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Abstract

Purpose Acknowledging the associated risk factors may have a positive impact on reducing the incidence of ectopic
pregnancy (EP). In recent years, body mass index (BMI) has been mentioned in research. However, few studies are
available and controversial on the relationship between EP and BMI.

Methods \We retrospectively studied the EP women as a case group and the deliveries as a control group in
the central hospital of Wuhan during 2017 ~2021. x° test of variables associated with ectopic pregnancy was
performed to find differences. Univariate and multivariate binary logistic regression analysis was conducted to
analyze the association of the variables of age, parity, history of induced abortion, history of ectopic pregnancy,
history of spontaneous abortion, history of appendectomy surgery and BMI (< 18.5 kg/m?, 18.5~24.9 kg/m?,
25 kg/m?~29.9 kg/m?, = 30 kg /m?) with EP.

Results They were 659 EP and 1460 deliveries. The variables of age, parity, history of induced abortion, history of
ectopic pregnancy and BMI were different significantly(P < 0.05). Multivariate analysis showed that the variables of
age > 35 years old [(OR (Odds Ratio), 5.415; 95%Cl (Confidence Interval), 4.006 ~7.320, P< 0.001], history of ectopic
pregnancy (OR, 3.944; 95%Cl, 2.405~6.467; P<0.001), history of induced abortion(OR, 3.365; 95%Cl, 2.724 ~4.158,
P<0.001) and low BMI (< 18.5 kg/mz) (OR, 1.929; 95%Cl, 1.416~2.628, P<0.001])increased the risk of EP.

Conclusion The history of ectopic pregnancy, history of induced abortion and age > 35 years old were the risk factors
with EP. In addition to these traditional factors, we found low BMI (< 18.5 kg/m?) with women may increase the risk to
EP.
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Introduction

Ectopic pregnancy (EP) refers to a pregnancy that
occurs outside the uterine cavity, and the incidence rate
accounts for about 1%~2% of all pregnancies [1, 2]. More
than 90% of EP are tubal pregnancy accounting for the
first maternal mortality rate in first-trimester pregnancy
[3, 4]. Nowadays, the incidence of ectopic pregnancy is
still on the rise worldwide [5—7]. We have known that the
risk factors for EP, including the history of ectopic preg-
nancy, the history of tubal surgery, the history of induced
abortion, the history of spontaneous abortion, chlamyd-
ial infection and pelvic inflammatory disease, the his-
tory of infertility, the history of smoking, age>35 years
old [8-12]. With the growth of economic level and the
improvement of people’s living standard, risk factors for
ectopic pregnancy are also in change.

In recent years, due to aesthetic aberrations, more and
more women pursued the ideal body or were under-
weight [13, 14]. And in clinical workflow, we observed
patients with ectopic pregnancies were lean. Whether
there is some association between body mass index
(BMI) and ectopic pregnancy. In a prospective study,
it suggested that low BMI was associated with EP after
receiving assisted reproductive technology (ART) [15].
Another study suggested that obese women were at
higher risk of ectopic pregnancy [16]. However, BMI may
not be associated with ectopic pregnancy in other studies
[11, 17]. At present, there are different opinions on the
relationship between BMI and EP. The findings of these
studies are conflicting, and the studies on BMI did not
control other related risk factors. So, there is some bias.
There are few studies on the direct relationship between
BMI and EP, and further research is needed to confirm
their relationship.

This study was retrospective case-control research in
the central hospital of Wuhan during 2017~2021. We
included BMI in the study of risk factors. We performed
univariate and multivariate binary logistic regression
analysis to find relationship between BMI and EP. We
found a new risk factor for ectopic pregnancy. It alerts
and advocates women to have a healthy body mass index
to protect fertility.

Methods

Study population

We retrospectively studied the case of ectopic pregnancy
(EP) as a case group in the central hospital of Wuhan
during 2017 ~2021. And pregnant women who gave birth
and filed in this hospital during the same period were
randomly selected as the control group (according to the
order of registration, 10 records were randomly selected
from each page). Prepregnancy height (m), weight (kg)
and other mask data were provided by the medical infor-
mation department of the hospital and filing system. This
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study had been approved by the institutional ethics com-
mittees of the central hospital of Wuhan.

Diagnosis of ectopic pregnancy: confirmed by laparo-
scopic surgery and pathological diagnosis. A retrospec-
tive cohort study was conducted in the central hospital
of Wuhan between January 2017 and December 2021.
Inclusion criteria: Women aged 18—45 years, Cases with
height and weight information. Exclusion criteria: The
history of assisted reproductive technology (ART), those
with metabolic diseases such as hypertension, diabetes,
heart disease, polycystic ovary syndrome (PCOS), hyper-
thyroidism and hypothyroidism, and malignant tumors,
because of missing data. According to the inclusion and
exclusion criteria, the case group and control group were
obtained. The flowchart of the study was in (Fig. 1).

Study variables

Sociodemographic characteristics, including age, occupa-
tion and region. For comparability between ectopic preg-
nancy and delivery, we included the previously known
risk factors of EP, these variables were age, parity, history
of induced abortion, history of ectopic pregnancy, his-
tory of spontaneous abortion, history of appendectomy
surgery and BMI. According to the World Health Organi-
zation (WHO) of classification standard of BMI in 2021,
it is divided into low BMI (<18.5 kg/m?), normal BMI
(18.5~24.9 kg/m?), overweight (25~29.9 kg/m?), obesity
(>30 kg /m?). BMI is defined as the body weight divided
by the square of height.

Study outcomes

The primary outcomes of this study were age>35 years
old, history of induced abortion, history of ectopic preg-
nancy, low BMI (< 18.5 kg/m?).

Statistical analysis

Categorical variables were expressed as frequencies and
percentages, and x” test was used to assess the difference
of variables. Binomial logistic regression was for univari-
ate and multivariate analyses.

IBM SPSS Statistics (R26.0.0.0) software was used for
data analysis and GraphPad prism (R9.3.1) software
for graphing. All comparisons were two-tailed. When
P value<0.05, the results were considered statistically
significant.

Results

Sociodemographic characteristics of women

The sociodemographic characteristics of age, region
and occupation in the 2119 women were in Table 1. The
results showed that there were 659 EP in the case group
and 1460 deliveries in the control group. There were
significant differences in age and occupation between
groups (P<0.001). The median age of EP patients were
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All women who gave birth in
our hospital and in filing system
during2017~2021 (n=8960)

All ectopic pregnancy women
in our hospital system during
2017~2021(n=903)

Inclusion
+ Women aged 18-45 years
+ (Cases with height and weight information

Exclusion
+ The history of assisted reproductive technology (ART)

+ Metabolic diseases such as hypertension, diabetes, heart
disease, polycystic ovary syndrome (PCQOS),
hyperthyroidism and hypothyroidism, and malignant tumors

+ Because of missing data

hd

Case : ectopic pregnancies Control : deliveries
(n=659) (n=1460)
Univariate and multivariate binary
logistic regression analysis
Fig. 1 The flowchart of the study
Table 1 Sociodemographic characteristics of 2119 women
Total (%) Deliveries (%) EP? (%) P
(n=2119) (n=1460) (n=659)
Age 29(27 ~32) 31(27~36) <0.001
region 0418
urban 1407(68.10) 986(67.5) 421(69.4)
rural 660(31.90) 474(32.5) 186(30.6)
Occupation <0.001
Unemployed 157(7.6) 28(2.0) 129(20.0)
Freelance 530(25.8) 463(32.8) 67(10.4)
employee 949(46.2) 677(48.0) 272(42.2)
Self-employed 43(2.1) 8(0.6) 35(54)
The medical health care sector 159(7.7) 125(8.9) 34(5.3)
others 217(10.6) 109(7.7) 108(16.7)

2EP was represented for ectopic pregnancy

31(27~36) years old. In these women, 949 (46.2%)
women were employees, and 272 (42.2%) patients with
EP were employees. region distribution showed no sig-
nificant differences between groups (P=0.418).

Analysis for the clinical characteristics of ectopic
pregnancy

We included risk factors associated with ectopic preg-
nancy, then performed chi-square test to compare these
variables. The results showed that history of sponta-
neous abortion and history of appendectomy surgery

was not statistically significant(P”>0.05). However, the
variables of age, parity, history of induced abortion,
History of ectopic pregnancy and BMI were different
significantly(P<0.001). 498(75.6%) patients with EP were
normal BMI. 89(13.5%) EP was low BMI. 59(9.0%)
patients with EP were overweight. 13(2.0%) EP was obe-
sity. In summary, the majority of patients (75.6%) of EP
was normal BMI, secondly 13.5% patients with EP were
low BMI (Table 2).
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Table 2 The analysis of the difference to the variables of ectopic pregnancy

Variables Total Group P
(n=2119) Control?(n=1460) Case"(n=659)

Age <0.001

<35 1868(88.2%) 1378(94.4%) 490(74.4%)

>35 51(11.8%) 82(5.6%) 169(25.6%)

Parity 0.003

0 1530(72.2%) 1083(74.2%) 447(67.8%)

>1 589(27.8%) 377(25.8%) 212(32.2%)

History of induced abortion <0.001

NO 1409(66.5%) 1107(75.8%) 302(45.8%)

YES 710(33.5%) 353(24.2%) 357(54.2%)

History of spontaneous abortion 0.175

NO 1999(94.3%) 1384(94.8%) 615(93.3%)

YES 120(5.7%) 76(5.2%) 44(6.7%)

History of ectopic pregnancy <0.001

NO 2031(95.8%) 1432(98.1%) 599(90.9%)

YES 88(4.2%) 28(1.9%) 60(9.1%)

History of appendectomy surgery 0.569

NO 2068(97.6%) 1423(97.5%) 645(97.9%)

YES 51(2.4%) 37(2.5%) 14(2.1%)

BMI 0.004

<185 229(10.8%) 40(9.6%) 89(13.5%)

185~249 1700(80.2%) 1 202(82 3%) 498(75.6%)

25~299 154(7.3%) 95(6.5%) 59(9.0%)

>30 36(1.7%) 23(1.6%) 13(2.0%)

2control was the deliveries, °case was the ectopic pregnancies

Univariate and multivariate analysis of risk factors of Discussion

ectopic pregnancy
We performed univariate and multivariate binomial
logistic regression analysis to find risk factors of EP. uni-
variate analysis showed that the variables of age, parity,
history of induced abortion, history of ectopic pregnancy
and BMI were risk factors of EP (P<0.001). The history
of spontaneous abortion was the risk factor with EP and
but not statistically significant (P=0.176). the history of
appendectomy surgery was the protective factor with EP
and but not statistically significant (P=0.569).
Multivariate analysis revealed that the variables of age,
history of induced abortion, history of ectopic pregnancy
and BMI were risk factors for EP(P<0.001). accord-
ing to the value of Odds Ratio from large to small size
was age>35 years old [OR, 5.415; 95%CI, 4.006~7.320,
P<0.001], history of ectopic pregnancy [OR, 3.944;
95%CI, 2.405~6.467; P<0.001], history of induced
abortion[(OR, 3.365; 95%Cl, 2.724~4.158, P<0.001], low
BMI (<18.5 kg/m? [(OR, 1.929; 95%CI, 1.416~2.628,
P<0.001].And yet, Overweight (25 kg/m?~29.9 kg/m?)
was the risk factor of EP but no statistically significant
(P=0.331), obesity(>30 kg/m?) was the protective factor
with EP insignificantly (P=0.803) (Fig. 2).

In this study, we directly included risk factors associ-
ated with ectopic pregnancy as well as body mass index
to conduct univariate and multivariate analysis. This is
a relatively systematic study of risk factors for ectopic
pregnancy, a new variable of body mass index was also
included. We found the history of ectopic pregnancy, his-
tory of induced abortion, age>35 years old and low BMI
(<18.5 kg/m?) were the risk factors with EP. And low BMI
(<18.5 kg/m?) was 1.929 times higher risk to EP com-
pared with normal BMI (18.5 kg/m*~24.9 kg/m?). Our
findings hope that it may improve awareness of these fac-
tors, and further research common to these conditions.
Theoretically, any condition that prevents or retards
migration of the fertilized ovum to the uterus could
predispose a woman to ectopic gestation (current intra-
uterine device use, the history of infertility, the history
of pelvic inflammatory disease, and prior tubal surgery)
[18]. As the economy develops, more and more women
choose the contraceptive method of IUD. The risk of
ectopic pregnancy in different types of intrauterine
device may be different, and the concentration of drugs
in IUDs may have some mechanism of action with fal-
lopian tube function. In addition, IUDs are foreign to
the uterine cavity and may cause the endometrium to
be out of sync with fallopian tube function [19, 20].
Pelvic inflammatory disease (PID) changes the inner
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Variables

Univariate analysis

Multivariate analysis

OR(95%Cl} P OR(95%Cl) P
Age
35 1 1
>35 5.796(4.366~7.693) <0.001 et 5.415(4.006~7.320)  <0.001
Parity
0 1 1
21 1.362(1.114~1.666) 0.003 g 0.872(0.693~1.097) 0.243
History of induced abortion
NO 1 1
YES  3.707(3.052~4.503) <0.001 —o—t 3.365(2.724~4.158)  <0.001
History of spontaneous abortion
NO 1 1
YES 1.303(0.888~1.911) 0.176 b 1.108(0.720~1.705) 0.642
History of ectopic pregnancy
NO 1 1
YES 5.123(3.238~8.104) <0.001 . 3.944(2.405~6.467) <0.001
History of appendectomy surgery
NO 1 1
YES 0.835(0.448~1.555) 0.569 i 1.160(0.597~2.254) 0.661
BMI 0.004 <0.001
<18.5 1.534(1.163~2.041) 0.003 et 1.929(1.416~2.628) <0.001
18.5~24.9 1 1
25~29.9 1.499(1.066~2.109)  0.02 HE— 1.209(0.825~1.773) 0.331
230 1.364(0.686~2.715) 0.376 & 0.905(0.415~1.976)  0.803
TTiliiii
AOR(95%CI)

—— deliveries ectopic pregnancies ——»

Fig. 2 Forest plot of univariate and multivariate of binomial logical regression analysis of EP

environment of the pelvic uterus, affecting the transport
environment of fallopian tubes, thereby increasing the
risk of ectopic pregnancy. The two most common patho-
gens, Neisseria gonorrhoea and chlamydia trachomatis,
have been shown to be mainly associated with ectopic
pregnancy [21-23]. Whether the inflammation caused by
appendicitis also affects the function of fallopian tubes,
there is currently no evidence of higher levels. However,
some retrospective studies have shown that the history of
appendectomy is associated with increasing risk of ecto-
pic pregnancy [24]. In contrast to our study, we found
that women with previous history of appendectomy were
not at increased risk of ectopic pregnancy, either through
univariate analysis or and multivariate analysis. So, the
problem is whether abdominal surgery or inflammation
of the appendix caused the ectopic pregnancy. Similarly,
the history of two or three cesarean deliveries is associ-
ated with increased risk for subsequent ectopic preg-
nancy in relation to women who had one prior cesarean
delivery [25]. We hypothesize that multiple prior cesar-
eans may increase pelvic adhesion leading to tubal hypo-
plasia. However, there is no experimental evidence.

With age, some risk factors associated with ectopic
pregnancy may accumulate. Epidemiological surveys

showed a worldwide phenomenon of postponement of
the age of childbearing to the 30s, fertility rates were also
declining [26]. With the improvement of economic and
educational level, the divorce rate and multiple sexual
partners among these women are likely to increase [27].
This may lead to pelvic inflammatory disease and tubal
disease, and ectopic pregnancy. In a Chinese study, the
proportion of EP among those >35 years old was reversed
from a downward trend (2011-2016 annual percentage
change (APC)—4.13) to an upward trend (2016-2020
APC 4.04) [28]. Some study showed that age>35 years
increased the risk of ectopic pregnancy [29, 30]. In agree-
ment with our data, ectopic pregnancy was more likely to
occur over the age of 35, the value of odds ratio was 5.415
and the largest in this study, there was a major impact
effect on ectopic pregnancy.

There has been a great deal of research showing that
an increased risk of repeat EP in patients with history
of ectopic pregnancies. In a large French case-control
study, women with one ectopic pregnancy had the higher
risk of repeated ectopic pregnancy (OR=12.5), espe-
cially for women with two or more ectopic pregnancies
[9]. In a recent study, women with the history of ecto-
pic pregnancy had the 2.72 times higher risk of ectopic
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pregnancy recurrence (Adjusted odds ratio [AOR]=2.72,
95% confidence interval [CI]: 1.83-4.05) [19]. In our
study, multivariate analysis showed that the risk of ecto-
pic pregnancy was 3.944 times higher in women with
the history of ectopic pregnancy. Women with previous
history of ectopic pregnancy may affect fallopian tube
function after conservative or surgical treatment, such as
oviduct blockage, oviduct water accumulation, oviduct
inflammation, etc.

Induced abortion remains noticeable in China [31]. In a
recent cross-sectional study, of all abortions, 65.2% were
repeat induced abortions [32]. The history of induced
abortion was associated with an increased risk of ectopic
pregnancy [OR, 1.5; 95%ClI, 1.0~2.0], particularly in the
case of women who have had several induced abortions
[33]. In a prospective study by Skjeldestad, Induced abor-
tion did not increase the risk of ectopic pregnancy [34].
In our study, the history of induced abortion was sig-
nificantly associated with ectopic pregnancy(OR, 3.365;
95%CI, 2.724~4.158). But the relationship between his-
tory of spontaneous abortion and ectopic pregnancy was
no statistically significant. We assumed that one or more
abortions increased the chance of uterine manipulation,
leading to an enhanced risk of uterine infection. The pos-
sibility of pelvic inflammatory disease and tubal disease
cannot be excluded.

In this study, we considered the inclusion of body mass
index to explore the risk factors for ectopic pregnancy.
However, the relationship between BMI and EP is rarely
studied. Pan pointed out that obese women have a higher
risk of EP [16], and it was suggested that low BMI was
associated with EP after receiving ART in this prospec-
tive study [15]. In these studies, the relationship between
BMI and EP was not directly investigated, and other fac-
tors associated with EP were not controlled. Therefore,
there was difference. In our study, by including risk fac-
tors associated with EP, multivariate analysis showed that
body mass index was associated with EP after adjustment
and appeared in low BMI (<18.5 kg/m?). There were few
reports in the literature on the mechanism. We consider
that leptin levels in women with low body mass index
are alternately regulated with insulin growth factor-1
[35, 36], and that leptin is critically linked to reproduc-
tive function [37]. However, a unique hormonal regula-
tion exists during embryonic development, maturation,
and egg transport through the fallopian oviduct [38].
This suggests that it may affect embryonic development
and fallopian tube function by impacting hormonal
regulation.

This study is a retrospective study, which effect is less
than randomized controlled studies. Subsequent mul-
ticenter trial and large-sample research is required.
The BMI is a new risk factor compared to other factors,
which is a highlight of our research. We are better able to
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regulate weight relative to other physiological factors to
guide the clinical.

Conclusion

The history of ectopic pregnancy, history of induced
abortion and age>35 years old were the risk factors
with EP. In addition to the traditional risk factors, we
found an association between body mass index and
the risk of ectopic pregnancy. Women with a low BMI
(<18.5 kg/m?) had a slightly higher risk of ectopic preg-
nancy than women with normal BMI. We hope future
studies focus on these risk factors and advocate a healthy
body mass index to protect female fertility by improving
body mass index.

Abbreviations
EP Ectopic pregnancy
BMI Body mass index
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