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Abstract

Aims/hypothesis We aimed to investigate the impact of maternal gestational weight gain (GWG) during dietary treatment on fetal
growth in pregnancies complicated by gestational diabetes (GDM).

Methods This was a retrospective cohort study of 382 women consecutively diagnosed with GDM before 34 weeks’ gestation
with live singleton births in our centre (Center for Pregnant Women with Diabetes, Rigshospitalet, Copenhagen, Denmark)
between 2011 and 2017. The women were stratified into three groups according to restricted (53%), appropriate (16%) and
excessive (31%) weekly GWG during dietary treatment (using the Institute of Medicine guidelines) to estimate compliance with
an energy-restricted ‘diabetes diet” (6000 kJ/day [1434 kcal/day], with approximately 50% of energy intake coming from
carbohydrates with a low glycaemic index, and a carbohydrate intake of 175 g/day). Insulin therapy was initiated if necessary,
according to local clinical guidelines.

Results Glucose tolerance, HbA ., weekly GWG before dietary treatment (difference between weight at GDM diagnosis and pre-
pregnancy weight, divided by the number of weeks) and SD score for fetal abdominal circumference were comparable across the
three groups at diagnosis of GDM at 27° + 5" weeks (gestation time is given as weeks®™®®). The women were followed for 10°+

5" weeks, during which 54% received supplementary insulin therapy and the average (mean) GWG during dietary treatment was
0 kg, 3 kg and 5 kg in the three groups, respectively. Excessive weekly GWG during dietary treatment, reflecting poor dietary
adherence was associated with increasing HbA . (p=0.014) from diagnosis of GDM to late pregnancy and infants with a
birthweight-SD score of 0.59 + 1.6. In contrast, restricted weekly GWG during dietary treatment, reflecting strict dietary adhe-
rence, was associated with decreasing HbA ;. (p=0.001) from diagnosis of GDM to late pregnancy and infants with a
birthweight-SD score of 0.15+ 1.1, without increased prevalence of infants born small for gestational age. Excessive GWG
during dietary treatment and late-pregnancy HbA ;. were identified as potentially modifiable clinical predictors of infant
birthweight-SD score (p = 0.02 for both variables) after correction for confounders.

Conclusions/interpretation Restricted GWG during dietary treatment was associated with healthier fetal growth in women with
GDM. GWG during dietary treatment and late-pregnancy HbA . were identified as potentially modifiable clinical predictors of
infant birthweight-SD score.
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Pregnancy
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What is already known about this subject?

e The main goal of dietary treatment in women with gestational diabetes has traditionally been to reduce the fetal
glycaemic burden by reducing maternal hyperglycaemia, rather than focusing specifically on restricted maternal

gestational weight gain (GWG)

e Excessive maternal GWG is associated with excessive fetal growth in women with pregestational diabetes

e  Restricted maternal GWG may induce small-for-gestational-age (SGA) infants in healthy women

What is the key question?

e How does restriction of maternal GWG via dietary treatment impact on fetal growth in pregnancies complicated by

gestational diabetes?

What are the new findings?

e  Excessive maternal GWG during dietary treatment was associated with increasing HbA:. from diagnosis of GDM to

late pregnancy and elevated infant birthweight-SD score

e By contrast, restricted maternal GWG during dietary treatment was associated with decreasing HbA:c and a close-to-
normal infant birthweight-SD score, without an increased prevalence of infants born SGA

e  Excessive maternal GWG during dietary treatment and HbAc in late pregnancy were independent potential
modifiable clinical predictors of infant birthweight-SD score

How might this impact on clinical practice in the foreseeable future?

e  (linical focus on both weekly maternal GWG and glycaemic control in women with gestational diabetes might lead to

healthier fetal growth

Abbreviations
AC Abdominal circumference

GDM Gestational diabetes mellitus

GWG Gestational weight gain

GWG-on-diet Gestational weight gain during dietary
treatment (group)

GWG-total Gestational weight gain throughout
pregnancy

HC Head circumference

LGA Large for gestational age

SGA Small for gestational age

Introduction

Gestational diabetes mellitus (GDM) is associated with an
increased risk of delivery of large-for-gestational age (LGA)
infants and other adverse pregnancy outcomes affecting both
mother and offspring in the short term [1-3]. Furthermore,
increased long-term risks of childhood obesity and type 2
diabetes are seen among the offspring of GDM mothers
[4—6]. There is a continuous positive association between ma-
ternal hyperglycaemia and adverse pregnancy outcomes, in-
cluding fetal overgrowth [7, §].

In individuals with GDM, dietary treatment is primarily
designed to improve glycaemic control. Two large

randomised controlled trials [9, 10] have shown that intensive
treatment of maternal hyperglycaemia during pregnancy with
diet (and insulin if necessary) is crucial for healthy fetal
growth. Moreover, dietary treatment of GDM was found to
decrease the risk of pregnancy complications, including ex-
cessive fetal growth, without increasing rates of infants born
small-for-gestational age (SGA) [2, 3, 9-11].

A previous study from our centre (Center for Pregnant
Women with Diabetes, Rigshospitalet, Copenhagen,
Denmark), including 148 women with GDM, found that
women with GDM who attained the goal for HbA,. before
delivery had healthier gestational weight gain (GWG) than
women who failed to achieve this goal [12]. Observational
studies in women with pregestational diabetes and GDM have
found that excessive maternal GWG increases the risk of ad-
verse pregnancy outcomes, including fetal overgrowth [11,
13-15], and that restricted maternal GWG is associated with
a healthier infant birthweight [16]. However, these studies do
not evaluate the effect of intervention with dietary treatment
after the diagnosis of GDM, reporting only total GWG
throughout pregnancy (GWG-total). From a clinical perspec-
tive, we believe that women with GDM and their offspring are
likely to benefit from restricted GWG via dietary treatment,
and its impact on pregnancy, therefore, needs to be explored.
Studies in healthy women have shown an increased risk of
SGA infants [17, 18] and preterm delivery [19] with restricted
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GWG. Thus, restricted and potentially insufficient energy in-
take in women with GDM might result in excess SGA. The
aim of this retrospective cohort study was to investigate the
impact of maternal GWG during dietary treatment on fetal
growth in pregnancies complicated by GDM.

Methods

Study population All women diagnosed with GDM before
34 weeks of gestation and followed at the Center for Pregnant
Women with Diabetes, Rigshospitalet, Copenhagen, Denmark
from January 2011 to March 2017 were identified for use in this
study. GDM was diagnosed using Danish criteria (i.e. a 75 g
OGTT with a 2 h glucose value >9.0 mmol/l in venous plasma
or capillary whole blood) [20]. In women whose GDM was
diagnosed before 20 weeks’ gestation, only those with an
HbA . <48 mmol/mol (<6.5%) were included, to avoid includ-
ing women with undiagnosed pre-existing diabetes. Risk-factor-
based screening for GDM was applied according to national
guidelines [20]. Only singleton pregnancies with live births after
22 weeks were included. If a woman had more than one preg-
nancy in the study period, only the first pregnancy was included.
Of the 460 women who met these criteria, 62 were excluded due
to incomplete maternal or offspring data, and 16 were excluded
because of concomitant maternal disease (inflammatory bowel
disease, severe heart disease, pulmonary embolus, previous can-
cer or other concurrent severe illness). Among the remaining
382 women, 183 (48%) were unselected from a local uptake
area (i.e. a geographically well-defined area where all pregnant
women were referred to the antenatal clinic used in this study)
and 195 (51%) were selectively referred to our center from other
hospitals shortly after GDM diagnosis for evaluation for possible
initiation of supplementary insulin treatment, which was usually
initiated during the first visit to our clinic. Data on uptake area
were missing for four women. The median diagnostic 2 h glu-
cose value was 11.5 mmol/l (range 9.0-22.7 mmol/l) vs
9.6 mmol/l (9.0-15.4 mmol/l) in referred and local women, re-
spectively. The women who were referred, therefore, represented
those with the relatively most disturbed glucose metabolism.

The Danish Data Protection Agency (3-3013-1904/1/) ap-
proved the protocol. From 2015 to 2017, informed consent
was obtained from all the participating women. For the women
included before 2015, we obtained permission from the
Danish Health Authority to perform the study without in-
formed consent.

Routine diabetes and pregnancy care
Shortly after the diagnosis of GDM, all women received 1 h of

individualised dietary consultation with a specialised dietitian
at our centre. The cornerstone of the dietary intervention was
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an energy-restricted diet in line with Danish national guide-
lines on a diet for diabetes. This contained approximately
6000 kJ/day (1434 kcal/day), of which approximately 50%
of energy intake was based on carbohydrates. The diet was
designed to ensure sufficient intake of minerals, vitamins, car-
bohydrates (175 g/day) and proteins. Supplementation with
iron and vitamin D was given according to national Danish
recommendations. Physical activity for at least 30 min/day
was recommended. The women were informed about the
Copenhagen recommendations for weekly maternal GWG in
late pregnancy, based on their pre-pregnancy BMI, indepen-
dent of their GWG before GDM diagnosis: 400 g/week for
normal-weight (BMI <25 kg/m?), 300 g/week for overweight
(BMI 25-30 kg/m?) and 200 g/week, for obese (BMI >30 kg/
m?) women [21].

Throughout pregnancy, the participants were advised to
self-monitor their plasma glucose levels before and 90 min
after each main meal and at bedtime, in line with national
guidelines. The goals for self-monitored plasma glucose levels
were 4.0—6.0 mmol/l before and 4.0-8.0 mmol/l after each of
the three main meals. This was measured daily in the first
week after diagnosis and on at least 2 days/week, thereafter,
in individuals undergoing diet treatment only. In addition, an
HbA . of 38 mmol/mol (<5.6%) in late pregnancy was set as a
treatment goal [22]. HbA ;. was measured using an
International Federation of Clinical Chemistry (IFCC)-aligned
latex immune-agglutination inhibition method [13] at diagno-
sis of GDM and then every 2—4 weeks, until around 37 weeks
of gestation. If HbA . values were above the target, an inten-
sified focus was placed on self-monitored plasma glucose
measurements, aiming to decrease them to the target value.
All participants were offered frequent telephone contact with a
specialised nurse.

Insulin treatment was initiated in addition to dietary treat-
ment if at least two plasma glucose values exceeded the goal
within 14 days of treatment with diet and physical activity. In
the outpatient setting, a specialised nurse initiated insulin
treatment with an initial dose of 0.3 U/kg human premixed
(Novomix 30, NovoNordisk, Bagsveerd, Denmark) insulin di-
vided into two daily doses. This was chosen over basal bolus
therapy to improve compliance, and we have previously pub-
lished excellent results using this strategy [12]. The insulin
dose was titrated via frequent telephone contact with a
specialised nurse during the first 14 days and, thereafter, by
contact with a diabetologist every 2—4 weeks. If the treatment
goal was not met, treatment could be changed to basal bolus
therapy. Episodes of hypoglycaemia were not registered in
this study. Delivery was routinely planned at 4041 weeks
in women treated with diet only, and at 39—40 weeks in cases
where insulin treatment had been added.

Data collection Data on mothers, infants and pregnancy out-
comes and complications were obtained from the local quality
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assessment database, Clinical Measure System (Region H,
Copenhagen, Denmark). At diagnosis of GDM (or at referral
to our centre shortly after diagnosis of GDM), the following
variables were recorded: age, ethnicity, parity, smoking, self-
reported pre-pregnancy weight and height, and OGTT results.
HbA . and weight were recorded at diagnosis of GDM and in
late pregnancy. If relevant, insulin type and dose during preg-
nancy were recorded. The following data on perinatal out-
comes were recorded: induction of labour, delivery mode,
whether delivery was preterm, Apgar scores <7 at 5 min,
respiratory distress, jaundice, admission to the neonatal inten-
sive care unit (NICU), gestational age at delivery, and sex and
birthweight of the offspring. Gestation time is presented here
as weeks®®,

The antenatal fetal ultrasound examinations performed at
diagnosis of GDM (mean + SD; 29" +2° weeks) and in late
pregnancy (37° + 1° weeks) were recorded using the local ul-
trasound software system (Astraia, Munich, Germany).
Results were not included in the analyses if the women had
their first ultrasound examination after 34 weeks of gestation
(n = 3), if the interval between the examinations was less than
14 days (n=2) or if the examinations were missing (n=1).
For all ultrasound measurements, we recorded the actual mea-
surement and the SD score (commonly referred to as the z
score). Gestational age, SD score for fetal head circumference
(HC) and SD score for fetal AC were recorded from the ultra-
sound scans [23].

Definitions of maternal GWG GWG-total was defined as the
difference between the last recorded maternal weight in preg-
nancy and the self-reported pre-pregnancy weight. Body
weight was measured with light clothes, without shoes, on
the same validated scale in our clinic, and given in kg to one
decimal place. The last measurement was performed at
37 weeks, approximately 10 days before delivery. Weekly
maternal GWG before initiation of dietary treatment was de-
fined as the difference between the weight immediately before
initiation of dietary treatment at diagnosis of GDM and the
self-reported pre-pregnancy weight, divided by the number of
weeks between these measurements. Weekly maternal GWG
during dietary treatment was defined as the difference between
the last recorded maternal weight before delivery and the
weight at diagnosis of GDM divided by the number of weeks
between these.

Stratification of women according to GWG during dietary
treatment Pre-pregnancy BMI was calculated based on mea-
sured or self-reported height and self-reported weight. The
women were categorised as underweight (BMI <18.5 kg/m?,
n=9), normal weight (BMI 18.5-24.9 kg/mz, n=112), over-
weight (BMI 25-30 kg/m?, n=122) or obese (BMI >30 kg/
m?, n=139). Based on their pre-pregnancy BMI and the
Institute of Medicine (IOM) guidelines for weekly maternal

GWG during the second and third trimesters [24], the women
were stratified into three groups: ‘restricted’ if GWG with
dietary treatment was 440, <350, <230 and <170 g/week for
each BMI category, respectively (this reflected strict dietary
adherence); ‘appropriate’ if GWG with dietary treatment was
within 440-580, 350-500, 230-330 and 170-270 g/week for
each BMI category, respectively; and ‘excessive’ if GWG
with dietary treatment was >580, >500, >330 and >270 g/
week for each BMI category, respectively (reflecting poor
dietary adherence) [24].

Definitions of maternal and neonatal outcomes Preterm de-
livery was defined as birth before 37 completed gestational
weeks (259 days). The primary outcome for fetal growth was
infant birthweight-SD score, which was defined as deviation
from the mean of a Nordic population, adjusted for gestational
age and sex [25]. Accordingly, SGA was defined as
birthweight below the 10th percentile (SD score less than
—1.28), and LGA was defined as birthweight above the 90th
percentile (SD score abovel.28).

Statistics All continuous variables are presented as mean (+ SD)
except glucose values from the diagnostic OGTTs, which, ow-
ing to skewed distribution, are presented as median and range.
Categorical variables are presented as numbers (%). Unpaired
one-way ANOVA and Kruskal-Wallis tests were used for para-
metric and non-parametric comparisons of continuous vari-
ables, respectively, while the x> test was used for categorical
variables, when comparing women with restricted, appropriate
or excessive GWG during dietary treatment. If a difference was
found using these tests, pairwise comparisons between women
with restricted, appropriate and excessive GWG during dietary
treatment were performed using an unpaired 7 test, Mann—
Whitney test or x° test as appropriate, followed by correction
for multiple testing using the Bonferroni method. A paired ¢ test
was used only to compare changes from diagnosis of GDM to
the last visit. Univariate linear regression analysis was per-
formed to explore the association between the SD score for
infant birthweight and each of the following variables: maternal
age (years); parity >1 (yes/no); ethnicity (Nordic/non-Nordic);
smoking (yes/no); referral from other hospitals (yes/no); height
(cm); pre-pregnancy BMI (kg/m?); 2 h OGTT glucose concen-
tration (mmol/l); HbA . at diagnosis of GDM and in late preg-
nancy (mmol/mol); insulin treatment (yes/no); GWG during
dietary treatment (g/week); excessive GWG during dietary
treatment (yes/no); GWG-total (kg) and SD score for
ultrasound-based fetal AC at GDM diagnosis. Multivariate lin-
ear regression analysis was performed to identify independent
predictors of SD score for infant birthweight, including vari-
ables with p<0.1 in the univariate analyses. Only pre-
pregnancy BMI, HbA . in late pregnancy and excessive
GWG during dietary treatment were included in the multivari-
ate regression analyses, due to the expected close associations
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between the following variables: (1) height and pre-pregnancy
BMI; (2) HbA,. at GDM diagnosis and in late pregnancy; and
(3) GWG-total, weekly GWG during dietary treatment and ex-
cessive GWG during dietary treatment. SD score for fetal AC
was also not included in the multivariate regression analysis
owing to its strong correlation with SD score for infant
birthweight .

The statistical analyses were performed using IBM SPSS
statistics 22 (SPSS, Chicago, IL, USA). Differences were con-
sidered statistically significant at a two-sided p value <0.05,
with correction for multiple comparisons, as noted above.

Results

In total, 382 women diagnosed with GDM at 27° 5" ges-
tational weeks were stratified into three GWG groups ac-
cording to weekly GWG during dietary treatment, with
53% having restricted, 16% appropriate and 31% excessive
GWG during the 10°+5" weeks of dietary treatment
(Table 1). At diagnosis of GDM, the three GWG during
dietary treatment (GWG-on-diet) groups were comparable
regarding 2 h OGTT glucose, weekly GWG before dietary
treatment, HbA . and SD score for fetal AC (Tables 1 and
2). Pre-pregnancy BMI was slightly higher among women
in the excessive GWG-on-diet group (p =0.001; Table 1).

Maternal outcome During the approximately 10 weeks from
diagnosis of GDM to late pregnancy, the average (mean)
weight gain in the restricted, appropriate and excessive
GWG-on-diet groups was 0 kg, 3 kg and 5 kg, respectively
(Table 1). The majority of women in the restricted GWG-
on-diet group, held a stable weight during the intervention.
Only 15 women (7%) in this group had a weight loss >500 g/
week. In late pregnancy, HbA . levels differed across the
groups (p = 0.009; Table 1), with the highest values in wom-
en in the excessive GWG-on-diet group (Table 1). A de-
crease in HbA . was seen for women in the restricted
GWG-on-diet group (p =0.001), while an increase in
HbA . after dictary intervention was observed for women
in the excessive GWG-on-diet group (p =0.014). Vaginal
delivery was less prevalent in women in the excessive
GWG-on-diet group (p= 0.001), with more emergency
Caesarean sections being reported in this group (Table 2).
Women requiring supplementary insulin treatment (54%)
were characterised by higher pre-pregnancy BMI and HbA .
at diagnosis of GDM and a higher weekly GWG during die-
tary treatment compared with women treated with diet alone
(280+412 g/week vs 116 +378 g/week; p <0.001; Table 3).

Fetal growth before GDM diagnosis and during dietary treat-

ment Ultrasound examinations were available for 376 (98%)
women (Table 2). The SD score for fetal HC was close to zero
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and remained stable from GDM diagnosis to late pregnancy,
with no differences observed across the three GWG-on-diet
groups. At diagnosis of GDM, the fetal AC-SD-score was
approximately +0.5, with 23% of fetuses having an AC-SD
score above the 90th percentile in all three groups. The SD
score for fetal AC increased in all three GWG-on-diet groups
during the intervention, with 43% of fetuses having an AC-SD
score above the 90th percentile in late pregnancy. The increase
was highest among women in the excessive GWG-on-diet
group. Univariate logistic regression analyses identified 2 h
OGTT glucose, HbA . at GDM diagnosis, weekly GWG be-
fore dietary treatment and referral from other hospitals as be-
ing positively associated with fetal AC-SD score above the
90th percentile at GDM diagnosis (see electronic supplemen-
tary material [ESM] Table 1).

Infant birthweight-SD score, LGA and SGA

Infant birthweight-SD score was higher for women in the
excessive GWG-on-diet group, reflecting poor dietary adher-
ence, compared with women in the restricted GWG-on-diet
group (0.59+ 1.6 vs 0.15+ 1.1; p =0.008; Table 2). No differ-
ence was found in the remaining pairwise comparisons of
infant birthweight-SD score with women in the restricted
and appropriate GWG-on-diet groups, or the appropriate and
excessive GWG-on-diet groups (Table 2). The prevalence of
SGA and LGA was comparable across the three GWG-on-diet
groups (Table 2). Women treated with diet and supplementary
insulin delivered infants with higher birthweight-SD scores
than women treated with diet only (Table 3). Among the un-
selected women from the local uptake area, 32% were treated
with diet and supplementary insulin; 16% of infants born to
these insulin-treated women were born LGA and 10% were
born SGA.

Clinical predictors of birthweight-SD score Univariate linear
regression analyses identified weekly GWG during dietary
treatment, GWG-total, excessive GWG during dietary treat-
ment and HbA . at diagnosis of GDM and in late pregnancy
as potentially modifiable clinical predictors of infant
birthweight-SD score (Table 4). Fetal AC-SD score at GDM
diagnosis was strongly associated with infant birthweight-SD
score (p <0.001; Table 4).

In the multivariate linear regression analysis, excessive
GWG during dietary treatment and HbA . in late pregnancy
were identified as potentially modifiable clinical predictors of
infant birthweight-SD score (p = 0.02 for both variables) after
correction for parity, uptake area, pre-pregnancy BMI and
supplementary treatment with insulin. Replacing the categor-
ical variable ‘excessive GWG during dietary treatment’ with
the continuous variable ‘weekly GWG during dietary treat-
ment’ resulted in similar clinical predictors. Maternal GWG
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Table 1 Maternal characteristics

in 382 women with GDM strati- Variable Restricted Appropriate Excessive p value®

fied according to restricted, ap- GWG-on-diet GWG-on-diet GWG-on-diet

propriate or excessive GWG dur-

ing dietary treatment n® 203 61 118
Age (years) 34+57 32457 33+5 0.003 %
Non-Nordic ethnicity 89 (45) 30 (52) 60 (52) 0.40
Parity >1 124 (61) 40 (67) 61 (52) 0.10
Smoking 10 (5) 8 (15) 8 (7) 0.06
Local uptake area® 113 (56) 25 (42) 45 (39)° 0.009%
GA at GDM diagnosis (weeks) 28% +4° 27°+5° 272 +5° 0.04%
GA at delivery (weeks) 38%+1° 384+13 38'£1° 0.15
Pre-pregnancy BMI (kg/m?) 28+6° 29+7 30+7° <0.001%**
Weight at GDM diagnosis (kg) 84.1+17° 87.5+19 91.0+ 19" 0.004%**
Weight in late pregnancy (kg) 84.0+16" 90.6+ 18" 96.2+20" <0.001 %%
GWG before dietary treatment (g/week) 297 +208 270+228 323+197 0.26
GWG during dietary treatment (kg) —0.1+2%8 3.1+2% 524348 <0.001 #
GWG during dietary treatment (g/week) ~ —55+276"% 300+ 90" 607 +330%% <0.00] #
GWG-total (kg) 87+7% 10.6+6* 14.0+6+8 <0.001 %
2 h OGTT glucose (mmol/l) 10.1(9.0-21.6)  10.1(9.0-159) 10.0(9.0-22.7) 091
HbA . at GDM diagnosis (mmol/mol) 38.9+6.8 38.6+6.4 38.7+£5.7 0.97
HbA . at GDM diagnosis (%) 5.7+0.6 5.6+0.6 5.6+0.5 0.97
HbA | in late pregnancy (mmol/mol) 37.5+5.1% 38.9+54 39.6+5.6° 0.009%*
HbA |, in late pregnancy (%) 5.6+0.5% 57+0.5 58+0.5% 0.009%
A HbA,, (mmol/mol) —1.40 + 4481 0.46+43 0.99 +£4.5%1 <0.001 %5
A HbA,. (%) —-0.11+0.5%1 0.03+0.4 0.10+0.4% <0.001 %
Insulin treatment 89 (44) 38 (62) 77 (66)° <0.001 %%

Data are mean + SD, median (range) or n (%)

2 p value for comparison between the three groups; *p < 0.05, **p < 0.01, ***p < 0.001

° The sample sizes vary due to missing data, with available data for 90-100% of women

¢ Participants from the local uptake area (i.e. the geographically well-defined area from where all pregnant women
were referred to the antenatal clinic used in this study)

T p<0.017, appropriate vs restricted GWG-on-diet

¥ p<0.017, appropriate vs excessive GWG-on-diet

$p<0.017, restricted vs excessive GWG-on-diet

1 <0.05, HbA, . at GDM diagnosis vs in late pregnancy, paired ¢ tests

GA, gestational age

during dietary treatment was still identified as a clinical pre-
dictor of infant birthweight-SD score when the fetal AC-SD
score at GDM diagnosis was included in the analysis. For the
subgroup of women treated with supplementary insulin (n =
204), weekly GWG during dietary treatment and HbA . in late
pregnancy remained as potentially modifiable clinical predic-
tors for infant birthweight-SD score in univariate linear regres-
sion analyses (data not shown).

Discussion

In this cohort study, women with GDM and restricted GWG
during dietary treatment (considered a marker of dietary

adherence) showed a reduced risk of fetal overgrowth without
any increased risk of fetal growth restriction. Excessive GWG
during dietary treatment and HbA . in late pregnancy were
potentially modifiable clinical predictors of birthweight-SD
score.

To our knowledge, this is the first observational study ad-
dressing the association of maternal GWG during dietary
treatment with fetal growth that includes fetal growth data
from of the point of GDM diagnosis. The main goal of dietary
treatment has traditionally been to reduce maternal
hyperglycaemia during pregnancy [9, 10] to reduce the fetal
glycaemic burden, rather than focusing specifically on
restricting GWG. It is well known that fetal growth is posi-
tively associated with maternal GWG, and that healthy

@ Springer



2534

Diabetologia (2018) 61:2528-2538

Table 2 Antenatal ultrasound da-

ta, pregnancy outcomes and in- Variable Restricted Appropriate Excessive p value®
fant characteristics in women with GWG-on-diet GWG-on-diet GWG-on-diet
GDM stratified according to re-
stricted, appropriate or excessive Ultrasound data
maternal GWG during dietary b 201 58 117
treatment
GA at GDM diagnosis (weeks) 29° +2* 280423 280425 0.10
GA in late pregnancy (weeks) 37'+ 13 37'+ 13 360+ 1% 0.55
HC-SD score at GDM diagnosis —0.11+1.0 0.07+0.9 -0.01+1.1 0.42
HC-SD score in late pregnancy 0.00+1.0 -0.09+1.0 0.17+1.1 0.25
A HC-SD score 0.10+£1.0 -0.13+0.8 021+1.1 0.13
AC-SD score at GDM diagnosis 0.58+1.2 035+1.1 0.40+1.2 0.26
AC-SD score in late pregnancy 0.96+ 1.3 12414 1.40+1.47 0.008%*
A AC-SD score 0.38+1.17* 0.88+ 1.4% 105120 <0.001 %+
AC-SD score >90th percentile at 55 (27) 10 (17) 22 (19) 0.12
GDM diagnosis
AC-SD score >90th percentile in 67 (34) 26 (46) 65 (56)" 0.001%*
late pregnancy
Pregnancy outcome
n° 203 61 118
Preterm delivery 19 (9) 6 (10) 18 (15) 0.25
Delivery mode 0.001™
Vaginal delivery 141 71 48 (79)° 59 (5D
Elective CS 40 (20) 9 (15) 31(27)
Emergency CS 19 (9" 4 (6)* 26 22)7
Infant characteristics
Birthweight (g) 3345+487 3492 +507 34414563 0.08
Birthweight-SD score 0.15+1.1 051+12 0.59+1.6" 0.008**
SGA 22 (11) 6 (10) 8(7) 0.48
LGA 34 (17) 13 (21) 31(26) 0.12
Apgar score <7 at 5 min 0(0) 1(1.6) 3(2.5) 0.09
Admission to NICU 33 (16) 15 (25) 21 (18) 0.34
Respiratory distress 12 (6) 6 (10) 10 (9) 0.48
Jaundice 17 (8) 10 (17) 15 (13) 0.15

Data are given as mean + SD or n (%)

p value for comparison between the three groups; **p <0.01, ***p < 0.001

The sample sizes vary due to missing data, with available data for 90-100% of women

Tp<0.017, restricted vs excessive GWG-on-diet

¥p<0.05, AC-SD score at GDM diagnosis vs in late pregnancy, paired ¢ tests

I

p<0.01 for the difference in delivery mode across the three groups

$p<0.017, appropriate and excessive GWG-on-diet

GA, gestational age; NICU, neonatal intensive care unit; CS, Caesarean section

women with excessive GWG run a higher risk of excessive
fetal growth [26-28]. Previous studies have also shown an
association between excessive maternal GWG and the risk
of delivering an LGA infant in women with GDM [11, 14,
15]. In women with type 2 diabetes, restricted maternal GWG
was associated with a healthier infant birthweight [16]. The
studies in women with GDM [11, 14, 15] assessed maternal
GWG over the whole course of pregnancy without
distinguishing between GWG before and after the onset of
dietary intervention. Therefore, they were not able to explore

@ Springer

the effect of dietary treatment and GWG after GDM diagnosis
on fetal growth and pregnancy outcome. Maternal blood glu-
cose levels during pregnancy are known to have a major im-
pact on fetal growth, and the continuous association between
maternal hyperglycaemia and adverse pregnancy outcomes
for women with GDM has been demonstrated in the
Hyperglycemia and Adverse Pregnancy Outcome [HAPO]
study [7]. In our study, adherence to the strict diet intervention
during treatment for GDM varied between the participants
and, hence, we categorised participants according to restricted,
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Table 3 Maternal characteristics,

ultrasound data and pregnancy Variable Women treated Women treated with p value®

outcomes in women with GDM with diet only diet and insulin

treated with diet alone or diet and

insulin n (%) 174 (46) 204 (54
Pre-pregnancy BMI (kg/m?) 27«5 307 0.0017%*
GA at GDM diagnosis (weeks) 290+ 47 271 +5% <0.0071 %
GWG before dietary treatment (g/week) 298 +192 3054223 0.76
GWG during dietary treatment (g/week) 116 +378 280+£412 <0.0017%%**
HbA . at GDM diagnosis (mmol/mol) 35.8+4.3 414+6.8 <0.0071 #**
HbA . at GDM diagnosis (%) 54+04 5.9+0.6 <0.001#**
HbA . in late pregnancy(mmol/mol) 36.3+4.4 40.2+£5.5 <0.001%#%*
HDbA |, in late pregnancy (%) 55+04 59+0.6 <0.0071%#%**
A HbA . (mmol/mol) 045+32 -1.20+53 0.004%**
A HbA |, (%) 0.04+0.3 —0.08+0.5 0.004**
HC-SD score at GDM diagnosis -0.05+1.0 —0.04+1.0 0.89
HC-SD score in late pregnancy -0.00+1.1 0.06+£1.0 0.54
A HC-SD score 0.05+1.0 0.11+1.0 0.56
AC-SD score at GDM diagnosis 048+1.1 051+1.3 0.81
AC-SD score in late pregnancy 1.03+1.2 126+14 0.10
A AC-SD score 0.56+12 0.76+1.3 0.12
Preterm delivery (<259 days) 10 (6) 33 (16) 0.001**
Infant birthweight-SD score 0.16+1.1 0.50+1.4 0.01*
SGA 19 (11) 17 (8) 0.40
LGA 27 (16) 51(25) 0.02*

Data are given as mean + SD or n (%).

* p value for comparison between the two groups

p<0.05, #p < 0.01, **%p < 0.001

GA, gestational age

appropriate and excessive GWG during dietary treatment. To
our knowledge, we are the first to demonstrate that restricted
GWG during dietary treatment is associated with both a small
decline in HbA . and a reduced risk of fetal overgrowth.
Restricted maternal GWG is associated with an increase in
the prevalence of SGA infants in healthy women [17-19, 29],
but our study findings suggest that this might be different in
women with GDM. A rate of 10% for infants born SGA, as
observed in this study, is relatively high for women with dis-
turbed glucose tolerance. This relative infant birthweight was
calculated based on Nordic background population data with-
out correction for ethnicity. Around half of the women in our
study were of non-Nordic origin, mostly from populations
with a lower average (mean) birthweight than Danish women
of' Nordic origin, which may have affected the SGA rate in our
study. However, it is reassuring that we did not find an in-
creased risk of SGA infants among women with restricted
GWG during dietary treatment, compared with the back-
ground population. However, the number of women in this
group of included women is relatively small, making it diffi-
cult to draw solid conclusions. Furthermore, the fetal HC-SD
score, reflecting the size of the cerebrum, was unaffected by
maternal GWG during dietary treatment, with stable and

comparable SD scores for fetal HC in all three GWG-on-diet
groups. These findings suggest that the fetuses of women with
GDM may be protected from growth restriction despite the
restricted maternal energy intake compared with the fetuses of
healthy women. Another possible reason for a low risk of fetal
growth restriction in women with GDM in the restricted GWG
during dietary treatment group might be that the women in our
study were treated with a diet sufficient in protein, minerals
and vitamins. This may be in contrast to epidemiological stud-
ies, where restricted GWG may be related to insufficient in-
take of energy, protein, minerals and vitamins, inducing a
higher risk of SGA infants. Based on our findings, restriction
of GWG during dietary treatment to the level observed in the
present study may be beneficial in preventing fetal overgrowth
without increasing the risk of fetal growth restriction during
pregnancy in women with GDM. Unfortunately, infant HC
and AC and the long-term health of the offspring were not
recorded but could have added relevant information to the
study.

Excessive GWG during dietary treatment and HbA . in late
pregnancy were identified as potentially modifiable clinical
predictors of infant birthweight-SD score independent of treat-
ment with insulin. In accordance with a previous study from
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Table 4 Clinical predictors of in-

fant birthweight-SD score for 382 Independent variable B 95% CI p value®

women with GDM illustrated by

univariate and multivariate linear Univariate linear regressions analyses

regression analyses Age (years) —-0.01 —0.04, 0.02 0.45
Parity >1 0.71 0.45,0.97 <0.001°*
Ethnicity (Non-Nordic) -0.07 —-0.33, 0.20 0.63
Smoking -0.21 —0.73, 0.32 0.44
Referred from other hospitals 0.32 0.06, 0.59 0.02%*
Pre-pregnancy BMI (kg/m?) 0.04 0.02, 0.06 0.001%**
Height (cm) 0.02 0.00, 0.04 0.03*
2 h OGTT glucose (mmol/l) 0.03 —0.04, 0.09 0.39
HbA . at GDM diagnosis (mmol/mol) 0.03 0.01, 0.05 0.005%:*
HbA . in late pregnancy (mmol/mol) 0.05 0.03, 0.08 <0.001%%**
Insulin treatment 0.34 0.08, 0.60 0.01*
GWG during dietary treatment (100 g/week) 0.04 0.01, 0.07 0.02%*
GWG-total (kg) 0.03 0.01, 0.05 0.01*
Excessive GWG during dietary treatment 0.36 0.08, 0.64 0.01%*
AC-SD score at GDM diagnosis 0.51 041, 0.60 <0.001%**

Multivariate linear regressions analyses

Parity >1 0.67 0.41,0.92 <0.001%%**
Pre-pregnancy BMI (kg/m?) 0.02 0.00, 0.04 0.02*
Referred from other hospitals 0.05 -0.24, 0.34 0.72
Insulin treatment -0.05 —0.34, 0.24 0.74
HbA . in late pregnancy (mmol/mol) 0.04 0.01, 0.06 0.02*
Excessive GWG during dietary treatment 0.35 0.07, 0.63 0.02*

#p value for the correlation with infant birthweight SD score, analysed with univariate and multivariate linear

regressions analyses, respectively

#p < 0.05, #p < 0.01, #%p < 0.001

our group [12], the present study showed that women who
were on insulin, as well as dietary treatment, gained more
weight than women on dietary treatment alone, but on aver-
age, they still had a lower mean weekly GWG than earlier in
pregnancy where dietary intervention and supplementary in-
sulin treatment had not yet been given. Whether initiation of
insulin treatment in our study was related to insufficient die-
tary adherence or whether the insulin treatment itself induced
increased GWG merits discussion. The women who had insu-
lin treatment initiated in addition to dietary treatment were
mainly characterised by poorer glycaemic control but compa-
rable GWG prior to diagnosis of GDM as compared with the
women treated with diet alone. In contrast, Egan et al [15]
found a lower GWG in women with GDM treated with diet
and insulin when compared with women treated with
diet alone.

In our study, women treated with diet and supplementary
insulin showed reductions in HbA . from diagnosis of GDM
to late pregnancy but did not achieve the goal for HbA
before delivery or appropriate fetal growth. Clinical guidelines
with a focus on the importance of fast and appropriate insulin
initiation and increment in pregnancy complicated by GDM
are, therefore, probably needed. Excessive fetal growth can be

@ Springer

measured by ultrasound at diagnosis of GDM, as shown in our
study and by others [8], and earlier diagnosis and treatment
may reduce fetal overgrowth. Women treated with diet and
supplementary insulin had higher weekly GWG than women
on dietary treatment only, but the weekly GWG seems to be
lower in all women after the initiation of dietary intervention
regardless of insulin treatment.

Women in the excessive GWG-on-diet group showed a slight
increase in HbA ., while women in the restricted or appropriate
GWG-on-diet groups showed decreased or stable HbA . levels
throughout the remainder of pregnancy. This is in accordance
with a previous study from our group in which women with less
strict glycaemic control gained more weight than women with
strict glycaemic control [12]. HbA . reflects the mean blood
glucose level over the past 2-3 months and cannot necessarily
detect the presence of glucose fluctuations, which may also have
detrimental effects on fetal growth [12, 30].

In accordance with a British study [8], approximately one
out of five fetuses had an AC-SD score that was above the
90th percentile. In the present study, the increase in fetal AC-
SD score, birthweight SD score and prevalence of emergency
Caesarean section was highest in women with excessive
GWG during dietary treatment. The prevalence of LGA
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infants in the subgroup of unselected women from our local
uptake area is comparable with the findings from a study in
Ireland [15], in which the prevalence of LGA infants being
born to women with diet-treated GDM was 18%, and a com-
bination of excessive GWG-total and supplementary insulin
treatment increased the risk of having an LGA infant [15].

The strengths of our study are the large cohort of women
(n =382) with fetal ultrasound data on diagnosis of GDM and
in late pregnancy. Unlike previous studies, data on weekly
maternal GWG were available from before and after the diag-
nosis of GDM, allowing us to assess the effect of an energy-
restricted diet for diabetes. However, the current study is lim-
ited by retrospective data collection. Our cohort consisted of
women from the local uptake area, which can be regarded as
anunselected cohort, and women referred from other hospitals
for evaluation for potential initiation of insulin treatment. In
addition, it would have been advantageous if women were
referred earlier as there was a limited window to initiate die-
tary treatment and titrate insulin doses for optimal therapy.

Denmark has a long-standing tradition of diagnosing GDM
based on 2 h OGTT values and identifying newly developed
type 2 diabetes as overt diabetes when diagnosed before
20 weeks. In this study, 32% of the women had diagnostic
2 h glucose values >11.1 mmol/l and all women were diag-
nosed after 20 weeks. Our population may differ from type 2
diabetic populations based upon the International Association
of the Diabetes and Pregnancy Study Groups (IADPGS)/
WHO criteria, but the majority of women would probably
have been diagnosed regardless of which criteria were used.
Self-reported pre-pregnancy weight was used to calculate pre-
pregnancy BMI and GWG before dietary treatment, with an
inevitable risk of recall bias. All women received the same
dietary intervention, but as we do not have data on compliance
or other variables that may influence adherence to therapy, we
cannot exclude other factors that influence pregnancy out-
come in affecting the results of this study. The recommended
diet may have been too restrictive in underweight women
since three out of nine of these women delivered SGA infants.
In addition, the development of fluid retention and oedema
during pregnancy, which could potentially impact GWG,
was not recorded. It is reassuring that no differences regarding
risk of delivering a preterm infant were found across the three
GWG groups. However, sufficient micronutrient intake must
be ensured, and future studies on the long-term implications of
specific dietary interventions during pregnancy are needed.
Unfortunately, we did not collect data on average (mean) plas-
ma glucose values or on biochemical hypoglycaemia. Severe
hypoglycaemic episodes were also not reported.

In conclusion, restricted GWG during dietary treatment
was associated with healthier fetal growth in women with
GDM when compared with women with excessive GWG.
Excessive GWG during dietary treatment and HbA . in late
pregnancy were potentially modifiable clinical predictors of

fetal growth. Focus on both appropriate weekly maternal
GWG during dietary treatment and good glycaemic control
in women with GDM is likely important to obtain appropriate
fetal growth in women with GDM.
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