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We investigated associations between breastfeeding duration and number of children breastfed and type 2 diabetes mellitus 
(T2DM) and glycemic control among parous women. We performed a cross-sectional analysis of data for 9,960 parous women 
from the Korea National Health and Nutritional Examination Survey (2010 to 2013). Having ever breastfed was inversely associ-
ated with prevalent T2DM (adjusted odds ratio [OR], 0.60; 95% confidence interval [CI], 0.42 to 0.87). All ranges of total and av-
erage breastfeeding duration showed inverse associations with T2DM. Even short periods of breastfeeding were inversely associ-
ated with T2DM (adjusted OR, 0.61; 95% CI, 0.38 to 0.99 for a total breastfeeding duration ≤12 months; adjusted OR, 0.65; 95% 
CI, 0.42 to 0.99 for an average breastfeeding duration per child ≤6 months). A longer duration of breastfeeding was associated 
with better glycemic control in parous women with T2DM (P trend=0.004 for total breastfeeding duration; P trend <0.001 for 
average breastfeeding duration per child). Breastfeeding may be associated with a lower risk of T2DM and good glycemic control 
in parous women with T2DM. Breastfeeding may be a feasible method to prevent T2DM and improve glycemic control.
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INTRODUCTION

The prevalence of type 2 diabetes mellitus (T2DM) has in-
creased dramatically worldwide including South Korea [1,2]. 
T2DM can result in increased morbidity and mortality and 
confer a significant economic burden [3]. The potential bene-
fits of breastfeeding, which is a simple and accessible feeding 

method available to women, for preventing T2DM remain 
poorly understood.

Breastfeeding has been correlated with maternal cardiovas-
cular health [4-6]. Lactation may increase insulin sensitivity 
and improve glucose tolerance [5]. Furthermore, a limited 
number of epidemiologic studies have proposed that breast-
feeding lowers the maternal risk of T2DM [7-11]. However, 
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the evidence for this association is inconsistent, and the 
strength of this association has differed by grouping of subjects 
and duration of breastfeeding. Most of the studies have been 
conducted in developed nations. Moreover, no study has eval-
uated the association between breastfeeding and glycemic con-
trol in parous women with T2DM.

Therefore, we examined the associations of breastfeeding 
duration and number of children breastfed with prevalent 
T2DM and glycemic control among parous women with 
T2DM based on nationally representative data from the South 
Korean population.

METHODS

Study subjects
This population-based, cross-sectional study analyzed data 
from the Korea National Health and Nutritional Examination 
Survey (KNHANES) from 2010 to 2013. Of the 25,712 indi-
viduals who participated in the 2010 to 2013 KNHANES, we 
excluded 11,121 male individuals, 1,806 individuals aged <30 
years, 1,750 individuals who were nulliparous, 1,048 individu-
als who had any missing data, and 27 individuals who were di-
agnosed with diabetes by a physician before their first delivery. 
Finally, data from 9,960 parous women were analyzed. All sur-
vey participants signed written informed consent forms. The 
Institutional Review Board of the Korea Centers for Disease 
Control and Prevention reviewed and approved the survey pro-
tocol (2010-02CON-21-C, 2011-02CON-06-C, 2012-01EXP-
01-2C, 2013-07CON-03-4C).

Breastfeeding history
Subjects were asked about their breastfeeding history, total du-
ration of breastfeeding, and the number of children breastfed. 
The average breastfeeding duration per child was calculated by 
dividing the total breastfeeding duration by the number of 
children breastfed. Subjects were divided into five groups 
based on the total breastfeeding duration (none, 1 to 12, 13 to 
24, 25 to 36, and >36 months) and average breastfeeding dura-
tion per child (none, 1 to 6, 7 to 12, 13 to 18, and >18 months). 

Covariates
Information of educational level and monthly household in-
come level was assessed through self-reported questionnaire. 
We divided subjects into never-smokers and ever-smokers. 
Subjects who had at least one alcoholic drink per month dur-

ing the year before the survey were defined as alcohol drinkers. 
Subjects were defined as regular exercisers if they performed 
moderate exercise >5 times/week for >30 minutes per session 
or vigorous exercise >3 times/week for >20 minutes per ses-
sion [12]. Trained dieticians assessed the nutritional status of 
the subjects including daily total calorie intake using a 24-hour 
dietary recall questionnaire. Subjects also answered questions 
regarding other reproductive characteristics. Height and 
weight, and waist circumference (WC) were measured, and 
body mass index (BMI) was calculated. Hypertension was de-
fined as a systolic blood pressure (BP) ≥140 mm Hg, diastolic 
BP ≥90 mm Hg, or treatment with antihypertensive medica-
tions. Serum levels of fasting plasma glucose (FPG), total cho-
lesterol, triglyceride, and high density lipoprotein cholesterol 
(HDL-C) were measured and low density lipoprotein choles-
terol (LDL-C) was calculated. 

Definition of T2DM and good glycemic control
T2DM was defined as a FPG level ≥126 mg/dL, current treat-
ment with hypoglycemic agents, or a diagnosis by a physician. 
In subjects with T2DM (n=1,011), glycosylated hemoglobin 
(HbA1c) level was measured and good glycemic control was 
defined as a HbA1c level ≤6.5% (48 mmol/mol) [13].

Statistical analyses 
Statistical analyses were conducted using the SAS survey pro-
cedure version 9.3 (SAS Institute, Cary, NC, USA). An inde-
pendent t-test or a Rao-Scott chi-square test was performed to 
compare the subjects’ characteristics. We estimated odds ratios 
(ORs) and 95% confidence intervals (CIs) to evaluate the asso-
ciation of breastfeeding duration and number of children 
breastfed with prevalent T2DM using multivariable logistic re-
gression models. Model 1 was adjusted for age and model 2 
was further adjusted for BMI, smoking status, alcohol con-
sumption, physical activity, educational level, monthly house-
hold income level, daily total energy intake, ever-use of oral 
contraceptives, and age at first delivery. In model 3, a further 
adjustment for hypertension and menopausal status was per-
formed. ORs for good glycemic control in subjects with T2DM 
in relation to breastfeeding duration were also calculated. A 
P<0.05 was considered statistically significant.

RESULTS

The mean age and mean levels of BMI, WC, and systolic BP 
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and rate of hypertension were higher, while the mean HDL-C 
and LDL-C levels were lower in women with T2DM (n=1,011) 
than in women without T2DM (n=8,949). The mean total and 
average breastfeeding duration were longer in women with 
T2DM than in women without T2DM. 

Table 1 provides adjusted ORs (95% CIs) of prevalent T2DM 
in relation to ever having breastfed and total and average 
breastfeeding duration. Having ever breastfed was inversely as-
sociated with prevalent T2DM after adjusting for potential 
confounders (OR, 0.85; 95% CI, 0.64 to 1.15 in age-adjusted 
model; OR, 0.70; 95% CI, 0.51 to 0.96 in model 2; and OR, 
0.60; 95% CI, 0.42 to 0.87 in model 3). Compared with women 
who had never breastfed, all ranges of total breastfeeding dura-
tion and average breastfeeding duration per child were signifi-
cantly inversely associated with T2DM. Although there was no 
dose-response relationship between breastfeeding duration 
and T2DM, even women with short breastfeeding duration 
were also significantly inversely associated with T2DM. In ad-

dition, compared with women who had never breastfed, wom-
en who had breastfed 1, 2, 3, 4, 5, 6, or ≥7 children had lower 
odds of T2DM, and the ORs tended to decrease as the number 
of children breastfed increased (P for trend=0.018).

In Fig. 1, compared to women with T2DM who had never 
breastfed, women who had breastfed for >36 months in their 
lifetime had an OR of 3.44 (95% CI, 2.18 to 5.93) for good gly-
cemic control. Longer total breastfeeding durations showed 
increasing ORs (P for trend=0.004). Women with T2DM who 
had breastfed for ≥13 months per child had good glycemic 
control, when compared to women with T2DM who had never 
breastfed. The ORs for good glycemic control also tended to 
decrease as the average breastfeeding duration per child in-
creased (P for trend <0.001).

DISCUSSION

Our findings suggest that never having breastfed may be a risk 

Table 1. Multivariable logistic regression analysis for type 2 diabetes mellitus in relation to breastfeeding and breastfeeding dura-
tion

Variable
Odds ratio (95% confidence interval)

Model 1a Model 2b Model 3c

Breastfeeding

   Never (n=1,375) 1 1 1

   Ever (n=8,585) 0.85 (0.64–1.15) 0.70 (0.51–0.96) 0.60 (0.42–0.87)

   P value 0.292 0.027 0.006

Total duration of breastfeeding, mo

   None (n=1,418) 1 1

   1–12 (n=1,973) 0.66 (0.45–0.97) 0.60 (0.40–0.92) 0.61 (0.38–0.99)

   13–24 (n=3,434) 0.92 (0.69–1.24) 0.75 (0.54–1.05) 0.61 (0.41–0.89)

   25–36 (n=1,309) 0.80 (0.56–1.14) 0.65 (0.44–0.95) 0.60 (0.39–0.90)

   >36 (n=1,826) 1.01 (0.74–1.36) 0.82 (0.59–1.15) 0.65 (0.45–0.95)

   P for trendd 0.447 0.760 0.840

Average breastfeeding duration per child, mo

   None (n=1,418) 1 1 1

   1–6 (n=2,347) 0.70 (0.50–0.99) 0.65 (0.45–0.94) 0.65 (0.42–0.99)

   7–12 (n=2,165) 0.86 (0.61–1.22) 0.77 (0.53–1.12) 0.60 (0.39–0.93)

   13–18 (n=1,285) 0.83 (0.59–1.17) 0.60 (0.41–0.88) 0.52 (0.34–0.80)

   >18 (n=2,745) 1.03 (0.76–1.40) 0.78 (0.55–1.10) 0.65 (0.44–0.95)

   P for trendd 0.298 0.421 0.419
aModel 1 was adjusted for age, bModel 2 was adjusted for variables in model 1 plus body mass index, smoking status, alcohol consumption, 
physical activity, educational level, household income level, daily total energy intake, use of oral contraceptives, and age at first delivery, cModel 3 
was adjusted for variables in model 2 plus hypertension and menopausal status, dP for trend was obtained using the general linear model.  
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factor for T2DM, and any range of breastfeeding duration and 
having breastfed a greater number of infants may be beneficial 
for preventing T2DM. Furthermore, a longer duration of 
breastfeeding may be helpful for glycemic control in parous 
women with T2DM, particularly a total breastfeeding duration 
>36 months or average breastfeeding duration per child ≥13 
months. 

Consistently, a few cohort studies have supported an inverse 
association between breastfeeding and maternal T2DM risk. 
Meta-analyses of these observational studies concluded that 
there is an inverse association between breastfeeding and ma-
ternal T2DM risk and that the risk reduction was greater as 
breastfeeding duration increased [14,15]. 

Breastfeeding women are burdened with higher energy re-
quirements for milk production, and therefore, breastfeeding 
can lower postpartum weight retention [16]. Mothers who 
breastfeed for a shorter duration of time may not lose their vis-
ceral fat that is acquired during pregnancy [17]. Meanwhile, 
excessive weight gain during pregnancy and high pregnancy 
BMI may be associated with never-breastfeeding or early ter-
mination of breastfeeding [18]. As for other possible mecha-
nisms independent of weight or BMI, breastfeeding improves 
glucose metabolism [19]. Several studies have also reported 
that breastfeeding is associated with improved metabolic pro-
files [20]. 

Interestingly, associations of breastfeeding with good glyce-
mic control were observed in our study. These findings support 
the previous findings regarding beneficial effects of breastfeed-
ing on metabolic profiles in women with gestational diabetes 
mellitus [19]. They also highlight the beneficial effects of 

breastfeeding in parous women with T2DM and suggest that 
breastfeeding is an additional strategy for glycemic control for 
this group. 

Although women with T2DM or breastfeeding were older 
and had unfavorable cardiometabolic parameters, women with 
older age may have more chance to parity and breastfeeding. 
After adjusting for age, we found reversed favorable associa-
tions of breastfeeding with T2DM prevalence and glycemic 
control different from results of crude analysis, indicating that 
age may be a critical confounder in these associations. Pro-
spective long-term follow-up studies are needed to clarify the 
association between breastfeeding and glycemic control in 
women with T2DM. 

The present study has some limitations. The cross-sectional 
design of this study did not allow us to determine a causal rela-
tionship. Second, maternal recall of breastfeeding may be bi-
ased over time, and types of breastfeeding were not investigat-
ed in the KNHANES. Third, BMI at age of delivery or preg-
nancy complications could not be considered because of the 
lack of data collected by the survey. Fourth, diagnosis of T2DM 
may impact current behaviors.

In conclusion, our study found that breastfeeding was in-
versely associated with T2DM in Korean parous women and it 
was also associated with good glycemic control in parous 
women with T2DM, independent of potential confounding 
factors. Breastfeeding may be considered a feasible method to 
prevent T2DM and to improve glycemic control in women 
with T2DM.

 

Fig. 1. Adjusted odds ratios (ORs) and 95% confidence intervals (CIs) of good glycemic control among parous women with type 
2 diabetes mellitus (A: P for trend=0.004 for total breastfeeding duration; B: P for trend <0.001 for average breastfeeding duration 
per child).
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