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Abstract

Background—Excessive gestational weight gain (GWG) during pregnancy is associated with
adverse outcomes for mothers and offspring. Early, mid, and late pregnancy GWG have different
associations with fetal growth and later life adiposity, but associations with cord blood hormones,
which might predict later health, are not well studied.

Methods—In 978 pregnant women from the pre-birth Project Viva cohort, we calculated
trimester-specific GWG using clinically recorded prenatal weights. Outcomes were levels of
umbilical cord blood hormones related to fetal and postnatal growth. We used linear regression
models adjusted for maternal race/ethnicity, pre-pregnancy BMI, parity, education, pregnancy
smoking status and child sex; 2"d and 3" trimester models were additionally adjusted for GWG in
prior trimesters.
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Results—Mean + SD pre-pregnancy BMI was 24.9 + 5.5 kg/m?, 30% were non-white, and 63%
were college graduates. Mean £ SD cord blood hormone levels were insulin-like growth factor
[IGF]-1 (56.4 £ 24.3 ng/mL), IGF-2 (408.5 £ 92.7 ng/mL), IGFBP-3 (1084 + 318 ng/mL), insulin
(6.5 + 7.2 uU/mL), C-peptide (1.0 + 0.6 ng/mL), leptin (9.0 £ 6.6 ng/mL) and adiponectin (28.7
+ 6.8 pug/mL). Mean + SD 15t, 2" and 3" trimester GWG rates were 0.22 + 0.22, 0.49 + 0.19 and
0.46 + 0.22 kg/wk. Greater 1t trimester GWG (per 0.2 kg/wk) was associated with higher insulin
(0.5 uU/mL; 95% CI 0.1, 0.9) and c-peptide (0.06 ng/mL; 95% CI 0.02, 0.09) and lower
adiponectin (-0.4 pg/mL; 95% CI —0.9, 0.0). Greater 2" trimester GWG (per 0.2 kg/wk) was
associated with higher IGF-1 (2.3 ng/mL; 95% CI 0.6, 4.0), IGF-2 (7.9 ng/mL; 95% CI 1.2, 14.6),
IGFBP-3 (41.6 ng/mL; 95% Cl 19.4, 63.7) and leptin (0.9 ng/mL; 0.4, 1.4). 3 trimester GWG
was not associated with cord blood hormones.

Conclusion—15t trimester weight gain appears to matter more for cord blood hormones related
to offspring glucose/insulin regulation, whereas 2" trimester gain matters more for hormones
related to growth and adiposity.
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Introduction

Maternal weight gain during pregnancy is an important determinant of birth outcomes.
Gestational weight gain (GWG) is directly associated with birth weight for gestation length,
a marker of fetal growth, which®:2 is directly associated with child adiposity and long term
risks of cancer and cardiometabolic health.3-5 By alteration of the intrauterine environment,
the amount and the timing of weight gained during pregnancy not only influences fetal
growth®10 but also may result in persistent programming of child health,8-8.11 as has been
shown previously with other intrauterine exposures such as maternal smoking and
gestational diabetes mellitus.12:13

Early, mid, and late pregnancy GWG have different associations with fetal growth. Greater
GWG in early pregnancy represents mainly maternal fat gain and might influence placental
nutrient transfer differently than later GWG, which reflects fetal and placental growth and
maternal fluid expansion in addition to maternal fat gain. Late pregnancy GWG has been
consistently reported to be associated with birth weight.”-1! In our cohort, rates of GWG in
all 3 trimesters were associated with higher fetal growth, with the greatest effect of 2"d
trimester GWG.% We have also found that greater early and mid-pregnancy weight gain
predicted offspring adiposity in mid-childhood, whereas 3™ trimester GWG did not,® similar
to results from other cohorts.®

One of the pathways by which GWG might influence offspring growth and development is
through changes in the regulation of mitogenic hormones and adipokines, including insulin,
the insulin-like growth factor (IGF) axis, adiponectin, and leptin. We are not aware of prior
studies that examined associations of trimester-specific GWG with multiple cord blood
hormones, which might predict later health. Therefore, we conducted the present study to
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examine the extent to which trimester-specific rates of GWG are associated with cord blood
hormone levels.

Between 1999 and 2002 we recruited pregnant women at 8 obstetric offices of Atrius
Harvard Vanguard Medical Associates, a multispecialty group practice in eastern
Massachusetts.4 Exclusion criteria included multiple gestation, inability to answer
questions in English, gestational age =22 weeks at recruitment, and plans to move away
from the study area before delivery. All participating women provided written informed
consent, and institutional review boards reviewed and approved the project in line with
ethical standards established by the Declaration of Helsinki.

We followed women throughout their pregnancies and obtained clinical data on obstetric and
delivery outcomes on 2,128 live singleton births. We collected umbilical cord blood from
infants delivered at one hospital that accounted for approximately three-quarters of the
cohort births. We obtained cord blood from about two-thirds of deliveries at that hospital, or
about one-half of the whole cohort. The midwife or obstetrician obtained umbilical cord
blood via syringe and needle from the umbilical vein. Collection of cord blood was
challenging given the varied timing of deliveries attended by different clinicians whose
primary focus was on clinical care, not research. For this analysis, we excluded 16 mothers
with type 1 or type 2 diabetes, 1097 with no cord blood collected, 27 missing cord blood
hormone levels, and 10 missing pre-pregnancy BMI or gestational weight gain. Thus the
final analysis sample included 978 mother-child pairs with information on gestational
weight gain and cord blood hormone levels (Figure 1). Among these 978 vs. the 1150
excluded participants, we found similar mean maternal age (32 years in both groups), pre-
pregnancy BMI (24.9 vs. 24.8 kg/m?), total gestational weight gain (15.5 kg in both groups)
and rates of smoking during pregnancy (13% in both groups). Women included were less
likely to have completed a college degree (63 vs. 66%), more likely to be white (70 v. 63%),
and had lower annual household income (60 vs. 62% reported =$70,000/year) and had
slightly longer gestation length (39.6 vs. 39.2 weeks).

Exposures — definition of total and trimester-specific GWG—We collected self-
reported pre-pregnancy weight at the initial prenatal visit. Among 343 women who had
weight recorded in the medical record in the 3 months before their last menstrual period, the
association between self-reported and clinically measured weight was linear (r=0.997).1> We
extracted serial prenatal weights from medical records. We obtained a median of 13 (range 5
to 27) clinical weights recorded per woman over the course of the index pregnancy. We
calculated total GWG rate as the difference between the last prenatal weight recorded
(within 4 weeks of delivery) minus the pre-pregnancy weight, divided by number of
gestational weeks at delivery. We defined 15t trimester as the date of last menstrual period to
day 91, 2" trimester as days 91-182, and 3" trimester as day 182 to the time of the last
prenatal weight recorded (within 4 weeks of delivery).
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As previously reported,®16:17 we performed linear interpolation between the 2 closest
weight measures to estimate weights at day 91 and day 182 and calculated GWG rates
(kg/wk) for each trimester. We also categorized total gestational weight gain as inadequate,
adequate, or excessive according to the 2009 Institute of Medicine (IOM) guidelines, which
advise less weight gain for women with higher pre-pregnancy BMI. For an underweight
woman (BMI <18.5 kg/m?2), the IOM guidelines recommend a total weight gain during
pregnancy of 28-40 pounds, for a normal weight woman (BMI 18.5-<25.0 kg/m?) the
recommended gain is 25-35 pounds, for an overweight woman (BMI 25.0-<30.0 kg/m?) the
recommended gain is 15-25 pounds, and for an obese woman (BMI =30.0 kg/m?) the
recommended gain is 11-20 pounds.!

Outcomes — umbilical cord hormone levels—We included as outcomes umbilical
cord plasma concentrations of IGF-1, IGF-2, IGFBP-3, insulin, C-peptide, leptin, and
adiponectin. We collected cord blood samples from the umbilical vein after delivery of the
infant, refrigerated whole blood for <24 hours, then spun and aliquotted plasma samples for
storage in liquid nitrogen.1® We measured hormones using the following commercial assays:
adiponectin and leptin (radioimmunoassay, Linco Research Inc., St. Charles, MO);1° C-
peptide and insulin (competitive electrochemiluminescence immunoassay, Roche
Diagnostics, Indianapolis, IN), insulin-like growth factor-1 (IGF-1) and insulin-like growth
factor binding protein 3 (IGF-BP3; ELISA, R&D Systems, Minneapolis, MN); and insulin-
like growth factor-2 (IGF-2; ELISA, Alpco Diagnostics, Salem, NH). Day to day
variabilities for each of these assays were below 10%.

Other variables—At the initial prenatal visit (median 9.9 weeks gestation), we collected
self-reported maternal pre-pregnancy weight, height, education, smoking history, race/
ethnicity, and parity.1* All data collection instruments used in Project Viva are publicly
available at https://www.hms.harvard.edu/viva/. We calculated pre-pregnancy body mass
index (BMI) in kg/m2. We obtained infant birth date, weight, and sex from the hospital
medical record. We calculated gestational age at birth using the date of the last menstrual
period, or from a mid-pregnancy ultrasound if the two estimates differed by >10 days. We
determined sex-specific birth weight for-gestational-age z scores using US reference data.20

Statistical analysis—We conducted linear regression analyses modeling weekly rate of
GWG - per 0.2 kg/week — for the total period of pregnancy and for each trimester, to
examine their associations with cord blood hormone levels. We selected 0.2 kg/week as the
effect size since this was the approximate standard deviation of GWG rate at each trimester
in our cohort. We adjusted models for maternal race/ethnicity, pre-pregnancy BMI, parity,
education, and pregnancy smoking status. Since weight gain may track across time, to
evaluate the independent contributions of each trimester, we additionally adjusted 2"
trimester models for GWG during the 1st trimester, and 3" trimester models for 15t and 2"d
trimester GWGs. Additional adjustment for maternal lifestyle factors during pregnancy
(physical activity, television viewing, and intake of sugar-sweetened beverages and fast
food) did not appreciably alter findings, so we did not include these measures in our final
models. We did not adjust for birth weight, fetal growth, or gestation length because these
factors might be on the causal pathway, and conditioning on factors present at birth is likely
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to introduce collider bias.21:22 All models met standard assumptions for linear regression.
Distributions of insulin and C-peptide were somewhat right-skewed, but when we re-ran our
analyses using log-transformed results, the directions and significance of estimates were
very similar, and therefore we present the untransformed values for ease of interpretation
and for comparability across outcomes. We additionally adjusted models with IGF-1 or
IGF-2 as the outcome for levels of IGFBP-3, to get an estimate of the effect on IGF-1 or
IGF-2 independent of the level of the binding protein. We also conducted linear regression
analyses modeling GWG as a categorical variable — inadequate, adequate, or excessive
weight according to the 2009 I0M guidelines.!

As a secondary analysis, we stratified models by child sex and also examined interaction p-
values. As a sensitivity analysis, we repeated our final models after excluding 59 participants
with GDM because management of GDM can influence subsequent weight gain, as well as
36 with pre-pregnancy BMI <18.5 kg/m2and 12 with gestation length <34 weeks, given
small numbers and likely different weight gain patterns in these categories. We performed all
analyses using SAS version 9.3 (SAS Institute, Cary NC).

Of the 978 women included in this analysis, mean + SD age at enrollment was 31.8 + 5.2
years and pre-pregnancy BMI was 24.9 + 5.5 kg/m?2. At enrollment,30% were non-white,
63% were college graduates, 45% were nulliparous, 92% were married or cohabitating, and
60% reported a household income of >$70,000 per year (Table 1). Mean = SD 15, 2"d and
3" trimester GWG rates were 0.22 + 0.22, 0.49 + 0.19 and 0.46 + 0.22 kg/wk. Rate of GWG
for the whole pregnancy was strongly correlated with rate of GWG in the 15t trimester
(Pearson r=0.58), 2" trimester (r=0.75), and 3" trimester (r=0.70). The correlation
coefficient for 2"d and 3'd trimester GWG was 0.43, 15t and 2" trimester GWG was 0.15,
and 1t and 3 trimester GWG was —0.01.

According to the 2009 I0M guidelines for total pregnancy weight gain, 57% of women
gained excessive weight, 30% gained adequate weight, and 13% gained adequate weight.
Proportions were similar for categorical weight gain within 2" and 3" trimesters (data not
shown).

Mean + SD cord blood hormone levels were: insulin-like growth factor [IGF]-1 (56.4 + 24.3
ng/mL), IGF-2 (408.5 £ 92.7 ng/mL), IGFBP-3 (1084 + 318 ng/mL), insulin (6.5 £ 7.2 uU/
mL), C-peptide (1.0 + 0.6 ng/mL), leptin (9.0 £ 6.6 ng/mL) and adiponectin (28.7 + 6.8 ug/
mL). Cord blood hormone concentrations differed substantially by infant sex, with lower
levels of all hormones among boys (data not shown).23

Umbilical cord blood hormone concentrations were correlated with each other to varying
degrees, with the strongest correlations between C-peptide and insulin (Spearman r=0.80),
IGFBP-3 and IGF-1 (r=0.65), and IGFBP-3 and IGF-2 (r=0.65). IGF-1 was modestly
correlated with IGF-2 (r=0.26) and also with insulin (r=0.38), C-peptide (r=0.33), and leptin
(r=0.24).23
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Estimates of association were only minimally different unadjusted v. adjusted for maternal
race/ethnicity, pre-pregnancy BMI, parity, education, pregnancy smoking status and child
sex, and so we report only the adjusted estimates (Table 2). Greater 15t trimester GWG (per
each 0.2 kg/wk) was associated with higher insulin (0.5 uU/mL; 95% CI 0.1, 0.9) and c-
peptide (0.06 ng/mL; 95% CI 0.02, 0.09) and lower adiponectin (0.4 pg/mL; 95% CI -0.9,
0.0). 2" trimester gain was more weakly associated with insulin (0.4; 95% CI: -0.1, 0.9)
and c-peptide (0.04; 95% CI: -0.01, 0.08). Additionally, greater 2" trimester GWG (0.2
kg/wk) was associated with higher IGF-1 (2.3 ng/mL; 95% CI 0.6, 4.0), IGF-2 (7.9 ng/mL;
95% Cl 1.2, 14.6), IGFBP-3 (41.6 ng/mL; 95% CI 19.4, 63.7) and leptin (0.9 ng/mL; 0.4,
1.4). 3 trimester GWG was not associated with cord blood hormones. When we
additionally adjusted for IGFBP-3, 2" trimester GWG was no longer associated IGF-1 (0.2
ng/mL; 95% CI -1.0, 1.5) or IGF-2 (-0.8 ng/mL; 95% CI -5.7, 4.1). Total GWG was
directly associated with almost all outcomes (Table 2) with the exception of adiponectin, and
was not associated with IGF-1 or IGF-2 after adjustment for IGFBP-3. We observed similar
results when we compared excessive V. inadequate total GWG per IOM guidelines.! (Table
3)

The association of 15 trimester GWG with IGF-1 differed by infant sex (interaction p-value
=0.01). Among girls, greater 15t trimester GWG (0.2 kg/wk) was associated with lower
IGF-1 (2.3 ng/mL; 95% CI -4.3, —0.2) but not among boys (-1.2 ng/mL; 95% CI 0.5,
2.9). The rest of the associations did not differ by infant sex.

In our sensitivity analysis, excluding 107 participants with GDM, BMI <18.5 kg/m?, or
gestation length <34 weeks, estimates of association were only minimally different. For
example, greater 2" trimester GWG (per 0.2 kg/wk) was associated with higher IGF-1 (2.5
ng/mL; 95% ClI 0.8, 4.4), IGF-2 (8.5 ng/mL; 95% CI 1.5, 16.6), IGFBP-3 (45.5 ng/mL; 95%
Cl 22.6, 68.3) and leptin (1.0 ng/mL; 0.5, 1.4).

Discussion

In this prospective study of almost 1000 mother-infant pairs, we found that greater 15t
trimester GWG was associated with higher insulin and c-peptide and lower adiponectin,
whereas greater 2" trimester GWG was associated with higher IGF-1, IGF-2, IGFBP-3, and
leptin. 3" trimester GWG was not associated with cord blood hormones. This pattern
suggest that 15t trimester weight gain may impact glucose and insulin regulation, whereas
2"d trimester gain may impact fetal and postnatal growth.

Our results are consistent with the existing, limited literature on weight gain during
pregnancy and cord blood hormone concentrations. Higher weight gain over the entire
pregnancy has been associated with higher cord blood leptin2425 and insulin?4 in
population-based birth cohorts. Also in line with our findings, the “Rhea” cohort in Crete
further subdivided the timing of GWG and demonstrated associations of cord blood leptin
with mid-late (2"9/3™ trimester) but not early (15t trimester) weight gain.8 However, that
approach could not distinguish between 2" and 3™ trimester-specific effects. Our study
adds to the existing literature by examining additional cord blood hormones related to
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growth and adiposity and by examining pregnancy weight gain separately during each
trimester.

Disentangling the influence of GWG during each trimester on the metabolic profile of the
fetus provides insight into potential biological pathways through which trimester-specific
GWG differentially impacts fetal and child adiposity. For example, in our cohort® and
others,”:8:11 early but not late GWG was associated with greater adiposity in offspring
during childhood. Here, we found greater GWG during the 15! but not later trimesters to be
associated with lower adiponectin and higher c-peptide and insulin in cord blood.

Early GWG represents primarily maternal rather than fetal fat gain, and a resultant
metabolically dysregulated intrauterine environment (i.e., lower adiponectin and higher
insulin) could predispose offspring to adiposity and insulin resistance. Adiponectin acts on
the central nervous system to increase energy expenditure and decrease body weight,26 and
low adiponectin has been specifically associated with central adiposity.2”-28 Thus, low
adiponectin /n utero may be a pathway through which 15t trimester GWG could program
increased adiposity, especially central adiposity®8:11 in mid-childhood. Adiponectin also
acts directly on adipose tissue to increase insulin sensitivity.29 Our finding of an association
between 15 trimester GWG and higher cord blood insulin and c-peptide may reflect low
adiponectin leading to impaired insulin action in adipose and other peripheral tissues. Cord
blood insulin tracks with insulin levels later in life, suggesting that it may be a marker of
later insulin resistance.3? However, studies have not shown a consistent association between
GWG and insulin resistance into adolescence.11:31:32

Higher GWG has been consistently reported to be associated with higher birth size, with the
strongest associations between mid-late pregnancy GWG and birth size.8-10 This is in line
with the fact that mid-late pregnancy GWG primarily reflects fetal and placental growth
rather than maternal fat gain. In Project Viva, we previously found that higher rates of GWG
during each trimester were associated with higher birth weight for gestational age z-scores,
with the largest effect size for 2" trimester weight gain.® Similarly, in the present study, we
found greater GWG specifically during the 2" trimester to be associated with higher levels
of growth-promoting factors IGF-1, IGF-2, IGFBP-3, and leptin in cord blood. This raises
the possibility that mid-pregnancy GWG leads to an intrauterine growth-promoting
hormonal milieu and thereby increased size at birth.

The 2" trimester is the most important period for development of adipose tissue and fetal
organs, including muscle, heart, liver, and bone.33 IGF-2 plays a role in organogenesis,3*
and IGF-1 promotes fetal growth in mid-late pregnancy.3® Cord blood IGF-13% and
leptin2°:37:38 correlate strongly with size at birth, with weaker associations between IGF-2
and birth size.39 IGFBP-3 is a major IGF binding protein, with approximately 80% of IGF-1
and IGF-2 bound to IGFBP-3 and 1% free.40 We found that 2" trimester GWG was no
longer associated with IGF-1 and IGF-2 when we additionally adjusted for IGFBP-3. GWG
may impact this binding protein rather than directly altering IGF-1 or IGF-2 levels, although
these results require replication.
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Strengths of this study are its large sample size, inclusion of important covariates including
maternal BMI, evaluation of a large array of cord blood hormones, and prospective
assessment of trimester-specific GWG. However, generalizability may be limited because
women were generally well-educated and all recruited from a single health system. Another
limitation was that we were able to evaluate only subset of the Project Viva cohort because
we did not collect cord blood on all participants. However, we believe our results are
unlikely to be influenced by selection bias, as included versus excluded participants were
similar in pre-pregnancy BMI, GWG, and other characteristics.

In summary, we found that 15t trimester weight gain appears to matter more for cord blood
hormones related to glucose and insulin regulation, whereas 2" trimester gain matters more
for those related to fetal and postnatal growth. 3" trimester GWG was not associated with
the cord blood hormonal milieu. These findings suggest that the intrauterine metabolic
environment may be programmed by GWG during early to mid- rather than late pregnancy.
Thus, interventions to limit excessive GWG may benefit by starting in very early pregnancy.
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Pregnancy

2670 women recruited
at <22 weeks gestation

I
329 became ineligible
¢115 moved out of study area
¢19 multiple gestation
0195 stillbirths or miscarriages

2341 women remained eligible
11 lost to follow up
¢195 withdrew
7 other reason, not specified

v

2128 live births

I
Excluded:
¢16 mothers with type 1 or type 2 diabetes
¢1097 with no cord blood collected
27 missing cord blood hormome levels
¢10 missing pre-pregnancy BMI or GWG

978 mother-child pairs in analysis sample

Figure 1.
Participant flow from recruitment through analysis sample in the Project Viva cohort
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Table 1

Characteristics of 978 pregnant women and their infants in Project Viva, overall and according to total GWG
per 2009 Institute of Medicine (IOM) guidelines?

Total GWG per IOM guidelines*

Overall Inadequate | Adequate Excessive

n=978 n=122 n=289 n=554

N (%) or Mean (SD)

Maternal Characteristics

Age, years 318(.2) | 314(59) | 32149 | 31931

Pre-pregnancy BMI, kg/m? 249 (5.5) 24.8 (5.9) 23.8(5.5) 256 (5.3)

Pre-pregnancy BMI category

18.5 — <25.0 kg/m? 616 (63.0) 87 (71.3) 225 (77.9) | 295(53.2)
25.0 — <30.0 kg/m? 207 (21.2) 14 (11.5) 37 (12.8) 154 (27.8)
>=30.0 kg/m? 155 (15.8) 21(17.2) 27 (9.3) 105 (19.0)

Race/ethnicity, %

Black 142 (146) | 19(156) | 47(163) | 74(13.)
Hispanic 65 (6.7) 17 (13.9) 22 (7.6) 26 (4.7)
White 683 (70.1) | 75(615) | 191(66.3) | 412 (74.5)
Other 85(8.7) 11(9.0) 28(9.7) 41(7.4)

College graduate, %

No 358(36.7) | 51(41.8) | 101(35.1) | 201(36.3)

Yes 617 (63.3) | 71(58.2) | 187(64.9) | 352 (63.7)

Nulliparous, %

No 533(54.5) | 79(64.8) | 164 (56.7) | 282 (50.9)

Yes 445(455) | 43(35.2) | 125(43.3) | 272 (49.1)

Married or cohabitating, %

No 82 (8.4) 12 (9.8) 23 (8.0) 47 (8.5)

Yes 892 (91.6) | 110(90.2) | 264 (92.0) | 506 (91.5)

Household income %

<=$70,000/yr 349 (39.9) 50 (46.7) 107 (40.5) | 188 (37.8)

>$70,000/yr 526 (60.1) 57 (53.3) 157 (59.5) | 309 (62.2)

Smoking status

Never 654 (67.6) 90 (73.8) 206 (71.5) | 351(63.9)
Former 191 (19.7) 22 (18.0) 49 (17.0) 119 (21.7)
During pregnancy 123 (12.7) 10 (8.2) 33 (11.5) 79 (14.4)

Prenatal glycemic status, %

Normal glycemia 792 (82.0) 94 (77.7) 242 (83.7) | 453(81.9)
IH 85 (8.8) 11 (9.1) 22 (7.6) 52 (9.4)
IGT 30(3.1) 2(1.7) 8(2.8) 20 (3.6)
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Total GWG per IOM guidelines*

Overall Inadequate | Adequate Excessive
n=978 n=122 n=289 n=554

Gestational diabetes mellitus 59 (6.1) 14 (11.6) 17 (5.9) 28 (5.1)
Total GWG, kg 15.5 (5.8) 7.5(4.2) 128 (2.7) | 18.8(4.6)
1st trimester GWG, kg/wk 0.22 (0.22) | 0.02(0.20) | 0.17(0.16) | 0.30 (0.22)
2nd trimester GWG, kg/wk 0.49 (0.19) | 0.29(0.19) | 0.43(0.15) | 0.55(0.18)
3rd trimester GWG, kg/wk 0.46 (0.22) | 0.27(0.20) | 0.37(0.15) | 0.56 (0.20)
Child Characteristics
Sex, %

Male 510 (52.1) | 58(47.5) 142 (49.1) | 304 (54.9)

Female 468 (47.9) | 64 (52.5) 147 (50.9) | 250 (45.1)
Birth weight, g 3523 (534) | 3296 (595) | 3436 (510) | 3617 (514)
Gestation length, wk 39.6 (1.6) 39.1(2.2) 39.5(1.6) 39.8(1.5)
Birth weight for gestational age, z-score | 0.24 (0.95) | -0.07 (0.96) | 0.07 (0.94) | 0.40 (0.93)
Cesarean delivery, %

No 797 (82.3) | 100(82.0) | 244 (84.4) | 450(81.2)

Yes 171.17.7) | 22 (18.0) 45(15.6) | 104 (18.8)
Cord blood hormones
IGF-1, ng/mL 56.4 (24.3) | 57.6(25.5) | 55.7 (22.7) | 56.5(24.7)
IGF-2, ng/mL 409 (93) 391 (82) 403 (92) 416 (95)
IGFBP-3, ng/mL 1084 (318) | 1032 (289) | 1070 (305) | 1100 (328)
Insulin, uU/mL 6.5 (7.2) 5.6 (5.2) 5.9 (5.1) 7.1(8.4)
C-peptide, ng/mL 1.0 (0.6) 0.9 (0.5) 1.0 (0.5) 1.1(0.7)
Leptin, ng/mL 9.0 (6.6) 7.9 (6.0) 8.5 (6.6) 9.5 (6.7)
Adiponectin, pg/mL 28.7 (6.8) 27.7(7.1) 29.0 (6.7) 28.7 (6.8)

Page 13

*
We categorized total gestational weight gain as inadequate, adequate, or excessive according to the 2009 Institute of Medicine (IOM) guidelines.

For an underweight woman (BMI <18.5 kg/mz), the IOM guidelines recommend a total weight gain during pregnancy of 28-40 pounds, for a

normal weight woman (BMI 18.5-<25.0 kg/mz) the recommended gain is 25-35 pounds, for an overweight woman (BMI 25.0-<30.0 kg/mz) the

recommended gain is 15-25 pounds, and for an obese woman (BMI =30.0 kg/mz) the recommended gain is 11-20 pounds.
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Table 2

Page 14

Multivariable associations of trimester-specific GWG with cord blood hormone concentrations at delivery

(N=978)

Exposure - GWG (per 0.2 kg/wk)

1st trim 2nd trim 3rd trim Total pregnancy
Umbilical cord blood hormone B (95% ClI)
IGF-1 ng/mL -0.4 (-1.7,0.9) 2.3(0.6, 4.0) 0.5 (-1.0, 2.0) 1.9 (-0.3, 4.0)
IGF-2, ng/mL 1.1(-4.2, 6.4) 7.9 (1.2, 14.6) 3.6(-2.4,9.7) 10.7 (2.0, 19.4)
IGEBP-3 ng/mL 3.6(-14.0,21.1) 41.6(19.4,63.7)  13.9(-6.1,33.9)  47.6 (19.0, 76.2)
IGF-1 ng/mL* -0.6(-15,04)  0.2(-1.0,15) -02(-13,09)  -05(-2.1,11)
IGF-2, ng/mL* 03(-35,42)  -08(-5.7,4.) 0.8(-37,5.2) 0.8(-55,7.2)
Insulin uU/mL 0.5 (0.1, 0.9) 0.4 (0.1, 0.9) -0.1(-0.5, 0.4) 0.8 (0.1, 1.4)
C-peptide ng/mL 0.06 (0.02,0.09) 0.04 (-0.01,0.08) -0.01(-0.05,0.03) 0.08(0.02, 0.14)
Leptin, ng/mL 0.0 (-0.4, 0.4) 0.9 (0.4, 1.4) 0.1(-0.4,05) 0.8 (0.2, 1.5)
Adiponectin, pg/mL -0.4 (-0.9, 0.0) 0.4 (0.1, 1.0) -0.3(-0.8, 0.2) -0.2(-0.9, 0.5)

Adjusted for maternal race/ethnicity, pre-pregnancy BMI, parity, education, pregnancy smoking status and child sex.

2nd and 37 trimester models additionally adjusted for GWG in prior trimesters.

*
Additionally adjusted for IGFBP-3.
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Table 3

Multivariable associations of total GWG categories per 2009 Institute of Medicine (IOM) guidelines! with
cord blood hormone concentrations at delivery (N=978)

Total GWG categories per IOM guidelines

Inadequate Adequate Excessive
Umbilical cord blood hormone B (95% ClI)
IGF-1 ng/mL 0.0 (ref) -0.4(-5.3, 4.5) 1.9 (-2.7, 6.5)
IGF-2, ng/mL 0.0 (ref) 13.0 (-6.8,32.8)  25.2 (6.6, 43.7)
IGFBP-3 ng/mL 0.0 (ref)  46.4(-19.0,111.8) 84.4 (23.0,145.7)
IGF-1 ng/mL* 0.0 (ref) -2.7(-6.4,10)  -2.3(-5.8,1.1)
IGF-2, ng/mL ™ 0.0 (ref) 34(-11.0,17.9)  7.6(-5.9,21.2)
Insulin uU/mL 0.0 (ref) 0.5 (-1.0, 2.0) 1.5(0.0, 2.9)
C-peptide ng/mL 0.0 (ref) 0.07 (-0.07,0.20)  0.15 (0.02, 0.28)
Leptin, ng/mL 0.0 (ref) 0.6 (-0.9,2.1) 1.8(0.4,3.2)
Adiponectin, pg/mL 0.0 (ref) 1.4 (-0.2,2.9) 1.2(-0.2,2.7)

Adjusted for maternal race/ethnicity, pre-pregnancy BMI, parity, education, pregnancy smoking status and child sex.

*
Additionally adjusted for IGFBP-3.
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