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Stillbirth rates are a sensitive indicator of quality in a coun-

Objective The objective of this study was to determine the effect of birthweight on
prospective stillbirth risk.

Methods Cross-sectional study of singleton births in the United States from 2010 to
2012 from 32 through 42 weeks was conducted. Stillbirth risk was stratified by
birthweight and gestational age adjusted for time from death to delivery. The primary
outcome was the prospective stillbirth risk for each birthweight category. Student t-test
was used for continuous data, chi-square to compare categorical data. Binomial
proportions were used to derive prospective and cumulative risks. Cox proportional
hazards regression with log-rank test comparison for heterogeneity was used to
compare birthweight categories and derive hazard ratios.

Results There was an increase in the risk for stillbirth as birthweight diverged from the
reference group. At 40 weeks adjusted gestational age, stillbirth rate per 10,000 births
for the bottom (6.17, 95% Cl: 7.47-4.87) and top (2.37, 95%Cl: 3.1-1.65) 5th centiles of
birthweight conveyed the highest risk. Hazard ratios (HR) after adjusting for covariates
were: 1.55 (1.73-1.4) <5th centile and 2.2 (2.43-1.99) > 95th centile (p < 0.001).
Conclusion Stillbirth risk increases as birthweight departs from the mean. Birthweight
below the 5th and above the 95th centile conveyed a significantly increased risk for
stillbirth which was most noticeable after 37 weeks.

nization, diabetes, preeclampsia, and fetal growth restriction

try’s healthcare system.! There are relatively limited data
regarding its significance and prevention.1'2 In the
United States, the stillbirth rate is ~3 per 1,000. The rate
has decreased by 30% among preterm births between 1989
and 2000.3 This decline was partly caused by a 55% increase in
medically indicated preterm births during the same period.>
Subsequently, from 2005 through 2012, medically indicated
preterm birth declined by 17% indicating improvements in
the identification of fetuses at risk for adverse outcomes.*
Aggressive management of conditions such as Rh alloimmu-

received

March 30, 2016
accepted after revision
July 1, 2016

DOI http://dx.doi.org/
10.1055/s-0036-1587322.
ISSN 2157-6998.

(FGR) has also contributed to this decrease.’™

Although prior case-control and cohort studies have
demonstrated that low weight is a risk factor for still-
birth,'%'" several studies have shown that both the upper
and lower extremes of birthweight are associated with an
increased risk for stillbirth.'>'3 Several reports have led to
recommendations for heightened fetal surveillance of small
fetuses with late preterm or early term delivery to prevent
stillbirth, '*~1? but there is no clear guidance for those in the
highest birthweight centiles.
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Stillbirth rate is defined as the number of stillbirths in a
specific week of gestation per all births in the same week of
gestation. The prospective stillbirth risk is defined as the
number of stillbirths in a specific week of gestation per all
ongoing pregnancies in that week of gestation,?® and the
cumulative risk of stillbirth is the sum of the prospective
stillbirth risks, and it increases with advancing gestational
age. It depicts how the additive effect of prospective risk of
stillbirth increases over time.?"

We sought to quantify the effect of birthweight on the
prospective risk of stillbirth in the US population. Although
birthweight below the 10th centile is the most commonly
used definition below which the risk increases,?>~%> low
birthweight is not a dichotomous condition. We hypothe-
size that the risk for stillbirth increases gradually as birth-
weight centile decreases. The objective of this study was to
quantify the risk of stillbirth within birthweight decile
categories ranging from the lowest to the highest deciles
of birthweight.

Methods

This is a population-based, cross-sectional analysis of single-
ton live births in the United States from the years 2010
through 2012. Data were accessed from the National Center
for Health Statistics (NCHS).2® The NCHS compiles informa-
tion from the US birth data files and fetal death data files,
which are required for all births. The validity of the data has
been documented.?” This is de-identified and publicly avail-
able information and was exempt from Institutional Review
Board review.

We used the obstetric estimate of gestation which provides
better estimates of gestational age than does the last men-
strual period LMP.%® The stillbirth certificate reports gesta-
tional age based on time of delivery and would be expected to
overestimate gestational age. The gestational age for all
stillbirths was randomly adjusted downwards by 0 to 4 weeks
in the proportions equal to those reported for a large US
stillbirth cohort.?® The adjustment was performed prior to
any exclusions. We performed all analyses with and without
adjustment for gestational age.

We included only singleton births from women residing
and delivering in the United States between 2010 and 2012.
The analysis was performed at each week of gestation from 32
to 42 weeks because this is when most fetal surveillance
algorithms are implemented. Exclusion criteria were gesta-
tional age less than 32 or more than 42 weeks, twins or higher
order multiples, and all fetuses with congenital anomalies or
known aneuploidy, which have an increased risk for stillbirth
independent of growth restriction or gestational age.

The reference curves were established using birthweights
from the population of livebirths in 2012.3°32 The mean
birthweight and standard deviation for each week of gesta-
tion were used to obtain a centile for each birthweight.
Birthweight centiles were stratified into 12 groups: <3rd,
< 5th, 5th to 10th, 11th to 20th, 21st to 30th, 31st to 40th,
41st to 60th, 61st to 70th, 71st to 80th, 81st to 90th, 91st to
95th and > 95th centile.
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We compared the descriptive data between stillborn and
live-born infants. Continuous data were compared with the
Student t-test and categorical data were compared with a chi-
square test. P values are all two sided with p < 0.05 consid-
ered to be significant. Binomial proportions for prospective
and cumulative stillbirth risks were obtained.?' The prospec-
tive risk of stillbirth is considered to be a better indicator of
the population at risk than the stillbirth rate. 3334 An adjust-
ment that excluded half of the deliveries occurring in the
week analyzed was made to account for births that occurred
during that week and would no longer have been at risk for
death.?’ For cumulative risk for stillbirth, first we calculated
the cumulative probability of survival as the product of the
prospective probabilities of survival. The cumulative proba-
bility of stillbirth was 1- probability of survival.”! We plotted
the cumulative probability of stillbirth with deliveries cen-
sored at each week of gestation as Kaplan Meier failure
curves.® Risks were stratified by birthweight category and
reported per 10,000 births.

The effect of demographic and clinical variables on risk of
stillbirth was analyzed in a multivariate model using a Cox
proportional hazards regression with log-rank test compari-
son for heterogeneity. Hazard ratios are the best descriptor for
risk of events over a specific interval of time.>® The reference
group for the relative risk were infants born in the 41-60%
birthweight category. For multiple analyses between birth-
weight categories, a Bonferroni correction was performed
with p values being significant when <0.004. Variables
associated with both growth restriction and stillbirth, and
which were available in both the live birth and stillbirth
certificates, were included in the multivariate analyses.>”-38
These were live birth order, maternal age, weight gain, and
race.”%-38 The variables maternal smoking, body mass index,
the results of antepartum surveillance, and obstetrical com-
plications were not available in the certificate of stillbirth and
were not included. The unreported values were weight gain
(1,036,078), delivery method (2,058,324), race (239,201), and
maternal morbidities (1,868,566). These variables were not
part of the primary outcome analysis were considered miss-
ing at random and no imputations were performed.>® Values
reported as unknown or blank were considered to be incom-
plete and were excluded.*® All data analysis was performed
using SAS 9.3 (Cary, NC) .

Results

After exclusions, there were a total of 11,304,635 live births
and 23,519 stillbirths available for analysis from 2010
through 2012 (=Fig. 1). The characteristics of the entire
cohort are described comparing the stillborn and live born
infants (~Table 1). Maternal age, number of prior live births,
weight gain, age, race, maternal morbidities, infant weight,
gender, and mode of delivery were significantly different
between live and stillbirths. The total number of ongoing
pregnancies, live births, stillbirths in each birthweight cate-
gory is reported by adjusted gestational age in ~Table 1.
The prospective and cumulative risk of stillbirth for the
entire cohort, according to clinical estimate and adjusted
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Total births: Livebirths: Stillbirths:
12,101,762 11,929,121 172,641
Tl e Exclusions Exclusions
~0d EXCIONS livehirths stillbirths
<32 and >42
— weeks gestation: — 227,514 — 147,810
375,324
Twin and higher
—d order and non- — 368,368 — 1,312
resident: 369,644
Anomalous fetus:
— 28,640 — 27,827 — 813
Total after
b exclusions: — 11,304,635 — 23,519
11,328,154

Fig. 1 Flowchart demonstrating all women included in the study cohort according to outcome and exclusion category.

gestational age, are shown in =Fig. 2. The prospective and
cumulative stillbirth risk gradually increased up to 39 weeks,
with an upwards inflection of the slope at 39 weeks among
the unadjusted gestational age values. The risks after adjust-
ing for gestational age at death demonstrated a lower risk up
to 41 weeks with an inflection after 41 weeks which was
observed for both adjusted and unadjusted values.

The binomial proportions for the prospective and cumu-
lative risk of stillbirth by birthweight category were derived
using the adjusted gestational age (=Table 2). The lowest
proportions are seen in the 31st to 40th centile category,
which was similar to that reported for the reference group.
The highest risk was observed for birthweights below the 5th
and above the 95th centiles. The cumulative stillbirth risk,
which reflects the total accumulated risk, for birthweights
below the 3™ centile ranged from 2.61 per 10,000 at 32 weeks
to 73.33 per 10,000 at 42 weeks. For birthweights below the
5th centile, it was 2.34 per 10,000 at 32 weeks and 63.15 per
10,000 at 42 weeks. In comparison, for stillbirths with birth-
weights above the 95 centile, the risk was 4.03 per 10,000 at
32 weeks and 37.01 per 10,000 at 42 weeks, which was higher
than in all other categories except for below the 5th centile
(=Table 2).

Kaplan-Meier failure curves were used to plot the cumu-
lative risk for fetal death according to birthweight categories.

The frequencies were similar to those obtained by calculating
the binomial proportions (=Figs. 3A and 3B). Using the
clinical estimate of gestational age used in the certificate of
fetal death, events with birthweights below the 5th centile
had higher cumulative stillbirth risk compared with those
above the 5 centile (Log rank p < 0.001). The lowest cumu-
lative stillbirth risks were observed for those born between
the 71st and the 95th centile. These were lower than the
cumulative stillbirth risk for the reference group (41st to 60th
centile). Birthweights above the 95th centile were associated
with cumulative stillbirth risks similar to those of the refer-
ence group (=~Fig. 3A).

After adjusting the gestational age for time from death to
delivery, we observed a smoother transition in cumulative
stillbirth risks between the birthweight categories. The low-
est risk was for those in both the reference and 31st to 40th
centile categories. The risk for those above the 95th centile
was similar to that observed for those below the 5th centile,
all of which were higher than the rest of the cohort (Log-rank
test p < 0.001). This divergence was particularly noticeable
after 37 weeks of gestation (~Fig. 3B).

The hazard ratio for stillbirth in each birthweight category
was compared with the reference group of birthweights
between the 41st and the 60th centiles. The analysis was
performed using both the clinical estimate of gestational age
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Table 1 Characteristics of cohort by pregnancy outcome (n = 11,328,154)

Characteristics Live birth Stillbirth
(11,304,635) (23,519)
Maternal
Age, mean(SD) 27.8 (6.0) 28.2 (6.5)
Age category, y, n (%)
Younger than 25 3,658,180 (32.4) 7,513 (31.9)
25-34 6,024,789 (53.3) 11,659 (49.6)
Older than 35 1,621,666 (14.4) 4,347 (18.5)

Previous live births, n (%)

0 4,566,385 (40.4) 14,026 (59.6)
1-2 5,383,399 (47.6) 6,035 (25.7)
3-4 1,058,357 (9.4) 1,522 (6.5)
>4 296,494 (2.6) 1,936 (8.2)
Weight gain in kg, n (%)

Less than 5 893,990 (8.7) 3,533 (15.9)
5-14 4,904,098 (47.8) 9,702 (43.7)
15-24 3,433,494 (33.4) 4,130 (18.6)
25-34 432,063 (4.2) 524 (2.4)
Greater than 34 606,235 (5.9) 4,307 (19.4)

Race-ethnicity, n (%)

White non-Latino

6,112,340 (55.2)

10,989 (49.5)

Black non-Latino 1,636,928 (14.8) 5,148 (23.2)
White Latino 2,491,475 (22.5) 4,731 (21.3)
Black Latino 125,716 (1.1) 231 (1.0)
Other 700,290 (6.3) 1,105 (4.9)
Maternal morbidities, n (%)
Pregestational diabetes 67,697 (0.7) 2,796 (12.5)
Chronic hypertension 123,368 (1.3) 916 (4.1)
Preeclampsia 395,304 (4.2) 1,427 (6.4)
Eclampsia 16,682 (0.2) 156 (0.7)
Infant
Gestational age at delivery, mean (SD) 38.8 (1.5) 36.3 (2.5)
Gestational age at delivery in weeks, n (%)
32 40,183 (0.4) 2,152 (9.2)
33 58,274 (0.5) 1,993 (8.5)
34 108,854 (1.0) 2,284 (9.7)
35 179,159 (1.6) 2,445 (10.4)
36 384,986 (3.4) 2,973 (12.6)
37 925,965 (8.2) 3,202 (13.6)
38 2,047,163 (18.1) 3,305 (14.1)
39 4,226,642 (37.4) 2,812 (12.0)
40 2,558,635 (22.6) 1,742 (7.4)
41 728,269 (6.4) 496 (2.1)
42 46,505 (0.4) 115 (0.5)
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Characteristics

stillbirth
(23,519)

Live birth
(11,304,635)

Gender, n (%)

Female 5,520,803 (48.8) 11,236 (47.8)
Male 5,783,832 (51.2) 11,236 (52.2)
Unknown 0 1,047

Birth weight in grams, mean (SD) 3,331 (526) 2,920 (1,833)

Delivery method n(%)

Vaginal 6,383,296 (69.0) 16,812 (71.8)
Cesarean 2,855,512 (30.9) 5,663 (24.2)
Unknown 7,601 (0.1) 946 (4.0)

Abbreviation: SD, standard deviation.

Note: Comparisons between live births and stillbirths using Student t-test for continuous variables or chi square for categorical variables. p < 0.001.

and the adjusted gestational age (~Table 3). As observed in
the Kaplan-Meier survival curves, the lowest cumulative risk
of stillbirth was observed for infants with birthweights
between the 61st and the 95th centile. After adjusting the
gestational age, the risk gradually increased for all birth-
weight categories above or below the reference group. The
exception was fetuses between the 31st and the 40th centiles.
The hazard ratios for infants with birthweights above the 95th
centile were similar to those below the 5th centile.

Discussion

Main Findings

The data presented demonstrate that in the US population
birthweight below the 5th and above the 95th centile was
associated with the highest stillbirth risk within this US
population cohort. Without accounting for time from death
to delivery, the lowest risk for stillbirth was in the 71st to 95th
centile categories. After adjusting for the gestational age at
death, the risk gradually increased as birthweight centile

807 — Prospective
i e Cumulatnfe . /
2 — Prospective Adjusted
=] 601 + Cumulative Adjusted /
4 /
40 /
w
£ 2 f-"/'
2 20+ I#,/:/f
& renl s s
W T e ST T
32 34 36 38 40 42

Gestational age weeks

Fig. 2 Stillbirth risk according to gestational age and adjusted
gestational age. Prospective stillbirth risk numerator are stillbirths
occurring in a specific week of pregnancy, and the denominator is all
ongoing pregnancies. Cumulative stillbirth risk is 1- the product of the
cumulative risks of survival up to a week of gestation.

category diverged from the mean. The lowest risk was
observed for newborns with birthweight between the 31st
and the 40th centile, who had a stillbirth risk lower than the
reference group, whereas those with birthweights below the
5th and above the 95th centile had a significantly higher risk
than the adjacent birthweight categories.

The clinical estimate of gestational age at birth that is
reported in the fetal death certificate does not account for
intrapartum deaths or time from death to delivery. Most
publications regarding stillbirth rates and risks do not
account for the time elapsed between actual gestational age
at time of fetal death and gestational age at time of delivery.
The result is an overestimation of stillbirth rates among lower
birthweight categories due to assignment of gestational age at
time of delivery and not gestational age at death.

Many reports on risk and odds of stillbirth use the 10th
percentile or above as a reference group when calculating the
relative risk or odds of stillbirths in low birthweight catego-
ries.'® Recent research has suggested that the lowest stillbirth
rates are somewhere between the 80th and 95th centile of
birthweight.'>4! The argument for this finding has been that
higher birthweight is consistent with improved maternal
nutrition and protective against perinatal mortality.'?
When we analyzed our data without adjustment for time
from death to delivery, we also observed the same effect, a
lower stillbirth risk for larger fetuses. This effect was not seen
after we adjusted gestational age for time from death to
delivery suggesting that the decreased stillbirth rate
observed among larger birthweight categories resulted
from the assignment of those stillbirths to later gestational
ages and lower birthweight categories at time of delivery. The
impact of adjusting gestational age downwards among
fetuses in the 80th to 95th centile would be to increase the
stillbirth risk among the larger fetuses at earlier gestational
ages. This may have led to the increased stillbirth rate with
birthweight over the 95th centile, although increased
mortality in this group has been previously reported.11

We have presented prospective and cumulative risks for
stillbirth across all birthweight categories. The prospective
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Stillbirths are per 10,000 births. Assigned gestational age is according to
best clinical estimate registered in the birth or fetal death certificate.

Stillbirths are per 10,000 births. Stillbirth gestational age is adjusted for
interval between gestational age at death and diagnosis of fetal death.

Fig.3 (A) Cumulative stillbirth risk by birthweight category according to unadjusted gestational age. Stillbirths are per 10,000 births. Unadjusted
gestational age is according to best clinical estimate registered in the birth or fetal death certificate. (B) Cumulative stillbirth risk by birthweight
category according to adjusted gestational age. Stillbirths are per 10,000 births. Stillbirth gestational age is adjusted for interval between
gestational age at time of diagnosis of fetal death and gestational age at time of delivery.

risks and odds for stillbirth have been reported for the U.S.
population, and are higher than the gestational age adjusted
rates we present.'® Odds ratios can compare birthweight
categories but cannot account for the effect over time or
gestational age. We have reported hazard ratios which al-
lowed us to compare the cumulative risk of stillbirth over
time between birthweight categories. The magnitude of the
hazard ratio gradually increased as birthweight percentile
diverged from the reference group, although there was no
significant difference for those with birthweights in the 61st

to 70th or in the 31st to 40th birthweight centile categories.
The hazard ratio was not as high as previously reported
prospective risks or odds ratios for fetuses below the 5™
centile, but higher than the odds ratios reported for fetuses
with birthweights above the 95™ centile.'0-12

Strengths and Limitations

This study used a large national vital statistics database with
over 12,000,000 deliveries in three years. The large number of
events included allowed us to robustly quantify the

Table 3 Hazard ratio for stillbirth according to birthweight category

Birthweight Clinical estimate gestational age Adjusted gestational age

Hazard ratio (95% Cl) p Hazard ratio (95% Cl) p
< 3% 4.69 (4.96-4.43) <0.0001 2.85 (3.07-2.66) <0.0001
< 5% 2.33 (2.53-2.15) <0.0001 1.55 (1.73-1.4) <0.0001
5-10% 1.95 (2.09-1.82) <0.0001 1.35 (1.47-1.24) <0.0001
11-20% 1.51 (1.61-1.42) <0.0001 1.04 (1.13-0.96) 0.329
21-30% 1.26 (1.35-1.18) <0.0001 1.02 (1.1-0.94) 0.697
31-40% 1.01 (1.08-0.94) 0.817 0.89 (0.97-0.82) 0.008
61-70% 0.94 (1.01-0.87) 0.088 1.13 (1.23-1.04) 0.0042
71-80% 0.91 (0.98-0.84) 0.011 1.26 (1.37-1.17) <0.0001
81-90% 0.79 (0.85-0.73) <0.0001 1.45 (1.56-1.34) <0.0001
91-95% 0.81(0.89-0.74) <0.0001 1.83 (1.99-1.68) <0.0001
>95% 0.89 (1.01-0.79) 0.066 2.2 (2.43-1.99) <0.0001
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differences in prospective and cumulative stillbirth rates
across birthweight categories by week of gestation. The
prospective risk for stillbirth we applied best describes the
population at risk for stillbirth at 32 to 42 weeks of gestation.
It included all women who were still pregnant and at risk of
having a stillborn infant, a clinically useful concept. In addi-
tion, we adjusted the gestational age among all stillbirths to
account for delays between time of death and delivery. This
adjustment has not previously been applied in reports of
stillbirth rates from a large US population cohort.

An important limitation regarding the validity of using
administrative data to derive prospective and cumulative
stillbirth risk is the quality of the estimates of gestational
age as well as information regarding the specific cause of
death and timing of death. We used the obstetrical estimate of
gestational age. This has been defined as “the estimate of the
infant’s gestation in completed weeks based on the birth
attendant’s final estimate of gestation which should be
determined by all perinatal factors and assessments such as
ultrasound, but not the neonatal exam”*?, and it appears to
provide a better estimate than the last menstrual period.*?

The stillbirth certificate does not account for the time
transpired from the occurrence and diagnosis of stillbirth to
the delivery.29 The time elapsed is reported to be less than one
week in 50%, and two or more weeks in 40% stillbirths beyond
24 weeks.? As a result, stillborns would be registered at a
more advanced gestational age making them appear smaller
for gestational age. To adjust for gestational age, we applied
proportions from a previously validated algorithm developed
to assign time of death in a cohort of stillbirths which were
part of the Stillbirth Collaborative Research Network.?? On
the basis of their reported data, 25.2% of stillbirths occur 0-2
days before delivery (this includes both intrapartum deaths
and recent fetal deaths), 12.4% occur at approximately 1 week,
17.4% at approximately 2weeks, 8.4% at approximately
3 weeks and 20% at approximately 4 or more weeks prior
to delivery. After adjusting for these predicted variations, we
found a gradual increase in stillbirth rates with progressively
lower or higher birthweight categories.

A third limitation is that in this database, stillbirths are all
coded equally with no differentiation between intrapartum
and antepartum deaths. When analyzing antepartum deaths,
the correct denominator to use is the number of on-going
pregnancies. However, when analyzing the risk of intrapar-
tum deaths the correct denominator is the number of deliv-
eries during a specific week and the overall risk is the addition
of both. The frequency of intrapartum fetal death rates from
previous reports show that the rates are lower than neonatal
and antepartum death rates, remain stable from 37 to 42
weeks?!, and would not be expected to modify the trends we
have observed between birthweight categories.

Interpretation

Population-based analyses have reported on stillbirth rates
according to absolute birthweight but not according to birth-
weight centile for gestational age.>* Although odds ratios for
rates according to birthweight centile have been re-
ported,'"1? the increased prospective and cumulative still-

American Journal of Perinatology Reports  Vol. 6 No. 3/2016

birth rates below the 5th centile and above the 95th centile
have not been reported by gestational age in the US popula-
tion. These results support our hypothesis that the prospec-
tive stillbirth rates gradually increase as birthweight centile
decreases or increases, with the largest increase among births
below the 5" centile or above the 95™ centile.'"*4#> The
decision to analyze stillbirth rates from 32 to 42 weeks of
gestation was based on the uncertainty regarding of timing of
delivery and previous work demonstrating low birthweight
to be a risk factor for stillbirth.'’-444> stillbirths prior to
30 weeks more often include aneuploidy, obstetrical, placen-
tal and infectious complications compared with deaths oc-
curring after 30 weeks.*® After 32 weeks, maternal, and
obstetrical factors play a more significant role, including
maternal age and parity.*’

We acknowledge that growth restriction is not a cause of
stillbirth but a risk factor for stillbirth.*> The information
presented highlights the impact that growth restriction and
excessive fetal growth have on stillbirth rates and risk. This
effect is continuous and not a dichotomous effect observed
below a certain threshold. It supports the current recom-
mendations for surveillance among growth restricted fetuses,
particularly those below the 5™ centile 48

An important finding in our analysis is that having a
birthweight above the 95% centile was also associated with
a significant increase in the risk for stillbirth when compared
with infants within the median birthweight category. The
magnitude of the increased risk was similar to that observed
for birthweights below the 5% centile. In clinical practice, it is
not uncommon to increase surveillance or intervene in cases
where the fetus is considered to be large for gestational age,
macrosomic or with birthweights above the 90" centile. This
study defines the birthweight at which the risk increases as
well as the magnitude of the risk.

Conclusion

Stillbirth risk gradually increases as birthweights diverge
from the mean. Birthweights above the 95th centile or below
the 5th centile convey the highest risk for stillbirth. The
increased risk for stillbirth associated with birthweights
above the 95th centile would qualify it as a risk factor for
stillbirth similar to that attributed to birthweight below the
5th centile.'
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