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Abstract

Objective—To determine if the use of a sex specific standard to define small for gestational age 

(SGA) will improve prediction of stillbirth.

Study design—We performed a retrospective cohort study of singleton pregnancies excluding 

anomalies, aneuploidy, undocumented fetal sex or birthweight. SGA was defined as birthweight < 

10th percentile by the non-sex specific and sex specific Alexander standards. The association 

between SGA and stillbirth using these standards was assessed using logistic regression.

Results—Among 57,170 pregnancies meeting inclusion criteria, 319 (0.6%) pregnancies were 

complicated by stillbirth. The area under the receiver operating characteristics curve for the 

prediction of stillbirth was greater for the sex-specific compared to the non-sex specific standard 

(0.83 vs. 0.72 P< 0.001).

Conclusion—Our findings suggest adoption of a sex specific standard for diagnosis of SGA as it 

is more discriminative in identifying the SGA fetus at risk for stillbirth.
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Introduction

Sex specific differences in birthweight have been described since the 1950s1; females tend 

to be smaller than males.2 Studies on fetal growth have not only confirmed that females are 

notably smaller than males, but that this difference in growth exists throughout gestation, 

with an increase in overall growth-disparity between sexes with increasing gestational 

age.3, 4 Growth patterns of individual fetal biometric parameters have also been shown to 

differ between males and females.4, 5, 6 These differences result in a unique sex specific 

growth trajectory which was described by Alexander et al. in the development of a national 

fetal growth standard.7 Despite the evidence of sex differences in fetal growth and improved 

sonographic accuracy of sex specific fetal weight estimation,6, 8 sex specific growth 

standards are not routinely utilized in the United States.

Over the last 20 years, little improvement has been made in stillbirth rates in high-income 

countries9. In the United States, one out of every two-hundred pregnancies reaching 22 

weeks ends in stillbirth,10 and birthweight has been demonstrated, through time, and over 

varying populations, to be one of the strongest epidemiological associations with perinatal 

mortality.11 Given the evidence of sex differences in fetal growth, our objective was to 

determine if a sex specific fetal growth standard, compared to a non-sex specific growth 

standard, will improve the prediction of stillbirth among fetuses that are small for gestational 

age (SGA).

Materials and Methods

We conducted a retrospective cohort study of singleton pregnancies using our prospectively 

collected perinatal database from January 1990 to December 2009 at Washington University 

in Saint Louis. Approval for the study was obtained from our institutional review board. Our 

perinatal database is a large validated system updated and maintained daily by a dedicated 

perinatal research nurse; details of the methods for data collection and follow-up have been 

described previously.12 Briefly, our academic tertiary care center is a major referral center 

for Missouri, Southern and Central Illinois and Northeast Arkansas. Maternal demographics, 

medical, and obstetric history are obtained using a self-report questionnaire at the initial 

ultrasound visit. Follow-up information is obtained from the medical record or through 

contact with the patient and referring physician if the patient delivers outside our hospital 

system.

We excluded pregnancies complicated by fetal anomalies and aneuploidy. Pregnancies with 

missing birthweight and sex status were also excluded. Gestational age was confirmed by 

ultrasound criteria. Gestational age was reassigned if there was a discrepancy of ± 5 days in 

the first trimester or ± 10 days in the second trimester. Ultrasound examinations were 

performed by certified obstetric sonographers and final diagnoses were made by board 

certified Maternal Fetal Medicine specialists.

SGA was defined as birthweight < 10th percentile by the non-sex specific growth standard 

and the sex specific growth standard as published by Alexander et al.7 The primary outcome 

examined was stillbirth, defined as intrauterine fetal death ≥ 20 weeks gestation. Univariable 
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analysis was used to compare maternal demographic, medical, and pregnancy characteristics 

between stillbirths and live births. Descriptive statistics were performed using χ2 for 

categorical variables and Student’s t-test for continuous variables.

Odds ratios (OR) for SGA stillbirth were calculated for both the sex specific and non-sex 

specific definitions of SGA. Multivariable logistic regression was used to obtain adjusted 

odds ratios (aOR). Covariates were selected based on biologic plausibility, and factors 

identified in the literature. Maternal age, nulliparity, race, body mass index (BMI), smoking, 

chronic hypertension (CHTN) and pre-gestational diabetes were included in the final model. 

Fit for each final model was assessed using the Hosmer-Lemeshow goodness-of-fit test.13 

To compare the predictive abilities of the two growth standards, receiver operating 

characteristics (ROC) curves were developed for the prediction of stillbirth among SGA 

pregnancies as defined by the non-sex specific standard and the sex specific standard. The 

areas under the ROC curves (AUC) were compared using the nonparametric test by DeLong 

et al.14 The screening efficiencies for the prediction of stillbirth among SGA pregnancies 

were calculated for the non-sex specific and the sex specific standards. Screening 

efficiencies included sensitivity, specificity, negative predictive value, positive predictive 

value, negative likelihood ratios and positive likelihood ratios. Statistical analysis was 

performed using STATA 12.0. Tests with p< 0.05 were considered statistically significant.

Results

Of 57, 170 pregnancies meeting inclusion criteria, 28,954 (50.6%) fetuses were female and 

28,216 (49.4%) male. In all, 319 (0.6%) pregnancies were complicated by stillbirth. Table 1 

demonstrates relevant demographic characteristics of the study cohort comparing maternal 

and obstetric characteristics of pregnancies with female fetuses to those with male fetuses. 

There were significantly more male SGA pregnancies than female SGA pregnancies when 

SGA was defined by either of the two growth standards: non-sex specific (9.0% vs. 5.8% 

p<0.01) and sex specific (11.7% vs. 5.6% p<0.01). Pregnancies with female fetuses were 

similar to pregnancies with male fetuses for the remaining variables tested (Table 1). Table 2 

demonstrates relevant demographic characteristics of the study cohort comparing 

pregnancies complicated by stillbirth to pregnancies resulting in a live birth. Mothers 

experiencing stillbirth had a median age of 2 years younger than mothers with live births (29 

(23,35) vs. 31 (26, 35), and the frequency of AMA mothers did not differ between groups 

(p=0.26). Additionally, 5.9% more nulliparous mothers experienced stillbirth over livebirth 

(44.5% vs. 38.6%, p=0.02). Race was also significantly different among women 

experiencing stillbirth and livebirth. African American women accounted for 42.3% of the 

stillbirths but only 22.7% of the population whereas white women accounted for 45.1% of 

stillbirths but made up 61.8% of the population. Finally, the potentially modifiable risk 

factors BMI, smoking, and pre-gestational diabetes were significantly greater among 

stillbirths compared to livebirths (Table 2), whereas chronic hypertension was statistically 

greater in the livebirth group compared to the stillbirth group but only by 0.1% making the 

clinical significance questionable (5.7% vs. 5.6% p<0.01) (Table 2).

Using the non-sex specific growth standard, 102 of 319 stillbirths were defined as SGA, 

giving a 32% screen positive rate of the non-sex specific standard (Table 3). Using the sex 
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specific growth standard to define SGA, 204 of 319 stillbirths were SGA, giving a 64% 

screen positive rate for the sex specific standard. The odds of stillbirth when SGA is defined 

by the sex specific standard was nearly 4-fold higher than the odds of stillbirth when SGA 

was defined by the non-sex specific standard (aOR 19.6 (95% CI 15.3–25.1) vs. aOR 5.26 

(95% CI 4.1–6.7)). ROCs showed that defining SGA by the sex specific standard 

demonstrates better discrimination for the prediction of stillbirth compared to the non-sex 

specific standard (Figure 1) (AUC 0.826 vs. AUC 0.721 p<0.001).

Further characterization of the diagnostic utility of the two growth standards is presented in 

Table 4. While sensitivities and positive predictive values for stillbirth were poor for both 

standards, each diagnostic test characteristic was superior for the sex specific standard. For a 

fixed false-positive of 10%, the detection rate of the sex specific standard was 70%, 

compared with 44% for the non-sex specific standard.

Discussion

In this study, we found SGA defined by a sex-specific growth standard is associated with 

greater odds of stillbirth than SGA defined by a non-sex specific growth standard. In 

addition, the sex specific standard was better at discriminating the SGA fetuses at risk for 

stillbirth. Further, use of the sex specific standard was associated with a higher detection of 

stillbirth for a fixed false-positive rate. Our findings demonstrate the superiority of a sex 

specific growth standard for the prediction of stillbirth among SGA fetuses and support the 

clinical utility of sex specific standards of fetal growth.

Historically, the difference in growth between males and females was not thought to become 

significant until late in the third trimester, making the clinical significance of detecting such 

growth differences in the antenatal period questionable.2 However, through a prospective 

longitudinal study of 96 women, Parker et al. demonstrated the divergence of sex specific 

intrauterine fetal growth starting at approximately 20 weeks gestation and this sex disparity 

in growth increases as gestational age advances.4

The role of fetal sex in the accuracy of ultrasound to predict birthweight was investigated by 

Melamed et al in a retrospective cohort study of over three-thousand women.5 The authors 

tested the accuracy of 8 published regression models among male and female fetuses and 

found the likelihood of estimated fetal weight prediction within 10% of birthweight was 

30% higher for male fetuses. The systematic error was found to be greater for female fetuses 

regardless of the model used. However, the authors questioned the clinical significance of 

the relatively small magnitude of the differences in accuracy between male and female 

fetuses.

In follow-up to their 2011 study, Melamed and colleagues compared 9 existing models for 

the estimation of fetal weight to their own sex-specific model.15 The Melamed sex specific 

models performed with greater accuracy. The authors found the improved accuracy of the 

sex specific models was not observed at extremes of weight, below the first birthweight 

quartile and above the third birthweight quartile.
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Most recently, in 2013, Melamed and colleagues published a retrospective cross-sectional 

investigation of over 12,000 fetal weight estimations to evaluate the effect of fetal sex on 

fetal growth patterns in the second and third trimester.6 With a large cohort the authors were 

able to use contemporary techniques to confirm findings of previous studies demonstrating 

the independent effect of fetal sex on the relationship between biometric 

parameters. 4, 8, 16, 17 In addition, using regression analysis, the authors were able to show 

sex specific differences in growth unique to each biometric parameter. Although the current 

literature supports the use of a sex specific model to estimate fetal weight, stratified analyses 

by both Seimer and Melamed suggest the SGA fetus may not benefit from the improved 

accuracy of a sex specific model for the estimation of fetal weight. The accurate prediction 

of fetal weight is important, but most fetuses will be normally grown, and it is the fetus at 

the extremes of growth that are at risk for poor outcomes. Therefore, if we are not able to 

improve the accuracy of ultrasound for the extremes of weight, then the clinical utility of 

such models remain unclear.

Our study differs from the studies of Seimer and Melamed in a fundamental way. Unlike the 

previous authors, we did not set out to evaluate the accuracy of ultrasound; rather, our 

interest was in the ability of SGA diagnosed based on a population based growth standard to 

accurately predict stillbirth. We designed our study to evaluate the relationship between 

SGA and stillbirth for two reasons. First, stillbirth is a potentially modifiable important 

outcome of interest. Second, as demonstrated by the overall low positive predictive value of 

both growth standards, many small fetuses do not result in stillbirth. Refining our ability to 

predict SGA fetuses at risk for stillbirth has the potential to lead to improved surveillance of 

the small fetus truly at risk for stillbirth, and reduce unnecessary intervention and improved 

resource utilization for the fetus not at risk for stillbirth.

The major strength of our study was in our well maintained, database with rich patient-level 

data which has been validated in previous studies. This cohort is sufficiently large to to 

examine the relatively rare, but important outcome of stillbirth. Second, because our large 

cohort included over 300 stillbirths we were able to perform logistic regression to adjust for 

multiple confounders. Finally, because we applied both growth standards to the same cohort 

of patients we minimized selection bias and confounding.

Our study was performed retrospectively, as such, it is subject to the inherent limitations of 

all retrospective studies. A factor that limits all studies involving measures of fetal weight is 

the issue of whether to use ultrasound estimates of fetal weight or birthweight. We chose to 

use birthweight to define SGA, which is potentially problematic as the timing of demise in 

relation to timing of birth is often unknown. However, use of Ultrasound estimated fetal 

weight is complicated by the timing of ultrasound in relation to delivery, and the known 

inaccuracies of ultrasound.18, 19 Further, we were interested in examining the accuracy of 

the growth standard to predict stillbirth as opposed to the accuracy of ultrasound to predict 

birthweight. Therefore, we chose to use birthweight as it seemed to be the most reasonable 

measure of weight to answer our study question.

In conclusion, while Alexander et al. included both a sex-specific population based growth 

reference and a non-sex specific reference only the non-sex specific reference has become 
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the widely used growth standard in the United States.7 Our findings demonstrate that the sex 

specific growth standard performs better than the non-sex specific standard as a tool to best 

identify SGA fetuses at risk for stillbirth. Adoption of the sex specific growth standard into 

clinical practice may be a simple way to improve the identification of the SGA fetus at risk 

for stillbirth.
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Abreviations

SGA small for gestational age

OR odds ratio

aOR adjusted odds ratio

BMI body mass index, kg/m2

CHTN chronic hypertension

ROC receiver operating characteristics curve

AUC area under the receiver operating characteristics curve
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Figure 1. 
ROC curves for the prediction of stillbirth for SGA as defined by non-sex specific and sex 

specific growth standards. Adjusted for maternal age, nulliparity, African American race, 

BMI, smoking, CHTN and pre-gestational diabetes.
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Table 1

Maternal and Pregnancy characteristics of female and male fetuses

Characteristic Female (28,954) Male (28,216)

Age (y)* 31 (26, 35) 31 (26, 35)

AMA (%) 8,466 (29.2) 8,408 (29.8)

Nulliparous (%) 11,267 (38.9) 10,796 (38.3)

Race

 African American (%) 6,567 (22.7) 6,426 (22.8)

 White (%) 17,833 (61.6) 17,471 (62.0)

 Other (%) 4,554 (15.7) 4,319 (15.3)

BMI (kg/m2)* 24.8 (21.7, 29.7) 24.7 (21.7, 29.5)

Smoking (%) 3,139 (10.9) 3,099 (11.0)

Chronic hypertension (%) 695 (2.4) 729 (2.6)

Preeclampsia (%) 2,313 (8.1) 2,269 (8.1)

Pre-gestational diabetes (%) 582 (2.0) 525 (1.9)

Gestational Diabetes (%) 1,555 (5.4) 1,463 (5.2)

SGA non-sex specific (%)† 1,683 (5.8) 2,526 (9.0)

SGA sex specific (%)† 1,465 (5.6) 3,307 (11.7)

Stillbirth (%) 177 (0.6) 142 (0.5)

*
Median (interquartile range)

†
p<0.05
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Table 2

Maternal Characteristics of Stillbirths and Live Births

Characteristic Stillbirth (319) Live birth (56,851)

Age (y)*† 29 (23,35) 31 (26,35)

AMA (%) 85 (26.7) 16,789 (29.5)

Nulliparous (%)† 142 (44.5) 21,921 (38.6)

Race

 African American (%)† 135 (42.3) 12,858 (22.6)

 White (%)† 144 (45.1) 35,160 (61.8)

 Other (%) 40 (12.5) 8,833 (15.5)

BMI (kg/m2)*† 25.9 (22.7,33.0) 24.8 (21.7,29.5)

Smoking (%)† 48 (15.1) 6,190 (10.9)

Chronic hypertension (%)† 18 (5.6) 1,406 (5.7)

Preeclampsia (%) 21 (6.7) 4,561 (1.9)

Pre-gestational diabetes (%)† 13 (4.1) 1,094 (1.9)

Gestational Diabetes (%) 15 (4.8) 3,003 (5.3)

*
Median (interquartile range)

†
p<0.05
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Table 3

Association between SGA and stillbirth for the non-sex specific and sex specific growth standards

Growth Standard Screen Positive (n stillbirths=319) Unadjusted OR (95% CI) Adjusted OR* (95% CI)

Non-sex specific n(%) 102 (32%) 6.04 (4.7–7.0) 5.26 (4.1–6.8)

Sex specific n(%) 204 (64%) 20.30 (16.0–25.8) 19.6 (15.3–25.0)

*
Adjusted for maternal age, nulliparity, African American race, BMI, smoking, CHTN, and pre-gestational diabetes
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