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Abstract

Objective: To investigate the associations among underweight body mass index (BMI), 

pregnancy, and obstetric outcomes among women using assisted reproductive technology (ART).

Design: Retrospective cohort study using national data and log binomial regression.

Setting: Not applicable.

Patient(s): Women undergoing IVF in the United States from 2008 to 2013.

Intervention(s): None.

Main Outcome Measure(s): Pregnancy outcomes (intrauterine pregnancy, live birth rates) per 

transfer, miscarriage rate per pregnancy, and low birth weight and preterm delivery rates among 

singleton and twin pregnancies.

Result(s): For all fresh autologous in vitro fertilization (IVF) cycles in the United States from 

2008 to 2013 (n = 494,097 cycles, n = 402,742 transfers, n = 180,855 pregnancies) reported 

to the national ART Surveillance System, compared with normal weight women, underweight 

women had a statistically significant decreased chance of intrauterine pregnancy (adjusted risk 

ratio [aRR] 0.97; 95% confidence interval [CI], 0.96–0.99) and live birth (aRR 0.95; 95% CI, 

0.93–0.98) per transfer. Obese women also had a statistically decreased likelihood of both (aRR 

0.94; 95% CI, 0.94–0.95; aRR 0.87; 95% CI, 0.86–0.88, respectively). Among cycles resulting 

in singleton pregnancy, both underweight and obese statuses were associated with increased risk 

of low birth weight (aRR 1.39; 95% CI, 1.25–1.54, aRR 1.26; 95% CI, 1.20–1.33, respectively) 

and preterm delivery (aRR 1.12; 95% CI, 1.01–1.23, aRR 1.42; 95% CI, 1.36–1.48, respectively). 

The association between underweight status and miscarriage was not statistically significant (aRR 
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1.04; 95% CI, 0.98–1.11). In contrast, obesity was associated with a statistically significantly 

increased miscarriage risk (aRR 1.23; 95% CI, 1.20–1.26).

Conclusion(s): Among women undergoing IVF, prepregnancy BMI affects pregnancy and 

obstetric outcomes. Underweight status may have a limited impact on pregnancy and live-birth 

rates, but it is associated with increased preterm and low-birth-weight delivery risk. Obesity 

negatively impacts all ART and obstetric outcomes investigated.
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As the obesity epidemic continues to plague the United States, numerous reports have been 

published and recommendations made regarding the negative impact of obesity on fertility 

(1), assisted reproductive technology (ART) effectiveness (2–9), and pregnancy and obstetric 

outcomes (5, 10). By contrast, limited and conflicting data exist on the impact of being 

underweight (body mass index [BMI] <18.5 kg/m2), admittedly a less common problem, 

on fertility and the effectiveness of ART. A few small studies to date have evaluated 

the impact of low BMI on ART outcomes and have not found a statistically significant 

difference in underweight women as compared with their normal-weight counterparts (11–

14). Nonetheless, many clinicians recommend weight gain in women with low BMI who 

desire in vitro fertilization (IVF) treatment based on small retrospective studies that have 

reported a lower absolute clinical pregnancy rate among underweight women using ART 

(11, 15).

Many clinicians are aware of the association between obesity and miscarriage; however, 

existing studies suggest that both extremities of BMI, both underweight and obese statuses, 

may be associated with increased miscarriage risk in the general population (16) and in 

the ART population (17). Additionally, prepregnancy underweight status coupled with poor 

weight gain has been associated with worse obstetric outcomes such as preterm delivery, 

preterm premature rupture of membranes, and low birth weight in the general population 

(18–21).

To our knowledge, the impact of prepregnancy underweight status on IVF and perinatal 

outcomes has not been investigated among a large cohort of ART-conceived pregnancies. 

We used National ART Surveillance System (NASS) data from 2008 through 2013 to 

investigate the association between BMI and ART on pregnancy and obstetric outcomes. 

The overweight BMI categories were included to put the underweight results in perspective. 

We hypothesized that underweight status, like overweight status, would be associated with 

an increased risk of adverse ART and obstetric outcomes. We also calculated trends in BMI 

among women undergoing ART during the 5-year interval.

MATERIALS AND METHODS

The Centers for Disease Control and Prevention’s National ART Surveillance System 

(NASS), a federally mandated, validated system that includes over 98% of all ART cycles 

performed in the United States, was used to characterize the relationship between BMI 
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and obstetric outcomes of ART (22). The National ART Surveillance System (NASS) 

includes information from all 50 states and Puerto Rico on patient demographics, medical 

and obstetric history, and infertility diagnoses, detailed parameters of each treatment cycle, 

and, if applicable, the resultant pregnancy outcome (Fertility Clinic Success Rate and 

Certification Act of 1992 [FCSRCA], Public Law No. 102–493, October 24, 1992) (22). 

Notably, height and weight were added as collected variables in NASS in 2007.

This study included all fresh autologous (nondonor) ART cycles reported to NASS between 

2008 and 2013 with BMI data available. Donor and frozen cycles were excluded to limit the 

heterogeneity of the study group and to minimize confounding. Among all fresh autologous 

ART cycles from 2008–2013 (n = 602,640 cycles), height and weight were reported for 

82.0% (n = 494,097 cycles). Height, weight, or both height and weight were missing for 

108,543 cycles; 16.4% of all cycles (n = 98,640) had missing height data, and 16.9% (n = 

102,030) had missing weight data. The patents’ BMI was calculated as reported weight in 

kilograms per meter squared (reported height) at time of cycle start.

We began by describing trends in BMI over the 6-year study period. The number and 

percentage of all ART cycles for which the woman was underweight (BMI <18.5 kg/m2), 

normal weight (BMI 18.5–24.9 kg/m2), overweight (BMI 25.0–29.9 kg/m2), or obese (BMI 

≥ 30 kg/m2) were calculated for each year. Simple linear regression where the outcome was 

the percentage and the explanatory variable was the calendar year was used to check for 

trend.

Among all fresh autologous IVF cycles for which BMI could be calculated during the 

study period (n = 494,097), we described patient and cycle characteristics in each of the 

BMI categories. Next, we calculated cancellation rates per cycle and pregnancy outcomes, 

namely, intrauterine pregnancy rate and live-birth rate (≥ 20 weeks) per noncancelled cycle 

for which a transfer was performed (n = 402,742 cycles). Among cycles resulting in 

intrauterine pregnancy (n = 180,855 cycles), we calculated the miscarriage rate. Among 

singleton (n = 126,552) and twin (n = 49,499) gestations, we calculated preterm (<37 weeks) 

and low-birth-weight (<2,500 g) delivery rates. A twin pregnancy in which one twin was 

<2,500 g was considered a preterm delivery.

Using log-binomial regression to estimate the relative risk, we investigated the relationship 

between BMI and pregnancy outcomes, first for underweight versus normal weight, and then 

for obese versus normal weight. A similar process was repeated to explore the relationship 

between degree of thinness (severe thinness BMI <16.0 kg/m2, moderate thinness BMI 

16.0–16.9 kg/m2, and mild thinness BMI 17.0–18.49 kg/m2) and obstetric outcomes as 

compared with normal weight. Of the considered potential confounders (age, number of 

prior pregnancies, cycle history, stimulation type, number of oocytes retrieved, use of 

intracytoplasmic sperm injection, use of assisted hatching, number of embryos transferred, 

stage of embryo at transfer, number of supernumerary embryos cryopreserved, infertility 

diagnosis as specifically diminished ovarian reserve, male factor infertility, endometriosis, 

ovulatory dysfunction, tubal factor infertility, uterine factor infertility, and unexplained), 

backward elimination with α level of 0.05 was used to determine and retain only statistically 

significant confounders. Race/ethnicity was not considered in the primary models due to the 
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large amount of missing data (33.9%). However, a sensitivity analysis of only those cycles 

for which race/ethnicity was reported was performed. Finally, we calculated pregnancy and 

live-birth rates per noncancelled cycle resulting in transfer and the miscarriage rate per cycle 

that resulted in pregnancy among all fresh autologous IVF cycles from 2008–2013 by single 

unit of BMI (range <15.0 to ≥ 40 kg/m2).

All analyses were conducted using SAS version 9.3 (SAS Institute Inc). This study was 

approved by an institutional review board of the Centers for Disease Control and Prevention.

RESULTS

Over the study period, the percentage of cycles involving underweight women statistically 

significantly decreased from 2.9% to 2.6% while the percentage of cycles in which the 

woman was obese statistically significantly increased from 17.8% to 19.0%. The majority 

(55.0%) of women for all study years were of normal weight. Among 494,097 ART cycles 

started between 2008 and 2013 for which BMI was reported, 13,678 (2.8%) of the cycles 

involved underweight women with a low BMI, and 91,646 (18.5%) of cycles involved obese 

women (Table 1).

Among ART cycles performed between 2008 and 2013 for which we have BMI information, 

a larger percentage of underweight women as compared with women in other BMI 

categories were under 35 years old, of Asian or Pacific Islander origin, had an infertility 

diagnosis of endometriosis, diminished ovarian reserve, or tubal factor infertility, had a 

maximum serum follicle-stimulating hormone (FSH) value of ≥ 10.0 mIU/mL, and had no 

prior pregnancies (see Table 1). As compared with women in the other BMI categories, 

obese women more frequently were of non-Hispanic Black race, held a diagnosis of 

ovulatory dysfunction or tubal factor infertility, had a maximum FSH concentration of ≤ 5.0 

mIU/mL, had a history of two or more prior pregnancies, and had a history of two or more 

spontaneous abortions. Most frequently among all BMI categories, gonadotropin-releasing 

hormone antagonist protocols were used, 10 or more oocytes were retrieved, two embryos 

were transferred, cleavage-stage (days 2 to 3) embryos were transferred, intracytoplasmic 

sperm injection was used, assisted hatching was not performed, and no embryos were 

cryopreserved.

Among all cycles, the cancellation rates were comparable in underweight and normal 

BMI groups, but obesity as compared with normal BMI was associated with a slight but 

statistically significant increased risk of cancellation (adjusted risk ratio [aRR] 1.05; 95% 

confidence interval [CI], 1.03–1.07) (Table 2). Among noncancelled transfers in comparison 

to women with normal BMI, underweight women had a statistically significantly decreased 

chance of intrauterine pregnancy (aRR 0.97; 95% CI, 0.96–0.99) and live birth (aRR 0.95; 

95% CI, 0.93–0.98) per transfer, as did obese women (aRR 0.94; 95% CI, 0.94–0.95 and 

aRR 0.87; 95% CI, 0.86–0.88, respectively).

Among cycles resulting in pregnancy, the association between low BMI and miscarriage was 

not statistically significant (aRR 1.04; 95% CI, 0.98–1.11). In contrast, obesity as compared 

with normal weight was associated with a statistically significantly increased miscarriage 
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risk (aRR 1.23; 95% CI, 1.20–1.26). Among cycles resulting in singleton pregnancy, both 

underweight and obese statuses were associated with increased risk of low-birth-weight 

(aRR 1.39; 95% CI, 1.25–1.54 and aRR 1.26; 95% CI, 1.20–1.33, respectively) and preterm 

delivery (aRR 1.12; 95% CI, 1.01–1.23 and aRR 1.42; 95% CI, 1.36–1.48, respectively).

Among cycles resulting in twin pregnancy, underweight as compared with normal weight 

status was associated with increased risk of low birth weight (aRR 1.14; 95% CI, 1.10–1.17) 

but not preterm delivery (aRR 1.04; 95% CI, 0.99–1.09). Obese weight was associated with 

increased risk of preterm delivery (aRR 1.06; 95% CI, 1.03–1.08) and low birth weight 

(aRR 0.95; 95% CI, 0.94–0.97). Of all the twin live births (n = 40,832), 7,990 (19.6%) 

women delivered at <34 weeks’ gestation. Among twin live births in underweight women, 

224 (20.2%) delivered at <34 weeks. Among twin live births in normal weight and obese 

women, 4,343 (18.7%) and 1,466 (21.3%) delivered at <34 weeks, respectively.

Additionally, a sensitivity analyses incorporating race/ethnicity was performed. It noted no 

statistically significant difference in the adjusted relative risk in any of the comparisons 

(results not shown).

An analysis of severe, moderate, and mild thinness as compared with normal weight found 

no clinically significant differences between degree of thinness and cancellation rate or 

ART pregnancy outcomes (intrauterine pregnancy, live birth, and miscarriage) except for a 

decreased chance of live birth for moderate thinness compared with normal weight (aRR 

0.92; 95% CI, 0.86–0.99), a decreased likelihood of intrauterine pregnancy for mild thinness 

compared with normal weight (aRR 0.98; 95% CI, 0.96–0.99), and a decreased chance 

of live birth for mild thinness compared with normal weight (aRR 0.96; 95% CI, 0.94–

0.98) (Table 3). All degrees of thinness among both singleton and twin pregnancies were 

associated with an increased risk of low-birth-weight delivery as compared with normal 

weight women; however, only severe thinness among twin pregnancies was associated with 

increased risk of preterm delivery.

When the pregnancy, live-birth, and miscarriage rates were explored against the unit value of 

BMI, a range of optimal BMI was clearly visible (Fig. 1). The pregnancy rate was highest 

in women whose BMI was between 19.0 and 22.9 kg/m2 (46.1% to 46.3%) and fell with 

increasing BMI to 38.8% in BMI ≥ 40 kg/m2 (see Fig. 1A). Similarly, the live-birth rate 

was highest in women whose BMI was between 19.0 and 22.9 kg/m2 (38.6% to 38.8%) 

and fell with increasing BMI to a nadir of 29.4% in BMI ≥ 40 kg/m2. The miscarriage rate 

increased with increasing BMI from 12.3% among women with BMI 15.0–15.9 kg/m2 to 

22.0% among women with BMI ≥ 40 kg/m2 (see Fig. 1B).

DISCUSSION

Over the study period, the majority of women for all study years were of normal weight; the 

percentage of cycles involving underweight women statistically significant decreased while 

the percentage of cycles in which the female was obese statistically significantly increased. 

The best outcomes were observed among women of normal weight; for those of abnormal 
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weight, obesity was associated with greater risk of adverse obstetric and obstetric outcomes 

than was underweight status.

According to the National Center for Health Statistics, among the general adult population 

during the study period the percentage of underweight women ranged from 1.6% to 1.7% 

while the percentage of obese women ranged from 33.7% to 34.9% (23, 24). The percentage 

of obese women (18.5%) within the ART population is smaller for obese women than in the 

general population. Part of this difference may be attributable to purposeful patient selection; 

women with BMIs outside the normal range may be discouraged from using reproductive 

services.

As compared with normal weight women, underweight women had a similar absolute 

percentage chance of intrauterine pregnancy, live birth, and miscarriage after IVF. After 

adjusting for possible confounders, the adjusted relative risks for these ART outcomes 

were statistically significant but likely of limited clinical significance, as they very closely 

approached 1. These findings, in a large cohort of women, support those of several smaller 

studies that suggested no statistically significant impact of low BMI on the ART outcomes 

of pregnancy and live birth (12–15). Our results do, however, contradict the reported 

association of low BMI with increased miscarriage risk in the ART population (17). The 

adjusted relative risk of delivering a low-birth-weight or preterm infant, singleton or twin, 

was elevated among underweight women, a finding consistent with prior studies that suggest 

that underweight women have an increased likelihood of poor obstetric outcomes, including 

preterm birth and low-birth-weight delivery (19–21). Our study is among the first to examine 

this relationship in the IVF population. Notably, we were unable to control for maternal 

weight gain during pregnancy, which also contributes to the risk of preterm birth and low-

birth-weight possibly due to nutritional deficiencies. The fact that the impact of underweight 

maternal status on preterm delivery was less notable among twin pregnancies may reflect 

the underlying increased risk of preterm delivery associated with all twin pregnancies 

independent of maternal weight at time of conception.

In contrast to the findings for underweight women, the absolute percentage chance of ART 

success, pregnancy, and live birth was statistically significantly lower among the obese 

women as compared with the normal weight women. Obesity was also associated with a 

statistically significantly increased risk of miscarriage. These findings are consistent with 

multiple prior studies that suggest an association between obesity and impaired fertility 

(1), worse ART outcomes (2–9), and a statistically significantly increased miscarriage and 

obstetric risk (25, 26).

Our study is limited by its cycle-based rather than patient-based nature, by the lack of 

some patient medical information such as tobacco use, nonfertility-related medical history, 

obstetric complications, interpregnancy interval, pregnancy weight gain, and the lack of 

embryo quality data. To minimize the effects of lack data on embryo quality, we were able 

to control for the number of supernumerary embryos cryopreserved, which has been shown 

to correlate with embryo quality (27) and number of prior failed IVF cycles. Additionally, 

the study is limited by the quality of height and weight data entered by clinicians and by the 

fact that 18% of BMI data are missing. Potential bias exists in that the group that comprises 
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the missing data may be different from those for whom we have data; however, we have no 

reason to believe that the two groups are inherently different.

This study is among the first of its size to focus on the impact of low BMI on ART 

outcomes. It is strengthened not only by the large sample size but also by its generalizability 

in that it includes all reporting clinics in the United States. We were also able to control 

for patient and ART cycle characteristics that impact pregnancy and obstetric outcomes, and 

a sensitivity analysis that incorporated BMI noted no statistically significant differences in 

adjusted relative risks.

CONCLUSION

Among women undergoing IVF, prepregnancy BMI affects pregnancy and obstetric 

outcomes. Although underweight status may have limited impact on ART success (namely, 

pregnancy and live-birth rates), it is associated with increased risk of preterm and low-birth-

weight delivery. Obese status negatively impacts all favorable outcomes except birthweight 

among singletons. Independent of pregnancy weight gain, prepregnancy BMI is a modifiable 

characteristic that has obstetric implications. Whenever feasible, particularly among the 

ART population that is afforded preconception counseling, physicians should encourage 

women to reach a normal BMI before attempting conception.
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FIGURE 1. 
(A) Pregnancy and live-birth rate per transfer by body mass index, fresh autologous IVF 

cycles, 2008–2013. (B) Miscarriage rate among all pregnancies by body mass index, fresh 

autologous IVF cycles, 2008–2013.
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