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Background: Although maternal systemic inflammation is hypothesized to link maternal pre-
pregnancy obesity to offspring metabolic dysfunction, patient empirical data are limited.

Objectives: In this study, we hypothesized that pre-pregnancy obesity alters systemic chemo/
cytokines concentrations in pregnancy, and this alteration contributes to obesity in children.

Methods: In a multi-ethnic cohort of 361 mother-child pairs, we measured prenatal
concentrations of plasma TNF-a, IL-6, IL-8, IL-1pB, IL-4, IFN-y, IL-12 p70 subunit, and IL-17A
using a multiplex ELISA and examined associations of pre-pregnancy obesity on maternal chemo/
cytokine levels, and associations of these cytokine levels with offspring body mass index z score
(BMI-2) at age 2—6 years using linear regression.

Results: After adjusting for maternal smoking, ethnicity, age, and education, pre-pregnancy
obesity was associated with increased concentrations of TNF-a (p=0.026) and IFN-y (p=0.06).
While we found no evidence for associations between TNF-a concentrations and offspring BMI-z,
increased IFN-y concentrations were associated with decreased BMI-z (p=0.0002), primarily in
whites (p=0.0011). Additionally, increased maternal IL-17A concentrations were associated with
increased BMI-z in offspring (p=0.0005) with stronger associations in African Americans
(p=0.0042) than Whites (p=0.24).

Conclusions: Data from this study is consistent with maternal obesity-related inflammation

during pregnancy increasing risk of childhood obesity in an ethnic-specific manner.

Keywords
cytokines; maternal obesity; childhood obesity

INTRODUCTION

Approximately one-third of women of childbearing age in the United States have a body
mass index (BM1) = 30 kg/m? and one-fifth of conceptions occur in women with obesity.1: 2
Pre-pregnancy obesity is an established risk factor for offspring obesity and other subclinical
indicators of vascular and metabolic dysfunction in children, which can lead to systemic
pathologies in early life.3 4 In siblings born after surgical obesity intervention compared to
siblings born before, surgically-induced weight loss before pregnancy has been associated
with a lower risk of offspring obesity and other metabolic risk markers.® Pre-pregnancy
obesity is characterized by adipocyte hypertrophy, chronic release of fatty acids into
circulation leading to systemic inflammation and placental infiltration by maternal
macrophages, which have been hypothesized to link gestational obesity and offspring health
outcomes.® 7 However, empirical data linking maternal obesity and inflammation are limited
and conflicting.8-10

In humans and animal model systems, maternal circulating levels of frequently studied
cytokines including interleukin (IL) 6, interferon-gamma (IFN-y), TNF-a, IL-4, IL-13, and
IL-1pB have been linked to offspring obesity, however few studies examine data in an ethnic
specific manner.8-12 Yet the prevalence of both maternal and childhood obesity are higher in
African Americans.14 15 Further, circulating chemo/cytokines are known to vary sizably by
age and race/ethnicity.11-13. 16 |n addition, most of these studies focus on pro-inflammatory
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cytokines such as TNF-a, IL-6 and IL-1f levels, and the outcomes examined are limited to
those measurable at birth, including pre-eclampsia, low birth weight and preterm birth.17-25
Therefore, data demonstrating which chemo/cytokines associate with pre-pregnancy obesity
that increase the risk of metabolic dysfunction in at older ages, may present new avenues for
prevention. In this study, we tested the hypothesis that pre-pregnancy obesity alters systemic
chemo/cytokines concentrations in early pregnancy, and this alteration contributes to high
obesity risk apparent in children aged 26 years.

Study participants

Study participants included mother and infant dyads enrolled in the prospective Newborn
Epigenetics STudy (NEST) as previously described.25: 27 Briefly, between 2005 and 2011,
more than 2,000 pregnant women visiting prenatal clinics at Duke or Durham Regional
Hospitals were enrolled. Maternal blood in which cytokines were measured was collected at
enrollment. The median gestational age at enrollment was 11.6 weeks, IQR=9.3-18.7. The
present analyses are limited to 361 of 2,681 enrolled participants in whom chemo/cytokines
were measured and pre-pregnancy obesity and childhood anthropometric measurements
were available. The 361 participants included are comparable to the overall cohort with
respect to maternal age at delivery (p=0.65), maternal BMI (p=0.23), and child BMI-z score
at age four, five and six (p>0.50). However, the 361 mother-infant dyads had offspring with
higher birthweight, were more likely to be African American and with higher education
(p<0.05). We examined these factors as potential confounders. The enrollment protocols
were approved by the Duke University Institutional Review Board and all participants
provided written informed consent and received incentives for their participation.

Data collection

Pre-pregnancy BMI.—Pre-pregnancy weight and height were self-reported, and BMI was
computed as kilograms per square meter (kg/m?). Women were dichotomized according to
World Health Organization definitions (< 30kg/m2 and >= 30kg/m?). To determine the
validity of self-reported pre-pregnancy weight and height, these were compared to values
abstracted from clinic measurements up to six months prior to the last menstrual period.
High concordance (rho=0.98, p<0.0001) was found between questionnaire- and medical
records-based weight and height when the reference period was within three months. This
concordance, which varies little especially among women with obesity, was reduced
somewhat (rho=0.95, p<0.0001) with increasing time in which participants were requested
to recall (i.e., six months).

Indicators of childhood obesity.—Measures of child weight and height were abstracted
from medical records or obtained at study visits from which BMI-z scores were computed
using the Center for Disease Control and Prevention SAS macros.28 Offspring data was
compiled annually through age six years.

Measurement of cytokines and chemokines.—Procedures for specimen collection
and handling have been previously described.26: 27 Briefly, at enrollment 10ml of peripheral
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blood was drawn into EDTA vacutainer tubes and processed within four hours to obtain
plasma from which cytokines were measured. Plasma was stored in 200ul aliquots to limit
subsequent freeze-thaw cycles and prevent degradation. Plasma from n=80 study
participants was quantified using the 30-Plex Human Cytokine Panel (ThermoFisher) on the
Luminex Platform at the Medical University of South Carolina ProteoGenomics core facility
to prioritize cytokines and chemokines for further analyses. This panel included IFN-vy, IFN-
a, TNF-a, IL-1RA, IL-1B, IL-2, IL-2R, IL-4, IL-5, IL-6, IL-7, IL-8, IL-10, IL-12p70,
IL-15, IL-17, MCP-1, FGF-B, MIP-1a, MIP-1B8, MIG, GM-CSF, IP-10, RANTES, G-CSF,
Eotaxin, EGF, FGF-basic, VEGF, and HGF. Based on the magnitude of associations with
perinatal outcomes, and augmented by a literature search, eight cytokines were prioritized
for further analyses: IFN-y, TNF-a, IL-1B, IL-6, IL-12 p70, IL-4, IL-8 and IL-17A. These
eight chemo/cytokines were measured with a custom high sensitivity human cytokine 8-plex
MAP kit from EMD Millipore. Plasma samples (25ul) from n=361 pregnant women were
analyzed in duplicate according to the manufacturer’s recommendations. Plates were read on
a Luminex platform by the Duke University Human Vaccine Institute Core Facility. Data
were analyzed using Milliplex Analyst version 5.1. Limits of detection for each cytokine
were as follows (pg/ml): IFN-y:0.87; IL-1b: 0.40; IL-12p70: 0.30; IL-17A: 0.56; IL-4: 0.94;
TNF-a: 0.43; IL-8: 0.34; 1L-6: 0.24. The intra-assay coefficient of variation (CV) for all
analytes was 3.71%, and the inter-assay CV was 14.89%.

Covariate data.—Social and demographic factors previously associated with maternal
obesity and cytokine concentrations and/or childhood obesity were examined for potential
confounding. These factors included maternal age at delivery as continuous, ethnicity as
categorical (African American, Hispanic, White, or Other), cigarette smoking during
gestation (yes/no), education as an indicator of socioeconomic status (categorized as less
than high school, high school graduate/GED, college graduate, or some college), infant sex
(male/female), depression (continuous Center for Epidemiologic Studies scale and self-
reported yes/no), preeclampsia (yes/no), maternal infection at delivery (yes/no), total non-
sedentary time (in quartiles), and gestational age at blood draw as continuous as well as
maternal conditions co-morbid with obesity; diabetes and asthma. In childhood obesity
models we also assessed for confounding, birthweight (as continuous), birthweight-for-
gestational-age to estimate intrauterine growth restriction as categorical (small, larger or
appropriate for gestational age), and breast-feeding for at least three months (yes/no).

Statistical analysis

Cytokine levels were zero-protected and log transformed. Linear regression models were
used to evaluate the relationships between maternal pre-pregnancy obesity and each log-
transformed maternal cytokine concentration, adjusting for potential confounders, and then
further stratified and re-analyzed for Whites and Blacks. Reported p-values are for each
assessed multivariate regression. In addition, associations between maternal chemo/cytokine
levels and offspring BMI-z outcomes were evaluated using linear regression models. Finally,
these eight chemo/cytokines were examined concurrently in a multivariable model for their
associations with childhood obesity. As inflammatory markers have been shown to vary by
race/ethnicity, these analyses were repeated in African Americans and Whites and back
transformed for interpretation according to standardized procedure.2? Possible collinearity
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between the chemo/cytokine biomarkers was examined prior to analysis. Even though some
of these cytokines are all moderately positively correlated with each other, their associations
with pre-pregnancy BMI remain quite different. For example, the highest correlated pair is
for IL-17A and IFN-y (rho = 0.74). Yet IFN-y is associated with maternal BMI (p=0.06)
and the association for IL-17A is completely null. All analyses were conducted in R version
3.6.1 and SAS version 9.4. Calculated post hoc power on maternal models with all races for
IFN-y, TNF-a, and IL-6 were 72%, 91%, and 95%, respectively and 99% for the child
model.30

Study participants.

Maternal and infant characteristics of women with and without obesity are summarized in
Table 1. The mean pre-pregnancy BMI was 28.6 kg/m? (sd = 8.7) and a mean gestational
weight gain of 14.2kg (sd = 8.1). Overall, 10% of women were of advanced maternal age
(>35 years) and this was comparable in women with and without obesity. Approximately
65% of women had a college or higher education regardless of maternal obesity status
(p>0.05). Similarly, gestational age and birthweight were not substantively different between
women with and without obesity. However, when compared to Hispanics and Whites,
African American women were more likely to be obese and less likely to breastfeed
(p<0.05). Most infants (92%) were born at term (= 37 weeks) and 90% weighed = 2500
grams. Males comprised 52% of the offspring population. Breastfeeding for three or more
months was reported by 54% of women overall, and women with obesity were less likely to
breastfeed for three months or more. These differences were accounted for in statistical
analyses.

Maternal obesity before pregnancy and circulating chemo/cytokine concentrations in first

trimester

Median concentrations and interquartile ranges of the eight cytokines are summarized in the
left-hand column of Table 2 and are within ranges previously reported in pregnant women
during the first trimester.31 After adjusting for maternal age, ethnicity, cigarette smoking,
and education, maternal obesity before pregnancy was associated with higher first trimester
concentrations of TNF-a (B=0.01, SE= 0.00, p=0.03), and was marginally associated with
increased levels of IFN-y (p=0.06) and IL-6 (p = 0.10). This translates to a one unit increase
in pre-pregnancy BMI being associated with a 0.57% increase in prenatal TNF-a,, and a
0.89% increase in IFN-y concentrations. Models specific to African American and White
mothers suggest that these associations may be limited to African American women
although these ethnic differences were not significant (TNF-a p = 0.07, IFN-y p = 0.10, and
IL-6 p = 0.14). Heterogeneity tests confirm a difference by ethnicity for IL-6 (p = 0.0176)
but not for TNF-a (p = 0.5233) or IFN-y (p = 0.1771). Because cytokine concentrations
have been shown to increase with increasing gestation, 31 32 and 41% of women delayed
blood draw until the second trimester, we further restricted these analyses to women with
blood drawn at or after 18 weeks of gestation (data not shown). The patterns of association
remained, suggesting that our findings are unlikely to be unduly influenced by gestational
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age at blood draw. These patterns of associations also remained unaltered when further
adjusting for pre-eclampsia, physical activity, maternal infection, or depression.

First trimester chemo/cytokine concentrations and children’s BMI-z

We next examined associations of first trimester maternal cytokine concentrations and child
BMI-z at age 26 years with a single linear regression of covariates and all eight cytokines.
For these analyses, we adjusted for maternal age, maternal pre-pregnancy BMI, gestational
weight gain, smoking, ethnicity, education, child sex, child age at follow-up, birth weight,
and gestational age at birth. Maternal IFN-y concentrations were associated with decreased
BMI-z in children aged 2—6 years (p = —0.62, p= 0.0002; Table 3), suggesting that a 10
percent increase in maternal circulating levels of IFN-vy during the first trimester is
associated with a decrease in offspring BMI-z of 6.2%. These inverse associations between
prenatal concentrations of IFN-y and children’s BMI-z were stronger in offspring born to
Whites (B = -0.82, p= 0.001) when compared to African Americans ( = —0.29, p= 0.19).
We also found an association between increased prenatal levels of IL-17A and BMI-z in
children (g = 0.58, p= 0.0005; Table 3), interpreted as a 10 percent increase in maternal
IL-17A levels during the early prenatal period is associated with an increase in child BMI-z
of 5.8 percentage points. In contrast to IFN-vy, these associations were only observed in
African Americans (p = 0.63, p= 0.004) and not Whites (B = 0.34, p= 0.24). Heterogeneity
tests did not confirm a difference by ethnicity for IFN-y (p = 0.6005) or IL-17A (p =
0.3517). These patterns of associations also remained unaltered when further adjusting for
pre-eclampsia, physical activity, maternal infection, or depression.

DISCUSSION

One-fifth of conceptions occur in women with obesity and maternal obesity is an established
risk factor for childhood obesity. Accumulating evidence supports that chronic inflammation
in adipose tissue that eventually promotes systemic inflammation and impaired insulin
response may link maternal obesity to childhood obesity,33-35 yet, inflammatory markers
that link maternal obesity to childhood obesity remain understudied. In a pre-birth cohort in
whom offspring were followed for weight and height measurements at age 2—6 years, we
multiplex-measured eight chemo/cytokines to examine associations between pre-pregnancy
obesity and maternal cytokine levels followed by testing the hypotheses that these
circulating cytokines during pregnancy are associated with offspring obesity. We found that
maternal obesity before pregnancy was associated with concentrations of circulating TNF-a,
and these associations were stronger in African American women, although these
concentrations were not associated with obesity in offspring aged 2—6 years. We also found
that pre-pregnancy obesity was marginally associated with first trimester concentrations of
IFN-7, and elevated IFN-y in the first trimester was inversely associated with BMI-z in
offspring in Whites. Prenatal levels of IL-17A were associated with BMI-z in children and
these associations were found only in African Americans. While reasons for ethnic
differences in the effects of circulating cytokine levels on obesity are still unclear, it has been
suggested that these effects may be exacerbated by differences in physiological factors
including genetic variation, nutrient deficiency (e.g., vitamin D), sleep quality36-38 or
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psychosocial factors such as depressive mood or stress,3% 40 which disproportionately affect
African American women.

Although we were unable to directly link cytokines measured to maternal obesity and
offspring obesity, we do provide evidence that maternal levels of IFN-y are inversely
associated with offspring BMI-z scores in Whites, while IL-17A levels are positively
associated with BMI-z scores in African Americans. Our findings that pre-pregnancy obesity
was associated with higher concentrations of circulating TNF-a in the first trimester are
consistent with previous reports,*1 42 and support the hypothesis that immune cells infiltrate
adipose tissue, increasing levels of free fatty acids, and that this chronic low-grade activation
of the innate immune system contributes to systemic inflammation.#3 These findings are also
consistent with the now established relationship between this cytokine and obesity observed
in murine and /n vitro models, specifically that TNF-a correlated highly with BMI and are
over-expressed in adipose tissue.33 44 Although reasons for stronger associations in some
ethnic groups remain unclear, they are consistent with previous reports where stronger
associations were found between pre-pregnancy obesity and TNF-a in African American
women when compared to Whites.12: 16. 36,37, 45 \while our associations between pre-
pregnancy obesity and other circulating maternal levels of chemo/cytokines, such as the
most studied pro-inflammatory IL-6 were marginal (p=0.10), the association was
directionally consistent with previous reports. 9 11. 39, 40, 45

We observed a positive association between maternal obesity pre-pregnancy and IFN-vy in
the first trimester, yet surprisingly, concentrations of this cytokine were inversely related to
childhood obesity in Whites. However, this is consistent with epidemiologic observations
recently reported by Englich et al where an odds ratio of 0.76, 95% confidence interval 0.60,
0.95 was reported.1% IFN-vy is a Th1 cytokine that has been reported to increase in white
adipose tissue of murine models with high fat diet-induced obesity, consistent with the idea
that obesity among these pregnant women may have primed T cells from adipose tissue
towards Th1 polarization.*6 When stimulated by IFN-y, 3T3-L1 cells secrete numerous
inflammatory mediators and may contribute to regulation of body weight, adipocyte
hypertrophy, insulin resistance and glucose tolerance highlighting the role of the adaptive
immune response both in the development of obesity and obesity-associated metabolic
abnormalities.#”: 48 Although reasons for ethnic-specificity of these associations are still
unclear, the inverse associations between prenatal concentrations of IFN-y and obesity
specific to White women may reflect the much lower frequency of obesity in White women
in our cohort and the plasticity of the innate immune response.

Interestingly we also found that prenatal IL-17A levels were associated with indicators of
obesity in children, but not pre-pregnancy obesity. Higher maternal obesity may activate
inflammatory pathways in the placental microenvironment particularly in the decidua®®
which could directly induce epigenetic changes in the offspring leading to obesity
development. IL-17A, a pro-inflammatory cytokine that has been implicated in experimental
models of obesity and inflammatory diseases, is the predominant cytokine released by Th17
cells but can also be released by gamma delta cells and neutrophils.30: 51 Specifically I1L17A
regulates adiopogenesis, adipocyte differentiation and glucose homestasis in experimemental
animal models.>2 Obesity in children has also been independently associated with

Pediatr Obes. Author manuscript; available in PMC 2022 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Maguire et al.

Page 8

significantly higher levels of IL-17A and increased frequency of Th17 cells in the absence of
chronic inflammatory disease.>3: 54 The Th17 immune response also demonstrates
significant plasticity and whether its effect on adipogenesis could be ethnicity specific
remains unknown but warrants further investigation.

A strength of this study is the sample size large enough to facilitate the use of agnostic
approaches to examining a moderately large panel of chemo/cytokines, enabling mutual
adjustment of multiple cytokines, to identify patterns of inflammatory cytokines that can be
targeted for intervention. The relatively large sample size has also facilitated evaluation of
ethnic differences on associations between pre-pregnancy obesity, cytokines/chemokines
during pregnancy and postnatal obesity in offspring. This longitudinal design where
maternal pre-pregnancy obesity was ascertained for the period before pregnancy, markers of
inflammation measured in the first trimester and obesity in children assessed at age 2—6
years at least provides some preliminary evidence that mechanisms involved in the
development of childhood obesity may occur early in pregnancy. This enabled our
assessment of first trimester chemo/cytokines, with a wider range of opportunities for early
detection and prevention, and offspring obesity at age 2—6 years, when outcomes are likely
predictive of later life obesity. There are some limitations that should be considered in
interpreting the study findings. Although overall median gestation age at enroliment and
blood draw used to measure cytokines was 11-12 weeks, in 5% of our participants, gestation
age at blood draw was as late as 30 weeks. However, our sensitivity analysis restricted to
women with age at blood draw at or after 18 weeks did not materially change our findings.
Another limitation is that pre-pregnancy obesity was self-reported and obesity status may be
under-reported. However, comparison of medical records-derived BMI and self-reported
BMI of more than 200 women in this cohort showed a correlation >98%, consistent with
previous reports.®® It is important to acknowledge the integral role of the immune system in
maintaining a successful pregnancy from implantation to delivery. However any immune
imbalance and the resulting inflammatory reponse both peripherally and in the placental
microenvironment can lead to pregnancy related complications. In fact elevated peripheral
blood levels of IL-6, IL-1p, and IL-23 have been observed in the peripheral blood and
decidua of women with preeclampsia, preterm births and unexplained recurrent pregnancy
loss.%6-60 Another limitation of this study is that our model did not adjust for all of these
pregnancy related complications which could also partly explain the differences in cytokine
levels by ethnicity. Additionally, we did not account for multiple maternal and offspring
variables such as diet, sedentary lifestyle, social stressors and neuropsychiatric disorders
both in the prenatal and postnatal period which have been associated with childhood obesity.
61-65 Though we demonstrated an association between pre-pregnancy BMI and an increase
in antenatal IFN-y and TNF-a the effect sizes were modest and of uncertain clinical
significance. Additionately though we can infer from the maternal cytokine profile that
childhood obesity could be associated with a Th1l and Th17 immune mediated response we
did not identitify the predominant existing immune cell populations to further delineate the
immune-modulatory mechanisms involved. Additionally, although the sample size was
adequate for the primary analyses, we may have been under-powered to examine race-
specific effects, resulting in some risk estimates being unstable.
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Despite these limitations, the data presented here support that pre-pregnancy obesity is
associated with elevated levels of TNF-a and IFN-+ in circulation during gestation, and that
maternal circulating levels of IFN-y and IL-17A are associated with childhood obesity—and
these associations may be ethnic specific. These data raise the intriguing possibility that
depending on ethnicity, pre-pregnancy obesity may activate distinct immune pathways
which in turn may have implications for designing intervention strategies, including refining
dietary interventions, to prevent metabolic dysfunction in young children. Larger studies that
include ethnic minorities are required to clarify these findings.
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Table 1.
Description of study participants
Number (%) Number (%6) Number (%0)
Maternal/infant characteristic | BMI < 30kg/m? | BMI >=30kg/m? | All Participants
N =237 N =124 N =361

Maternal age

18-25 years 80 (34.0) 42 (33.9) 122 (34.0)

26-35 years 132 (56.0) 69 (55.6) 201 (56.0)

36+ years 23 (10.0) 13 (10.5) 36 (10.0)
Maternal ethnicity

African American 108 (45.6) 86 (69.3) 194 (53.7)

European American 112 (47.3) 29 (23.4) 141 (39.1)

Hispanic 8(3.4) 4(3.2) 12 (3.3)

Other 9(3.8) 5 (4.0) 14 (3.9)
Maternal education

No College 73 (31.3) 46 (38.3) 119 (33.7)

Some college 160 (68.7) 74 (61.7) 234 (66.3)
Gestational cigarette smoking

Yes 37 (15.8) 25 (21.0) 62 (17.6)

No 197 (84.1) 94 (79.0) 291 (82.4)
Infant sex

Male 118 (50.2) 67 (54.0) 185 (51.5)

Female 117 (49.8) 57 (46.0) 174 (48.5)
Gestational age at birth

< 37 weeks 17 (7.3) 11 (8.9) 28 (7.9)

> 37 weeks 215 (90.7) 113 (91.1) 328 (92.1)
Birth weight

< 2500 grams 16 (7.0) 8 (6.5) 24 (6.8)

> 2500 grams 213 (93.0) 114 (93.5) 327 (93.2)
Breast feeding: 3+ Months

Yes 121 (59.9) 40 (41.6) 161 (54.0)

No 81 (40.1) 56 (58.4) 137 (46.0)
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Regression coefficients and 95% confidence intervals (Cls) for associations between pre-pregnancy BMI and
cytokine/chemokine concentrations.

*Plasma All Whites African Americans
Concentration N =348 N =141 N =182
Cytokine l\(/lle(gli%n (950/:*CI) T-B | pvalue (950/:*(:” T-B | pvalue (950/:*(:') T-p | pvalue
TNFa (3.;‘;2.2) (0.0%%1.01) 057 | 003 | _ooroon | 050 | 029 (—0.83(1).01) 058 | 007
I8 (23;%.9) (—o._:i?oo.on —0.06 | 085 (—o.g'c?,é.oz) 0.68 | 0.16 (—o._ooi%O.OO) 035 041
IL1p (2.&3.8) (—o._(?i,ooO.OO) 0341 033 (—o._ooif)o?m) -019) 075 (—o._ooi%o.on ~0.32) 048
IL-17A (2.851'5’0.7) (—07(?1,00901) -003 | 095 (—o._o%?ol.on -057 | 050 (—0.8f8.01) 013 | o085
L4 (2.;11;17.6) (—0._(?2',001.00) 068 | 0.16 (—o._ooé?ol.OO) -103 ) 018 (—0.8f8.01) -0.18 1 079
IFN-y (10.157_-227'3) (_0_83%'01) 089 | 006 (_0'(?1'?0.02) 031 | o070 (_088302) 106 | 010
L6 (1.7251.2) (-0.3'(%.01) 0.59 | 0.10 (—o.g'c?,é.oz) 0611 025 (—o.gbo,é.oz) 0721 014
i1z (z.gi77.7) (—0._5)1',000.01) ~0.28 1 055 (—o._ooz'?ogon ~018 4 079 (—o._ooi?oo.on ~0.16 | o077

Models were adjusted for maternal smoking, age, education and race (All). Whites and African Americans were run separately with non-race

covariates.

*
In picograms/ml.

Aok

Cytokine data were zero-protected and log-transformed for regression models. T - Beta (T- ) estimates were back-transformed after regression.
Example: For TA/Fa, each one unit increase in maternal BMI is associated with 0.57% increase in maternal plasma levels of TNFa.

For all, depending on cytokine, N ranged from 342-348 — N reflects Analyzed complete cases for those 3 covariates

Hok:

Hok:

*
For White 137-141

A A
For Black 180-182
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Table 3.
Single multivariate regression coefficients for associations of all 8 cytokines on child BMIz scores at 2-6 years
of age.
All (N = 318) Whites (N = 123) Blacks (N = 171)
Cytokine B SE p B SE p B SE p
IFN-y | -062 | 0.16 | 0.0002 | —0.82 | 0.24 | 0.0011 | -0.29 | 0.23 | 0.1949
IL1B -0.03 | 0.20 | 0.8943 | 037 | 0.29 | 0.2165 | -0.32 | 0.27 | 0.2384
iz -0.03 | 0.19 | 0.8635 | 0.44 | 0.34 | 0.1929 | -0.28 | 0.25 | 0.2662
IL-17A | 058 | 0.16 | 0.0005 [ 0.34 | 0.28 | 0.2376 | 0.63 | 0.22 | 0.0042
L4 008 | 0.14 | 05808 | 025 | 0.24 | 0.2992 | -0.03 | 0.17 | 0.8451
TNFa -0.37 | 0.26 | 0.1483 | -0.34 | 0.42 | 0.4219 | -0.21 | 0.35 | 0.5530
s 034 | 021 | 0018 | 031 | 0.38 | 0.4141 | 0.19 | 0.26 | 0.4578
IL6 012 | 019 | 05374 | —0.07 | 0.41 | 08733 | 0.10 | 0.23 | 0.6612

All cytokines (zero-protected and log transformed) and covariates were modeled concurrently for all individuals in a multivariate linear regression
and then stratified for Whites and Blacks. Models adjusted for maternal age, smoking, educational attainment, race (when not stratified), pre-
pregnancy BMI, gestational weight gain, and child characteristics - sex, birth weight, child age at follow-up, and gestational age at birth. For
cytokines, the estimates can be interpreted as follows: /L-17A- for every 10% increase in /L-17A levels, child BMI-Z increases by /10 = 0.058

units or 5.8%.
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