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Effect of Breastfeeding Duration on Cognitive Development in 
Infants: 3-Year Follow-up Study

We investigated the association between breastfeeding and cognitive development in 
infants during their first 3 years. The present study was a part of the Mothers’ and 
Children’s Environmental Health (MOCEH) study, which was a multi-center birth cohort 
project in Korea that began in 2006. A total of 697 infants were tested at age 12, 24, and 
36 months using the Korean version of the Bayley Scales of Infant Development II (K-BSID-
II). The use and duration of breastfeeding and formula feeding were measured. The 
relationship between breastfeeding and the mental development index (MDI) score was 
analyzed by multiple linear regression analysis. The results indicated a positive correlation 
between breastfeeding duration and MDI score. After adjusting for covariates, infants who 
were breastfed for ≥ 9 months had significantly better cognitive development than those 
who had not been breastfed. These results suggest that the longer duration of 
breastfeeding improves cognitive development in infants. 
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INTRODUCTION

Cognitive development of infants is determined by heredity (1), psychosocial factors, 
and their interactions (2). There is increasing focus on the effects of parenting and 
emotional interactions between the mother and child on cognitive development in in-
fants (3-5).
  Breastfeeding provides nutritional and immunological benefits to infants and also 
prevents infections (6-8). Breastfeeding improves cognitive development and emo-
tional interactions between the mother and infant (9). A previous meta-analysis of 20 
studies that compared breastfeeding with formula-feeding reported that breastfeeding 
is associated with significantly improved cognitive development from infancy to ado-
lescence (10). Bartels et al. (9) found that breastfeeding is strongly correlated with cog-
nitive development, even after controlling for the mother’s IQ and education level. In 
addition, the Promotion of Breastfeeding Intervention Trial reported that breastfed in-
fants have higher IQs (11,12). However, other studies have shown contrasting results. 
For example, a meta-analysis by Der et al. (13) showed that improved cognitive devel-
opment associated with breastfeeding disappears or declines significantly after con-
trolling for other related variables. These studies may have had discrepant results be-
cause they adjusted for different covariates, had limitations in research design, or 
methodological problems (14). Other studies have reported that the relationship be-
tween cognitive development and breastfeeding is weak or nonexistent after control-
ling for confounding variables (15,16).
  The present study aimed to clarify the relationship between breastfeeding and cog-
nitive development in a Korean birth cohort using data from the Mothers and Chil-
dren’s Environmental Health (MOCEH) study. We addressed two specific questions: Is 
breastfeeding positively correlated with cognitive development in early childhood after 
adjusting for covariates? What is the optimal breastfeeding duration for improving cog-
nitive development? 
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MATERIALS AND METHODS

Participants and methods
The present investigation is a component of the MOCEH study, 
a multi-center prospective birth cohort study (17). Infants were 
followed-up 12, 24, and 36 months after recruitment. The 
36-month follow-up was completed in December 2010. Prior to 
enrolment, all study participants (mothers) provided written 
informed consent. 
  Each mother was asked at the 6- and 12-month follow-ups 
whether she was breastfeeding her infant, breastfeeding dura-
tion, and whether formula was being used. Then, each woman 
was placed into one of six categories: 1) formula feeding only, 2) 
breastfeeding for < 3 months, 3) breastfeeding for 3-5 months, 4) 
breastfeeding for 6-8 months, 5) breastfeeding for 9-11 months, 
and 6) breastfeeding for ≥ 12 months. 
  All infants completed K-BSID-II at the 12-, 24-, and 36-month 
follow-ups to derive a mental development index (MDI) score 
and a psychomotor development index (PDI) score. A total of 
697 infants were followed up at 12 months, 551 infants at 24 
months, and 433 infants at 36 months.
  The parents of each infant were interviewed by trained per-
sonnel using a detailed questionnaire to obtain the mothers’ 
age, educational level (lower than high school, high school di-
ploma, college degree, university degree, and higher than a 
university degree), family income, job status (employed/unem-
ployed), sex of infant, gestational age, and infant birth weight.
 
Statistical analyses
The distributions of the mother’s and children’s variables were 
described according to the type and duration of feeding. The 
chi-square test was used to compare categorical variables and 
one-way analysis of variance was used to compare continuous 
variables of the different subgroups. If a difference was signifi-
cant in this analysis, then Dunnett’s test was used for the post-
hoc comparison. The relationship between breastfeeding dura-
tion and child cognitive development was evaluated using 
multivariate linear regression after controlling for possible con-
founding factors. Missing data were deleted case-wise. SPSS 
(22.0) software (SPSS Inc., Chicago, IL, USA) was used for all 
statistical analyses, and a P value < 0.05 was considered signifi-
cant. 

Ethics statement
This study protocol was approved by the institutional review 
boards of Ewha Womans University (Seoul) (IRB No. 12-07B-
15), Dankook University Hospital (Cheonan) (IRB No. 2011-09-
0340), and Ulsan University Hospital (Ulsan) (IRB No. 06-29), 
all of which are in the Republic of Korea. All of the study partici-
pants provided their informed consent prior to the enrollment.

RESULTS

Characteristics of the participants 
Table 1 shows the sociodemographic characteristics of the study 
subjects who used formula only (n = 125) and of those who 
breastfed with or without formula (n = 572). The number of 
mothers who breastfed for durations < 3, 3-5, 6-8, 9-11, and 
≥ 12 months were 108 (15.5%), 70 (10.0%), 57 (8.2%), 276 (39.6%), 
and 61 (8.8%), respectively. Mean maternal age at birth was 
30.0 years in the formula-only group and 30.1 years in the breast-
feeding group (P = 0.766). Use of breastfeeding was significant-
ly greater in women who had more education (P = 0.001) and 
in those with higher family incomes (P = 0.041) than in those 
included in the other groups. Maternal job status, sex of the in-
fant, gestational age, and infant birth weight did not affect type 
of feeding. 
  Fig. 1 shows the relationships between breastfeeding dura-
tion and infant MDI score at the 1-, 2-, and 3-year follow-ups. 
The results of Dunnett’s post-hoc test at each follow-up time 
showed that infants who were breastfed for 9-11 months or 

Table 1. Sociodemographic characteristics of the subjects who used formula only 
and those who breastfed with or without formula 

Variables 
Formula only 

n = 125
Breastfeeding 

n = 572
Total 

n = 697
P value*

Maternal age at birth, 
yr mean ± SD

30.0 ± 3.5 30.1 ± 3.5 30.1 ± 3.5 0.766

Maternal education, No. (%)
High school or lower 54 (43.2) 144 (25.2) 198 0.001
College degree 15 (12.0) 87 (15.2) 102
University or higher 54 (43.2) 332 (58.0) 386
Unknown 2 (1.6) 9 (1.6) 11

Family income, No. (%)
< 2,000 USD 37 (29.6) 148 (25.9) 185 0.041
2,000-3,999 USD 75 (60.0) 301 (52.6) 376
≥ 4,000 USD 10 (8.0) 103 (18.0) 113
Unknown 3 (2.4) 20 (3.5) 23

Maternal employment status, No. (%)
Unemployed 83 (66.4) 348 (60.8) 431 0.485
Employed 33 (26.4) 181 (31.7) 214
Unknown 9 (7.2) 43 (7.5) 52

Sex of infant, No. (%)
Boy 73 (58.4) 295 (51.6) 368 0.166
Girl 52 (41.6) 277 (48.4) 329

Gestational age (n = 122) (n = 558) (n = 680) 0.098
Mean weeks ± SD 38.6 ± 1.49  38.9 ± 1.50 38.8 ± 1.50

Birth weight (g) (n = 118) (n = 497) (n = 615) 0.871
Mean ± SD 3,426 ± 243 3,422 ± 278 3,422 ± 272

MDI scores (Mean ± SD)
12 mon of age 97.8 ± 16.66 101.8 ± 15.23 101.1 ± 15.56 0.009
24 mon of age 93.1 ± 14.49 97.5 ± 14.53 96.7 ± 14.61 0.005
36 mon of age 87.5 ± 13.44 93.2 ± 14.35 92.1 ± 14.34 0.001

PDI scores (Mean ± SD)
12 mon of age 91.5 ± 16.68 94.4 ± 15.74 93.9 ± 15.94 0.062
24 mon of age 97.2 ± 12.98 95.9 ± 14.01 96.1 ± 13.82 0.385
36 mon of age 88.8 ± 12.80 90.9 ± 13.34 90.5 ± 13.25 0.198

*P value estimated by chi-square or t-test. MDI, mental development index; PDI, psy-
chomotor development index.
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≥ 12 months had higher MDI scores than those who received 
formula only. In particular, infants at the 1-year follow-up who 
were breastfed for 9-11 months had a mean MDI score of 103.3, 
those breastfed for ≥ 12 months had a mean score of 104.7, and 
those who received formula exclusively had a mean score of 
97.8. Infants at the 2-year follow-up who were breastfed for 9-11 
months had a mean MDI score of 99.3, those breastfed for ≥ 12 
months had a mean score of 99.6, and those who received for-
mula exclusively had a mean score of 93.1. Infants at the 3-year 
follow-up who were breastfed for 9-11 months had a mean 
MDI score of 93.7, those breastfed ≥ 12 months had a mean 
score of 95.8, and those who received formula exclusively had a 
mean score of 87.5. No significant differences in the PDI scores 
were observed although the scores showed an increasing trend 
at the 1- and 3-year follow-up periods for those breastfed (data 
not shown). 
  Table 2 shows the results of multivariate analysis for the ef-
fect of breastfeeding duration on MDI score. This analysis was 
adjusted for maternal education level, maternal age, family in-
come, sex of infant, gestational age, and infant birth weight. The 
results show that more prolonged breastfeeding was associated 
with a significantly higher MDI score at 1 year (β = 0.39; 95% 
confidence interval [CI], 0.13-0.64), 2 years (β = 0.40; 95% CI, 
0.14-0.66), and 3 years (β = 0.37; 95% CI, 0.08-0.66). Moreover, a 
comparison of male and female infants showed that females 

had significantly higher MDI scores at 1 year (β = 4.89; 95% CI, 
2.43-7.34), 2 years (β = 7.68; 95% CI, 5.15-10.21), and 3 years 
(β = 7.19; 95% CI, 4.38-10.00) than those of males. The estimat-
ed beta coefficient for MDI scores predicting the duration of 
breastfeeding was significant over the entire follow-up period. 
However, we did not find any difference in cognitive develop-
ment according to maternal educational level itself after adjust-
ing other confounding factors.

DISCUSSION

The present longitudinal study examined the effect of breast-
feeding duration on infant cognitive development. Our initial 
analysis of sociodemographic factors indicated that mothers 
who were more educated were more likely to breastfeed than 
use formula. This result agrees with findings of earlier studies 
(18,19).
  Our analysis indicated that infants had better cognitive de-
velopment (MDI score) when they were breastfed ≥ 9 months 
from years 1-3 after birth. Moreover, comparisons of infants 
who were breastfed ≥ 12 months with those who were not 
breastfed indicated a 6.9 difference in MDI score when the in-
fants were 1-year old, a difference of 6.5 when the infants were 
2-year old, and a difference of 8.3 when the infants were 3-year 
old. The beneficial effect of breastfeeding on MDI score was 

Table 2. Multiple linear regression analysis for the infant mental development index score and covariates according to breastfeeding duration after adjustment*

Cognitive development Independent variable β 95% CI P R2 (P )

12 mon of age Duration of breastfeeding
Sex (female vs. male)

0.39
4.89

0.13-0.64
2.43-7.34

0.003
< 0.001

0.066 ( < 0.001)

24 mon of age Duration of breastfeeding
Sex (female vs. male)

0.40
7.68

0.14-0.66
 5.15-10.21

0.003
< 0.001

0.105 ( < 0.001)

36 mon of age Duration of breastfeeding
Sex (female vs. male)

0.37
7.19

0.08-0.66
 4.38-10.00

0.013
< 0.001

0.101 ( < 0.001)

*Covariates included maternal age, educational level of mother, family income, gestational age and birth weight. CI, confidence interval.

Fig. 1. Mental development index (MDI) scores of infants who were breastfed for different durations at 1 (A), 2 (B), and 3 years (C). *,†Significant difference from formula only. 
Dunnett’s post-hoc test (P < 0.05, P < 0.01, respectively). MDI indicates mental development index in Korean Bayley Scales of Infant Development II (K-BSID-II).  
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also detected after adjusting for maternal education, maternal 
age, family income, sex of infant, gestational age, and infant 
birth weight. A recent cohort study of 1,312 infants indicated 
that continuing breastfeeding until month 12 positively influ-
ences cognitive development of infants from 3 to 7 years of age 
(20). That study indicated that as the breastfeeding period in-
creased, the Peabody Picture Vocabulary Test score increased 
in 3-year old infants, and that the cognitive development score 
on the Kaufman Brief Intelligence Test increased at age 7. Gux-
ens et al. (21) investigated the relationship between cognitive 
development and breastfeeding until 14 months after birth. 
They found that breastfeeding duration had a stronger influ-
ence on cognitive development than other factors, such as the 
mother’s educational background and social status. A longitu-
dinal study of 468 Polish infants on the effect of breastfeeding 
on cognitive development indicated that infants breastfed > 3 
months had IQs that were 2.1 points higher, infants breastfed 
4-6 months scored 2.6 points higher, and infants breastfed > 6 
months scored 3.8 points higher (14). Other studies have indi-
cated that the risks of respiratory disorders, otitis media, diar-
rheal diseases, and pneumonia also decrease significantly as 
breastfeeding duration increases (22,23).
  The positive correlation between breastfeeding and cognitive 
development may be because breast milk provides the nutri-
ents required for development of the immature brain. In partic-
ular, human breast milk may support development of the new-
born brain because it has long-chain polyunsaturated fatty ac-
ids (LCPUFAs), such as docosahexaenoic acid (DHA) and ara-
chidonic acid (AA). Extensive studies on experimental animals, 
primates, and humans support this interpretation (24-26). 
Bjerve et al. (27) reported that serum DHA concentration is 
positively correlated with Bayley Mental and Psychomotor De-
velopment Scale results. Furthermore, several studies have re-
ported that serum and erythrocyte DHA concentrations are 
lower in formula-fed than those in breast-fed infants (28-30). 
Early studies in primates and human infants showed that 
breast-fed infants score higher on visual acuity tests than that of 
formula-fed infants, and that this performance is correlated 
with DHA erythrocyte concentration (31,32).
  Furthermore, the intimate relationship and physical contact 
between the mother and infant during breastfeeding can indi-
rectly influence cognitive development of the infant. For exam-
ple, Stack and Muir reported that increased physical contact 
between the mother and infant, increase visual attention of the 
infant. More physical contact occurs when the mother breast-
feeds, but not necessarily during formula feeding (33). Further-
more, the infant experiences more cognitive assimilation and 
control during breastfeeding than during bottle-feeding (34). In 
particular, the infant matches their lip shape to the mother’s 
nipple and must repeatedly alternate breathing and sucking. 
Breastfeeding may also improve attachment between the 

mother and infant, which can improve the infant’s social and 
cognitive abilities (35). Intimate physical contact during breast-
feeding may also promote a more positive and secure attach-
ment between the mother and infant, which, in turn, increases 
the infant’s cognitive ability. Future studies are needed to inves-
tigate this relationship. 
  The advantages associated with a 6.5- to 8.3-point higher 
cognitive function score are significant. For example, an IQ in-
crease of 6.5 points (44% of the SD) from 93.1 to 99.6 would ele-
vate an individual from the 39th to the 59th percentile of the 
population. This increase would potentially be associated with 
higher educational achievement, occupational achievement, 
and social adjustment.
  In the present study, female infants consistently had higher 
MDI scores after adjusting for covariates. Previous studies have 
also reported sex differences in cognitive development among 
young children, and girls tend to exceed boys, particularly in 
verbal skills and cognitive development (36,37).
  The findings of our study have important public health im-
plications. First, they point to the positive influence of breast-
feeding on cognitive development during early childhood. 
Thus, breastfeeding may protect against cognitive impairment 
in children of vulnerable social groups or with biological im-
pairment. Therefore, public health programs that promote in-
creased breastfeeding duration may provide long-term benefits 
for children. The present findings support the recommenda-
tions of the World Health Organization and the American 
Academy of Pediatrics, which recommend exclusive breast-
feeding for about 6 months, followed by continued breastfeed-
ing as complementary foods are introduced, and continuing 
breastfeeding for ≥ 1 year (38,39). 
  The present study had several important strengths. First, this 
was a longitudinal study that used birth cohort data. Our fol-
low-up of a large-scale sample for 3 years after birth is an addi-
tional strength. Second, this study focused on the breastfeeding 
duration rather than whether breastfeeding was performed or 
not. Finally, the present study examined Korean mothers. This 
is somewhat unique because most other breastfeeding studies 
examined Western societies, and few studies have examined 
Asian cultures (40).
  A limitation of this study is that the cognitive development 
score was measured using a single test (K-BSID-II) 36 months 
after birth. The MOCEH study used additional tests, such as the 
Korean version of the Wechsler Preschool and Primary Scale of 
Intelligence scale, but that study is ongoing. Future studies will 
report these results. 
  In conclusion, our results indicate that breastfeeding for lon-
ger than 9 months improved cognitive development of Korean 
infants. The positive effect of breastfeeding persisted until in-
fants were 3 years old after adjusting for covariates.
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