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Abstract. – AIM: The present study was undertaken to explore the relationship between environmental exposure and risk of uterine leiomyoma in women using an epidemiologic survey.
SUBJECTS AND METHODS: We conducted a
case-control survey of premenopausal Han
women aged 30-50 years in Nanjing. The subjects included 600 patients with uterine leiomyoma confirmed at the Affiliated Zhongda Hospital of Southeast University between February
2010 and June 2012 and 600 patients with nonuterine leiomyoma or healthy volunteers who
presented to the above mentioned hospital for
physical examination during the same period.
We entered the results into a database and explored the relationship between risk factors and
prevalence of uterine leiomyoma using univariate or multivariate non-conditional logistic regression analysis.
RESULTS: The results showed that patients
aged 40-45 years had a high prevalence of uterine leiomyoma. The prevalence of uterine
leiomyoma in subjects with an education beyond high school was higher than in those with
a high school education or less. Exposure to
plastic products (odds ratio [OR]: 1.481; 95%
confidence interval [CI]: 1.046-2.097); exposure
to cosmetics and other chemicals (OR: 1.954;
95% CI: 1.479-2.582); and consumption of soybean milk (OR: 2.518; 95% CI: 1.894-3.347), food
additives, sweeteners, and preserved food (OR:
3.166, 95% CI: 2.247-4.461) had a significant effect on the occurrence of uterine leiomyoma (p
< 0.05).
CONCLUSIONS: Exposure to plastic products,
cosmetics, and other chemicals as well as intake
of soybean milk, food additives, sweetener, and
preserved foods may be risk factors for uterine
leiomyoma.
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Introduction
Uterine leiomyoma is the most common benign tumor in the female reproductive system,
and it is most often found in women aged 30-50
years, i.e., in women of childbearing age. The
prevalence of uterine leiomyoma in women aged
more than 35 years is 20%, while the prevalence
increases to 51.2%-60.0% in women aged 40-50
years. Among patients with uterine leiomyoma,
25% have clinical manifestations such as bradymenorrhea, menorrhagia, hypogastralgia, and
acyesis1-2. Uterine leiomyoma is one of the main
causes of hysterectomy, and although satisfactory non-surgical treatment methods are still lacking, surgical treatment can have significant effects on the physical and mental health of
women. Recently, with the increased prevalence
of uterine leiomyoma, prevention has become a
greater concern.
Although the causes of uterine leiomyoma are
not entirely clear, there is a consensus that it is
an estrogen-dependent tumor. With the increasingly serious problem of environmental pollution, pollutants known as environmental endocrine disrupters (EEDs) have aroused widespread concern around the world. Environmental
estrogens, an important class of EEDs, possess
estrogen-like activities that imitate the physiological and biochemical effects of endogenous
estrogen and have antagonizing androgen effects. The correlation between environmental estrogens and the occurrence and development of
gynecological tumors has gradually become a
concern; an experimental study found that some
organochlorine pesticides could promote the
proliferation of Eker rat uterine leiomyoma-derived cells, which could be inhibited by the estrogen antagonist ICI 182,7803. Accordingly, re-
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searchers have begun to consider the correlation
between long-term exposure to these exogenous
estrogens and the increased prevalence of uterine
leiomyoma.

Subjects and Methods
Subjects
All subjects were premenopausal Han women
aged 30-50 years from Nanjing. The subjects
presented to the Department of Gynecology and
Obstetrics at the Affiliated Zhongda Hospital of
Southeast University between February 2010 and
March 2012. Subjects with a diagnosis of uterine
leiomyoma that was confirmed through imaging
and/or pathological examinations were included
in the case group (600 cases), and patients with
non-uterine leiomyoma as well as healthy volunteers who presented at the Hospital during the
same period were included in the control group
(600 cases).
Formulation of the Questionnaire
We drafted a questionnaire and determined the
risk factors associated with the onset of uterine
leiomyoma based on relevant literature to formulate a unified epidemiologic survey.
Survey Contents, Methods,
and Quality Control
The contents of the survey included the following: (1) general sociological characteristics such
as age, name, height, weight, and education; (2)
basic personal information such as marital and reproductive history as well as occupation; (3) present diseases including history and pathological
report of the patient; (4) case history and family
history including personal previous medical history and the onset of tumor in the immediate family; and (5) living habits including smoking, drinking, and exposure to environmental pollutants.
The survey was conducted via face-to-face interviews by full-time investigators collecting premorbid data. To ensure the accuracy and reliability of the results, we checked the data of all sam-

ples, uniformly trained all the investigators, and
double-blindly entered survey items into the database; the authenticity and accuracy of the survey
data and the blood collection process were ensured. The confounding bias was controlled to
match the major factors of sex, age, and habitat;
we constructed the database with EpiData software and performed computer verification and
logic checks on the entered data. In total, 1,200
patients, with 600 patients in each group, were eligible and completed the questionnaire.
Statistical Analysis
Data analysis was performed using SPSS software (SPSS Inc., Chicago, IL, USA). The relationships between environmental exposure factors, occurrence, and development of uterine leiomyoma
were assessed using univariate non-conditional logistic analysis; the combined effects of various environmental exposures on uterine leiomyoma and
its correlation were calculated using multivariable
logistic regression analysis.

Results
Age Distributions in the Case
and Control Groups
There were significant differences in the age
composition of the case and control groups
(Table I). The distribution by age group (30-33,
34-36, 37-39, 40-42, and 43-45 years) is shown
in Figure 1.
General Demographic Characteristics
We enrolled premenopausal Han women from
Nanjing according to the survey design. All subjects in the case group had a single disease and
were in good physical condition before presenting
at the hospital. Patients who had a history of chronic liver and kidney disease, endocrine diseases, and
other forms of cancer were excluded. We found no
significant difference in body mass index (BMI),
marital status, education, and number of pregnancies (term, greater than 5 months) between the case
and the control group (p > 0.05) (Table II).

Table I. Age distributions in the case and control groups.
Myoma
1
0
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n

Mean ± SD (age)

t

p

600
600

38.68 ± 4.228
37.54 ± 4.025

3.373

0.001
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Figure 2. Age distributions in the case and control groups.

Living Habits, Psychological Factors,
Environmental Exposure,
and Uterine Leiomyoma
We performed non-conditional logistic regression analysis on survey results after evaluation.
The onset of uterine leiomyoma in the case and
control groups in terms of living habits, psychological factors, and environmental exposure is
shown in Table III.

Multifactor Analysis
We performed multivariate non-conditional logistic regression analysis on environmental exposure factors and risk factors with significance, including age, BMI, number of births, and other
confounding factors (Table IV). We found no significant difference in the prevalence of uterine
leiomyoma among those exposed to farm products
and physical activity or exercise (p > 0.05). How-

Table II. General demographic characteristics.
Factors
BMI (kg/m2)
< 18
18-25
25-30
> 30
Marital status
Unmarried
Separated/divorced/loss of spouse
Married
Education
Beyond high school
High school or less
（> 5 months）
）
Pregnancy（
None
Once
Twice
Three times or more

Control group (%)

p

OR (95% CI)

18 (3.0)

0 (0)

0.999
0.999
0.999

0.000 (0.000-0.000)
0.000 (0.000-0.000)
0.000 (0.000-0.000)

496 (82.7)
86 (14.3)
0 (0)

516 (86.0)
60 (10.0)
24 (4.0)

6 (1.0)
10 (1.7)
584 (97.3)

16 (2.7)
34 (5.7)
550 (96.7)

0.127
0.774

2.832 (0.744-10.782)
0.784 (0.149-4.124)

318 (53.0)
282 (47.0)

252 (42.0)
348 (58.0)

0.007a

1.557 (1.128-2.150)

48 (8.0)
492 (82.0)
0 (0)
60 (10.0)

36 (6)
528 (88)
36 (6.0)
0 (0)

0.998
0.998
0.997

0.000 (0.000-0.000)
0.000 (0.000-0.000)
0.000 (0.000-0.000)

Case group (%)

Note: aThere were significant differences in the prevalence of uterine leiomyoma between the population with an education level
of high school or more and those with an education level of high school or less (p < 0.05; OR: 1.557; 95% CI: 1.128-2.150).
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Table III. Living habits, psychological factors, and environmental factors.
Factors
Physical activity or exercise
Frequent
Occasional
Never
Mental state
Better
Ordinary
Poor
Passive smoking
Frequent
Occasional
No
Chemical substances
No exposure
Occasional
Frequent
Farm products
No exposure
Eat fruits with peel
Pesticides exposure
Soybean milk
No consumption
Occasional
Frequent
Honey
No consumption
Occasional
Frequent
Food additives and so on
No exposure
Occasional
Frequent
Plastic products
No exposure
Occasional
Frequent

Case group (%)

Control group (%)

p

OR (95% CI)

12 (2.0)
110 (18.3)
478 (79.7)

16 (2.7)
104 (17.3)
480 (80)

0.549
0.605

1.410 (0.458-4.341)
1.328 (0.454-3.885)

120 (20.0)
386 (64.3)
94 (15.7)

168 (28.0)
336 (56.0)
96 (16.0)

0.017a
0.235

1.608 (1.088-2.377)
1.371 (0.814-2.308)

158 (26.3)
54 (9.0)
388 (64.7)

192 (32.0)
50 (8.3)
358 (59.7)

0.390
0.134

1.312 (0.706-2.440)
1.317 (0.918-1.889)

252 (42.0)
272 (45.3)
76 (12.7)

396 (66.0)
156 (26.0)
48 (8.0)

0.000b
0.001c

2.740 (1.917-3.915)
2.488 (1.424-4.346)

288 (48.0)
310 (51.7)
2 (0.3)

320 (53.3)
280 (46.7)
0 (0)

0.206
1.000

1.230 (0.893-1.695)
0.000 (0.000-0.000)

136 (22.7)
264 (44.0)
200 (33.3)

216 (36.0)
324 (54.0)
60 (10.0)

0.184
0.000d

1.294 (0.884-1.894)
5.294 (3.184-8.803)

156 (26.0)
426 (71.0)
18 (3.0)

204 (34.0)
396 (66.0)
0 (0)

0.058
0.999

1.407 (0.989-2.002)
0.000 (0.000-0.000)

220 (36.7)
288 (48.0)
92 (15.3)

312 (52.0)
276 (46.0)
12 (2.0)

0.023e
0.000f

1.480 (1.056-2.074)
10.873 (4.487-26.346)

160 (26.7)
374 (62.3)
66 (11.0)

168 (28.0)
408 (68.0)
24 (4.0)

0.837
0.004g

0.963 (0.668-1.386)
2.887 (1.394-5.980)

Note: aThere were significant differences between the population with an ordinary mental state and that with a poor mental
state (p < 0.05; OR: 1.608; 95% CI: 1.088-2.377). bThere were significant differences in the onset risk of uterine leiomyoma
between the population occasionally exposed to cosmetics and other chemical substances and that with no exposure (p < 0.05;
OR: 2.740; 95% CI: 1.917-3.915). cThere were significant differences in the onset risk of uterine leiomyoma between the population frequently exposed to cosmetics and other chemical substances and that with no exposure (p < 0.05; OR: 2.488; 95%
CI: 1.424-4.346). dThere were significant differences in the onset risk of uterine leiomyoma between the population that frequently consumed soybean milk and that with no consumption (p < 0.05; OR: 5.294; 95% CI: 3.184-8.803). eThere were significant differences in the onset risk of uterine leiomyoma between the population occasionally exposed to food additives and
that with no exposure (p < 0.05; OR: 1.480; 95% CI:1.056-2.074). fThere were significant differences in the onset risk of uterine leiomyoma between the population frequently exposed to food additives and that with no exposure (p < 0.05; OR: 10.873;
95% CI: 4.487-26.346). gThere were significant differences in the onset risk of uterine leiomyoma between the population frequently exposed to plastic products and that with no exposure (p < 0.05; OR: 2.887; 95% CI: 1.394-5.980).

ever, exposure to cosmetics and other chemicals
(odds ratio [OR]: 2.257; 95% confidence interval
[CI]: 1.510-3.375) and consumption of soybean
milk (OR: 3.336; 95% CI: 2.203-5.051), honey
(OR: 2.257; 95% CI: 1.510-3.375), food additives,
sweetener, and preserved foods (OR: 1.900; 95%
CI: 1.220-2.959) had a significant effect on the
prevalence of uterine leiomyoma (p < 0.05).
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Discussion
Because of the various etiologic studies and
epidemiologic investigations, researchers have
found that the cause of uterine leiomyoma could
not be explained by a single factor and that it
may be the interaction of multiple factors. Estrogen may be one of the major contributing factors
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Table IV. Logistic regression analysis on risk factors and uterine leiomyoma.
Risk factors
Age
Education
Plastic products
Chemical substances
Food additives
Soybean milk

B
0.059
−0.635
0.393
0.670
1.152
0.923

Wald
6.608
10.125
4.902
22.195
43.403
40.417

in the occurrence and development of uterine
leiomyoma. In addition to endogenous estrogen,
increasing exposure to EEDs with the development of social industrialization is considered to
be associated with the increase in the number of
uterine leiomyoma cases every year. This study
used an epidemiologic survey to analyze various
factors (including natural, social, and psychological factors) and EED exposure to explore the correlation between environmental exposure and the
occurrence of disease. A macro-epidemiologic
study suggested the risk factors of uterine
leiomyoma that have been described in the following text.
Age, Smoking, Drinking, and Exercise
Age is considered the most important risk factor for uterine leiomyoma, which may be attributable to increasing patient age, accumulation of
endogenous estrogen, change in the patient’s immune system function, or continuous exposure
to exogenous risk factors4. However, smoking,
drinking, and exercise are likely to affect the level of estrogen metabolism as well as growth factor and immune function, which then influences
the susceptibility to uterine leiomyoma5. In this
study, the number of cases involving active
smoking and drinking was too small to be included in the statistical analysis. The results
showed that there were significant differences in
the age distribution between the 2 groups; the
population aged 40-45 years had a higher prevalence of uterine leiomyoma, while there was no
significant difference with respect to passive
smoking and exercise.
Family History and Race
We found familial aggregation during the diagnosis of uterine leiomyoma in our clinical cases.
This was supported by the Nurses’ Health Study
II, in which researchers confirmed the diagnosis
of uterine leiomyoma by ultrasonography or
pathological examination; the ages were standard-

p
0.010
0.001
0.027
0.000
0.000
0.000

OR (95% CI)
1.061 (1.014-1.110)
0.530 (0.358-0.784)
1.481 (1.046-2.097)
1.954 (1.479-2.582)
3.166 (2.247-4.461)
2.518 (1.894-3.347)

ized, and the prevalence of uterine leiomyoma
was 30.6/1000 per year in black women and
8.9/1000 per year in white women. However, the
prevalence could not be explained by the childbearing history, use of hormone drugs, BMI, and
other factors. Meanwhile, education and occupation were similar among subjects; hence, these
differences could not be influenced by the quality
control deviation of the report or the differences
in health care utilization6. In this study, we selected the Han population in Nanjing and inquired in
detail whether family relatives had been diagnosed with uterine leiomyoma, other reproductive
system cancers, or estrogen-dependent diseases.
However, the survey results were not satisfactory
and were not included in statistical analysis owing to a lack of cases and medical examination of
subjects’ relatives. For further statistical analysis,
sample sizes should be increased.
Factors Influencing High Levels
of Estrogen
Iatrogenic Factors
The relationship between the use of oral contraceptives and the onset risk of uterine leiomyoma is
still unclear. It has been reported that subjects who
did not take oral contraceptives for a long time had
a lower risk of uterine leiomyoma7. Another study
indicated that the risk of uterine leiomyoma was
higher in those who took oral contraceptives for
the first time at 13-16 years of age than that in
those who never took oral contraceptives8. This
may be attributable to the effects of early use of
oral contraceptives on women. The number of
subjects who took oral contraceptives on a longterm basis in the 2 groups was small and could not
be compared.
Endogenous Estrogen
The risk of uterine leiomyoma onset has been
reported to be higher in obese women9, which is
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considered by researchers to be attributable to
high expression of aromatase in adipose tissue.
We calculated the BMI for the subjects in our
study, and the results showed no significant differences between the 2 groups.
Many studies have also reported that women
who have given birth are less likely to have uterine leiomyoma than those who have not given
birth; moreover, the prevalence of uterine
leiomyoma tended to decline with increasing
numbers of births10. Researchers have considered
that pregnancy decreases the action time of estrogen; hence, we identified a pregnancy term of
more than 5 months as a statistical indicator,
whereas miscarriage or induced abortion for a
pregnancy term of less than 5 months was not included in the statistical analysis. The results indicated that there was no significant difference between the 2 groups in regard to the effect of the
number of pregnancies ( > 5 months).
Exposure to Environmental Estrogen
Environmental estrogen can simulate the physiological and biochemical functions of endogenous estrogen. In human beings, it can disturb
the synthesis, release, transportation, combination, and metabolism of normal endocrine compounds and change the normal function of the
endocrine system; subsequently, it damages the
stability as well as feedback and regulatory functions of the organism11. Environmental estrogens
include synthetic compounds and natural phytoestrogen; they have been widely reported in the
literature12-13.
The phytoestrogens that we are exposed to
regularly are mainly divided into 3 categories:
isoflavones, lignans, and coumestans. They are
abundant in soybeans, flaxseed, and other foods
and can exert an estrogen effect by binding to the
estrogen receptors. Some scholars have found
that receptors for these compounds exist in the
nucleus or the cell membrane and that they can
disturb estrogen metabolism mediated by some
specific enzymes leading to disruption of endocrine function14. In our epidemiologic survey,
we compared the conditions of subjects who consumed soybeans and found that the prevalence of
uterine leiomyoma was higher in those with a
higher frequency of soybean consumption; these
findings support the above mentioned report.
Although the chemical structure of the organic
acid in royal jelly is completely different from
that of estrogen, it can exert an estrogen effect by
3254

adjusting the estrogen receptors and improving
the expression of the component gene in the receptor15. There was no significant difference in
the frequency of honey consumption between the
2 groups in this study.
At present, some reports have confirmed that
there are more than 70 chemicals, which may
disturb endocrine function; these chemicals are
common in the environment and have hormonelike effects16-17. These chemicals compounds include the following18-19: organochlorine pesticides such as DDT and polychlorinated
biphenyls; chemical compounds, dioxin, and
toxic gases released due to burning of garbage;
pharmaceuticals such as diethylstilbestrol, which
is used as a synthetic hormone for women; freon
released from old models of refrigerators; all
kinds of plastic products, especially plastic food
utensils that can release considerable diphenol
A, phthalate, polythene, etc; phenylketone, butyl
hydroxyanisole, and oxybenzene in cosmetics;
and various kinds of pigments and preservatives.
Environmental estrogens exist everywhere and
greatly increase the exposure to estrogen20. In
this category, we have mainly investigated exposure to pesticides, cosmetics, food additives, and
relevant plastic products. There was no significant difference in the exposure to farm products
between the 2 groups. The subjects investigated
in our study were local people in Nanjing and
included a few farmers; hence, the minute quantity of pesticides on the surfaces of fruits was
not enough to induce disease. Theoretically, sufficient amounts of environmental estrogen may
be accumulated over a period of time, but the
sample in our study is too small to draw positive
results; a larger sample size and long-term follow-up are needed in the future.
There are many reports on the harmful effects
of use of plastic products on women. Researchers
have determined the content of phthalate metabolites in urine and found higher levels of dibutyl
phthalate in patients with uterine leiomyoma21.
This study showed that the prevalence of uterine
leiomyoma in people who were regularly exposed to plastic products (including plastic cups,
plastic lunch boxes, plastic food bags, preservative films) was higher than that in people who
were not exposed to them. We previously surveyed a small sample of 300 cases with no positive results. Obvious differences were seen after
increasing the sample size; however, there were
certain problems. The design of this survey mainly focused on the macro-statistics of the frequen-
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cy of plastic product use and formed ranked data.
However, there was no accurate index available
for measuring ethyl ethane sulfate levels in plastic products, the amount that permeates into food
under heating, and the levels absorbed by the human body. This could be further explored by future studies.
Moreover, in this study, the prevalence of uterine leiomyoma was higher in those who like consuming food rich in food additives, such as
snacks, beverages, or pickled food; moreover, patients with uterine leiomyoma used cosmetics
and other chemicals more than patients in the
control group. Exposure to food and chemicals
with excessive additives has an influence on the
prevalence of uterine leiomyoma.
Other Factors
Changes in stress levels influence the female
endocrine system. An epidemiologic study reported that women with a higher level of education had a higher risk of uterine leiomyoma,
which might be related to their levels of stress or
differences in levels of health care obtained22.
Psychological stress, cultural background, and
other confounding factors were also analyzed
statistically. The prevalence of uterine leiomyoma in a population with a moderate mental
state is higher than that in those with a better
mental state; the prevalence of uterine leiomyoma in a population with an education beyond
high school is higher than that in those with a
high school education or less. In the following
multivariate logistic regression analysis, there
are still differences in cultural backgrounds between the 2 groups. The influence of stress, cultural background, and other compounding factors is complex. Our study was not a special investigation on psychological factors lacking refinement and theoretical basis. In another study,
we plan to quantify these factors and improve
the overall experimental design for obtaining a
credible conclusion.

Conclusions
Exposure to plastic products, cosmetics, and
other chemical substances and the consumption
of soybean milk, food additives, sweeteners, and
preserved foods may be risk factors for uterine
leiomyoma.
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