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Abstract 

Background: Leptin plays an important role in regulating body weight, metabolism, 

and reproductive functions. Leptin affects metabolism by reducing nutrient intake and 

increasing energy expenditure which eventually also plays a role in infant growth.  

Objective: This study aims to determine the relationship between leptin levels and 

infant growth age 0-6 months. 

Methods: A prospective single cohort study was done for six months on newborns 

from breastfeeding mothers with normal pregnancies. The samples were taken twice, 

firstly when the infant was born using an umbilical cord blood sample, and secondly 

at the age of six months, using a vein blood sample. Serum leptin levels were measured 

using the ELISA method. Infant growth was assessed using WHO 2005’s z-scores.  

Results: A total of 50 infants were included in the study, 38 of them completed all 

measurement. A significant difference was found between leptin cord blood and leptin 

at six months of age (p <0.001). Significant correlation revealed between delta leptin 

with WLZ and delta leptin with WAZ at six months of age (p = 0.002 and p = 0.003, 

respectively), and between leptin levels with WLZ (p<0.001) and leptin levels with 

WAZ (p = 0.004) at six months of age. Leptin levels at the age of six months are lower 

than umbilical cord blood leptin.   

Conclusion: The decreased leptin levels at six months of age are associated with better 

infant growth.  
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INTRODUCTION 

 Growth is an increase in body size, mainly in the first 

thousand days, consisting of intense physiological 

growth and rapid development of the organs’ functions.1 

Infancy is a critical period where rapid growth may 

potentially develop future health concerns such as 

obesity and chronic diseases. Leptin is a hormone that 

has a direct effect on linear growth.2–4 It is produced 

primarily on white adipose tissue and other tissues, 

including the placenta, gastrointestinal tract, skeletal 

muscle, ovaries, breast epithelium, bone marrow, and 

lymphoid tissues.5–7  
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 Arcuate nucleus in the hypothalamus is one of the 

major targets of leptin. The blood-brain barrier (BBB) at 

this location is also relatively easy to pass by leptin; thus 

it plays an essential role in mediating leptin to regulate 

energy balance, glucose homeostasis, and insulin 

levels.8,9 

 Leptin was detected in the third trimester of 

pregnancy, and its levels increased with the development 

of adipose tissue, then it started to decline at six months 

old infant.10 A cohort study in Australia that assessed the 

association between high umbilical cord leptin level and 

lower weight gain during infancy was conducted due to a 

lower increase in adiposity in early infancy.11 

Meanwhile, a cohort study in the UK that assessed 

umbilical cord leptin levels and their relation with the  
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Figure 1. Strobe diagram 

 

weight gain in infancy showed that high umbilical cord 

leptin levels were associated with slow weight gain at 

birth and at four months of age.12 Another study reported 

a negative relationship between umbilical cord leptin 

and infant weight gain up to two years of age, suggesting 

that leptin has long-term regulating energy balance in 

early infancy affecting adipose tissues and muscle 

tissues.9 A previous study showed that the 

overweight/obese children at the age of 2 years had 

higher leptin levels than those who were not 

overweight/obese due to leptin resistance. It can lead to 

weight gain and adipocytes which is larger in late 

childhood.13 

 However, in Indonesia, the relationship between 

leptin levels and weight growth, body length, and head 

circumference of newborn to six-months-old infant has 

never been studied. Therefore, this study was conducted 

to determine the relationship between leptin levels and 

the infant growth age 0-6 months and a part of 

collaboration research with a topic “Effect of maternal 

protein intake to intrauterine fetal growth until first six 

months of life: a study of breastmilk composition, IGF-

1 levels, and leptin levels”. 

 

MATERIALS AND METHODS 

 A prospective cohort study was conducted at the Dr. 

Kariadi Hospital, Diponegoro National Hospital, primary 

health care centers, and independent-practice-midwives 

in Semarang between May 2017-August 2018. The 

subject selection process began during the 3rd trimester 

(32-<40 weeks) of pregnancy from mothers with single 

pregnancies and ages <40 years, and consecutive 

sampling was applied. The inclusion criteria were infants 

born at term, birth weight > 2500 grams and < 4000 

grams, healthy, age 0-6 months, and exclusively 

breastfed. The exclusion criteria were infants with 

asphyxia or respiratory distress, congenital 

abnormalities, congenital metabolic disorders, and 

smoking mothers. The drop-out criteria were infants who 

died or refused to be followed up.  

 Leptin levels were measured by ELISA methods in 

the GAKY laboratory, Faculty of Medicine Diponegoro 

University twice; first, at born, using an umbilical cord 

blood sample, and second, at six months of age, using a 

vein blood sample. Infant growth was monitored using 

WHO 2005 pediatric anthropometric z-scores (Weight 

for age Z-Score (WAZ), Length for Age -Z score (LAZ), 

Weight for Length -Z score (WLZ), and Head 

Circumference for Age -score/HCZ) at born, age of three 

months, and six months. Delta leptin was defined as the 

difference between the leptin level at birth and the leptin 

level at six months of age; meanwhile, delta WAZ, LAZ, 

WLZ, and HCZ were the differences of measurements 

between the anthropometric data at birth and the age of 

six months.  

 The normality test was conducted to determine the 

distribution of numeric data. The difference between 

newborn’s anthropometric and cord blood leptin levels 

with those at six months was analyzed using paired t test 

50 subjects 

38 subjects 
analyzed 

• 8 subjects refused to take blood samples at 

6 months of age (drop out) 

• 3 subjects refused to be followed up (loss of 

follow up) 

• 1 subject died 

Table 1. The basic characteristics of subjects (n=38) 

Variables n % Mean ± SD 
Median  

[min – max] 

Gender     

  Male 21 55.3   

  Female 17 44.7   

Maternal gestation age (week) ‡   38.87 ± 2.21 39 [35 – 43] 
Newborn anthropometry     

 Weight (gram)   3120 ± 349.9 3065 [2200 – 3900] 

 Length (cm)   49.2 ± 1.24 50.1 [47.2 – 53] 

 Head circumference (cm)   34.1 ± 1.56 34.1 [31 – 37.3] 
 WAZ   -0.42 ± 0.86 -0.52 [(-2.59) – (1.53)] 

 LAZ   -0.16 ± 0.71 -0.08 [(-2.19) – (1.52)] 

 WLZ   -0.35 ± 1.13 -0.28 [(-3.49 – (2.59) 

Infant anthropometry at 6 months     
 Weight (gram)   7183.5 ± 872.2 7235 [5550 – 8920] 

 Length (cm)   65.2 ± 2.18 65.5 [61.3 – 69.8] 

 Head circumference (cm)   42.5 ± 1.36 42.4 [39.8 – 45] 

 WAZ   -0.52 ± 0.99 -0.48 [(-2.31) – (1.67)] 
 LAZ   -0.63 ± 1.09 -0.81 [(-2.63) – (1.86) 

 WLZ   -0.09 ± 1.04 0.04 [(-2.17) – (2.48)] 

Leptin     

 Leptin, cord (ng/dL) ‡   5884 ± 1879 6743.4 [850 – 7412.4) 
 Leptin, at 6 months (ng/dL) ‡   2300 ± 2123 1626.5 [414 – 12345) 

WAZ: weight for age z score LAZ: length for age z score WLZ: weight for length z score 
‡ Non-normal distributions (non-parametric) 
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or Wilcoxon test. The correlation between leptin levels 

and the anthropometric of infants until six months was 

examined using Spearman's correlation. Statistical 

significance was defined by p-values < 0.05. All 

statistical analysis was performed using SPSS for 

Windows version 15. 

 The study was approved by the Ethical Committee of 

the Faculty of Medicine, Universitas Diponegoro, 

Semarang, Indonesia (protocol number No. 18/EC/FK-

UNDIP/2017) and informed consent form was obtained 

from the parents.  

 

RESULTS  

 The study was conducted on 50 subjects who met the 

inclusion and exclusion criteria. 11 out of 50 subjects 

refused to be followed up during a study period, and one 

subject died. A total of 38 subjects have completed the 

follow-up and were included it in the analysis. The 

strobe diagram of the research is shown in figure 1. The 

characteristics of subjects are shown in table 1, and it 

showed that our subjects were normal nutritional status 

both at the newborn and at the six months old, based on 

WHO growth standard.14 

 Table 2 showed a significant difference in the mean 

value of leptin at six months of age (2300 ± 2123 ng/dL) 

than the cord blood leptin levels (5884 ± 1879 ng/dL) 

with p<0.001. Leptin levels decreased significantly at six 

months of age with the delta leptin -3584 ± 2811 ng/dL. 

 The correlations between the infant’s cord blood 

leptin level and leptin level at six months with growth 

variables at six months of age were presented in table 3. 

There was a significant positive correlation between 

leptin levels at six months and WLZ (p <0.001), and a 

positive correlation between leptin levels and WAZ at 

six months. However, there were no correlations 

between cord blood leptin level with any variables of 

growth. Table 4 showed the correlation between delta 

leptin on growth described by delta WAZ, LAZ, and 

WLZ. This study found that delta leptin was correlated 

with growth based on the delta WLZ (r 0.486; p=0.002) 

and the delta WAZ (r 0.465; p=0.003). 

 

DISCUSSION 

 Our study showed that the average leptin value for 

infants-age six months was significantly lower than that 

at birth. The result was consistent with previous studies 

that determined leptin levels in children of 0 to 18 

months, indicating that serum leptin values decline 

slowly from birth to 18 months.12,15 Previous studies 

reported that breastfed infants have significantly higher 

serum leptin levels than formula-fed infants during the 

first six months of life. It may result from leptin found in 

mother’s breast milk and produced by infant adipocytes, 

whereas another study stated that leptin is destroyed by 

the pasteurization process used to produce formula milk.5  

Other studies have shown a decrease in leptin levels 

during the first few days of life. The drop in leptin levels 

may be due to temporary weight loss during this period. 

A decrease in leptin levels of about 26% over four 

months after birth is associated with a 3-6% weight 

loss.16-18  On the other hand, another study showed that 

neonatal serum leptin levels did not increase significantly 

in 21 to 30 days of lactation.19 Study in eastern 

Massachusetts USA found that cord blood leptin was not 

associated with maternal energy intake but was weakly 

associated with maternal protein intake.20 

 There was a correlation between delta leptin and delta 

WLZ and WAZ from birth to six months. It means that 

leptin correlated with the weight increment and 

nutritional status. This result is in accordance with 

several other studies that indicated increasing infant 

weight was correlated with decreasing leptin levels 

Table 2. The difference between newborn anthropometric and cord blood leptin with infant anthropometric and leptin level at 6 

months 

 Newborn 6 months p Delta 6 months 

WAZ -0.42 ± 0.86 -0.52 ± 0.99 0.558§ -0.10 ± 1.07 

LAZ -0.16 ± 0.71 -0.63 ± 1.09 0.084§ -0.46 ± 1.11 

WLZ -0.35 ± 1.13 -0.09 ± 1.04 0.278§ -0.26 ± 1.40 
Leptin (ng/dL) 5884 ± 1879 2300 ± 2123 <0.001‡ -3584 ± 2811 

     
WAZ: weight for age z score LAZ: length for age z score WLZ: weight for length z score 

Delta 6 months: difference of anthropometry and leptin between newborn and 6 months of age 
§ paired t test      ‡ Wilcoxon test 

 
 

Table 3. The correlations between cord blood leptin levels and leptin level at 6 months with infant growth at 6 months 

 Cord Blood Leptin level Leptin level at 6 months 

 r p r p 

WAZ 6 months -0.086 0.607 0.457 0.004§* 

LAZ 6 months -0.108 0.518 -0.033 0.448§ 
WLZ 6 months -0.031 0.854 0.584 <0.001§* 

WAZ: weight for age z score LAZ: length for age z score WLZ: weight for length z score 
§ Spearman's rho correlation.       *Significant (p <0.05) 

 

Table 4. The correlations between delta Leptin level 0-6 months with delta growth 0-6 months 

  Delta Leptin Level 0-6 months 

  r p 

Delta WAZ 0-6 months 0.465 0.003§* 
Delta LAZ 0-6 months 0.124 0.457§ 

Delta WLZ 0-6 months 0.486 0.002§* 

 § Spearman's rho correlation.       *Significant (p <0.05) 
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during the first year of life. A low level of cord blood 

leptin is a solid basis for weight gain in infancy and 

catch-up growth.9 The  cohort study in the UK showed 

that high umbilical cord leptin levels were associated 

with slow weight gain at four months of age.12 Our result 

showed no correlation between cord blood leptin with 

the anthropometric status at six months, but the 

decreasing of leptin level revealed by delta leptin level 

was correlated with the weight gain. Another study 

showed a negative correlation between cord blood leptin 

and fat mass gain at three months of age, especially in 

infant girls. Likewise, there was a negative correlation 

between maternal body mass index and fat mass gain in 

infants measured by air displacement 

plethysmography.21 However, another study that 

determined the relationship between cord blood leptin 

levels and BMI from birth to 12 months of age revealed 

an inverse relationship between cord blood leptin levels 

and the increase of BMI in the first year of life.22  It was 

similar with the study by Karakosta et al., which found 

that infants with cord blood leptin > 90th percentile were 

associated with lower weight, height, and BMI at six 

months of age and thereafter.23 

 Another study showed a positive correlation between 

delta leptin and delta WLZ, but it did not directly 

describe the fat mass gain. This result was in accordance 

with the Iranian study that revealed the positive 

association between cord blood leptin with birth weight, 

BMI, and ponderal index of infants.24 A previous study 

also obtained similar results, namely the leptin level 

positively associated with birth weight. In addition, it 

was found that the leptin level of appropriate gestational 

age (AGA) infants were higher than the small for 

gestational age (SGA) ones,25  

 We also found a significant moderate correlation 

between leptin levels at six months and WLZ at six 

months of age. The result was consistent with the study 

of Wang et al, which reported that the decreased leptin 

levels in the first year of life positively correlated with 

better weight gain,26 and Chaoimh et al. described that 

higher cord blood leptin was associated with slower 

weight gain in early infancy, especially in the first two 

months of life.11 Other studies reported an association of 

leptin levels with growth, leptin levels at birth associated 

with WAZ at birth. The changes in WAZ from birth to 

six months of age has a positive predictive value at six 

months of age, which is described as a positive 

relationship between the leptin at six months with the 

WAZ, LAZ, WLZ, BMI, MUAC, Fat-free mass, fat 

mass, and fat mass % age at six months.27  

 Several other hormones such as insulin, IGF-1, 

growth hormone, adiponectin play a role in metabolic 

regulation and somatic growth. Similarly, maternal body 

mass index and breastmilk are related to the regulation 

of energy expenditure and body weight in infants and 

later life.28 The limitation of this study is that we did not 

analyze body mass index in mothers, nor the 

breastfeeding and other biomarkers from cord blood and 

the six-month-old infants. 

 

CONCLUSION 

 In conclusion, leptin levels in infants aged six months 

are lower than the leptin levels at birth. At six months of 

age, leptin levels were associated with WAZ and WLZ. 

The decreased leptin levels at six months of age are 

associated to better infant growth. Further studies are 

needed for a more extended period to evaluate the fat 

mass and the risk of obesity in childhood related to leptin 

levels.  
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