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Abstract

:

Background: Breastfeeding appears to reduce the risk of childhood overweight/obesity. However, it remains unclear whether this protective effect persists among high-risk populations. This study aims to investigate the association of breastfeeding with the risk of overweight/obesity in early childhood and whether this association is altered by gestational diabetes mellitus (GDM) or size at birth. Methods: Feeding practices during the first 12 months of age and weight and length at 12–36 months of age were collected. Full breastfeeding includes exclusive and predominant breastfeeding. Children with body mass index (BMI) values greater than 1 standard deviation from the mean of sex- and age-specific BMI were classified as overweight/obese. Multiple generalized estimating equations models were applied to analyze the associations of full breastfeeding duration with overweight/obesity risk. Results: Among all participants (n = 9329), infants with a longer full-breastfeeding duration had a reduced risk of overweight/obesity in early childhood compared with those breastfed for less than one month. Infants exposed to GDM and those born large for gestational age (LGA) had a higher risk of overweight/obesity in early childhood. Among infants of mothers with GDM (n = 1748), infants with full breastfeeding for greater than 6 months (aOR: 0.58; 95% CI: 0.44, 0.78) showed a decreased risk of overweight/obesity in early childhood compared with those breastfed for less than one month. Among LGA infants (n = 1279), infants with full breastfeeding for 3–5 months (aOR: 0.66; 95% CI: 0.57, 0.76) and greater than 6 months (aOR: 0.70; 95% CI: 0.56, 0.88) showed a decreased risk of overweight/obesity in early childhood. Similar results were observed among LGA infants of mothers with GDM. Conclusions: Initiating and prolonging breastfeeding would reduce the risk of overweight/obesity in early childhood, and LGA infants and infants born to mothers with GDM would experience greater benefits.
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1. Introduction


The increasing prevalence of childhood overweight and obesity has become a pressing global public health issue, particularly in China [1,2]. The development of obesity is influenced by complex factors, including lifestyle habits, dietary patterns, and genetic predispositions [2,3]. Among these factors, the infancy stage has been identified as a critical and sensitive time window for future health [4]. Consequently, understanding the impact of infant nutrition and implementing targeted interventions has gradually become a focal point in research. Some previous studies have suggested that breastfeeding may have an impact on later health. For example, infants breastfed for longer duration have been shown to exhibit different growth trajectories [5] and neurological developments [6] compared with those breastfed for shorter periods or those fed with infant formula milk. Additionally, several studies have indicated that breastfeeding may have a protective effect against the development of obesity [7,8,9].



However, some research indicates that breast milk from mothers with hyperglycemia may alter metabolic hormone concentrations [10], which could potentially affect energy metabolism and influence the correlation between breastfeeding and offspring growth. Currently, several observational studies evaluating the association of breastfeeding with childhood overweight/obesity among women with gestational diabetes mellitus (GDM) have yielded mixed results [11,12,13,14]. For example, Gunderson et al. found that high-intensity breastfeeding during the first year was associated with reduced weight gain among offspring of mothers with GDM [12]. Conversely, another study reported that greater breastmilk intake was associated with greater weight and body mass index (BMI) gains among infants born to mothers with GDM [14]. Thus, in situations where breastfeeding is highly recommended, it is imperative to further explore the impact of breastfeeding on later overweight/obesity among offspring of mothers with GDM. In addition, size at birth, particularly being large for gestational age (LGA), was demonstrated to be closely linked to the onset of childhood obesity [15,16]. However, limited research exists that evaluates whether size at birth could alter the effect of breastfeeding on overweight/obesity.



As an in-depth supplement to existing literature, this study aims to investigate the correlation between breastfeeding and being overweight/obese in early childhood and to explore whether this association would be altered by GDM status or size at birth. By doing this, this research endeavors to provide a more comprehensive understanding of the impact of breastfeeding on offspring overweight/obesity.




2. Method


2.1. Study Design and Data Source


This is a population-based retrospective cohort study. Data were extracted from the comprehensive electronic medical record system (EMRS) of Zhoushan Maternal and Child Care Hospital, Zhejiang Province, China from 2012 to 2021. The EMRS was a municipal system established in 2001 and included information on the health care of all pregnant women and newborns in Zhoushan city after 2011 [17,18]. Briefly, according to the guidelines of Zhoushan Maternal and Child Care Hospital, the information on pregnant women was recorded in the EMRS at each regular antenatal visit, during delivery, and postpartum. Meanwhile, the information on offspring was collected at birth and at each required visit to child healthcare units (i.e., at 1, 3, 6, 9, 12, 18, 24, 30, and 36 months).



The socio-demographic and health-related characteristics of pregnant women were obtained from the prenatal health dataset from the EMRS. The information about the birth condition, postnatal feeding, and growth of the children were obtained from the birth registration information dataset and the conventional child health examination dataset from the EMRS. The study protocol was approved by the institutional review board of Zhejiang University School of Medicine (No. 2011-1-002).




2.2. Study Population


Participants who met the following criteria were included in the study: (1) maternal age ≥ 18 years old; (2) live singleton pregnancy; (3) gestational weeks of delivery between 37 and 42 weeks; (4) offspring had two or more health examination records (i.e., height and weight) between 12 and 36 months of age; (5) the feeding practices of offspring were recorded at each required visit before 12 months of age.



The exclusion criteria included: (1) maternal BMI in the first trimester <15 kg/m2 or >40 kg/m2; (2) offspring with congenital disease, chromosomal defects, or intrauterine infections; (3) abnormal data that could not be linked to the maternal prenatal health dataset, birth registration information, and conventional child health examination dataset.




2.3. Definition of Exposure Variables


In the process of data collection for this study, the feeding practices were categorized as full breastfeeding, partial breastfeeding, or formula feeding during the required health examination at 1, 3, 6, 9, and 12 months of age. According to the definition from the World Health Organization (WHO), breastfeeding practices are classified as exclusive, predominant, or partial breastfeeding [19,20]. Exclusive breastfeeding is defined as the provision of breast milk with no other liquids or solids, except for drops or liquid preparations containing vitamins, oral rehydration solutions, mineral supplements, or medications. Predominant breastfeeding is defined as the provision of breast milk, with the potential consumption of water or water-based drinks, fruit juice, oral rehydration salts, and drop or syrup forms of vitamins, minerals, and medicines. Partial breastfeeding is defined as infants fed with, but not limited to, breast milk and formula milk. In this study, the definition of full breastfeeding consists of exclusive and predominant breastfeeding [7]. Then, the duration of full breastfeeding was further categorized as <1 month, 1–2 months, 3–5 months and ≥6 months.



Pregnant women were required to receive a general screening for GDM with a 75 g oral glucose tolerance test (OGTT) at 24–28 weeks [21]. GDM was diagnosed by either a fasting glucose value ≥ 5.1 mmol/L, a 1 h post glucose value ≥ 10.0 mmol/L, or a 2 h post glucose value ≥ 8.5 mmol/L, according to the International Association for Diabetes in Pregnancy Study Groups (IADPSG) criteria [22].



Small for gestational age (SGA) infants, appropriate for gestational age (AGA) infants, and LGA infants were defined as those infants having an infant birth weight below the 10th percentile, between the 10th and 90th percentile, and above the 90th percentile of gestational age and gender-specific birth weights, respectively [23].




2.4. Definition of Overweight/Obesity


The measurements of weight (kg) and length (cm) were taken by specially trained research nurses at each child health examination. The BMI (kg/m2) was calculated as the weight divided by the length squared. According to the reference provided by the National Health Commission of the People’s Republic of China [24], children with BMI values greater than 1 standard deviation (SD) from the mean of sex- and age-specific BMI were classified as overweight/obese.




2.5. Covariates


The following variables were investigated as potential confounders: maternal age, maternal educational levels, early-pregnancy BMI, weight gain during pregnancy, parity, gravidity, hypertensive disorders of pregnancy, neonatal gender, gestational weeks at delivery, mode of delivery, and anthropometric measurements at 9 months of age.




2.6. Statistical Analysis


Continuous variables and categorical variables were expressed as the mean ± SD and frequencies (proportion), respectively. ANOVA tests and Pearson chi-square tests were applied to compare continuous variables and the distribution of categorical variables among multiple groups, respectively. Generalized estimating equation (GEE) models with an auto-regressive one-correlation structure were applied to analyze the associations of the duration of full breastfeeding with the risk of overweight/obesity in offspring aged between 12 and 36 months. The GEE model accounts for the correlation between repeated measurements of overweight over time within subjects and deals with missing values. The odds ratio (OR) and their 95% confidence intervals (CIs) for the association of full breastfeeding and overweight/obesity were reported as in [25]. Then, the above models were further adjusted for the covariates mentioned, and the adjusted ORs (aOR) with their 95% CIs were presented.



All analyses were performed using the statistical software R version 4.2.2. All statistical tests were two-sided, and a p value of less than 0.05 was considered statistically significant.





3. Results


3.1. Baseline Characteristics


Baseline characteristics of participants stratified by full breastfeeding duration are presented in Table 1. Among the total participants (n = 9329), 4368 (46.8%) were fully breastfed for <1 month, 783 (8.4%) for 1–2 months, 3318 (35.6%) for 3–5 months, and only 860 (9.2%) for ≥6 months. The mothers of infants who were full breastfeeding for <1 month were older and had a higher early-pregnancy BMI, along with a higher proportion of cesarean deliveries.



In comparison to infants of mothers without GDM (n = 7581), those of mothers with GDM (n = 1748) had a higher proportion of full breastfeeding for <1 month (46.0% vs. 50.4%) and a lower proportion of full breastfeeding for ≥6 months (9.3% vs. 8.8%) (Table 1). Similarly, compared with AGA infants (n = 7349), LGA infants (n = 1279) tended to have a shorter full-breastfeeding duration, although the difference was not statistically significant (Table 1).




3.2. Associations of the Duration of Full Breastfeeding with the Risk of Overweight/Obesity between the Ages of 12–36 Months


Associations between full breastfeeding duration and the risk of overweight/obesity for infants aged 12–36 months among all participants are presented in Table S1. In fully adjusted models, infants with full breastfeeding for 3–5 months (aOR: 0.75; 95% CI: 0.71, 0.80) and ≥6 months (aOR: 0.85; 95% CI: 0.77, 0.93) were positively associated with a reduced risk of overweight/obesity in early childhood compared with those with <1 month of full breastfeeding.



In this study, infants exposed to GDM showed a higher risk of overweight/obesity between the ages of 12–36 months compared with infants not exposed to GDM (aOR = 1.09; 95%CI: 1.01, 1.16). The associations of breastfeeding with the risk of overweight/obesity in early childhood stratified by GDM status are displayed in Table 2. Among infants whose mother did not have GDM, infants with full breastfeeding for 3–5 months (aOR: 0.87; 95% CI: 0.80, 0.94) and ≥6 months (aOR: 0.84; 95% CI: 0.74, 0.96) had a lower risk of overweight/obesity compared with those with <1 month of full breastfeeding. Among infants whose mother had GDM, infants with full breastfeeding for ≥6 months (aOR: 0.58; 95% CI: 0.44, 0.78) had a lower risk of overweight/obesity compared with those with <1 month of full breastfeeding. We further investigated the combined effects of breastfeeding and GDM status on early childhood overweight/obesity by a crossover analysis (Table S2). In comparison with infants with full breastfeeding for <1 month and whose mothers did not have GDM, those with full breastfeeding for ≥6 months and whose mothers had GDM had a decreased risk of overweight/obesity in early childhood (aOR: 0.63; 95% CI: 0.48, 0.83).



In this study, LGA infants had a higher risk of overweight/obesity between 12–36 months (aOR = 1.45; 95%CI: 1.35, 1.56) compared with AGA infants, while SGA infants had a lower risk (aOR = 0.51; 95%CI: 0.44, 0.59). The associations of breastfeeding with the risk of overweight/obesity in early childhood stratified by size at birth are presented in Table 3. AGA infants who received full breastfeeding for 3–5 months (aOR: 0.73; 95% CI: 0.68, 0.78) and ≥6 months (aOR: 0.84; 95% CI: 0.75, 0.93) showed a decreased risk of developing overweight/obesity compared with those who received <1 month of full breastfeeding. Similarly, LGA infants who received full breastfeeding for 3–5 months (aOR: 0.66; 95% CI: 0.57, 0.76) and ≥6 months (aOR: 0.70; 95% CI: 0.56, 0.88) showed a decreased risk of developing overweight/obesity compared with those with <1 month of full breastfeeding. We further investigated the combined effects of breastfeeding and size at birth on early childhood overweight/obesity by the crossover analysis (Table S3). In comparison with AGA infants with <1 month of full breastfeeding, LGA infants who received 3–5 months and ≥6 months of full breastfeeding were no longer at risk of overweight/obesity in early childhood.



Considering the combination effect of GDM and LGA (referring to LGA infants born to mothers with GDM), infants with full breastfeeding for 3–5 months (aOR: 0.62; 95% CI: 0.45, 0.85) and ≥6 months (aOR: 0.51; 95% CI: 0.31, 0.85) had a remarkably reduced risk of overweight/obesity compared with those with <1 month of full breastfeeding (Table S4).





4. Discussion


In this study, we found that increased breastmilk intake duration was associated with a reduced risk of overweight/obesity in early childhood. Meanwhile, our results indicated that the protective effect of breastfeeding against overweight/obesity in early childhood remained evident among LGA infants and infants born to mothers with GDM, and these high-risk infants experienced even greater benefits from a longer full breastfeeding duration.



Currently, with the advancements in formula milk products and intensified marketing efforts, breastfeeding faces unprecedented challenges in China [26,27,28,29]. Thus, emphasizing and evaluating the importance of breastfeeding is a pressing need. Consistent with previous studies [14,30,31,32], our finding confirmed the benefits of a longer exclusive/predominant breastfeeding duration in decreasing the risk of overweight/obesity in early childhood. These results support the recommendation from WHO’s global strategy that advocates exclusive breastfeeding for 6 months [20]. However, it is important to note that there is no consensus in the literature regarding the protective effects of breastfeeding against later obesity. Although some researchers attribute this inconsistency to residual confounding from variations in maternal sociodemographic characteristics [33], a recent meta-analysis including 159 studies suggested that breastfeeding reduced the odds of overweight/obesity, even after socioeconomic adjustments [34]. Thus, other external factors may contribute to this inconsistency. In addition, the results reported that male offspring tended to receive breastfeeding for a shorter duration compared with female offspring (deduced from the boy/girl ratio in each group). However, this phenomenon is not consistent in previous studies. For example, a study involving 57,201 children from seven provinces in China showed that boys appeared to receive a longer duration of breastfeeding [35], while another study suggested that girls might receive more breastfeeding [36]. Although we cannot determine the exact reasons for the longer duration of breastfeeding in the female offspring in this study, it may be because mothers perceive their sons as needing more nutrients, potentially leading to the earlier introduction of formula milk or other foods, as speculated by a nationwide study conducted in the United States [37].



Currently, the health consequences of breastfeeding by mothers with GDM remain controversial. One study found that longer breastfeeding was linked to increased weight/BMI gain from birth to 6 months in infants of mothers with GDM [14], while another study showed no impact on the early-life growth trajectory [13]. Similar to other studies [12,38], our findings suggest that breastfeeding for 6 months or longer significantly reduces the overweight/obesity risk in early childhood among infants of mothers with GDM, and the reduction in odds appears to be greater compared with infants of mothers without GDM. The inconsistent results may result from different degrees of glucose control and postpartum glycemia in GDM women across the various studies. Although data on postpartum glycemia levels are lacking in this study, our findings suggest that a longer breastfeeding duration is more likely to yield benefits than adverse effects in reducing the risk of overweight/obesity among infants born to mothers with GDM. Additionally, our study supports previous findings indicating that GDM influences the breastfeeding duration [39,40]. In our study, the proportion of GDM women who fully breastfed their infants for more than 3 months was significantly lower than that of women without GDM (41.7% vs. 45.6%). This disparity may be attributed to insulin resistance or inflammation in GDM women, which may diminish prolactin responsiveness and lead to delayed lactogenesis and breastfeeding initiation and maintenance [41,42].



LGA infants are at the greatest risk for future obesity, and research suggests that their postnatal growth in early childhood may be linked to long-term adverse outcomes [43,44]. Thus, promoting optimal postnatal growth is crucial for LGA infants. However, investigations focusing on the effects of breastfeeding, as a highly recommended approach to nutrition during the postnatal period, on early offspring overweight/obesity is limited. Our findings revealed that a longer duration of full breastfeeding was associated with a reduced risk of overweight/obesity in early childhood among AGA and LGA infants. This result confirmed that breastfeeding might be an appropriate way to achieve optimal postanal growth for LGA infants.



In fact, the potential mechanisms by which breastfeeding reduces the risk of childhood overweight/obesity are not fully elucidated. Extensive previous studies have suggested that certain bioactive components in breast milk, such as leptin, adiponectin, and insulin-like growth factor-1, may play important roles in reducing the risk of offspring overweight/obesity [45]. Therefore, when explaining the association between breastfeeding and early offspring weight gain among women with GDM, previous research also primarily focused on the impact of changes in the breast milk composition in mothers with GDM, such as the lower concentration of adiponectin [46,47]. However, epidemiological evidence on the association between GDM status and milk composition remains inconsistent. Our initial hypothesis was that perhaps the protective effect of breastfeeding against overweight/obesity may not remain in GDM pregnancies with suboptimal glycemic control. Due to the lack of data on late-pregnancy glycemic control in our study, the presence of LGA infants is considered indicative of more severe dysglycemia, as suggested by previous research [48]. However, we found that breastfeeding in infants born to mothers with GDM could still reduce the risk of overweight/obesity, even among those born LGA. This indirectly suggests that breastfeeding still has a protective effect against overweight/obesity in early childhood among poorly controlled GDM pregnancies. A recent prospective study innovatively found that the level of glucose in the breast milk of GDM mothers decreases compared with women without GDM, raising the speculation that milk glucose regulation may, at least partially, be independent of maternal blood glucose [49]. Furthermore, another study indicated that changes in breast milk composition mainly occur due to poor glycemic control during breastfeeding [50]. This implies that changes in breast milk composition in women with GDM may be temporary, with levels gradually returning to normal within a few weeks after delivery [51]. These findings may help to explain why increasing the duration of breastfeeding can still protect offspring born to mothers with GDM from the adverse effects of overweight/obesity.



In this study, we provide data from a large retrospective cohort with standardized procedures, and the findings underscore the importance of breastfeeding for early infant development. This is particularly crucial at a time when there is a perception that breastfeeding may not be necessary in modern urban settings. Meanwhile, considering that feeding practices are potentially modifiable, our findings could carry significant public health implications at a population level. In addition, we considered the effects of GDM and size at birth to further address the inconsistencies and missing data in the literature. However, some limitations still need to be noted. First, the report of feeding relied on recall at each required visit, and potential recall bias could have been introduced. Nevertheless, the recall of breastfeeding practices over a short period has been shown to be reliable [52]. Second, some potential confounders or variables, such as activity levels, time or sorts of solid food introduction, or frequency of breastfeeding were not available in this study. Meanwhile, we did not account for any treatments that women with GDM may have received, nor did we differentiate the degree of postpartum glucose control.




5. Conclusions


In conclusion, this study suggests that initiating and prolonging breastfeeding would reduce the risk of overweight/obesity in early childhood. Meanwhile, we observed that LGA infants and infants of mothers with GDM would experience greater benefits from a longer breastfeeding duration in terms of reducing the risk of overweight risk/obesity. These findings highlight the importance of promoting breastfeeding as an intervention against the epidemic of childhood overweight/obesity for high-risk populations. Further research should be conducted to investigate the underlying biological mechanisms.
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Table 1. Baseline characteristics of participants, stratified by the duration of full breastfeeding.
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	Characteristics
	<1 Month
	1–2 Months
	3–5 Months
	≥6 Months
	p





	N (%)
	4368 (46.8)
	783 (8.4)
	3318 (35.6)
	860 (9.2)
	



	Maternal age (years)
	29.30 (4.09)
	28.74 (4.06)
	28.47 (3.72)
	28.81 (3.70)
	<0.001



	Early-pregnancy BMI (kg/m2)
	21.38 (3.09)
	21.14 (3.02)
	21.19 (2.76)
	21.30 (2.87)
	0.023



	BMI category (n, %)
	
	
	
	
	0.001



	Underweight and normal
	3660 (83.8)
	674 (86.1)
	2886 (87.0)
	726 (84.4)
	



	Overweight and obese
	708 (16.2)
	109 (13.9)
	432 (13.0)
	134 (15.6)
	



	Gravidity (n, %)
	
	
	
	
	0.007



	1
	1985 (45.4)
	357 (45.6)
	1587 (47.8)
	399 (46.4)
	



	2
	1149 (26.3)
	193 (24.6)
	881 (26.6)
	218 (25.3)
	



	3
	682 (15.6)
	126 (16.1)
	511 (15.4)
	159 (18.5)
	



	≥4
	552 (12.6)
	107 (13.7)
	339 (10.2)
	84 (9.8)
	



	Parity (n, %)
	
	
	
	
	<0.001



	Primipara
	2799 (64.1)
	506 (64.6)
	2217 (66.8)
	543 (63.1)
	



	Multipara
	1197 (27.4)
	230 (29.4)
	903 (27.2)
	264 (30.7)
	



	Not known
	372 (8.5)
	47 (6.0)
	198 (6.0)
	53 (6.2)
	



	Maternal educational levels (n, %)
	
	
	
	
	<0.001



	Primary school or less
	47 (1.1)
	9 (1.1)
	24 (0.7)
	12 (1.4)
	



	Junior high school
	582 (13.3)
	117 (14.9)
	354 (10.7)
	112 (13.0)
	



	Senior high school
	706 (16.2)
	127 (16.2)
	434 (13.1)
	98 (11.4)
	



	College or higher
	2275 (52.1)
	403 (51.5)
	1983 (59.8)
	503 (58.5)
	



	Not known
	758 (17.4)
	127 (16.2)
	523 (15.8)
	135 (15.7)
	



	Weight gain during pregnancy (kg)
	12.95 (4.01)
	12.92 (3.65)
	12.99 (3.71)
	12.59 (3.85)
	0.057



	Gestational diabetes mellitus (n, %)
	
	
	
	
	0.006



	No
	3487 (79.8)
	635 (81.1)
	2752 (82.9)
	707 (82.2)
	



	Yes
	881 (20.2)
	148 (18.9)
	566 (17.1)
	153 (17.8)
	



	Hypertensive disorders of pregnancy (n, %)
	
	
	
	
	0.058



	No
	4166 (95.4)
	746 (95.3)
	3199 (96.4)
	831 (96.6)
	



	Hypertensive disorder
	141 (3.2)
	25 (3.2)
	87 (2.6)
	22 (2.6)
	



	Chronic hypertension
	57 (1.3)
	9 (1.1)
	28 (0.8)
	4 (0.5)
	



	Eclampsia
	4 (0.1)
	3 (0.4)
	4 (0.1)
	3 (0.3)
	



	Mode of delivery (n, %)
	
	
	
	
	<0.001



	Vaginal delivery
	2399 (54.9)
	445 (56.8)
	2178 (65.6)
	556 (64.7)
	



	Cesarean section
	1969 (45.1)
	338 (43.2)
	1140 (34.4)
	304 (35.3)
	



	Neonatal gender (n, %)
	
	
	
	
	<0.001



	Male
	2413 (55.2)
	407 (52.0)
	1653 (49.8)
	408 (47.4)
	



	Female
	1955 (44.8)
	376 (48.0)
	1665 (50.2)
	452 (52.6)
	



	Gestational age at delivery (years)
	39.21 (1.14)
	39.20 (1.16)
	39.35 (1.10)
	39.28 (1.12)
	<0.001



	Neonatal birth weight (g)
	3358.09 (401.91)
	3329.66 (422.85)
	3365.27 (392.47)
	3343.01 (404.22)
	0.105



	Size at birth (n, %)
	
	
	
	
	0.174



	SGA infant
	332 (7.6)
	69 (8.8)
	230 (6.9)
	70 (8.1)
	



	AGA infant
	3405 (78.0)
	606 (77.4)
	2653 (80.0)
	685 (79.7)
	



	LGA infant
	631 (14.4)
	108 (13.8)
	435 (13.1)
	105 (12.2)
	







Abbreviation: AGA: appropriate for gestational age; BMI: body mass index; LGA: large for gestational age; SGA: small for gestational age.













 





Table 2. Associations between the duration of full breastfeeding and overweight/obesity in early childhood, stratified by GDM status.
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Duration

	
N (%)

	
OR (95% CI)

	

	
aOR (95% CI)






	
Women without GDM




	
<1 month

	
2914 (19.0)

	
Ref.

	

	
Ref.




	
1–2 months

	
518 (18.5)

	
0.96 (0.87, 1.07)

	

	
1.04 (0.92, 1.18)




	
3–5 months

	
1724 (14.2)

	
0.70 (0.66, 0.75)

	

	
0.87 (0.80, 0.94)




	
≥6 months

	
495 (15.9)

	
0.80 (0.72, 0.89)

	

	
0.84 (0.74, 0.96)




	
Women with GDM




	
<1 month

	
788 (20.6)

	
Ref.

	

	
Ref.




	
1–2 months

	
125 (19.5)

	
0.94 (0.76, 1.16)

	

	
1.06 (0.82, 1.36)




	
3–5 months

	
335 (13.3)

	
0.59 (0.51, 0.68)

	

	
0.89 (0.75, 1.06)




	
≥6 months

	
105 (15.7)

	
0.72 (0.58, 0.90)

	

	
0.58 (0.44, 0.78)




	
P for interaction

	
0.034








Abbreviation: aOR: adjusted odds ratio; CI: confidence interval; GDM: gestational diabetes mellitus; OR: odds ratio. Data adjusted for maternal age, maternal educational levels, parity, gravidity, hypertensive disorders of pregnancy, neonatal gender, gestational age at delivery, mode of delivery, early-pregnancy body mass index, weight gain during pregnancy, and related anthropometric measurements at 9 months.













 





Table 3. Associations between the duration of full breastfeeding and overweight/obesity in early childhood, stratified by size at birth.
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Duration

	
N (%)

	
OR (95% CI)

	

	
aOR (95% CI)






	
SGA




	
<1 month

	
103 (7.1)

	
Ref.

	

	
Ref.




	
1–2 months

	
22 (7.5)

	
1.07 (0.66, 1.73)

	

	
1.41 (0.78, 2.53)




	
3–5 months

	
65 (6.4)

	
0.90 (0.65, 1.24)

	

	
1.03 (0.70, 1.51)




	
≥6 months

	
25 (7.9)

	
1.12 (0.71, 1.76)

	

	
0.89 (0.46, 1.70)




	
AGA




	
<1 month

	
2732 (18.3)

	
Ref.

	

	
Ref.




	
1–2 months

	
491 (18.3)

	
1.00 (0.89, 1.11)

	

	
1.02 (0.91, 1.13)




	
3–5 months

	
1539 (13.1)

	
0.67 (0.63, 0.72)

	

	
0.73 (0.68, 0.78)




	
≥6 months

	
452 (15.1)

	
0.79 (0.71, 0.88)

	

	
0.84 (0.75, 0.93)




	
LGA




	
<1 month

	
867 (31.3)

	
Ref.

	

	
Ref.




	
1–2 months

	
130 (28.0)

	
0.86 (0.69, 1.06)

	

	
0.86 (0.69, 1.08)




	
3–5 months

	
455 (23.5)

	
0.67 (0.59, 0.77)

	

	
0.66 (0.57, 0.76)




	
≥6 months

	
123 (25.6)

	
0.75 (0.60, 0.94)

	

	
0.70 (0.56, 0.88)




	
P for interaction

	
<0.001








Abbreviation: aOR: adjusted odds ratio; AGA: appropriate for gestational age; CI: confidence interval; LGA: large for gestational age; OR: odds ratio; SGA: small for gestational age. Data adjusted for maternal age, maternal educational levels, parity, gravidity, gestational diabetes mellitus status, hypertensive disorders of pregnancy, neonatal gender, gestational age at delivery, mode of delivery, early-pregnancy body mass index, weight gain during pregnancy, and related anthropometric measurements at 9 months.
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