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Abstract
Background: Diabetes mellitus (DM) and obesity are prevalent disorders diagnosed by glucose
metabolism problems and excess weight gain. Breastfeeding is the best feeding way for infants until six
months and due to its nutritional properties, has desirable effects on diabetes and obesity. This study
aimed to investigate the effects of breastfeeding, formula feeding, and formula-plus breastfeeding (mix-
feeding) on the anthropometric indices, metabolic factors, and the expression level of obesity and
diabetes-predisposing genes of healthy infants.

Methods: A total of 150 healthy infants were enrolled in this cross-sectional study. All infants (aged 24
months) based on the type of their feeding were divided into three groups, breastfeeding, formula feeding,
and mix-feeding. The anthropometric indices, glycemic indexes, lipid pro�le, and the expression level of
acetyl-coenzyme A carboxylase beta (ACACB), brain-derived neurotrophic factor (BDNF), liver X receptor α
(LXR-α), peroxisome proliferator-activated receptor γ (PPAR-γ), and phosphatase and tensin homolog
(PTEN) genes were assessed for all infants using reverse transcription-polymerase chain reaction (RT-
PCR) method.

Results: The anthropometric indices including weight, height, and head circumference, insulin, total
cholesterol (TC), low-density lipoprotein cholesterol (LDL-C), and high-density lipoprotein cholesterol
(HDL-C) were lower in the breastfeeding infants in comparison to other groups. As well, the expression
level of the ACACB gene was signi�cantly downregulated in breastfeeding infants, while the PPAR-γ gene
was signi�cantly upregulated, but the expression level of LXR- α, PTEN and BDNF didn’t show a
signi�cant difference between groups.

Conclusions: Breastfeeding in comparison with formula feeding possessed desirable effects on
anthropometric indices, metabolic factors, and diabetes-predisposing genes.

Background
Diabetes mellitus (DM) is a metabolic disorder that appears in the disorder of glucose metabolism (1). In
recent years, the prevalence of DM rapidly increased and it has become a global health problem in the
world (2). In this way, the global prevalence of DM is estimated %8.8 (2). DM is a multifactorial disorder
and various acquisitive and non-acquisitive factors involved in its etiology such as genetics, age,
excessive weight, diet and lifestyle (3).

In addition, according to world health organization (WHO) report, the prevalence of overweight and
obesity in children has increased dramatically from 4% in 1975 to over 18% in 2016, and if this ascending
trend is not stopped, it is expected that the worldwide number of overweight or obese infants and children
to double in less than a decade (4, 5). It is proved that obese and overweight infants and children are
more likely to become obese adults and to develop major health problems like; type 2 diabetes mellitus,
heart disease, asthma, stroke, diabetes mellitus, hypertension, dyslipidemia, and certain types of cancer
at younger ages (6, 7).
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Among all factors, it seems that lifestyle as a modi�able factor has a principal role in the DM etiology (8).
Different studies investigated the interactions between genes and lifestyle and showed that lifestyle and
early life eating habits may affect the DM predisposing genes and make the person susceptible to DM
(8).

Breastfeeding due to several desirable effects on the child, mother, and health status of the community is
considered as the best feeding way for the infants during the �rst 6 months of life (9, 10). Numerous
studies indicated the bene�cial effects of breastfeeding on the prevention of chronic non-communicable
diseases such as autoimmune disease, cardiovascular diseases, cancer, chronic respiratory diseases, and
diabetes (11). In addition, the relationship between breastfeeding and DM has been proved and studies
showed that breastfeeding has protective effects against DM during childhood and adulthood (12–14).

Investigations showed that various bene�cial compounds of breast milk can cause epigenetic changes in
infants in his/her early life. These compounds can change the DNA-methylation involved in the regulation
of gene expression (15, 16). Different studies reported that downregulation of some genes like; PTEN (17)
and ACACB (18) are able to protect against diabetes. PTEN protein performs as a phosphatase and
catalyzes the dephosphorylation of the 3` phosphate of the inositol ring in PIP3, resulting in the
biphosphate product PIP2 which involves in different signaling pathways such as survival, cell growth,
migration, and tumor suppression (19). Since the insulin function in the body depends on the activation
of PI3K and PIP3 levels, it seems that mammalian PTEN proteins may act in the insulin or insulin-like
hormonal pathways and can regulate mammalian metabolism. Based on different studies upregulation
of the PTEN gene may cause insulin resistance in the downstream receptors of insulin. Therefore, this
gene can be a good candidate for human autosomal dominant type II diabetes (20).

ACACB gene encodes acetyl-CoA carboxylase beta, which plays a key role in the fatty acid synthesis and
oxidation via carboxylation of acetyl-CoA to malonyl-CoA as a rate-limiting step in mitochondrial
oxidation of fatty acids. Additionally, the ACACB gene has an important role in triglyceride synthesis and
previous studies showed that the triglyceride content of muscle in obese individuals is higher than non-
obese and as an adaptation mechanism the expression level of ACACB in adipose tissue diminished in
response to increased body fat (21–23). Numerous in vivo studies showed that mice lacking ACACB gene
have a normal life, higher insulin resistance and fatty acid oxidation and lower fat mass (24, 25).
Accordingly, since the ACACB gene has a signi�cant role in energy metabolism in the body, it can be
proposed as a marker gene associated with child obesity and different metabolic disorders like diabetes
(26).

On the other hand, some genes such as PPAR-γ, LXRs, and BDNF showed bene�cial effects on glucose
metabolism and diabetes (27, 28). PPAR-γ is a ligand-activated transcription factor that belongs to a
superfamily of receptors and regulates gene transcription (29). PPAR-γ showed a desirable effect on
insulin resistance via activation of transporters of fatty acids to adipose tissue, regulation of the release
of adipose tissue hormones, and direct effects on the transfer of glucose to tissues (30). Two isoforms of
the LXRs gene (α and β) play a critical role in carbohydrate and lipid metabolism (31). LXR-α is expressed
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only in tissues that are involved in the metabolism of glucose and lipids such as the liver, kidney, adipose
tissue, skeletal muscle, and intestinal tract, but LXR-β is expressed in most of the body tissues (32–34).
BDNF is a neurotrophic factor that involves in the development, survival, and maintenance of neurons via
high-a�nity receptor, tropomyosin-related kinase B (TrkB) (35). This neurotrophic factor affects several
metabolism pathways via in�uencing the hypothalamus or neurotransmitters that mediate food intake
(36). Therefore, breast milk can reduce the risk of different metabolic-related disorders and makes long-
term effects on health status through epigenetic changes and alteration of effective gene expression in
adulthood. The aim of the present study was to investigate the effects of breastfeeding, formula feeding,
and mix-feeding on the anthropometric indices, metabolic factors, and the expression level of obesity and
diabetes-related genes in healthy infants.

Methods

Study Design and Participants
This cross-sectional study was conducted on healthy infants who referred to the health centers of
Kermanshah city in Iran. At �rst, all procedures of the study were described thoroughly for volunteered
parents whose infants were eligible and a written consent form was completed for all participants. In the
present study, out of 323 infants that were referred to the health centers in Kermanshah city, after
considering the inclusion and exclusion criteria, 150 healthy infants aged 24 months (boys and girls)
were recruited. All included infants and their parents were healthy, and infants fed with breast milk or
formula milk and if any metabolic disorders in the infants or their parents were detected before and
during the study, they were excluded from the study. All infants were categorized into three groups
including breastfeeding (n = 50) as control group, formula feeding (n = 50), and mix-feeding (n = 50) as
case groups (Fig. 1). This study was approved by the ethics committee of Kermanshah University of
medical sciences with code No. IR.KUMS.REC.1397.069 and conducted in accordance with the
Declaration of Helsinki.

Measurements
At �rst, the baseline characteristics of infants and their parents, including age, sex, and type and duration
of feeding, were recorded by interviewing with parents and using their valid ID cart. Anthropometric
indices of infants including weight, height, and head circumference were measured according to standard
procedures and compared with the WHO standard charts to determine the health status of infants (37).
Furthermore, their previous anthropometric indices (from birth to 24th month age) data were recorded
using their health record and to diminish recall bias, all information of infants were rechecked by their
previous recorded data. As well, the weight of parents was measured with light clothes using a digital
Seca scale with a precision 0.1 kg and the height was determined using a meter attached on the wall with
precision 1cm and their body mass index (BMI) was calculated. To perform biochemical analysis, 5 ml of
intravenous blood were drawn from all infants. After centrifuging the blood samples for 15 minutes at
5000 rpm, the isolated serum samples were frozen at -80°C until they were analyzed. Fasting blood sugar
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(FBS) was determined by the auto-analyzer (Vita Laboratory) following standard procedures
recommended by the Pars Azmoon diagnostic kit (Parsazmun, Tehran, Iran) and serum insulin was
measured by the ELISA method (Monobind, USA). Moreover, triglyceride (TG), TC, and HDL-C
concentration were measured using the Pars Test kit (Parsazmun, Tehran, Iran) enzymatically. LDL-C
concentration was also calculated using Friedewald's formula as follows: LDL-C (mg/dL) = TC (mg/dL) -
HDL-C (mg/dL) - TG (mg/dL)/5 (38).

For gene expression analysis, the infants’ blood samples were collected in ethylenediaminetetraacetic
acid (EDTA) coated vials. Peripheral blood mononuclear cells (PBMC) were segregated through a density
gradient centrifuge using the �coll histopaque solution gradient (Ficoll-paque, Miltenyi Biotec GmbH, and
Germany). The total RNA was extracted from PBMC using Trisol Reagent kit (YTzol pure RNA, Iran), and
one µg of extracted RNA was used for the synthesis of complementary DNA (cDNA) by Prime Script RT-
Reagent kit (Takara Bio Inc., Tokyo, Japan) according to manufacturer’s instructions. Speci�c primers
were designed and purchased from Metabion Biotechnology Company (Metabion, steinkirchen, Germany)
(Table 1). Data were normalized to 18s rRNA expression as housekeeping gene by 2−∆∆Ct method. All
reactions were performed in triplicate and negative controls were included in each experiment.
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Table 1
Primers sequences for RT-PCR ampli�cation.

Gene name and
symbol

Sequence (5  3 ) Amplicon size
(bp)

TM

F R

BDNF F :5-GGCTTGACATCATTGGCTGAC-3 79 61.6 62.9

R :5-TGTGCAGTGTGAGAAAGGCTT-3

ACACB F : 5-CAAGCCGATCACCAAGAGTAAA-3 79 60.3 61.3

R : 5-CCCTGAGTTATCAGAGGCTGG-3

PTEN F : 5-
CAAGATGATGTTTGAAACTATTCCAATG-3

100 60.5 60.6

R : 5-CCTTTAGCTGGCAGACCACAA-3

LXR-α F :5-CCTTCAGAACCCACAGAGATCC-3 83 61.7 62.4

R :5-ACGCTGCATAGCTCGTTCC-3

PPAR-γ F :5-GATGCCAGCGACTTTGACTC-3 186 61.1 62.4

R :5-ACCCACGTCATCTTCAGGGA-3

18s rRNA F :5-ACCCGTTGAACCCCATTCGTG A-3 96 61.6 62.1

R :5-GCCTCACTAAACCATCCAATCGG-3

ACACB: acetyl-coenzyme A carboxylase beta; BDNF: Brain-derived neurotrophic factor; bp: base pair;
F: forward; LXR- α: Liver X receptors α; PPAR-γ: peroxisome proliferator-activated receptor γ; PTEN:
phosphatase and tensin homolog; R: reverse; TM: melting temperature

Statistical Analysis
All statistical analyses in this study were performed using SPSS 23 software sciences (SPSS Inc.,
Chicago, IL, USA, version 23.0). The normality of variables was assessed by the Kolmogorov-Smirnov
test. The Chi-square test was used for comparing quantitative variables between groups. The One-way
ANOVA test was used to compare quantitative normal variables and the Kruskal-Wallis test was used for
comparing non-normal data. All data were obtained from at least three independent experiments and
expressed as mean ± SD for quantitative variables and frequency (percent) for qualitative variables.

Results
In the present study, 150 infants were enrolled, which 50.4% and 49.6% were boys and girls, respectively.
According to the type of feeding, all infants were divided into three groups including breastfeeding (n = 
50), formula feeding (n = 50), and mix-feeding (n = 50), and all of them completed the study. The baseline
characteristics of infants and their parents did not show any signi�cant difference between groups
(Table 2).
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Table 2
Baseline characteristics and anthropometric indices of infants based on types of feeding.

Variable (mean ± SD) 1 Breastfeeding

(n = 50)

Formula feeding

(n = 50)

Mix-feeding 2

(n = 50)

P-value 3

Sex Boy 26 25 28 0.74

Girl 24 25 22

Age-birth (week) 38.16 ± 1.74 38.8 ± 1.31 38.58 ± 1.53 0.09

Age of mothers (year) 26.40 ± 5.54 28.64 ± 6.40 27.24 ± 5.88 0.06

Age of fathers (year) 32.30 ± 4.54 34.64 ± 6.40 33.24 ± 5.88 0.07

BMI of mothers 24.60 ± 3.41 27.64 ± 3.82 27.74 ± 4.20 0.22

BMI of fathers 26.28 ± 3.41 26.50 ± 3.50 25.84 ± 2.90 0.32

Birth weight 3.10 ± 0.34 3.10 ± 0.38 3.0 ± 0.46 0.27

24th -month weight (kg) 12.64 ± 1.24 14.27 ± 0.61 13.35 ± 1.01 < 0.0001

Birth height(cm) 50.1 ± 2.9 52.3 ± 2.1 49.5 ± 2.8 0.31

24th -month height 86.52 ± 2.71 88.78 ± 2.32 86.4 ± 2.92 < 0.0001

Birth head circumference 42.8 ± 1.99 44.9 ± 1.4 43.2 ± 1.7 < 0.0001

24th -month head circumference 48.35 ± 1.48 50.20 ± 1.04 49.62 ± 0.99 < 0.0001

1 Data are represented as means ± SDs and n (%) for continuous and categorical variables,
respectively.

2 Mix feeding, breastfeeding plus formula feeding.

3 P-values for comparison between groups using One-way ANOVA test.

The comparison of the trend for weight, height, and head circumference of infants from birth to 24th
month of age between the three groups revealed a signi�cant difference between breastfeeding and
formula feeding infants (Fig. 2). As shown in Table 2, all anthropometric values including 24th -month
weight (p < 0.0001), 24th -month height (p < 0.0001), birth head circumference (p < 0.0001), and 24th -
month head circumference (p < 0.0001) showed a signi�cant difference between three groups. Statistical
analysis between breastfeeding and formula feeding groups revealed a signi�cant difference for 24th-
month weight (p < 0.0001), birth height (p = 0.019), 24th -month height (< 0.0001), and 24th -month head
circumference (p < 0.0001). As well, there was a signi�cant difference between breastfeeding and mix-
feeding groups for the 24th -month weight (p = 0.015), birth head circumference (p < 0.0001), and 24th -
month head circumference (p < 0.0001). Moreover, the differences between formula feeding and mix-
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feeding infants about all anthropometric variables except for birth weight and height were signi�cant
(Table 3) (Fig. 2).

Table 3
Comparison of anthropometric variables between groups based on type of feeding.

Variable Breastfeeding Formula feeding

Formula feeding 1 Mix-feeding 1 Mix-feeding 1

Birth weight P = 0.11 P = 0.30 P = 0.21

24th -month weight P < 0.0001 P = 0.01 P < 0.0001

Birth height P = 0.01 P = 0.05 P = 0.08

24th -month height P < 0.0001 P = 0. 83 P < 0.0001

Birth head circumference P = 0.60 P < 0.0001 P < 0.0001

24th -month head circumference P < 0.0001 P < 0.0001 P = 0.005

1 P-values for comparison between groups using One-Way ANOVA test.

According to Table 4, biochemical variables including Insulin (p < 0.0001), TC (p < 0.0001), LDL-C (p < 
0.0001), and HDL-C (p = 0.004) were signi�cantly different between the three groups. In addition, the
statistical analysis between breastfeeding and formula feeding infants showed that insulin (p < 0.0001),
TC (p < 0.0001), LDL-C (p < 0.0001), and HDL-C (p = 0.001) were signi�cantly different (Table 5). Besides,
breastfeeding infants in comparison to mix-feeding had a signi�cantly lower median for TC (p < 0.0001)
and lower means for LDL-C (p < 0.0001). This difference between formula feeding and mix-feeding
groups was signi�cant just for insulin (p < 0.0001) and TC (p < 0.0001) (Table 6).
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Table 4
Biochemical variables of infants based on type of feeding.

Type of feeding

Variable 1

Breastfeeding

(n = 50)

Formula feeding

(n = 50)

Mix-feeding

(n = 50)

P-value 2

Blood glucose 3 67.50

(58.75, 76.25)

60.50

(54.00, 70.00)

61.50

(54.75, 71.00)

0.05

Insulin 8.71 ± 3.42 13.13 ± 2.40 9.42 ± 3.46 < 0.0001

HbA1c 5.16 ± 3.64 4.72 ± 2.19 4.89 ± 3.79 0.79

Triglyceride 75.94 ± 6.43 77.13 ± 5.91 74.72 ± 6.18 0.15

Total cholesterol 3 120

(110.50, 129.25)

150.50

(136.25, 167.00)

130.00

(118.50, 142.50)

< 0.0001

LDL-C 39.78 ± 7.43 49.02 ± 5.22 48.7 ± 3.05 < 0.0001

HDL-C 47.78 ± 9.25 50.49 ± 9.34 48.84 ± 8.91 0.004

1 Data are represented as means ± SDs for continuous variables.

2 P-values for comparison between groups using One-way ANOVA test.

3 Data are represented as median (25th -percentile, 75th -percentile) and P-values for comparison
between groups using Kruskal-Wallis test.

HbA1c: hemoglobin A1c; HDL-C: high density lipoprotein cholesterol; LDL-C: low density lipoprotein
cholesterol

Table 5
Comparison of biochemical variables between groups based on type of feeding.

Type of feeding Insulin 1 Total cholesterol 2 LDL-C 1 HDL-C 1

Breastfeeding Formula feeding P < 0.0001 P < 0.0001 P < 0.0001 P = 0.001

Mix-feeding P = 0.30 P < 0.001 P < 0.0001 P = 0.09

Formula feeding Mix-feeding P < 0.0001 P < 0.0001 P = 0.70 P = 0.09

1 P-values for comparison between groups using One-way ANOVA test.

2 P-values for comparison between groups using Mann-Whitney U-test.

HDL-C: high density lipoprotein cholesterol; LDL-C: low density lipoprotein cholesterol
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Table 6
Gene expression of infants based on type of feeding.

Variable 1 Breastfeeding

(n = 50)

Formula feeding (n = 50) Mix-feeding (n = 50) P-value 2

BDNF 3.24 ± 2.84 2.77 ± 2.01 3.06 ± 2.27 0.61

LXR-α 8.37 ± 4.64 8.29 ± 2.37 7.87 ± 1.80 0.70

PPAR-γ 8.1 ± 2.03 6.54 ± 3.52 7.62 ± 1.42 0.007

ACACB 3 5.10 (2.65, 9.65) 19.26 (12.07, 40.50) 14.05 (9.37, 28.32) < 0.0001

PTEN 2.39 ± 2.42 2.17 ± 1.35 2.02 ± 1.97 0.63

1 Data are represented as means ± SDs for continuous variables.

2 P-values for comparison between groups using One-way ANOVA test.

3 Data are represented as median (25th -percentile, 75th -percentile) and P-values for comparison
between groups using Kruskal-Wallis test.

ACACB: acetyl-coenzyme A carboxylase beta; BDNF: Brain-derived neurotrophic factor; LXR- α: Liver X
receptors α; PPAR-γ: peroxisome proliferator-activated receptor γ; PTEN: phosphatase and tensin
homolog

Based on Table 6, the median expression values of ACACB and the mean expression values of PPAR-γ
genes were signi�cantly different between groups. Furthermore, the expression level of the ACACB gene
between breastfeeding and two other groups (formula feeding and mix-feeding) showed signi�cant
differences (P < 0.0001). The same comparison for PPAR-γ gene expression was signi�cant just between
breastfeeding and formula feeding groups (P = 0.008). On the other hand, the comparison between
formula feeding and mix-feeding groups showed a signi�cant difference just for the expression level of
the PPAR-γ gene (P = 0.047) (Table 7).

Table 7
The comparison of gene expression between groups.

Type of feeding ACACB 1 PPAR-γ 2

Breastfeeding Formula feeding P < 0.0001 P = 0.008

Mix-feeding P < 0.0001 P = 0.19

Formula feeding Mix-feeding P = 0.07 P = 0.04

1 P-values for comparison between groups using Mann-Whitney U-test.

2 P-values for comparison between groups using Post-Hoc test.

ACACB: acetyl-coenzyme A carboxylase beta; PPAR-γ: peroxisome proliferator-activated receptor γ
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Discussion
To our knowledge, this is the �rst study that assesses the effects of breastfeeding and formula feeding
on the expression level of BDNF, LXR-α, PPAR-γ, ACACB, and PTEN genes in infants. Based on the results
of this study, anthropometric indices and biochemical variables including 24th -month weight, 24th -
month height, birth head circumference, 24th -month head circumference, insulin, TC, LDL-C, and HDL-C
in infants that fed exclusively with breast-milk were lower than others (Tables 3 and 5). Moreover, the
expression levels of BDNF, LXR-α, and PPAR-γ genes were higher in breastfeeding infants in comparison
to others, while ACACB gene expression was lower (Table 7).

Breastfeeding has reciprocal health bene�cial effects on mothers and their children. Different studies
revealed that the risk of type 2 diabetes, metabolic and cardiovascular disease, ovarian, and breast
cancer may reduce in mothers with regular breastfeeding. On the other hand, the risk of childhood and
adolescent overweight in infants who exclusively breastfeed is 22–24% lower than formula-fed infants
(39).

Numerous investigations have demonstrated that breastfeeding can prevent obesity and adiposity in
adolescence and adulthood via desirable effects on anthropometric indices and biochemical parameters
(40–42). In this way, Gopinath et al. showed that the duration of breastfeeding is signi�cantly associated
with lower BMI levels and each month the increase in breastfeeding is associated with an average
reduction in BMI about 0.04 kg/m2 and 0.03 kg/m2 among children aged 1–2 years and 3–4 years,
respectively. As well, each month increase in breastfeeding duration is associated with a 0.06 cm
decrease in waist circumference in 12–24 month-year-old children (43). Moreover, different meta-analysis
and high-quality studies showed that breastfeeding can reduce the risk of diabetes and signi�cantly
decrease the incidence of overweight/obesity by 13% in both high-income and low- or middle-income
countries in childhood (40, 44, 45). Similarly, our investigation showed that exclusive breastfeeding can
prevent obesity in early life via modi�cation of anthropometric indices.

Besides, Kimpimäki et al. revealed that short-term exclusive breastfeeding and early initiation of formula
feeding that is based on cow’s milk can trigger progressive signs of beta-cell autoimmunity in children
who are genetically susceptible to type Ι diabetes (13). There are different proteins and constituents in the
cow’s milk like; α- and β-lactoglobulin, Ig E, casein, and bovine serum albumin antibodies that stimulate
the immune system in a damaging way on β-cells and trigger type Ι diabetes in the �rst year of life (46–
49).

In addition, the results from a cohort study demonstrated that the risk of elevated weight gain at the age
of 2 years between infants who breastfed for less than 6 months is more than infants who fed for 6
months or more. These �ndings showed that the duration of breastfeeding is highly related to the risk of
overweight, so that breastfeeding for at least 6 months decreases the risk of weight gain in comparison
to infants who were exclusively breastfed 1 month at most (50).
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The �rst few months of life is an important period of life that growth is very fast and the body weight
doubles during 4–6 months (51, 52). Therefore, in this period of life, the type of feeding has a key role in
the healthy growth of infants and prevention of overweight and obesity in the future. According to
different studies, fast weight gain during the �rst 4 months of life was associated with a higher risk of
overweight at the age of 7 years, independent of birth weight and weight at the age of 1 year (53, 54).

The particular role of breastfeeding on future overweight and obesity is related to human milk’s
exceptional biochemical constituents. The nutritive and non-nutritive components of breast milk provide
all the requirements of infants and moderate their energy balance. The unique bioactive substances and
lower protein, fat, and insulin content of breast milk can regulate appetite, fat deposition, and metabolic
responses (50, 55). Moreover, some components of breast milk such as hormones, growth factors,
neuropeptides, and anti-in�ammatory and immune-modulating agents affect the growth, development,
and function of the gastrointestinal (GI) tract during early infancy (55). One of the exclusive components
of breast milk is the human milk oligosaccharides (HMOs) that do not exist in infant formula. These
complex sugars improve the gut microbiome and immune system of infants and recently have been
suggested as a possible link between breastfeeding and lower obesity risk (56).

Besides, the energy density of human milk is lower than formula milk, and children who breastfed have
better self-control on energy intake compared to formula feeding infants (57–59). Some investigations
suggested that the intake of high protein and nutrients reduces the basal metabolic rate and rose
adiposity in rats and humans more than 10 percent (60, 61). Generally, formula-fed infants intake more
protein than breastfed infants, which is related to an increased risk of obesity via higher adipogenic
activity and adipocyte differentiation (62). High protein intake may decrease the secretion of growth
hormone (GH) that leads to lower lipolysis of fat mass and affects the plasma free fatty acids (62, 63).
Moreover, consuming formula has some growth accelerating factors that accelerate the growth rate of
infants in early life and make them overweight in their later life (54, 64).

It seems that the most important factor that makes the difference between the two types of feeding is
feeding behavior and mother-child contact, so that formula-fed infants have a lower frequency of meals,
longer time between meals, and different suckling patterns in comparison to breastfed infants (60, 65,
66). On the other hand, breastfed infants can control the quantity, duration, and frequency of their meals
based on their feeling of hunger and satiation (60, 67).

Besides, the type of feeding can in�uence the insulin level and lipid pro�le of infants. The results of our
study showed a signi�cant difference in the insulin and lipid pro�les of infants based on their type of
feeding. The exclusively breastfed infants have signi�cantly lower insulin, TC, LDL-C, and HDL-C levels
compared to formula-fed and mixed-fed groups.

The high protein content of the formula can stimulate the insulin secretion of formula-fed infants and is
positively related to the risk of overweight. Different investigations showed that the infants who fed with
the formula possess higher postprandial plasma insulin level and have a prolonged insulin response on
day 6 of their life compared to breastfed infants (53, 68). Intake of higher protein levels lead to the
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production of higher insulin and insulin-like growth factor (IGF-I) concentrations, which raises adipose
tissue deposition and the risk of overweight, obesity, and type 2 diabetes in the coming years (69).

In line with our results, Hui et al. revealed that breastfeeding for the �rst 3 months is able to decrease TC,
LDL-C, and TG at adolescence. Furthermore, the difference between the lipid pro�le of mixed feeding and
formula feeding groups wasn’t signi�cant, except for HDL-C that was lower in the mix-fed group (70). On
the contrary, Thorsdottir et al. showed that the LDL-C level in boy infants who breastfed for 48 months
was signi�cantly higher and the TC level was not signi�cantly more in 12 months’ infants who breastfed
at the ages of 2, 4, 6, 9, and 12 months. The HDL-C level was signi�cantly lower in infants who had been
breastfed at the ages of 4 and 9 months. As well, in this study, the TG level was not signi�cantly
associated with breastfeeding (71). Similarly, Harit et al. demonstrated that exclusively breastfed infants
had signi�cantly higher TC and LDL-C compared to mixed-fed infants at both 14 weeks and 6 months.
Besides, at 14 weeks, TG was signi�cantly higher in breastfed infants compared to mixed fed. Moreover,
Teller et al. revealed that cholesterol and lipoprotein concentrations in breastfed infants were higher than
formula-fed infants (72). It seems that the high lipid pro�le in exclusively breastfed infants is bene�cial
for cognitive growth and lipid metabolism (73). The results of our study showed that breastfeeding can
signi�cantly reduce TC and LDL-C in comparison to formula feeding and mix-feeding. The controversy
between our �ndings and other studies may be due to different methodologies, type of blood sample
(venous/capillary), the time interval between last feeding and sampling, type of formula, preparation of
formula (dilution), and genetic variations. Furthermore, our �ndings showed that the expression levels of
PPAR-γ and ACACB genes were signi�cantly different between groups. In contrast, the statistical analysis
between the three groups for BDNF, LXR-α, and PTEN genes was not signi�cant (Table 7). The
comparison of the breastfeeding group with formula feeding and mix-feeding groups indicated
signi�cant differences for ACACB gene expression (P < 0.0001). This comparison for PPAR-γ gene
expression was signi�cant just for breastfeeding and formula feeding groups (P = 0.008). The family of
peroxisome proliferation-activated receptors consists of three isoforms: 1) PPAR-α, PPAR-β/δ, and PPAR-
γ, which differ from each other in terms of their physiological roles, ligand speci�city, and tissue
distribution. PPAR-γ is abundantly expressed in white and brown adipose tissue, the large intestine and
spleen (74). These isoforms play an important roles in controlling the expression of genes involved in
glucose and lipid homeostasis, cell differentiation, morphogenesis, and in�ammatory response (75). Due
to the signi�cant role of PPAR-γ in macronutrient metabolism, it is a good target for synthetic insulin
sensitizers like; thiazolidinediones in the treatment of type 2 diabetes mellitus (76). Based on different
studies, the secretion of some effective adipocytokines on insulin sensitivity such as leptin and
adiponectin, was maintained via the activation of PPAR-γ in adipocytes (77).

Acetyl-CoA carboxylase (ACAC) is an important enzyme in the synthesis of malonyl-CoA that involves in
fatty acid metabolism. Two isoforms of ACAC are ACACA and ACACB, which encode by genes located in
chromosomes 17 and 12, respectively. ACACB is predominantly expressed in the heart and skeletal
muscle and catalyzes the carboxylation of acetyl-CoA to malonyl-CoA, which regulates the amount of
fatty acid entrance into the mitochondria and fatty acid oxidation via modulation of carnitine
palmitoyltransferase-1. Therefore, ACACB plays an important role in fatty acid synthesis and oxidation
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pathways, and any disruption in these pathways is related to impaired insulin sensitivity and metabolic
syndrome (MetS) (18, 78, 79). Our investigation showed that breastfeeding in comparison to formula
feeding and mix-feeding can decrease the expression level of the ACACB gene. In this way, Ma et al.
revealed that ACACB single-nucleotide polymorphism (SNP rs2268388) is related to BMI in general
population and to obesity in subjects with type 2 diabetes and affects gene expression in adipose and
hepatic tissue. They suggested that ACACB has a signi�cant role in obesity and a potential role in lipid
metabolism changes in type 2 diabetes (T2DM)-associated nephropathy (80). Moreover, Abu-Elheiga et
al. demonstrated that ACACB knock-out mice are morphologically normal, grow at the expected rate, and
breed normally, whereas they have higher fatty acid oxidation rate and lower fat and glycogen storage in
their adipose tissue and liver respectively (24). Tang et al. showed that a SNP in the ACACB gene is
associated with susceptibility to type 2 diabetic nephropathy (T2DN). They suggested that targeting this
pathway can be a new treatment option for the prevention of diabetic nephropathy (81). In addition,
Riancho et al. revealed that different polymorphisms of the ACACB gene play an important role in energy
metabolism in postmenopausal women and predispose them to obesity and type 2 diabetes (18). It
seems that the ACACB gene plays an important role in the development of obesity and diabetes by
reducing fat oxidation, and breastfeeding in childhood can be a good way to prevent its adverse effects in
adulthood. There are some effective biological compounds in humane milk that have epigenetic effects
via triggering some processes such as; histone modi�cation, DNA methylation, and chromatin
remodeling. In addition, these active compounds are able to decrease or increase the expression level of
different key genes in the metabolic pathways and may prevent weight gain or subsequent non-
communicable diseases in later life. As well, our previous investigation revealed that breastfeeding can
in�uence the key genes in the obesity pathway and decrease the expression level of fat mass and
obesity-associated (FTO) and carnitine palmitoyltransferase IA (CPT1A) genes and increase the
expression level of the PPAR-α gene in 5–6 month’s infants (82). Likewise, in the present study, we
investigated the effects of breastfeeding on other important genes in obesity and diabetes pathways like;
BDNF, LXR-α, PPAR-γ, ACACB, and PTEN and found that breastfeeding signi�cantly affected PPAR-γ and
ACACB genes that con�rmed the epigenetic effects of humane milk which is de�cient or absent in
formula feeding. These �ndings elucidated some unclear mechanisms of humane milk against obesity
and diabetes. There are some limitations with this study, including low sample size and recall bias. By
assessment of more infants, we could acquire more reliable and accurate outcomes. Since the duration
and type of feeding were obtained via recall, the possibility of recall bias may exist. Also, due to the
nature of cross-sectional studies, we couldn’t found cause-effect relationships. In this study, the data
about the volume, calories, and components of the consumed formula feeding was not available, and so
we couldn’t achieve the association between calorie intake, formula components, and the expression level
of investigated genes. In addition, due to �nancial constraints, we were unable to examine all obesity-
related genes in infants. The strength of this study was the infants which consisted of both sexes,
acceptable response and participation rate, and standardized anthropometric measurement protocol.

Conclusions
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In summary, our �ndings indicated that anthropometric indices like; 24th-month weight, 24th-month
height, birth head circumference, and 24th-month head circumference in breastfed infants are lower than
formula and mix-feeding infants. Additionally, some biochemical variables including insulin, TC, LDL-C,
and HDL-C in infants that fed exclusively with breast milk were lower than the two other groups. In this
study, human milk was signi�cantly decreased the expression level of the ACACB gene and increased the
expression level of the PPAR-γ gene. Our �ndings didn’t show a signi�cant difference between the three
groups (breastfeeding, formula feeding, and mix-feeding) about the expression level of BDNF, LXR-α, and
PTEN genes. Thus, breastfeeding can modulate some obesity and diabetes-predisposing genes and
together with other environmental factors can be a potential effector to prevent weight gain during early
life. Overall, the recommendation of exclusive breastfeeding during the �rst six months of life is the best
strategy to ensure the healthy physical growth of infants and prevention of communicable and non-
communicable diseases in adulthood. However, further investigations are required to elucidate the effects
of humane milk on key genes related to obesity and diabetes and its molecular mechanisms on
childhood and adulthood obesity.
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Figures

Figure 1

Flow chart of the study population selection including infant’s recruitment and exclusion criteria.
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Figure 2

The comparison of the trend for weight, height, and head circumference of infants from birth to 24th
month age between three different groups (breastfeeding, formula feeding and mix-feeding). P-value for
comparison between groups was obtained using One-Way ANOVA test. *P≤ 0.05, **P< 0.01 as compared
to breastfeeding group.


