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ABSTRACT
Objective: Most adipose tissue programming is realized in early life. Also, the
postnatal three months, rather than the later phases of infancy, may be more
relevant in the development of an adverse cardiometabolic risk profile. The
adipokines phenotype, as a predictor of early-life weight gain, has been recently
explored in cord blood. To determine whether in addition to leptin levels in cord
samples, adiponectin, interleukin-6 (IL-6), monocyte chemoattractant protein-1
(MCP-1), resistin, plasminogen activator inhibitor-1 (PAI-1), and tumor necrosis
factor alpha (TNF-α) levels improve weight gain prediction during the first three
months of life.
Methods: Adiponectin, IL-6, MCP-1, leptin, resistin, PAI-1, and TNF-α were
measured by multiplex immunoassay in a subsample of 86 healthy term newborns.
Results: Leptin levels significantly predicted weight gain at 3 months of followup (r2=0.09, p=0.006). In the multivariate analysis, including additional adipokines
in the model, stepwise or all at once, did not increase the prediction of weight
gain after the first three months of life.
Conclusion: Adding adiponectin, IL-6, MCP-1, resistin, PAI-1, and TNF-α to the
prediction model of weight gain in healthy newborns did not prove to be useful.
It is probable that their relative contribution to weight gain is not important. Only
leptin was relevant as a predictor of weight gain at the 3-month endpoint.

WHAT IS ALREADY KNOWN ON THIS TOPIC?
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The adipokines phenotype, as a predictor of early-life weight
gain, has been recently explored in cord blood serum
concentrations. Leptin levels significantly predicted weight gain
at 3 months of follow-up.
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WHAT THIS STUDY ADDS?
Adding adiponectin, interleukin-6, monocyte chemoattractant
protein-1, resistin, plasminogen activator inhibitor-1, and
tumor necrosis factor alpha to the prediction model of weight
gain in healthy newborns was not useful.
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Introduction
Most of adipose tissue programming and therefore,
adulthood obesity, has its origin in early stages of life; i.e.
during intrauterine life and the breastfeeding period (1,2,3).
Accelerated growth during the first 24 months of life has
been associated with an adverse cardiometabolic profile and
metabolic syndrome (4). Within these first two years of life, the
initial three months may be more relevant in the development
of an adverse cardiometabolic risk profile (5,6).
The adipokines phenotype as predictor of early-life weight
gain, has been recently explored, both in breast milk and
cord blood serum concentrations (7,8,9). Adiponectin and
leptin are factors known to influence normal and abnormal
fetal growth (10,11,12). Low adiponectin concentrations have
been reported in adults and in infants who were born
small for gestational age, linking growth restriction with a
cardiometabolic profile later in life (13).
Other factors which have been identified in breast milk are
normally secreted in adipocytes [interleukin-6 (IL-6); monocyte
chemoattractant protein-1 (MCP-1), resistin, tumor necrosis
factor-α (TNF-α)] (14). These additional factors in breast milk,
have not yet been studied in cord blood as predictors of weight
gain during the early postnatal period.
The aim of this study was to determine if, in addition to
the leptin concentration in a cord sample, the cord blood levels
of adiponectin, IL-6, MCP-1, resistin, plasminogen activator
inhibitor-1 (PAI-1), and TNF-α improve the prediction of weight
gain during the first three months of life in a cohort of healthy
term newborn subjects.

Methods
A subsample of a previously reported cohort (3) of healthy
normal weight at-term newborns is reported in this study.
The original study population was composed of 99 infants
born at the University Hospital of the Universidad Autónoma
de Nuevo Leon in Monterrey, Mexico between January 2006
and December 2007. The subset is a convenience sample
of those subjects from the original cohort whose blood cord
serum of a sufficient quantity (25 µL) had been stored to run
a multiplex immunoanalysis (MIA). Also, both baseline and at
age 3 months (± one week) weight data were available for
these subjects.
Weight was measured at birth, in duplicate, using a Torrey
calibrated scale (Torrey, S.A. de C.V., Monterrey, Mexico) in the
delivery room and during the 3-month follow-up visit at the
outpatient clinic.
The cord blood samples were obtained from the umbilical
cord vein immediately after birth and centrifuged at 3000 rpm.
Serum was separated and stored at -20 °C in aliquots for later
analysis. Samples were thawed only once at the time of the
analysis.
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The study was approved by the Ethics and Research
Committee of the ‘Dr. José Eleuterio González University
Hospital of the Universidad Autónoma de Nuevo León.
Parents gave written informed consent before data collection
and blood sampling.
Adiponectin, IL-6, MCP-1, leptin, resistin, PAI-1, and TNF-α
were measured by MIA using an ad doc human serum
adipokine kit (96-well plate assay Cat# HADK2-61K-B, Millipore
Corp, St. Charles, MO) on a Luminex TM 200 analyzer system
(Luminex Corporation, Austin, TX). Sensitivity and intra-/interassay variation coefficients are shown in Table 1.
Statistical Analysis
Central tendency measures are expressed as mean ±
standard deviation values unless otherwise specified. Those
variables with a non-normal distribution were transformed
to Ln for analysis. A stepwise linear regression analysis was
performed to find variables in addition to leptin which may
increase the accuracy of the weight-gain-at-month-3 prediction
equation. A p-value ≤0.05 was considered statistically
significant. All analyses were performed using IBM SPSS
Statistics for Mac v.21.0 (Chicago, IL, USA).

Results
The study population included 86 term newborns (male
n=41, 47.7%). The feeding type was available in 85 of the
subjects (breastfeeding, n=43; formula-feeding n=42). Mean
gestational age was 39.24±1.2 weeks. Mean birthweight
was 3.31±0.45 kg. On average, the weight gain at age 3
months was 6.19±0.72 kg and 88.94% of the baseline
weight (2.87±0.63 kg) (Table 2). No signs of morbidity were
encountered in the study sample during the 3-month followup period.
Table 1. Sensitivity and intra-/inter-assay coefficients of variation
Cytokine

Sensitivity
(pg/mL)

Intra-assay
variation CV
(%)

Inter-assay
variation CV
(%)

Adiponectin

21

4

10

IL-6

1.6

7.8

18

MCP-1

5.8

5

14

Leptin

85.4

7.9

15

Resistin

0.14

7.9

18

PAI-1

4.4

3

14

TNF-α

0.14

7.8

16

pg: picograms, CV: coefficient of variance, IL-6: interleukin-6, MCP-1: monocyte
chemoattractant protein-1, PAI-1: plasminogen activator inhibitor-1, TNF-α: tumor
necrosis factor α
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Table 2. Neonatal characteristics of the study group (n=86)
Characteristic

Mean ± standard deviation

Gender
Male, n (%)

41 (47.7%)

Female, n (%)

45 (52.3%)

Type of feeding
Breastfeeding, n (%)

43 (50.6%)

Formula-feeding, n (%)

42 (49.4%)

Mean gestational age (weeks)

39.24±1.20

Mean birth weight (kg)

3.31±0.45

Mean birth length (cm)

49.68±1.97

Mean weight gain at 3 months (%)

88.94±25.08

Table 3. Adiponectin, interleukin-6, monocyte chemoattractant
protein-1, leptin, resistin, plasminogen activator inhibitor-1, and tumor
necrosis factor α concentrations in the umbilical cord blood of the
subjects
Adipokine

n

Mean ± standard deviation

Adiponectin, µg/mL*

82

3.79±0.94

IL-6, pg/mL*

82

1.99±1.27

MCP-1, pg/mL*

83

5.92±0.53

Leptin, ng/mL*

85

3.53±0.91

Resistin, ng/mL*

81

4.10±1.40

PAI-1, ng/mL

83

53.37±16.30

TNF-α, pg/mL

84

52.29±4.63

*Expressed as Ln (natural logarithm) values; µg: microgram, pg: picograms, IL-6:
interleukin-6, MCP-1: monocyte chemoattractant protein-1, PAI-1: plasminogen
activator inhibitor-1, TNF-α: tumor necrosis factor α

Adiponectin, IL-6, MCP-1, leptin, and resistin were
transformed to Ln for analysis. TNF-α and PAI-1 had a normal
distribution and did not require transformation. Baseline Ln
adiponectin was 3.79±0.94 μg/mL; Ln IL-6 was 1.99±1.27 pg/
mL; Ln MCP-1 was 5.92±0.53 pg/mL; Ln leptin levels were
3.53±0.91 ng/mL; Ln resistin was 4.1±1.4 ng/mL; TNF-α was
52.29±4.63 pg/mL; and PAI-1 was 53.37±16.3 ng/ mL (Table 3).
Leptin levels weakly but significantly predicted weight gain
at 3 months for the whole population (r2=0.09, p=0.006). In
the multivariate analysis, including either a stepwise or an all
at once approach, the additional adipokines available to the
model did not increase the prediction of weight gain after the
3-month follow-up period. When analysing the population by
feeding type during the 3-month period, no differences were
found vs. the full cohort analysis.

Discussion
It has been demonstrated that rapid weight gain in both
small-for-gestational age and appropriate-for-gestational age
full-term infants during the first 3 months of life is associated
with insulin resistance and hypertriglyceridemia in adult life (6).
In a twins study, the relative influence of both environmental
and intrinsic subject characteristics has been analysed, and
both components were reported to have an association with
cardiovascular risk factors in adult life (5). In a previous analysis,
we reported the association of cord blood leptin levels and type
of feeding with weight gain at 3 months of life (15). In recent
years, the technology for cytokine measurement has evolved
and became more accessible. Also, a lower sample volume is
required to conduct multiple analyses simultaneously (16). We
therefore foresaw an opportunity to explore whether adding
other cytokines to the prediction model would increase its
efficacy or not.
Other approaches to evaluate the prediction of weight gain
in different time windows have been reported. Nakano et al
(17) found that adiponectin levels in cord serum significantly
predict body mass index (BMI) z-score gains from birth to
3 years of age in Japanese infants; however, when only the
first 6 months were analysed, it was found that adiponectin
levels do not predict postnatal BMI z-score gains, a finding
that suggests that energy intake influenced by breast feeding
and leptin levels may be stronger factors that affect changes
in BMI z-scores than adiponectin levels during this period.
Meanwhile, Mazaki-Tovi et al (13) reported that adiponectin
concentrations negatively correlate with weight and BMI
at one year of age, and that leptin concentrations positively
correlate with weight and size at one year, suggesting the role
of both adipokines in postnatal growth. Mantzoros et al (9)
concluded that low leptin levels in cord blood are associated
with pronounced weight gain in the first six months of life and
with a higher BMI at 3 years of age, while adiponectin levels in
cord blood are inversely associated with weight gain in the first
6 months of life and predict an increase in central adiposity at 3
years of age. These findings highlight the fact that the prenatal
and early postnatal period are of developmental plasticity. It
can be speculated that during such critical periods, long-term
metabolic pathways that become relatively resistant to change
are activated.
The association between adiponectin and weight at one
month of age was not demonstrated by Inami et al (18),
suggesting that adiponectin has an effect on fetal growth but no
effect on early postnatal growth, at least in the first month of life.
It is important to point out the large diversity in the
methodologies as well as in the study populations, and time
periods of these studies could explain the inconsistency of
the results.
In our study, the variance of weight gain explained by leptin
was 9%, while the addition of adiponectin, IL-6, MCP-1, resistin,
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PAI-1, and TNF-α to the model explained a variance of 11.7%,
this latter finding remaining significant only by determining
leptin as a predictor. Thus, the addition of these adipokines to
the model in our study did not prove useful in predicting weight
gain in three-month term newborns born with appropriate
weight for gestational age. However, in subjects at the extremes
of birth weight or in other time periods, these molecules may
play a role in explaining weight gain in our study group, subjects
that were essentially healthy, but it is unlikely that their relative
contribution to weight gain is important.
Given that in our study population, both feeding types
(namely breastfeeding and formula-feeding) are similarly
represented, that both genders are equally distributed, and
that the study population was intentionally selected as a
healthy term-newborn population with normal weights for
gestational age and that epidemiologic, nutritional and stressrelated factors were not perceived to bias the study outcome,
it is fair to state that among the cytokines studied, only leptin
was relevant as a predictor of weight gain at the 3-month
endpoint. Although this was a negative study with regard
to the added value of other cytokines to the model, it is an
important contribution to the understanding of weight change
in the early developmental period.
Ethics
Ethics Committee Approval: The study was approved by
the Ethics and Research Committee of the ‘Dr. José Eleuterio
González University Hospital of the Universidad Autónoma
de Nuevo León, Informed Consent: Parents gave written
informed consent before data collection and blood sampling.
Peer-review: Externally peer-reviewed.
Authorship Contributions
Concept: Manuel E. de la O. Cavazos, Consuelo TreviñoGarza, Design: Consuelo Treviño-Garza, Isaías RodríguezBaderrama, Fernando F. Montes-Tapia, Data Collection or
Processing: Consuelo Treviño-Garza, Laura Villarreal-Martínez,
Jesús Z. Villarreal-Pérez, Analysis or Interpretation: Consuelo
Treviño-Garza, Leonardo Mancillas-Adame, Cynthia M.
Estrada-Zúñiga, Literature Research: Consuelo Treviño-Garza,
Leonardo Mancillas-Adame, Cynthia M. Estrada-Zúñiga,
Writing: Consuelo Treviño-Garza, Leonardo Mancillas-Adame,
Cynthia M. Estrada-Zúñiga.
Financial Disclosure: The authors declared that this study
received no financial support.

References
1. Mellati AA, Mazloomzadeh S, Anjomshoaa A, Alipour M,
Karimi F, Mazloomi S, Naghi Kazemi SA. Multiple correlations
between cord blood leptin concentration and indices of
neonatal growth. Arch Med Res 2010;41:26-32.
2. Kaar JL, Crume T, Brinton JT, Brinton JT, Bischoff KJ,
McDuffie R, Dabelea D. Maternal Obesity, Gestational
Weight Gain and Offspring Adiposity: the EPOCH Study. J
Pediatr 2014;165:509-515.

324

3. Treviño-Garza C, Bosques-Padilla FJ, Estrada-Zúñiga CM,
Mancillas-Adame L, Villarreal-Pérez JZ, Abrego-Moya V,
Argente J. Typical leptin fall is mitigated by breastfeeding in
female infants. Arch Med Res 2010;41:373-377.
4. Adair LS. Long-term consequences of nutrition and growth in
early childhood and possible preventive interventions. Nestle
Nutr Inst Worshop Ser 2014;78:111-120.
5. Touwslager RN, Gielen M, Mulder AL, Gerver WJ,
Zimmermann LJ, Dagnelie PC, Houben AJ, Stehouwer CD,
Derom C, Vlietinck R, Loos RJ, Zeegers MP. Genetic and
environmental factors in associations between infant growth
and adult cardiometabolic risk profile in twins. Am J Clin Nutr
2013;98:994-1001. Epub 2013 Aug 28
6. Leunissen RW, Kerkhof GF, Stijnen T, Hokken-Koelega A.
Timing and tempo of first-year rapid growth in relation to
cardiovascular and metabolic risk profile in early adulthood.
JAMA 2009;301:2234-2242.
7. Fields DA and Demerath EW. Relationship of insulin, glucose,
leptin, IL-6 and TNF-α in human breast-milk with infant growth
and body composition. Pediatr Obes 2012;7:304-312. Epub
2012 May 10
8. Kon IY, Shilina NM, Gmoshinskaya MV, Ivanushkina TA. The
study of breast milk IGF-1, leptin, ghrelin and adiponectin
levels as possible reasons of high weight gain in breast-fed
infants. Ann Nutr Metab 2014;65:317-323. Epub 2014 Nov
14
9. Mantzoros CS, Rifas-Shiman SL, Williams CJ, Fargnoli JL,
Kelesidis T, Gillman MW. Cord blood leptin and adiponectin
as predictors of adiposity in children at years of age: a
prospective cohort study. Pediatrics 2009;123:682-689.
10. Cinaz P, Bideci A, Camurdan MO, Sen E, Camurdan AD.
Plasma leptin levels in infants of diabetic mothers in fasting
and satiety states. Turk J Pediatr 2004;46:142-146.
11. Aydın HI, Demirkaya E, Karadeniz RS, Olgun A, Alpay F.
Assessing leptin and soluble leptin receptor levels in full-term
asymmetric small for gestacional age and healthy neonates.
Turk J Pediatr 2014;56:250-258.
12. Teague AM, Fields DA, Aston CE, Short KR, Lyons TJ,
Chernau SD. Cord blood adipokines, neonatal anthropometrics
and postnatal growth in offspring of Hispanic and Native
American women with diabetes mellitus. Reprod Biol
Endocrinol 2015;13:68.
13. Mazaki-Tovi S, Kanety H, Pariente C, Hemi R, Kuint J, Yinon
Y, Schiff E, Sivan E. Cord blood adiponectin and infant growth
at one year. J Pediatr Endocr Metab 2011;24:411-418.
14. Srivastava MD, Srivastava A, Brouhard B, Saneto R, GrohWargo S, Kubit J. Cytokines in human milk. Res Commun Mo
Patho Pharmacol 1996;93:263-287.
15. Treviño-Garza C, Mancillas-Adame L, Villarreal-Pérez JZ, De
la O-Cavazos ME, Estrada-Zúñiga CM, Bosques-Padilla FJ,
Argente J. Association between umbilical cord leptin and
weight gain according to feeding type in the early postnatal
period, a brief report. Rev Invest Clin 2012;64:615-619.
16. Treviño-Garza C, Mancillas-Adame L, Estrada-Zúñiga CM,
Villarreal-Pérez JZ, Villarreal-Martínez, De la O-Cavazos ME.
Measurement of Leptin by RIA Versus MIA in a Population
of Healthy Newborns. J Clin Lab Anal 2015;30:254-257. Epub
2015 Mar 26
17. Nakano Y, Itabashi K, Nagahara K, Sakurai M, Aizawa M,
Dobashi K, Mizuno K, Tanaka D. Cord serum adiponectin is
positively related to postnatal body mass index gain. Pediatr
Int 2012;54:76-80.
18. Inami I, Okada T, Fujita H, Makimoto M, Hosono S, Minato
M, Takahashi S, Harada K, Yamamoto T. Impact of serum
adiponectin concentration on birth size and early postnatal
growth. Pediatr Res 2007;61:604-606.

