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Abstract

Objective(s): To explore the atherogenic hypothesis of uterine fibroids among Chinese women.

Methods: In a case-control study, 335 patients confirmed by ultrasound or hysterectomy surgery and 539 controls were
enrolled between October 1, 2009 and April 1, 2012. Unconditional logistic regressions were used to calculate the odds
ratios (ORs) for the associations of subclinical atherogenic and cardiovascular risk parameters with uterine fibroids in the
overall case group and hysterectomy-confirmed case group, respectively.

Results: Higher level of ankle-brachial index (ABI) was independently associated with increased odds of uterine fibroids. The
odds of UF among women in the highest tertile of ABI were 1.88 times higher (95%CI: 1.17, 3.02, Ptrend = 0.008) compared to
those in the lowest tertile. The serum concentration of homocysteine was inversely related to fibroids (middle vs. low: OR
0.56, 95%CI: 0.36, 0.85; high vs. low: OR 0.50, 95% CI: 0.32, 0.79; Ptrend = 0.002). In the hysterectomy-confirmed group, an
inverse association was suggested between high-density lipoprotein cholesterol (HDL-C) and fibroids (OR 0.46, 95% CI: 0.25,
0.84, Ptrend = 0.014). Moreover, the effect of homocysteine concentration was not observed in this group.

Conclusion(s): These findings suggest that women with uterine fibroids might have an increased risk of subclinical
atherosclerosis.
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Introduction

Uterine fibroids (UF) are common tumors of the uterus smooth

muscle and represent a primary indication of hysterectomy [1,2].

It has been reported that 30–70% of women have UF in their

premenopausal years based on different diagnoses [3,4]. In China,

approximately one in four adult woman have ultrasound-

confirmed UF by the age of 50 (unpublished data), a rate that is

similar to that found in American White women [5,6]. Symptom-

atic UF can cause pelvic pain, low back pain, irritable bowel,

heavy menstrual bleeding and even premature labour and

infertility [2,7]. Although UF are rarely associated with mortality,

they usually cause significantly increased health care costs and

negative health experiences [8,9].

Major studies have suggested that UF represent a hormone-

dependent disease [10,11]. Established risk factors include age,

African-American heritage, early age of menarche and nulliparity

[10,12]. African-American women have been reported to have 2–

3 times the risk of UF than White women [6,13], a difference that

could not be explained by ethnic differences in hormone levels and

other known risks [3,6]. In comparison with White women, Black

women have a higher prevalence of hypertension, diabetes and

obesity [14], which are independently associated with UF

[12,15,16]. These factors are also common cardiovascular risks

and might be related to atherosclerosis [17]. The shared patterns

support the hypothesis that the development of UF and the

development of atheromatous plaques share a common biological

mechanism [15]. In addition, proliferating smooth muscle cells of

a monoclonal origin are critical in the formation of both UF and

atheromatous plaques [18], and cells from these two conditions

behave identically in culture [19].

Pulse wave velocity (PWV) and ankle-brachial index (ABI) are

sensitive and noninvasive tools to evaluate the risk of early

atherosclerosis [20,21]. Powerful predictors of cardiovascular

diseases, including serum C-reactive protein (CRP), homocysteine,

folate and vitamin B12, have been validated to accelerate or

inhibit the process of atherosclerosis in animal and epidemiological

studies [22,23,24]. If the growth of UF depends on atherogenesis

hypothesis, then an analogous association of these factors with UF

should be observed. However, no evidence of this association has

been reported to date. Preponderance of UF literature is based on

data from Western countries [15,25,26], the relevant evidence of

Asian women is very limited. To further understand the

atherogenesis hypothesis, we analyzed data from a large sample

of Chinese women in a case-control study.
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Materials and Methods

Participants
This study was conducted in the International Medical Center

of the People’s Liberation Army General Hospital (PLA General

Hospital) in Beijing between October 1, 2009 and April 1, 2012.

Study subjects were premenopausal women lived in the urban

regions of North China who participated in regular health

examinations on the purpose of early detection and treatment of

gynecological diseases. Most of the subjects were from government

agencies and local companies, and were characterized by a relative

higher socioeconomic status. There were about 2000 women came

for health examinations in this center annually, of whom 10–15

percent were diagnosed as UF cases. Because UF may shrink or

disappear by menopause, we excluded postmenopausal subjects

who had been without a menstrual cycle in the past 12 months

before the date of the examination as reported in the medical

records. The following conditions were also considered as

eligibility criteria for both groups: 1) Women had no acute,

hormonal or neoplastic conditions, 2) were within the age range of

35 to 55 years old, and 3) were not pregnant or breastfeeding

during the study period.

The case group consisted of 335 women (mean age:

48.1064.33; age range: 35–55) with ultrasound or surgically

confirmed UF. Cases of UF were confirmed consecutively by

professional gynecologists based on transabdominal or transvag-

inal ultrasound diagnoses during the study period. Transvaginal

ultrasound was used in patients who had small UF or UF that were

located in the posterior uterus, which cannot be detected

accurately through transabdominal ultrasound. Women who

underwent hysterectomy surgeries for the indications of UF were

also enrolled because they are generally categorized as severe UF.

After the study was introduced to all subjects, initial enrollment

involved 443 eligible cases with a response rate of about 90

percent. The participating cases didn’t differ from the declined

cases in any sense. We excluded 25 cases because their sonogram

reports included any phrases such as ‘‘questionable UF’’ or

‘‘possible UF’’. We also excluded 63 women who are less than 35

years old or more than 55 years old. Additionally exclusion was 20

case women with a history of gynecologic or breast cancer. Of the

final 335 premenopausal women, the majority (.90 percent) were

diagnosed by transabdominal ultrasound. The cases diagnosed by

ultrasound were slightly younger than the cases diagnosed through

hysterectomy.

The control group consisted of 539 women (mean age:

45.9765.28; age range: 35–55) with intact uteri. Controls were

women who had regular health examinations, including a

transabdominal ultrasound screening by the same gynecologists

as the case subjects in the same hospital with a comparable

catchment area. The control subjects were enrolled if they had not

any abnormal gynecological condition, a confirmed or suspected

history of UF. We excluded controls with self-reports of ‘‘no UF’’

because undiagnosed UF are common [4]. Other inclusion criteria

pertaining to cases were also applied to controls: urban residents in

North China, premenopausal status, no history of acute, hormonal

or neoplastic conditions, aged 35–55 years old, and not pregnant

or breastfeeding. A total of 2381 women were screened, and 539

eligible controls (23 percent) were identified. Of these, 30 percent

were admitted for metabolic disorders, 25 percent had stomach

and digestive illnesses, 10 percent had osteoporosis, 10 percent had

stone conditions, 10 percent had eye disorders and 15 percent had

other illnesses, such as ear, nose and throat or dental disorders.

The participating controls didn’t differ from the declined controls

regarding the age and socioeconomic aspects.

Ethics Statement
This study was approved by the Institutional Review Board of

the People’s Liberation Army General Hospital and was defined

according to the Declaration of Helsinki. All subjects signed

informed consent forms. Confidentiality of the subjects was

maintained at all times.

Clinical and Laboratory Assessment
All the atherosclerotic risk factors were measured at the time of

the health examination between October 1, 2009 and April 1,

2012. Height, waist and hip circumference were measured to an

accuracy of 0.1 cm, and body weight was measured to an accuracy

of 0.1 kg. Systolic blood pressure (SBP) and diastolic blood

pressure (DBP) were measured on the right arm with an electronic

sphygmomanometer after the patient was seated for five minutes.

PWV and ABI were measured using a non-invasive vascular

screening device (model BP-203 RPE II; Colin Medical Technol-

ogy, Komaki, Japan) after a five-minute rest in a supine position.

PWV (cm/s) was defined as the distance between two distinct

points (cm) divided by the pulse wave transit time (s). The pulse

volumes in the brachial and posterior tibial arteries were recorded.

ABI was measured while the subjects were in the supine position.

The maximum blood pressure values in the brachial artery,

posterior tibial artery and dorsalis pedis artery were measured.

ABI was calculated as the posterior tibial artery divided by the

brachial artery on the right and left sides. The average value of the

right and left sides was used for analysis. The anthropometric

measurements were conducted by trained study personnel.

Fasting blood samples were collected in the early morning for

the measurement of total cholesterol (TC), triglycerides (TG),

high-density lipoprotein cholesterol (HDL-C), apolipoprotein A1

(ApoA1), apolipoprotein B (ApoB), apolipoprotein E (ApoE),

lipoprotein(a) and serum glucose for the overall group. Low-

density lipoprotein cholesterol (LDL-C) was calculated using the

Friedewald equation (LDL-C (mmol/L) = TC-[HDL-C+TG/

2.2]). Additionally, serum levels of C-reactive protein (CRP),

homocysteine (Hcy), folate (Fol), and vitamin B12 (Vit B12) were

measured in a subgroup consisted of 232 cases and 366 controls,

with the exception of the 276 subjects who refused these

measurements (31 percent and 32 percent of eligible cases and

controls, respectively). All biochemical measurements were per-

formed in the clinical laboratory of the PLA General Hospital

using standard techniques.

Other Data Collection
Information on each woman’s reproductive history was

abstracted from her medical records, including the age at

menarche, number of pregnancies, number of live births, age at

last birth and menopausal status. Abstractions were conducted by

two independent assistants and less than 0.01% of the data was

found to be inaccurately. BMI was calculated as weight/height2.

The waist-to-hip ratio (WHR) was calculated as the waist

circumference divided by the hip circumference. The index of

dyslipidemia was calculated as TG/HDL-C, and index of

atherogenicity was calculated as LDL-C/HDL-C.

Statistical Analyses
Descriptive statistics for all variables were computed. Contin-

uous variables were expressed as means 6 standard deviation (SD)

and compared using the t-test for independent groups. Categorical

variables were expressed as frequencies and percentages, and

percentages were compared with the chi-square test. The variables

were divided into tertiles based on the values of control group, and
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the lowest tertile was used as the reference group. First, separate

multivariate logistic regressions were used to evaluate the

atherogenic and cardiovascular risk parameters that were inde-

pendently related to UF while adjusting for confounding factors

including age, BMI (except BMI-UF association), age at menar-

che, gravity and age at last birth, as specified in the tables. Because

the serum concentrations of folate and vitamin B12 could

influence the metabolism of homocysteine, we additionally

controlled for these two nutrients to assess the association between

homocysteine and UF besides other common confounders. The

results for the overall case group and for the hysterectomy-

confirmed case group were presented respectively. Tests for trend

were performed by fitting the median of the variables for each

tertile as a continuous variable in the models. Next, complete

regressions included all associated putative risk factors were built

using a stepwise selection procedure based on a likelihood ratio test

to determine the individual contribution to UF after adjusting

potential confounders. Tests for multiplicative interactions be-

tween these putative risk factors were performed by entering each

product term into the multivariate model with a Wald statistic.

The statistical analyses were performed using SPSS 16.0 (SPSS

Inc., Chicago, Ill., USA). Statistical significance was considered at

p,0.05.

Results

We first compared the baseline characteristics of women with

UF and controls (Table 1). 57.3% of the cases were ultrasound-

confirmed UF, while the remaining cases had undergone

hysterectomy (42.7%). With increasing age, a positive association

was observed between age and the presence of UF (Table 1).

Women aged 40–49 had nearly 3-fold increased odds of UF

compared to women aged 35–40 (OR 2.70, 95%CI: 1.63, 4.47).

The odds increased to approximately 4 times among women aged

50–55 (OR 3.72, 95%CI: 2.16, 6.42). The age at menarche after

17 years of age was inversely associated with the presence of UF

(OR 0.59, 95%CI: 0.38, 0.92). A late age at last birth was

marginally protective against UF among women who gave birth to

their last children after the age of 30 (OR 0.65, 95%CI: 0.42,

1.00).

We next evaluated the associations of subclinical atherogenic

and cardiovascular risk parameters with UF based on separate

logistic regressions (Table 2). For DBP, there was a positive

association with UF in the age adjusted and multivariable adjusted

models. Women in the highest tertile had multivariate odds of 1.48

(95%CI: 1.01, 2.16, Ptrend = 0.033) compared to those in the lowest

tertile. Elevated ABI was positively associated with the presence of

UF in the analysis after controlling for confounding factors. The

odds of UF among women in the highest tertile of ABI were 1.51

times higher (95%CI: 1.03, 2.22, Ptrend = 0.035) relative to those in

the lowest tertile. In subgroup for the cardiovascular risk

parameters, CRP showed a dose-response pattern with the

presence of UF (middle vs. low: OR 1.89, 95%CI: 1.16, 3.09;

high vs. low: OR 2.04, 95%CI: 1.21, 3.44; Ptrend = 0.011). There

was an inverse dose-response association between the serum

homocysteine and UF with multivariate adjustments (middle vs.

low: OR 0.53, 95%CI: 0.34, 0.81; high vs. low: OR 0.49, 95% CI:

0.31, 0.77; Ptrend = 0.001).

Some associations without statistical significance in the overall

women were frequently stronger in the hysterectomy-confirmed

group (Table 3). We found marginally increased odds of UF with

multivariate adjustments (OR 1.87,95% CI: 1.00, 3.49,

Ptrend = 0.056) for BMI. The odds of UF were reduced for

HDL-C (OR 0.50, 95% CI: 0.26, 0.94, Ptrend = 0.048) and ApoA1

(OR 0.49, 95% CI: 0.26, 0.91, Ptrend = 0.022). The index of

atherogenicity showed a positive association with UF (OR 2.20,

95%CI: 1.14, 4.23, Ptrend = 0.019) in the upper tertile. Regarding

the association between cardiovascular risk parameters and UF,

higher serum concentration of homocysteine was associated with a

significant decrease in the odds of UF (OR 0.45, 95%CI: 0.21,

0.96, Ptrend = 0.032) in the upper tertile.

To better demonstrate the individual contribution to UF, we

included all associated putative risk factors in complete logistic

regressions after adjusting for these risk factors and other potential

confounders mutually (Table 4). Consistent with some, but not all,

separate analyses we observed a positive effect of ABI (OR 1.88,

95%CI: 1.17, 3.02, Ptrend = 0.008) on UF, and an inverse dose-

response effect of homocysteine (middle vs. low: OR 0.56, 95%CI:

0.36, 0.85; high vs. low: OR 0.50, 95% CI: 0.32, 0.79;

Ptrend = 0.002) in the overall group. There was no evidence of an

interaction between ABI and homocysteine (Pinteraction = 0.903)

with UF. In addition, HDL-C (OR 0.46, 95%CI: 0.25, 0.84,

Ptrend = 0.014) was inversely associated with the presence of UF in

the hysterectomy-confirmed group.

Discussion

Our study investigated the atherogenic risk factors that were

associated with UF for the overall case group. Higher level of ABI

was independently associated with increased odds of UF.

Conversely, the serum concentration of homocysteine was

inversely related to UF. Positive associations were suggested

between DBP, serum CRP concentration and UF in separate

regressions, but these associations were confounded by other

factors. We also analyzed the hysterectomy-confirmed group, an

inverse association was observed between HDL-C and UF.

Moreover, the effect of BMI, ApoA1, index of atherogenicity

and homocysteine on UF was seen in separate regressions, which

appeared not significantly when considering other putative risk

factors simultaneously.

Nurses’ Health Study II and Black Women’s Health Study, two

prospective studies in different ethnic compositions of American

women, consistently reported that elevated BMI was associated

with an increased risk of UF, and this association was strengthened

for hysterectomy-confirmed cases of UF [16,26,27]. In two case-

control studies, the same pattern between BMI and UF risk was

also observed [28,29]. This association could be explained in two

ways. First, obesity is inversely related to the serum level of

hormone-binding globulin, resulting in more active circulating

estrogens in the body [30]. Excess adipose tissues also contribute to

elevated circulating estrogens by converting androgens to estro-

gens. Second, obesity is associated with atherosclerosis and other

atherogenic determinants, including hypertension, hyperinsulin-

emia and dyslipidemia. These changes in metabolism may

stimulate UF cells via mediators such as insulin receptors,

insulin-like growth factors, and peroxisome proliferating activating

receptors [13]. We found the same trend for a dose-response

association between BMI and UF risk, and this effect was

marginally significant for women with hysterectomy-confirmed

UF in separate analyses. Obesity is important for both UF and

atherosclerosis. It is well known that people having a high BMI

increases the likelihood of cardiovascular disease and atheroma

[31]. Taking full account of the possible effect of obesity, we

considered BMI as a confounding variable to determine the

associations between other atherogenic risk factors and UF in the

present study.

Recent reports have demonstrated that women with hyperten-

sion are more likely to be diagnosed with UF [15,32,33]. Findings

Subclinical Atherosclerosis and Uterine Fibroids
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from the Nurses’ Health Study II prospectively revealed that as

DBP increased for every 10 mmHg, the risk of UF increased by

8% (95%CI, 5–11%) and 10% (95%CI, 7–13%) in nonusers and

users of antihypertensive medications, respectively [25]. Although

there was apparently no correlation between blood pressure and

UF in the complete regression models, We observed a positive

association between DBP and UF using similar analyses as earlier

studies [15,25]. It is possible that elevated blood pressure could

cause arterial smooth muscle cell injury and the release of certain

cytokines, consequently increasing the risk of developing athero-

matous plaques [25,34]. This process is postulated to be critical to

the growth of UF as well [35]. Although it has been suggested that

large UF might increase blood pressure by compressing the

urinary tract [36], the results of this study support the idea that

high blood pressure preceded UF rather than the reverse causality

because the positive DBP-UF association were strengthened after

women undergo hysterectomy surgery, although the results didn’t

reach the statistical significance.

Few studies have investigated an association between lipid

metabolism and UF development. Our study results are consistent

with an earlier study that demonstrated that there was no

association between serum cholesterol levels and UF [37]. It has

been reported that women with UF had significantly higher levels

of TG level [28]. Such women were also more likely to have

higher HDL-C and lower LDL-C levels [38]. However, these

studies only compared the lipid parameters directly or on the basis

of a small sample size. Because metabolic parameters could be

influenced by age, BMI and other potential confounding factors,

after adjustment, we found an inverse association between HDL-C

and UF in the hysterectomy-confirmed group. ApoA1 is the major

protein component of HDL-C in plasma, which has a role in

protection against cardiovascular disease associated with HDL-C

[31]. Thus, this protective effect of ApoA1 seen in the separate

regression might be largely attenuated and remained statistically

insignificant after adjustments for HDL-C and other putative risk

factors. Moreover, studies that provide information about PWV,

ABI, and other atherogenic coefficients were limited. Only

Sadlonova et al. [38] have reported that the atherogenic index

of women 30–45 years of age with UF was likely to be higher

relative to age-matched controls. Our study first reported the

positive association between ABI and the presence of UF, but the

association was not significant in the hysterectomy-confirmed

group. For the index of atherogenicity, women with hysterectomy-

confirmed UF had the stronger OR compared to overall cases in

the separate regression model, which is consistent with previous

finding that the risk of atherosclerosis was increased with a

decrease in the mean values of HDL-C/LDL-C in women after

surgery on account of UF [39]. As to ApoA1, index of

Table 1. Characteristics of cases with uterine fibroids and controls and unadjusted odds ratios for uterine fibroids according to
selected characteristics.

Variable Case (n = 335) Control (n = 539) Unadjusted OR

No. % No. % OR 95%CI

Age

35–40 21 6.3 89 16.5 1.00

40–49 213 63.6 335 62.2 2.70 1.63, 4.47

50–55 101 30.1 115 21.3 3.72 2.16, 6.42

Age at menarchea

#14 126 37.6 230 42.7 1.00

15–16 80 23.9 157 29.1 0.93 0.66, 1.32

17+ 35 10.4 108 20.0 0.59 0.38, 0.92

Gravidity

0 pregnancies 3 0.7 4 0.7 1.00

1 pregnancy 29 8.7 41 7.6 0.94 0.20, 4.54

2 pregnancies 92 27.5 125 23.2 0.98 0.21, 4.49

3 pregnancies 102 30.4 168 31.2 0.81 0.18, 3.69

4 or more pregnancies 109 32.5 201 37.3 0.72 0.16, 3.29

Parity

0 live births 7 2.1 13 2.4 1.00

1 live birth 222 66.3 309 57.3 1.33 0.52, 3.40

2 live births 81 24.2 164 30.4 0.92 0.35, 2.39

3 live births 23 6.9 39 7.2 1.10 0.38, 3.14

4 or more live births 2 0.6 14 2.6 0.27 0.05, 1.52

Age at last birthb

,25 95 28.4 137 25.4 1.00

25–30 150 44.8 233 43.2 0.93 0.67, 1.30

30+ 47 14.0 104 19.3 0.65 0.42, 1.00

aData were available for 71.9% of cases and 91.8% of controls.
bData were available for 87.2% of cases and 87.9% of controls.
doi:10.1371/journal.pone.0057089.t001
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Table 2. Characteristics of cases with uterine fibroids and controls and odds ratios of uterine fibroids according to subclinical
atherogenic and cardiovascular risk parameters.

Tertiles Case (n = 335) Control (n = 539) OR1 (95%CI)a OR2 (95%CI)b

Total group

BMI, kg/m2 1 (,21.94) 83 (24.8) 180 (33.4) 1.00 1.00c

2 (21.94–24.41) 117 (34.9) 181 (33.6) 1.28 (0.89, 1.82) 1.32 (0.92, 1.89)

3 (.24.41) 135 (40.3) 178 (33.0) 1.36 (0.96, 1.94) 1.40 (0.98, 2.00)

Ptrend 0.095 0.073

WHR 1 (,0.82) 87 (26.0) 179 (33.2) 1.00 1.00c

2 (0.82–0.87) 132 (39.5) 210 (39.0) 1.16 (0.82, 1.63) 1.17 (0.83, 1.66)

3 (.0.87) 115 (34.4) 150 (27.8) 1.30 (0.90, 1.87) 1.30 (0.90, 1.88)

Ptrend 0.161 0.163

TC, mmol/L 1 (.4.47) 108 (32.2) 179 (33.2) 1.00 1.00

2 (4.47–5.18) 91 (27.2) 181 (33.6) 0.76 (0.53, 1.09) 0.76 (0.53, 1.09)

3 (.5.18) 136 (40.6) 179 (33.2) 0.95 (0.67, 1.35) 0.92 (0.65, 1.31)

Ptrend 0.818 0.962

TG, mmol/L 1 (.0.88) 90 (26.9) 174 (32.3) 1.00 1.00

2 (0.88–1.30) 108 (32.2) 187 (34.7) 0.98 (0.68, 1.39) 0.93 (0.64, 1.34)

3 (.1.30) 137 (40.9) 178 (33.0) 1.16 (0.82, 1.66) 1.06 (0.73, 1.54)

Ptrend 0.376 0.716

HDL-C, mmol/L 1 (,1.26) 112 (33.4) 173 (32.1) 1.00 1.00

2 (1.26–1.56) 137 (40.9) 187 (34.7) 1.20 (0.86, 1.68) 1.27 (0.91, 1.79)

3 (.1.56) 86 (25.7) 179 (33.2) 0.77 (0.54, 1.10) 0.86 (0.59, 1.25)

Ptrend 0.176 0.463

LDL-C, mmol/L 1 (.2.66) 103 (30.7) 178 (33.0) 1.00 1.00

2 (2.66–3.22) 87 (26.0) 183 (34.0) 0.74 (0.51, 1.06) 0.72 (0.50, 1.04)

3 (.3.22) 145 (43.3) 178 (33.0) 1.08 (0.77, 1.53) 1.03 (0.73, 1.47)

Ptrend 0.571 0.776

ApoA1, g/L 1 (,1.34) 122 (36.6) 179 (33.2) 1.00 1.00

2 (1.34–1.52) 119 (35.7) 184 (34.1) 0.88 (0.63, 1.23) 0.94 (0.67, 1.33)

3 (.1.52) 92 (27.6) 176 (32.7) 0.73 (0.51, 1.03) 0.80 (0.55, 1.14)

Ptrend 0.074 0.219

ApoB, g/L 1 (,0.72) 98 (29.3) 171 (31.7) 1.00 1.00

2 (0.72–0.89) 103 (30.7) 191 (35.4) 0.82 (0.57, 1.17) 0.81 (0.57, 1.16)

3 (.0.89) 134 (40.0) 177 (32.8) 1.00 (0.71, 1.43) 0.92 (0.64, 1.33)

Ptrend 0.921 0.699

ApoE, mg/dl 1 (,3.09) 106 (31.6) 179 (33.3) 1.00 1.00

2 (3.09–3.88) 109 (32.5) 183 (34.0) 0.97 (0.69, 1.37) 0.92 (0.65, 1.30)

3 (.3.88) 120 (35.8) 176 (32.7) 1.06 (0.75, 1.49) 0.96 (0.68, 1.36)

Ptrend 0.752 0.820

Lipoprotein(a), mg/dl 1 (,16.40) 93 (27.8) 179 (33.2) 1.00 1.00

2 (16.40–33.80) 127 (37.9) 181 (33.6) 1.26 (0.89, 1.78) 1.31 (0.92, 1.85)

3 (.33.80) 115 (34.3) 179 (33.2) 1.16 (0.82, 1.64) 1.17 (0.82, 1.67)

Ptrend 0.427 0.408

Index of dyslipidemia 1 (,0.57) 99 (29.6) 177 (32.8) 1.00 1.00

2 (0.57–1.03) 108 (32.2) 184 (34.1) 0.93 (0.65, 1.33) 0.87 (0.60, 1.25)

3 (.1.03) 128 (38.2) 178 (33.0) 1.05 (0.74,1.48) 0.92 (0.64, 1.34)

Ptrend 0.770 0.696

Index of atherogenicity 1 (,1.77) 80 (23.9) 178 (33.0) 1.00 1.00

2 (1.77–2.38) 103 (30.7) 180 (33.4) 1.14 (0.79, 1.64) 1.10 (0.76, 1.61)

3 (.2.38) 152 (45.4) 181 (33.6) 1.51 (1.06, 2.15) 1.39 (0.96, 2.01)
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atherogenicity showed a relatively less contribution to UF

compared to HDL-C after controlling for all risk factors mutually.

CRP has been used as a marker of inflammation, being a

stronger predictor of atherosclerosis [40]. Inflammation is a

prominent feature of atherosclerosis [41], and elevation of CRP

levels may be an indicate of subclinical atherosclerotic process

[42]. Folate and vitamin B12 have biological roles as coenzymes in

the synthesis and methylation of DNA, which is critical for

preventing cancer development [43]. Deficient folate and vitamin

B12 levels can lead to aberrant gene expression and DNA

Table 2. Cont.

Tertiles Case (n = 335) Control (n = 539) OR1 (95%CI)a OR2 (95%CI)b

Ptrend 0.018 0.075

Glucose, mmol/L 1 (,4.85) 87 (26.1) 175 (32.5) 1.00 1.00

2 (4.85–5.27) 132 (39.6) 185 (34.3) 1.26 (0.89, 1.78) 1.21 (0.85, 1.73)

3 (.5.27) 114 (34.2) 179 (33.2) 0.96 (0.67, 1.39) 0.91 (0.62, 1.32)

Ptrend 0.777 0.560

SBP, mmHg 1 (,104) 74 (22.1) 175 (32.5) 1.00 1.00

2 (104–116) 114 (34.0) 189 (35.1) 1.29 (0.90, 1.87) 1.24 (0.86, 1.80)

3 (.116) 147 (43.9) 175 (32.5) 1.54 (1.07, 2.22) 1.41 (0.97, 2.06)

Ptrend 0.022 0.076

DBP, mmHg 1 (,69) 76 (22.7) 165 (30.6) 1.00 1.00

2 (69–77) 120 (35.8) 215 (39.9) 1.10 (0.77, 1.58) 1.07 (0.74, 1.55)

3 (.77) 139 (41.5) 159 (29.5) 1.58 (1.10, 2.28) 1.48 (1.01, 2.16)

Ptrend 0.011 0.033

PWV 1 (,1118.00) 75 (24.1) 170 (33.2) 1.00 1.00

2 (1118.00–1247.50) 96 (30.9) 172 (33.6) 1.09 (0.74, 1.59) 1.12 (0.76, 1.64)

3 (.1247.50) 140 (45.0) 170 (33.2) 1.34 (0.91, 1.95) 1.31 (0.89, 1.92)

Ptrend 0.125 0.159

ABI 1 (,1.04) 73 (23.5) 174 (34.1) 1.00 1.00

2 (1.04–1.10) 119 (38.3) 185 (36.2) 1.31 (0.91, 1.90) 1.27 (0.88, 1.85)

3 (.1.10) 119 (38.3) 152 (29.7) 1.50 (1.03, 2.19) 1.51 (1.03, 2.22)

Ptrend 0.037 0.035

Subgroup

Case (n = 232) Control (n = 366)

CRP, mg/dl 1 (,0.06) 35 (16.5) 97 (29.4) 1.00 1.00

2 (0.06–0.12) 88 (41.5) 132 (40.0) 1.92 (1.19, 3.11) 1.89 (1.16, 3.09)

3 (.0.12) 89 (42.0) 101 (30.6) 2.23 (1.37, 3.64) 2.04 (1.21, 3.44)

Ptrend 0.002 0.011

Hcy, umol/L 1 (,8.90) 100 (43.1) 119 (32.5) 1.00 1.00d

2 (8.90–12.10) 68 (29.3) 127 (34.7) 0.56 (0.37, 0.85) 0.53 (0.34, 0.81)

3 (.12.10) 64 (27.6) 120 (32.8) 0.54 (0.36, 0.83) 0.49 (0.31, 0.77)

Ptrend 0.003 0.001

FOL, ng/ml 1 (,8.55) 83 (35.9) 121 (33.2) 1.00 1.00

2 (8.55–11.27) 74 (32.0) 123 (33.7) 0.84 (0.56, 1.27) 0.86 (0.57, 1.31)

3 (.11.27) 74 (32.0) 121 (33.2) 0.88 (0.58, 1.33) 0.93 (0.61, 1.41)

Ptrend 0.537 0.714

Vit B12, pg/ml 1 (,433.57) 83 (35.8) 122 (33.3) 1.00 1.00

2 (433.57–612.10) 61 (26.3) 122 (33.3) 0.69 (0.45, 1.06) 0.74 (0.48, 1.14)

3 (.612.10) 88 (37.9) 122 (33.3) 0.93 (0.62, 1.39) 0.97 (0.64, 1.46)

Ptrend 0.723 0.889

aAge-adjusted.
bAdjusted for age (continuous), BMI (,21.94, 21.94–24.41, .24.41), age at menarche (#14, 15–16, $17, missing), gravity (0, 1, 2, 3, $4) and age at last birth (#24, 25–29,
$30, missing).
cAdjusted for age (continuous), age at menarche (#14, 15–16, $17, missing), gravity (0, 1, 2, 3, $4) and age at last birth (#24, 25–29, $30, missing).
dAdjusted for adjusted for age (continuous), BMI (,21.94, 21.94–24.41, .24.41), age at menarche (#14, 15–16, $17, missing), gravity (0, 1, 2, 3, $4), age at last birth
(#24, 25–29, $30, missing), folate (,8.55, 8.55–11.27, .11.27) and vitamin B12 (,433.57, 433.57–612.10, .612.10).
doi:10.1371/journal.pone.0057089.t002
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Table 3. Characteristics of hysterectomy-confirmed cases with uterine fibroids and controls and odds ratios of uterine fibroids
according to subclinical atherogenic and cardiovascular risk parameters.

Tertiles Cases (n = 122) Control (n = 539) OR1 (95%CI)a OR2 (95%CI )b

Total group

BMI, kg/m2 1 (,21.94) 23 (18.9) 180 (33.4) 1.00 1.00c

2 (21.94–24.41) 41 (33.6) 181 (33.6) 1.53 (0.86, 2.71) 1.61 (0.85, 3.05)

3 (.24.41) 58 (47.5) 178 (33.0) 1.73 (0.99, 3.00) 1.87 (1.00, 3.49)

Ptrend 0.061 0.056

WHR 1 (,0.82) 27 (22.1) 179 (33.2) 1.00 1.00c

2 (0.82–0.87) 47 (38.5) 210 (39.0) 1.21 (0.70, 2.07) 1.11 (0.61, 2.02)

3 (.0.87) 48 (39.3) 150 (27.8) 1.38 (0.80, 2.40) 1.20 (0.64, 2.24)

Ptrend 0.251 0.568

TC, mmol/L 1 (.4.47) 35 (28.7) 179 (33.2) 1.00 1.00

2 (4.47–5.18) 33 (27.0) 181 (33.6) 0.80 (0.46, 1.37) 0.76 (0.41, 1.41)

3 (.5.18) 54 (44.3) 179 (33.2) 0.89 (0.53, 1.50) 0.79 (0.43, 1.42)

Ptrend 0.717 0.449

TG, mmol/L 1 (.0.88) 22 (18.0) 174 (32.3) 1.00 1.00

2 (0.88–1.30) 35 (28.7) 187 (34.7) 1.11 (0.61, 2.02) 0.94 (0.48, 1.84)

3 (.1.30) 65 (53.3) 178 (33.0) 1.83 (1.05, 3.20) 1.64 (0.87, 3.11)

Ptrend 0.017 0.072

HDL-C, mmol/L 1 (,1.26) 49 (40.2) 173 (32.1) 1.00 1.00

2 (1.26–1.56) 50 (41.0) 187 (34.7) 1.05 (0.65, 1.68) 1.04 (0.60, 1.79)

3 (.1.56) 23 (18.9) 179 (33.2) 0.47 (0.27,0.83) 0.50 (0.26, 0.94)

Ptrend 0.013 0.048

LDL-C, mmol/L 1 (.2.66) 33 (27.0) 178 (33.0) 1.00 1.00

2 (2.66–3.22) 30 (24.6) 183 (34.0) 0.69 (0.39, 1.22) 0.66 (0.35, 1.24)

3 (.3.22) 59 (48.4) 178 (33.0) 1.05 (0.63, 1.76) 1.05 (0.58, 1.89)

Ptrend 0.681 0.739

ApoA1, g/L 1 (,1.34) 54 (44.6) 179 (33.2) 1.00 1.00

2 (1.34–1.52) 42 (34.7) 184 (34.1) 0.60 (0.37, 0.98) 0.64 (0.37, 1.14)

3 (.1.52) 25 (20.7) 176 (32.7) 0.43 (0.25, 0.73) 0.49 (0.26, 0.91)

Ptrend 0.002 0.022

ApoB, g/L 1 (,0.72) 27 (22.1) 171 (31.7) 1.00 1.00

2 (0.72–0.89) 38 (31.1) 191 (35.4) 0.90 (0.51, 1.59) 0.98 (0.52, 1.86)

3 (.0.89) 57 (46.7) 177 (32.8) 1.17 (0.68, 2.02) 1.12 (0.60, 2.10)

Ptrend 0.478 0.681

ApoE, mg/dl 1 (,3.09) 30 (24.6) 179 (33.3) 1.00 1.00

2 (3.09–3.88) 42 (34.4) 183 (34.0) 1.40 (0.82, 2.39) 0.99 (0.54, 1.82)

3 (.3.88) 50 (41.0) 176 (32.7) 1.50 (0.89, 2.53) 0.99 (0.54, 1.79)

Ptrend 0.139 0.964

Lipoprotein(a), mg/dl 1 (,16.40) 37 (30.3) 179 (33.2) 1.00 1.00

2 (16.40–33.80) 39 (32.0) 181 (33.6) 0.88 (0.52, 1.49) 0.96 (0.54, 1.73)

3 (.33.80) 46 (37.7) 179 (33.2) 1.08 (0.65, 1.79) 1.03 (0.58, 1.83)

Ptrend 0.744 0.923

Index of dyslipidemia 1 (,0.57) 23 (18.9) 177 (32.8) 1.00 1.00

2 (0.57–1.03) 42 (34.4) 184 (34.1) 1.39 (0.78, 2.47) 1.23 (0.65, 2.37)

3 (.1.03) 57 (46.7) 178 (33.0) 1.72 (0.99, 2.99) 1.52 (0.81, 2.86)

Ptrend 0.055 0.190

Index of atherogenicity 1 (,1.77) 19 (15.6) 178 (33.0) 1.00 1.00

2 (1.77–2.38) 38 (31.1) 180 (33.4) 1.54 (0.84, 2.84) 1.66 (0.84, 3.30)

3 (.2.38) 65 (53.3) 181 (33.6) 2.23 (1.25, 3.98) 2.20 (1.14, 4.23)
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instability and eventually the development of cancer or birth

defects [44]. Many studies have reported an inverse association

between dietary intake of folate and other B vitamins and the risk

of breast cancer [45]. As expected, we observed that serum CRP

levels were positively associated with the risk of UF, whereas folate

and vitamin B12 levels were inversely associated with UF risk,

although the results were not statistically significant.

Homocysteine is an independent risk factor for atherosclerosis

[46]. Hyperhomocysteinemia might lead to increased oxidative

stress, inhibition of nitric oxide synthase, proliferation of smooth

Table 3. Cont.

Tertiles Cases (n = 122) Control (n = 539) OR1 (95%CI)a OR2 (95%CI )b

Ptrend 0.005 0.019

Glucose, mmol/L 1 (,4.85) 29 (24.0) 175 (32.5) 1.00 1.00

2 (4.85–5.27) 45 (37.2) 185 (34.3) 1.10 (0.64, 1.89) 0.85 (0.46, 1.58)

3 (.5.27) 47 (38.8) 179 (33.2) 0.91 (0.52, 1.58) 0.77 (0.41, 1.45)

Ptrend 0.670 0.427

SBP, mmHg 1 (,104) 21 (17.2) 175 (32.5) 1.00 1.00

2 (104–116) 36 (29.5) 189 (35.1) 1.21 (0.66, 2.21) 0.78 (0.39, 1.56)

3 (.116) 65 (53.3) 175 (32.5) 1.86 (1.06, 3.28) 1.41 (0.74, 2.70)

Ptrend 0.020 0.142

DBP, mmHg 1 (,69) 23 (18.9) 165 (30.6) 1.00 1.00

2 (69–77) 44 (36.1) 215 (39.9) 1.15 (0.65, 2.03) 1.06 (0.55, 2.02)

3 (.77) 55 (45.1) 159 (29.5) 1.70 (0.97, 2.98) 1.55 (0.82, 2.93)

Ptrend 0.045 0.137

PWV 1 (,1118.00) 20 (17.9) 170 (33.2) 1.00 1.00

2 (1118.00–1247.50) 28 (25.0) 172 (33.6) 1.01 (0.53, 1.92) 1.07 (0.53, 2.16)

3 (.1247.50) 64 (57.1) 170 (33.2) 1.71 (0.95, 3.08) 1.68 (0.87, 3.21)

Ptrend 0.040 0.084

ABI 1 (,1.04) 27 (24.1) 174 (34.1) 1.00 1.00

2 (1.04–1.10) 43 (38.4) 185 (36.2) 1.12 (0.64, 1.94) 1.00 (0.54, 1.87)

3 (.1.10) 42 (37.5) 152 (29.7) 1.11 (0.63, 1.95) 1.45 (0.76, 2.79)

Ptrend 0.739 0.239

Subgroup

Cases (n = 95) Control (n = 366)

CRP, mg/dl 1 (,0.06) 13 (14.3) 97 (29.4) 1.00 1.00

2 (0.06–0.12) 33 (36.3) 132 (40.0) 2.00 (0.97, 4.14) 1.67 (0.72, 3.86)

3 (.0.12) 45 (49.5) 101 (30.6) 2.88 (1.42, 5.84) 1.99 (0.85, 4.69)

Ptrend 0.003 0.129

Hcy, umol/L 1 (,8.90) 39 (41.1) 119 (32.5) 1.00 1.00d

2 (8.90–12.10) 29 (30.5) 127 (34.7) 0.55 (0.31, 0.99) 0.50 (0.25, 1.01)

3 (.12.10) 27 (28.4) 120 (32.8) 0.53 (0.30, 0.97) 0.45 (0.21, 0.96)

Ptrend 0.035 0.032

FOL, ng/ml 1 (,8.55) 36 (37.9) 121 (33.2) 1.00 1.00

2 (8.55–11.27) 29 (30.5) 123 (33.7) 0.69 (0.39, 1.25) 0.60 (0.29, 1.21)

3 (.11.27) 30 (31.6) 121 (33.2) 0.82 (0.46, 1.46) 0.69 (0.34, 1.40)

Ptrend 0.480 0.301

Vit B12, pg/ml 1 (,433.57) 37 (38.9) 122 (33.3) 1.00 1.00

2 (433.57–612.10) 24 (25.3) 122 (33.3) 0.58 (0.32, 1.07) 0.67 (0.33, 1.38)

3 (.612.10) 34 (35.8) 122 (33.3) 0.70 (0.39, 1.23) 0.59 (0.29, 1.18)

Ptrend 0.214 0.130

aAge-adjusted.
bAdjusted for age (continuous), BMI (,21.94, 21.94–24.41, .24.41), age at menarche (#14, 15–16, $17, missing), gravity (0, 1, 2, 3, $4) and age at last birth (#24, 25–29,
$30, missing).
cAdjusted for age (continuous), age at menarche (#14, 15–16, $17, missing), gravity (0, 1, 2, 3, $4) and age at last birth (#24, 25–29, $30, missing).
dAdjusted for adjusted for age (continuous), BMI (,21.94, 21.94–24.41, .24.41), age at menarche (#14, 15–16, $17, missing), gravity (0, 1, 2, 3, $4), age at last birth
(#24, 25–29, $30, missing), folate (,8.55, 8.55–11.27, .11.27) and vitamin B12 (,433.57, 433.57–612.10, .612.10).
doi:10.1371/journal.pone.0057089.t003
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muscle cells, endothelial dysfunction and thrombosis [47]. Mild to

moderate elevations in homocysteine concentrations are associated

with an increased risk for atherosclerotic vascular diseases [12].

Moreover, hyperhomocysteinemia has been proposed as a risk

factor for estrogen-induced tumorigenesis [48]. One case-control

study has confirmed that the odds of breast cancer was increased

with higher concentrations of homocysteine among pre-meno-

pausal and post-menopausal women [49]. However, we didn’t

observe the similar association between homocysteine status and

the risk of UF. We favor the idea that the serum concentrations of

homocysteine decrease significantly as a result of the progression of

a hormonal tumor. It has been reported that homocysteine is

required for the development of several types of tumors in animal

experiments, and there was an inverse association between tumor

size and circulating levels of homocysteine [50]. Our results

supported this hypothesis because the inverse association disap-

peared in women who had these tumors surgically removal.

Additional research is needed to elucidate the role of homocysteine

concentration in the development of UF.

Our study has some limitations, including that its retrospective

nature of a case-control study. We cannot establish causality

between exposures and outcomes. Another limitation is the

possible selection bias because the data were collected from health

examinations. The people undergoing health examinations might

have a higher health conscious and a higher likelihood of being

diagnosed with UF. However, we included controls who had at

least one regular health examination every year for five years to

minimize the occasional detection bias. We did not collect

information on subjects’ history of smoking or oral contraceptive

use, which represents another limitation. These factors might be

crucial in a study on the relationship between atherogenic risk

factors and UF. In fact, the rates of smoking and oral

contraceptive use in a random sample of 100 subjects in our

study were very low, thus, we believed that these confounders will

not affect our findings.

Our study has several strengths. First, we used ultrasound

screening for UF, which enabled us to identify a large sample of

subclinical UF cases. The high sensitivity and specificity of

ultrasound can avoid misclassification between cases and controls.

Second, evidence of atherogenic risk factors such as ABI, serum

CRP and homocysteine are reported for the first time in the

present study, which provides a new indication to explore the

etiology of UF. Third, the present study has a large sample size,

which offers information on the epidemiological characteristics of

premenopausal women in Chinese, which has been rarely

reported in the literature.

In conclusion, the present study demonstrated a positive

association between ABI and the presence of UF. Conversely,

an inverse association was suggested between HDL-C and UF in

the hysterectomy-confirmed group. Unexpectedly, the concentra-

tion of homocysteine was inversely related to UF, but this

association was not significant in the hysterectomy-confirmed

group. These findings suggest that women with UF might have an

increased risk of subclinical atherosclerosis. The exact mechanism

should be explored in the next step: 1) Further longitudinal studies

are needed to replicate these associations using periodic,

standardized screening for UF and atherogenic risk factors, data

from cohort study would be very valuable; 2) Clinical trails could

be conducted to investigate whether the early improvement on

atherogenic risk factors, such as obesity, blood pressure and

adverse lipid metabolism, reduces the incidence or size of UF and

associated complications; and 3) In vitro studies are needed to

define the mechanism of action by which different atherogenic risk

factors irritate the onset and growth of UF based on the hypothesis

that nonhormonal factors also play a role in the development of

these tumors.
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