provide round the clock customer support

e Convenient online submission

e Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at

www.biomedcentral.com/submit () BiolMed Central




	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study population
	Medication exposure assessment
	Statistical methods

	Results
	Discussion
	Conclusions
	Additional file
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Competing interests
	Consent for publication
	Ethics approval and consent to participate
	Publisher’s Note
	Author details
	References

