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Abstract

Introduction: Babies born large-for-gestational age (LGA) have an increased risk of adverse
health outcomes, including birth injuries, childhood obesity, and cardiometabolic disorders.
However, little work has been done to characterize patterns of fetal growth among LGA births,
which may further elucidate high- and low-risk subgroups.

Objectives: Identify subgroups of LGA births based on trajectories of fetal growth derived from
prenatal ultrasound measurements, and explore differences in sociodemographic, pregnancy, and
birth outcome characteristics across subgroups.

Study Design: We identified and described trajectories of fetal growth among LGA births

(n = 235) in the LIFECODES Fetal Growth Study. Ultrasound measurements of fetal growth

in mid- to late pregnancy were abstracted from health records. We applied group-based multi-
trajectory modeling to measurements of head circumference (HC), abdominal circumference (AC),
and femur length (FL) zscores to identify multivariate trajectories of fetal growth. We then
summarized sociodemographic variables, pregnancy characteristics, and birth outcomes based on
trajectory membership.

Results: We identified four multivariate trajectories of fetal growth among LGA births: Catch-up
Growth (n = 28), Proportional AC:FL Growth (n = 67), Disproportional AC:FL Growth (n = 96),
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and Consistently Large (n = 44). Fetuses in the “Catch-up Growth” group exhibited small relative
size in mid-pregnancy (i.e., below average HC, AC, and FL z-scores) and large relative size in
late-pregnancy. Growth among these births was driven by increases in relative AC and HC size.
Participants who delivered births assigned to this group were less likely to have normal glucose
control (40% vs. 65 — 75%) and more likely to have pre-gestational diabetes (36% vs. 10 — 17%)
compared to other LGA subgroups. The babies in this trajectory group were also more likely

to have macrosomia (86% vs. 67 — 73%) and to be admitted to the NICU (32% vs. 14 — 21%)
compared to other LGA subgroups. On the other hand, babies in the “Consistently Large” group
had the largest relative size for all growth parameters throughout gestation and experienced lower
risk of adverse birth outcomes than other LGA subgroups.

Conclusions: We characterized several trajectories of fetal growth among LGA births, which
were related to different pregnancy characteristics and distribution of adverse birth outcomes.
While the numbers of individuals within some trajectories was small, we identified a subgroup that
exhibited a catch-up growth phenotype during gestation, which may be uniquely associated with
exposure to pre-gestational diabetes and a higher risk of admission to the NICU. These results
highlight that the risk of adverse outcomes may not be evenly distributed across all LGA births.

Keywords

Large-for-gestational age; group-based trajectory models; latent class trajectory analysis; fetal
growth trajectories

INTRODUCTION

Abnormal fetal size is linked to adverse health outcomes, such as neurodevelopmental,
cardiovascular, and metabolic disorders.1~* Past work has highlighted the difficulties in
identifying babies that are born abnormally small (i.e., growth restricted),>~” including

that reliance on percentile cut-offs, such as small-for-gestational age (SGA; < 10 percentile-
for-gestational age), does not reliably distinguish between babies with pathological versus
constitutional growth profiles.”~2 The identification of abnormally large babies, or large-for-
gestational age (LGA; > 90t percentile weight-for-gestational age), likely suffers from the
same shortfalls, but to our knowledge, has received less attention in the peer-reviewed
literature.

The incorporation of ultrasound measurements of fetal growth to characterize the overall
growth trajectory of a fetus has been suggested as a mechanism to better distinguish
pathological deviations in growth from normal variability. Specifically, growth mixture
models have been used to characterize fetal growth trajectories, with a particular focus

on characterizing small fetuses or isolating subgroups consistent with fetal growth
restriction.10-13 To our knowledge, these same methods have not been used to characterize
growth trajectories among large babies (e.g., LGA) for whom health risks may also differ
depending on the trajectory of prenatal growth. These methods assume that identified growth
trajectories represent subgroups of individuals with shared risk factors or etiologies'* and
may be more informative in future studies than a single definition of LGA when examining
how either exposures or outcomes relate to fetal growth.
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In this analysis, we characterized growth trajectories among LGA births using ultrasound
measurements of fetal growth collected from mid- to late pregnancy in the LIFECODES
Fetal Growth Study. Specifically, we applied group-based multi-trajectory modeling to
identify subgroups of individuals with shared profiles of multiple growth indicators, namely,
head circumference (HC), abdominal circumference (AC) and femur length (FL) zscores.
We described the distribution of demographic and pregnancy characteristics across trajectory
groups and examined how these fetal growth trajectories relate to birth outcomes.

Study population

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

at Brigham and Women’s Hospital in Boston, MA.15 The study has few eligibility criteria:
participants must be at least 18 years of age, initiate prenatal care prior to 15 weeks
gestation, and plan on delivering at Brigham and Women’s Hospital. As a part of the study,
participants attend a total of three study visits occurring at approximately 10-, 26-, and 35-
weeks gestation. At the first study visit, participants provide written and informed consent.
The LIFECODES study was approved by the Institutional Review Board of Brigham and
Women’s Hospital and the present analyses were deemed exempt by the National Institute of
Environmental Health Sciences.

This analysis utilizes the LIFECODES Fetal Growth Study, which is nested within the
LIFECODES cohort and has been described elsewhere.12 Briefly, this case-cohort study
included pregnancies in the LIFECODES cohort that resulted in singleton deliveries between
2008 — 2018 and that had birthweight recorded at delivery. Prior to selection, we determined
the birthweight zscore using a standard from the underlying Brigham and Women’s
Hospital clinic population, which provides a mean and standard deviations of birthweight
according to nearest completed weeks gestation.16:17 Using the calculated z-scores, we
identified all SGA (i.e., < 10t percentile-for-gestational age), appropriate-for-gestational
age (AGA; i.e., 10t — 90t percentile-for-gestational age), and LGA (i.e., > 90t percentile-
for-gestational age) births in the underlying LIFECODES cohort. Selection subsequently
occurred in two stages. First, a subcohort of 504 participants was randomly selected

from within this time frame. Second, enrichment sets of SGA (N = 199) and LGA (N =
198) births were randomly selected from identified cases in LIFECODES. This selection
mechanism resulted in 249 SGA, 411 AGA, and 241 LGA births. For the purposes of this
analysis, we focus on LGA cases and present AGA controls for initial comparisons only.

Ultrasound measurements of fetal growth

We abstracted standard measurements of fetal growth, namely HC, AC, and FL, from
ultrasound records. All measurements collected after 15 weeks gestation were converted to
gestational age-specific z-scores using an internal growth standard.16:17 As described above,
the internal growth standard used in this study provided mean and standard deviations for
each ultrasound measurement according to nearest completed gestational week. For a subset
of participants, no HC measure was available (n = 47). Instead, we abstracted biparietal
diameter (BPD) and substituted their BPD z-score for the HC z-score. As a summary
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measure of growth, we also calculated estimated fetal weight (EFW) using Hadlock’s
Formula #3 based on HC, AC, and FL. For participants missing HC measurements, EFW
was calculated using Hadlock’s Formula #2, which uses BPD as a measure of head size
instead of HC.18

Participant characteristics and birth outcomes

At the first study visit, participants completed detailed questionnaires to assess
demographics (e.g., self-reported race and ethnicity, educational attainment), behavioral
characteristics (e.g., smoking and alcohol consumption), and medical history (e.g., previous
pregnancies and pregnancy complications). Clinical measurements (e.g., weight and blood
pressure) were collected during all study visits. Medical diagnoses occurring during
pregnhancy were validated by two Maternal-Fetal Medicine specialists. We examined glucose
homeostasis on a spectrum with a categorical variable derived from information on glucose
test results and information related to gestational, Type-1 or Type-2 diabetes mellitus in the
medical record. The categories were as follows: (1) normal glucose metabolism, including
participants without gestational or pre-gestational diabetes and normal results (<140 mg/dL)
on the standard 1-hour glucose loading test (GLT); (2) mild carbohydrate intolerance,
including participants who met or exceeded 140 mg/dL glucose on the GLT, but who did
not meet criteria for gestational diabetes on a subsequent 3-hour oral glucose tolerance

test and/or did not receive a diagnosis of gestational diabetes in the medical record; (3)
gestational diabetes diagnosis in the medical record; and (4) pre-gestational diabetes in the
medical record.

Birth outcomes were abstracted from medical records after delivery. The outcomes
considered in this analysis included: birthweight zscores calculated from an internal growth
standard?®, birthweight, birthweight-length ratio,1° gestational age at delivery, delivery via
C-section (including scheduled vs. unscheduled), admission to the neonatal intensive care
unit (NICU), and length of NICU stay.

Statistical analysis

We summarized demographics, pregnancy characteristics, and birth outcomes of parent-
child pairs with either an LGA or AGA birth by calculating the median (interquartile range
[IQR]) or n (%). Demographics, pregnancy characteristics, and birth outcomes observed
among parent-child pairs selected into the LIFECODES Fetal Growth Study were also
compared to those in the underlying LIFECODES cohort from which they were sampled.
We displayed the distributions of ultrasound measurements of fetal growth using scatter
plots.

We identified the number and shape of growth trajectories among LGA births using group-
based multi-trajectory modeling, as described in Appendix A. Briefly, we optimized the
number of multivariate trajectories of HC, AC, and FL zscores using criteria described by
Nagen and colleagues.20 After optimizing the number of trajectories, individual participants
were assigned to the trajectory group that corresponded to their highest posterior inclusion
probability. We visualized growth trajectories by displaying the predicted mean zscores
(95% CI) for each parameter within each of the identified groups and provided descriptive
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names to each trajectory group based on visual inspection of these trajectories rather than
the calculation or examination of any additional characteristics.

We summarized the median (IQR) and n (%) of demographics, pregnancy characteristics,
and birth outcomes among multivariate trajectory groups. In addition, we examined how

the identified trajectory groupings compared to another method of identifying pathologically
large fetuses, namely macrosomia (defined as birthweight > 4000 g24).

One limitation of latent class trajectory modeling is that the assignment of group
membership contains uncertainty. While individuals were assigned to the group
corresponding to their highest posterior inclusion probability, there is some probability of
belonging to any of the groups identified. Not accounting for this uncertainty may result

in misclassification of the group assignments. To address this, we replicated our descriptive
statistics using a case-weight approach, where all results were produced using the posterior
inclusion probabilities of group membership as inverse probability weights, rather than
assigning fixed trajectory group membership.2>

Several previous analyses applying trajectory modeling to longitudinal measurements of
fetal growth have analyzed EFW as a summary measure of growth.19-12 |n order to compare
our results to this literature, we applied univariate group-based trajectory modelingl4

to identify the shape and number of EFW trajectories, and we present these results
supplementally. The shape and number of univariate growth trajectories was optimized
using the criteria defined above.21-23 Demographics, pregnancy characteristics, and birth
outcomes were summarized across univariate groups as described previously. In addition,
we compared the group assignments for participants between the multivariate and univariate
trajectory modeling approaches.

We present this analysis as descriptive in nature and have not included p-values or statistical
testing in presentation of our results. Instead, in accordance with recommendations from
the American Statistical Association28 and the guidelines for Strengthening Reporting of
Observational Studies in Epidemiology (STROBE)?’, we focus primarily on the direction
and magnitude of differences observed between groups under investigation in this work.

Study characteristics

This study comprises 241 parent-child pairs with an LGA birth and 411 with an AGA birth
(Table 1). Compared to those with an AGA birth, participants who gave birth to an LGA
baby were more likely to have a bachelor’s degree or higher education level, to self-identify
as non-Hispanic white, have a higher pre-pregnancy BMI, have pre-gestational diabetes,
and to give birth to a baby identified as male at birth. They were also less likely to report
consuming alcohol or smoking during pregnancy compared to those with an AGA birth.
There were similar rates of preeclampsia and gestational diabetes in these two groups.

With respect to birth outcomes, LGA babies had similar gestational ages at delivery but
were more likely to be delivered via C-section and to be admitted to the NICU at delivery
compared to AGA babies. In addition, characteristics observed within our sample of AGA
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and LGA births were consistent with those observed among all AGA and LGA births in the
underlying LIFECODES cohort (Supplemental Tables 1 and 2).

Fetal growth characteristics

Distributions of ultrasound measurements of fetal growth are shown in Figure 1. In general,
babies that were identified as LGA at birth had fetal growth measurements that were

larger than those reported for AGA babies. Nevertheless, there was still overlap between
measurements in the two groups, especially for FL and HC. There was an average of 4.3 and
4.1 ultrasounds per parent-child pair with an LGA and AGA birth, respectively. A total of
235 parent-child pairs with an LGA birth had at least one HC, AC, and FL z-score and were
used in subsequent trajectory modeling.

Growth trajectories among LGA births

Using a multivariate trajectory modeling approach, a 4-group solution was deemed optimal
to describe trajectories of fetal growth (Figure 2; Table 2; Supplemental Table 3). The
“Catch-up Growth” group (n = 28 [12%]) had the smallest relative size in mid-pregnancy
with growth driven primarily by increases in relative HC and AC into late pregnancy.
There were two groups, termed “Proportional AC:FL Growth” (n = 67 [29%]) and
“Disproportional AC:FL Growth” (n = 96 [41%]), where fetuses were average in size

in mid-pregnancy but large in late pregnancy. These groups also had increasing relative
AC across gestation, though they differed with respect to the other growth parameters,
particularly FL. Relative FL in the “Proportional AC:FL” group increased steadily across
pregnancy, as with AC, but FL in the “Disproportional AC:FL” group remained average
across gestation. Last, we identified a “Consistently Large” group (n = 44 [19%]) with the
largest z-scores for all growth measurements throughout gestation.

We observed that participants assigned to the “Catch-up Growth” group were least likely to
have normal glucose metabolism and most likely to have pre-gestational diabetes compared
to other LGA groups (Table 3; Figure 3). The “Disproportional AC:FL Growth” group was
characterized by older participants, the highest proportion of participants with a bachelor’s
degree or greater, and were more likely to self-identifiy as non-Hispanic white, have private
health insurance, and to have used assisted reproductive technologies to conceive relative to
the other LGA groups. The “Proportional AC:FL Growth” group had higher pre-pregnancy
BMI relative to participants in the other LGA groupings. The “Consistently Large” group
were most likely to have normal glucose metabolism relative to the other LGA groups.

With respect to birth outcomes, the “Catch-up Growth” group had the highest proportion
of babies admitted to the NICU relative to other LGA groups (Figure 4; Table 3).
However, the distributions of other birth outcome measurements overlapped substantially
with those observed among the other groups. Conclusions were consistent using a case-
weight approach rather than assigning fixed trajectory group membership (Supplemental
Table 4).

Some differences in the distribution of macrosomia diagnoses by multivariate trajectory
group membership were observed (Supplemental Table 5). Notably, the “Catch-up Growth”

Am J Obstet Gynecol. Author manuscript; available in PMC 2024 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

BOMMARITO et al.

Page 7

group had the highest proportion of infants with macrosomia (86%) compared to the other
LGA groups (67-73%).

In sensitivity analyses, we identified three univariate EFW trajectory groups among babies
born LGA (Supplemental Figure 1). There were some similarities between the univariate
and multivariate trajectories. For example, we identified a group of “Consistently Large”
babies, with the largest EFW zscores throughout gestation, and a “Catch-up Growth”
group where EFW was relatively small (i.e., below the 10" percentile) in mid-pregnancy
and large during late pregnancy. There were also similarities with respect to trends in
sociodemographic variables and birth outcomes observed in the identified trajectory groups
(Supplemental Table 6). For example, participants in the “Catch-up Growth” group had

the highest proportion of NICU admissions relative to other trajectory groups. There was
concordance between parent-child pairs assigned to the “Consistently Large” group in both
the univariate and multivariate approach (Supplemental Table 7). Similarly, the univariate
“Catch-up Growth” group was inclusive of nearly all individuals in the multivariate “Catch-
up Growth” group.

COMMENT

Principal findings

In this study, we identified and described phenotypes of fetal growth among LGA births

in the LIFECODES Fetal Growth Study. Using repeated ultrasound measurements collected
from mid- to late pregnancy, we identified four multivariate trajectories based on shared
profiles of HC, AC, and FL zscores. These trajectory groups differed in their associations
with birth outcomes, including NICU admission. Specifically, fetuses exhibiting the largest
relative increase in AC and HC across pregnancy, which we defined as a prenatal “Catch-up
Growth” group, had the highest proportion of births admitted to the NICU.

Results in the context of what is known

To our knowledge, no other studies have characterized growth phenotypes among LGA
births using repeated ultrasound measurements of growth across gestation. However, we
have previously conducted similar analyses among SGA infants. In these studies, we
reported 3 univariate trajectories based on EFW and 4 multivariate growth trajectories

based on measurements of HC, AC, and FL zscores.10-12 |n this context, we observed that
babies with the smallest size across gestation had higher risk of adverse birth or childhood
neurodevelopmental outcomes relative to those with transient growth profiles. This is
contrary to our current findings among LGA births, where we have found that fetuses with
transient growth (e.g., “Catch-up Growth”) had the highest proportion of infants admitted

to the NICU compared to other groups. Specifically, the “Catch-up Growth” trajectory
group was characterized by smaller relative size during mid-pregnancy and large increases
in relative HC and AC. A key characteristic of the “Catch-up Growth” group was that it
contained the highest proportion of individuals with pre-gestational diabetes (primarily Type
1 diabetes) and the lowest proportion of individuals with normal glucose control. Previous
studies examining growth profiles among pregnant persons with diabetes that have described
fetal growth trajectories featuring both mid-pregnancy growth delays and rapid increases in
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AC from mid- to late-pregnancy.28-32 Others have hypothesized that mid-pregnancy growth
delay among pregnant persons with diabetes could be due to the influence of poor glycemic
control on placentation in early pregnancy.32 On the other hand, increased growth rate in
late pregnancy may be due to fetal hyperinsulinemia triggered by maternal hyperglycemia,
which may result in greater adipose development.33:34 Together, these findings suggest that
this growth phenotype could be a characteristic of prenatal exposure to diabetes.

Clinical implications

Latent class methods have shown promise in their ability to identify hidden subgroups of
diseased individuals with shared clinical profiles or etiologies, including in the analysis of
fetal growth.8:35 While these methods have been primarily applied to growth at the small
end of the birthweight spectrum, we have demonstrated that it may also distinguish between
clinically meaningful subgroups of LGA babies. Further research is warranted to continue
interrogation of fetal growth trajectories among LGA babies.

Research implications

Latent class trajectory modeling is used to derive relatively homogenous subgroups of
individuals hypothesized to share etiology or mechanisms of disordered growth.14 From this
perspective, these subgroups may be more meaningful in the context of future epidemiologic
studies seeking to examine how risk factors or outcomes relate to fetal growth. Thus,

this characterization of LGA phenotypes may contribute to further understanding the
determinants and consequences of abnormally large babies.

Strengths and limitations

This analysis was not without limitations. First, this study population was recruited from

a high-risk tertiary care facility. While the number of ultrasounds collected on these
participants was relatively large, their measurements may not reflect “normal” growth
among LGA births within the general population, representing possible selection bias. Thus,
the shape and distribution of growth phenotypes may not generalize to other populations.
However, the enrichment for high-risk pregnancies may improve our ability to characterize
pathological growth phenotypes, such as those characterized by individuals with diabetes.
Second, although we standardized our growth measures for gestational age using an internal
standard, it only provided information to characterize growth according to the nearest
completed week and did not consider individual gestational days.16:17 This may result in
some misclassification, particularly for measures occurring at either the beginning or the
end of a gestational week. Third, we limited our analysis to participants with LGA births.
One consequence of this approach is that we were not able to capture fetuses that may

still have exceeded their true growth potential, but who were not classified as LGA at the
time of delivery. Yet, we expect that a large proportion of babies experiencing pathological
overgrowth would be captured among LGA births. Fourth, we had a limited number of
birth and childhood follow-up outcomes that could be included in this analysis. Last, while
this study population had a large number of LGA births, we observed small sizes within
subgroups. Thus, further research is needed to replicate our findings with larger sample
sizes.
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Nevertheless, this study had several strengths. To our knowledge, this is the first analysis

to characterize phenotypes of fetal growth among LGA births using longitudinal ultrasound
measurements. Given the large number of ultrasounds in this population (on average > 4
per participant), we were able to identify multiple trajectory groupings in our approach. In
addition, we were able to apply group-based multi-trajectory modeling to examine profiles
of growth according to HC, AC, and FL measurements. Relying solely on EFW as a
summary measure of growth has been shown to have several issues36-38 and we expect

the ability to consider fetal body composition to provide a more comprehensive analysis of
growth.

Conclusions

We identified phenotypes of fetal growth among LGA births in the LIFECODES Fetal
Growth Study, which differed in their profiles of demographics, pregnancy characteristics,
and adverse health outcomes. Specifically, we observed that a small subgroup of babies
following a prenatal “Catch-up Growth” phenotype during gestation were characterized by
potentially higher risk of adverse birth outcomes, namely NICU admission, than other babies
born LGA. These findings suggest that considering the overall trajectory of fetal growth may
provide important information about health risks compared to relying on birthweight alone.
Given the exploratory nature of this study, further work is needed to replicate these findings.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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AJOG AT A GLANCE:
Why was this study conducted?

This exploratory study sought to characterize fetal growth profiles of babies born large-
for-gestational age using latent class multi-trajectory modeling applied to ultrasound
measurements of fetal growth from mid- to late pregnancy

What are the key findings?

We observed that the subgroup of fetuses with small relative size in mid-pregnancy
and rapid growth into late pregnancy had the highest risk of admission to the neonatal
intensive care unit at the time of delivery relative to other subgroups of large-for-
gestational age births. In addition, this subgroup was characterized by the greatest
exposure to pre-gestational diabetes relative to others.

What does this add to what is known?

To our knowledge, this is the first study to characterize multivariate fetal growth
trajectories among large-for-gestational age births using latent class trajectory modeling
approaches.
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This study identifies subgroups of fetal growth using biometry measurements abstracted
from repeated ultrasounds taken from mid- to late pregnancy among large-for-gestational

age births.

CONDENSATION:
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Figure 1.

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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Predicted mean HC, AC, and FL z-scores (95% CI) of multivariate trajectory groups
identified among babies born LGA in the LIFECODES fetal growth case-cohort. Red dashed

lines indicate lines representing LGA (z-score =

1.28) and SGA (z-score = —1.28) cut points.

Black dashed line indicates average growth (zscore = 0).

Am J Obstet Gynecol. Author manuscript; available in PMC 2024 March 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

BOMMARITO et al. Page 16

Gestational age at delivery Percent admitted to NICU

Birthweight z-score

401
304 Trajectory Group
. Catch-up Growth
20+ [ Proportional AC:FL Growth
- Disproportional AC:FL Growth
104 . Consistently Large
0 ~
40.5
T 4400 F
40.01 21 i
o 43007 Trajectory Group
>
;u? 39.54 6 = 4200- ~®- Catch-up Growth
0 - = L | ~A— Proportional AC:FL Growth
3 99.07
= E 4100+ -=- Disproportional AC:FL Growth
=
38.54 @ 40004 —t+— Consistently Large
38.01 T
o e 3900 1 e
T IS
2.2 = 1
i o 5297 - Trajectory Group
209 T ®
E —®- Catch-up Growth
1.8 é’ 80.07 . —4— Proportional AC:FL Growth
: [0)
® il i ~#- Disproportional AC:FL Growth
=
164 .% 77.51 —— Consistently Large
£ 3
£ 1
144~ o LI
Figure 3.

Categories of glucose control for multivariate fetal growth trajectory groups among parent-
child pairs with an LGA birth in the LIFECODES Fetal Growth Study. Data underlying this
figure can be found in Table 3.
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Proportion or median (IQR) of select birth outcomes in univariate trajectory groups among

LGA births in the LIFECODES Fetal Growth Study. NICU = neonatal intensive care unit.
Data underlying this figure can be found in Table 3.
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Demographics, pregnancy characteristics, and birth outcomes among parent-child pairs with an LGA or AGA
birth in the LIFECODES Fetal Growth Study

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

AGA births (N = 411)

LGA births (N = 241)

Age, years
Education
High school or less
Some college or associate degree
Bachelor’s degree or greater
Race and ethnicity
Non-Hispanic white
Non-Hispanic Black
Hispanic
Other
Health insurance
Private
Public
Pre-pregnancy BMI, kg/m?
Height, inches
Alcohol consumption in pregnancy
No
Yes
Smoking in pregnancy
No
Yes
Primiparous
No
Yes
ART
No
Yes
Preeclampsia
No
Yes
Glucose control
Normal glucose metabolism
Mild carbohydrate intolerance
Gestational diabetes
Pre-gestational diabetes
Type of pre-gestational diabetes
Type 1

Am J Obstet Gynecol. Author manuscript; available in PMC 2024 March 01.

32.4(28.8,36.2)

49 (12)
89 (22)
268 (66)

243 (59)
55 (13)
63 (15)
50 (12)

298 (74)
107 (26)
24.8 (21.5, 29.28)
64 (63, 66)

377 (93)
29(7)

379 (92)
32(8)

254 (62)
157 (38)

364 (89)
47 (11)

397 (97)
14 (3)

323(83)
28(7)
28 (7)
113)

4 (36)

33.7 (29.6, 37.3)

30 (13)
36 (15)
171 (72)

161 (67)
29 (12)
38 (16)
13 (5)

177 (74)
62 (26)
27.0 (23.4, 32.5)
65 (63, 67)

234 (98)
6 (3)

236 (98)
5(2)

171 (71)
70 (29)

208 (86)
33 (14)

228 (95)
13 (5)

141 (64)
24 (11)
18 (8)

36 (16)

23 (64)
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Median (25th, 75th percentile) or n (%)

AGA births (N = 411)  LGA births (N = 241)

Type 2
Infant sex
Female
Male
Gestational age at delivery, weeks
Birthweight z-score
Birthweight, kg
Birthweight - length ratio, gm/cm
Delivery via C-section
No
Yes
Delivery via unscheduled C-section
No
Yes
NICU Admission
No
Yes
Length of NICU Stay, days

7 (64)

199 (48)
212 (52)

39.0 (37.9, 39.7)
~0.15 (~0.64, 0.33)
3245 (2965, 3532)

66.4 (62.0, 70.0)

249 (61)
158 (39)
92 (59)

65 (41)

363 (89)

45 (11)
5(3,17)

13 (36)

82 (34)

159 (66)
38.9 (38.0, 39.6)
1.73 (1.49, 2.04)

4140 (3941, 4300)
79.4 (76.3, 82.7)

107 (45)
133 (55)
78 (61)

50 (39)

189 (80)

47 (20)
5(3,13)

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

Notes: n = 9 missing education, n = 8 missing health insurance, n = 9 missing pre-pregnancy BMI, n = 6 missing alcohol consumption, n = 43
missing measures of glucose control, n = 36 missing birthweight-length ratio, n = 5 missing delivery via C-section, n = 6 missing unscheduled
C-section; n = 8 missing NICU admission. Other race and ethnicity includes Asian (n = 31), More than one race (n = 20) and Other (n = 12).

Public insurance category includes those using Medicaid/Mass Health/SSI (n = 162), Self pay (n = 12) and no health insurance (n = 1). Type of
pre-gestational diabetes only displayed for individuals diagnosed with pre-gestational diabetes (n = 47). Unscheduled C-section only displayed
among individuals with a C-section delivery (n = 291). Length of NICU stay only calculated among individuals with a known NICU admission (n =

92).

Am J Obstet Gynecol. Author manuscript; available in PMC 2024 March 01.



Page 20

BOMMARITO et al.

‘AoueuBaid a1e] ybnoayy 14 pue DH 404 SMOJS 8lel yimolds) ‘Aoueubaid-piw ul sialawesed ||e uo azis anile|al 1sabie abue] Apuaisisuo) %
"4 pue DH Joy ares yimouh Buimols 10 ajgels ‘Aoueubaid a1el ybnoiyr D 104 axed yimolb Buiseasou| ‘Aoueubald-piw Ul 8zis anljejal abelany  Yimolo 14:QV [euonuodoldsig €
‘Aoureubald arel ybnoayy Qv Ajje1oadss ‘sialeweled yimoih [je Joy arel yimolb Buisealou| ‘Aoueubald-piw ui 8zis anne|al abesany YIMoI9) T14:0V [euoriodold 2z
‘AoueuBaid a3e] ybnoayl ‘O pue OH |le 104 arel Yyimoib dasls “Aoueubald-piw Ul 9IS aAIe[al 1S8][ewS ymolo dn-yared T

uondiiosaq aweN dnoug

sdno.Jb AlojoelelyarelieAlun

‘¢ slqeL

Author Manuscript Author Manuscript Author Manuscript

Author Manuscript

‘ApMS Yol 8194 S3A0IDTHIT a4l ul sjapow Aloldslel) ssejd juale| ajelieAnjnw pue areLieAlun Aq paignuapl sadAjousyd yimoub [e1sy) Jo suondiiosag

Am J Obstet Gynecol. Author manuscript; available in PMC 2024 March 01.



Page 21

BOMMARITO et al.

NRS\Y
(CraRns (¥e) €€ (s2) L1 (s2) L SOA
(51 g (99) €9 (s2) 0s (s0) 12 ON
snoJediwiag
()R (@2 M (o SOA
(s6) zv (86) v6 (66) 99 (oo1) 82 ON
Aoueubaid ul Bupjows
(o (9)s M (o SOA
(001) £ (s6) 16 (66) 99 (oo1) 82 ON
Aoueubaid ur uondwnsuod joyody
(89 ‘59) 99 (29 '€9) 59 (89 '€9) 59 (29 ‘€9) 99 sayoul ‘Wyb1aH
(sTe'LC0) VLT (z1e'9C2) 8'SC (s€ '1'52) ¥'6¢ (61E'L720) T'LC 2W/Bx '1Ng Aoueubaad-aid
(62) et (81) 21 (28) s¢ (62) 8 anand
(t2) og (z8) 62 (€9) 2v (t2) oz ajenlld
aduelnsul yljesH
e (€)e (v e (e Yo
(tm) s (ST) 1T (T2) v1 (81) S dluedsiH
(871) 8 (@¢ (t2) v1 (871) S »oe|g oluedsIH-UoN
(¥9) 8¢ (08) 2L (¥5) 98 (¥s) T aHyMm d1uedsIH-UON
A1191UY38 pue ddey
(v1) ze (28) 1L (19) ov (29) 91 Ja1ealb 1o 83.68p s J0jayoeg
(91) 2 (6) 8 (T2 v1 (s2) L aa10ap aje100sse 10 903]|09 sWOS
(6) ¥ (om 6 (8m) 2T (81) g $S9] J0 |00Y2s YBIH
uolyeanp3
(eLe'9'1E) 9°€CE (9'2¢ 'v'0g) 9'vE (0Le'9'22) 8'1E (eLe'eL2) vee s1eak ‘aby

(82=N)

(7 = N) 8bae Apuaisisuod (96 = N) Yol T14:0V [euoiododdsid (29 = N) Yimod9 T4:0V [euoiiododd IMoIS dn-yores

(%) U 4o (31nuadtad Las. "UiGe) Uelpsin

Apms ymolo [e1e4 S3A0D3IT 8y} ul
yuig vo1 ue yum sired pjiys-juased Buowre sdnoib Aio10ales yimoah [e1a) a1eLIBAI}INW 104 SBLIOIIN0 YLIg pue ‘sansLisideseyd Aoueubaid ‘solydesbowsq

‘€ 9lqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Am J Obstet Gynecol. Author manuscript; available in PMC 2024 March 01.



Page 22

BOMMARITO et al.

11UN 8483 BAISUSIUI [BIRUOBU = NDIN ‘Bbe [euoneisab-loj-abie] = WO ‘Xapul ssew Apoq = |G ‘sa160jouyds) aanonpoldal palsisse = | ¥V ‘abe [euoneisab-io4-alenidoldde = woOy :suoneinaIqqy

1) 9 (T2) 0z unir (ce) 6 SOA
(98) 9¢ (61) v (€8) g5 (89) 61 ON
uolssiwpy NJIN
(sv) 6 (Tv) ve (ee) 1T () 9 SOA
(s9) 1T (69) g€ (29) 2z (29)8 ON
u01198s-) PajNPaydsun eiA Alanljag
(8v) 1¢ (¥9) 19 (z9) se (08) vT SOA
(z9) €¢ (9¢) ve (8v) ¢ (09) ¥T ON
uol1133s-2 BIA >._w>__wn_
(6728 '8'SL) 0'6. (T'28'9'5L) ¥'6L (918'0'22) 9'8L (6'¢8 '8'82) 8'08 wo/wb ‘oires yibuaj - bramyg
(L0ovY 'Sv6E) 6ETY (eTEY 'S06€) ELTY (0g2v 's66€) SOTY (zTev 'zG0v) 88TY 63 Bramyrig
(6zz'esmELT (6028 T) LLT 6T L7 T) ¥9T (e0Cc'zvneLT 8100s-Z yBramymig
(9'6€ 'e'8€) 6'8€ (5'6€ '6'2€) 8'8E (2'6€ '7'8€) 0'6€ oy '6'L€) v'6€ sX19am ‘A1an11ap Je abe [euonelsao
(eL) ze (0) L9 (9) L (¥9) 8T a[eN
(Lder (0g) 62 (s¥) og (9e) o1 alewaS
XaS Jueju|
(TN (ov) 9 (09) ¥ (cza) e z adAL
(sD)e (09) & (09) ¥ (82) L T 8dAL
sajaqelp [euolyeysab-aid Jo adA L
(o v (L1) 5T (eT) 8 (9e) 6 S919RIP |euonelsab-ald
(R (Mo (e1) 8 (ene salagelp [euoleIsen
(eT) s (T1) 0T (01) 9 (2n ¢ 80UBJ3|0JUI 1RJPALOQIED PIIN
(s1) og (99) 65 (59) v (ov) o1 wsijogelsw asoon|B [ewIoN
|043U0J 3s0dN|D
() ()X e (tme SOA
(s6) 2v (s6) 16 (96) ¥9 (68) G¢ ON
eisdwe|osald
(6) ¥ (02) 6T (89 (tme SOA
(t6) OF (08) L2 (16) 9 (68) G¢ ON
(82=N)

(v = N) 8bae] Apuaisisuod (96 = N) Yimod9 T14:0V [euoiiodoadsia (29 = N) Yimodo T14:0V [euoiiiodold ymoIs dn-yares

(%) U 4o (31nusd18d YIS, “UiGe) UelpsiN

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Am J Obstet Gynecol. Author manuscript; available in PMC 2024 March 01.



Page 23

BOMMARITO et al.

"(9¢ = u) uoIssILIPE NDIN UMOU € UHM S|enpIAIpUl

Buowre paje|nafea Ajuo Aels NDIN 40 YibuaT (TET = u) AJaA1ap uo1198s-O B Yim sjenpiAipul Buowre pakejdsip Ajuo uonass-O pajnpayasun "(9€ = u) saragelp [euonieisabaid yim pasoubelp sjenpialpul 1oy
pake|dsip Ajuo sa1aqelp jeuoneisabaid Jo adAL (T = u) Aed J|as pue (T9 = u) ISS/UIeaH SSeIN/PIRIP3IA Buisn asoyy sapnjoul A1ofa1ed aaueinsul 91jgnd “(z = u) Jayl0 pue (G = u) ades auo uey aloN ‘(S
= U) UeISY Sapn|aul AJID1uyia pue adel JaLyQ uolssiupe NDIN BUISSIW G = U ‘U01198s-0 Pajnpayasun eIA AJaAljap BUISSIW G = U ‘U019as-) BIA AJaAljap Buissiw T = u ‘oryed yibua|-lybramyuiqg Buissiw g

= U ‘]0u09 8s09n|6 Jo sainseaw Buissiw 4T = u ‘Aoueubaid Burinp uondwnsuod joyodje Buissiw T = u ‘|G Adueubaid-aid Buissiw g = u ‘aduelnsul yjeay Buissiw g = u ‘uoreanpa Buissiw ¢ = U :810N

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Am J Obstet Gynecol. Author manuscript; available in PMC 2024 March 01.



	Abstract
	INTRODUCTION
	METHODS
	Study population
	Ultrasound measurements of fetal growth
	Participant characteristics and birth outcomes
	Statistical analysis

	RESULTS
	Study characteristics
	Fetal growth characteristics
	Growth trajectories among LGA births

	COMMENT
	Principal findings
	Results in the context of what is known
	Clinical implications
	Research implications
	Strengths and limitations
	Conclusions

	References
	Figure 1.
	Figure 2.
	Figure 3.
	Figure 4.
	Table 1.
	Table 2.
	Table 3.

