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Aims

To determine the impact of breastfeeding on the risk of postpartum glucose intolerance in women with gestational diabetes.





Methods

Sub-analysis of two multi-centric prospective cohort studies (BEDIP-N and MELINDA) in 1008 women with gestational diabetes. Data were collected during pregnancy and at a mean of 12 weeks postpartum. Multivariate logistic regression was used to estimate the effect of breastfeeding on glucose intolerance, with adjustment for ethnicity, education, income, professional activity and BMI.





Results

Of all participants, 56.3% (567) breastfed exclusively, 10.1% (102) gave mixed milk feeding and 33.6% (339) did not breastfeed. Mean breastfeeding duration was 3.8 ± 2.4 and 3.7 ± 2.1 months in the breastfeeding and mixed milk feeding groups (p=0.496). The rate of glucose intolerance was lower in both the breastfeeding [22.3% (126)] and mixed milk feeding [25.5% (26)] groups compared to the no breastfeeding group [29.5% (100)], with an adjusted OR of 0.7 (95% CI 0.5–1.0) for glucose intolerance in the breastfeeding group compared to no breastfeeding group and an adjusted OR of 0.7 (95% CI 0.4–1.2) for the mixed milk feeding group compared to the no breastfeeding group. Postpartum, breastfeeding women had a lower BMI, less often postpartum weight retention, lower fasting triglycerides, less insulin resistance and a higher insulin secretion-sensitivity index-2 than the mixed milk feeding and no breastfeeding group. The mixed milk feeding group was more often from an non-White background, had a lower blood pressure and lower fasting triglycerides compared to the no breastfeeding group.





Conclusions

Breastfeeding (exclusive and mixed milk feeding) is associated with less glucose intolerance and a better metabolic profile in early postpartum in women with gestational diabetes.
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1 Introduction

Women with gestational diabetes mellitus (GDM), defined as “diabetes diagnosed during pregnancy, provided that overt diabetes has been excluded in early pregnancy” (1), are more likely to develop type 2 diabetes mellitus (T2DM) postpartum (2). Around 30–50% of all women with GDM develop T2DM within 10 years after their pregnancy (3–5). Previous studies have shown that T2DM can be prevented in this population, by adopting changes in lifestyle and/or by medication (6, 7). However, adherence to a healthy lifestyle is often low in early postpartum due to barriers such as lack of time, need for childcare and lack of social support (8). Besides lifestyle changes, lactation has also shown to reduce the risk to develop T2DM (9). The World Health Organization (WHO) and United Nations International Childrens Emergency Fund (UNICEF) recommend exclusive BF for the first six months after childbirth, since breastfeeding (BF) has known benefits for the child (10). A protective effect of BF, is particularly seen when women BF for a longer duration (at least six months) (11, 12). Two large cohort studies have demonstrated a protective effect of lactation on the evolution of GDM to T2DM (9, 13). BF is associated with lower fasting glucose levels and improved insulin sensitivity (14).

The evidence for the effect of BF on glucose intolerance in the early postpartum period in women with GDM remains incomplete (14). Limitations of previous research include small sample sizes, inclusion of only women with overweight or obesity and distinguished only between exclusive BF or exclusive formula feeding. Women who gave mixed milk feeding (MMF) were not included in previous studies (15–17). We investigated therefore the risk of glucose intolerance in early postpartum in a post-hoc analysis of two large existing cohorts of women with a recent history of GDM, comparing women with exclusive BF, women who gave MMF and women who did not breastfeed (NBF).




2 Subjects and methods



2.1 Study design and setting

This study was a sub-analysis of the ‘Belgian Diabetes in Pregnancy study’ (BEDIP-N) (NCT02036619) and ‘Mobile-Based Lifestyle Intervention in Women with Glucose Intolerance after Gestational Diabetes Mellitus study’ (MELINDA) (NCT03559621). Both studies were published previously (18, 19). The BEDIP-N study was a large Belgian multi-centric prospective cohort study from 2014–2018 (18). This study enrolled 2006 pregnant women in early pregnancy to evaluate the diagnostic accuracy of different screening strategies for GDM based on the ‘International Association of Diabetes and Pregnancy Study Groups’ (IADPSG) criteria (20). All women without (pre)diabetes received universal screening for GDM between 24–28 weeks of pregnancy with a 75g 2-hour OGTT.

The Melinda study (performed between 2019–2023) was a multicenter randomized controlled trial (RCT), to investigate the efficacy and feasibility of a blended-care, telephone- and mobile-based lifestyle intervention to reach weight goals in 240 women with prediabetes after a recent history of GDM (diagnosed with the IADPSG criteria) (19, 20). In the Melinda study, baseline data were collected at 3 months postpartum of 1201 women with GDM who attended the postpartum OGTT (19). For this post-hoc analysis, only the baseline data were used.

In both studies, the American Diabetes Association (ADA)-recommended glycemic targets were used for treatment of GDM (21). If targets were not reached within two weeks after the start of lifestyle measures, treatment with insulin was started. Women with GDM received an invitation for a postpartum 75g OGTT 6–16 weeks after delivery. Glucose intolerance postpartum was defined as T2DM or prediabetes [defined as impaired fasting glucose (IFG; 100–125 mg/dL) and/or impaired glucose tolerance (IGT; 2-h glucose value on the OGTT between 140–199 mg/dL) or both] according to the ADA criteria (22).

Both studies received approval by the Institutional Review Boards of all participating centers and all investigations have been carried out in accordance with the principles of the Declaration of Helsinki as revised in 2008. Participants gave written informed consent prior to any trial-related activity.




2.2 Study visits and measurements

For both studies, baseline characteristics were collected for all eligible women through a clinical examination, self-administered questionnaires, collection of blood samples and extraction of data on medical history and pregnancy from the electronic medical records. At a mean of 12 weeks postpartum, a 75 g OGTT was performed with blood samples taken fasting and at 30, 60 and 120 min. Several self-administered questionnaires were completed by the participants. There was a self-designed questionnaire on general habits and socio-economic factors (18). The Food Frequency Questionnaire (FFQ) surveyed the frequency and portion size of consumption of foods and beverages (23). The International Physical Activity Questionnaire (IPAQ) measured physical activity such as job-related physical activity, transportation, house work and caring for family, recreation and time spent sitting (18, 24). The Center for Epidemiologic Studies-Depression (CES-D) questionnaire (widely used in pregnant and postpartum women) to assess symptoms of clinical depression over the past seven days (25). In both studies, the same self-designed questionnaire on BF and contraception was used, to collect information on the duration and frequency of BF. Women had to indicate what applied the most to them: [exclusive breastfeeding (< 45 ml formula feeding/day), half breastfeeding half formula feeding, or exclusive formula feeding (≥ 150ml formula feeding/day)] as well as on the type of contraception used (18). As the aim of this sub-analysis was to evaluate different degrees of intensity of BF, we only included women with a history of GDM, who received a postpartum OGTT and had data available on type of BF (exclusive, MMF or NBF) and on the duration of BF.




2.3 Procedures

In line with normal routine, GDM was diagnosed between 24–28 weeks of pregnancy with a 75g 2-hour OGTT using the IADPSG criteria. Women who were diagnosed with GDM, were reevaluated at a mean of 12 weeks postpartum with a 2-h 75 g OGTT to screen for glucose intolerance. The 2-h 75 g OGTT consisted of measurements of glucose and insulin at fasting, 30 min, 60 min and 120 min. At the time of the OGTT, a fasting lipid profile (total cholesterol, triglycerides, HDL and LDL cholesterol) and HbA1c were also measured. Participants were instructed to fast for at least 10 h and not to smoke nor engage in any physical activity. They were also instructed to drink only water, but no coffee, cola or any drink containing sugar or caffeine. The analyses of glucose (fasting, 30 min, 60 min and 120 min in fluoride-containing tubes) were performed locally (and sent to the lab immediately after collection) so that there was no delay in diagnosing (pre)diabetes. The blood samples for the analyses of lipid profile, HbA1c and insulin, were analyzed centrally at the laboratory of Leuven University Hospital (UZ Leuven) to ensure uniformity. Plasma glucose was measured by an automated colorimetric-enzymatic method on a Hitachi/Roche-Modular P analyzer (Basel, Switzerland). Insulin was measured by the immunometric ECLIA (Roche Modular E170). HbA1c was measured by Tosoh Automated Glycohemoglobin Analyzer HLC-723G8. Lipid levels were measured by the immunoassay analyzer Cobas 8000 (Roche, Basel, Switzerland). Coefficients of variance are 1% for glucose, 6% for insulin, about 2% for lipids and 2% for HbA1c in the Lab of UZ Leuven (18, 19).

Different indices of insulin sensitivity [the Matsuda index, a well-established measure of whole-body insulin sensitivity and the homeostasis model assessment of insulin resistance (HOMA-IR), a measure of largely hepatic insulin resistance] and β-cell function [HOMA-B, the insulinogenic index divided by HOMA-IR and the insulin secretion-sensitivity index-2 (ISSI-2), an OGTT-derived measure that is analogous to the disposition index obtained from the frequently sampled intravenous glucose tolerance test], were measured, as previously described (18, 19).




2.4 Pregnancy and delivery outcome data

The following pregnancy outcome data were collected: parity and pre-pregnancy BMI was stratified into underweight (BMI < 18.5 kg/m²), normal weight (BMI 18.5–24.9 kg/m²), overweight (BMI 25–29.9 kg/m²), and obesity (BMI ≥ 30 kg/m²). Obesity was further subdivided into class I (BMI 30–34.9 kg/m²), class II (35–39.9 kg/m²) and class III (BMI ≥ 40 kg/m²). Early postpartum weight retention was defined as the difference in weight measured at the postpartum OGTT and the pre-pregnancy weight (self-reported weight up to 1 month before pregnancy or weight measured during first prenatal consultation). Other data collected include birth weight, length, macrosomia (>4 kg), birth weight ≥4.5 kg, Large-for-gestational age (LGA) defined as birth weight >90 percentile according to standardized Flemish birth charts adjusted for sex of the baby and parity (26), small-for-gestational age (SGA) defined as birth weight <10 percentile according to standardized Flemish birth charts adjusted for sex of the baby and parity (26), and admission on the neonatal intensive care unit (NICU) (18). In line with normal routine in each center, admission to the NICU was decided by the neonatologist. The difference in weight between first prenatal visit and the time of the OGTT was calculated as early weight gain. The total gestational weight gain (GWG) was calculated as the difference in weight between first prenatal visit and the delivery. Excessive total GWG and inadequate total GWG were defined according to the National Academy of Medicine (NAM) guidelines, previously known as Institute of Medicine (IOM) (27).




2.5 Statistical analysis

Descriptive statistics were presented as frequencies and percentages for categorical variables, and means with standard deviations or medians with interquartile range for continuous variables. Group comparisons were performed using the Mann-Whitney U test for continuous or ordinal variables, and Chi square test or Fisher exact test in case of low (<5) cell frequencies for categorical variables.

Logistic regression was used for estimating the effect of BF on glucose intolerance, with correction for the following confounders: ethnicity, education, income, professional activity and pre-pregnancy body mass index (BMI). Adjustment was performed for baseline characteristics for which group differences were observed. Results were presented as odds ratios with 95% confidence intervals. All tests were performed at a 5% two-sided significance level. Analyses were performed by statistician A. Laenen by using SAS software (version 9.4 of the SAS System for Windows, 2023).





3 Results

Women without data on whether they gave breastfeeding (N=43) or without data on the duration of BF (N=339), or women indicating a different intensity of BF other than exclusive BF, MMF or NBF (N=33), were excluded [a total of 415 women (29.2%)]. Women excluded from this analyses had in general similar characteristics compared to women included in this study, except for lower rates of multiparity and a slightly higher BMI (Supplementary Table 3). In total, data from 1008 women were included in this sub-analysis (Figure 1, Supplementary Figures 1, 2). Of all participants from both cohorts, 56.3% (567) gave BF exclusively, 10.1% (102) gave MMF, and 33.6% (339) did NBF at a mean of 12 weeks postpartum (Figure 1). Mean breastfeeding duration was respectively 3.8 ± 2.4 and 3.7 ± 2.1 months in the BF and MMF groups (Table 1).




Figure 1 | Flow chart of the total cohort included in the sub-analysis.




Table 1 | Participant postpartum characteristics according to breastfeeding behavior.





3.1 Participant general characteristics, medical history and pregnancy outcomes according to breastfeeding behavior

Compared to NBF women, the exclusive BF and MMF groups were significantly more often from an non-White background. In comparison with the NBF group, women who BF were significantly more often higher educated, had a significantly lower pre-pregnancy BMI, had significantly less often excessive GWG, but significantly more often inadequate low GWG. Furthermore, women who BF had also significantly less often excessive GWG compared to the MMF group (Table 2 and Supplementary Table 1).


Table 2 | Participant general characteristics, medical history and pregnancy outcomes according to breastfeeding behavior.






3.2 Participant postpartum characteristics according to breastfeeding behavior

Compared to the MMF and NBF groups, women who BF exclusively had postpartum a significant lower BMI -and waist circumference, significantly less often postpartum weight retention, significantly lower fasting triglycerides, significantly less insulin resistance, a lower HOMA-B index [98.3 (72.1–140.6) vs. 115.5 (81.9–175.4), p=0.016; 98.3 (72.1–140.6) vs. 120.8 (91.0–172.0), p<0.001] but a higher ISSI-2 index [only significant higher compared to NBF group with respectively 2.0 (1.6–2.6) vs. 2.0 (1.5–2.7), p=0.960 for MMF; 2.0 (1.6–2.6) vs. 1.8 (1.4–2.4), p=0.003 for NBF] (Table 1). Compared to the NBF group, the BF and MMF groups had a significant lower systolic blood pressure (SBP), lower diastolic blood pressure (DBP) and lower fasting triglycerides at the postpartum OGTT (Table 1 and Supplementary Table 2).




3.3 Analysis of glucose intolerance status by breastfeeding group

The rate of glucose intolerance was significantly lower in both the BF (22.3%, p=0.019) and MMF (25.5%, p=0.011) groups compared to the NBF group (29.5%) (Table 1). Multivariate logistic regression was used to estimate the effect of BF on glucose intolerance in early postpartum, with adjustment for ethnicity, education, income, professional activity and pre-pregnancy BMI. The risk for glucose intolerance remained significantly lower in exclusively BF women compared to NBF women [adjusted OR of 0.7 (95% CI 0.5–1.0, p=0.0399)] (Table 3). The risk for glucose intolerance in the MMF group was no longer significantly lower compared to the NBF group after adjustment [adjusted OR of 0.7 (95% CI 0.4–1.2, p=0.2399)].


Table 3 | Analysis of glucose intolerance status by breastfeeding group.







4 Discussion

We show in a large cohort of more than 1000 women with a recent history of GDM that glucose intolerance was present in respectively 22.3% (BF), 25.5% (MMF) and 29.5% (NBF) of all participants, with a lower risk for glucose intolerance in the exclusively BF and MMF women compared to NBF women. However, the risk for glucose intolerance was no longer significantly lower in the MMF group after adjustment for confounders. Studies have previously demonstrated that breastfeeding is associated with improved insulin sensitivity and improved glucose tolerance (14). Breastfeeding is therefore an effective, low-cost intervention that can be easily applied after childbirth (15).

Our study provides novel data that also women who gave MMF had a lower rate of glucose intolerance compared to the NBF group, which suggests that even MMF might have a positive effect on the glucose levels. These data suggest therefore that when exclusive BF is not possible, MMF should also be stimulated in the first months of the postpartum period. However, after adjustment for confounders, the risk for glucose intolerance was no longer significantly lower in the MMF group compared to the NBF group. This might be due to the lower sample size in the MMF group and the lack of data on the long-term. Exclusive BF remains therefore preferable since the stronger association with a lower risk for glucose intolerance, as also demonstrated in our study. Research on the effects of MMF remain scarce. A previous study included only a small number of women who were undertaking mixed feeding; therefore a dose response relationship could not be established (17).

Our results also demonstrate that women who BF exclusively had lower glucose intolerance rates despite a lower HOMA-B index than the MMF and NBF groups (with also a lower non-significant HOMA-B in the MMF group compared to the NBF group). On the other hand, in our study the ISSI-2 index was higher in the BF group compared to the NBF group. ISSI-2 is in general considered to be a more accurate marker of β-cell function in women with GDM as it reflects an insulin resistance-adjusted insulin secretion (analogous to the disposition index obtained from the frequently sampled intravenous glucose tolerance test). Findings of a possible more impaired β-cell function (with lower HOMA-B) in women who exclusive BF, has also been reported in a prospective observational study in 106 mainly White women, between the 3rd and 5th month after the delivery (28). In this study, β-cell function was independently and negatively associated with BF and circulating prolactin concentrations. A recent meta-analysis confirmed that elevated prolactin was associated with lower beta-cell function and higher insulin sensitivity in the postpartum period. However, the direction of causality remains unclear (29). Lipolysis is also known to contribute to decreasing β-cell function (30). The pathophysiology of pregnancy and BF requires a certain β-cell plasticity, enabling adequate increase during pregnancy and immediate decrease in β-cell function postpartum. Reasons for not reaching this plasticity are mothers with obesity and high insulin resistance, but also lean mothers with impaired β-cell function because of genetic or aging reasons (28).

Compared to NBF women, BF and MMF women were more often from an non-White background. These results are consistent with results from previous studies indicating that non-White women had higher BF rates than women from a White origin (31). The BF group, compared to the NBF group, was more often higher educated, which is in line with previous studies that have shown that women with a Master’s degree (or higher) are more likely to start BF and also maintain BF for a longer period of time than mothers with primary studies (32–34). Pre-pregnancy BMI is also lower in our BF population compared to the NBF group. This can be explained by the fact that mothers with above-normal pre-pregnancy BMI are at increased risk of BF cessation (35). In addition, it has been demonstrated that women with underweight or obesity have significantly lower rates of BF initiation compared to women with normal pre-pregnancy BMI (36, 37). BF initiation in women with obesity may be lower due to a biological barrier, with a decreased hormonal response in lactation (38). A large population-based study from Florida, showed that women with overweight or obesity had a lower prolactin response to suckling. This can compromise the ability of women with overweight/obesity to produce milk and, over time, could lead to early cessation of lactation (36). In addition, also women with underweight were less likely to initiate breastfeeding (57, 58). Possible reasons might be maternal complications, insufficient milk supply, sucking problems and work resumption (39). It is therefore important to provide additional support to women with underweight or obesity to initiate and maintain breastfeeding.

Our results also showed lower fasting triglycerides in the MMF and BF group compared to the NBF group. This is in line with a study evaluating the lipid profile after 12 months postpartum among 79 predominantly Hispanic and socioeconomically disadvantaged women, indicating that each month increase in BF duration was associated with lower fasting glucose levels and lower triglycerides levels (17, 40). BF was also associated with less postpartum weight retention in our study, which has been confirmed in previous studies (41–43). BF may help mobilize fat stores built up during pregnancy, leading to weight loss, provided there is no compensatory increase in energy intake (44). Although BF may help some women lose weight, it cannot be generalized across all women who BF. This is due to the fact that women who BF often experience additional pressures, such as having to adapt to the needs of a newborn baby and recover from childbirth, difficulties in establishing feeding routines and baby sleep routines, which can affect the mother’s psychological health. A combination of these factors is likely to affect the ability to maintain a healthy lifestyle (45). More research is needed to assess the direct impact of BF on postpartum weight management on the long-term and to explore in-depth the reasons why not all women who BF lose weight (45–49).

Previous research has shown a decrease in both SBP and DBP during a BF session (50). Our study confirms these results, as there was also a decreased SBP and DBP in the MMF and exclusive BF groups compared to the NBF group. A study with over 400 Asian women, showed a lower SBP in BF women at one month postpartum compared with those using other feeding modalities (51). This suggests a direct effect of breastfeeding on maternal blood pressure. Animal studies suggest that oxytocin activates an “antistress” response that reduces cardiovascular stress reactivity, which may therefore lead to a lower BP (52). Studies in humans have shown that oxytocin, which is released when the baby starts suckling, has an anti-stress and blood pressure lowering effect (53–55).

A major strength of our study is that we used the data of two large multi-centric prospective cohort studies containing broad demographic, medical and obstetrical outcomes, as well as detailed postpartum characteristics. In addition, the same questionnaire was used to collected data on BF in both studies. The outcomes of this sub-analysis were adjusted for several confounding variables. Furthermore, we also included a large group of women with MMF, as the available data on the association with risk for glucose intolerance is very limited for this group. A first limitation of the study is that our population consisted mainly of White women. The results may therefore not to be applicable to other ethnic populations. Furthermore, this was a post-hoc analysis, with lack of longitudinal data, since data were only collected during pregnancy and at a mean of 12 weeks postpartum. A third limitation is that the questionnaire evaluating intensity and duration of breastfeeding was self-designed. Women had to indicate which of the three categories (BF, MMF or NBF) was most applicable to them. The degree of breastfeeding can however vary over time. We have no data on the exact dose of breastfeeding. In addition, for this analyses, we had to exclude women who did not have complete data on breastfeeding. However, the general characteristics of women not included in this analyses, were similar except for a lower rate of multiparity and slightly higher BMI compared to women included in the study.

In conclusion, our results indicate that exclusive BF and with a lesser degree also MMF, is associated with a lower risk of glucose intolerance in early postpartum in women with GDM. In addition, our results show that both BF and MMF are associated with a better metabolic profile in early postpartum. These data suggest therefore that when exclusive BF is not possible, MMF should also be stimulated in the first months postpartum. It is therefore important to support both BF and MMF by educating women already prenatally about the benefits of breastfeeding.
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