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Abstract

Objective: To evaluate the association between uterine leiomyoma (UL) and development of type 2 diabetes mellitus in young

women using a nationwide database. Design: Nationwide population-based cohort study Setting: South Korea. Population

or Sample: Women aged between 20 and 40 years at baseline who underwent at least one health checkup between 2009

and 2012 and followed until December 31, 2018 Methods: We excluded those who were previously diagnosed with type 2

diabetes mellitus (n = 28,136), those diagnosed with type 2 diabetes mellitus within the first year of entry (n = 1,607), those

who had hysterectomy during the study period (n = 18,485), and those with missing data (n = 166,012). Cox proportional

hazards models were used to analyze the risk of developing type 2 diabetes according to the presence of UL. Main outcome

Measures: Incidence of the development of type 2 diabetes mellitus according to the presence of UL Results: 2,755,790

women were selected and he mean age of the enrolled population was 29.70 y, and mean body mass index was 21.31 kg/m 2.

Among 2,541,550 participants, 18,375 (0.72%) women had UL. Over a median 7.45 years of follow-up, 23,829 women (0.94%)

were diagnosed with type 2 diabetes. The incidence of type 2 diabetes in women with UL (1.805/1,000 person-years) was

higher than in those without UL (1.289/1000 person-years). In the multivariable-adjusted model, the hazard ratio for type 2

diabetes in women with UL was 1.216 (95% confidence interval [CI] 1.071-1.382), as compared to those without UL. Compared

to women without UL, women with UL who did not undergo myomectomy had a risk 1.328 times (95% CI 1.143-1.542) higher

for developing type 2 diabetes. Interestingly, women with UL who underwent myomectomy had no increased risk for developing

type 2 diabetes. Conclusions: This study found that young women with UL are more likely to develop type 2 diabetes than

those without UL. In addition, myomectomy seemed to attenuate the risk for developing type 2 diabetes in young women with

UL.
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Abstract

Objective: T o evaluate the association between uterine leiomyoma (UL) and development of type 2
diabetes mellitus in young women using a nationwide database.

Design: Nationwide population-based cohort study

Setting: South Korea.

Population or Sample: Women aged between 20 and 40 years at baseline who underwent at least one
health checkup between 2009 and 2012 and followed until December 31, 2018

Methods : We excluded those who were previously diagnosed with type 2 diabetes mellitus (n = 28,136),
those diagnosed with type 2 diabetes mellitus within the first year of entry (n = 1,607), those who had
hysterectomy during the study period (n = 18,485), and those with missing data (n = 166,012). Cox
proportional hazards models were used to analyze the risk of developing type 2 diabetes according to the
presence of UL.

Main outcome Measures: Incidence of the development of type 2 diabetes mellitus according to the
presence of UL

Results: 2,755,790 women were selected and he mean age of the enrolled population was 29.70 y, and
mean body mass index was 21.31 kg/m2. Among 2,541,550 participants, 18,375 (0.72%) women had UL.
Over a median 7.45 years of follow-up, 23,829 women (0.94%) were diagnosed with type 2 diabetes. The
incidence of type 2 diabetes in women with UL (1.805/1,000 person-years) was higher than in those without
UL (1.289/1000 person-years). In the multivariable-adjusted model, the hazard ratio for type 2 diabetes in
women with UL was 1.216 (95% confidence interval [CI] 1.071-1.382), as compared to those without UL.
Compared to women without UL, women with UL who did not undergo myomectomy had a risk 1.328 times
(95% CI 1.143-1.542) higher for developing type 2 diabetes. Interestingly, women with UL who underwent
myomectomy had no increased risk for developing type 2 diabetes.

Conclusions: This study found that young women with UL are more likely to develop type 2 diabetes than
those without UL. In addition, myomectomy seemed to attenuate the risk for developing type 2 diabetes in
young women with UL.

Keywords: Type 2 diabetes mellitus, uterine fibroids, surgery, young women, incidence

1 | Introduction

Uterine leiomyoma (UL) is one of the most common benign tumors of the uterus; by menopause, the incidence
of UL in the general female population is 70%.1,2 UL is often asymptomatic and rarely becomes malignant;
however, it may cause pelvic pain, dysmenorrhea, excessive uterine bleeding, and infertility in women of
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reproductive age. Old age, younger age at menarche, and premenopausal state are risk factors for developing
UL, as it is linked to longer duration of exposure to ovarian hormones.3,4

Insulin resistance was suggested as one of the possible pathophysiological explanations for UL
development.5,6Furthermore, hyperinsulinemia induced by insulin resistance can upregulate serum insulin-
like growth factor-1 and epidermal growth factor levels.7-9 This can affect the development of UL by enhanc-
ing either ovarian hormone secretion or myometrial smooth muscle cell proliferation, or both. A report that
supports this rationale stated that metabolic syndrome was associated with UL.10 Another study reported
that the risk of development of UL was decreased with the use of metformin in women with type 2 diabetes
mellitus.11 Based on these reports, we can assume that there is a possible association between type 2 dia-
betes and UL. However, there is no large scale, population-based study that has investigated the association
between presence of UL and development of type 2 diabetes. The aim of this study was to evaluate the
association between UL and development of type 2 diabetes in a large population of young women using a
nationwide database.

2 | methods

2.1 | Data source

We conducted a nationwide population-based cohort study using claims and health checkup data from the
National Health Insurance Service-National Sample Cohort (NHIS-NSC). The NHIS is a single-payer health
care system for all Korean residents managed by the Korean government, covering more than 98% of the
Korean population. The claims data encompasses sociodemographic variables; diagnosis statements defined
by the International Classification of Diseases, 10th revision (ICD-10); prescriptions; and hospital visits
dates. Our study protocol was approved by the NHIS review committee and Institutional Review Board of
Kangbuk Samsung hospital (IRB No. KBSMC-07-034). Informed consent was waived by IRB as the data
set provided from NHIS is deidentified to protect privacy.

2.2 | Study design and participants

We selected 2,755,790 women aged between 20 and 40 years at baseline who underwent at least one health
checkup between 2009 and 2012. The time point at the first health checkup for each patient between 2009 and
2012 was considered the index date. We excluded those who were previously diagnosed with type 2 diabetes
mellitus (n = 28,136), those diagnosed with type 2 diabetes mellitus within the first year of entry (n =
1,607), those who had uterine myomectomy during the study period (n = 18,485), and those with missing
data for least 1 variable (n = 166,012). Finally, a total of 2,541,550 patients were eligible for inclusion and
were followed until December 31, 2018.

2.3 | Study outcomes and follow-up

he end point of this study was the incidence of type 2 diabetes mellitus. The study population was followed
from the index date to the date of incident type 2 diabetes mellitus, or until December 31, 2018. The median
follow-up duration was 7.45 years.

2.4 | Measurements

Blood pressure (both systolic and diastolic values) was measured by a trained clinician while the partici-
pants were seated. Blood samples were obtained after at least 8 hours of fasting. The levels of glucose, total
cholesterol, triglycerides (TG), high-density lipoprotein (HDL) cholesterol, low-density lipoprotein (LDL)
cholesterol, and creatinine were measured. Estimated glomerular filtration rate (eGFR) was calculated
using the equation from the Modification of Diet in Renal Disease study: eGFR=186.3×serum creatini-
ne-1.154xage-0.203x0.742 (for women).

Information about lifestyle factors, including smoking status, alcohol intake status, exercise frequency, and
past medical history (history of hypertension, dyslipidemia, impaired fasting glucose [IFG], and chronic
kidney disease [CKD]) was obtained using a standardized self-assessment questionnaire. Drinking status was
divided into three categories: nondrinker, mild drinker, and heavy drinker; heavy alcohol consumption was
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defined as drinking more than 30 g of alcohol per day. Regular physical activity was defined as more than
30 minutes of moderate physical activity performed at least five times per week, or more than 20 minutes
of strenuous physical activity performed at least three times per week. Low income was defined as being
within the lowest 20% of the total population based on monthly income.

2.5 | Definitions

Uterine leiomyoma was identified in case of female patient admittance with ICD-10 code D25 at least once
or diagnosis with ICD-10 codes D25 upon outpatient clinic visit at least twice within one year from the
index date. Myomectomy was defined as an ICD-10 code for myomectomy (QZ961, R4120-4126, R4130,
R4141, R4145, R4146, RZ564-566, HA636, HA621, M6644) logged within one year of the index date. Type 2
diabetes mellitus was defined as having fasting plasma glucose (FPG) concentrations [?]126 mg/dL or having
been prescribed anti-diabetic drugs under ICD-10 codes E11–E14.

Hypertension was defined as blood pressure [?]140/90 mm Hg or having been prescribed anti-hypertensive
drugs under ICD-10 codes I10-13, I15. Dyslipidemia was defined using ICD-10 codes E78 and at least one
record per year for a prescription for a lipid-lowering agent or by a total cholesterol level [?]240 mg/dL. Im-
paired fasting glucose was defined as FPG 100-125 mg/dL, and CKD was defined as eGFR <60 mL/min/1.73
m2.

2.6 | Statistical analyses

Continuous variables are presented as mean +- standard deviation or median (interquartile range), while
categorical variables are presented as numbers (%). Baseline clinical characteristics were compared between
groups using Student’s t-test for continuous variables and χ2 test for categorical variables. Incidence rates
are presented as the number of events occurring per 1000 person-years. The Cox proportional hazards model
was used to estimate adjusted hazard ratio with a 95% confidence interval (CI) for type 2 diabetes mellitus.
The covariates were as follows: age, smoking status, alcohol consumption, and regular exercise in model 1;
and age, smoking status, alcohol consumption, regular exercise, hypertension, dyslipidemia, and body mass
index (BMI) in model 2. The cumulative incidence of type 2 diabetes mellitus according to the presence of
UL and myomectomy was estimated using the Kaplan-Meier method. Subgroup analyses were performed
according to age, BMI, smoking status, alcohol consumption, regular exercise, and having hypertension,
dyslipidemia, and CKD. All data analyses were performed using SAS version 9.4 (SAS Institute, Cary, NC,
USA). A P-value < 0.05 was considered significant.

2.7 | Data and resource availability statements

Restrictions apply to the availability of these data. Data were obtained from Korea NHIS and are available
at https://nhiss.nhis.or.kr/bd/ay/bdaya001iv.do (accessed on 1st April 2022) with the permission of Korea
NHIS.

3 | Results

Baseline characteristics of patients are presented in Table 1. A total of 2,541,550 women were eligible,
of whom 18,375 (0.72%) were diagnosed with UL. The mean age was 29.70 y, and mean BMI was 21.31
kg/m2. Women with UL were older; had higher BMI, blood pressure, FPG, total cholesterol, TG, and
LDL cholesterol; and had higher prevalence of hypertension, dyslipidemia, and IFG, as well as lower HDL
cholesterol, than those without UL. However, women with UL were revealed to have a lower rate of current
smoking and heavy drinking status as compared to those without UL. There was no significant difference in
CKD prevalence or regular exercise frequency between women with UL and those without UL.

Over a median 7.45 years of follow-up, 23,829 women (0.94%) were diagnosed with type 2 diabetes mellitus
(Table 2). The incidence rate of type 2 diabetes mellitus in women with UL (1.805/1,000 person-years) was
higher than that in those without UL (1.289/1000 person-years) (P< 0.0001). The cumulative incidence
of type 2 diabetes mellitus in women with UL was higher than that in those without UL (P = 0.0026)
(Fig. 1A). The unadjusted HR for type 2 diabetes mellitus in women with UL was 1.403 (95%CI 1.236-
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1.593) compared to that in those without UL. Although the HR for type 2 diabetes mellitus was slightly
decreased after adjustment for age, smoking status, alcohol consumption, and regular exercise (model 1),
women with UL still showed an elevated HR for type 2 diabetes mellitus(HR 1.195, 95%CI 1.053-1.358). In
multivariable-adjusted model (model 2), the HR for type 2 diabetes mellitus in women with UL was 1.216
(95%CI 1.071-1.382).

Subgroup analyses stratified by age, BMI, smoking status, alcohol consumption, regular exercise, and having
hypertension, dyslipidemia, and CKD were performed (Table 3). Women with UL showed a higher risk
for type 2 diabetes mellitus than women without UL in various subgroups, except in those with BMI [?]25
kg/m2 and a history of CKD.

Women with UL who underwent myomectomy were older and had higher BMI than those with UL who did
not undergo myomectomy (Supplementary Table 1). There was no significant difference in other baseline
characteristics between the two groups. Compared with women without UL, women with UL who did not
undergo myomectomy had a 1.505 times (95%CI 1.297-1.748) higher risk for type 2 diabetes mellitus, as
opposed to no increased risk for type 2 diabetes mellitus in those with UL who underwent myomectomy
(Table 2). Women with UL who did not undergo myomectomy still had an elevated HR for type 2 diabetes
(HR 1.287, 95%CI 1.108-1.495) after adjustment for age, smoking status, alcohol consumption and regular
exercise (model 1). In the multivariable-adjusted model (model 2), the HR for type 2 diabetes in women
with UL who did not undergo myomectomy was 1.328 (95% CI 1.143-1.542). However, risk for type 2
diabetes mellitus was not increased in women with UL who underwent myomectomy in models 1 and 2. The
cumulative incidence of type 2 diabetes mellitus in women with UL who did not undergo myomectomy was
higher than that in those with UL who underwent myomectomy (P = 0.0357) (Fig. 1B).

4 | Discussion

4.1 | Principal findings

This population-based cohort study demonstrated that young women with UL appear to be at a higher risk
for type 2 diabetes mellitus than those without UL. Incidence rate of type 2 diabetes mellitus in women with
UL was higher than that in women without UL. However, women with UL who underwent myomectomy did
not have an increased risk for developing type 2 diabetes mellitus as compared to those without UL. The risk
for type 2 diabetes mellitus was higher in women with UL who did not undergo myomectomy as compared
to that in those without UL.

4.2 | Results in the context of what is known

To our knowledge, there is no large-scale, population-based, longitudinal study evaluating the association
between presence of UL and development of type 2 diabetes mellitus in young women. This study revealed
that UL was associated with an elevated risk for type 2 diabetes mellitus and that myomectomy seemed to
attenuate the risk for type 2 diabetes mellitus in young women with UL.

Several studies indicate an association between obesity and UL.2,12,13 Ciavattni et al. performed an obser-
vational case-control study including 71 women of childbearing age diagnosed with UL and 145 women as
control group.12 Women with UL had higher BMI (P = 0.0034), preperitoneal fat thickness (P< 0.0001),
and subcutaneous fat thickness (P = 0.0003); however, only preperitoneal fat thickness showed an indepen-
dent significant association with the presence of UL in multivariate analysis (P < 0.0001). Another study,
including 89 patients with UL and 81 healthy women without UL, showed that increased body fat (especially
abdominal visceral fat) is associated with an increased risk of UL.13 Recently, a meta-analysis examining 24
studies found a positive association between obesity and the risk/prevalence of UL (odds ratio [OR] 1.19,
95% CI 1.09-1.29).2 Consistent with the result of previous studies, women with UL had a BMI higher than
that of women without UL in our study, although both groups had relatively low BMI. However, in subgroup
analysis stratified by BMI, women with BMI [?]25 kg/m2 revealed no significant difference in the incidence
rate of type 2 diabetes mellitus between women with UL and without UL. This might be due to well-known
close association between obesity and the development of type 2 diabetes mellitus. Relative high incidence
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rate of women with or without UL with BMI [?]25 kg/m2 compared to women with BMI less than 25 kg/m2

support this hypothesis (Table 3). Similarly, there was no difference in the incidence rate of type 2 diabetes
mellitus between women with UL and without UL in whom with CKD history. These findings also might
be due to the inseparable association between CKD and development of type 2 diabetes mellitus.14

Beyond obesity, several studies reported that various metabolic components were associated with UL.10,15

Takeda et al investigated whether UL is associated with any specific criteria of metabolic syndrome.15 In
their case-control study, BMI, blood pressure, TG, and FPG were significantly higher in 213 women with
UL compared to those in 159 women without UL. Moreover, the risk of UL was correlated with increased
metabolic component levels; the OR of three metabolic components for UL was 3.64 (95%CI 2.28-5.82).
Another study that enrolled 1,230 parous premenopausal women reported that women with UL had higher
waist circumferences, body fat, blood pressure, and LDL cholesterol than women without UL.10 Increasing
evidence suggests that UL seems to share pathogenic features with the development of metabolic syndrome.
In our study, women with UL had poor metabolic profiles, such as higher blood pressure, FPG, total
cholesterol, TG, LDL cholesterol, and lower HDL cholesterol, when compared with women without UL.

Although the two disease states are likely to be related, few studies have evaluated the association between UL
and type 2 diabetes mellitus. A nested case-control study enrolling 3,789 participants reported a protective
association between UL and type 2 diabetes with a relatively greater protective effect observed among
European Americans than African Americans.16 However, this study was limited by design and population
as it was a cross-sectional study that included relatively old women (mean age: 47 y in UL group; 44 y in
control group). On the other hand, the previously mentioned study by Tak et al revealed that hyperglycemia
is significantly associated with an increased risk of UL (OR: 1.45, 95%CI 1.10-1.89).10Furthermore, in a
Taiwanese population-based cohort study, metformin use was associated with a lower risk of UL (HR: 0.467,
95%CI 0.387-0.564) in 21,996 women with new-onset type 2 diabetes mellitus.11 However, there was no
longitudinal study to evaluate the risk for type 2 diabetes mellitus solely in connection with the presence of
UL, especially in young women.

4.3 | Clinical implications

Over a median 7.45 years of follow-up, women with UL had 21.4% higher risk for type 2 diabetes mellitus
compared to women without UL in our study. Since the mean age of participants was 29.70 years, young
women with UL are advised to pay attention to the prevention and monitoring of type 2 diabetes mellitus.

The pathophysiology of how UL affects the development of type 2 diabetes mellitus is unclear. The devel-
opment of UL is known to be dependent on ovarian steroid hormones.4 Considering the hormonal changes
in obese women or women with metabolic syndrome, it is likely that rather than UL itself, the uterus,
endometrium, and ovaries might affect the development of type 2 diabetes mellitus.17-20 A retrospective
population-based cohort study found that the risk of diabetes was higher in women with hysterectomy
compared to that in those without hysterectomy (HR 1.37, 95%CI 1.23-1.52) and that diabetes risk was
not increased in women with hysterectomy and oophorectomy (HR: 1.28, 95%CI 0.93-1.76).21 Interestingly,
myomectomy seemed to attenuate the risk for type 2 diabetes mellitus in women with UL in our study. Com-
pared to women without UL, women with UL who did not undergo myomectomy had a higher risk for type
2 diabetes (HR 1.328, 95%CI 1.143-1.542), but women with UL who underwent myomectomy did not. These
findings suggest a possible effect of UL on the development of diabetes. UL has increased responsiveness and
hypersensitivity to gonadal steroids through increased expression of steroid hormone receptors.21-24 Along
with estrogen, which is considered a primary mitogenic factor for the uterus, progesterone and progesterone
receptors are reported to play a key role in the development and growth of UL.23 In response to estrogen
and progesterone, uterine fibroids can increase in size by cell proliferation, hypertrophy, and accumulation of
extracellular matrix.24 Increased progesterone level is associated with reduced insulin sensitivity, which can
lead to development of type 2 diabetes.25,26 An animal study showing improved glucose homeostasis in pro-
gesterone receptor knockout mice supports the adverse effect of progesterone on glucose tolerance and insulin
release.27 A reasonable explanation for the reduction of type 2 diabetes risk associated with myomectomy
may be the reduction of progesterone receptor expression through the mechanical removal of the UL.
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4.4 | Research implications

Further prospective study to determine the direct association between UL and the development of type 2
diabetes mellitus is warranted. In addition, investigating the effect of the size and numbers of the UL on the
development of type 2 diabetes mellitus is needed.

4.5 | Strength and limtations

Several limitations should be considered when interpreting the results of this study. First, the definition
of UL was not based on imaging, but instead, on ICD-10 codes and outpatient clinic visits. Since UL is
mostly asymptomatic in early stages, women who have asymptomatic UL may have been undiagnosed, which
may cause the prevalence of UL to be underestimated. Second, information about the size and number of
ULs was not available due to the database characteristics. Third, gynecologic information, including parity,
presence of polycystic ovarian syndrome, or hormonal status, were also inaccessible; these factors can affect
the development of type 2 diabetes mellitus, and their absence lowers the generalizability of our results.
Finally, because this study was conducted using the Korean nationwide database, the results might not be
generalizable to other ethnicities. However, this study is valuable because, to our knowledge, it is the first
large-scale, longitudinal study to evaluate the association between presence of UL and development of type
2 diabetes mellitus in young women.

5 | Conclusions

The study results suggest that UL was associated with a higher risk for developing type 2 diabetes mellitus
in young women. Furthermore, myomectomy seemed to attenuate the risk for type 2 diabetes mellitus in
women with UL, suggesting the importance of type 2 diabetes mellitus screening and prevention in young
women with UL.
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Figure Legend

Figure 1 The cumulative incidence of type 2 diabetes mellitus. A:stratified according to presence of uterine
leiomyoma adjusted for age, smoking status, alcohol consumption, regular exercise, hypertension, dyslipi-
demia, and body mass index (P = 0.0026). B:stratified according to myomectomy adjusted for age, smoking
status, alcohol consumption, regular exercise, hypertension, dyslipidemia, and body mass index (P = 0.0357).
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