
O R I G I N A L  R E S E A R C H

A Retrospective Evaluation of Pregnancy 
Outcomes Following Bariatric Surgery: A 
Single-Center Experience
Xiufang Wang1,*, Jia Liu 1,*, Andong He1, Zhiyong Dong2–4, Xiaomei Chen2–4, Shuqing Yu2–4, 
Lilian Gao2–4, Huaxi Wang2–4, Wenhui Chen 2–4, Ruixiang Hu2–4, Shuwen Jiang2–4, Jianxue Wang2–4, 
Yuan Chen2–4, Cunchuan Wang2–4, Wah Yang 2–4, Ruiman Li1

1Department of Obstetrics and Gynecology, The First Affiliated Hospital of Jinan University, Guangzhou, People’s Republic of China; 2Department of 
Metabolic and Bariatric Surgery, The First Affiliated Hospital of Jinan University, Guangzhou, People’s Republic of China; 3Jinan University Institute of 
Obesity and Metabolic Disorders, Guangzhou, People’s Republic of China; 4Guangdong-Hong Kong-Macao Joint University Laboratory of Metabolic 
and Molecular Medicine, Guangzhou, People’s Republic of China

*These authors contributed equally to this work 

Correspondence: Ruiman Li, Department of Obstetrics and Gynecology, The First Affiliated Hospital of Jinan University, No. 613, Huangpu Avenue West, 
Guangzhou, People’s Republic of China, Email hqyyck@126.com; Wah Yang, Department of Metabolic and Bariatric Surgery, The First Affiliated Hospital 
of Jinan University, No. 613, Huangpu Avenue West, Guangzhou, People’s Republic of China, Email yangwah@qq.com; yangwah@connect.hku.hk

Background: Bariatric and metabolic surgery (BMS) is an effective treatment for obesity and its complications, but its effect on 
pregnancy outcomes is inconclusive. The present study aimed to investigate women’s pregnancy status and outcomes as well as the 
impact of pregnancy intervals after BMS.
Methods: The menstrual cycle and fertility status of women who underwent BMS in our centre between July 2010 and January 2021 
were retrospectively analyzed and followed up until one-year post-delivery. The pregnancy outcomes after BMS were observed, 
including changes in weight, pregnancy interval, pregnancy complications, weight and health status of the newborn (premature birth, 
admission to neonatology, or deformity).
Results: We identified 31 women who were successfully conceived after BMS. There were statistical differences in weight and 
menstrual status before and post-operation (P < 0.05), and 77.97% of them had remission or recovery of obesity-related comorbidities. 
Eighteen patients delivered successfully after BMS, but there were still 12 cases of spontaneous abortion and 1 case of induced 
abortion. The abortion rate in pregnancy intervals less than 2 years was higher than those ≥2 years (P = 0.045). Of the women who 
delivered successfully, 5 had pregnancy-specific complications, including gestational diabetes mellitus and hypertensive disorder of 
pregnancy. However, the growth and development of the newborn are normal since the birth follow-up.
Conclusion: The present results suggest that the abortion rate in pregnancy intervals less than 2 years was higher than those ≥2 years. 
It is recommended that postoperative patients avoid pregnancy until their weight is stable to reduce the risk of adverse pregnancy 
outcomes.
Keywords: pregnancy, bariatric surgery, metabolic surgery, obesity

Introduction
Recently, the prevalence of obesity is increasing worldwide. More than one-third of adults are overweight or in severe 
obesity in China, and the overweight and obesity rates of Chinese women of reproductive age are 25.4% and 9.2%, 
respectively. However, the prevalence of severe obesity in China remains unclear.1–5 A variety of diseases caused by 
obesity have become a worldwide public health problem.6–9 Obesity can not only increase the risk of a series of 
noninfectious chronic diseases but also lead to many pregnancy complications and adverse pregnancy outcomes, such as 
miscarriage, premature delivery, hypertensive disorder complicating pregnancy, gestational diabetes mellitus, fetal 
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abnormalities, postpartum haemorrhage, thrombosis and puerperal infection.10,11 Therefore, it is important for pregnant 
women to control the weight.

Many patients with severe obesity have received bariatric and metabolic surgery (BMS), including women of 
childbearing age.12–14 In China, the number of BMS in 2020 is 12,837, but the number of BMS performed in women 
of childbearing age is unclear.15 BMS for women of childbearing age also poses clinical challenges for subsequent 
pregnancies, requiring multidisciplinary collaboration for rigorous prenatal management. Bariatric and metabolic surgery 
for pregnancy has been reported to reduce the incidence of preeclampsia, gestational diabetes, and large for gestational 
age infants. Still, it may increase the risk of fetal growth restriction, preterm birth, neonatal intensive care unit 
hospitalization, and increased perinatal mortality.16,17 Short pregnancy intervals may also increase the risk of maternal 
morbidity and mortality.18 However, some studies have shown that pregnancy after BMS is not associated with adverse 
perinatal outcomes.19,20 There were also no significant differences in pregnancy complications and neonatal outcomes 
between women who conceived within the first 12 months of surgery and those who conceived later.21 Thus, the effect of 
BMS for women’s pregnancy outcomes could not be fully determined.

The existing evidence mainly comes from the population of western developed countries, which is not fully 
applicable to the Chinese population, and further research and discussion are needed. Therefore, in the present study, 
we reviewed the pregnancy and delivery outcomes of women undergoing BMS in our center, aiming to evaluate the 
impact of BMS on pregnancy.

Materials and Methods
Patients
Participants who were age ≥ 20 and underwent spontaneous and singleton pregnancy after BMS in the First Affiliated 
Hospital of Jinan University from July 2010 to January 2021 were included. Retrospective analysis of pregnancy 
outcomes and pregnancy complications after BMS was performed using the prospective managed database in our center. 
The follow-up of these patients after surgery and their relevant clinical information were obtained through the electronic 
medical record, questionnaire surveys, and telephone interviews. Information on BMS and 6 months after this surgery 
was obtained from the electronic medical record, and information on postoperative pregnancy was obtained from the 
questionnaire surveys and telephone interviews. WeChat, questionnaire star, and telephone were used for survey and 
interview. All patients met the criteria for BMS according to the Chinese Surgical Guidelines for Obesity and Type 2 
Diabetes (2019) by the Chinese Society for Metabolic and Bariatric Surgery (CSMBS).22 Since the nature of the present 
study is retrospective and there were no interventions that may affect the patient’s interests as well as the included 
patients were not recontacted specifically for the study, it was orally approved by the Scientific and Ethics Review 
Committees of the First Affiliated Hospital of Jinan University and the informed consent and approval number for the 
study had been waived. Notably, the guidelines of the Declaration of Helsinki were followed, and all patient data was de- 
identified to achieve the confidentiality.

Surgical Procedures
Standard laparoscopic sleeve gastrectomy (LSG) and laparoscopic Roux-en-Y gastric bypass (LRYGB) were performed 
by a single surgeon and managed by the same surgical team. The surgical techniques were described previously.23

Clinical Parameters
Clinical data of the patients included preoperative weight, preoperative body mass index (BMI), types of surgeries, 
postoperative weight change and BMI, the interval from surgery to pregnancy, weight gain during pregnancy, post- 
delivery weight, postpartum one-year weight and BMI, miscarriage events, complications of pregnancy (including 
gestational diabetes mellitus, preeclampsia, intrahepatic cholestasis of pregnancy, etc.), and adverse birth outcomes 
(including preterm birth, stillbirth, small for gestational age, and birth defects). Notably, Questionnaire stars was used 
to directly ask patients whether their menstrual cycle was regular. For pregnant women with a pre-pregnancy BMI < 
18.5, the weight-gain range should be 12.5–18.0 kg; for pregnant women with a pre-pregnancy BMI of 18.5–24.9, the 
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weight-gain range should be 11.5–16.0 kg; for women with a pre-pregnancy BMI of 25.0–29.9, the weight-gain range 
should be 7.0~11.5 kg; For pregnant women with a pre-pregnancy BMI over 30.0, the weight gain should range from 
5.0 to 9.0 kg. Below or above the abovementioned weight-gain range is defined as inadequate or excessive weight 
gain. For the convenience of statistics, cases with two or more births are included in the statistics with the first child.

Statistical Analysis
SPSS 23.0 statistical software was used to process and analyze the measured data. The missing data were replaced by the 
median of other non-zero data. Fisher’s exact test was used for comparing the counting data (total number of cases < 40). 
Student’s t-test (obeyed normal distribution) or nonparametric (did not obey normal distribution) test was used for 
comparing the measuring data. Friedman test was used for comparing preoperative and postoperative data, which did not 
follow a normal distribution. The test level was α = 0.05.

Results
Basic Characteristics of the Patients
Forty women of childbearing age who underwent BMS in our center were conceived spontaneously without receiving ovulation 
stimulation therapy or other medical treatment. Among them, four women who were unwilling to be followed up (consent rate: 
90.0%, attrition rate: 10.0%), four women who were still pregnant, and one woman who was less than one year postpartum were 
excluded, 31 women were finally eligible for inclusion. The characteristics of these patients are shown in Table 1.

Table 1 Changes in Weight and BMI Before BMS, During Pregnancy After BMS, and After Delivery

Observation Time and Parameter Mean ±S.D./Median (P25, P75) Range

Prepregnancy Characteristics

Pre-operation weight (kg) 92.60 (85.70, 110.30) 77.00–137.70
Pre-operation BMI (kg/m2) 36.65 ± 5.45 28.61–49.32

Age at the time of operation (years) 29.39 ± 3.85 22.00–40.00

Types of BMS, n (%)
LSG 18 (58.06)

LRYGB 13 (41.94)

Weight and BMI Changes after BMS
Weight 1 month post operation (kg) 82.50 (76.30, 93.40) 70–123.30

BMI 1 month post operation (kg/m2) 32.42 ± 4.69 25.81–44.16

Weight loss within 1 month post operation (kg) 11.25 ± 3.96 4.00–22.30
Weight 6 months post operation (kg) 73.13 ± 14.32 53.00–110.00

BMI 6 months post operation (kg/m2) 27.35 ± 4.81 19.19–39.39
Weight loss within 6 months post operation (kg) 24.76 ± 8.40 10.00–47.00

Pregnancy Characteristics

Weight at conception (kg) 65.00 (61.00, 82.00) 50.00–150.00
BMI at conception (kg/m2) 25.67 (22.44, 31.60) 18.51–55.10

Weight during 3rd trimester (kg) 78.00 (73.38, 95.50) 57.00–180.00

Weight gain during pregnancy (kg) 13.08 ± 5.98 3.00–30.00
Postpartum Characteristics

Weight post delivery (kg) 71.00 (62.00, 89.25) 55.00–170.00

Weight 1 year post delivery (kg) 70.50 (60.00, 87.00) 51.00–190.00
BMI 1 year post delivery (kg/m2) 27.17 (23.91, 30.02) 18.87–69.79

Current weight (Dec.-2021) (kg) 72.50 (64.00, 84.00) 50.00–190.00

Current BMI (Dec.-2021) (kg/m2) 27.38 (24.22, 30.09) 18.59–69.79
Duration for delivery from DoS (months) 24.00 (12.00, 36.00) 5.00–84.00

Note: Data are presented as mean ± S.D. or median (P25, P75) or numbers (percentages). 
Abbreviations: BMI, body mass index; BMS, bariatric and metabolic surgery; DoS, date of surgery; LRYGB, laparoscopic Roux-en 
-Y gastric bypass; LSG, laparoscopic sleeve gastrectomy; S.D., standard deviation.
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Changes in Weight and BMI
Compared with pre-operation, the weight and BMI of the patients after the operation were significantly lower than before, and 
the mean difference at each observation time point was statistically significant (P < 0.05). For those who delivered after 
operation (n = 18), 9, 7, and 2 gained excessive, adequate, and inadequate weight during gestation, respectively. The BMI at 
conception was 25.67 (22.44, 31.60) kg/m2, of which 72.2% (n = 13) women had a BMI < 30 kg/m2; however, there were three 
patients had a BMI higher than 35 kg/m2. The weight post-delivery at one year was 70.50 (60.00–87.00) kg. The BMI was 
27.17 (23.91, 30.02) kg/m2, of which only 22.2% (n = 4) recovered to the original weight (the lowest weight at the time of 
pregnancy was detected) within one year post delivery, and 77.8% (n = 14) still did not recover to the original weight within 
one year post delivery. More details are shown in Table 1 and Figure 1.

Menstrual Changes Pre- and Post-BMS
Seventeen patients had menstrual disorders before surgery, with an overall menstrual disorder rate of 54.84%, while 11 
patients had normal menstruation after BMS, with a 64.71% improvement rate. After the operation, the total menstrual 
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Figure 1 Changes of body weight and BMI in various periods. (A) Body weight of all patients before and post operation (n = 31); (B) BMI of all patients before and post 
operation (n = 31); (C) body weight of patients with successful delivery in different periods (n = 18); (D) BMI of patients with successful delivery in different periods (n = 18). 
*P < 0.05, **P < 0.01, ***P < 0.001.
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disorder rate was 19.35%, significantly lower than before. The difference in menstrual changes before BMS was statistically 
significant (P = 0.000), as shown in Table 2. In addition, we found that three patients with irregular menstruation had 
polycystic Ovary Syndrome (PCOS) before BMS and two of them normalized menstrual function postoperatively.

Comorbidities and Complications Pre- and Post-BMS
In our cohort, 96.77% of patients undergoing BMS had one or more obesity-related diseases before surgery, including 
dyslipidemia, uric acid abnormality, diabetes, sleep apnea syndrome and hypertension. Most of these comorbidities were 
relieved or even cured after the operation (77.97%) at the follow-up point in December, 2021. However, two patients 
with diabetes were still under control with drugs, and two patients with thyroid diseases continued to receive medical 
treatment. In addition, two patients developed symptoms of anaemia after the operation, and one patient developed 
dumping syndrome after the operation, as detailed in Table 3.

Complications of Pregnancy and Pregnancy Outcomes
Twenty-two patients had never had a pregnancy before surgery, and nine had been conceived spontaneously. Eighteen 
cases were successfully delivered, but 12 cases still had a spontaneous abortion, and one patient had induced abortion due 
to a personal request. We compared the pregnancy outcomes with pregnancy intervals less than 2 years (n = 10) and ≥2 
years (n = 20) and found that the abortion rate of pregnant women with pregnancy intervals less than 2 years was higher 
(P = 0.045), as detailed in Table 4. Table 5 shows the pregnancy characteristics of pregnant women who delivered 
successfully after BMS. Among them, five patients (27.78%) had pregnancy-specific complications, including gestational 
diabetes mellitus and hypertensive disorder of pregnancy. None of the patients had complications related to delivery. The 
growth and development of the newborn are normal since the birth follow-up.

Comparison of Results Based on Pregnancy Intervals
In our postoperative successful delivery cohort, we compared the results of pregnancy between ≤ 24 months after BMS 
(A1) and > 24 months of pregnancy (A2). Among them, 50% (n = 9) of patients became pregnant less than 24 months 
after weight loss, and 50% (n = 9) became pregnant more than 24 months after the operation. In group A1, 33.3% 
underwent LSG, and 66.7% underwent LRYGB. In A2, 55.6% underwent LSG, and 44.4% underwent LRYGB. The 

Table 2 Menstrual Changes Before and Post Operation

Regular Menstruation Irregular Menstruation P

Group 0.000c,***
Before operation, n (%) 14 (45.16) 17 (54.84)

Post operation, n (%) 25 (80.65) 6 (19.35)

Notes: Data are presented as numbers (percentages). cFisher’s exact test. ***P < 0.001.

Table 3 Obesity-Related Comorbidities Before and Post-Operation

Obesity-Related Comorbidities  
(n, %)

Before Bariatric Surgery  
(n = 31)

Improved Post-Bariatric Surgery  
(n = 31)

Dyslipidaemia or fatty liver 26 (83.87) 19 (61.29)

Hyperuricemia 10 (32.26) 8 (25.81)

Diabetes mellitus 9 (29.03) 7 (22.58)
PCOS 4 (12.90) 4 (12.90)

Thyroid disease 4 (12.90) 2 (6.45)

Sleep apnea syndrome 3 (9.68) 3 (9.68)
Hypertension 3 (9.68) 3 (9.68)

Note: Data are presented as numbers (percentages). 
Abbreviation: PCOS, polycystic ovary syndrome.
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study showed no significant difference in pregnancy weight, pregnancy weight gain, late pregnancy weight, postpartum 
weight, one-year postpartum weight, newborn birth weight, gestational age, delivery mode, and pregnancy complications 
between the two groups (P > 0.05). See Table 6 for details.

Table 5 Pregnancy Characteristics of Pregnant Women Who Delivered 
Successfully After Bariatric Surgery

Pregnancy Characteristics All (n = 18)

Average interval from operation to pregnancy (weeks) 29.00 (24.00, 60.00)  
(24.00, 60.00)

Average gestational weeks of delivery (weeks) 38.99 ± 1.64

Mode of delivery, n (%)
Vaginal 10 (55.56)

Cesarean section 8 (44.44)

Maternal complications, n (%)
GDM or diabetes complicated with pregnancy 5 (27.78)

Hypertensive disorders of pregnancy 2 (11.11)

Pregnancy complicated with thyroid disease 2 (11.11)
Pregnancy complicated with anemia 6 (33.33)

Neonatal characteristics

Average birth weight (kg) 3.17 ± 0.49
Premature delivery, n (%) 1 (5.56)

Neonatal intensive care, n (%) 2 (11.11)

Note: Data are presented as mean ± S.D. or median (P25, P75) or numbers (percentages). 
Abbreviation: GDM, gestational diabetes mellitus.

Table 4 Comparison of Results Based on Pregnancy Intervals in All Case

Details Postoperative Pregnancy 
Interval < 2 Years (n = 10)

Postoperative Pregnancy 
Interval ≥ 2 Years (n = 20)

P

Mean age at the time of 

surgery (years)

30.50 (28.50, 32.00) 29.50 (26.00, 31.00) 0.310b

Type of surgery, n (%) 1.000c

LSG 6 (60.00) 11 (55.00)

LRYGB 4 (40.00) 9 (45.00)

Abortion, n (%) 7 (70.00) 5 (25.00) 0.045c,*

Notes: Data are presented as median (P25, P75) or numbers (percentages). bNonparametric test; cFisher’s exact test. *P < 0.05. 
Abbreviations: LRYGB, laparoscopic Roux-en-Y gastric bypass; LSG, laparoscopic sleeve gastrectomy.

Table 6 Comparison of Results Based on Pregnancy Intervals in Those with Successful 
Postoperative Delivery

Details A1 (n = 9) A2 (n = 9) P

Type of surgery, n (%) 0.640c

LSG 3 (33.33) 5 (55.56)
LRYGB 6 (66.67) 4 (44.44)

Weight at conception (kg) 68.00 (63.50, 80.50) 64.00 (56.50, 97.50) 0.670b

Weight gain during pregnancy (kg) 13.44 ± 3.57 12.72 ± 7.93 0.810a

Weight in the third trimester (kg) 78.00 (76.00, 92.50) 75.00 (67.50, 106.50) 0.670b

Weight post delivery (kg) 72.00 (63.50, 89.50) 70.00 (61.00, 91.50) 0.670b

Weight 1 year post delivery (kg) 73.50 (60.50, 87.00) 68.00 (60.00, 88.50) 0.610b

Gestation week of delivery (week) 39.67 ± 1.73 38.32 ± 1.30 0.080a

(Continued)

https://doi.org/10.2147/DMSO.S386773                                                                                                                                                                                                                               

DovePress                                                                                             

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2022:15 3674

Wang et al                                                                                                                                                            Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Comparison of Results Based on BMI at Conception
In our cohort of successful postoperative deliveries, we compared the differences between patients with BMI < 30 kg/m2 

(B1) and BMI ≥ 30kg/m2 (B2) at conception. In B1, 7 (53.8%) patients had LSG and 6 (46.2%) had LRYGB. In B2, 1 
(20%) had LSG and 4 (80%) had LRYGB. The study showed differences in weight in the third trimester of pregnancy, 
weight post-delivery, and weight in the first-year post-delivery between the two groups. At the same time, there were no 
significant differences in weight gain during pregnancy, birth weight of newborn, gestational age, mode of delivery, and 
complications of pregnancy (P > 0.05), indicating that BMI increased weight during pregnancy and pregnancy safety 
were the same at different times of conception. See Table 7 for details.

Discussion
The present study aimed to observe women’s pregnancy status and outcomes after BMS. Our results indicate that 
pregnancy after BMS seems to exhibit certain risk. And it is recommended that postoperative patients avoid pregnancy 
until their weight is stable to reduce the risk of adverse pregnancy outcomes.

The incidence of overweight and obesity is increasing rapidly worldwide, and BMS is still the most effective way to 
treat severe obesity and its related complications.24 Studies have shown that BMS can contribute to dramatic weight loss, 

Table 7 Comparison of Results Based on BMI at Conception

Details B1 (n = 13) B2 (n = 5) P

Type of surgery, n (%) 0.310c

LSG 7 (53.85) 1 (20.00)
LRYGB 6 (46.15) 4 (80.00)

Weight at conception (kg) 62.77 ± 7.94 102.20 ± 28.23 0.030a,*

Weight gain during pregnancy (kg) 12.42 ± 4.17 14.80 ± 9.73 0.470a

Weight in the third trimester (kg) 75.00 (69.50, 78.50) 105.00 (96.00, 144.00) 0.000b,***

Weight post delivery (kg) 65.00 (61.00, 72.00) 94.00 (84.50, 136.50) 0.000b,***

Weight 1 year post delivery (kg) 68.00 (56.50, 73.75) 87.00 (78.50, 146.50) 0.010b,*
Gestation week of delivery (weeks) 38.58 ± 1.63 40.06 ± 1.23 0.090a

With pregnancy complications, n (%) 8 (61.54) 4 (80.00) 0.620c

Type of delivery, n (%) 1.000c

LSCS 6 (46.15) 2 (40.00)

Normal 7 (53.85) 3 (60.00)

Mean weight of babies (kg) 3.17 ± 0.56 3.19 ± 0.32 0.940a

Notes: B1 included patients with BMI < 30 kg/m2 and B2 included patients with BMI ≥ 30 kg/m2 at conception. Data are 
presented as mean ±SD or median (P25, P75) or percentages (numbers). aStudent’s t-test; bNonparametric test; cFisher’s 
exact test. *P < 0.05. ***P < 0.001. 
Abbreviations: LRYGB, laparoscopic Roux-en-Y gastric bypass; LSCS, lower segment cesarean section; LSG, laparoscopic 
sleeve gastrectomy.

Table 6 (Continued). 

Details A1 (n = 9) A2 (n = 9) P

With pregnancy complications, n (%) 6 (66.67) 6 (66.67) 1.000c

Type of delivery 0.640c

LSCS 5 (55.56) 3 (33.33)

Normal 4 (44.44) 6 (66.67)

Mean weight of babies (kg) 3.28 ± 0.60 3.07 ± 0.36 0.360a

Notes: A1 patients with postoperative pregnancy interval of less than or equal to 2 years and A2 patients with 
postoperative pregnancy intervals of more than 2 years. Data are presented as mean ± SD or median (P25, P75) or 
percentages (numbers). aStudent’s t-test; bNonparametric test; cFisher’s exact test. 
Abbreviations: LRYGB, laparoscopic Roux-en-Y gastric bypass; LSG, laparoscopic sleeve gastrectomy; LSCS, lower 
segment cesarean section.
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sustained at least 4 years after surgery, as well as help to achieve glycemic control in obese patients with uncontrolled 
type 2 diabetes.25,26 In the present study, patients’ average weight and BMI decreased by 25% within six months after the 
operation. The body weight of 72.2% of patients returned to normal at conception (BMI < 30 kg/m2). Thus, BMS has 
a significant effect on weight loss and can highlight the impact of surgery within a short period after the operation, which 
is consistent with the conclusions of previous studies.27

Additionally, BMS can also improve the symptoms of menstrual disorders in obese patients of childbearing age and 
improve women’s fertility. A study showed that 38.6% of women had menstrual dysfunction before the operation, and 
about 35.4% of patients returned to normal menstruation after BMS.28 In the present study, among the women with 
menstrual disorders before the operation, about 65% of the patients had regular menstruation recovery after an operation. 
However, there are still some patients whose menstruation has not recovered after the operation. The relationship 
between bariatric surgery and menstrual disorders remains to be further explored, and patients after BMS should 
continue to strengthen lifestyle management since menstruation may be affected by various factors.29

Studies have shown that more than half of the patients undergoing BMS are women of childbearing age, most of 
whom have reproductive needs.30 Overall, BMS helps to reduce the incidence of preeclampsia, gestational diabetes, and 
large for gestational age infants but increases the risk of small for gestational age infants (SGA).16,31,32 Gastric bypass is 
associated with a higher risk of SGA than other procedures, which may be related to malabsorption of nutrients during 
postoperative pregnancy.33 In particular, with rapid weight loss during the first 1–2 years after surgery, pregnancy has 
a higher risk of nutrient deficiency, leading to increased rates of fetal malnutrition and obstetric complications.18 

Therefore, most scholars recommend delaying pregnancy after BMS for at least one year,34–37 but the evidence 
supporting this recommendation is insufficient. In addition, several studies have shown no association between interval 
time and adverse pregnancy or neonatal outcome and delaying pregnancy time does not appear to have any greater 
benefit.21,38–40 The present study compared pregnancy results two years after surgery with pregnancy after two years. We 
also found that the incidence of pregnancy complications and the newborn’s birth weight were not statistically significant 
between the two groups. However, we observed spontaneous abortion in up to 38% of pregnancies in the study cohort. 
The time interval from surgery to pregnancy was shorter in these patients than in live births after surgery. We further 
found that the abortion rate of pregnant women with pregnancy intervals less than 2 years was higher compared with 
those with pregnancy intervals ≥2 years. A previous study indicated that abortion occurred more often after RYGB 
(OR=9.81, 95% CI: 1.12–85.71),33 but other studies observed no change in abortion rate (38.7% vs 56.5%, P = 0.256).41 

Therefore, the relationship between BMS and abortion was inconsistent, which needs more evidence.
In addition, during the follow-up, we found that anemia during pregnancy is a common problem. After BMS, changes 

in intestinal anatomy, poor absorption of trace elements, and increased nutritional requirements during pregnancy make 
pregnant women more prone to anemia. A recent systematic review also confirmed an increased risk of anemia and 
decreased ferritin levels in pregnancy after BMS.42 However, there is a close correlation between pregnancy anemia and 
adverse pregnancy outcomes.43 Therefore, the guidelines also recommend that nutritional supplementation be optimized 
3 to 6 months before conception, and iron, ferritin, and transferrin levels should be regularly monitored to prevent and 
treat anemia during pregnancy.34,44

The present study had some limitations, such as this was a retrospective and single-institution study which may limit 
the generalizability of study results, and a relatively small sample size, resulting in insufficient statistical power. 
Additionally, the potential confounding variables could not be controlled. But to the best of our knowledge, this is the 
first study on pregnancy after BMS in the Chinese population, which may provide preliminary evidence for the effect of 
BMS for pregnancy. It added evidence for pregnancy safety after BMS in specific populations in China under the “one- 
child policy”. With the policy that has become more open in the past few years that people can have more than one child, 
future multicenter research can be conducted to clarify further the impact of BMS on pregnancy outcomes in female 
patients and their offspring.

Conclusions
The present study showed that BMS substantially impact weight control and management in women with obesity and can 
significantly improve most obesity-related comorbidities. The abortion rate in pregnancy intervals less than 2 years was 
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higher than those ≥2 years. In addition, it is necessary to strengthen the intake of nutrients during postoperative 
pregnancy. For example, increasing iron supplements can reduce gestational anemia. Therefore, postoperative trace 
element supplements and monitoring are also essential.
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