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Abstract

Introduction: Reductions in fetal growth are associated with adverse outcomes at birth and
later in life. However, identifying fetuses with pathologically small growth remains challenging.
Definitions of small-for-gestational age (SGA) are often used as a proxy to identify those
experiencing pathological growth (i.e., fetal growth restriction). However, this approach is
subject to limitation as most babies labeled SGA are constitutionally, not pathologically small.
Incorporating repeated ultrasound measures to examine fetal growth trajectories may help
distinguish pathological deviations in growth from normal variability, beyond a simple definition
of SGA.

Objective: Characterize phenotypes of growth using ultrasound trajectories of fetal growth
among SGA births.

Study Design: We identified and described trajectories of fetal growth among SGA births (<
10t percentile weight-for-gestational age; n = 245) in the LIFECODES Fetal Growth Study using
univariate and multivariate trajectory modeling approaches. We abstracted available ultrasound
measures of fetal growth (estimated fetal weight [EFW], head circumference [HC], abdominal
circumference [AC], and femur length [FL]) from health records. First, we applied univariate
group-based trajectory modeling to define trajectories of EFW z-scores during gestation. Second,
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we applied group-based multi-trajectory modeling to identify trajectories based on concurrent
measures of HC, AC, and FL z-scores. Last, we described how these trajectories were related to
patient demographics, pregnancy characteristics, and birth outcomes compared to those observed
among AGA controls.

Results: We identified three univariate trajectories of EFW and four multivariate trajectories
of fetal growth among SGA births. In our univariate approach, infants with the smallest EFW
trajectory throughout pregnancy had poorer outcomes, including the highest risk of NICU
admission. The remaining univariate trajectory groups did not have elevated risk of adverse
birth outcomes relative to AGA controls. In our multivariate approach, we identified two
groups at increased or moderately increased risk of NICU admission, including infants that
remained extremely small for all parameters throughout pregnancy as well as those who had
disproportionately smaller FL and AC compared to HC. Again, the remaining multivariate
trajectory groups did not have elevated risk of adverse birth outcome relative to AGA controls.

Conclusion: Latent class group-based trajectory modeling applied to ultrasound measures of
fetal growth may help distinguish pathologic vs. constitutional growth profiles among babies
born SGA. While trajectories cannot be fully characterized until delivery, limiting direct clinical
application of these methods, they may still contribute to the development of approaches for
separating growth restriction from constitutional smallness.

Keywords

Fetal growth restriction; ultrasound measures of fetal growth; group-based multi-trajectory
modeling; latent class trajectory analysis

INTRODUCTION

Aberrations in normal fetal growth have long been associated with adverse outcomes at
birth and later in life. For example, babies born small-for-gestational age (SGA) have been
shown to be at an increased risk of infant mortality and neurodevelopmental disorders.1-2
However, SGA infants comprise two distinct subpopulations of individuals: those that are
pathologically small (e.g., growth restricted) and those that are constitutionally small (e.g.,
small but healthy).3 Despite this knowledge, research on the effects of growth restriction is
hindered by the difficulty in distinguishing these groups from one another. Acknowledging
this limitation, several recent analyses have tried to refine definitions of growth restriction
through the incorporation of various clinical measures or other pregnancy characteristics.*~’

One refinement, which remains minimally explored, could be to account for the overall
trajectory of growth during gestation. For example, latent class trajectory modeling
approaches can identify subgroups of fetuses with homogenous growth trajectories. These
methodologies posit that individuals with shared trajectories may reflect a shared etiology
or mechanism underlying them.8:9 Thus, these trajectories may be more useful when
identifying risk factors or adverse outcomes that are believed to have specific mechanisms
relating to fetal growth better than a blanket definition of SGA. One example of this
approach is a recent study conducted in collaboration between our research group and the
Generation R cohort, which identified different latent class trajectories of estimated fetal
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weight (EFW) among SGA births.” The identified trajectories had different associations with
childhood neurodevelopmental outcomes. These findings suggested that trajectory modeling
to characterize fetal growth phenotypes may help to appropriately isolate groups of growth
restricted infants better than the SGA definition.

In this study, we used two latent class trajectory modeling approaches to identify
phenotypes of fetal growth among SGA births using ultrasound records from mid- through
late pregnancy in the LIFECODES Fetal Growth Study. We examined 1) univariate
trajectories of EFW and 2) multivariate trajectories of head circumference (HC), abdominal
circumference (AC), and femur length (FL), which have not been examined previously and
may better account for fetal body composition. We hypothesize that multivariate trajectory
modeling approaches may provide a more nuanced analysis of fetal growth relative to
approaches relying on weight as a summary measure of growth.

METHODS

Study population

The LIFECODES cohort, which began in 2006, is an ongoing prospective pregnancy

cohort that has been described in detail elsewhere.10 Briefly, participants are recruited from
antenatal clinics in Brigham and Women’s Hospital (BWH) in Boston, MA. Participants

are eligible for enrollment if they are at least 18 years of age, initiate prenatal care before

15 weeks gestation, and intend on delivering at BWH. All participants provide written

and informed consent at the time of enroliment. Participants attend three study visits (i.e.,
median 10, 26, and 35 weeks gestation). At the first study visit, participants complete
detailed questionnaires about sociodemographics and medical history. The LIFECODES
study was approved by the Institutional Review Board of BWH, and the current analysis was
deemed exempt by the NIEHS.

This analysis utilizes the LIFECODES Fetal Growth Study, a case-cohort of 901
participants sampled from those participating in LIFECODES with a singleton delivery
between 2008 — 2018 (N = 3,330). Prior to sampling, we abstracted birthweight and
gestational age at delivery from medical records. Gestational age was calculated according
to recommendations by the American College of Obstetrics and Gynecologists.1? We
constructed birthweight-for-gestational age z-scores using an internal standard previously
created from the hospital clinic population by our research group.12 Births were defined

as SGA if their birthweights were < 10t percentile, appropriate-for-gestational age (AGA)
if they were between the 101" and 90t percentile, and large-for-gestational age (LGA) if
they were > 90t percentile. Sampling into the case-cohort took place in two steps. First,

we randomly selected a subcohort (i.e., sample; N = 504) from the LIFECODES study
population. Second, two additional groups of participants with either an SGA (N = 199) or
LGA birth (N = 198) were randomly sampled from identified cases as part of an enrichment
subset. This sampling scheme resulted in a total of 249 SGA, 411 AGA, and 241 LGA births
(Figure 1). For the purposes of this analysis, we present our findings according to case status
and focus primarily on SGA cases and AGA controls.
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Fetal growth measures

Using medical records, we abstracted ultrasound measures of fetal growth, including HC,
AC, and FL. Using these measures, we calculated EFW using Hadlock Formula #3 (i.e.,
based on HC, AC, and FL).13 For a subset of participants (n = 49), HC was not recorded.
For these participants, we abstracted their biparietal diameters (BPD) and calculated EFW
using Hadlock Formula #2 (i.e., based on BPD, AC, and FL).13 Ultrasound measures from
16 weeks gestation until delivery were converted into gestational age-specific z-scores using
ultrasound standards constructed from the underlying clinic population.1? The standards
did not account for fetal sex, as this factor is not commonly used in the clinic or in
epidemiologic studies to assess growth during pregnancy.%14-16 For participants without
measured HC, their BPD z-score was substituted for their HC z-score. Measures collected
before 16 weeks gestation were not utilized due unclear clinical relevance.1417

Participant characteristics

The questionnaire administered at the first study visit assessed basic participant
characteristics, including sociodemographic characteristics, behavioral factors, and medical
history. For the purposes of this analysis, we summarized race and ethnicity as “non-
Hispanic white”, “non-Hispanic Black”, “Hispanic” and “Other”. We expect that race does
not have a biological effect on fetal growth, but instead, that observed differences across
racial categories are the result of unmeasured cultural or social factors, including structural
racism.18 Basic clinical information was collected at each study visit and medical diagnoses
that occurred during pregnancy were abstracted from medical records and validated by two
maternal fetal medicine physicians.

Birth outcomes

Birth outcomes were abstracted from medical records after delivery and included:
gestational age at the time of delivery, birthweight z-scores, delivery via c-section, neonatal
intensive care unit (NICU) admission, and length of NICU stay. Birthweight z-scores, like
ultrasound measure z-scores, were derived from an internal growth standard that did not
account for sex.12 While the inclusion of measures such as placental pathologies or uterine
artery doppler would be informative in the context of fetal growth, this information was
not collected uniformly on all pregnancies in this study population. Therefore, we have not
included them due to selection bias.

Statistical methods

All statistical analyses were performed using SAS v 9.4 (SAS Institute, Cary, NC). We
summarized demographic characteristics of participants according to case or control status
by calculating the median (interquartile range [IQR]) or n (%). In addition, we visualized the
distribution of ultrasound fetal growth measures through scatter plots.

We first used group-based trajectory modeling to identify the optimal number of EFW
trajectories within the subset of SGA births.1® We used EFW zscores to account for both
the relative size of participants within the cohort and the velocity of growth across gestation.
We explored solutions ranging from one to six groups. The optimal number of groups was
identified using the following statistical criteria: a log Bayes Factor > 2.0, average posterior
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probability of class membership = 0.70, the smallest group had at least 5% of the sample,
and that the odds of correct classification = 5.0.20.21 Subject-matter knowledge was also
used to make decisions about the optimal number of groups. Participants were assigned

to the trajectory group that corresponded to their highest posterior inclusion probability.
Trajectories were visualized graphically by displaying the predicted mean EFW z-score and
95% confidence interval (Cl) for each trajectory group from 16 to 40 weeks gestation.

Second, we applied group-based multi-trajectory modeling to identify subgroups of
participants that share trajectories on multiple indicators of fetal growth, namely, HC, AC,
and FL z-scores.22 To conduct group-based multi-trajectory modeling, we identified the
number of univariate trajectories needed to describe each growth parameter individually,
and this number was used to determine a range of possible solutions for the multivariate
trajectory model. Groups were optimized using the same statistical criteria described
above.22 After optimization, group membership was assigned, and trajectories were
visualized as previously described.

We examined the distribution of demographics, pregnancy characteristics, and birth
outcomes by summarizing the median (IQR) or n (%) within each trajectory group compared
to those observed in AGA births as a reference. Because this is a descriptive analysis,

we highlight the magnitude of difference in these variables between groups rather than
presenting p-values from statistical tests.23 We also examined how the identified trajectory
groups compare to other ways of characterizing pathologically small fetal growth: suspected
fetal growth restriction (i.e., EFW < 10t percentile on ultrasound after 20 weeks gestation)
and low birth weight (i.e., birthweight < 2500 g). As a sensitivity analysis to account

for uncertainty in group membership, we replicated these descriptive statistics using a
case-weight approach, where the posterior inclusion probabilities of group membership were
used as inverse probability weights in our analysis instead of assigning fixed trajectory
groups.2* Additionally, we determined that our main conclusions were consistent when we
relaxed statistical criteria and arbitrarily chose a higher number of group solutions for our
latent class trajectory models (data not shown).

Participant characteristics and birth outcomes

This study comprises 249 SGA cases and 411 AGA controls (Table 1). Participants who
delivered SGA were more likely to be primiparas, have lower pre-pregnancy BMI, and less
likely to have access to private health insurance compared to AGA controls. They were
also more likely to self-identify as a race or ethnicity other than non-Hispanic white and to
give birth to a baby assigned female at birth. The distribution of birth outcomes, aside from
birthweight z-scores, was similar between SGA and AGA births.

Ultrasound measures of fetal growth

Participants in this study had an average of 4.5 ultrasound visits. The distribution of
ultrasound measures of fetal growth according to case status are shown in Figure 2. Among
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SGA cases in this study, 245 (98%) had at least one recorded measure of each growth
parameter and were used in subsequent growth trajectory modeling.

Univariate trajectories of fetal growth among SGA births

For EFW trajectories, a 3-group solution was the best fit (Figure 3; Supplemental Table
1). The groups identified are described as “Extremely Small” (n = 19 [8%]), where fetuses
had the smallest EFW Zz-scores across gestation; “Small” (n = 145 [59%]), where fetuses
had z-scores close to the 10t percentile across most of gestation; and “Average-Declining”
(n =81 [33%)]) in which fetuses had approximately average size in mid-pregnancy but
whose relative size was small during late pregnancy (Table 2). Participants assigned to

the “Extremely Small” group were more likely to self-identify as non-Hispanic Black,

use public health insurance, be multiparous, and less likely to have received a bachelor’s
degree compared to other SGA and AGA births (Table 3). In addition, participants in

the “Extremely Small” group were also more likely to have used assisted reproductive
technologies to conceive and moderately more likely to be diagnosed with preeclampsia
compared to other SGA and AGA births, though numbers were small.

With respect to birth outcomes, participants in the “Extremely Small” group had earlier
gestational ages at the time of delivery, smaller birthweight z-scores, the greatest proportion
of babies admitted to the NICU, and longer lengths of stay in the NICU compared to other
SGA and AGA hirths (Figure 4; Table 3). Findings were similar when our case-weight
approach was used as an alternative to fixed group assignments (Supplemental Table 2).

When compared to other definitions of disordered fetal growth, most participants assigned
to the “Extremely Small” group were also classified as low birthweight or having fetal
growth restriction based on ultrasound measures of growth in the clinic (Supplemental Table
3). Likewise, a substantial proportion of participants in the “Small” trajectory group were
deemed to have fetal growth restriction or low birthweight.

Multivariate trajectories of fetal growth among SGA births

A 4-group multi-trajectory solution was deemed optimal (Table 2; Figure 5; Supplemental
Table 4). Again, we identified an “Extremely Small” (n = 15 [6%]) group and an “Average-
Declining” (n = 83 [34%]) group. We additionally identified two groups distinguished by
the symmetry of their HC to AC and FL, named “Small-Asymmetric HC:AC” (n = 50
[20%]) and “Small-Symmetric HC:AC” (h = 97 [40%]). These groups had similar patterns
of demographic characteristics as the groups identified above (Table 4).

With respect to birth outcomes, the “Extremely Small” group had the earliest gestational age
at delivery, lowest birthweight z-scores, highest proportion of babies admitted to the NICU
with longer NICU stays relative to the other SGA births and AGA controls. Interestingly, the
“Small-Asymmetric HC:AC” group also had a moderately elevated risk of NICU admission
relative to both the “Small-Symmetric HC:AC” and “Average-Declining” trajectories and
AGA controls (Figure 6; Table 4). In our sensitivity analysis using a case-weight approach,
findings were largely consistent (Supplemental Table 5).
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Most participants grouped as “Extremely Small” were also classified as low birthweight or
having suspected fetal growth restriction based on ultrasound measures of growth in the
clinic. Similar proportions of participants in either the “Small-Asymmetric HC:AC” and
“Small-Symmetric HC:AC” groups were also identified as having fetal growth restriction or
low birthweights (Supplemental Table 3).

Most of the participants in the univariate “Extremely Small” trajectory group were also
assigned to the “Extremely Small” multivariate trajectory group (Table 5). Similarly, most
participants in the univariate “Average-Declining” trajectory group were grouped in the
“Average-Declining” multivariate trajectory group. Participants in the univariate “Small”
trajectory group were primarily assigned to either the “Small-Asymmetric HC:AC” or the
“Small-Symmetric HC:AC” multivariate trajectory groups.

COMMENT

Principal findings

In this study, we characterized phenotypes of fetal growth based on longitudinal ultrasound
measurements among SGA births in the LIFECODES Fetal Growth Study. Pregnancies
within these groups had unique characteristics, which could reflect unique causes as

well as consequences that are not captured by the SGA aggregate. Both our univariate

and multivariate approaches identified a group of fetuses with the smallest EFW across
pregnancy that were more likely to have adverse outcomes, such as NICU admission.
However, the multivariate approach additionally distinguished phenotypes of asymmetric
and symmetric growth.

Results in the context of what is known

Our findings for univariate trajectories of EFW among SGA births are consistent with
results from the Generation R study, which also identified three growth trajectories.” Similar
to our analysis, the group of pregnancies where fetuses had the smallest relative growth

from mid-to late-pregnancy were at highest risk of adverse neurodevelopmental outcomes

at age six.” In our analysis, babies that consistently had the smallest EFW (i.e., “Extremely
Small”) were at the highest risk of NICU admission, had earlier gestational ages at delivery,
and smaller birthweight zscores relative to other SGA births and AGA controls in this
cohort. Compared with existing approaches of classifying babies as growth restricted (any
ultrasound with EFW < 10t percentile after 20 weeks gestation) or low birthweight (< 2500
g), most births classified as “Extremely Small” also met these definitions. However, most
births that met a definition of fetal growth restriction or low birthweight were assigned to the
“Small” group. This may indicate that our approach was better able to isolate a small group
of high-risk infants compared to previous approaches based on either a single ultrasound
measure or birthweight alone. However, further research is needed to interrogate the
improvement this approach could offer over existing methods. Taken together, these findings
suggest that babies with persistently small EFW throughout pregnancy may be at the highest
risk of adverse outcomes and, therefore, could represent a growth restricted phenotype. On
the other hand, participants in our “Average-Declining” group most closely resembled AGA
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controls with respect to demographics and birth outcomes and this phenotype may represent
fetuses that are constitutionally small.

Despite similarities to previous analyses, there are some limitations to relying on EFW

as a summary measure of growth, including: high error relative to birthweight, use of
outdated equations based on non-generalizable populations, and that fetuses with different
body compositions can obtain the same EFW despite different growth profiles.16:2526 Thys,
we applied multi-trajectory modeling to consider profiles of multiple growth indicators as a
more comprehensive approach to assessing fetal growth. Using this approach, we identified
similar “Extremely Small” and “Average-Declining” trajectory groups as our univariate
approach. However, we also distinguished between phenotypes of “Small-Symmetric
HC:AC” and “Small-Asymmetric HC:AC” growth, which primarily comprised fetuses that
had been previously classified “Small” in our univariate analysis. Notably, these groups

not only differed in body composition, but also in risk of adverse health outcomes.

Overall, both the “Extremely Small” and “Small-Asymmetric HC:AC” groups had increased
risk of NICU admission compared to other births. The growth profiles of these babies

were also similar to previous descriptions of growth restricted phenotypes. Specifically,
“Extremely Small” babies presented growth trajectories consistent with a description of
symmetric growth restriction.2” The group of “Small-Asymmetric HC:AC” babies appeared
consistent with definitions of asymmetric growth restriction.2” While the symmetry of fetal
growth and its relationship to birth outcomes is debated?’=30 and not included in current
recommendations3132 or consensus statements®-® for assessing fetal growth restriction, our
ability to recapitulate these previously described phenotypes demonstrates the utility of this
method in describing fetal growth.

Clinical Implications

Numerous attempts have been made to utilize ultrasound measures of fetal growth,

to improve the prediction of adverse birth outcomes beyond traditional approaches of
classifying fetal growth restriction. These approaches include the use of repeated ultrasound
measures (including across multiple dimensions of fetal size),33 growth velocity,34:35

and conditional growth measures.36:37 However, these approaches have yet to show
consistent improvement over the use of a single measure of growth or size at birth.

More recently, our group and others have explored the use of latent class methods,

including trajectory modeling, to identify clinically meaningful phenotypes based on either
longitudinal ultrasound measures of growth or the combination of clinical measures and size
at birth.4:38:39 As noted by others, these methods are not well-suited for clinical applications
as group memberships (e.g., growth trajectories) cannot be known until after delivery and
instead are best suited to research applications. However, this work may ultimately have
clinical relevance as our ability to evaluate clinical biomarkers for growth restriction will be
improved when the outcome is better defined.

Research Implications

Our use of trajectory modeling identified subgroups of SGA births which may comprise
fetuses with similar underlying mechanisms or causes of their relative smaller size at
delivery. While these trajectory groups should not be thought of as rigid or distinct
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entities, they serve to approximate a more complicated reality by clustering individuals
with similar growth patterns for downstream use.® Given the differences in demographics
and risk of birth outcomes observed across the identified groupings, these phenotypes may
be more informative and preferable for epidemiologic studies when examining risk factors
or outcomes that are hypothesized to relate to fetal growth.

Strengths and Limitations

This study was limited by restricting our analysis of growth trajectories to SGA births.
While we expect that most babies experiencing fetal growth restriction would be considered
SGA, our approach was not able to consider babies born AGA but who may still have not
attained their full growth potential. Second, there were small sample sizes within groups,
which may limit the number of groups identified and the degree to which the trajectories
can be characterized. Yet, this study population still comprises a large number of SGA
cases with rich clinical information and stored biospecimens not available in other studies,
which will foster continued examination of these phenotypes. Third, given differences in
the timing of delivery between trajectory groups (e.g., smallest babies deliver earlier), we
may be limited in our ability to characterize growth profiles at later gestational ages. Fourth,
infant and childhood follow-up is not a component of the LIFECODES study. Thus, the
number of outcomes that can be examined in relation to trajectory groupings was limited.
Last, the LIFECODES cohort recruits participants from several clinics at BWH, including a
Maternal Fetal Medicine clinic, which may represent higher-risk pregnancies. Thus, growth
trajectories may not be generalizable to all populations, although enrichment for high-risk
pregnancies may have improved our ability to identify disordered growth trajectories.

A major strength of this study was the large number of ultrasounds (mean 4.5 per
participant) relative to some previous studies taking a similar approach.” Aided by this
wealth of data, we identified trajectory groupings that were well separated and appear to be
minimally impacted by uncertainty, as demonstrated by our case-weight sensitivity analysis.
In addition, these findings validate previously identified EFW trajectory groups derived in
a geographically distinct population using a different birthweight standard.” Notably, rather
than using only EFW measures to summarize fetal growth, we also applied group-based
multi-trajectory modeling as a novel approach to characterize fetal growth across multiple
dimensions. This allowed us to consider the overall body composition of fetuses rather than
relying on a single measure, which we expect provides a more nuanced analysis of fetal
growth.

Conclusions

We applied group-based trajectory modeling to identify univariate and multivariate
trajectories of fetal growth among SGA births in the LIFECODES Fetal Growth Study.

We identified several growth trajectories that either replicate findings from previous studies
or that are cohesive with past attempts at phenotyping fetal growth. These trajectories
present different associations with birth outcomes, including NICU admission, suggesting
their possible utility in distinguishing pathological from constitutional fetal growth profiles.
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This study applies latent class trajectory modeling approaches to characterize phenotypes
of fetal growth among small-for-gestational age births using repeated ultrasound

measures.

CONDENSATION:
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AJOG AT A GLANCE:

Why was this study conducted?

This study aimed to contribute to the characterization of fetal growth by applying two
related trajectory modeling approaches to repeated ultrasound measures of fetal growth.

What are the key findings?

Across both approaches utilized in this study, we observed that fetuses with the smallest
relative growth across mid- to late pregnancy were at higher risk of experiencing adverse
health outcomes at the time of delivery, suggesting that these births may represent a fetal
growth restricted phenotype. We additionally identified a group with asymmetric growth
that was also at moderately elevated risk of neonatal intensive care unit admission.

What does this add to what is known?

This study partially replicates and expands upon findings from studies taking a similar
approach to characterizing fetal growth trajectories.
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Selection from SGA case Random LGA case
LIFECODES enrichment subcohort enrichment
(N = 3,330) (N =199) (N= 504) (N = 198)
Y \u
Resulting case SGA cases AGA controls LGA cases
distribution (N = 249) (N=411) (N = 241)
(N =901)
Figure 1.

Sampling diagram for the LIFECODES Fetal Growth Study. AGA = appropriate-for-
gestational age; LGA = large-for-gestational age, SGA = small-for-gestational age.
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Figure 2.

Distribution of ultrasound measures of fetal growth by case status in the LIFECODES
Fetal Growth Study. Measures of fetal growth abstracted from ultrasounds (i.e., estimated
fetal weight, head circumference, abdominal circumference, and femur length) are

shown according to case status. AGA = appropriate-for-gestational age, SGA = small-for-
gestational age.
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Figure 3.
Predicted mean EFW zscores (95% CIl) in univariate EFW trajectory groups identified

among SGA births in the LIFECODES Fetal Growth Study. Red dashed line indicates
reference line for defining SGA (z-score = —1.28). Black dashed line indicates average
growth (z-score = 0). EFW = estimated fetal weight.
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Figure 4.
Proportion or median (25™, 75! percentiles) of observed birth outcomes in pregnancies

within univariate EFW trajectory groups identified among SGA births and AGA controls
in the LIFECODES Fetal Growth Study. AGA = appropriate-for-gestational age, NICU =
neonatal intensive unit. Data underlying this figure can be found in Table 2.
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Multivariate Trajectory Group

Extremely Small, n = 15 (6%)
~ Small-Asymmetric HC:AC, n = 50 (20%)
Small-Symmetric HC:AC, n = 97 (40%)
~ Average-Declining, n = 83 (34%)

Predicted HC, AC, and FL zscores (95% CI) in multivariate trajectory groups identified
among SGA births in the LIFECODES Fetal Growth Study. Red dashed line indicates
reference line for defining SGA (z-score = —1.28). Black dashed line indicates average
growth (z-score = 0). AC = abdominal circumference, HC = head circumference, FL =

femur length.
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-&- Average-Declining
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Proportion or median (25™, 75! percentiles) of observed birth outcomes in pregnancies
within multivariate trajectory groups identified among SGA births and AGA controls in the
LIFECODES Fetal Growth Study. AGA = appropriate-for-gestational age, NICU = neonatal

intensive unit. Data underlying this figure can be found in Table 3.
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Table 1.

Maternal demographics, pregnancy characteristics, and birth outcomes among SGA cases and AGA controls in
the LIFECODES Fetal Growth Study

Median (25th, 75th percentile) or N (%)

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Variable
SGA cases (N =249) AGA births (N = 411)
Age, years 32.0(26.9, 35.5) 32.4(28.8,36.2)
Education ?
High school or less 41 (17) 49 (12)
Some college or associate degree 54 (22) 89 (22)
Bachelor’s degree or greater 149 (61) 268 (66)
Race and ethnicity
Non-Hispanic white 113 (45) 243 (59)
Non-Hispanic Black 53 (21) 55 (13)
Hispanic 46 (18) 63 (15)
Other 37 (15) 50 (12)
Health insurance b
Private 164 (66) 298 (74)
Public 83 (34) 107 (26)

Pre-pregnancy BMIC, kg/m?

22.9(20.7, 27.3)

24.8 (21.5,29.2)

Height, inches 64 (62, 65) 64 (63, 66)
Alcohol consumption in pregnancy N

No 226(91) 377 (93)

Yes 21(9) 29(7)
Smoking in pregnancy

No 229 (92) 379 (92)

Yes 20 (8) 32 (8)
Primiparous

No 131(53) 254 (62)

Yes 118 (47) 157 (38)
ART

No 219 (88) 364 (89)

Yes 30 (12) 47 (11)
Preeclampsia

No 230 (92) 397 (97)

Yes 19 (8) 14 (3)
Gestational diabetes

No 239 (96) 387 (94)

Yes 10 (4) 24 (6)
Infant sex ¢

Female 142 (57) 199 (48)
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Median (25th, 75th percentile) or N (%)

Variable
SGA cases (N =249) AGA births (N = 411)
Male 106(43) 212 (52)

Gestational age at delivery, weeks 39.0(37.7, 39.6) 39.0(37.9,39.7)
Birthweight z-score -1.59 (-1.84, -1.42) -0.15 (-0.64, 0.33)
Delivery via C-Section a

No 151 (61) 249 (61)

Yes 95 (39) 158 (39)
NICU Admission ©

No 212 (86) 363 (89)

Yes 34 (14) 45 (11)
Length of NICU Stay, days 7(4,18) 5(3,17)

Abbreviations: AGA = appropriate-for-gestational age, ART = assisted reproductive technologies, BMI = body mass index, NICU = neonatal
intensive care unit, SGA = small-for-gestational age

an =10 missing;
bn = 8 missing;
cn = 6 missing;
dn =7 missing;
é’n =1 missing.

Note: Other race and ethnicity includes Asian (n = 50), More than one race (n = 19) and Other (n = 18). Public insurance category includes
those using Medicaid/Mass Health/SSI (n = 180), Self pay (n = 7) and no health insurance (n = 3). Length of NICU stay only calculated among
individuals with a known NICU admission (n = 79).
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Table 2.

Descriptions of fetal growth phenotypes identified by univariate and multivariate latent class trajectory models
in the LIFECODES Fetal Growth Study.

Univariate trajectory groups

Group Name Description
1 Extremely Small Has modest consistent increase in growth rate, but overall, the smallest relative EFW from mid- to late
pregnancy.
Exhibits an increase in relative EFW during mid-pregnancy. Growth rate stabilizes in late pregnancy
2 Small P - th -
and relative size remains small (e.g., close to 10™ percentile).
3 Average-Declining EFW within normal range throughout, but growth rate declines after approximately 30 weeks gestation.

Multivariate trajectory groups

Group Name Description
1 Extremely Small Smallest relative size of HC, AC, FL from mid- to late pregnancy with constant growth rate.
2 Small-Asymmetric Growth within normal range in mid-pregnancy. Relative HC normal through late pregnancy, but AC
HC:AC and FL growth rate slows across pregnancy.
) : . All growth parameters within small or normal range from mid- to late-pregnancy. Stable growth rate
3 Small-Symmetric HC:AC 0 mid- to late pregnancy.
4 Average-Declining Normal HC, AC, and FL size throughout, but growth rate slows across pregnancy for all measures of

growth.
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