Energy restriction, weight loss, glycemia, and breastfeeding outcomes in gestational diabetes: a DiGest trial secondary analysis.
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Abstract: 

Objective: We aimed to assess if energy restriction, weight loss or maternal glycemia in late pregnancy were associated with breastfeeding outcomes. 

Research Design and Methods: This is a secondary analysis of the dietary intervention in gestational diabetes (DiGest) randomized controlled trial which included 425 participants with gestational diabetes who were randomly assigned to receive a standard-energy (2000 kcal/day) or reduced-energy (1200 kcal/day) dietbox from 29 weeks until delivery, with masked continuous glucose monitoring. Breastfeeding intentions and outcomes were documented (n=304/425) and analyzed using regression models.

Results: Energy restriction in late pregnancy did not affect breastfeeding outcomes. Achieving ≥90% time-in-range (3.5-6.7 mmol/L; 63-120 mg/dL) with a low glycemic variability (coefficient of variation and standard deviation), but not weight loss, were associated with any breastfeeding at 3 months postnatally. 

Conclusions: Improved late pregnancy glycemia and decreased glucose variability, but not weight loss or energy restriction, were associated with breastfeeding after gestational diabetes. 


Article Highlights:

· Why did we undertake this study?
Energy restriction, lower gestational weight gain and better glucose management in women with gestational diabetes (GDM) can improve maternal and infant outcomes, but effects upon breastfeeding are unclear.

· What is the specific question(s) we wanted to answer?
We sought to determine the effects of the DiGest reduced-energy diet on breastfeeding outcomes (intention, any, exclusive) in women with GDM, and to examine if gestational weight gain/loss and glycemia were associated with breastfeeding outcomes. 

· What did we find?
· Improved late pregnancy glycemia and decreased glucose variability, but not weight loss or energy restriction, were associated with any breastfeeding after gestational diabetes. 

· What are the implications of our findings?
Weight loss or energy restriction in late pregnancy does not negatively impact breastfeeding outcomes in women with GDM. 







Breastfeeding has beneficial effects for both mothers and offspring (1), which is especially true for those exposed to gestational diabetes as it may help mitigate related longer-term health risks such as glucose intolerance, type 2 diabetes, and obesity (2-4). Despite these benefits, women diagnosed with gestational diabetes are less likely to breastfeed (5; 6). However, it is unclear if this is due to maternal obesity (7) or socioeconomic factors or if there are physiological barriers to breastfeeding in this population. 

The Dietary Intervention in Gestational Diabetes (DiGest) trial (8), which compared a reduced-energy diet to a standard-energy diet, found no significant differences in maternal weight gain in late pregnancy and infant birthweight between groups, but assignment to an energy-restricted diet reduced the requirement for long-acting insulin. Further exploratory analysis which pooled data into a single cohort revealed that weight loss in late pregnancy (average of 3kg) improved maternal glycaemia and reduced the rate of large-for-gestational-age (LGA) infants. We aimed to assess if energy restriction (primary analysis) or if gestational weight gain, weight loss or maternal glycaemia (secondary analysis) in late pregnancy were associated with breastfeeding outcomes (intention, any, exclusive). 

Research Design and Methods
Study Design: 
The current paper presents a secondary analysis of the DiGest trial, a multicenter randomized controlled double-blind trial involving 425 participants with gestational diabetes. Participants were randomized to receive a standard-energy (n=211; 2000 kcal/day) or reduced-energy (n=214; 1200 kcal/day) dietbox from 29 weeks until delivery. The protocol, eligibility criteria and results, including primary results and diet adherence information, are published elsewhere (8; 9). The trial (ISRCTN: 65152174) was ethically approved by the UK Research Ethics Committee (Reference 18/WM/0191) and the National Health Service (NHS) Health Research Authority (IRAS 242924).

Participants: 
Participants were eligible if they were diagnosed with gestational diabetes at 20-30+6 weeks’ gestation, had a pre-pregnancy BMI ≥25 kg/m2, had a singleton pregnancy, and had no other serious pregnancy complications or major pre-existing comorbidities. 

Clinical Measures: 
Weight was assessed at booking (~12 weeks), enrollment (~29 weeks), 32- and 36-weeks’ gestation. Height was also measured. Information about maternal demographics including ethnicity, age, deprivation according to Index of Multiple Deprivation (IMD), and education was also collected. 

We estimated gestational weight gain by subtracting weight at booking from weight at 36 weeks. We also analyzed weight loss between 29- and 36-weeks’ gestation across the entire study cohort. Weight loss was defined as any reduction in weight during this period.

A masked Dexcom G6 continuous glucose monitor (CGM) was applied at 29 and 36 weeks and worn for 7-10 days to assess glycemic measures such as time-in-range (percent time in 63-120 mg/dL or 63-140 mg/dL (10; 11)), time-above-range, and coefficient of variation (CV). 

Infant characteristics were retrieved from hospital notes at birth, including gestational age, admission to the neonatal intensive care unit (NICU), and incidence of neonatal hypoglycemia (<46.7 mg/dL within the first 48 hours of life). 

Breastfeeding Outcomes: 
For this analysis, breastfeeding outcomes were feeding intentions in late pregnancy and breastfeeding (any/exclusive) postpartum. Participants reported their feeding intentions (breast, formula, mixed) at 36 weeks’ gestation. Postnatally at Visit 4 (V4; average infant age = 14.3 ± 5.1 weeks), they were asked if their babies were being fed any breast milk or formula. Any breastfeeding at V4 was defined as receiving any breast milk (whether by bottle or breast). Exclusive breast milk provision at V4 was defined as receiving no formula milk with no information about solid foods and other liquids such as water or teas.  

Statistical Analysis: 
Data were analyzed using SPSS v29.0. For the primary analysis, logistic regression was used to examine the effects of a reduced-energy diet on breastfeeding outcomes. Logistic regression models were also used for the secondary analysis to investigate the association between breastfeeding outcomes and weight loss (yes/no) between 29 and 36 weeks and gestational weight gain. These models were adjusted for trial assignment, study center stratification, infant’s age at V4, pre-pregnancy maternal weight, IMD score and gestational age (Model 1). They were further adjusted for neonatal hypoglycemia and admission to the NICU (Model 2). Since breastfeeding intention was assessed during pregnancy, we adjusted for study center, pre-pregnancy weight and IMD score only. Lastly, logistic regression models adjusted for the variables mentioned above (Model 1 and 2), for trial assignment and for average CGM glucose for CV and the standard deviation (SD) were used to assess the association between CGM metrics and breastfeeding outcomes. P-values <0.05 were considered statistically significant. 

Results
Baseline Characteristics: 
Overall, 304/425 (72%) DiGest participants provided data on feeding intentions and 275 (65%) had data on infant feeding practices at V4. While most of these participants intended to breastfeed (70%), rates of breastfeeding (59%) and exclusive breast milk provision (38%) were lower at V4. Maternal characteristics at baseline are described in Table 1.  

Primary Analysis: 
There were no differences in any of the breastfeeding outcomes between the reduced-energy and standard-energy arms (Table 1). 

Secondary Analysis: 
Participants who gained more weight during pregnancy were less likely to intend to breastfeed (OR = 0.95; 95% CI: 0.91, 0.99). However, gestational weight gain was not significantly associated with any breastfeeding (OR = 0.98; 95% CI: 0.94, 1.03) or exclusive breast milk provision (OR = 0.98; 95% CI: 0.93, 1.02). Similarly, weight loss from 29-36 weeks’ gestation was not associated with any breastfeeding outcomes (Table 2).
 
Participants with ≥90% time-in-range (63-120 mg/dL) at 36 weeks’ gestation were significantly more likely to breastfeed (Table 3). Higher glycemic variability at 36 weeks’ gestation, assessed by two CGM metrics (CV, SD), was significantly associated with lower odds of any breastfeeding (Table 3). There were no other significant associations between breastfeeding outcomes and other CGM metrics at any time point. 

Conclusions 
The current secondary analysis of DiGest trial data demonstrates that energy restriction in late pregnancy did not have a significant effect on breastfeeding outcomes. Exploratory analysis also revealed that better glycemic management and lower glycemic variability in pregnancy, but not weight loss, were associated with any breastfeeding prevalence. 

Strengths and weaknesses of the current study
DiGest was a double-blind, randomized controlled trial that compared clinical outcomes after allocation to receive either standard-energy (control) or reduced-energy (intervention) dietboxes. The provision of free dietboxes also supported the recruitment of a socioeconomically diverse population, and reduced bias from educational or cultural differences in approaches to nutrition in pregnancy. Information was also available on CGM. The secondary analysis presented in this paper is based on observational data, and despite adjusting for several potential confounding variables, the possibility of residual confounding remains. Information on breastfeeding outcomes were requested from all participants, but some participants did not provide data, either due to loss to follow-up or perhaps due to a reduction in face-to-face visit time during the Covid-19 pandemic. Whilst effort was made to collect all postnatal data at 3 months post-delivery, the Covid-19 pandemic meant that some participants were seen at different timepoints. Therefore, all analyses involving postnatal data were adjusted for number of weeks from delivery to the postnatal visit to address this. We were unable to assess exclusive breastfeeding as per the WHO definition as information about complementary feeding practices was not collected. Lastly, corrections for multiple testing were not made so the possibility of a type 1 error should be considered when interpreting the findings.  

Results in relation to other literature
There was no association between gestational weight gain and breastfeeding at 3 months, consistent with other studies (12-14). However, it is important to consider that in this study gestational weight gain was estimated using weight at booking (~12 weeks) with no information about weight gain patterns in the first 12 weeks. No previous large study examined the association between weight loss during pregnancy and breastfeeding outcomes. Our findings suggest that, in women with gestational diabetes, weight loss during this phase of pregnancy (last trimester) does not negatively impact any breastfeeding or provision of only breast milk. 

Exploratory analyses revealed that glycemic variability was significantly associated with lower odds of any breastfeeding, whereas achieving a time-in-range (63-120 mg/dL but not 63-140 mg/dL) of at least 90% predicted higher odds of any breastfeeding. To our knowledge, this is the first study to show that glycemic management and glycemic variability during pregnancy in women with gestational diabetes is associated with any breastfeeding prevalence (but not with breastfeeding intention). Previously, multiple barriers to breastfeeding among women with gestational diabetes have been demonstrated, including obesity, increased prevalence of Caesarean section, neonatal hypoglycemia and infant admission to the NICU (15).  Women with diabetes are also more likely to experience delayed onset of lactogenesis II (16), which supports the hypothesis that women with gestational diabetes might feel motivated to breastfeed but experience physiological barriers to breastfeeding. Research is needed to explore this aspect further. Further research is also needed to investigate why achieving only the stricter target (63-120 mg/dL) predicted breastfeeding. It could be that a tighter glucose target is important for successful breastfeeding, or that participants who were highly motivated to adhere to study procedures and to manage their glycemia were more likely to also breastfeed. 

Clinical relevance and conclusions
The DiGest trial showed that a reduced-energy diet decreased insulin requirements in gestational diabetes, but the most marked clinical benefits were seen in women who lost weight (on average 3kg or 3%) who had improved antenatal and postnatal glycaemia and reduced LGA rates in offspring (8). The results of the current secondary analysis suggest that a reduced-energy diet in late pregnancy, or modest weight loss, could be implemented in women with gestational diabetes without raising concerns about breastfeeding. Our findings also highlight the importance of antenatal glycemic management for not only pregnancy outcomes but also breastfeeding outcomes. 
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Table 1. Maternal characteristics during pregnancy and breastfeeding outcomes according to intervention assignment. 
	Variable
	All Participants in DiGest Trial
	
	All Participants with Breastfeeding Data
	
	Control(Standard-energy diet)
	
	Intervention (Reduced-energy diet)
	
	

	
	n
	
	n
	
	n
	
	n
	
	

	Maternal Age Years 
	425
	33.0 ± 5.0
	304
	33.1 ± 4.8
	150
	32.7 ± 5.0
	154
	32.5 ± 4.7
	

	Primiparous
	386
	136 (35)
	304
	110 (36)
	150
	47 (31)
	154
	63 (41)
	

	Education of Degree Level or Higher
	425
	201 (47)
	304
	161 (53)
	150
	78 (52)
	154
	83 (54)
	

	Ethnicity 
	425
	
	304
	
	150
	
	154
	
	

	White 
	
	332 (78)
	
	237 (78)
	
	116 (77)
	
	121 (79)
	

	Asian
	
	73 (17)
	
	53 (17)
	
	29 (19)
	
	24 (15)
	

	Black
	
	17 (4)
	
	11 (4)
	
	3 (2)
	
	8 (5)
	

	Mixed/Other
	
	3 (1)
	
	3 (1)
	
	2 (1)
	
	1 (1)
	

	IMD Decile 
	412
	6.5 ± 2.5
	294
	6.6 ± 2.5
	145
	6.6 ± 2.6
	149
	6.7 ± 2.3
	

	Smoking/Vaping
	422
	44 (10)
	304
	26 (9)
	150
	19 (13)
	154
	7 (4)
	

	Maternal BMI 
	425
	35.7 ± 6.4
	304
	34.2 ± 6.6
	150
	34.8 ± 6.7
	154
	33.8 ± 6.6
	

	Average CGM Glucose (mg/dL) at 29 Weeks
	361
	103.9 ± 13.9
	269
	103.5 ± 12.8
	129
	105.1 ± 11.9
	140
	102.0 ± 13.4
	

	TIR (63-120 mg/dL)% at 29 Weeks
	361
	77.0 ± 18.4
	269
	77.5 ± 17.5
	129
	75.9 ± 18.1
	140
	78.9 ± 16.8
	

	TIR (63-140 mg/dL)% at 29 Weeks
	361
	90.8 ± 11.0
	269
	91.5 ± 9.7
	129
	91.7 ± 9.2
	140
	91.3 ± 10.2
	

	Weight Change from 29 to 36 Weeks 
	390
	0.5 ± 4.2
	298
	0.5 ± 3.6
	145
	0.8 ± 3.6
	153
	0.2 ± 3.5
	

	Gestational Weight Gain
	389
	4.5 ± 6.8
	298
	4.3 ± 6.6
	145
	4.4 ± 7.1
	153
	4.1 ± 6.2
	

	
	
	
	
	
	
	
	
	
	

	Breastfeeding Outcomes†
	
	
	
	OR [95% CI]

	Intended to Breastfeed
	
	
	304
	212 (70)
	150
	103 (69)
	154
	109 (71)
	1.01 [0.60, 1.72]

	Any Breastfeeding
	
	
	275
	163 (59)
	134
	79 (59)
	141
	84 (60)
	1.07 [0.62, 1.83]

	Provision of Only Breast Milk 
	
	
	275
	105 (38)
	134
	51 (38)
	141
	54 (38)
	1.03 [0.60, 1.76]



Data presented as n (%) or mean ± SD. † Analysis was performed using logistic regression and was adjusted for study center stratification, pre-pregnancy weight, and IMD score for breastfeeding intention, and additionally adjusted for infant’s age, gestational age, neonatal hypoglycemia and admission to the neonatal intensive care unit for any breastfeeding and exclusive breast milk provision. IMD: Index of Multiple Deprivation; TIR: Time-in-Range. 150 participants were lost to follow-up postnatally and breastfeeding outcomes were not available, 13 participants in the whole DiGest sample did not provide their postcodes for IMD calculation, and 64 participants overall did not apply a CGM at enrollment.
 Table 2. Maternal characteristics during pregnancy and breastfeeding outcomes according to the presence or absence of weight loss from 29-36 weeks’ gestation in the whole cohort irrespective of intervention assignment. 
	Variable
	All Participants with Breastfeeding Data
	
	Weight Loss at 29-36 wks
	
	No Weight Loss at 29-36 wks
	
	

	
	n
	
	n
	
	n
	
	

	Maternal Age Years 
	298
	33.1 ± 4.8
	125
	33.4 ± 4.6
	173
	32.9 ± 4.9
	

	Primiparous
	298
	110 (37)
	125
	45 (36)
	173
	65 (38)
	

	Education of Degree Level or Higher
	298
	160 (54)
	125
	65 (52)
	173
	95 (55)
	

	Ethnicity 
	298
	
	125
	
	173
	
	

	White 
	
	231 (78)
	
	111 (89)
	
	120 (69)
	

	Asian
	
	53 (18)
	
	10 (8)
	
	43 (25)
	

	Black
	
	11 (4)
	
	3 (2)
	
	8 (5)
	

	Mixed/Other
	
	3 (1)
	
	1 (1)
	
	2 (1)
	

	IMD Decile 
	288
	6.6 ± 2.5
	121
	6.8 ± 2.5
	167
	6.6 ± 2.5
	

	Smoking/Vaping
	298
	25 (8)
	125
	9 (7)
	173
	16 (9)
	

	Maternal BMI 
	298
	34.2 ± 6.7
	125
	36.0 ± 6.8
	173
	32.9 ± 6.3
	

	Average CGM Glucose (mg/dL) at 29 Weeks
	263
	103.5 ± 12.8 
	115
	101.8 ± 12.8
	148
	104.7 ± 12.7
	

	TIR (63-120 mg/dL)% at 29 Weeks
	263
	77.5 ± 17.5
	115
	80.1 ± 17.2
	148
	75.5 ± 17.5
	

	TIR (63-140 mg/dL)% at 29 Weeks
	263
	91.5 ± 9.8
	115
	92.7 ± 10.1
	148
	90.6 ± 9.4
	

	Weight Change from 29 to 36 Weeks 
	298
	0.5 ± 3.6
	125
	-2.5 ± 2.2
	173
	2.6 ± 2.8
	

	Gestational Weight Gain
	298
	4.3 ± 6.6
	125
	0.9 ± 6.1
	173
	6.7 ± 5.9
	

	
	
	
	
	
	
	
	

	Breastfeeding Outcomes†
	
	OR [95% CI]

	Intended to Breastfeed
	298
	209 (70)
	125
	86 (69)
	173
	123 (71)
	1.04 [0.54, 2.01]

	Any Breastfeeding
	263
	156 (59)
	114
	67 (59)
	149
	89 (60)
	0.96 [0.54, 1.70]

	Provision of Only Breast Milk 
	263
	99 (38)
	114
	47 (41)
	149
	52 (35)
	0.65 [0.37, 1.16]


Data presented as n (%) or mean ± SD. † Analysis was performed using logistic regression and was adjusted for trial assignment, study center stratification, pre-pregnancy weight, and IMD score for breastfeeding intention, and additionally adjusted for infant’s age, gestational age, neonatal hypoglycemia and admission to the neonatal intensive care unit for any breastfeeding and exclusive breast milk provision. IMD: Index of Multiple Deprivation; TIR: Time-in-Range.

	
	Mean ± SD
	Any Breastfeeding
	Any Breastfeeding
	  Exclusive Breast Milk Provision
	 Exclusive Breast Milk Provision

	
	
	Model 1
	Model 2
	Model 1
	Model 2

	GLYCEMIC MEASURES AT 29 WEEKS
	
	
	
	

	Average CGM glucose mmol/L
	5.8 ± 0.7
	0.99 [0.66, 1.49]
	0.97 [0.64, 1.47]
	0.78 [0.52, 1.16]
	0.77 [0.51, 1.17]

	Average CGM glucose mg/dL
	103.8 ± 13.1
	1.00 [0.98, 1.02]
	1.00 [0.98, 1.02]
	0.99 [0.96, 1.01]
	0.99 [0.96, 1.01]

	Time-in-Range 63-120 mg/dL  
	77.4 ± 17.8
	1.01 [0.99, 1.02]
	1.01 [0.99, 1.02]
	1.01 [1.00, 1.03]
	1.01 [1.00, 1.03]

	Time-above-Range 63-120 mg/dL 
	21.1 ± 18.6
	0.99 [0.98, 1.01]
	0.99 [0.98, 1.01]
	0.99 [0.97, 1.01]
	0.99 [0.97, 1.01]

	Time-below-Range 63-120 mg/dL 
	1.6 ± 2.9
	1.00 [0.90, 1.10]
	1.01 [0.91, 1.12]
	1.01 [0.92, 1.11]
	1.02 [0.93, 1.12]

	Time-in-Range 63-140 mg/dL 
	91.3 ± 10.1
	1.01 [0.98, 1.04]
	1.01 [0.98, 1.04]
	1.02 [0.99, 1.05]
	1.02 [0.98, 1.05]

	Time-above-Range 63-140 mg/dL 
	7.2 ± 10.4
	0.99 [0.96, 1.02]
	0.99 [0.96, 1.02]
	0.98 [0.95, 1.01]
	0.98 [0.95, 1.01]

	Time-below-Range 63-140 mg/dL 
	1.6 ± 2.9
	1.00 [0.90, 1.10]
	1.01 [0.91, 1.12]
	1.01 [0.92, 1.11]
	1.02 [0.93, 1.12]

	CGM Standard Deviation †
	1.0 ± 0.3
	0.49 [0.14, 1.69]
	0.50 [0.14, 1.75]
	0.78 [0.23, 2.65]
	0.84 [0.24, 2.95]

	CGM CV †
	18.0 ± 3.8
	0.95 [0.88, 1.03]
	0.95 [0.88, 1.03]
	0.98 [0.91, 1.05]
	0.98 [0.91, 1.06]

	GLYCEMIC MEASURES AT 36 WEEKS
	
	
	
	

	Average glucose CGM mmol/L
	5.8 ± 0.8
	0.78 [0.53, 1.16]
	0.78 [0.52, 1.18]
	0.81 [0.54, 1.21]
	0.79 [0.53, 1.19]

	Average glucose CGM mg/dL
	104.5 ± 14.6
	0.99 [0.97, 1.01]
	0.99 [0.96, 1.01]
	0.99 [0.97, 1.01]
	0.99 [0.97, 1.01]

	Time-in-Range 63-120 mg/dL 
	75.5 ± 18.8
	1.01 [0.99, 1.03]
	1.01 [0.99, 1.03]
	1.01 [0.99, 1.03]
	1.01 [0.99, 1.03]

	Time-above-Range 63-120 mg/dL 
	22.9 ± 19.6
	0.99 [0.97, 1.01]
	0.99 [0.97, 1.01]
	0.99 [0.97, 1.01]
	0.99 [0.97, 1.01]

	Time-below-Range 63-120 mg/dL 
	1.6 ± 3.1
	0.99 [0.90, 1.09]
	0.98 [0.88, 1.10]
	0.99 [0.89, 1.09]
	1.00 [0.90, 1.12]

	Time-in-Range 63-140 mg/dL 
	90.1 ± 11.0
	1.03 [1.00, 1.06]
	1.03 [1.00, 1.06]
	1.03 [0.99, 1.06]
	1.03 [0.99, 1.06]

	Time-above-Range 63-140 mg/dL 
	8.3 ± 11.3
	0.98 [0.95, 1.01]
	0.98 [0.95, 1.01]
	0.98 [0.95, 1.01]
	0.98 [0.94, 1.01]

	Time-below-Range 63-140 mg/dL 
	1.6 ± 3.1
	0.99 [0.90, 1.09]
	0.98 [0.88, 1.10]
	0.99 [0.89, 1.09]
	1.00 [0.90, 1.12]

	CGM Standard Deviation†
	1.1 ± 0.3
	0.18 [0.05, 0.66] **
	0.16 [0.04, 0.62] **
	0.28 [0.08, 1.02] 
	0.30 [0.08, 1.16]

	CGM CV†
	18.2 ± 4.3
	0.90 [0.83, 0.97] **
	0.89 [0.83, 0.97] **
	0.93 [0.86, 1.00] 
	0.93 [0.86, 1.01]

	≥90% in Target 63-120 mg/dL
	-
	2.66 [1.14, 6.19] *
	2.54 [1.08, 5.97] *
	2.08 [0.98, 4.39] 
	1.95 [0.91, 4.16]

	≥90% in Target 63-140 mg/dL 
	-
	1.46 [0.75, 2.84]
	1.53 [0.77, 3.04]
	1.76 [0.88, 3.52]
	1.74 [0.85, 3.55]


Table 3. The association between breastfeeding outcomes (exclusive breast milk provision or any breastfeeding) and glycemic measures.
Data presented as OR [95% CI]. Logistic regression models adjusted for: 1) Trial assignment, study center stratification, pre-pregnancy weight, infant’s age, IMD score and gestational age (Model 1); and 2) Model 1 and neonatal hypoglycemia and admission to the neonatal intensive care unit (Model 2). † Additionally adjusted for average CGM for CV and standard deviation. * p<0.05; ** p<0.01. IMD: Index of Multiple Deprivation; CGM: Continuous Glucose Monitoring; CV: Coefficient of Variation. 63-120 mg/dL is equivalent to 3.5-6.7 mmol/L whereas 63-140 mg/dL is equivalent to 3.5-7.8 mmol/L. 
