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Abstract: The relationship of low maternal serum adiponectin levels with preterm delivery among
a multi-ethnic group has not been extensively investigated. We examined ethnic differences in
cytokine/adipokine profiles and whether they contribute to several adverse pregnancy outcomes,
particularly preterm delivery. Data and samples were from a large prospective observational co-
hort (n = 1776) of young, generally healthy pregnant women (African American 36.4%, Hispanic
48.0%, Caucasian 15.6%). Serum cytokine/adipokine concentrations were measured at entry (mean
gestational age of 16.83 weeks) using the Liminex xMap Technology. Multivariable analyses were
performed. A significant difference in adiponectin level was observed among ethnic groups. African
Americans had a decreased adiponectin and increased resistin levels compared to Hispanics and
Caucasians (p < 0.05 to p < 0.0001 for each). Decreased adiponectin (lowest quartile) was positively
associated with preterm delivery independent of usual risk factors (adjusted odds ratio (AOR) 1.46,
95% confidence interval (CI) 1.05, 2.04 for all preterm and AOR 1.84, 95% CI 1.07, 3.17 for early
preterm births). The results were unchanged when women with preeclampsia were excluded. Simi-
lar results were observed in African Americans. Decreased adiponectin levels were not related to
preterm birth in either Hispanics or Caucasians. Lower adiponectin levels were also significantly
associated with an increased risk of developing gestational diabetes (AOR 1.72, 95% CI 1.05, 2.84)
and preeclampsia (AOR 1.45, 95% CI 1.00, 2.14) in the whole cohort and in Caucasians. We did not
find any consistent relationships between the other markers with outcome variables. Dysregulation
in maternal adiponectin at early gestation is associated with an increased risk of preterm delivery. An
ethnic difference in adiponectin levels may contribute to a higher preterm delivery rate in African
American women.

Keywords: adiponectin; preterm delivery; ethnic difference; cytokine

1. Introduction

Preterm delivery and preeclampsia are serious pregnancy-associated problems and
are recognized as leading contributors to perinatal morbidity and mortality [1,2]. Women
who have experienced preterm delivery, preeclampsia, or both are also at an increased risk
of cardiovascular disease (CVD) later in life [3,4].

Although the associations of inflammatory biomarkers with the risk of preterm de-
livery have been extensively examined in past decades, the evidence regarding which
inflammatory biomarkers differ between preterm and term births is inconsistent and often
based on small sample sizes of predominantly Caucasian women [5–8]. Many studies have
shown that ethnic disparity in preterm delivery exists [1,9,10]. Whether ethnic differences
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in the cytokine-mediated inflammatory response contribute to ethnic differences in the
risk of preterm delivery is not fully understood [9,10]. Results about the differences in
the mean levels of inflammatory cytokines in cases of preterm compared to term births
vary depending on the matrix used, i.e., serum or plasma as opposed to cytokines in other
biological fluids, notably amniotic and cervicovaginal fluids [11–14].

Adiponectin is an adipokine with a strong anti-inflammatory property [15,16], and low
adiponectin levels are associated with several adverse pregnancy complications, especially
in gestational diabetes mellitus (GDM) [17–19]. Ethnic differences in maternal adiponectin
levels have been found with normal pregnant women [20]. However, few studies have
addressed the relationship between adiponectin and preterm delivery among pregnant
women [21]. It is unknown whether the ethnic difference in adiponectin level contributes
to the risk of preterm delivery in women with and without preeclampsia.

For this study, we selected several pro-inflammatory and anti-inflammatory markers
that have shown mixed results in preterm delivery, or markers such as adiponectin and
resistin that have not been widely examined in previous studies [5–8]. Since preterm
delivery is a multifactorial syndrome, multiple markers have the potential to increase
predictive power.

The purpose of this study was to investigate ethnic differences in cytokine profiles and
how they contribute to adverse pregnancy outcomes, particularly preterm delivery. Specifi-
cally, we used data from a large cohort that included pregnant Hispanic, African American,
and Caucasian women. Cytokines measured for this study included maternal serum IL6,
IL8, IL10, TNFα, and Granulocyte-macrophage colony-stimulating factor (GMCSF), and
the adipokines adiponectin and resistin. Also factored into the analysis were GDM and
preeclampsia, both of which have a significantly increased risk for prematurity [2,22,23].

2. Materials and Methods
2.1. Study Design and Population

We conducted a prospective epidemiological study of healthy young pregnant women
residing in one of the poorest cities in the continental United States [24]. The cohort of
study participants enrolled between 1996 and 2006 was recruited from among patients
enrolling at the Osborn Family Health Center, Our Lady of Lourdes Medical Center, and
St John the Baptist prenatal clinic in Camden, NJ. The institutional review board at the
University of Medicine and Dentistry of New Jersey (which later became Rowan University
School of Osteopathic Medicine in 2013) approved the study protocol. Informed written
consent was obtained from each participant at enrollment (on average at gestational week
13.48 ± 5.18, mean ± SD) after explanation of the nature and purpose of the study. The
data and samples were stored in a repository since 2006, which allowed us to conduct the
current analyses.

The criteria for inclusion were a positive pregnancy test, informed consent, and
gestation at entry <20 weeks. A total of 3.5% of the women screened who had serious non-
obstetric problems (e.g., lupus, type 1 or 2 diabetes, seizure disorders, malignancies, acute
or chronic liver disease, drug or alcohol abuse, and psychiatric problems) were excluded.
Eighty percent of the patients who were eligible agreed to participate. A total of 8.3% of
participants dropped out after enrollment due to either a move from the area or an early
pregnancy loss. A final total of 1776 participants with specimens available at entry to care
were included in the present analyses.

2.2. Data and Blood Sample Collection

Participants were scheduled to see study research assistants before or after their regular
prenatal visits at entry to care (14.2 ± 4.0 weeks, mean ± SD) and at gestational weeks 20
and 28. Data about socioeconomic, demographic, and lifestyle variables, such as education,
occupation, marital status, income, cigarette smoking, alcohol consumption, dietary data,
and reproductive history, were obtained by interviews at entry and updated at gestational
weeks 20 and 28. Ethnicity was self-defined. Blood pressure was measured by clinic staff
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at each visit and abstracted from the medical records. Body mass index (BMI) (kg/m2)
was computed based on self-reported pregravid weight; height was measured at entry to
prenatal care. Maternal obesity was defined as BMI (kg/m2) ≥ 30.

The protocol for specimen collection has been previously described [25,26]. Briefly,
fasting blood samples (>8 h) collected at entry to care (16.8 ± 6.4 weeks of gestation) were
refrigerated and centrifuged at 4 ◦C. The serum and plasma samples were aliquoted and
stored at −80 ◦C until assayed.

2.3. Analytic Assays of Cytokine and Adipokine

Cytokines (Il-6, IL-8, IL-10, TNF-α, and granulocyte-macrophage colony-stimulating
factor (GMCSF)) and adipokines (adiponectin and resistin) were analyzed by two panels
using the Luminex xMAP technology (Luminex Corporation, Austin, TX, USA) on the
MagPix system.

Serum cytokine concentrations were determined by the Human High Sensitivity T-cell
5-plex magnetic bead panel (Category# HTSCMAG-28SK) and adipokines were determined
by the human adipokine 2-plex magnetic bead panel (Category# HADK1MAG-61K) (EMD
Millipore Corporation, Billerica, MA, USA). All analyses were performed according to the
manufacturers’ protocols and in duplicate. Briefly, serum samples were thawed at 4 ◦C
and centrifuged at 1000× g to remove any aggregate protein. The serum was diluted 1:2
in assay buffer and mixed beads were added to each well. A 7-point standard curve with
serial dilutions was generated and quality control provided by the manufacturer were
used to determine assay accuracy. The plate was incubated and agitated, then washed
and re-incubated with detection antibodies. The plate was washed multiple times and the
beads were re-suspended in the plate with 150 µL sheath fluid and analyzed using the
Luminex Magpix.

According to the manufacturing protocol, there was no or negligible cross-reactivity
between the antibodies for an analyte and any of the other analytes in each of the panels.
The average intra coefficient variation (CV) was 5.5% (range 4.6–7.0%) and the average inter
CV was 11.2% (range 8.2–13.2%) for cytokines. For adiponectin and resistin, the intra CV
was 4.4% and 5.5%, and the inter CV was 10.1% and 11.3%, respectively. All analyses were
performed according to the manufacturer’s protocols and in duplicate. The concentrations
were calculated from best-fit standard curves generated from calibrators for each analyte in
each assay by Milliplex analyst 5.1 software (VigeneTech Inc., Carlisle, MA, USA).

2.4. Definition of Pregnancy Outcomes

Pregnancy outcomes included in this study are described as follows. Preterm delivery
is defined as delivery at <37 completed weeks of gestation based on the last menstrual
period confirmed or modified by ultrasound evaluation [26]. Detailed information identify-
ing women with spontaneous preterm delivery and medically indicated preterm delivery
was obtained from the prenatal, labor, delivery, and newborn records including infant
birth weight and sizes. Spontaneous preterm delivery was defined by the presence of
intact membranes and regular contractions, and the absence of induction of labor or an
elective caesarean section. Preterm premature rupture of membrane (pPROM) was defined
as rupture of membranes before the onset of labor prior to 37 weeks’ gestation. Women
with spontaneous labor and pPROM leading to preterm delivery were combined into the
spontaneous preterm group. Information on reproductive history, including prior preterm
delivery as well as the medical events during the current pregnancy, was also obtained by
interview and/or abstracted from clinical records.

We classified the preterm birth as early (<34 weeks of gestation) and late (34–<37 weeks
of gestation) preterm delivery to evaluate the influence of low adiponectin on varying
gestational age.

Preeclampsia is identified by systolic blood pressure ≥140 mm Hg or diastolic blood
pressure ≥90 mm Hg after 20 weeks’ gestation in a previously normotensive woman
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accompanied by new-onset proteinuria (>300 mg/24 h from a 24 h urine collection or ≥1+
protein by dipstick in two samples at least 4 h apart) [27].

The diagnosis of GDM was made by a two-step approach. Patients were initially
screened by a 50 g oral glucose challenge test at 24–28 weeks of gestation. A 100 g oral
glucose tolerance test (OGTT) was performed on the subset of women exceeding the glu-
cose threshold value (>140 mg/dl at 1 h). The diagnostic criteria for GDM were based on
the Carpenter/Coustan conversion, as recommended by the American Diabetes Associa-
tion [28].

Participants with a term delivery and without a diagnosis of preeclampsia or GDM
were defined as normal pregnancy controls.

2.5. Statistical Analysis

Parametric statistics were calculated for the continuous variables, and chi-square tests
for independence were used for the categorical variables. Log10 transformations were
performed for computing the means of the cytokines/adipokines when data were highly
skewed. Analyses of variance (ANOVA) were used to assess the significance of linear
trends and compare mean levels of each cytokine/adipokine marker among ethnic groups
as well as comparisons between women with normal pregnancy outcomes and those who
subsequently developed any of three adverse pregnancy outcomes.

Multiple logistic regression was used to estimate the odds ratio (OR) and 95% confi-
dence interval (CI) for elevated cytokines or decreased levels of adiponectin with preterm
delivery. We divided each of measured biomarkers into quartiles and used logistic regres-
sion to estimate the OR of adverse outcome in the highest or the lowest quartile using
the other quartiles as the reference category. Separate models were performed to assess
the association of biomarkers in preterm delivery women complicated with and without
preeclampsia. We also conducted multiple polytomous logistic regression analyses to
estimate the associations of elevated cytokine levels or decreased adiponectin with different
types of preterm delivery, preeclampsia, or GDM as compared to normal pregnancy. This
method models multiple levels of an outcome so that all adjusted odds ratios are estimated
in the same model.

All multivariable analyses were also conducted controlling for potential confounding
variables, which included maternal pre-pregnancy BMI, age, parity, cigarette smoking,
and/or ethnicity where appropriate. The levels of significance were two-tailed and p < 0.05
was considered to be the lowest level of acceptable statistical significance. All of the
statistical analyses were performed with SAS v.9.4 (SAS Institute, Inc., Cary, NC, USA).

3. Results
3.1. Maternal Characteristics and Birth Outcomes in Whole Cohort and by Ethnicity

Maternal characteristics in the whole cohort and by ethnic group at entry are shown in
Table 1. African American women were younger than Caucasians and Hispanics (p < 0.0001
vs. Caucasians and p < 0.01 vs. Hispanics) and had significantly higher pre-pregnancy BMIs
and more obesity compared to Caucasian and Hispanic groups (p < 0.001 vs. Caucasians
and p < 0.01 vs. Hispanics). There were small but significant differences among ethnic
groups, including gestational age at entry (p < 0.05 African Americans vs. Caucasians) and
systolic and diastolic blood pressure (p < 0.01 and p < 0.05 African Americans vs. Hispanics
or Caucasians). There was a higher proportion of cigarette smoking and more private
insurance in Caucasians (p < 0.0001 for each). No significant differences in gestational age
at blood sampling, fasting blood glucose, and parity were found (p > 0.05).

The adverse pregnancy outcomes in women who subsequently developed GDM,
preeclampsia, delivered a preterm infant, and infant birth weight by ethnicity are presented
in Table 2. The mean infant birth weight was significantly lower in the African American
group (p < 0.0001) vs. other groups. There was a higher proportion of African American
women who delivered a preterm infant (all preterm <37 weeks) (13.00% vs. Hispanics
(10.20%) and Caucasians (11.55%)), but the difference did not reach statistical significance.
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This was also observed for early preterm delivery (<34 weeks). Lastly, more African
American women developed preeclampsia (p < 0.01), but fewer developed GDM (p < 0.001)
as compared to other ethnic groups.

Table 1. Characteristics of study participants according to ethnicity at entry to care.

Characteristics All Participants African American Hispanic Caucasian p -Value

n 1776 646 853 277

Age (years) 22.00 ± 5.23 21.33 ± 4.94 a,b 22.11 ± 5.18 c 23.31 ± 5.74 <0.0001

Pre-pregnant BMI (kg/m2) 25.72 ± 6.28 26.08 ± 7.06 c,b 25.77 ± 6.79 24.68 ± 5.62 <0.01

Obese (BMI ≥ 30) 361 (20.33) 148 (22.11) 163 (19.11) 50 (18.05) <0.01

Gestational age at entry
(week) 13.42 ± 5.18 13.76 ± 5.08 d 13.36 ± 5.34 12.84 ± 4.85 <0.05

Gestational age at blood
sampling (week) 16.83 ± 5.47 16.92 ± 5.55 d 16.99 ± 5.54 d 16.12 ± 5.47 >0.05

Blood pressure (BP)

Systolic BP 112.15 ± 11.42 113.80 ± 11.74 b 110.82 ±11.00 d 112.40 ± 11.40 <0.001

Diastolic BP 70.28 ± 8.65 71.31 ± 9.11 b,d 69.67 ±8.17 69.78 ± 8.74 <0.001

Fasting blood glucose
(mg/dL) 80.23 ± 16.57 80.19 ± 17.61 b 79.88 ±14.87 d 81.49 ± 18.99 >0.05

Cigarette smoking 335 (18.86) 124 (19.20) 105 (12.31) 106 (38.27) <0.0001

Nulliparas 695 (39.13) 239 (37.00) 341 (39.98) 115 (41.52) >0.05

Insurance

Medicaid 1742 (98.09) 642 (99.38) 853 (100) 247 (89.17)

Other 50 (2.85) 4 (0.62) 0 30 (9.39) <0.0001

Data are mean ± SD or n (%). p-value reflects p for trend by ANOVA or p-value by chi-square test. a p < 0.0001 vs.
Caucasian. b p < 0.01 vs. Hispanic. c p < 0.001 vs. Caucasian. d p < 0.05 vs. Caucasian.

Table 2. Adverse pregnancy outcomes by ethnicity.

Characteristics All Participants African American Hispanic Caucasian p -Value

n 1776 646 853 277

Gestational age at delivery
(week) 38.65 ± 2.25 38.55 ± 2.40 38.69 ± 2.19 38.75 ± 2.07 >0.05

Infant birth weight (g) 3209 ± 582 3128 ± 592 a,b 3241 ± 568 3301 ± 577 <0.0001

Preterm delivery (<37 weeks) 203 (11.43) 84 (13.00) 87 (10.20) 32 (11.55) >0.05

Early preterm delivery
(<34 weeks) 61 (3.43) 26 (4.02) 24 (2.81) 11 (3.97) >0.05

Late preterm delivery
(34–<37 weeks) 142 (8.00) 58 (8.98) 63 (7.39) 21 (7.58) >0.05

Preeclampsia 158 (8.90) 77(11.92) 56 (6.57) 25 (9.03) <0.01

Gestational diabetes mellitus
(GDM) 77 (4.34) 13 (2.01) 45 (5.28) 19 (6.86) <0.001

Data are mean ± SD or n (%). p-value reflects p for trend by ANOVA or p-value by chi-square test. a p < 0.0001 vs.
Caucasian. b p < 0.01 vs. Hispanic.

3.2. Ethnic Differences in Cytokine/Adipokine Concentrations

Because of positively skewed distributions in the measurements, log10 transformations
were performed, and the final data presented in Table 3 have been reversed-logged for
interpretive purposes. There were ethnic differences in adiponectin and resistin levels.
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African Americans had lower adiponectin and higher resistin and GMCSF vs. Hispanics or
Caucasians (p for trend <0.05 to <0.0001 for each (Table 3)). Although African Americans
had increased levels of IL8 (p < 0.05 vs. Caucasians) and TNF-α (p < 0.05 vs. Hispanics),
the trends for all four cytokines were not statistically significant.

Table 3. Differences in cytokine/adipokine concentrations by ethnicity.

Cytokine/Adipokine African
American Hispanic Caucasian p for Trend

Entry (n = 1776) 646 853 277

Adiponectin (µg/mL) 16.50 ± 0.35 a,b 17.95± 0.35 c 19.62 ± 0.55 <0.0001

Resistin (ng/mL) 50.13 ± 1.07 d 45.08 ± 0.93 c 48.88 ± 1.67 <0.01

GMCSF (pg/mL) 199.55 ± 10.87 e 165.43 ± 9.47 195.10 ± 16.97 <0.05

IL10 (pg/mL) 12.66 ± 2.63 12.35 ± 2.29 11.92 ± 4.11 >0.05

IL8 (pg/mL) 41.46 ± 4.81 c 34.95 ± 4.19 c 23.64 ± 7.51 >0.05

IL6 (pg/mL) 4.55 ± 0.51 4.03 ± 0.45 3.33 ± 0.80 >0.05

TNFα (pg/mL) 11.11 ± 0.60 e 10.38 ± 0.52 9.55 ± 0.93 >0.05
Data are mean ± SE. Means were adjusted for age, pre-pregnant BMI, parity, and cigarette smoking as covariates
in by ANOVA. Log10 transformation was used for data analysis. a p< 0.01 vs. Caucasian. b p < 0.0001 vs. Hispanic.
c p < 0.05 vs. Caucasian. d p < 0.01 vs. Hispanic. e p < 0.05 vs. Hispanic.

3.3. Cytokine and Adipokine Levels and Preterm Delivery

We compared the means of seven biomarkers measured with several outcome vari-
ables (Table S1). Adiponectin was the only marker that showed a significant difference
among the outcomes. Women diagnosed with GDM had the lowest level of adiponectin
compared to other outcome variables (p < 0.05 for each) as well as to the normal controls
(p < 0.001). Adiponectin concentration was not significantly different between women with
preterm delivery or preeclampsia and normal control (p > 0.05). The levels for the other
six biomarkers were not statistically different comparing normal control and women with
adverse outcomes.

Since the differences were only found with adiponectin concentration, more detailed
analyses were subsequently performed to explore the associations of lower levels of
adiponectin with preterm delivery. Separate models were used to evaluate the association
between adiponectin and types of preterm (all, late, and early preterm) in all participants
as well as by ethnic group (Table 4).

In all participants, decreased (lowest quartile, <11.34 µg/mL) adiponectin was associ-
ated with an increased risk of preterm delivery (adjusted odds ratio (AOR) was 1.46, 95%
confidence interval (CI) was 1.05, 2.04) and early preterm birth (<34 weeks of gestation)
(AOR 1.84, 95% CI 1.07, 3.17) after controlling for several potential confounding variables,
including pre-pregnancy BMI, using term delivery as a reference. When the analysis was
limited to preterm delivery patients without preeclampsia, the results remained signif-
icant (AOR 1.51, 95% CI 1.09, 2.09 for all preterm and AOR 1.82, 95% CI 1.03, 3.21 for
early preterm). The same association was not observed in late preterm (34–<37 weeks
of gestation).



J. Clin. Med. 2022, 11, 3213 7 of 13

Table 4. Associations of decreased adiponectin level with preterm delivery by ethnicity a.

Type of Preterm Delivery Unadjusted n (%) AOR (95% CI) b AOR (95% CI) c

All participants (n = 1776)

Early preterm 23 (37.7) 1.84 (1.07, 3.17) 1.82 (1.03, 3.21)

Late preterm 43 (30.28) 1.39 (0.94, 2.05) 1.37 (0.92, 2.03)

All preterm 66 (32.51) 1.46 (1.05, 2.04) 1.51 (1.09, 2.09)

Term Delivery 378 (24.03) reference reference

African American (n = 646)

Early preterm 13 (50.00) 2.20 (0.93, 5.17) 2.04 (0.85, 4.88)

Late preterm 24 (41.38) 1.84 (1.02, 3.30) 1.89 (1.05, 3.42)

All preterm 37 (44.05) 1.80 (1.10, 2.94) 1.71 (1.06, 2.75)

Term Delivery 176 (31.32) reference reference

Hispanic (n = 853)

Early preterm 6 (25.00) 1.11 (0.42, 2.98) 1.17 (0.44, 3.14)

Late preterm 15 (23.81) 1.02 (0.54, 1.93) 1.03 (0.54, 1.95)

All preterm 21 (24.14) 0.94 (0.55, 1.62) 0.84 (0.50, 1.42)

Term Delivery 164 (21.41) reference reference

Caucasian (n = 277)

Early preterm 4 (36.36) 2.92 (0.76, 11.27) 3.13 (0.80,12.25)

Late preterm 4 (19.05) 1.09 (0.33, 3.60) 1.23 (0.37, 4.16)

All preterm 8 (25.00) 1.61 (0.64, 4.02) 1.79 (0.70, 4.55)

Term Delivery 38 (15.51) reference reference
Abbreviations: AOR, adjusted odds ratio; 95% CI, 95% confidence interval. The AORs and 95% CIs were
computed by multiple polytomous logistic regression analyses. Early preterm: <34 weeks of gestation; late
preterm: 34–<37 weeks of gestation; all preterm: <37 weeks of gestation. a Decreased adiponectin was defined as
the lowest quartile <11.34 µg/mL vs. other quartiles pooled. Odds ratio indicated the risk associated with early or
late preterm delivery in women who had low adiponectin levels. b Models were adjusted for pre-pregnancy BMI,
maternal age, parity, and cigarette smoking. Ethnicity was adjusted for analysis in all participants only. c Models
were fully adjusted with exclusion of patients who were complicated with preeclampsia.

When separate analysis was performed by ethnic group, we obtained similar results
in African Americans. The significant association was only found with all preterm (AOR
1.80, 95% CI 1.10, 2.94) and late preterm births (AOR 1.84, 95% CI 1.02, 3.30). However,
lower adiponectin was not significantly related to early preterm delivery (AOR 2.02, 95%
CI 0.93, 5.17). In contrast, decreased adiponectin was not related to preterm birth in either
Hispanics or Caucasians.

3.4. Cytokine/Adipokine Levels with Preeclampsia and GDM

We performed additional analyses using polytomous logistic regression to evaluate if
cytokine/adipokine is associated with other adverse pregnancy outcomes, preeclampsia
and GDM, after exclusion of women with preterm delivery. Women with lower adiponectin
levels had a 55% increased risk of developing preeclampsia (AOR 1.55, 95% CI 1.06, 2.26)
and greater than 2-fold increased risk for GDM (AOR 2.36, 95% CI 1.46, 3.79) when analyzed
without adjustment for pre-pregnancy BMI. After pre-pregnancy BMI was controlled for,
this finding on decreased adiponectin levels with a higher risk of developing preeclampsia
(AOR 1.45, 95% CI 1.00, 2.14) and GDM (AOR 1.72, 95% CI 1.05, 2.84, p for trend <0.01)
remained significant (Table 5).
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Table 5. Association of cytokine and adiponectin levels with preeclampsia and gestational diabetes
mellitus (GDM) in all participants when preterm delivery cases were excluded from analysis a.

Cytokine/Adipokine Outcome Variables Unadjusted n
(%) AOR (95% Cl)

Adiponectin (<11.34 vs.
≥11.34 µg/mL) Preeclampsia 44 (30.34) 1.45 (1.00, 2.14) b

GDM 32 (41.56) 1.72 (1.05, 2.84)

Normal controls 323 (22.97) reference

IL10 (≥11.29 vs.
<11.29 pg/mL) Preeclampsia 39 (26.90) 1.11 (0.76, 1.65)

GDM 11 (14.29) 0.50 (0.26, 0.96)

Normal controls 352 (25.04) reference

TNF-α (≥9.97 vs.
<9.97 pg/mL) Preeclampsia 40 (27.59) 1.14 (0.78, 1.69)

GDM 18 (23.38) 0.77 (0.44, 1.35)

Normal controls 346 (24.61) reference

IL6 (≥2.57 vs. <2.57) Preeclampsia 30 (20.69) 0.81 (0.53, 1.24)

GDM 19 (24.68) 0.96 (0.56, 1.64)

Normal controls 351 (24.96) reference

IL8 (≥13.26 vs. <13.26) Preeclampsia 32 (22.07) 0.85 (0.56, 1.29)

GDM 23 (29.87) 1.07 (0.63, 1.82)

Normal controls 351 (24.96) reference

Resistin (≥59.77 vs. <59.77) Preeclampsia 34 (23.45) 0.93 (0.62, 1.40)

GDM 18 (23.38) 0.89 (0.52, 1.55)

Normal controls 352 (25.04) reference

GMCSF (≥212.79 vs.
<212.79) Preeclampsia 38 (26.21) 1.00 (0.68, 1.49)

GDM 14 (18.80) 0.70 (0.39, 1.29)

Normal controls 355 (25.25) reference
For adiponectin, the quartile of interest was the lowest quartile vs. other quartiles pooled; for the other cytokines,
the quartile of interest was the highest quartile vs. other quartiles pooled. AOR and 95% CI were computed
by multiple polytomous logistic regression analysis. The odds ratio indicated that the risk associated with
preeclampsia or GDM in women who had exposure in low adiponectin levels or had increased levels in other
cytokines. a Models were adjusted for maternal age, parity, pre-pregnancy BMI, and cigarette smoking with
exclusion of preterm delivery patients. b p for trend <0.05.

There was also a significant negative relationship between IL10 and GDM. Increased
IL-10 significantly reduced the risk of GDM by 2-fold (AOR 0.50, 95% CI 0.26, 0.96). There
were no significant relationships in the levels of TNF-α, IL6, IL8, resistin, and GMCSF with
preeclampsia or GDM (Table 5). Further analyses dividing participants by ethnic group
only showed a negative relation of IL10 with GDM in Hispanic women (AOR 0.38, 95% CI
0.14, 0.99) and adiponectin with GDM in the Caucasian group (AOR 2.97, 95% CI 1.08, 8.17)
(Table S2).

4. Discussion

In this prospective cohort of young and healthy pregnant women in a diverse ethnic
population, our purpose was to examine the associations between multiple maternal circu-
lating inflammatory biomarkers and preterm delivery and several other adverse pregnancy
outcomes. We made three major observations: (1) decreased adiponectin concentration
was associated with an increased risk of preterm delivery, particularly with a risk of
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early preterm birth; (2) the effect was significantly greater in African American women;
(3) our findings are consistent with previous studies showing that a lower adiponectin
level was associated with an increased risk of GDM [17–19]. We did not find any consistent
relationships among any of the other biomarkers with outcome variables of interest.

4.1. Decreased Maternal Adiponectin Level Is Associated with Preterm Delivery

Previous studies have shown that increased levels of several maternal cytokines, such
as IL-6, IL-8, TNF-α, and CRP, as well as endothelial dysfunction markers, including
soluble intercellular adhesion molecule-1 (sICAM-1), vascular cell adhesion molecule-1
(sVCAM-1), and soluble E-selectin (sE-selectin), were significantly associated with preterm
delivery [5–7,26,29,30]. However, the findings are equivocal. A systematic review of
72 studies noted that none of the 30 biomarkers including inflammatory, placental proteins,
hormonal, coagulation-related, and genetic biomarkers qualified as useful for clinical
prediction in asymptomatic spontaneous preterm birth [6]. Menon et al. [8] analyzed data
from 217 studies published over the past 40 years that included thousands of participants
and 106 biomarkers for spontaneous preterm delivery (SPTD). The strongest finding was
higher amniotic fluid concentrations of IL-6 in women with asymptomatic SPTD than
women with term delivery [6,8,29]. Several studies have also suggested that biomarkers
from cervicovaginal or amniotic fluid compared to maternal blood may prove to represent
inflammation or infection events more accurately in the cervix and uterus than proteins
in the maternal blood [11–14]. However, the test in amniotic fluid prior to labor requires
invasive procedures that are not justifiable for asymptomatic women. Amniotic fluid
collected at labor has limited prediction value [11,12]. In contrast, maternal blood, especially
during early pregnancy, could have better prediction value and with a minimal risk to the
mother and fetus [31,32].

Adiponectin as a biomarker for preterm delivery was not evaluated in any of the
studies described in the above referenced meta-analyses [5,6,8,29]. A unique finding in our
study was that women who had decreased adiponectin levels (lowest quartile) had 46%
and 84% increased risk of having preterm and early preterm delivery after multivariable
adjustment, respectively (Table 4). A similar result was found when patients without
preeclampsia were analyzed (51% and 82%, Table 4).

In a cross-sectional study, Mazaki-Tovi et al. reported that a single episode of preterm
labor that did not result in preterm delivery is associated with decreased maternal total
adiponectin and high molecular weight adiponectin concentration (p < 0.01 to p < 0.001 vs.
normal term delivery) [21]. The result persisted in patients with preterm labor regardless of
the presence or absence of intra-amniotic infection/inflammation. Mazaki-Tovi suggested
that low maternal adiponectin may be attributed to the process of preterm parturition
instead of infection/inflammation alone. However, the maternal blood samples were
collected at later second and third trimesters (25.5–31 weeks gestation) from that study [21].
We collected maternal samples at earlier gestation (~16 weeks, Table 1) in a large cohort
with a multi-ethnic population.

Adiponectin is a circulating bioactive hormone secreted by adipocytes [15,16]. We
cannot determine whether lower adiponectin is a cause or an effect in preterm delivery
and preeclampsia due to the nature of our study. In animal and non-pregnant human
studies, adiponectin prevented impaired endothelial function [33–35]. The endothelium
is a major paracrine organ with critical roles in controlling vascular tone, inflammation,
and smooth muscle cell proliferation [33]. Adiponectin inhibited angiogenesis and reduced
oxidative stress in endothelium [33–35]. Since preterm delivery is a complex multifactorial
syndrome [1,3], it is possible that impaired endothelial function is one of the mechanisms
in preeclampsia or preterm delivery and may be indirectly regulated by adiponectin [26].

4.2. Ethnic Difference in Adiponectin and Risk of Preterm Delivery

There were marked ethnic differences in adiponectin levels (Table 3). African American
women had lower adiponectin concentrations than other ethnic groups (p < 0.05). When we
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performed logistic regression analyses by ethnic group, a similar result was only obtained
in African American women (AOR 1.80, 95%CI 1.10, 2.94 for all preterm and AOR 1.84,
95% CI 1.02, 3.30 for late preterm delivery, Table 4), but was not observed in Hispanic
or Caucasian groups. These data suggest that ethnic disparity in the concentration of
adiponectin may increase the risk of delivering preterm.

In an earlier prospective study, we reported that normal pregnant African American
women had significantly decreased mean levels of adiponectin compared to Hispanics
and/or Caucasians and a twofold increased chance of being in the lowest tertile compared
to Caucasians [25]. Our data are also consistent with a study by Menon and colleagues [11].
They examined cytokines in amniotic fluid and found that racial differences existed in
different type of cytokines. For example, IL-1beta and TNF-α concentrations were higher in
cases of SPTD compared to term birth in African American women, but not in White women,
suggesting a racial difference in the inflammatory response pathway may contribute to
preterm delivery [11]. Similarly, Velez et al. [13] reported that patterns of cytokines profile
from amniotic fluid differed between cases of preterm delivery and term controls in African
American women, but reported no difference in White women [13]. The relative proportions
of amniotic cytokines derived from maternal and fetal sources are unknown [11–13].

4.3. Decreased Adiponectin Is Associated with GDM and Preeclampsia

Women in the lowest quartile of adiponectin were at an increased risk of developing
GDM (AOR 1.72, 95% CI 1.05, 2.84) (Table 5). It is well known that decreased maternal
adiponectin is associated with GDM [17–20]. In addition, we observed that a higher IL10
level (highest quartile vs. other quartiles) was associated with a significantly decreased risk
of GDM (AOR 0.50, 95% CI 0.26, 0.96). We did not find any significant association between
other markers with GDM. When analyzed with low adiponectin by ethnicity, the results
became non-significant (Table S2). This could be due to insufficient statistical power.

We also found that a decreased adiponectin level was associated with a higher risk of
preeclampsia in the whole cohort without including the cases of preterm delivery (AOR
1.45, 95% CI 1.00, 2.14, Table 5). This finding was contrary to previous reports that found
increased plasma adiponectin levels in women complicated with preeclampsia [36–38].
This might be because the populations, sample sizes, and gestational age of sampling
differed from our study. Collectively, the findings suggest that adipokines may mediate the
metabolic changes in women who developed preeclampsia.

4.4. Negative Findings in Other Cytokines with Preterm Birth and Limitations of Current Study

We did not find significant differences in other cytokine and resistin levels when
comparing preterm birth to term delivery (Table S1). The balance of pro-inflammation and
anti-inflammation during pregnancy is regulated and maintained by multiple factors [39].
Fetal sex, maternal nutrition, oxidative stress, and anti-oxidant status can influence maternal
cytokine levels [40,41]. Our focus in the current study was the relationship between adverse
pregnancy outcomes and cytokines. In addition, the placenta, the interface between the
mother and fetus, is the source of hormonal regulators and the network of cytokines [39,42].
In in vitro experiments, a high level of expression of inflammation-related genes in adipose
tissue and term placenta suggested that the placenta promotes the molecular interplay
between maternal immune function and metabolism, which subsequently influences fetal
growth [39]. Cytokines synthesized within the placenta can preferentially be released into
the maternal circulation rather than the fetal circulation; most maternal cytokines are not
readily transferred across the placenta in humans [39,42]. We were not able to identify the
portion of the maternal cytokines that were from placenta. Thus, further studies will be
needed to explore the other factors that influence cytokine levels and placenta function in
regulating cytokines during pregnancy.
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5. Conclusions

The present study is unique in examining multiple maternal inflammatory biomarkers
during early gestation in a diverse ethnic population. Our findings suggest that dysreg-
ulation in maternal adiponectin is associated with an increased risk of preterm delivery.
Furthermore, an ethnic difference in adiponectin levels may be a contributor to higher
preterm delivery rates in African American women. Our findings underscore the need
for future studies to determine how placental and fetal contribute to adiponectin levels
in prematurity and the potential clinical usefulness of adiponectin as a biomarker for
preterm delivery.
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concentrations at entry with adverse pregnancy outcomes; Table S2: Elevated cytokine and decreased
adiponectin levels with preeclampsia and gestational diabetes mellitus (GDM) by ethnicity.

Author Contributions: Conceptualization, X.C.; Data Curation, Y.D.L., X.C. and R.A.S.; Laboratory
Methodology, X.C. and T.P.S.; Writing—Review and Editing, Y.D.L., X.C., T.P.S. and R.A.S.; Funding
Acquisition, X.C. All authors have read and agreed to the published version of the manuscript.

Funding: This research was supported by National Institute on Minority Health and Health Dispari-
ties (grant R01MD007828).

Institutional Review Board Statement: The institutional review board (IRB) at the University of
Medicine and Dentistry of New Jersey (which later became Rowan University School of Osteopathic
Medicine in 2013) approved the study protocol on 12 December 2012 (code Pro2012002523).

Informed Consent Statement: Informed written consent was obtained from each participant at
enrollment. The recruitment of this study was closed in 2006. All data and samples have been stored
in a tissue and data repository approved by IRB at Rowan University School of Osteopathic Medicine.
Informed consent was waived.

Data Availability Statement: Data presented in this study are available on request from the corre-
sponding author.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Demissie, K.; Rhoads, G.G.; Ananth, C.V.; Alexander, G.R.; Kramer, M.S.; Kogan, M.D.; Joseph, K.S. Trends in preterm birth

and neonatal mortality among blacks and whites in the United States from 1989 to 1997. Am. J. Epidemiol. 2001, 154, 307–315.
[CrossRef] [PubMed]

2. Gong, J.; Savitz, D.A.; Stein, C.R.; Engel, S.M. Maternal ethnicity and pre-eclampsia in New York City, 1995–2003. Paediatr Perinat.
Epidemiol. 2012, 26, 45–52. [CrossRef] [PubMed]

3. Sondergaard, M.M.; Hlatky, M.A.; Stefanick, M.L.; Vittinghoff, E.; Nah, G.; Allison, M.; Gemmill, A.; Van Horn, L.; Park, K.;
Salmoirago-Blotcher, E.; et al. Association of Adverse Pregnancy Outcomes with Risk of Atherosclerotic Cardiovascular Disease
in Postmenopausal Women. JAMA Cardiol. 2020, 5, 1390–1398. [CrossRef] [PubMed]

4. Okoth, K.; Chandan, J.S.; Marshall, T.; Thangaratinam, S.; Thomas, G.N.; Nirantharakumar, K.; Adderley, N.J. Association
between the reproductive health of young women and cardiovascular disease in later life: Umbrella review. BMJ 2020, 371, m3502.
[CrossRef] [PubMed]

5. Bastek, J.A.; Elovitz, M.A. The role and challenges of biomarkers in spontaneous preterm birth and preeclampsia. Fertil. Steril.
2013, 99, 1117–1123. [CrossRef]

6. Conde-Agudelo, A.; Papageorghiou, A.T.; Kennedy, S.H.; Villar, J. Novel biomarkers for the prediction of the spontaneous
preterm birth phenotype: A systematic review and meta-analysis. BJOG 2011, 118, 1042–1054. [CrossRef]

7. Pitiphat, W.; Gillman, M.W.; Joshipura, K.J.; Williams, P.L.; Douglass, C.W.; Rich-Edwards, J.W. Plasma C-reactive protein in early
pregnancy and preterm delivery. Am. J. Epidemiol. 2005, 162, 1108–1113. [CrossRef]

8. Menon, R.; Torloni, M.R.; Voltolini, C.; Torricelli, M.; Merialdi, M.; Betran, A.P.; Widmer, M.; Allen, T.; Davydova, I.; Khodjaeva,
Z.; et al. Biomarkers of spontaneous preterm birth: An overview of the literature in the last four decades. Reprod. Sci. 2011, 18,
1046–1070. [CrossRef]

9. Menon, R.; Merialdi, M.; Lombardi, S.J.; Fortunato, S.J. Differences in the placental membrane cytokine response: A possible
explanation for the racial disparity in preterm birth. Am. J. Reprod. Immunol. 2006, 56, 112–118. [CrossRef]

https://www.mdpi.com/article/10.3390/jcm11113213/s1
https://www.mdpi.com/article/10.3390/jcm11113213/s1
http://doi.org/10.1093/aje/154.4.307
http://www.ncbi.nlm.nih.gov/pubmed/11495853
http://doi.org/10.1111/j.1365-3016.2011.01222.x
http://www.ncbi.nlm.nih.gov/pubmed/22150707
http://doi.org/10.1001/jamacardio.2020.4097
http://www.ncbi.nlm.nih.gov/pubmed/32936228
http://doi.org/10.1136/bmj.m3502
http://www.ncbi.nlm.nih.gov/pubmed/33028606
http://doi.org/10.1016/j.fertnstert.2013.01.104
http://doi.org/10.1111/j.1471-0528.2011.02923.x
http://doi.org/10.1093/aje/kwi323
http://doi.org/10.1177/1933719111415548
http://doi.org/10.1111/j.1600-0897.2006.00394.x


J. Clin. Med. 2022, 11, 3213 12 of 13

10. Schaaf, J.M.; Liem, S.M.; Mol, B.W.; Abu-Hanna, A.; Ravelli, A.C. Ethnic and racial disparities in the risk of preterm birth: A
systematic review and meta-analysis. Am. J. Perinatol. 2013, 30, 433–450. [CrossRef]

11. Menon, R.; Williams, S.M.; Fortunato, S.J. Amniotic fluid interleukin-1beta and interleukin-8 concentrations: Racial disparity in
preterm birth. AJOG 2007, 14, 77.e1. [CrossRef]

12. Menon, R.; Camargo, M.C.; Thorsen, P.; Lombardi, S.J.; Fortunato, S.J. Amniotic fluid interleukin-6 increase is an indicator of
spontaneous preterm birth in white but not black Americans. Am. J. Obstet. Gynecol. 2008, 198, 77.e1–77.e7. [CrossRef] [PubMed]

13. Velez, D.R.; Fortunato, S.J.; Morgan, N.; Edwards, T.L.; Lombardi, S.J.; Williams, S.M.; Menon, R. Patterns of cytokine profiles
differ with pregnancy outcome and ethnicity. Hum. Reprod. 2008, 23, 1902–1909. [CrossRef]

14. Ashford, K.; Chavan, N.R.; Wiggins, A.T.; Sayre, M.M.; McCubbin, A.; Critchfield, A.S.; O’Brien, J. Comparison of Serum and
Cervical Cytokine Levels throughout Pregnancy between Preterm and Term Births. AJP Rep. 2018, 8, e113–e120. [CrossRef]
[PubMed]

15. Wang, Z.V.; Scherer, P.E. Adiponectin, cardiovascular function, and hypertension. Hypertension 2008, 51, 8–14. [CrossRef]
[PubMed]

16. Straub, L.G.; Scherer, P.E. Metabolic Messengers: Adiponectin. Nat. Metab. 2019, 1, 334–339. [CrossRef] [PubMed]
17. Cortelazzi, D.; Corbetta, S.; Ronzoni, S.; Pelle, F.; Marconi, A.; Cozzi, V.; Cetin, I.; Cortelazzi, R.; Beck-Peccoz, P.; Spada, A.

Maternal and foetal resistin and adiponectin concentrations in normal and complicated pregnancies. Clin. Endocrinol. 2007, 66,
447–453. [CrossRef]

18. Bao, W.B.A.; Song, Y.; Kiely, M.; Liu, S.; Zhang, C. Adipokine levels during the first or early second trimester of pregnancy and
subsequent risk of gestational diabetes mellitus: A systematic review. Metabolism 2015, 64, 756–764. [CrossRef]

19. Williams, M.A.; Qiu, C.; Muy-Rivera, M.; Vadachkoria, S.; Song, T.; Luthy, D.A. Plasma adiponectin concentrations in early
pregnancy and subsequent risk of gestational diabetes mellitus. J. Clin. Endocrinol. Metab. 2004, 89, 2306–2311. [CrossRef]

20. Chen, X. Hypoadiponectinemia: Association with risk of varying degrees of gestational hyperglycemia and with maternal
ethnicity. J. Diabetes Mellit. 2012, 2, 196–202. [CrossRef]

21. Mazaki-Tovi, S.; Romero, R.; Vaisbuch, E.; Erez, O.; Mittal, P.; Chaiworapongsa, T.; Kim, S.K.; Pacora, P.; Yeo, L.; Gotsch, F.; et al.
Dysregulation of maternal serum adiponectin in preterm labor. J. Matern. Fetal. Neonatal. Med. 2009, 22, 887–904. [CrossRef]
[PubMed]

22. Zhao, D.; Yuan, S.; Ma, Y.; An, Y.X.; Yang, Y.X.; Yang, J.K. Associations of maternal hyperglycemia in the second and third
trimesters of pregnancy with prematurity. Med. Baltim. 2020, 99, e19663. [CrossRef] [PubMed]

23. Hedderson, M.; Ferrara, A.; Sacks, D. Gestational Diabetes Mellitus and Lesser Degrees of Pregnancy Hyperglycemia: Association
with Increased Risk of Spontaneous Preterm Birth. Obstet. Gynecol. 2003, 102, 850–856. [CrossRef] [PubMed]

24. Webster, B.H. Income, Earnings, and Poverty Data from the 2005 American Community Survey. 2006. Available online:
https://www.census.gov/library/publications/2006/acs/acs-02.html (accessed on 15 December 2012).

25. Chen, X.; Scholl, T.O. Ethnic Differences in Maternal Adipokines during Normal Pregnancy. Int. J. Environ. Res. Public Health
2015, 13, 10008. [CrossRef]

26. Chen, X.; Scholl, T.O. Maternal biomarkers of endothelial dysfunction and preterm delivery. PLoS ONE 2014, 9, e85716. [CrossRef]
27. Roberts, J.M.; Pearson, G.; Cutler, J.; Lindheimer, M. Pregnancy NWGoRoHD. Summary of the NHLBI Working Group on

Research on Hypertension During Pregnancy. Hypertension 2003, 41, 437–445. [CrossRef] [PubMed]
28. American Diabetes Association. Clinical practice recommendations. Diabetes Care 2002, 23 (Suppl. S1), S1–S116.
29. Wei, S.Q.; Fraser, W.; Luo, Z.C. Inflammatory cytokines and spontaneous preterm birth in asymptomatic women: A systematic

review. Obstet. Gynecol. 2010, 116 (2 Pt 1), 393–401. [CrossRef]
30. Faupel-Badger, J.M.; Fichorova, R.N.; Allred, E.N.; Hecht, J.L.; Dammann, O.; Leviton, A.; McElrath, T.F. Cluster analysis of

placental inflammatory proteins can distinguish preeclampsia from preterm labor and premature membrane rupture in singleton
deliveries less than 28 weeks of gestation. Am. J. Reprod. Immunol. 2011, 66, 488–494. [CrossRef]

31. Jelliffe-Pawlowski, L.L.; Rand, L.; Bedell, B.; Baer, R.J.; Oltman, S.P.; Norton, M.E.; Shaw, G.M.; Stevenson, D.K.; Murray, J.C.;
Ryckman, K.K. Prediction of preterm birth with and without preeclampsia using mid-pregnancy immune and growth-related
molecular factors and maternal characteristics. J. Perinatol. 2018, 38, 963–972. [CrossRef]

32. von Minckwitz, G.; Grischke, E.M.; Schwab, S.; Hettinger, S.; Loibl, S.; Aulmann, M.; Kaufmann, M. Predictive value of serum
interleukin-6 and-8 levels in preterm labor or rupture of the membranes. Acta Obstet. Gynecol. Scand. 2000, 79, 667–672. [CrossRef]
[PubMed]

33. Ouedraogo, R.; Gong, Y.; Berzins, B.; Wu, X.; Mahadev, K.; Hough, K.; Chan, L.; Goldstein, B.J.; Scalia, R. Adiponectin deficiency
increases leukocyte-endothelium interactions via upregulation of endothelial cell adhesion molecules in vivo. J. Clin. Investig.
2007, 117, 1718–1726. [CrossRef] [PubMed]

34. Ouchi, N.; Ohishi, M.; Kihara, S.; Funahashi, T.; Nakamura, T.; Nagaretani, H.; Kumada, M.; Ohashi, K.; Okamoto, Y.; Nishizawa,
H.; et al. Association of hypoadiponectinemia with impaired vasoreactivity. Hypertension 2003, 42, 231–234. [CrossRef] [PubMed]

35. Tan, K.C.; Xu, A.; Chow, W.S.; Lam, M.C.; Ai, V.H.; Tam, S.C.; Lam, K.S. Hypoadiponectinemia is associated with impaired
endothelium-dependent vasodilation. J. Clin. Endocrinol. Metab. 2004, 89, 765–769. [CrossRef]

36. Haugen, F.; Ranheim, T.; Harsem, N.K.; Lips, E.; Staff, A.C.; Drevon, C.A. Increased plasma levels of adipokines in preeclampsia:
Relationship to placenta and adipose tissue gene expression. Am. J. Physiol. Endocrinol. Metab. 2006, 290, E326–E333. [CrossRef]

http://doi.org/10.1055/s-0032-1326988
http://doi.org/10.1177/1933719107301336
http://doi.org/10.1016/j.ajog.2007.06.071
http://www.ncbi.nlm.nih.gov/pubmed/18166313
http://doi.org/10.1093/humrep/den170
http://doi.org/10.1055/s-0038-1656534
http://www.ncbi.nlm.nih.gov/pubmed/29868246
http://doi.org/10.1161/HYPERTENSIONAHA.107.099424
http://www.ncbi.nlm.nih.gov/pubmed/17998473
http://doi.org/10.1038/s42255-019-0041-z
http://www.ncbi.nlm.nih.gov/pubmed/32661510
http://doi.org/10.1111/j.1365-2265.2007.02761.x
http://doi.org/10.1016/j.metabol.2015.01.013
http://doi.org/10.1210/jc.2003-031201
http://doi.org/10.4236/jdm.2012.22031
http://doi.org/10.1080/14767050902994655
http://www.ncbi.nlm.nih.gov/pubmed/19579094
http://doi.org/10.1097/MD.0000000000019663
http://www.ncbi.nlm.nih.gov/pubmed/32332610
http://doi.org/10.1097/00006250-200310000-00030
http://www.ncbi.nlm.nih.gov/pubmed/14551018
https://www.census.gov/library/publications/2006/acs/acs-02.html
http://doi.org/10.3390/ijerph13010008
http://doi.org/10.1371/journal.pone.0085716
http://doi.org/10.1161/01.HYP.0000054981.03589.E9
http://www.ncbi.nlm.nih.gov/pubmed/12623940
http://doi.org/10.1097/AOG.0b013e3181e6dbc0
http://doi.org/10.1111/j.1600-0897.2011.01023.x
http://doi.org/10.1038/s41372-018-0112-0
http://doi.org/10.1034/j.1600-0412.2000.079008667.x
http://www.ncbi.nlm.nih.gov/pubmed/10949232
http://doi.org/10.1172/JCI29623
http://www.ncbi.nlm.nih.gov/pubmed/17549259
http://doi.org/10.1161/01.HYP.0000083488.67550.B8
http://www.ncbi.nlm.nih.gov/pubmed/12860835
http://doi.org/10.1210/jc.2003-031012
http://doi.org/10.1152/ajpendo.00020.2005


J. Clin. Med. 2022, 11, 3213 13 of 13

37. Lu, D.; Yang, X.; Wu, Y.; Wang, H.; Huang, H.; Dong, M. Serum adiponectin, leptin and soluble leptin receptor in pre-eclampsia.
Int. J. Gynaecol. Obstet. 2006, 95, 121–126. [CrossRef]

38. Naruse, K.; Yamasaki, M.; Umekage, H.; Sado, T.; Sakamoto, Y.; Morikawa, H. Peripheral blood concentrations of adiponectin, an
adipocyte-specific plasma protein, in normal pregnancy and preeclampsia. J. Reprod. Immunol. 2005, 65, 65–75. [CrossRef]

39. Hauguel-de Mouzon, S.; Guerre-Millo, M. The placenta cytokine network and inflammatory signals. Placenta 2006, 27, 794–798.
[CrossRef]

40. Ramiro-Cortijo, D.; de la Calle, M.; Böger, R.; Hannemann, J.; Lüneburg, N.; López-Giménez, M.R.; Rodríguez-Rodríguez,
P.; Martín-Cabrejas, M.A.; Benítez, V.; López de Pablo, A.L.; et al. Male fetal sex is associated with low maternal plasma
anti-inflammatory cytokine profile in the first trimester of healthy pregnancies. Cytokine 2020, 136, 155290. [CrossRef]

41. Phuthong, S.; Reyes-Hernández, C.G.; Rodríguez-Rodríguez, P.; Ramiro-Cortijo, D.; Gil-Ortega, M.; González-Blázquez, R.;
González, M.C.; López de Pablo, A.L.; Arribas, S.M. Sex Differences in Placental Protein Expression and Efficiency in a Rat Model
of Fetal Programming Induced by Maternal Undernutrition. Int. J. Mol. Sci. 2020, 22, 237. [CrossRef]

42. Radaelli, T.; Uvena-Celebrezze, J.; Minium, J.; Huston-Presley, L.; Catalano, P.; Hauguel-de Mouzon, S. Maternal interleukin-6:
Marker of fetal growth and adiposity. J. Soc. Gynecol. Investig. 2006, 13, 53–57. [CrossRef] [PubMed]

http://doi.org/10.1016/j.ijgo.2006.06.015
http://doi.org/10.1016/j.jri.2004.09.004
http://doi.org/10.1016/j.placenta.2005.08.009
http://doi.org/10.1016/j.cyto.2020.155290
http://doi.org/10.3390/ijms22010237
http://doi.org/10.1016/j.jsgi.2005.10.003
http://www.ncbi.nlm.nih.gov/pubmed/16378913

	Introduction 
	Materials and Methods 
	Study Design and Population 
	Data and Blood Sample Collection 
	Analytic Assays of Cytokine and Adipokine 
	Definition of Pregnancy Outcomes 
	Statistical Analysis 

	Results 
	Maternal Characteristics and Birth Outcomes in Whole Cohort and by Ethnicity 
	Ethnic Differences in Cytokine/Adipokine Concentrations 
	Cytokine and Adipokine Levels and Preterm Delivery 
	Cytokine/Adipokine Levels with Preeclampsia and GDM 

	Discussion 
	Decreased Maternal Adiponectin Level Is Associated with Preterm Delivery 
	Ethnic Difference in Adiponectin and Risk of Preterm Delivery 
	Decreased Adiponectin Is Associated with GDM and Preeclampsia 
	Negative Findings in Other Cytokines with Preterm Birth and Limitations of Current Study 

	Conclusions 
	References

