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Abstract

Objective: To assess the relationship between first-trimester vaginal bleeding and fetal growth 

patterns.

Methods: We conducted a secondary analysis of the NICHD Fetal Growth Studies–Singletons, a 

prospective cohort study of low-risk, non-obese women with healthy lifestyles. Duration of 

bleeding was self-reported at enrollment (10w0d to 13w6d) and categorized as 0, 1, or >1 day. 

Longitudinal measures of fetal biometrics were obtained in up to six study visits, and estimated 

fetal weight was computed. Growth trajectories were created for biometrics and estimated fetal 

weight. When global test among groups was significant (p<0.05), week-specific global and 

pairwise differences were tested. Birthweight and risk of small-for-gestational-age neonate were 

secondary outcomes. All analyses were adjusted for maternal age, weight, height, parity, and racial 

ethnic group, and infant sex in a sensitivity analysis.

Results: In 2,307 eligible women, 410 (17.8%) reported first-trimester bleeding, of whom 176 

bled for 1 day, and 234 bled for >1 day. Women with >1 day of bleeding demonstrated decreased 

fetal abdominal circumference from 34 to 39 weeks compared to women without bleeding. For 

women with >1 day bleeding, compared to women without bleeding, estimated fetal weight was 

68–107 grams smaller from 35 to 39 weeks. Mean birthweight at term was 88 g smaller, 
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confirming differences in calculated fetal weight, and small-for-gestational-age neonates were 

delivered to 148 (8.5%), 9 (5.7%), and 33 (15.7%) women in the no bleeding, 1 day, and >1 day of 

bleeding groups, respectively.

Conclusion: More than one day of first-trimester vaginal bleeding was associated with smaller 

estimated fetal weight late in pregnancy driven by smaller abdominal circumference. The 

magnitude of decrease in birthweight was small, albeit comparable to observed decreases 

associated with maternal smoking. It remains unknown whether early pregnancy bleeding is 

associated with short-term or long-term morbidity and if additional intervention would be of 

benefit.

Précis:

More than one day of first-trimester vaginal bleeding is associated with smaller estimated fetal 

weight and abdominal circumference measurements beginning in the third trimester.

Introduction

First trimester bleeding is frequent, occurring in 16–25% of pregnancies,1 and has been 

shown to be associated with increased risk of adverse pregnancy outcomes including preterm 

delivery, pre-labor premature rupture of membranes, small-for-gestational-age (SGA) fetal 

measurements, low birthweight, and fetal death, though evidence is equivocal2–11 In a 2010 

meta-analysis, first-trimester bleeding was associated with intrauterine growth restriction in 

only four of eight cohort studies, with significant heterogeneity among studies1 Furthermore, 

fetal growth restriction is typically defined as estimated fetal weight less than 10th 

percentile, which does not discriminate between pathologic and constitutional growth 

restriction, as some fetuses are constitutionally small but normally grown, and low 

birthweight is more indicative of preterm delivery7,12,13 Limitations in sample size, recall 

bias, and potential confounding due to pre-existing maternal conditions contribute to these 

mixed results. Additionally, little is known about the relation between first-trimester 

bleeding and individual fetal biometrics or the gestational timing of altered growth in 

association with early bleeding, which have the potential to inform the pathology of 

decreased estimated fetal weight or birthweight. The objective of the present study was to 

determine if the presence and duration of first-trimester bleeding in non-obese, healthy 

women was associated with differences in fetal growth in a prospective cohort study.

Materials and Methods

This study was a secondary analysis of the Eunice Kennedy Shriver National Institute of 

Child Health and Human Development (NICHD) Fetal Growth Studies–Singletons14 The 

study recruited 2,334 non-obese women with healthy lifestyles (e.g. non-smokers, no illicit 

drug use) and low-risk medical and obstetrical histories (e.g. no chronic diseases) from 2009 

to 2013 at 12 centers across the United States. Details of recruitment, inclusion and 

exclusion criteria, and data collection have been previously reported14 Of relevance, baseline 

maternal characteristics and lifestyle were assessed during the enrollment interview between 

10 weeks 0 days (10w0d) and 13w6d. Women were included if they were between 18–40 

years of age with pre-pregnancy body mass index (BMI) 19.0–29.9 kg/m2 and were 
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planning to deliver at one of the participating hospitals. Gestational age was determined 

based on last menstrual period and confirmed by first-trimester ultrasound. Approval was 

received from the institutional review board for each of the participating sites, the data 

coordinating center, and the NICHD; participants provided informed consent.

At enrollment, information on demographics, obstetrical and medical histories, and lifestyle 

and health leading up to and during the first trimester of pregnancy was collected via in-

person interview. Information included self-reported duration (cumulative number of days) 

and severity (mild, moderate, severe) of bleeding since the beginning of pregnancy. In-

person interviews were conducted by research nurses at up to five follow-up study visits, and 

bleeding since the last visit was assessed using the same metrics. After an enrollment 

sonogram, women were randomly assigned to one of four ultrasound schedules with five 

planned, regularly spaced visits. Ultrasounds were conducted by trained experts using 

standard operating procedures and identical equipment (Voluson E8 GE Healthcare; 

Milwaukee, WI)15 Fetal ultrasound measurements obtained at each visit included biparietal 

diameter (calipers placed on outer edge of proximal skull edge and inner edge of distal 

edge), head circumference, abdominal circumference, humerus length, and femur length. 

Estimated fetal weight was computed using a Hadlock formula and fetal head 

circumference, abdominal circumference, and femur length16 head–abdominal 

circumference ratio was calculated to assess symmetry of fetal growth. Neonatal and 

maternal outcomes were assessed by abstraction of medical records. Hypertensive disorders 

were identified using postpartum diagnoses abstracted from the medical record.

The primary outcome assessed in this secondary analysis was the fetal growth pattern 

derived from calculated fetal weight and individual fetal biometrics across gestation. 

Secondary outcomes included mean birthweight and prevalence of SGA infants defined as 

<10th percentile for neonatal sex and gestational age at delivery using the Duryea 

birthweight reference17

Women were grouped into one of three categories by number of cumulative days of first 

trimester (<14 weeks of gestation) bleeding: 0, 1, >1 day. These categories were selected in 

order to distinguish the effects of prolonged bleeding from a single incidence (one day), and 

because number of days provides a more objective measure than self-reported severity. 

Distribution of self-reported number of days of bleeding is shown in Figure 1. Maternal 

characteristics were compared among groups using chi-square or one-way analysis of 

variance for categorical or continuous data, respectively. Fetal biometric measurements and 

estimated fetal weight were log-transformed to stabilize variances across gestational age and 

to improve normal approximations for the error structures. For each biometric measurement 

(biparietal diameter, head circumference, abdominal circumference, humerus length, femur 

length and head circumference–abdominal circumference ratio) and estimated fetal weight, 

fetal growth trajectories were created by fitting a linear mixed model with cubic splines for 

the fixed and a cubic polynomial for the random effects for each of the bleeding groups18 

Three-knot points (25th, 50th, 75th percentiles) were chosen at gestational ages that evenly 

divided the distributions. Percentiles were estimated based on assumed normal distribution 

of the random effects and error structure. Estimated trajectories (10th, 50th, and 90th 

percentiles) were determined across gestational age for each bleeding group. For estimated 
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fetal weight and biometric measures, we tested for overall differences in the bleeding group 

trajectories using a likelihood-ratio test. When the global test was significant (p<0.05), we 

tested for week-specific differences among groups using Wald tests at each week of 

gestation. Significant differences were evaluated after adjustment for the following maternal 

characteristics, selected a priori based on causal diagrams and a review of confounders 

previously reported in the literature: maternal age, weight, height, parity, and self-identified 

racial ethnic group7–9,19 An additional model added infant sex as a covariate in the main 

analysis due to the difference in proportion of female to male infants among groups. The 

Multivariate Imputation by Chained Equations software for R was used to impute (m=10) 

missing covariates when performing adjusted tests for week-specific differences in fetal 

growth trajectories.

Several sensitivity analyses were performed. First, the analysis was repeated by self-reported 

bleeding severity (mild, moderate-severe) compared with no bleeding. Moderate and severe 

bleeding were grouped due to the low frequency of severe bleeding, and association with 

number of days of bleeding was evaluated using a chi-square test. Next, fetal growth was 

evaluated among women with bleeding in the first trimester only, first and subsequent 

trimesters, or subsequent trimesters only, compared with no bleeding. The final sensitivity 

analysis assessed the effects of first-trimester bleeding (stratified by number of days) on fetal 

growth among women who did not develop any complications, and excluded pregnancies 

which resulted in stillbirth, preterm delivery < 37 weeks’ gestation, hypertensive diseases, 

gestational diabetes, or neonatal conditions (e.g. aneuploidy, anomalies, death). Poisson 

regression with robust estimator of variance for standard error and adjustment for maternal 

age, height, weight, parity and racial ethnic group was used to evaluate the relative risk of 

delivering an SGA neonate in the 2,307 women included in the primary analysis and in the 

subset of 1,730 who delivered at term without complications. In these same groups, analysis 

of covariance was used to evaluate the association between categorical number of days of 

first-trimester bleeding and birthweight, to confirm the differences in estimated fetal weight 

that were observed among the groups. The analysis of covariance was adjusted for the same 

covariates as the fetal growth analyses, as well as gestational age at delivery, to account for 

the effects of preterm and early term (37–38 weeks) delivery on birthweight.

All analyses were completed with the use of SAS software (version 9.4, SAS Institute, Inc., 

Cary, NC) or R (version 3.3.1, available at http://www.R-project.org).

Results

Of 2,334 women enrolled, 14 were found to be ineligible after enrollment. Three had no 

first-trimester bleeding data, two were missing information on number of days of bleeding, 

and eight had no ultrasound data; thus, a total of 2,307 women were included in the main 

analysis. In total, 410 women (17.8%) reported first-trimester bleeding. Of those, 176 

(42.9%) bled for 1 day, and 234 (57.1%) bled for more than 1 day. Distribution of maternal 

characteristics is presented in Table 1. Bleeding was more likely for slightly older and 

heavier women, and for those born outside the United States. Imputation was used for 

women missing data on height (n=15; 11 with no bleeding, 3 with 1 day, 1 with >1 day) and 

weight (n=4; all with no bleeding).
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Figure 2 presents estimated fetal weight trajectories for the three groups, including 10th, 

50th, and 90th percentiles. Estimated fetal weight for pregnancies with >1 day of bleeding 

differed significantly from no bleeding from 14 to 16 weeks and 35 to 39 weeks gestation 

(global test p<0.001). Magnitudes of difference in estimated fetal weight are presented in 

Table 2. The median estimated fetal weight for women with >1 day of bleeding was 2–3 

grams larger from 14 to 16 weeks than that of women with no bleeding, but became 

progressively smaller in the third trimester compared to women with no bleeding, with 

estimated fetal weight 68–107 grams smaller from 35 weeks through 39 weeks of gestation. 

There were no statistically significant differences in estimated fetal weight for 1 day of 

bleeding compared with no bleeding. The addition of infant sex as a covariate resulted in 

non-significant differences in estimated fetal weight from weeks 14–16; the significant 

differences from weeks 35–39 remained unchanged, indicating that different proportions of 

females to males among the bleeding groups did not explain the observed decreases in fetal 

growth.

Differences in mean birthweight and prevalence of small or large-for-gestational-age 

neonates by number of days of bleeding are presented in Table 3. In addition to differences 

in estimated fetal weight during the third trimester, there were differences in the rate of SGA 

births among groups, with 148 (8.5%), 9 (5.7%), and 33 (15.7%) SGA neonates delivered in 

the no bleeding, 1 day, and >1 day of bleeding groups, respectively. Relative risk of 

delivering an SGA infant for women with >1 day of bleeding compared to no bleeding was 

2.14 (95% CI: 1.51–3.02) in the full cohort and 2.06 (95% CI: 1.38–3.08) in the subset of 

uncomplicated pregnancies. The association between first-trimester bleeding and mean 

birthweight followed the same pattern as estimated fetal weight, with overall mean 

birthweight 153 grams smaller and mean birthweight at term 88 grams smaller in the >1 day 

of bleeding group compared to no bleeding. Figure 3 presents the growth trajectories for 

individual fetal biometric parameters in the main analysis. Biparietal diameter did not differ 

significantly among the groups (global p=0.433). Head circumference differed significantly 

only at 14 weeks gestation, with slightly larger (1.4 mm) head circumference for women 

with >1 day of bleeding compared to no bleeding (global p=0.047). Abdominal 

circumference for women with >1 day of bleeding was slightly larger than no bleeding at 14 

and 15 weeks and became significantly smaller beginning at week 34 (global p<0.001). 

Femur and humerus length trajectories differed significantly among groups early in second 

trimester (14 to 16 weeks) only (global p<0.001 for both), with slight increases in femur and 

humerus length for women with >1 day of bleeding compared to no bleeding. Head–

abdominal circumference ratio differed significantly among the groups, with smaller head–

abdominal circumference ratio from 14 to 16 weeks, and larger head–abdominal 

circumference ratio from 35 to 39 weeks for >1 day of bleeding compared to no bleeding 

(global p=0.006).

Two previously excluded women with data on bleeding severity, but who were missing 

number of days, were included in the severity sensitivity analysis (n=2,309). Of 412 (17.8%) 

women who reported first-trimester bleeding, 367 (89.1%) described bleeding as mild and 

45 (10.9%) described bleeding as moderate or severe. Estimated fetal weight trajectories 

differed significantly among groups from 34 to 36 weeks (global p=0.003) and are shown in 

Figure 4A. Estimated fetal weight was lower from weeks 34–36 for women with mild 
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bleeding compared to no bleeding. At 38 weeks gestation, estimated fetal weight was 3157 g 

for no bleeding, 3092 g for mild bleeding, and 3078 for moderate or severe bleeding. 

Bleeding severity was correlated with number of days of bleeding (p=0.01, Chi-square 

analysis), with 6.3% of 1 day and 14.1% of >1 day bleeding cases reported as moderate or 

severe.

For the analysis evaluating the effects of whether bleeding continued or resolved after the 

first trimester, 2,032 women were included after excluding 277 women who were without 

complete information on bleeding throughout pregnancy. Of women whose data were 

analyzed, 538 (26.5%) bled at any time during pregnancy. Of those, 276 (51.3%) bled in the 

first trimester only, 186 (34.6%) in subsequent trimesters only, and 76 (14.1%) in both the 

first and subsequent trimesters. Differences in estimated fetal weight or biometric 

parameters among groups did not reach statistical significance in this sensitivity analysis 

(Figure 4B).

In the analysis limited to 1,730 women with pregnancies that did not develop complications 

(e.g. gestational diabetes or hypertensive diseases) and delivered at term, the incidence of 

first-trimester bleeding was 16.5%. The pattern of decreased estimated fetal weight in 

association with first-trimester bleeding was greater in this group, with significant 

differences beginning at 33 weeks for >1 day of bleeding (global p<0.001) and estimated 

fetal weight 128 grams smaller than the no bleeding group at 39 weeks compared to 106 

grams smaller in the full cohort (Figure 4C). Differences in individual fetal biometrics in this 

cohort followed the same pattern as the full cohort.

Discussion

In our prospective cohort study of healthy, low-risk, singleton pregnancies, first-trimester 

bleeding was common. More than 1 day of bleeding was associated with asymmetric, 

decreased fetal growth beginning in the third trimester and an increased risk of SGA at birth. 

Our finding that the association between first-trimester bleeding and decreased fetal growth 

was even stronger in the subset of women with uncomplicated pregnancies who delivered at 

term suggests that this mechanism of impaired fetal growth acts independently of potentially 

confounding obstetric complications. One day of bleeding was not associated with 

significant differences in fetal growth. Bleeding that continued into subsequent trimesters 

was also not associated with a greater magnitude of decreased growth which may suggest 

that bleeding later in pregnancy is due to a different mechanism.20

Our findings are consistent with previous studies that found an association between first-

trimester bleeding and low birthweight (<2500 g) or estimated fetal weight <10th percentile 

for gestational age10,21,22 Most previous studies investigated bleeding by severity and found 

an association between severe bleeding and low birthweight4,5,7 Conversely, our study found 

that even mild bleeding was significantly associated with decreased fetal growth. These 

differences may be due to lack of power, or the subjective nature of reported severity. A 

novel contribution of our study is the assessment of the effects of bleeding based on 

duration, which is more objective and therefore potentially more clinically useful. Our 

finding that duration and severity of bleeding did not fully correlate suggests that the two 
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measures are not interchangeable. The finding that 1 day of bleeding was associated with 

small, not statistically significant decreases in fetal growth, and accounts for nearly half of 

all incidents of first-trimester bleeding, provides an explanation for the numerous previous 

studies which did not stratify by duration and found no significant association between 

bleeding and fetal growth4,11,13,23

The increased head–abdominal circumference ratio observed in the >1 day of bleeding 

group supports previous hypotheses that first-trimester bleeding may be an early sign of 

placental dysfunction7 Increased levels of hemoglobin and red blood cells were observed in 

the cord blood at birth for pregnancies with first-trimester bleeding but not bleeding 

associated with placenta previa24,25 The authors hypothesized that increased red blood cell 

levels were an attempt to compensate for oxygen deficiency Other theories postulating the 

mechanism explaining early bleeding as a sign of placental insufficiency include the finding 

that bleeding peaks at 5–8 weeks gestation, coinciding with the luteal-placental shift and 

potentially indicating suboptimal placental development resulting in decreased levels of 

progesterone which might be insufficient to prevent an episode of bleeding similar to 

menses.19

Limitations of this study include potential recall error due to the retrospective nature of data 

collection and the subjectivity of self-reported bleeding. However, there is no other 

established method of measuring vaginal bleeding in clinical practice, and bleeding was self-

reported before the outcome was established, limiting its potential to bias the results of the 

study. An assessment of the accuracy of prospective diary or retrospective interview (end of 

first trimester) to assess first-trimester bleeding demonstrated significant agreement between 

the two methods26 Our study was limited by lack of information on the gestational week of 

bleeding, and whether number of days was consecutive. Women in the study reported a wide 

range of number of days of bleeding, and there is potentially a biologic difference between 2 

or 3 days of bleeding compared to more, but this study lacked power to distinguish any 

difference based on number of days beyond one day of bleeding. Finally, because first-

trimester bleeding was assessed at a gestational age ranging from 10w0d to 13w7d, there is 

potential to have missed some incidents of first-trimester bleeding that occurred after 10w0d. 

However, 79.5% of enrollment interviews in this study occurred during weeks 12 or 13, 

reducing some of this potential error.

In conclusion, more than 1 day of first-trimester vaginal bleeding was associated with 

asymmetric, decreased fetal growth independent of associated complications. Although the 

magnitude of this observed decrease in estimated fetal weight and birthweight was small, the 

difference in mean birthweight is comparable to differences in birthweight observed in 

pregnancies with maternal smoking, which range from about 50 to 200 grams depending on 

maternal characteristics27–29 It remains unknown whether bleeding is associated with short-

term or long-term morbidity and if additional intervention, such as third trimester 

sonography, would be of benefit. It is clinically relevant that bleeding that resolved by the 

second or third trimester is not necessarily exempt from decreased fetal growth. It is, 

however, reassuring that 1 day of first-trimester bleeding, which was the most common 

duration reported, was not associated with statistically significant patterns of decreased fetal 

growth.
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Figure 1. 
Distribution of self-reported, cumulative number of days of first-trimester bleeding, Eunice 
Kennedy Shriver National Institute of Child Health and Human Development Fetal Growth 

Studies–Singletons.
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Figure 2. 
Estimated fetal weight by days of first trimester (<14 weeks of gestation) bleeding and 

gestation, reference, Eunice Kennedy Shriver National Institute of Child Health and Human 

Development Fetal Growth Studies–Singletons. Estimated 10th, 50th, and 90th percentiles for 

fetal weight by self-reported number of days of first-trimester (<14 weeks of gestation) 

bleeding, as estimated from linear mixed models with log-transformed outcomes and cubic 

splines.
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Figure 3. 
Fetal anthropometric measurements by days of first-trimester (<14 weeks of gestation) 

bleeding and gestation, reference, Eunice Kennedy Shriver National Institute of Child Health 

and Human Development Fetal Growth Studies–Singletons. Estimated 10th, 50th, and 90th 

percentiles for fetal anthropometric parameters by self-reported number of days of first-

trimester (<14 weeks of gestation) bleeding, as estimated from linear mixed models with 

log-transformed outcomes and cubic splines. Biparietal diameter (A), head circumference 

(B), abdominal circumference (C), femur length (D), humerus length (E), and head 

circumference/abdominal circumference ratio (F).
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Figure 4. 
Estimated fetal weight by bleeding characteristics and gestation, sensitivity analyses, Eunice 
Kennedy Shriver National Institute of Child Health and Human Development Fetal Growth 

Studies–Singletons. Estimated 10th, 50th, and 90th percentiles for fetal weight by bleeding 

severity (A), trimester of bleeding (B), and number of days of bleeding in the sunset limited 

to uncomplicated pregnancies (C). Uncomplicated pregnancies exclude pregnancies which 

resulted in stillbirth, preterm delivery (<37 weeks of gestation), hypertensive diseases, 

gestational diabetes, or neonatal conditions (eg, aneuploidy, anomalies, death).
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