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Reduced-energy diets promote weight loss and improve long-term
outcomes in type 2 diabetes but are untested in gestational diabetes. We

% Check for updates

aimed to identify if weight loss in pregnancy improves perinatal outcomes
in gestational diabetes. We performed a multicentre parallel, randomized,
controlled, double-blind trial of energy restriction in women with singleton

pregnancies, gestational diabetes and body mass index >25 kg m™.
Participants were randomized to receive a standard-energy control diet
(2,000 kcald™) or reduced-energy intervention diet (1,200 kcal d*) from
enrollment (29 weeks) until delivery, provided as weekly diet boxes (40%
carbohydrate, 35% fat, 25% protein). The randomization was performed
inal:1ratio, stratified by center and blinded to the participants and study
team. Primary outcomes were maternal weight change from enrollment

to 36 weeks and offspring birth weight. In total, 425 participants were
randomized to the control (n = 211) orintervention (n = 214). Outcome data
were available for 388 of 425 (90.1%) participants at 36 weeks and 382 of
425(89.8%) at delivery. There was no evidence of a difference in maternal
weight change to 36 weeks between groups (intervention effect —0.20 (95%
confidenceinterval -1.01, 0.61); P> 0.1) and offspring standardized birth
weight (intervention effect 0.005 (-0.19, 0.20); P> 0.1). Areduced-energy
diet was safe in pregnancy. ISRCTN registration no. 65152174.

Gestational diabetes affects 6-15% of pregnancies internationally and
is associated with suboptimal maternal and offspring outcomes'. Risk
factors for gestational diabetes include overweight and obesity” and
excess weight gain during pregnancy’. Medical nutritional therapy is
afoundational aspect of gestational diabetes management, but little
evidence exists regarding optimal energy intake for affected patients®.
Therole of dietary weight loss in the management of women with ges-
tational diabetes is unknown.

Innon-pregnant people with type 2 diabetes, weight lossimproves
glycaemia and reduces medication requirements, leading to remis-
sion of clinical diabetes>®. Several dietary strategies have been suc-
cessfully used to support weight loss in this population, including

very-low-energy diets (400-500 kcal d™), low-energy diets (1,000-
1,500 kcal d™) and formula meal replacements’. A similar approach may
bevaluablein patients with gestational diabetes, who are atincreased
risk of type 2 diabetes, but energy restriction has not been advocated
or widely tested in pregnancy.

Currentinternational guidelines for weight change in pregnancy
were developed for healthy pregnant women and have not been cus-
tomized for women with diabetes or obesity who are at increased
risk of perinatal complications. The Institute of Medicine guidelines
(now called the National Academy of Medicine) are based upon a
woman’s prepregnancy body mass index (BMI)®. Women are recom-
mended togain11.4-15.0 kg, 6.8-11.3 kg and 5.0-9.1 kg for those with a

e-mail: cm881@leicester.ac.uk

Nature Medicine | Volume 31| February 2025 | 514-523

514


http://www.nature.com/naturemedicine
https://doi.org/10.1038/s41591-024-03356-1
https://www.isrctn.com/ISRCTN65152174
http://crossmark.crossref.org/dialog/?doi=10.1038/s41591-024-03356-1&domain=pdf
mailto:cm881@leicester.ac.uk

Article

https://doi.org/10.1038/s41591-024-03356-1

g
DiGest ¢ @

Assessed for eligibility and recruited (28 weeks)
Visit 1 baseline data n = 428

| 3 withdrawals

Randomized

Allocated to control (2,000 kcal d™")

n=2N

Visit 2 (32 weeks)

Visit 3 (36 weeks)
n =190 with maternal primary outcome

Delivery data
n =191 with primary neonatal outcome

!

Visit 4 (3 months postnatal)
n=126

Allocated to intervention (1,200 kcal d™")

n=214

Visit 2 (32 weeks)

Visit 3 (36 weeks)
n =198 with maternal primary outcome

Delivery data
n =192 with primary neonatal outcome

|

Visit 4 (3 months postnatal)
n=135

Fig.1|Flow chart of DiGest study participants. Participants were randomized to a trial arm after baseline measurements were complete and details of numbers

achieved with maternal and neonatal primary outcomes.

prepregnancy BMlinthe normal weight, overweight and obese ranges
respectively’. However, several recent retrospective cohort studies
have identified that weight gain below the guidelines, or even weight
loss, may improve pregnancy outcomes in women with prepregnancy
obesity or gestational diabetes’ ™. Despite the mounting evidence
favoring reduced gestational weight gain in women with gestational
diabetes, there are very few intervention studies that have successfully
addressed gestational weight gain in this population.

We performed a randomized controlled double-blind trial using
awhole-dietintervention to assess pregnancy outcomes after energy
restriction in women with gestational diabetes.

Results

Patient disposition

From November 2019 to July 2023, 428 participants were enrolled
at eight centers in England and randomized to receive a control diet
(n=211; standard energy content, 2,000 kcal d*) or intervention diet
(n=214; energy restriction, 1,200 kcal d* (Fig. 1and Extended Data
Fig.1). Overall, the two groups were balanced with respect to baseline
characteristics (Table 1). Characteristics of participants with miss-
ing data for maternal (n = 38) or neonatal (n = 45) primary endpoints
were similar to those of the trial population overall (Extended Data
Tables1and 2).

During the trial, 59 participants withdrew from the study (29
(13.7%) from control group; 30 (14.0%) from intervention group). A
further 53 patients stopped receiving the diet boxes before delivery but
remained inthe study (13.3% control group; 11.7% intervention group).
This occurred typically after 36 weeks (after collection of maternal
endpoint data) and the reasons included participants growing tired
of the food in light of impending delivery (<1-2 weeks); pregnancy
complications such as preeclampsia or threatened preterm delivery,
especially if requiring hospitalization; hunger; concern about high
glucose concentrations and stress (Extended Data Table 3).

Participants received the dietary intervention for a mean of 6.15
(s.d.3.24) weeks in the control arm and 6.35 (3.29) weeks in the inter-
ventionarm (Extended Data Table 4). Allowing for the 10-day period of
baseline data collection, the mean number of eligible weeks between
enrollmentand delivery was 8.95 (s.d.1.80) in the control and 9.27 (1.85)
in the intervention group (Extended Data Table 4), giving ordering
rates of 68.9%in the control group and 68.8% in the intervention group.
Satisfaction levels were consistent throughout the trial, with most par-
ticipants being highly satisfied or satisfied with the quality of the food
(85% control group; 81% intervention group; Supplementary Table1).

Primary outcomes

There was no evidence of a difference in maternal weight change at
36 weeks, the primary maternal outcome, between groups (interven-
tion +0.39 kg (4.23), control +0.54 kg (4.17); baseline-adjusted differ-
ence intervention versus control, § (adjusted effect size) —0.20 (95%
confidence interval (Cl) -1.02, 0.61); P=0.623; Table 2). Results were
unaffected when participants with preterm deliveries were included
with adjustment for gestational age at delivery, when using multiple
imputation (Extended Data Tables 5and 6) and when the analysis was
restricted to women who had ordered the diet boxes for 4 weeks or
more (Extended Data Table 7).

No significant difference was observed in the primary neonatal
outcome, standardized birth weight (Intergrowth), between theinter-
vention and control groups (0.45 (1.04) versus 0.44 (0.91); $0.005 (95%
Cl1-0.19,0.20); P=0.962; Table 2).

Secondary outcomes

Provision of a reduced-energy diet reduced requirements for
long-acting insulin therapy (39.2% control, 27.5% intervention; odds
ratio (OR) 0.36 (95% CI 0.18-0.70); P=0.003; number needed to
treat (NNT) 8.5) at 36 weeks (Table 3). The effect of the intervention
on long-acting insulin requirements was not affected by maternal

Nature Medicine | Volume 31| February 2025 | 514-523

515


http://www.nature.com/naturemedicine

Article

https://doi.org/10.1038/s41591-024-03356-1

Table 1| Baseline characteristics of patients at enrollment

n All participants n Control n Intervention
n=425 n=21 n=214
Maternal age (years) 425 33.03(5.04) 21 32.80(5.11) 214 33.26 (4.97)
BMI (kg m™) 425 35.67 (6.44) Al 36.04 (6.72) 214 35.30 (6.15)
Self-reported ethnicity 425 21 214

White 332(78.12) 163 (77.25) 169 (78.97)

Asian 73(1718) 40 (18.96) 33(15.42)

Black 17 (4.00) 6(2.84) 11(5.14)

Other ethnic groups 3(0.71) 2(0.95) 1(0.47)
Primiparous 385 136 (35.32) 192 61(31.77) 193 75 (38.86)
Gestational weight gain pre-enrollment (kg) 424 3.94 (5.89) 21 3.80(6.33) 213 4.09 (5.44)
Maternal education (>degree) 425 201(47.29) 21 95 (45.02) 214 106 (49.47)

Index of multiple deprivation decile 412 6.53(2.47) 204 6.50 (2.56) 208 6.56 (2.38)
Gestational diabetes in previous pregnancy 424 122 (28.77) 21 68 (32.23) 213 54 (25.35)
Health at enrollment

Smoking 422 44.(10.43) 210 32(15.24) 212 12 (5.66)

Physical activity PAEE (kJkg™d™) 230 19.86 (12.65) 17 18.82 (11.68) 13 20.96 (13.55)

Habitual energy intake (kcal d™) 223 1,570.92 (665.99) 114 1,555.77 (652.66) 109 1,586.77 (682.31)

Basal metabolic rate (Jh™'kg™) 385 1,643.07 (227.58) 192 1,645.66 (218.69) 193 1,640.49 (236.64)

Systolic blood pressure (mmHg) 418 115.69 (12.47) 208 114.97 (12.42) 210 116.41 (12.51)

Diastolic blood pressure (mmHg) 118 69.29 (10.12) 208 68.64 (10.33) 210 69.94 (9.86)
Diagnosis

Gestational age at diagnosis M4 22.85 (6.40) 204 2273 (6.54) 210 22.97 (0.97)

OGTT Oh glucose (mmol ) 206 5.01(0.71) 98 5.05 (0.76) 108 4.97 (0.65)

OGTT 2h glucose (mmol ™) 207 8.11(1.67) 100 8.07(1.81) 107 814 (1.52)

HbA1c (mmolmol™) 147 39.00 (4.63) 76 39.99 (4.91) 7 39.01(4.33)

HbA1c (%) 147 5.72(0.42) 76 5.72 (0.50) 7 5.72 (0.40)
Medication use at enrollment

Metformin 425 94 (22.12) M 53 (25.12) 214 41(1916)

Short-acting insulin 425 38(8.94) Al 15 (7.11) 214 23(10.75)

Long-acting insulin 425 101(23.76) m 46(21.80) 214 55 (25.70)

All participants Control Intervention
n n=425 n n=211 n n=214
Glycaemia at enrollment

Days of CGM use 361 579 (2.24) 172 5.76 (2.24) 189 5.82(2.23)

Mean CGM glucose (mmoll™) 361 5.77 (0.77) 172 5.82 (0.67) 189 5.72 (0.85)

Mean CGM glucose (mgdl™) 361 103.95 (13.89) 172 104.92 (11.98) 189 103.07 (15.40)

TIR (8.5-6.7mmoll™) (%) 361 77.02 (18.40) 172 76.44 (17.69) 189 77.55 (19.05)

83.30(70.95-89.16) 82.74 (69.14-87.65) 84.09 (72.09-90.70)
TAR (3.5-6.7mmoll™) (%) 361 21.32(19.18) 172 22.24(18.32) 189 20.48 (19.94)

15.05 (7.87-28.61) 15.68 (9.72-30.04) 14.25 (6.11-26.63)
TBR (3.5-6.7mmoll™) (%) 361 1.66 (2.91) 172 1.32(1.98) 189 1.97 (3.52)

0.53(0.00-1.81) 0.43(0.00-1.74) 0.66 (0.04-2.09)
TIR (3.5-7.8 mmoll™) (%) 361 90.80 (10.98) 172 91.48 (9.32) 189 90.18 (12.29)

94.46 (88.79-97.31) 94.70 (88.82-97.31) 94.10 (88.71-97.26)
TAR (3.5-7.8 mmoll™) (%) 361 7.54 (11.30) 172 7.20 (9.60) 189 7.85 (12.67)

3.20(1.17-8.91) 3.21(1.48-9.53) 3.20(0.81-7.84)
TBR (3.5-7.8 mmoll™) (%) 361 1.66 (2.91) 172 1.32(1.98) 189 1.97 (3.52)

0.53(0.00-1.81) 0.43(0.00-1.74) 0.66 (0.04-2.09)
Ccv 361 18.22(3.84) 172 17.90 (3.80) 189 18.51(3.86)
s.d. 361 1.05(0.29) 172 1.04 (0.26) 189 1.06 (0.31)

Results are presented as mean (s.d.) or n (%) or median (IQR) in bold as appropriate. Significance testing—linear or logistic regression adjusted by site. CV, coefficient of variation; PAEE,
physical activity energy expenditure; TAR, time above range; TBR, time below range.
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Table 2 | Primary outcomes summarized as mean and s.d. or median and IQR

n Control n Intervention Intervention effect P
n=21 n=214 (95% Cl)
Neonatal primary outcome
Standardized birth weight (Intergrowth) 190 0.44(0.91) 192 0.45 (1.04) 0.005 (-0.19, 0.20) 0.96
0.40 (-0.09-0.97) 0.46 (-0.22-1.12)
Detail
Unadjusted 0.01(-0.19, 0.21) 0.92
Incorporating stratification variable 0.005 (-0.19, 0.20) 0.96
(study center)
Also adjusted for baseline Not applicable
Maternal primary outcome
Weight change (kg) 190 0.54 (417) 198 0.39 (4.23) -0.20 (-1.01, 0.61) 063
115 (-1.20-2.50) 0.35(-1.70-2.30)
Detail
Unadjusted -0.15 (-0.98, 0.69) 0.73
Incorporating stratification variable -0.17 (-0.99, 0.65) 0.68
(study center)
Also adjusted for baseline weight -0.20 (-0.01, 0.61) 0.63
Weight at enrollment (kg) 21 96.16 (20.25) 213 94.61(19.94)
Weight at 36 weeks (kg) 190 96.22 (19.41) 198 95.43 (19.88)

Intervention effect is the baseline-adjusted difference in mean outcome between intervention and control groups, estimated from a linear regression model that also includes study center.
Only prespecified primary analysis have regression results included; other results are given for context only. Median and IQR are shown in bold.

BMI at enrollment, education, ethnicity, deprivation score, maternal
age or study center (Fig. 2). There was no evidence of differences in
requirements for metformin or short-acting prandialinsulin, delivery
modality, blood pressure or continuous glucose monitoring metrics
at 36 weeks between trial arms (Table 3). Postnatal hemoglobin Alc
(HbAlc)wassignificantly lower in the intervention group after adjust-
ment for baseline HbAlc and the study center: median HbAlc (control
group (n=36) interquartile range (IQR)) 40.0 (36.5-42.0) mmol mol™%;
intervention group (n=27) 37.0 (37.0-40.0) mmol mol™. In percent-
age: control group 5.8 (5.5-6.0)%; intervention group 5.5 (5.5-5.8)%;
B-2.36 mmol mol™ (95% Cl -4.46,-0.26); P=0.029; -0.22% (95% Cl
-0.41,-0.02); P=0.029 (Table 3). Outcomes from the core outcome
set for diabetes in pregnancy are provided (Table 3 and Supplementary
Table 2). Maternal-health-related quality of life was stable throughout
the study (Supplementary Table 3).

There was no evidence of a significant difference in
large-for-gestational-age (LGA) rates, neonatal intensive care unit
(NICU) admission, estimated gestation age at birth or cord blood
C-peptide concentrations between trial arms (Table 3).

Safety outcomes

There were similar numbers of small-for-gestational-age (SGA) infants
between trial arms, which fell within expected limits (Table 3). Rates
of LGA, appropriate-for-gestational-age (AGA) and SGA infants were
18.4%, 77.9% and 3.7% for the control group and 20.3%, 74.5% and 5.2%
for the intervention group respectively.

Exploratory outcomes
An exploratory analysis was performed to assess the effects of weight
loss: data were treated as a cohort and categorized into two groups
according to weight loss or weight gain during the study. The pro-
portion of participants who lost weight was not statistically different
between the intervention and control arm (Supplementary Table 4).
Women who lost weight (154 of 389; 39.6%) had a higher BMI at
enrollment (37.05 kgm™(6.29) versus 34.58 kgm™(6.22); $2.19 kg (95%
C10.93,3.50; P=0.001) and were more likely to be taking metformin
(OR2.25(95%Cl1.16,4.38); P= 0.017) at 36 weeks (Table 4). Womenwho

lost weight had a mean weight change of -3.01 kg (3.60) from enroll-
ment to 36 weeks gestation compared to +2.75 kg (2.74) inwomen who
gained weight (Table 4).

Weight loss was associated with significantly improved time
in range (80.40% (15.76) versus 71.08% (19.27); 8 6.53% (95% C1 2.06,
11.02); P=0.004), continuous glucose monitoring (CGM) mean glucose
(5.63 mmol I (0.68) versus 5.94 mmol I (0.86); —0.22 mmol I (95%
CI1-0.41,-0.02); P=0.028);101.46 mg dI™ (12.16) versus 106.89 mg dI™
(15.41); $-3.92 mg dI™ (95% CI -7.41,-0.43); P= 0.028). Systolic blood
pressure was also significantly reduced in women who lost weight
(116.58 mmHg (12.61) compared t0119.34 mmHg (13.49); f-2.87 mmHg
(95% C1-5.49,-0.25); P=0.032) (Table 4).

Weight loss in late pregnancy was associated with reduced rates
of LGA infants (OR 0.52 (95% C10.29, 0.93); P=0.027; Table 4). Rates
of LGA, AGA and SGA were 22.2%, 72.6% and 5.2% for the weight gain
group and 15.4%, 81.9% and 2.7% for the weight loss group respec-
tively. The number of SGA infants fell within expected limits in both
groups. The effect of weight loss upon LGA appeared to be mediated
throughimprovedglycaemiaat 36 weeks. When the model was adjusted
for maternal time in range at 36 weeks, the association between LGA
and weight loss was no longer significant (OR 0.90 (95% C10.41,1.97);
P=0.787).

Weightlossinlate pregnancy was maintained postnatally, associ-
ated with reduced weight (8 -3.34 kg (95% CI —4.85, -1.82); P< 0.001)
and BMI (8 -1.25 kg m™2(95% CI -1.80, -0.70); P < 0.001) at 3 months
postpartum (Table 4). Weight loss in late pregnancy was associated
withimproved postnatal metabolic healthincluding improved HbAlc
(B -3.64 mmol mol™ (95% Cl-5.70, -1.57); P=0.001; 8 -0.33% (-0.52,
-0.14); P=0.001).

Theassociation between weightloss and CGM time inrange (TIR)
(3.5-6.7 mmol I'"), LGA and postnatal HbAlc was not affected by mater-
nal BMlatenrollment, education, ethnicity, deprivation score, maternal
age or study center (Extended Data Fig. 2).

Participants taking metformin at 36 weeks gestation were more
likely to lose weight (OR 2.01(1.19-3.40; P= 0.009 after adjustment for
trial arm and study center). However, results of the weight loss analy-
sis were consistent in magnitude and direction even after additional
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Table 3 | Secondary outcomes summarized as mean and s.d. or median and IQR

n Control n Intervention Intervention effect P
n=21 n=214 (95%Cl)
Neonatal secondary outcomes
Birth weight (g) 191 3276.45 (442.23) 192 3289.77 (508.51) 11.71 (-73.95, 97.37) 0.79
Birth weight (Intergrowth centile) 190 62.99 (25.67) 192 62.50 (28.02) -070 (-6.13, 4.73) 0.80
Birth weight (GROW centile) 191 4460 (28.07) 192 45.00 (31.02) 0.25 (-5.72, 6.23) 0.94
Large for gestational age (Intergrowth) 190 35(18.42) 192 39(20.31) OR; 1.11(0.66, 1.86) 0.70
NICU admission 191 17 (8.90) 191 23 (12.04) OR; 1.36 (0.69, 2.68) 0.38
Estimated gestation at birth (weeks) 192 38.45 (1.27) 192 38.42 (1.31) -0.02 (-0.28, 0.23) 0.86
Cord blood C-peptide (umoll™) 54 300.96 (211.18) 44 234.59 (189.82) -61.68 (-142.38, 19.02) 0.13
Maternal secondary outcomes
Cesarean section 21 98 (46.45) 214 84 (39.25) OR; 0.74 (0.50, 1.09) 013
Metformin at 36 weeks 157 48 (30.57) 153 40 (26.14) OR; 1.07 (0.58, 2.00) 0.82
Short-acting insulin at 36 weeks 157 24 (15.29) 153 17 (11.11) OR; 0.43 (0.17,1.08) 0.07
Long-acting insulin at 36 weeks 158 62 (39.24) 153 42 (27.45) OR; 0.36 (0.18, 0.70) 0.003
TIR (3.5-6.7mmoll™) at 36 weeks (%) 12 75.32(18.81) 15 74.93 (18.55) -1.69 (-6.05, 2.66) 0.45
81.04 (64.52-88.89) 78.66 (65.67-87.62)
TIR (3.5-7.8 mmoll™) at 36 weeks (%) 12 90.15 (11.36) 115 89.64 (10.03) -0.23 (-2.78-2.31) 0.86
94.24 (86.97-97.14) 92.82(85.83-96.53)
CGM mean glucose at 36 weeks 12 5.81(0.81) 15 5.79 (0.79) 0.06 (-0.13, 0.25) 0.55
(mmoll™)
CGM mean glucose at 36 weeks 112 104.70 (14.63) 15 104.25 (14.18) -1.02(-2.39, 4.44) 0.55
(mgdl™)
Systolic blood pressure (mmHg) 155 118.36 (13.18) 165 117.90 (13.22) -0.96 (-3.50, 1.58) 0.46
Diastolic blood pressure (mmHg) 155 70.92 (10.00) 165 72.40 (10.50) 0.77 (-1.27,2.81) 0.46
Maternal outcomes at 3months postnatally
HbA1c (mmolmol™) 36 36.55 (4.62) 27 36.99 (3.30) -2.36 (-4.46, -0.26) 0.029
Change in HbAlc (mmol mol™) 36 0.36 (5.8) 27 -0.67 (3.41) -1.8(-4.62,1.02) 0.21
Baseline HbA1c (mmol mol™) 36 38.7(6.1) 27 38.9 (4.0)
40.0 (34.5-42.0) 40.0 (35.0-42.0)
Postnatal HbA1c (mmolmol™) 36 391(5.8) 27 38.2(2.6)
40.0(36.5-42.0) 37.0 (37.0-40.0)
HbA1c (%) 36 5.50 (0.42) 27 5.54(0.30) -0.22 (-0.41,-0.02) 0.029
Change in HbA1c (%) 36 0.03 (-2.01,1.28) 27 -0.06 (-0.64, 0.55) -0.16 (-0.42, 0.09) 0.21
Baseline HbA1c (%) 36 5.69 (0.6) 27 5.71(0.4)
5.8 (5.3-6.0) 5.8 (5.4-6.0)
Postnatal HbA1c (%) 36 572 (0.5) 27 5.65 (0.2)
5.8 (5.5-6.0) 5.5 (5.5-5.8)
TIR (3.9-10.0mmoll™) (%) 98 97.22 (5.11) 99 97.39 (4.73) 0.20 (-1.31,1.71) 0.80
99.02 (97.45-99.73) 98.70 (96.81-99.77)
CGM mean glucose (mmoll™) 98 6.19 (0.71) 99 6.36 (0.77) 0.19 (-0.02, 0.41) 0.08
CGM mean glucose (mgdl™) 98 111.56 (12.79) 99 114.58 (13.91) 3.49 (-0.37,7.34) 0.08
Maternal weight (kg) 126 88.30 (18.67) 135 86.95 (18.31) -0.45 (-1.89, 0.99) 0.54
Maternal BMI (kg m™) 126 32.91(6.09) 135 32.50 (6.27) -0.13 (-0.66, 0.41) 0.64
Systolic blood pressure (mmHg) 119 118.56 (13.65) 128 11914 (13.42) 0.50 (-2.60, 3.60) 0.75
Diastolic blood pressure (mmHg) 119 80.51(11.96) 128 79.59 (13.87) -1.58 (-4.68, 1.52) 0.32
Safety outcomes
Small for gestational age (Intergrowth) 190 7(3.68) 192 10(5.21)
Stillbirth 21 1(0.47) 214 0(0.00)
Neonatal death 21 1(0.47) 214 0(0.00)
Maternal death 21 1(0.47) 214 0(0.00)
Congenital anomaly® 191 1(0.47) 192 2(1.04)

For continuous outcomes, intervention effect is the baseline (where available)-adjusted difference in mean outcome between intervention and control groups, estimated from a linear
regression model that also includes study center. For binary outcomes, intervention effect is the OR comparing intervention versus control groups, estimated from a logistic regression
model that also includes study center. Only prespecified secondary analyses have regression results included; other results are given for context only. For HbA1c, although 147 participants
had HbA1c measured at baseline (Table 1) and 249 at visit 4, only 63 participants had samples taken at both timepoints, antenatally and postnatally at 3months, on account of sampling
challenges during the COVID-19 pandemic. Results below show baseline and 3-month Hbalc data for participants tested at both timepoints. Median and IQR are shown in bold. GROW,
gestation-related optimal weight centiles. *In the control group: congenital hemangioma. In the intervention group: (1) 5-mm cyst in the perivascular space adjacent to the left lateral

ventricle and (2) bilateral blepharoptosis.
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Intervention ! Control Characteristics with%g% Cl  Pinteraction
42/153 62/158 Overall B 0.36 (0.18, 0.70)

6/35 9/31 BMI 25-30 kg m™ =] 0.50 (0.1, 2.18)

36/118 53/127 BMI >30 kg m2 B 0.34 (0.16, 0.71) 0.64
16/72 39/80 Education—no degree =] 0.20 (0.08, 0.55)

26/81 23/79 Degree = 0.60 (0.24, 1.46) 0.1
32/122 51121 Ethnicity—white B 0.33(0.15, 0.71)

10/31 1/37 Other ethnicity B 0.49 (0.13,1.83) 0.61
5/17 13/29 Deprivation score IMD decile 1-3 s 0.20 (0.03, 1.46)

10/40 13/4 IMD decile 4-6 2] 0.41(0.11,1.56) 0.55
26/91 33/83 IMD decile 7-10 = 0.42(0.17,1.01) 0.51
26/100 37/101 Maternal age <35 years &) 0.48 (0.21,1.09)

16/53 25/57 Maternal age >35 years = 0.22 (0.07, 0.68) 0.27
26/90 33/90 Study center—Cambridge )| 0.41(0.18, 0.97)

16/63 29/68 Other centers = 0.28 (0.10, 0.77) 0.56

Fig. 2| Interaction of maternal characteristics on the effect of the intervention
on the requirement for long-acting insulin. Post hoc subgroup analysis

to determine the interaction effect of participant characteristics on the
effectiveness of the intervention for the requirement of long-acting insulin.
Subgroup analyses were conducted for maternal baseline BMI, education,
ethnicity, socioeconomic status, maternal age and study center. Estimated effect

Favors intervention

O.‘Q 014 1.6 2.‘0

Favors control

sizes were calculated using unadjusted logistic regression and are shown as ORs
for each subgroup with 95% Cls. Interaction P values (Pinteractions > 0.05 for all
subgroups) indicate no statistically significant interaction with any subgroup.
IMD, Index of Multiple Deprivation. n represents the number of participants with
that characteristic out of the total number of participants in that trial arm that
required long-acting insulin.

adjustment for metformin use. After adjustment for metformin use
at 36 weeks gestation in addition to study center and trial arm, par-
ticipants in the weight loss group had evidence of reduced infant
LGA (OR 0.48 (95% CI 0.24, 0.95); P=0.034), reduced maternal sys-
tolic blood pressure (8 -3.00 mmHg (95% CI -5.75, -0.25); P=0.033),
reduced maternal mean CGM glucose (inmg dI™: -3.94 mg dI™* (95%
Cl-7.63--0.25); P=0.037; inmmol I™: $-0.22 mmol I (95% C1 -0.42,
-0.01; P=0.037), increased maternal TIR at 36 weeks (8 6.22% (95% Cl
1.47,10.97); P=0.011) and reduced postnatal HbAlc (in mmol mol™:
-3.78 mmol mol™(95% C1-6.54,-1.010; P= 0.009).

The timescales of changes in weight status, CGM TIR and aver-
age glucose, and postnatal HbAlc at each study timepoint between
women who lost weight versus women who gained weight are shown
inExtended Data Fig. 3.

Sensitivity analyses

Adjustments for gestational age at birth, multiple imputation and
maternal dietary adherence did not alter the neonatal primary out-
come (Extended Data Tables 5-7).

Post hoc analyses

AsHbAIcat enrollment and postnatally was available only on asubset
of participants due to COVID-19 restrictions, we assessed if this sub-
set was representative of the larger cohort (Supplementary Table 5).
Participants with an HbAlc at both timepoints were not statistically
different to other participants in terms of maternal age, BMI, ethnicity,
parity, baseline HbAlc (where available), oral glucose tolerance test
(OGTT) results or baseline CGM metrics. However, they were more
likely to have adegree (56% versus 46%), less likely to be a smoker (3%
versus12%), more likely to be diagnosed earlier (mean 20.5 versus 23.3
weeks) and more likely to be taking long-acting insulin at enrollment
(40% versus 21%).

We compared groups that were categorized according to the
presence of weight gain (>1 kg weight change), weight stability (1 kg
in weight change) and weight loss (>1 kg weight loss) from enroll-
ment to 36 weeks gestation (Supplementary Table 6). Compared to
the weight-stable group, weight loss was associated with improved

glycaemia antenatally and postnatally, and a lower likelihood of
LGA infants.

Discussion

In women with gestational diabetes with a BMI > 25 kg m™, provision
of an energy-restricted diet reduced the requirement for long-acting
insulin. The difference in the energy content of the diets between the
randomized groups was insufficient to bring about a significant differ-
enceinweighttrajectories, and the primary maternal and neonatal out-
comes did not differ. However, 40% of the whole cohort lost weight with
no increase in adverse events. On secondary analysis, weight loss (an
average of 3 kg or 3%) in late pregnancy was associated withimproved
maternal glycaemia antenatally and postnatally, reduced systolic blood
pressure and reduced LGA infants. Modest weight loss in late pregnancy
appeared safe in gestational diabetes.

Conventional dietary approaches togestational diabetes, although
burdensome for the patient, do not consistently offer improvements
uponglycaemiaand pregnancy outcomes. Multiple small studies have
assessed different diets in gestational diabetes, usually through the
provision of tailored dietary advice, but have had low statistical power
to examine pregnancy outcomes. Although a reduced carbohydrate
diet'"” or reduced glycaemic index diet*" is widely recommended
for clinical care in gestational diabetes, the evidence base for these
recommendationsis limited. For example, Yamamoto and colleagues®
used a meta-analysis to assess the effects of a low-carbohydrate diet
(2018; three studies; total n =194) or low-glycaemic-index diet (four
studies; n =304) on glycaemia and infant birth-weight outcomes. A
low-glycaemicindex diet was associated with 0.3 mmol I (5.3 mg dI™)
and a 0.4 mmol I (7.1 mg dI™) reduction in fasting and postprandial
glucose respectively (n=195) while a low-carbohydrate diet showed
no significant effect on fasting or postprandial glycaemia. Neither
low-carbohydrate nor low-glycaemic-index diets aloneimproved birth
weight or reduced medication requirements, but pooled analysis
showed thatany dietaryintervention was associated with reduced med-
icationrequirements (15 studies; 1,023 patients) and a-170 greduction
in birth weight but no effect on LGA infants (16 studies; 441 patients).
Hernandez et al.” examined a conventional lower-carbohydrate diet
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Table 4 | Effects of weight loss in pregnancy on maternal glycemia and pregnancy outcomes, with results summarized as
mean and s.d. or median and IQR

n No weight loss n Weight loss Regression coefficients P
n=235 n=154 and odds ratios
(95% CI)
Maternal age (years) 235 32.62(5.13) 154 33.64 (4.74) 1.07 (0.03, 2.10) 0.05
BMI (kg m™) 254 34.58 (6.22) 154 37.05 (6.29) 219 (0.93, 3.46) 0.001
Weight at enrollment (kg) 234 92.28 (19.31) 154 99.85 (20.00) 6.68 (2.70,10.66) 0.001
Self-reported ethnicity 235 154
White 166 (70.64) 136 (88.31) <0.001
Asian 57 (24.26) 1(714)
Black 10 (4.26) 6(3.90)
Other ethnic groups 2(0.85) 1(0.65)
Primiparous 214 80(37.38) 149 51(34.23) OR; 0.88 (0.56, 1.38) 0.58
Gestational weight gain pre-enrollment (kg) 234 3.97 (5.63) 154 3.88 (6.31) -0.31(-1.52, 0.91) 0.62
Maternal education (>degree) 235 114 (48.51) 154 77 (50.00) OR; 110 (0.72,1.68) 0.66
Index of multiple deprivation decile 228 6.63 (2.46) 150 6.70 (2.35) 0.21(-0.27, 0.69) 0.39
Gestational diabetes in previous pregnancy 234 74 (31.62) 154 37(24.03) 0.68 (0.42,1.10) 0.12
Neonatal primary outcome
Standardized birth weight (Intergrowth) 212 0.51(0.99) 149 0.38(0.89) -0.16 (-0.37, 0.04) on
0.54 (-0.06-1.17) 0.36 (-0.21-0.96)
Birth weight (g) 213 3,302.59 (471.37) 149  3,269.59 (447.63) -41.47 (-140.38, 57.44) 0.41
Birth weight (Intergrowth centile) 212 64.59 (27.29) 149 60.91(25.58) -4.49 (-10.19,1.22) 0.12
Neonatal secondary outcomes
Large for gestational age (Intergrowth) 212 47(2217) 149 23 (15.44) OR; 0.52 (0.29, 0.93) 0.027
Large for gestational age (GROW) 212 20(9.39) 149 9(6.04) OR; 0.54 (0.23,1.30) 0.16
NICU admission 213 21(9.86) 149 13 (8.72) OR; 0.80(0.38,1.73) 0.58
Estimated gestational age at birth (weeks) 214 38.4(1.3) 149 38.6(1.3) 0.20 (-0.07,0.47) 0.15
Cord blood C-peptide (umoll™) 52 291.7 (226.1) 45 2476 (176.2) -39.56 (-121.60, 42.48) 0.34
Maternal primary outcome
Weight change (kg) 234 275 (2.74) 154 -3.01(3.60)
2.10(110-3.60) -1.90 (-3.30-1.00)
Weight at 36 weeks (kg) 234 95.14 (19.87) 154 96.85 (19.28)
Maternal pregnancy outcomes
Cesarean section 235 107 (45.53) 154 62 (40.26) OR; 0.77 (0.50, 1.18) 0.23
Metformin at 36 weeks 184 41(22.28) 121 45 (3719) OR; 2.25 (1.16, 4.38) 0.017
Short-acting insulin at 36 weeks 184 29 (15.76) 121 12 (9.92) OR; 0.91(0.36, 2.30) 0.84
Long-acting insulin at 36 weeks 184 69 (37.50) 122 35 (28.69) OR; 0.82(0.43,1.58) 0.55
TIR (3.5-6.7mmol |") at 36 weeks (%) 129 71.08 (19.27) 95 80.40 (15.76) 6.53(2.06, 11.02) 0.004
76.79 (60.13-85.07) 84.92(72.92-92.19)
TIR (3.5-7.8 mmol ") at 36 weeks (%) 129 87.36 (12.20) 95 93.20 (712) 413 (1.52t0 6.75) 0.002
91.05(84.30-95.44) 95.83(90.86-97.78)
CGM mean glucose at 36 weeks (mol[-") 129 5.93 (0.86) 95 5.63 (0.68) -0.22 (-0.41,-0.02) 0.028
CGM mean glucose at 36 weeks (mgdl-') 129 106.89 (15.41) 95 101.46 (12.16) -3.92 (-7.41,-0.43) 0.028
Systolic blood pressure (mmHg) 189 119.34 (13.49) 128 116.58 (12.61) -2.87 (-5.49, -0.25) 0.032
Diastolic blood pressure (mmHg) 189 72.35(10.34) 128 70.88 (10.05) -1.44 (-3.54, 0.66) 0.18
Maternal postnatal outcomes at 3 months
HbA1c (mmolmol™) 132 3716 (4.36) 105 36.30(3.50) -3.64(-5.70, -1.57) 0.001
HbA1c (%) 132 5.55 (0.40) 105 5.47 (0.32) -0.33 (-0.52, -0.14) 0.001
TIR (3.9-10.0mmoll™) (%) 103 96.74 (5.96) 85 97.92(3.35) 0.92(-0.67,2.52) 0.26
98.95 (96.25-99.73) 98.86 (97.73-99.78)
CGM mean glucose (mmoll™) 103 6.32(0.81) 85 6.22(0.66) -0.06 (-2.78, 0.17) 0.63
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Table 4 (continued) | Effects of weight loss in pregnancy on maternal glycemia and pregnancy outcomes, with results

summarized as mean and s.d. or median and IQR

n No weight loss n Weight loss Regression coefficients P
n=235 n=154 and odds ratios
(95% CI)

CGM mean glucose (mgdl™) 103 113.89 (14.62) 85 112.01(11.81) -1.00 (-5.01, 3.02) 0.63

Maternal weight (kg) 142 85.60 (19.07) 108 90.70 (17.76) -3.34 (-4.85, -1.82) <0.001

Maternal weight change from enrollment 142 -4.42 (5.55) 108 -8.06 (6.02) -3.35(-4.86, -1.85) <0.001
to 3 months postnatal

Maternal weight change from 36 weeks 142 -7.00 (5.31) 108 -5.22(6.19) 1.81(0.35, 3.27) 0.015
pregnancy to 3 months postnatal

Maternal BMI (kg m™) 142 32.22 (6.47) 108 33.41(5.95) -1.25 (-1.80, -0.70) <0.001

Systolic blood pressure (mmHg) 132 118.96 (14.36) 104 118.45 (13.11) 0.56 (-2.72, 3.85) 0.74

Diastolic blood pressure (mmHg) 132 80.19 (13.05) 104 79.39 (12.96) 0.72 (-2.53, 3.97) 0.66
Safety outcomes

Small for gestational age (Intergrowth) 212 11(5.19) 149 4(2.68)

Stillbirth 235 0.00 (0.00) 154 0.00 (0.00)

Neonatal death 235 0.00 (0.00) 154 0.00 (0.00)

Maternal death 235 0.00 (0.00) 154 0.00 (0.00)

Congenital anomaly?® 213 1(0.47) 149 1(0.67)

For continuous outcomes, effect measure is the baseline (where available)-adjusted difference in mean outcome between ‘No weight loss’ and ‘Weight loss’ groups, estimated from a linear
regression model that also includes study center. For binary outcomes, effect measure is the OR comparing ‘No weight loss’ and ‘Weight loss’ groups, estimated from a logistic regression
model that also includes study center. The number of subjects in this analysis (1=389) is smaller than that given in Table 3. Participants could not be included if they had no data for weight at
36 weeks. Outcomes that ended the pregnancy before 36 weeks could not be included, such as stillbirth, neonatal death and maternal death. Median and IQR are shown in bold. °In the no

weight loss group: bilateral blepharoptosis. In the weight loss group: congenital hemangioma.

(40%) with higher fat (45%) against a complex-carbohydrate (60%)
and lower-fat (25%) diet but did not see any difference in weight
gain or TIR between these two diets”. Mijatovic et al." showed that
alower-carbohydrate diet in gestational diabetes did not improve
average glucose concentration or HbAlclevels. Our datasuggest that
restricting energy content could provide a new dietary approach
to gestational diabetes. However, our results suggest that modest
weight loss is more likely to improve pregnancy outcomes compared
torestricting gestational weight gain alone. Our results demonstrate
that weightloss (an average of 3% or 3 kg) was associated withimproved
antenatal and postnatal glycaemia (0.3 mmol I" (5 mg dI™)), improve-
mentinmean CGMglucose, 7% improvementin TIR at 36 weeks (range
3.5-6.7 mmol I%;63-140 mg dI™"), reduced postnatal HbAlcand areduc-
tion in LGA. As our study population received a low-glycaemic-index
dietwith40% energy from carbohydrate, our results suggest that even
with optimal dietary composition, energy restriction or weightloss pro-
vides additional benefits to mothers and infants. Our datais consistent
with recent work by Johansson and colleagues'’, which identified that
reduced gestational weight gain, or even weight loss, could improve
outcomes in pregnant women with obesity. Our study demonstrates
thatareduced-energy diet was associated with areduced requirement
forlong-acting insulin. This effect may be mediated directly by reduced
energy intakeitself or may beindirectly related to reduced portionsize
at dinner time, reduced insulin resistance or reduced carbohydrate
intake. Future work will aim to clarify the main drivers of this effect.
Although our work demonstrated that a reduced-energy diet is
safe and feasible in pregnancy, the optimal method for promoting
weightlossinroutine clinical care needs further exploration. While the
dietboxes have beenasuccessfuland acceptable method of delivery of
blinded research diets, provision of anenergy-restricted diet alone was
insufficient to promote significant weight loss in pregnancy, perhaps
due to adherence or insufficient energy difference between arms.
Tsirouand colleagues” used a diet and exercise intervention but did not
achieve weightloss (n = 43), with noresulting differences in pregnancy
outcomes. Rae and colleagues'® provided personalized dietary advice
butidentified nobenefitstoa30% energy restrictionin 124 women with

gestational diabetes. A more intensive approach was used by Magee
etal.””, who admitted women for aweek to promote weight loss. Their
results demonstrated improvements in glycaemia and insulin resist-
ance, but thisis not feasible for widespread use. However, Hodson and
colleagues® delivered a successful weight reduction program in 14
pregnantwomen with gestational diabetes using dietary advice, which
was feasibleina healthcare setting and well tolerated by participants.

Our work has several clinical implications. Energy restriction
reduced insulin requirements and improved postnatal glycaemia, with
further benefits on LGA rates for women who lost weight. These are
important outcomes for patients and clinicians, which are not consist-
ently improved by conventional dietary management of gestational
diabetes. Weight loss (an average of 3 kg or 3%) in women with gesta-
tional diabetes was associated with improved antenatal glycaemia,
with an improvement in TIR at 36 weeks of 7% and 4%, using ranges
3.5-6.7 mmol I (63-120 mg dI™) and 3.5-7.8 mmol I (63-140 mg dI™)
respectively. The magnitude of this benefit cannot easily be compared
to other studies, since few other interventions have demonstrated
efficacy to improve CGM metrics in gestational diabetes?. Our data
showinga4to7%improvementin TIR are consistent withreports from
other populations showing that a 5% improvementin TIR in pregnancy
is clinically important?. Modest weight loss in late pregnancy was
associated with a significant reduction in LGA infants, importantly
with no increase in SGA infants. Prevention of LGA infants is likely to
improve delivery outcomes but may also have life-long benefits, as
LGAininfancyisassociated with anincreased risk of childhood obesity
with accompanying increased cardiovascular and metabolic risk*>**,
Previous work has yielded conflicting results regarding SGA infants.
Xie and colleagues’ identified that women with gestational diabetes
with gestational weight gain below the Institute of Medicine target
ranges had higher rates of SGA infants but Wilkins and coworkers"
identified no increase in SGA infants in a similar cohort. SGA rates in
infants in this cohort were within expected limits, regardless of trial
arm or the presence of weight loss. The longer-term effects of weight
loss in pregnancy upon child growth to 3 years of age will be assessed
in the DiGest follow-up study®.
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Preventing postnatal type 2 diabetes after gestational diabetes
is crucial, particularly in view of the high risk of complications and
early mortality in women with early onset type 2 diabetes®. Recent
work has identified a 10-times increase in risk of type 2 diabetes in
women with a history of gestational diabetes”. Our datademonstrate
thatinterventions toaddress maternal weightin pregnancy may yield
benefits upon postnatal HbAlc. In our study, a reduced-energy diet
was associated with a reduction in postnatal HbAlc. Results of the
exploratory analysis of weight loss suggest that further benefits upon
postnatal HbAlc may be achieved by weight loss in pregnancy. Partici-
pantswho lost 3 kg or 3% of weight in late pregnancy reduced postnatal
HbAlcby 3.6 mmol mol™(0.33%). The magnitude of this effect is similar
to that seen in people with type 2 diabetes, where there was a mean
HbAIlc reduction of 0.1% for each 1-kg weight loss?®, suggesting that
long-term weightlossin pregnancy is equally metabolically beneficial
to postnatal weight loss, consistent with work by Lim and colleagues®.
Although many women are motivated to lose weight postnatally, in
practice the new demands of motherhood, sleeplessness, postnatal
depression and reduced income make weight loss very challenging
in the postnatal period. Our study demonstrates that weight loss in
pregnancy is feasible and safe. It was maintained for at least 3 months
postpartum. Longitudinal monitoring during the DiGest follow-up
study (2022-2026) willidentify if weight loss in pregnancy is sustained
for up to 3 years postnatally, reducing rates of type 2 diabetes or pre-
diabetes after gestational diabetes®.

Areduced-energy diet of around 1,200 kcal d ' should be consid-
ered for evidence-based clinical practice internationally for women
withgestational diabetes with a BMI > 25 kg m™. Our study was popular
among women living with obesity, recruited from diverse socioeco-
nomicgroups, highlighting that an energy-restricted dietin pregnancy
isacceptable and achievable to women. Future work should assess if the
potential additional benefits of weight loss can be harnessedinaclini-
cal setting, possibly supported by self-management and educational
programs to promote additional benefitsin the postnatal period. Most
women with gestational diabetes with a BMI > 25 kg m will be able
to safely follow an energy-restricted diet themselves, supported by
the clinical diabetes in pregnancy care team but without additional
medical supervision. Successful and healthy energy restriction in
pregnancy could be achieved using a low-glycaemic-index diet, with
plenty of vegetables, lean protein and some dairy products to ensure
sufficient nutrients are included. Excluding whole food groups such
as carbohydrates should be avoided as low-carbohydrate diets have
notbeen shown to be safe in pregnancy™.

Our study assessed the effect of areduced-energy dietin preg-
nancy inadiverse cohort of women recruited from eight study cent-
ers in the United Kingdom, with the collection of detailed data on
maternal and neonatal outcomes. This study has several limita-
tions. Our study population was more ethnically diverse than the
UK population, but still had relatively small numbers of women from
non-white backgrounds. Studies of dietary interventions typically
use dietary advice as anintervention, preventing blinding of the par-
ticipant or research team. We chose to use awhole-diet intervention
to reduce bias, facilitate blinding and reduce socioeconomic, edu-
cational and cultural barriers to dietary adherence. The diet boxes
also ensured that participants in both arms had access to adequate
micronutrients for safety and allowed consistent macronutrient pro-
visionbetween arms. Werelied on ordering information, food diaries
and patientreport to assess adherence, but did not ask for uneaten
foods to be returned for quantification. However, the study team
contacted the participants weekly via email or telephone to assess
adherence and satisfaction, and compliance to the intervention was
discussed at each study visit. If required, advice was provided by the
study team to boost adherence, such as alternating different study
meals to increase variety or splitting meals into two if they were
struggling with portion size. The baseline BMI of our participants was

higher than expected at 35.7 kg m* Our control diet boxes included
2,000 kcal d™, aligned to standard recommendations for energy
requirements for women in the United Kingdom?, but this may have
beenanunderestimate of energy needs to maintain weight stability
inlate pregnancy for this cohort with arelatively high mean BMI. We
used double-blinding to reduce bias in the study, but this prevented
opportunities for coaching women towards individual weight targets
in the active treatment group. We used maternal weight change as
our primary endpoint, but more sensitive measures of body com-
position may have yielded more information. While we recruited
women as soon as possible after gestational diabetes diagnosis,
most women received around 6 weeks of food in the diet boxes,
which may have been too short a period for meaningful changes in
primary outcomes. CGM metrics were used to assess maternal gly-
caemia antenatally and postnatally; results were masked to clinical
and research teams. Restrictions upon face-to-face hospital attend-
ance resulted in reduced sampling for HbAlc during the COVID-19
pandemic, affecting both baseline and postnatal results and thus
limiting the sample size available for analysis. Subsequent analysis
confirmed the statistical significance of the findings, but they should
beinterpreted cautiously. While these data are likely to be missing
atrandom, women with an earlier diagnosis of gestational diabetes
were more likely to have abaseline HbAlc, presumably because there
was more time available for blood sampling to occur, for example,
to coordinate with an antenatal face-to-face visit or scan. However,
postpartum assessment of glycaemiaincluded both HbAlcand CGM
and will continue until 3 years postnatally in participants continuing
in the follow-up study. Post hoc analysis exploring the interaction
effect of different participant characteristics is also limited by the
small sample size in some of the comparisons.

In conclusion, in women with gestational diabetes with a
BMI > 25 kg m, energy restriction to 1,200 kcal d ' should be consid-
ered in evidence-based guidelines. Energy restriction in pregnancy
was safe and reduced the requirement to start long-acting insulin in
gestational diabetes.

Online content

Any methods, additional references, Nature Research reporting sum-
maries, source data, extended data, supplementary information,
acknowledgements, peer review information; details of author con-
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Methods

Trial oversight

The DiGest trial was arandomized, controlled, double-blind, whole-diet
intervention study with a parallel design conducted in eight hospital
centersin England. The trial design and protocol were published previ-
ously®. The trial was funded by Diabetes UK and supported by a trial
steering committee and data safety monitoring board (Supplementary
Information). CGM equipment was supplied at reduced cost by Dexcom
Inc. The funders had no influence on the design or conduct of the trial
and were not involved in data collection or analysis, in the writing of
the manuscriptorin the decision to submit it for publication. The trial
was conducted inaccordance with the Declaration of Helsinkiand the
protocol was approved by the National Research Ethics Committee,
United Kingdom (reference 18/WM/0191) and the NHS Health Research
Authority (IRAS 242924; ISRCTN 65152174).

The COVID-19 pandemic necessitated several changes to the origi-
nal protocol. The diagnostic criteria for gestational diabetes were
expandedtoinclude the Royal College of Obstetricians and Gynaecolo-
gists interim COVID-19 criteria during 2020-2022 (random glucose
9-11 mmol I or HbAlc 41-47 mmol mol™ at booking; fasting glucose
>5.6 mmol I or HbAlc > 39 mmol mol™ at 28 weeks gestation)®. Study
visits were changed from hospital-based visits to home-based visits
or virtual contacts. Baseline HbAlc results were limited because par-
ticipants did not have this taken routinely during the pandemic. The
postnatal OGTT at 6 weeks postpartum could not be performed and
wasreplaced by CGM and HbAlc at 3 months postpartum. All changes
were madein discussion with thetrial sponsor, trial steering committee
and National Research Ethics Committee.

Study population

Women aged >18 years old with an ultrasound-confirmed singleton
pregnancy, gestational diabetes diagnosed before 30 + 6 weeks gesta-
tionand a BMI > 25 kg m~were recruited to the trial. The diagnosis of
gestational diabetes was based on the criteria of the National Institute
for Healthand Care Excellence (75 gOGTT = 5.6 mmol I (=100 mg dI™)
fasting and 7.8 mmol I (2140 mg dI™) at 2 h; previous gestational
diabetes, with glucometer testing recurrently above targets fasting
>5.3 mmol I fasting and >7.8 mmol I 1 h after meal)**. Treatment of
gestational diabetes in all centers followed the National Institute for
Health and Care Excellence guidelines, offering a period of dietary
change followed by metformin and/or insulin for women with persis-
tent hyperglycemia®*. Women were excluded if they had evidence of
multiple pregnancy or severe congenital abnormality on ultrasound;
had severe pre-existing comorbidities such as renal failure, liver dis-
ease, cardiac failure and psychiatric conditions requiring in-patient
admission; were taking medications at the time of the OGTT that may
have interfered with results (for example, high-dose oral steroids or
immunosuppressants); had complications such as preterm labor,
severeanemiaorintrauterine growthrestriction at gestational diabetes
diagnosis; had HbAlc at diagnosis of gestational diabetes baseline of
>48 mmol mol™; had previously been diagnosed with diabetes; had
specialized dietary requirements (for example, vegan or severe nut
allergy); or had gestational weight loss of >5% comparing prepregnancy
weight and weight at diagnosis.

Trial procedures

The trial design is summarized in Extended Data Fig. 1. Patients were
recruited, had abaseline visitand then were randomized toatrialarm
and followed up at 32- and 36-weeks gestation and 12-weeks postpar-
tum. Writteninformed consent was obtained fromall participants. All
datawasentered into a database system Castor (v.2024.3.1.0).

Randomization
The randomization protocol was designed in advance by one of the
study statisticians (V.F.). The allocations were programmed into the

food ordering website to ensure participants were automatically
randomized while maintaining blinding. Randomization was imple-
mented using the library ‘blockrand’ in the statistical package R. The
randomization was donein permuted blocks of size 6,inal:1ratioand
stratified by center.

Intervention and control

Thediet boxes were developed inassociation with anindustrial partner
(Mayfield Foods Ltd). The diet boxes contain 2,000 kcal d* (control)
or 1,200 kcal d* (reduced-energy intervention) comprising 40% car-
bohydrate, 25% protein and 35% fat. The menu range provided to the
participantsis shownin Supplementary Table 7.

Outcomes

The DiGest trial has two coprimary endpoints: maternal weight change
between enrollment and 36-weeks gestation, and neonatal birth weight,
assessed using neonatal sex-appropriate s.d. scores (SDS), calculated
for weight and length measurements (with adjustment for gestational
ageatbirth) using customized centiles (Intergrowth and Grow UK 1990
growth reference using LMSgrowth software)**,

Secondary maternal outcomes include maternal weight, BMI,
glycaemia (using CGM metrics as per the international TIR consensus
recommendations)”, HbAlc, cardiometabolic health (blood pressure,
lipids, fasting insulin, fasting glucose), maternal food choice and eat-
ing behavior, quality of life, treatments administered for gestational
diabetes and birth modality/complications.

Secondary neonatal outcomesinclude gestational age at delivery,
pretermdelivery (<37 weeks), LGA or SGA, cord blood C-peptide, admis-
sion to the NICU, neonatal jaundice requiring phototherapy, Apgar
scores, anthropometry, neonatal hypoglycemic (defined as a capillary
glucose <2.6 mmol I on one or more occasions within the first 48 h
of life, starting at least 30 min after birth and necessitating treatment
either with40% glucose gel administered to the buccal mucosaand/or
withintravenous dextrose), neonatal nasogastric feeding and feeding
type on discharge from hospital. Infant feeding choices and feeding
history will also be examined at 3 months postpartum.

Statistical analysis

Maternal characteristics and study outcomes were described using
mean (s.d.), median (IQR) and n (%) where appropriate. Primary and
secondary outcomes used data sampled at a single timepoint only. In
allanalysis, participants with available datawere included in the group
towhich they wererandomized, regardless of their level of compliance.
With stratification by study center, regression coefficients for linear
or logistic regression, adjusted for baseline values for continuous
outcomes, were used to assess intervention effects for all continuous
or categorical outcomes respectively. The Missing Indicator Method
was used to assess the potential impact of missing data on effect esti-
mation”. Multiple imputation was used to investigate the impact of
missing data on the intervention effect for the primary outcomes,
assuming data were missing at random. Additional analysis was per-
formed to assess theimpact of gestational age at birth and adherence
ontheintervention effect. Safety analysis was performed to compare
rates of SGA stillbirth, maternal death and neonatal death between
groups, and are presented as n (%). Results were considered statisti-
cally significant when P < 0.05. This significance level was considered
appropriate for two coprimary outcomes because each outcome is
tested independently in separate populations, maintaining the overall
typelerrorrate for each population. Analysis was performed in STATA
(v.17.0; StataCorp).

In an exploratory post hoc analysis recommended by the Trial
Steering Committee, regression models were also used to compare
outcomes between participants that lost weight and those who gained
weight, irrespective of intervention assignment. To maintain consist-
ency withthe analysis plan, comparison of participants who lost weight
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with those who gained weight was performed using linear or logistic
regression, with clustering for study center and adjustment for trial arm
and (for continuous variables) the baseline measurement of the variable.

Post hoc subgroup analysis was also performed to assess the inter-
action of intervention effect of maternal BMI at enrollment, education,
ethnicity, deprivation score, maternal age and study center on require-
ment for long-acting insulin. These interactions were also analyzed for
the effect of weight loss on CGM TIR (3.5-6.7 mmol 1) at 36 weeks, LGA
and postnatal HbAlc.

Sample size calculation

The original sample size was n =500, which provided >90% power to
identifya 0.33 s.d. (1kg) difference in maternal weight change between
groups (maternal primary outcome) and >90% power for identification
of a0.3s.d. (150 g) difference in standardized birth weight (neonatal
primary outcome), allowing for 20% withdrawals, with a significance
level of 5% for each of the two primary outcomes (two-sided). However,
inMay 2022, the data safety monitoring board recommended reducing
thesamplesize to 380 following aninterim analysis after 250 participants
were recruited. Using the data collected to that stage, the probability of
finding the original effect size was calculated to be 0.72 if 380 women
wererecruited and 0.85 for both outcomes if 500 women were recruited.
The data safety monitoring board therefore considered that the trial
should notbe stopped for futility after n =250, but that 380 participants
was sufficient to identify if significant differences were present. These
recommendations were peer reviewed prior to implementation. We
monitored withdrawal rates during the trial prior to the collection of pri-
mary endpoint data (11%) and therefore recruited 428 women to ensure
there was primary outcomeinformation available for 380 pregnancies.

Ethics and inclusion

The protocol was approved by the National Research Ethics Commiittee,
United Kingdom (reference 18/WM/0191) and the NHS Health Research
Authority (IRAS242924;ISRCTN 65152174). Werecruited participants
to this study regardless of age, gender, religion, ethnicity or political
views. This study included pregnant individuals who were assigned
female sex at birth. We did not exclude pregnant people based upon
gender at the time of recruitment. For infants, we collected information
on neonatal sex from medical records.

Reporting summary
Further information on the research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability

To adhere to General Data Protection Regulation (https://gdpr-info.
eu/),datawillnotbe uploadedtoarepositoryinadvance of publication
duetothe potential for subjectidentification. Anonymized individual
participant data is available upon request from the corresponding
author (cm88l@leicester.ac.uk), subject toapproval fromtrial steering
groups and data sharing and processing agreements. The timeframe
for responding to datarequests from the authors is within1 month.

Code availability
Statacodeisavailable for this trial upon request from the correspond-
ingauthor.

References

32. Kusinski, L. C. et al. Dietary intervention in pregnant women
with gestational diabetes; protocol for the DiGest randomised
controlled trial. Nutrients 12, 1165 (2020).

33. Thangaratinam, S S. P, Huda, M. S. B., Murphy, H. R. & Williamson, C.
Guidance for Maternal Medicine Services in the Coronavirus
(COVID-19) Pandemic (Royal College of Obstetricians &
Gynaecologists, 2020).

34. National Institute for Health and Care Excellence. Diabetes in
pregnancy: management from preconception to the postnatal
period. NICE www.nice.org.uk/guidance/ng3 (2020).

35. Villar, J. et al. International standards for newborn weight, length,
and head circumference by gestational age and sex: the Newborn
Cross-Sectional Study of the INTERGROWTH-21st Project. Lancet
384, 857-868 (2014).

36. Gardosi, J., Chang, A., Kalyan, B., Sahota, D. & Symonds, E. M.
Customised antenatal growth charts. Lancet 339, 283-287
(1992).

37. White, I. R. & Thompson, S. G. Adjusting for partially missing
baseline measurements in randomized trials. Stat. Med. 24,
993-1007 (2005).

Acknowledgements

We would like to thank the people who participated in this trial and
members of the DiGest Trial Management Group. This research

was supported by the National Institute for Health Research (NIHR)
Cambridge Biomedical Research Centre (BRC), the Core Biochemical
Assay Laboratory (CBAL) and the Core Metabolomic and Lipidomic
Laboratory (CMAL). It was also supported by the Leicester Biomedical
Research Centre, Leicester Diabetes Centre, University of Leicester.
K.R., L.M.O.G. and E.D.R.L. are supported by the NIHR Cambridge
Biomedical Research Centre (NIHR203312). The views expressed

are those of the authors and not necessarily those of the NIHR or the
Department of Health and Social Care. The DiGest clinical research
trial was funded by Diabetes UK through a Harry Keen Intermediate
Clinical Fellowship to C.L.M. (17/0005712; ISRCTN number 65152174).
C.L.M. is also supported by the European Foundation for the Study

of Diabetes—Novo Nordisk Foundation Future Leaders’ Award
(NNF19SA058974). Dexcom provided the research support and
equipment for this study.

Author contributions

Funding of this study was obtained by C.L.M., and as such she is
the guarantor for the data outlined in this clinical trial. C.L.M. was
responsible for the conceptualization, design and methodology,
data analysis and wrote and revised the report. C.L.M. has had full
access to all the data and takes responsibility for the data integrity
and the interpretation of the findings. L.C.K. had oversight of study
coordination, database management, data analysis and writing

of the final report. D.J. assisted with study coordination, database
management, data analysis and writing of the final report. L.C.K.,
D.J., S.S. and ET. were responsible for participant recruitment,
data collection and sample processing at their respective hospital
sites. L.M.O.G., K.R. and E.D.L.R. were responsible for the design
and data collection of the dietary assessment, physical activity and
body composition aspects of the trial. N.A., S.J.S. and V.F. provided
statistical analysis. H.R.M. and R.T. were both on the trial steering
committee and provided critical input throughout the study. All
authors reviewed and approved the paper. For the purpose of open
access, the author has applied a Creative Commons Attribution
(CC BY) licence to any Author Accepted Manuscript version arising
from this submission.

Competing interests
The authors declare no competing interests.

Additional information
Extended data is available for this paper at
https://doi.org/10.1038/s41591-024-03356-1.

Supplementary Information The online version
contains supplementary material available at
https://doi.org/10.1038/s41591-024-03356-1.

Nature Medicine


http://www.nature.com/naturemedicine
https://www.isrctn.com/ISRCTN65152174
https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fgdpr-info.eu%2F&data=05%7C02%7CDanielle.Jones%40mrc-epid.cam.ac.uk%7Caa1c1e0f81324b4b308108dcdecd2c54%7C49a50445bdfa4b79ade3547b4f3986e9%7C1%7C0%7C638630220029024623%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C0%7C%7C%7C&sdata=4Ph0uj1UB%2BQsLDinNZ4ezVdi6FUAltzEzmPc%2BcROlEU%3D&reserved=0
https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fgdpr-info.eu%2F&data=05%7C02%7CDanielle.Jones%40mrc-epid.cam.ac.uk%7Caa1c1e0f81324b4b308108dcdecd2c54%7C49a50445bdfa4b79ade3547b4f3986e9%7C1%7C0%7C638630220029024623%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C0%7C%7C%7C&sdata=4Ph0uj1UB%2BQsLDinNZ4ezVdi6FUAltzEzmPc%2BcROlEU%3D&reserved=0
http://www.nice.org.uk/guidance/ng3
https://www.isrctn.com/ISRCTN65152174
https://doi.org/10.1038/s41591-024-03356-1
https://doi.org/10.1038/s41591-024-03356-1

Article https://doi.org/10.1038/s41591-024-03356-1

Correspondence and requests for materials should be addressed to peer review of this work. Primary Handling Editor: Sonia Muliyil,
Claire L. Meek. in collaboration with the Nature Medicine team.

Peer review information Nature Medicine thanks Mireille van Poppel Reprints and permissions information is available at

and the other, anonymous, reviewer(s) for their contribution to the www.nature.com/reprints.

Nature Medicine


http://www.nature.com/naturemedicine
http://www.nature.com/reprints

Article https://doi.org/10.1038/s41591-024-03356-1

24-28 weeks: Women referred for OGTT. Information sent about the study in advance | D . vt £
iGest
. &

27-29 weeks: Research midwife/ nurse approaches women diagnosed with GDM — verbal and
written explanation of study & invitation to participate

A 2

28-30 weeks: Study Visit 1 (baseline/ randomisation)
Eligibility confirmed; written informed consent obtained. Medical, obstetric & family history
taken. Procedures:

« Baseline anthropometry; blood pressure

¢ Fasting blood testing

¢ 2 weeks masked CGM with 3-day food diary

* Participants given Bluetooth weighing scales on loan

DECLINED
¥ Routine ANC

¢ Questionnaires (TFEQ-18, EQ5D5L, INTAKE24 etc) & discussion of dietary DECLINED
b
preferences Routine ANC
¢ Randomisation to standard energy or reduced energy diet boxes
* First diet box ordered to start 1-2 weeks later.
Weeks 30-32: Weeks 30-32:
Reduced calorie diet box started Standard calorie diet box started
v v
Monitoring period
Regular telephone contact with participants. Satisfaction with the diet box assessed, and meal
choices tailored to participant’s preferences.
Regular weight measurements (twice per week) sent by participants using Bluetooth weighing
scales.
Standard GDM care given at the ANC with urinalysis & ultrasound as per local protocols WITHDRAWAL
Extra study visits if concerns about maternal weight, fetal growth or excessive hunger. | Routine ANC
v v Diet boxes stopped.
32 weeks: Study Visit 2 Participant invited to
* Measurement of weight and blood pressure Fontlnue study visits
* 2 weeks masked CGM with 3 day food diary if able. Reasons for

withdrawal and any
safety concerns will
be documented.

* Discussion about voluntary procedures: sampling of cord blood, sampling amniotic  |—p!
fluid, placenta sampling, neonatal anthropometry or neonatal body composition
(consent to be signed at 36w).
36 weeks: Study Visit 3
* Measurement of anthropometry; blood pressure
* Fasting blood tests & 2 weeks masked CGM with 3 day food diary
* Questionnaires (TFEQ-18, EQ5D5L, INTAKE24)
v v
Delivery: diet boxes stop. Information collected about delivery, birth weight & neonatal health.
Voluntary procedures may take place depending upon facilities at the study site and time of
delivery: sampling of cord blood, placenta, neonatal anthropometry or body composition.
Women encouraged to continue to weigh themselves using Bluetooth weighing scales.

e —— R —
¥

Postpartum 12 weeks: Study Visit 4

¢ Measurement of anthropometry, 2 weeks masked CGM with 3 day food diary

* 75g oral glucose tolerance test (replaces postnatal clinical visit for glucose/ HbA1c testing)
¢ Urinalysis

* DXA scanning for maternal body composition where local facilities exist for this.

* ADP-PEA Pod body composition measures where local facilities exist for this.

* Questionnaires (TFEQ-18, EQ5D5L, INTAKE24)

Extended DataFig. 1| The design of the DiGest randomized controlled trial*>. Overview of the study protocol detailing study recruitment process, study timeline
and the measurements taken at each study visit.
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Extended Data Fig. 2 | See next page for caption.

Decreased postnatal
HbA1c with weight loss

Increased postnatal
HbA1c with weight loss
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Extended Data Fig. 2| Post-hoc subgroup analyses to determine interaction
effect of participant characteristics on the association between weight loss
and pregnancy outcomes. Subgroup analyses were conducted for baseline
BMI, education, ethnicity, socioeconomic status, maternal age, and study centre
upon (a) Associations between weight loss upon CGM TIR (3.5-6.7 mmol/L)

at 36 weeks. (b) Associations between weight loss and LGA (Intergrowth) in
offspring. (c) Associations between weight loss and HbAlc (mmol/mol) at

3 months postnatally. Estimated effect sizes were calculated using unadjusted
logistic regression for categorical outcomes and unadjusted linear regression

for continuous outcomes. Effect sizes are shown as odds ratios or mean
difference for each subgroup with 95% confidence interval. There were no
significantinteractions with the categories of maternal BMI, education, ethnicity,
deprivation, age and study centre across any of the outcomes (p-interaction
>0.05).
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Extended DataFig. 3| Changes in weight status and glycaemic control
inwomen who lost weight versus gained weight from study enrolment
todelivery. (a) Mean (SD) weight status at 29 weeks (n =154;235), 32 weeks
(n=119;173), 36 weeks (n =154;234) gestation, and 3 months postpartum
(n=108;142) is shown between women who lost weight versus gained weight,
respectively. (b) Mean (SD) CGM average glucose (mg/dL) and (c) mean
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(SD) CGM Time in Range (63-120 mg/dL) at 29 weeks (n =137;199), 32 weeks
(n=90;112), 36 weeks (n = 95;129) gestation, and 3 months postpartum

(n =85;103) is shown between women who lost weight versus gained weight,
respectively. (d) Mean (SD) HbAlc (mmol/mol) at 29 weeks (n = 60;75) gestation
and 3 months postpartum (n =105;132) is shown between women who lost
weight versus gained weight, respectively.
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Extended Data Table 1| Characteristics of participants with and without missing data for the primary maternal outcome
summarising key baseline characteristics separately in those with and without missing data for each primary outcome

n No missing endpoint n Missing data for maternal
data primary endpoint
n=390 n=38

Maternal age years 390 33.02 (4.98) 38 33.41 (5.62)
BMI at enrolment kg/m? 390 35.57 (6.35) 38 36.48 (7.25)
Ethnicity 390 38

White ethnicity 304 (77.95) 30 (78.95)

Asian ethnicity 68(17.18) 7 (18.42)

Black ethnicity 16 (4.10) 1(2.63)

Other ethnic groups 3(0.77) -
Primiparous 231 (63.81) 24 19(79.17)
Gestational weight gain pre- 389 4.01 (5.96) 38 3.91 (5.90)
enrolment
Maternal education (>degree) 390 193 (49.23) 38 11 (28.95)
Index of Multiple Deprivation decile 377 6.65 (2.42) 35 5.20(2.63)
Gestational diabetes in previous 389 112 (28.79) 38 11 (28.95)
pregnancy
Smoking 387 40 (10.34) 38 5(13.16)
Gestational age at diagnosis 380 22.70(6.44) 37 24.83(5.57)
Glycaemia at Enrolment
OGTT 0 hr glucose mmol/l 190 4.95 (0.65) 17 5.68 (0.97)
OGTT 2 hr glucose mmol/l 189 8.05 (1.58) 19 8.56 (2.35)
HbA1c mmol/mol 135 38.99 (4.76) 12 39.08 (2.88)
HbA1c % 135 5.72 (0.44) 12 5.73 (0.26)
Mean CGM glucose mmol 337 5.76 (0.74) 25 5.80(1.18)
Mean CGM glucose mg/dl 337 103.86 (13.25) 25 104.44 (21.17)
TIR (3.5-6.7 mmol/l) % 337 77.00 (18.18) 25 78.02 (21.54)

83.26 (71.33-88.98) 86.55(67.01-92.92)
TIR (3.5-7.8 mmol/l) % 337 90.91 (10.46) 25 89.52 (16.62)
94.44 (88.89-97.21) 94.97 (87.78-98.09)

Pregnancy Outcomes
Standardised birthweight 360 0.46 (0.95) 23 0.30 (1.29)
(Intergrowth) 0.45(-0.11-1.07) 0.08 (-0.42-0.94)
Birthweight Intergrowth centile 360 63.15(26.61) 23 56.55 (29.64)
Caesarean section 390 168 (43.08) 38 14 (36.8)
Large for gestational age Intergrowth 360 70 (19.44) 23 4(17.39)
NICU admission 361 34 (9.42) 22 6 (27.27)
Estimated Gestation at birth weeks 362 38.46 (1.29) 23 38.03(1.08)
Cord blood C-peptide umol/l 97 271.23 (204.63) 1 265.00 (-)

Results are presented as mean (SD) or n (%) or median (IQR) in bold as appropriate. CGM: continuous glucose monitoring; NICU: Neonatal intensive care unit; OGTT: oral glucose tolerance
test; TIR: time in range.
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Extended Data Table 2 | Characteristics of participants with and without missing data for primary neonatal outcome

n No missing endpoint n Missing data for neonatal
data primary endpoint
n=383 n=45

Maternal age years 383 33.05 (4.96) 45 33.12 (5.69)
BMI at enrolment kg/m? 383 35.51(6.33) 45 36.79(7.18)
Ethnicity 383 45

White ethnicity 301 (78.59) 33(73.33)

Asian ethnicity 64 (16.71) 10 (22.22)

Black ethnicity 15(3.92) 2(4.44)

Other ethnic groups 3(0.78) 0(-)
Primiparous 383 247 (64.49) 3 3(100.00)
Gestational weight gain pre- 383 3.90 (5.78) 44 4.92 (7.22)
enrolment
Maternal education (>degree) 383 187 (48.83) 45 16 (35.56)
Index of Multiple Deprivation decile 370 6.53 (2.49) 42 6.50 (2.28)
Gestational diabetes in previous 382 110(28.80) 45 13 (28.89)
pregnancy
Gestational age at diagnosis 374 22.74 (6.49) 43 24.21 (5.43)
Glycaemia at Enrolment
OGTT 0 hr glucose mmol/l 182 4.97 (0.66) 25 5.33(0.95)
OGTT 2 hr glucose mmol/l 181 8.05 (1.58) 27 8.43 (2.16)
HbA1c mmol/mol 130 39.15 (4.64) 17 37.82(4.49)
HbA1c % 130 5.73(0.42) 17 5.61(0.41)
Mean CGM glucose mmol 333 5.77 (0.72) 29 5.76 (1.21)
Mean CGM glucose mg/dl 333 103.92 (13.04) 29 103.69 (21.83)
TIR (3.5-6.7 mmol/l) % 333 77.03 (17.86) 29 77.61 (24.15)

82.78 (70.90-89.07) 87.55(81.87-90.43)

TIR (3.5-7.8 mmol/l) % 333 91.00 (10.22) 29 88.73 (17.54)

Pregnancy Outcomes

94.46 (88.79-97.22)

94.62 (91.84-97.72)

Standardised birthweight 383 0.45 (0.97) 0 -
(Intergrowth) 0.43(-0.13-1.07)

Birthweight Intergrowth centile 383 62.76 (26.81) 0 -
Caesarean section 383 180 (47.00) 45 2(4.44)
Large for gestational age Intergrowth 383 74 (19.32) -

NICU admission 381 40 (10.50) 2(100.00)
Estimated Gestational age at birth 383 38.42(1.26) 40.86 (3.84)
weeks

Cord blood C-peptide umol/l 96 265.95 (193.03) 2 521.50 (593.26)

521.50(102.00 - 941.00)

Results are presented as mean (SD) or n (%) or median (IQR) in bold as appropriate. CGM: continuous glucose monitoring; NICU: Neonatal intensive care unit; OGTT: oral glucose tolerance
test; TIR: time in range.
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Extended Data Table 3 | Withdrawals

Odds ratio (95%

Control Intervention cl) p-value

n=211 n=214
Withdrawals
Total Withdrawals 29 (13.74) 30(14.02) 1.03 (0.58, 1.81) 0.92
Main reasons
Did not like the food 9/211 4/214
Hunger 1/211 2/214
Stress 2/211 6/214
High readings 5/211 1/214
Pregnancy related complications 2/211 3/214
Other 9/211 14/214
Maternal death 1/211 0/214
Treatment discontinuation before 28 (13.27) 25(11.68)
delivery
Main reasons
Did not like the food 10/211 4/214
Hunger 1/211 5/214
Stress 3/211 1/214
High readings 2/211 7/214
Pregnancy related complications 3/211 2/214
Other 9/211 6/214

13.8% (59/425) withdrew from the study, lower than the 20% expected a priori. Results are summarised as mean and SD. Differences between intervention and control groups are reported as
odds ratios. Regression models are adjusted for study centre.
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Extended Data Table 4 | Measurement of adherence of the intervention/ control dietboxes

Regression Coefficient

Control Intervention (95% CI)
n=214 n=211

Number of eligible weeks between 10.37(1.80) 10.69 (1.85) -0.26 (-0.60, 0.8) 0.13
enrolment and delivery
Number of eligible weeks 8.95 (1.80) 9.27 (1.85) -0.26 (-0.60, 0.8) 0.13
excluding 10-day period of
baseline data collection
Number of weekly dietboxes 6.15 (3.24) 6.35 (3.29) -0.11 (-0.73, 0.52) 0.73

ordered

Results are summarised as mean and SD. Differences between intervention and control groups are reported as regression coefficients. Regression models are adjusted for study centre and
the gestational age at birth.
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Extended Data Table 5 | Sensitivity analysis 1: (a sensitivity analysis for the primary outcomes was performed including
women with early deliveries, with adjustment for gestational age at delivery)

Preterm delivery

Neonatal Primary
Outcome
Standardised
birthweight
(Intergrowth)

Maternal Primary
Outcome
Weight change kg

Neonatal Secondary
Outcomes

NICU admission

Cord blood C-peptide
umol/L

192

190

190

191

Control

17 (8.85)

0.44 (0.91)
0.40 (-0.09 - 0.97)

0.54 (4.17)
1.15 (-1.20 - 2.50)

17 (8.90)
300.96 (211.18)

n

192

192

198

191
44

Intervention

19 (9.90)

0.45 (1.04)
0.46 (-0.22-1.12)

0.39 (4.23)
0.35 (-1.70 - 2.30)

23 (12.04)
234.59 (189.82)

Intervention effect
(95% CI)

0.00 (-0.19, 0.20)

-0.24 (-1.09, 0.61)

OR; 1.40(0.68, 2.87)

-58.94 (141.33,
23.44)

0.96

0.57

0.37
0.16

Results are summarised as mean and SD or as median IQR (bold font). Differences between intervention and control groups are reported as beta-coefficients (95% Cl; continuous outcomes)

or odds ratios (OR; binary outcomes). Regression models are adjusted for study centre, the baseline variable, and gestational age at birth (weeks). NICU: Neonatal intensive care unit.
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Extended Data Table 6 | Sensitivity analysis 2: (including all recruited participants using multiple imputation

Neonatal Primary
Outcome
Standardised
birthweight
(Intergrowth)

Maternal Primary
Outcome

Weight change kg

n Control

192 0.45 (0.92)
0.42(-0.11-1.03)

198 0.53 (4.16)
0.90 (-1.30 - 2.50)

190

190

Intervention Intervention
effect (95% Cl) P
0.44 (1.03) -0.002 (-0.20, 0.99
0.45(-2.23-1.12) 0.19)
0.37 (4.21) -0.22 (-1.04, 0.59
0.30(-1.80-2.30) 0.59)

Results are summarised as mean and SD or median IQR (bold font). Differences between intervention and control groups are reported as beta-coefficients (95% Confidence Interval).
Regression models are adjusted for study centre and the baseline variable.
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Extended Data Table 7 | Sensitivity analysis 3: Effect of adherence to > = 4wks

Neonatal Primary
Outcome
Standardised
birthweight
(Intergrowth)

Maternal Primary
Outcome
Weight change kg

282

277

Ordered >4
weeks

0.45 (0.94)
0.45 (-0.03-1.05)

0.61(3.64)
0.60 (-1.40 - 2.20)

101

113

Ordered <4
weeks

0.42 (1.08)
0.38 (-0.36, 1.07)

0.21 (5.36)
0.80 (-1.40 - 2.60)

Regression coefficient
(95% CI), participants who
ordered >4 weeks of

dietboxes
-0.08 (-0.30, 0.15) 0.50
0.89(-0.94, 2.72) 0.34

Results are summarised as mean and SD or median IQR (bold font). Differences between participants who ordered over 4 weeks and those who ordered less than 4 weeks are reported as
regression coefficients (95% Confidence Interval). Regression models are adjusted for study centre and the baseline variable. **Justification: 115/392 (29.3%) in trial at 36 weeks ordered less

than 4 weeks of food.
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Population characteristics Maternal age, BMI, ethnicity, primiparous, maternal education, index of multiple deprivation decile, previous diabetes in

pregnancy, smoking, physical activity, habitual energy intake, basal metabolic rate, systolic blood pressure, diastolic blood
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Recruitment Women aged >18 years old with an ultrasound-confirmed singleton pregnancy, gestational diabetes diagnosed before 30+6
weeks’ gestation and a BMI >25 kg/m2 were recruited to the trial. The diagnosis of gestational diabetes was based on the
criteria of the National Institute for Health and Care Excellence (NICE; 75g OGTT >5.6 mmol/L (>100mg/dL) fasting and >7.8
mmol/L (>140mg/dL) at 2 hours; previous gestational diabetes: glucometer testing recurrently above targets fasting >5.3
mmol/L fasting and >7.8 mmol/L 1 hour post meal). Women were assessed for eligibility by the research team and
approached with the patient information sheet.

Ethics oversight The protocol was approved by the National Research Ethics Committee, UK (reference 18/WM/0191) and the NHS Health
Research Authority (IRAS 242924; ISRCTN 65152174)

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Field-specific reporting

Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.

|X| Life sciences |:| Behavioural & social sciences |:| Ecological, evolutionary & environmental sciences

For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Life sciences study design

All studies must disclose on these points even when the disclosure is negative.

Sample size The original sample size was n=500 which provided >90% power to identify a 0.33 SD (1kg) difference in maternal weight change between
groups (maternal primary outcome) and >90% power for identification of a 0.3 SD (150g) difference in standardised birthweight (neonatal
primary outcome), allowing for 20% withdrawals, with a significance level of 5% for each of the two primary outcomes (two-sided). However,
in May 2022, the data safety monitoring board (DMSB) recommended reducing the sample size to 380 following an interim analysis after 250
participants were recruited. Using the data collected to that stage, the probability of finding the original effect size was calculated to be 0.72 if
380 women were recruited and 0.85 for both outcomes if 500 women were recruited. The DMSB therefore considered that the trial should
not be stopped for futility after n=250, but that 380 participants was sufficient to identify if significant differences were present. These
recommendations were peer reviewed prior to implementation. We monitored withdrawal rates during the trial prior to the collection of
primary endpoint data (11%) and therefore recruited 428 women to ensure there was primary outcome information available for 380
pregnancies.

Data exclusions  The Missing Indicator Method (MIM) was used to assess the potential impact of missing data on effect estimation. Multiple imputation was
used to investigate the impact of missing data on the intervention effect for the primary outcomes, assuming data were missing at random.
Three participants withdrew after visit 1 but before randomisation, their data was excluded from the baseline data shown in Table 1 and
subsequent analysis.

Replication N/A

Randomization  The randomisation protocol was designed in advance by one of the study statisticians (VF). The allocations were programmed into the food
ordering website, to ensure participants were automatically randomised while maintaining blinding. Randomisation was implemented using
the library ‘blockrand’ in the statistical package R. The randomisation was done in permuted blocks of size 6, in a 1:1 ratio and stratified by
centre.

Blinding We chose to use a whole-diet intervention to reduce bias, facilitate blinding and reduce socioeconomic, educational and cultural barriers to
dietary adherence. The allocations were programmed into the food ordering website, to ensure participants were automatically randomised
while maintaining blinding. Both participants and study team were blinded to the data until permission from the Trial Steering Committee was
given after all participants had given birth to their babies.
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Clinical data
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All manuscripts should comply with the ICMJE guidelines for publication of clinical research and a completed CONSORT checklist must be included with all submissions.

Clinical trial registration  ISRCTN 65152174

Study protocol Kusinski LC, Murphy HR, De Lucia Rolfe E, Rennie KL, Oude Griep LM, Hughes D, et al. Dietary Intervention in Pregnant Women with
Gestational Diabetes; Protocol for the DiGest Randomised Controlled Trial. Nutrients. 2020;12(4).

Data collection The DiGest trial was a randomised, controlled, double-blind, whole-diet intervention study with a parallel design conducted in eight
hospital centres in England. These include; Cambridge University Hospitals NHS Foundation Trust, East and North Hertfordshire NHS
Trust Lister, Kettering General Hospital NHS Foundation Trust, Norfolk and Norwich University Hospitals NHS Foundation Trust, North
West Anglia NHS foundation Trust Hinchingbrooke, North West Anglia NHS foundation Trust Peterborough, Queen Elizabeth Hospital
Kings Lynn NHS Foundation Trust, The Princess Alexandra Hospital Trust Harlow. Recruitment of the study ran from November 2019
to July 2023. The participants were recruited and assessed in the hospital setting but also given the option to have some of their
visits at home due to the Covid-19 pandemic.

Outcomes The DiGest trial has two co-primary endpoints; maternal weight change between enrolment and 36 weeks gestation and neonatal
birthweight, assessed using neonatal sex-appropriate SD scores (SDS), calculated for weight and length measurements (with
adjustment for gestational age at birth) using customised centiles. Maternal weight was measured a member of the research team
using body weight scales. Neonates were measured at birth by the clinical team using local hospital procedures.

Secondary maternal outcomes include maternal weight, BMI, glycaemia (using CGM metrics as per the international time-in-range
consensus recommendations, HbAlc, cardiometabolic health (blood pressure, lipids, fasting insulin, fasting glucose), maternal food
choice and eating behaviour, quality of life, treatments administered for gestational diabetes, birth modality / complications.
Secondary neonatal outcomes include gestational age at delivery, preterm delivery (<37 weeks), large/small- for-gestational age,
cord blood C-peptide, admission to the neonatal intensive care unit (NICU), neonatal jaundice requiring phototherapy, Apgar scores,
anthropometry, neonatal hypoglycaemia (defined as a capillary glucose <2.6 mmol/L on one or more occasions, within the first 48
hours of life starting at least 30 minutes after birth, and necessitating treatment either with 40% glucose gel administered to the
buccal mucosa and/or with intravenous dextrose), neonatal nasogastric feeding and feeding type on discharge from hospital. Infant
feeding choices and feeding history will also be examined at 3 months postpartum.
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Seed stocks N/A

Novel plant genotypes  N/A

Authentication N/A
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