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Abstract
Background: Underweight and overweight may affect reproduction and interfere with treatment of
infertility. In the present retrospective analysis, we sought to evaluate the effect of low body mass index
(BMI) on pregnancy and perinatal outcomes in frozen–thawed embryo transfer (FET) cycles.

Methods: This study involved 8,755 FET cycles in a single IVF center during the period from January
2009 to December 2018. Both pregnancy and perinatal outcomes were assessed in women who were
underweight, normal weight, and overweight as de�ned based on a respective BMI < 18.5 kg/m2, ≥ 18.5
BMI <24.9 kg/m2, and BMI ≥ 25 kg/m2.

Results: Being underweight was linked to reduced implantation rates as compared to a normal weight
(33.56% vs. 37.26%). Similarly, when comparing outcomes in underweight women to those in normal
weight women, rates of clinical pregnancy (48.14% vs. 53.85%) and ongoing pregnancy (43.04% vs.
50.47%) were reduced. Rates of miscarriage were markedly reduced in the normal weight group relative to
the overweight group (10.73% vs. 13.37%). Perinatal outcomes were largely comparable for all groups,
with the exception of very low birth weight rates (normal weight:0.58% vs. overweight: 2.03%) and very
preterm delivery rates (normal weight:0.82% vs. overweight: 2.03%), which were signi�cantly elevated for
overweight mothers.

Conclusions: These results indicate that being underweight is linked to negative pregnancy outcomes
when undergoing FET-based IVF. 

Introduction
Reproductive outcomes have been shown to be linked to maternal weight in a wide variety of studies. For
example, women who are either underweight or overweight/obese have higher rates of anovulatory
infertility (1). Indeed, there are many studies indicating that obesity adversely affects fertility (2, 3), the
effectiveness of assisted reproductive technology (ART) (4, 5), and pregnancy/obstetric outcomes (6, 7).
There is, however, very little data with respect to how being underweight (body mass index [BMI] < 
18.5 kg/m2) in�uences these same outcomes. Studies that have been published provide inconsistent
�ndings, potentially as a consequence of variability in methodology, inclusion criteria, BMI de�nitions,
outcomes assessed, or adjustments based on confounding variables (8). In addition, while some studies
of IVF report on multiple treatment outcomes, some report only upon the �rst treatment cycle so as to
prevent analytical complications stemming from the analysis of multiple, non-independent cycles in a
given individual (9).

Frozen-embryo transfer is a technique that is now being widely applied, with more and more frozen cycles
being employed worldwide (10). This strategy depends upon the initial cryopreservation of all embryos,
which are, upon thawing, transferred in a cyclical manner into more appropriate and physiologically
relevant conditions (11). Some reports suggest that pregnancies achieved via FET have lower rates of
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adverse complications, such as antepartum hemorrhaging, and superior infant outcomes, such as a
decreased rates of perinatal death and increased weight at birth (10).

To the best of our knowledge, no studies have investigated the possible relationship between low BMI
and neonatal outcomes in FET cycles. Previously published data exclusively focused on fresh IVF cycles,
without ruling out the possibility of adverse fetal growth caused by a hyperestrogenic milieu (12). This
study therefore sought to explore how maternal low BMI in�uences pregnancy and neonatal outcomes in
women undergoing FET.

Materials And Methods
Study subjects

This was a retrospective cohort study conducted between January 2009 and December 2018 at the
Department of Assisted Reproduction of the Ninth People's Hospital of Shanghai Jiao Tong University
School of Medicine. Any women during this time scheduled to complete their initial FET cycle were
enrolled to participate based on the following inclusion criteria: 1) 20-40 years old; 2) cycle day 3 FSH <10
IU/l. Patients were excluded if they met the following criteria: 1) Ovarian failure as determined by a lack
of antral follicles upon ultrasound assessment, FSH >10 IU/L; 2) Prior diagnosis of diabetes or
hypertension; 3)Recurrent miscarriage or ≥2 spontaneous abortions; 4) Chromosomal abnormalities in
either spouse; 5) Endocrine abnormalities (polycystic ovarian syndrome, hyperprolactinemia, abnormal
thyroid function, etc.). Certain drugs and diseases that can cause underweight are excluded, including
amphetamines, hyperthyroidism, Diabetes, Addison’s disease, Sheehan syndrome, Chronic gastritis,
In�ammatory bowel disease, Hepatitis, tuberculosis, malignant tumor and anorexia nervosa. This study
was approved by the Ethics Committee (Institutional Review Board) of the Ninth People's Hospital of
Shanghai. And the study was conducted according to the Declaration of Helsinki for medical research
and informed consent was obtained. Patient demographic information and cycle parameters were
recorded in our medical records system. Patient BMI was determined as follows: BMI = weight/height2

(kg/m2) during the initial patient consult. Based on these BMI results, patients were divided into three
categories based on World Health Organization (WHO) criteria: < 18.5 kg/m2 (underweight), 18.5–24.9
kg/m2 (normal), 25.0–29.9 kg/m2 (overweight). Patients with a BMI>30 kg/m2 were not included in this
study of low body weight.

Endometrial Preparation and Frozen Embryo Transfer

Detailed descriptions of embryo culture, endometrial preparation, and embryonic transfer have been
presented in our previous publications (13). Embryos were assessed as a means of establishing
blastomere numbers and morphology, and in order to determine embryonic disintegration levels based
upon Cummins's criteria (14). Those embryos deemed to be of high-quality (grade 1 or 2, 8-cell embryos)
underwent vitri�cation in order to freeze them three days following the retrieval of the oocytes. Low
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quality embryos instead underwent extended culture until reaching a blastocyst stage, and on day 5-6
those morphologically normal blastocysts were also frozen.

Outcomes

Pregnancy outcomes assessed in this study included rates of implantation, clinical pregnancy, ongoing
pregnancy, and live births/transfer cycle. Rates of implantation were determined based upon an
ultrasound-mediated quanti�cation of gestational sac numbers relative to numbers of embryos
transferred. Clinical and ongoing pregnancy rates were determined on the basis of ultrasound-mediated
gestational sac and fetal heartbeat detection at gestational week 7 and 12, respectively. Live births were
determined based upon the delivery of at least one live child after gestational week 24. We additionally
recorded rates of early/late miscarriage (before gestational week 24), stillbirths, ectopic pregnancies, and
terminations as a result of fetal developmental issues. Congenital malformations were identi�ed
according to International Classi�cation of Diseases Q codes (Q00–Q99) based on registered conditions
and diseases (15).

Statistical analysis

SPSS v18.0 (SPSS Inc., IL, USA) was used for all analyses. For continuous variables, the normality was
tested by the graphical use of histograms and Q-Q plots as well as the Shapiro-Wilk test. If data are
normally distributed then they were presented as mean with standard deviation (SD), otherwise they were
presented as median (min - max). Continuous variables were compared via one-way ANOVA, while
categorical variables were compared via chi-squared tests. Logistic regressions were utilized to
determined odds ratios (ORs) and associated 95% con�dence intervals (CIs) when comparing data
between BMI groups. Models were adjusted for a range of possible confounding variables as follows:
maternal age, infertility duration, endometrial thickness, embryo quality, number of embryos transferred,
and embryo developmental stage. P<0.05 was the threshold of statistical signi�cance.

Results
3.1 Patient characteristics

The baseline characteristics of the 8,755 women enrolled in this study, divided into three BMI subgroups
(underweight, normal weight, overweight), are outlined in Table 1.There were no signi�cant between-group
differences in age, duration of infertility, antral follicle number, infertility causes, type of infertility,
endometrial thickness on transfer day, basal P level, or fertilization method (P>0.05) (Table 1). As found
previously (16, 17), the basal FSH, LH, and E2 levels in the overweight group were signi�cantly lower than
those in the underweight and normal weight groups (P < 0.05). The use of arti�cial hormone replacement
cycles was more common in the underweight (24.71%) and overweight (25.87%) groups compared with
normal weight women (22.04%). The proportion of patients undergoing natural cycles decreased with
increasing BMI.
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3.2 Pregnancy outcomes

Comparison of the pregnancy outcomes between the three BMI subgroups are presented in Table 2. The
distribution of good quality embryos transfer was comparable between groups (P>0.05). There were also
no signi�cant differences in the rates of multiple pregnancy, ectopic pregnancy, intrauterine pregnancy, or
live birth between the underweight, normal weight and overweight groups (P>0.05). However, the
implantation (underweight: 33.56% vs. normal weight: 37.26% vs. overweight: 35.48%), clinical pregnancy
(underweight: 48.14% vs. normal weight:53.85% vs. overweight: 51.32%), and ongoing pregnancy rates
(underweight: 43.04% vs. normal weight: 50.47% vs. overweight: 46.45%) were signi�cantly higher in the
normal weight group relative to the underweight group (Table 2). Moreover, the miscarriage rate
(underweight: 12.64% vs. normal weight: 10.73% vs. overweight: 13.37%) was signi�cantly lower in
normal weight group relative to in the overweight group.

3.3 Perinatal outcomes

Details of perinatal outcomes such as gestational age, weight at birth, and sex are summarized in Table
3. These outcomes were largely similar between these three groups, with the exception of rates of VLBW
(<1500 g) (normal weight: 0.58% vs. overweight: 2.03%) and VPTD (<32 weeks) (normal weight: 0.82% vs.
overweight: 2.03%), which were signi�cantly higher for overweight group relative to normal weight group.
Besides, the rate of cesarean section (under weight:60.91% vs. normal weight: 65.42% vs. overweight:
76.65%) was signi�cantly higher for overweight group relative to other two groups.

3.4 Congenital defects

Based on International Classi�cation of Diseases criteria, 98 live neonates (1.95%) exhibited congenital
defects (Table 4). These defects were evident in 20/707 (2.05%) of infants from the underweight group,
66/3663 (1.80%) from the normal weight group, and 12/662 (1.81%) from the overweight group, with no
signi�cant differences between groups (P > 0.05). There were also no signi�cant differences when
infants were assessed based on singleton/multiple births or sex. The defects observed most frequently
were those affecting the circulatory system (underweight: 1.56%; normal weight: 0.98%; overweight:
1.06%). Rates of speci�c defects or affected systems did also not differ signi�cantly between groups.

3.5 Logistic regression analysis of BMI-related pregnancy or perinatal outcomes

We next conducted a multivariate logistic regression analysis to identify signi�cant differences in
pregnancy/ perinatal outcomes as a function of maternal BMI (Table 5). As shown, rates of clinical
pregnancy and ongoing pregnancy rate signi�cantly lower in the underweight group relative to the normal
weight group. In addition, rates of VPTD and VLBW were signi�cantly higher in the overweight group
relative to the normal weight group.

Discussion
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This is the �rst large-scale study assessing the effects of BMI on pregnancy/ perinatal outcomes
following FET in a Chinese cohort. Our results reveal that rates of implantation and ongoing/clinical
pregnancy were signi�cantly lower when mothers were underweight. When mothers were instead
overweight, this was associated with a higher rate of very low birth weight or very preterm delivery. There
was also a non-signi�cant trend towards lower live birth rate in both the overweight and underweight
groups relative to the normal weight group. There were no other signi�cant effects of maternal BMI on
perinatal characteristics or rates of congenital defects. While previous studies have found that obesity
can be linked to poor IVF outcomes, our results provide new insight into the negative effects of being
underweight on FET outcomes.

Many past assessments of how being underweight in�uences pregnancy outcomes have produced
inconsistent results. For example, Cai et al. found that in a study of over 4000 women undergoing ovarian
stimulation via the agonist or antagonist protocols, being underweight was linked to a lower rate of live
births (low BMI:50% vs. normal BMI:52.4%, P=0.198) but this trend was not signi�cant, whereas abortion
rates were signi�cantly increased in those with low BMI relative to those with a normal BMI (13.8% vs.
10.7%, P = 0.049) (18). A separate Danish study of 487 women undergoing frozen or fresh embryo
transfer, however, detected no differences in rates of ongoing or ectopic pregnancy, miscarriage, or live
births in women who were underweight (19). A separate study of 332 women without PCOS beginning an
initial IVF cycle with the downregulation, antagonist, or micro�are protocols observed no effect of low
body weight on rates of implantation, clinical pregnancy, or ongoing pregnancy (4). These previous
studies had marked differences in methodology, using fresh or frozen embryos and adjusting for different
risk factors, thus potentially explaining these divergent results. Lower fertility rates in underweight women
can also be a function of lower levels of leptin (20), which is a hormone mainly produced by fat tissue
(21). The receptor for leptin is known to be present within the secretory endometrium, potentially
regulating uterine angiogenesis and implantation (22, 23).

Preterm birth and low birth weight are, in that order, the most prominent causes of death among neonates
(24). In past work assessing outcomes of spontaneous pregnancies among underweight women, results
have suggested that lower maternal BMI is linked to higher rates of both of these negative outcomes (25,
26), with similar �ndings for assessments of women undergoing fresh IVF cycles (17). This was in
contrast to our results, which suggested largely similar perinatal outcomes among women with a lower
BMI relative to normal controls. Indeed, past work of singleton children born following FET has suggested
lower rates of both preterm birth and low birth rate relative to children born as a result of either fresh
embryo transfer or spontaneous conception (27). This, coupled with our results, suggests the possibility
that the freezing of embryos may improve outcomes, and that this is particularly true in the case of
mothers who are underweight. One possibility explaining these better FET outcomes may be that the
freeze-thaw process selects for higher quality embryos, as only these are able to survive this process, and
that these higher quality embryos may thereafter be linked to lower rates of LBW and preterm birth (28,
29).
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Unlike studies of underweight mothers, overweight mothers were found to have a higher risk of
miscarriage, in addition to higher very low birth weight (<1500 g) and very preterm delivery (<32 weeks)
risks. This was consistent with other past studies, which have found being overweight to be linked to
reduced fertility (2), and to higher miscarriage rates and obstetric risk (30, 31). Abnormally high body
weight is known to be linked to changes in overall carbohydrate metabolism and increasing resistance to
insulin (32), which is often associated with in�ammation mediated by interleukin(IL)-1ß, IL-6, and tumor
necrosis factor (33, 34). Stress as a consequence of physical infections or psychological factors can
drive rising plasma levels of contrainsulin hormones such as cortisol or placental growth hormone (32).
Elevated glucose levels in mothers have also been found in some studies to be associated with higher
rates of subclinical infections, potentially resulting in higher rates of chorioamnionitis (35). Such
subclinical infection are also linked with systemic in�ammation, but can also be asymptomatic and
result in instances of VPTD (35).

Among women undergoing FET, we observed no signi�cant variation in congenital malformation rates as
a function of BMI, which is largely consistent with work by Best et al. (36), who in a study of spontaneous
conception observed no link between BMI and congenital deformity rates with the exception of an
increase in cardiovascular malformations in underweight women. Unlike this past study, ours was among
the �rst examining comparable outcomes in the context of a freeze-all-based FET approach. As our data
regarding congenital defects came from patient questionnaires, there is a risk that any minor defects may
have been overlooked, although this is unlikely to affect the overall study outcomes with respect to infant
characteristics at birth.

Our study has several key strengths that lend the results credibility. For one, we had a large sample size
and access to largely complete records with respect to the IVF protocols of enrolled patients, as well as
detailed information on the resultant pregnancies and outcomes. As these results were collected from a
single center, they also have the potential to be associated with a lower rate of heterogeneity than had
they been derived from a broader multi-center study.

There are also several important limitations to this work. For one, as the study was retrospective in nature
it is important that future randomized controlled trials validates the results discussed herein. Our results
regarding overweight mothers was limited to results from a single group (BMI:25.0–29.9), whereas a
larger dataset including obese (BMI 30.0–49.9) and superobese (BMI > 50) mothers may have provided
additional insights. In addition, while we sought to control for as many confounding variables as
possible, some may have unintentionally still introduced bias into our study results. Further controlled
trials will help to overcome all these limitations.

Conclusions
In summary, our results indicate that being underweight is linked to certain negative pregnancy/ perinatal
outcomes for mothers undergoing FET. There is thus potential value in weight-related counseling not only
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for overweight women considering IVF, but also for those who are underweight in order to improve
outcomes.
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