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A B S T R A C T

Objective: To investigate the effect on infant blood glucose levels of an intervention consisting of early, frequent
breastfeeding and two hours of immediate uninterrupted skin-to-skin contact following birth of term infants
born to mothers with diet-treated gestational diabetes (GDM).
Study design: Quasi-experimental study design with a historical control group (n=132) and an intervention
group (n= 401) testing a procedure to prevent neonatal hypoglycemia.
Main outcome measures: Data collection on blood glucose levels, hypoglycemia incidence with a cut-off of<
2.5mmol/l, breastfeeding within the first two hours after birth, breastfeeding frequency within the first six
hours, and amount of formula given to hypoglycemic infants.
Results: Mean blood glucose levels in the intervention group at two and four hours were within safe limits:
3.37 mmol/l (95% CI: [3.30, 3.44]) and 3.40mmol/l (95% CI: [3.34, 3.46]), respectively. Infants suffering a
hypoglycemic event within four hours after birth decreased from 22.7% (n= 30/132) in the control group to
10.2% (n= 41/401) in the intervention group. The mean number of breastfeeds in the intervention group (six
hours) was 2.41 compared to 1.34 in the control group (seven hours), an increase of 80%. Only 41 of 401 infants
in the intervention group were interrupted in immediate interaction with their mother because of hypoglycemia.
We failed to obtain sufficient data on skin-to-skin contact.
Conclusion: Maintaining skin-to-skin contact for infants of mothers with diet-treated GDM, monitoring blood
glucose levels until obtaining two values> 2.4mmol/l and encouraging early frequent breastfeeding is a safe
strategy to prevent hypoglycemia.

Introduction

Worldwide, the incidence of maternal gestational diabetes mellitus
(GDM) is increasing, and in the USA, it is as high as 10% [1,2]. In
Denmark, approximately 2.3% of women develop GDM during preg-
nancy. Most often, GDM is associated with overweight and treated
through dietary and lifestyle changes [3,4]. In addition to the well-
known benefits of breastfeeding, mothers with GDM experience further
benefits such as a more stable blood glucose level, reduced insulin re-
sistance, and delay in developing type 2 diabetes [5]. For the infant,
exclusive breastfeeding increases the likelihood of a stable body mass
index (BMI) curve up to the age of five months, possibly preventing
later obesity and/or type 2 diabetes [6,7]. Even though the Danish

Health Authority recommends exclusive breastfeeding of the infant
during the first six months, recent Danish data showed that only 18% of
five-month old infants of mothers with GDM were exclusively breastfed
compared to 41% of infants in a cohort of 18,687 infants born in 2014
[6,8].

Every infant born at term must adapt quickly to extra-uterine life
with a metabolic response to intermittent feeding. Infants of mothers
with diet-treated GDM (GDM mothers) may have an increased risk of
failure in the metabolic response resulting in episodes of hypoglycemia
[9]. In the post-natal transition from using placental glucose, fat is re-
leased by ketogenesis from adipose tissue stores, glycogenesis is in-
itiated, and sources from ingested breastmilk are a part of the process to
ensure a proper metabolic response in the infant [10]. The former
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Fig. 1. Caring plan to prevent and treat hypoglycemia for infants of mothers with diet-treated GDM Abbreviations; SSC= skin-to-skin contact. pp= post-partum.
dyad=mother and infant. BM=expressed breast milk. F= formula. Lact-aid= feeding tube and syringe inserted in the mouth, while the infant is suckling. The
more at the right in the chart, the more severe signs of hypoglycemia is apparent, and the colors of the boxes start as white as a natural pathway with no need of
supplementation. A darker color indicates lower glucose values, higher amount of supplementation and signals action. The darkest color demands the need of a
pediatrician. Red line under a box indicates no need for further tests are required.
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practice in Denmark concerning prevention of neonatal hypoglycemia
in infants at risk has been ingestion of weight-adjusted formula (60ml/
kg/day the first 12–24 h starting one hour post-partum and repeated
every two-three hours) [11]. However, all infants seem to have a
physiological fall in blood glucose within the first one to three hours
post-partum regardless of feeding [12,13]. In a population of infants not
at risk, 9.1% had a blood glucose level below 2.2 mmol/l within the
first two hours of life [14]. The early post-natal period is important to
establish breastfeeding, and former practice has challenged establish-
ment of initial breastfeeding as the infant was separated from the mo-
ther for blood samples and formula supplementation.

Colostrum contains all the nutrients needed in the transition from
womb to extrauterine life [15,16]. Early intake of colostrum activates
brain protection resources more than formula [17], enhancing activa-
tion of the infant immune system [18,19]. Formula supplementation
during the first hours may make the infant inactive and reduce sucking
at the breast, which may delay ingestion of colostrum as well as com-
plicate establishment of breastfeeding and lactation. This can cause a
perceived delay in breast milk coming-in and thus reduced milk supply
with risk of cessation in first-time mothers [6,19,20]. The Academy of
Breastfeeding Medicine states that 1 to 3ml of colostrum or formula
every two hours is the recommended practice if a hypoglycemic event
occurs [16]. Skin-to-skin contact (SSC) right after birth has proven to be
temperature stabilizing, glucose sparing, and to decrease the release of
stress hormones that increase glucose utilization [21]. Besides, it en-
hances mother-infant bonding. Furthermore, unlimited SSC enhances
episodes of instinctive behavior, alertness and suckling [21]. However,
none of the available studies include infants of GDM mothers.

Knowledge is sparse on breastfeeding as a non-pharmacological
treatment in infants of mothers with GDM. In a pilot study from 2009,
Chertok et al. found fewer events of hypoglycemia among breastfed
infants (9%) compared to formula-fed infants (46%) within the first
three hours of life [22]. In studies regarding neonatal hypoglycemia,
data is often sparse on breastfeeding frequency. Flores-le Roux et al.
included 190 breastfed infants of mothers with GDM, but without data
on breastfeeding frequency [23]. Thus, there is a gap in knowledge on
whether breastfeeding combined with SSC is a safe way to prevent
hypoglycemia in healthy infants born at term of GDM mothers.

The aim of the study was to test whether SSC and early, frequent
breastfeeding will help to establish blood glucose levels above
2.4 mmol/l during the first four hours post-partum compared to routine
early feeding with weight-adjusted intake of formula in infants of mo-
thers with GDM. Furthermore, to investigate if SSC increased breast-
feeding frequency in the first hours after birth.

Methods

Design

A quasi-experimental study design with a historical control group
was used to investigate the effect on blood glucose levels of an inter-
vention with frequent breastfeeding and at least two hours of unin-
terrupted SSC in healthy infants of GDM mothers.

Setting and former practice

The intervention took place at Aalborg University Hospital in
Denmark where 2.4–4.1% of new mothers are diagnosed with diet-
treated GDM. The standard procedure before 1 May 2009 was to weigh
the infant, give K vitamin and obtain bedside blood glucose values from
blood sampled from the infant’s heel within the first hour post-partum.
SSC was practiced with variations, as there was no policy regarding SSC
within the first hour post-partum before 1.10.2010. Regardless of
breastfeeding or not, formula supplementation was given followed by
new blood glucose sampling at two, four, six, and 12 h post-partum. The
infant received a weight-adjusted amount of formula (60ml/kg/day)

regardless of the blood glucose level, and breastfeeding was attempted
at four, seven, and 11 h post-partum. If the blood glucose level at any
time was below 1.7 mmol/l, a pediatrician was immediately consulted.

Content and intervention

A change in the routine formula supplementation for infants of GDM
mothers was debated during an interdisciplinary meeting between ob-
stetricians, pediatricians, leading midwives, and lactation consultants
in January 2009. Following this debate, the first author (BD) with the
support of the chief pediatrician designed a new procedure consisting of
two parts: A breastfeeding-support part and a blood glucose-measure-
ment part. On 2 March 2009, all relevant health professionals were
introduced to the new “Caring plan to prevent and treat hypoglycemia
in infants of mothers with diet-treated GDM” (Caring plan-GDM
(Fig. 1)) and data from the Caring plan-GDM was documented in a
special form at the maternity ward. Meetings were held for leading
midwives in April 2009 to ensure the implementation starting in the
delivery room. The first author was available for questions and com-
ments. After pilot testing in April, chart audits and feedback led to
slight adjustments of the chart. Data collection in the intervention
group started on 1 May 2009.

The intervention consisted of a pre-natal and a post-natal part.
During pregnancy, GDM mothers received written information con-
cerning the post-partum period explaining why and how early SSC,
frequent breastfeeding, and hand expression of colostrum could benefit
both mother and infant. To promote SSC, defined as placing the naked
infant in prone position between the mother’s breasts [24], the mid-
wives postponed anthropometric measurements until two hours after
birth. The mothers were encouraged to maintain SSC with their infant
for at least two hours and were assisted verbally and practically to in-
itiate breastfeeding. If an infant, after trying itself or with assistance,
did not suckle successfully within the first two hours after birth, mother
and infant were transferred from the delivery room to the maternity
ward as usual, but the infant maintained SSC to stimulate suckling
behavior [25]. The mother was instructed in hand expression of co-
lostrum and how to give it to her infant, if the infant did not suckle
effectively during the first two hours or three hours since the last feed,
as an attempt to achieve at least eight feedings/24 h [16]. Furthermore,
mothers were encouraged by staff to practice SSC repeatedly or con-
tinuously for the following 12 h or more and to stimulate frequent
breastfeeding.

Observation of and action on the infant’s glycemic state was con-
ducted two hours post-partum unless symptoms of hypoglycemia oc-
curred before. From 1 May 2009, bedside blood glucose values of the
infant were obtained at two and four hours post-partum and continued
until two consecutive values were 2.5 mmol/l or above. The time points
for sampling were selected considering the normal physiological drop
in blood glucose level after birth. If the blood glucose level was below
2.5 mmol/l, the infant was supplemented with 3ml per kg per feeding
of breastmilk or formula [16]. Low blood glucose levels at two con-
secutive time points increased the amount of supplementation every
third hour to 6ml per kg per feeding. If the blood glucose level fell to or
below 1.7 mmol/l, a pediatrician was consulted.

Study population

The study population consisted of a prospective intervention group
(IG) and a retrospective historical control group (CG) of GDM mothers.
Women in the IG and CG gave birth in the periods 1 May 2009 until 31
December 2013, and 1 October 2006 until 28 February 2009, respec-
tively. The starting point for data collection in the CG was limited to
October 2006 because of a change in bedside blood sampling, instru-
ments, and implementation of a new laboratory program in September
2006.

For the whole study period, screening for gestational diabetes
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remained unchanged. During pregnancy, GDM was diagnosed if the
blood glucose level was above 9.0mmol/l two hours after a 75-g oral
glucose tolerance test, and the pregnant woman was encouraged to start
a dietary intervention and blood glucose profiling after meeting a die-
tician, an obstetrician and a nurse. Further details on the GDM protocol
are described by Fenger-Grøn et al. [6]. All mothers diagnosed with
GDM and treated by diet were admitted to the maternity ward for at
least 12 h post-partum.

Inclusion criteria for both groups were diet-treated GDM in mothers
and gestational age>36weeks, birthweight> 2500 g, Apgar score>
8/5, umbilical cord, vein/artery PH > 7.0, and admitted to the ma-
ternity ward. Exclusion criteria for infants in both groups were severe
clinical and anthropometric dysmaturity demanding specialized care.

In the intervention period, there were 15,283 births whereof 632
mothers (4.1%) had GDM and 401 infants and their mothers met the
inclusion criteria. In the control period, there were 8,411 births
whereof 200 women had GDM (2.4%) and 137 infants and their mo-
thers met the inclusion criteria (Fig. 2).

Measurements and data collection

Measurements of blood glucose were recorded at two and four hours
for both groups and obtained by a heel prick test taking aseptic pre-
cautions with POCT chromogen reagent strips and ACCU-CHEK Inform
II Blood Glucose Monitoring System, validated for infants, from Roche
Boehringer Mannheim Diagnostics Systems, Inc, Sommerville, New
Jersey. A hypoglycemic event was defined as blood sugar level equal to
or lower than 2.4mmol/l [26,27]. Data was registered in a laboratory
database (LABKA).

Three different feeding modalities were registered: breastfeeding,
formula, and expressed colostrum. A breastfeeding episode was char-
acterized by the infant suckling continuously for several minutes
without getting off the breast and by a swallowing sound, based on
elements from LATCH score [28]. Formula includes any amount of
formula feeding. Expressed colostrum refers to the mother’s own hand-
expressed colostrum. The number of breastfeedings was registered up to
six hours post-partum for the IG, where infants had unlimited recorded
breast access and up to seven hours postpartum for the CG, where in-
fants were encouraged to breastfeed at four and seven hours. After six
hours, breastfeeding was not recorded as detailed in the IG. Likewise,

the amount (ml) of formula supplementation was registered up to six
hours after birth in the IG and up to seven hours in the CG. Data on SSC
in the first two hours was to be recorded on registration sheets after
information from the mother.

Additional data collected on the infants included sex, gestational
age (GA), and birth weight (BW). Data collected on the mothers in-
cluded age, smoking status, BMI, parity, hypertension, thyroid disease,
singleton or twin pregnancy, intention to breastfeed, and delivery
mode. Data on breastfeeding behavior and supplementation for the IG
was collected in registration sheets and monthly transcribed into da-
tasheets with additional data collection and rechecked in the system for
abnormalities and registered in a local database (Koorint). A corre-
sponding registration sheet was made for the CG and each nurse chart
in the period was searched for possible diet treated GDM mothers, re-
checked, and registered.

Additional data for the IG and CG was abstracted and confirmed by
the first and last author from local databases and electronic collabor-
ating systems: (A) Nursing handwritten charts; data about feeding and
amount given in every mother-infant dyad for the first six-seven hours
post-partum. (B) Hospital birth registration database (AS-400); Birth
and delivery data, infant demographic data, as well as maternal age,
parity, BMI, HbA1C, smoking status. (C) Medical electronic recordings
(Clinical Suite); Data on hypertension, thyroid disease. (D) Laboratory
(LABKA) test results, HbA1C and updates on thyroid disease. The oldest
HbA1C - values were converted from % to mmol/l. No data was col-
lected on use of medication.

Ethics and approval

Study protocol and data collection were approved by the Region
North Committee on Health Research Ethics and reported to the Danish
Data Protection Agency, number 2008-58-0028/2013-27.

Statistics

Continuous variables are presented as mean and standard deviation
or median and range depending on their distribution. Categorical
variables are presented as frequencies and percentages. Comparisons
between IG and CG were made using median or t-tests for continuous
variables, depending on their distribution, and chi-squared tests for

Retrospective control period
1/10/2006-28/2/2009

Total births: 8,411

Mothers with diet-treated
GDM: 200 (204 infants)

157 infants

NICU from delivery room
47 infants

143 infants

<  37° GA: 8 infants
< 2500 gram: 1 infant
Apgar < 8/5: 5 infants

132 infants included

Prospective intervention period
1/5/2009- 31/12/2013
Total births: 15,283

Mothers with diet-treated
GDM: 632 (656 infants)

555 infants

NICU from delivery room
101 infants

503 infants

<  37° GA: 23 infants
< 2500 gram: 6 infants
Apgar < 8/5: 23 infants

401 infants included

8 infants excluded for not 
following Caring plan-GDM

6 dysmature
94 dysmature

5 lost in identification

Fig. 2. Flowchart. Number of infants born to mothers with diet-treated GDM in the study period. For each group, the reasons for and the total number of infants
excluded are stated.
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categorical variables. Multiple linear or logistic regression was used for
the adjusted analyses of blood glucose levels and hypoglycemic events
between groups. There was no imputation of missing data for the ad-
justed analysis, only complete cases were used. In the tables, for each
variable we reported the number of available observations in the IG and
CG, respectively. Poisson regression was used to compare the breast-
feeding frequency between the two groups. Statistical analyses were
made in Stata 13. Results with p-values below 0.05 were considered
statistically significant.

Results

There were 394 mothers and 401 infants in the IG and 130 mothers
and 132 infants in CG. Clinical and demographic characteristics of
mothers and infants showed that the two groups are essentially com-
parable (Table 1). Regarding the mothers, we found no statistically
significant differences in age, parity, smoking status, thyroid disease or
delivery mode. The two groups showed statistically significant differ-
ences regarding BMI, hypertension, and HbA1C (all higher in the CG).
For infants, we found no statistically significant differences in gesta-
tional age, birth weight, or sex distribution. In the IG, 4.2% of mothers
chose not to breastfeed, while it was 2.3% in the CG; this difference
was, however, not statistically significant.

Looking at all infants, blood glucose levels at two hours post-partum
were comparable in the IG and CG (Table 2a). Four hours after birth,
blood glucose was significantly higher in the IG than in the CG. Both in
IG and CG at two and four hours the mean blood glucose level was well
above the limit of 2.5 mmol/l (Table 2a). The proportion of infants with
hypoglycemic events at two hours was 2.3 times higher in the CG than
in the IG (Table 2b). At four hours, it was 3.8 times higher in the CG

(Table 2b). The pattern was the same restricting the analysis to infants
who successfully breastfed within the first two hours after birth. We
found significantly higher blood glucose levels in the IG after four
hours, and well above the 2.5mmol/l limit in IG and CG (Table 2a), and
significantly fewer hypoglycemic events in the IG (Table 2b). Adjusting
the analysis for variables such as maternal age, smoking status, BMI,
HbA1C, thyroid disease, hypertension, parity, delivery mode, birth-
weight, or gestational age did not influence the results (data not
shown).

The different feeding modalities (breastfeeding, expressed colos-
trum, and formula feeding) in the IG and GC are shown in Table 3. All
infants in the CG (132) received formula supplementation according to
the protocol at the time. In the IG, only 73 (18.2%) of the infants re-
ceived formula. Data on breastfeeding frequency – or lack of – was
available for> 90% of the infants in both groups: 374 infants in the
intervention group and 122 infants in the control group. The percentage
of infants not breastfed within the first two hours was significantly
lower in the IG (6.6%) than in the CG (36.9%). Fig. 3 shows the number
of breastfeeding episodes per infant in each group, demonstrating a
much higher frequency in the IG. The mean breastfeeding frequency
during the first six hours post-partum in the IG was 2.4 times (95% CI
[2.2, 2.6]) compared to 1.3 times (95% CI [1.1, 1.5]) within the first
seven hours in the CG, equivalent to an increase of 80% (Poisson P-
value < 0.001.

The hypoglycemic infants in the IG received much less formula than
their peers in the CG (median 5.5 ml/kg vs. 19ml/kg, data not shown);
seven infants had 3ml/kg as recommended. Among the infants re-
ceiving formula in the IG, 39 were due to low blood glucose levels (at
two or four hours). Our infants received supplement in this real life
setting for various reasons other than hypoglycemic events. In other
cases, the mother choose not to breastfeed (n17), the mother requesting
formula supplementation (n13), a tired mother or in OR, a hungry in-
fant or unable to latch, or polycythemia were reasons for infants re-
ceiving supplement. No infant was given expressed colostrum to correct
hypoglycemic events; four infants were given expressed colostrum after
four and six hours due to not suckling effectively or not at all.

The SSC data available generally only included information from
the first hour of life. Since the mothers were not asked about SSC in the
first two hours when arriving to the maternity ward, we cannot analyze
the effect of SSC on blood glucose or breastfeeding frequency, or
whether it was longer in the IG.

Discussion

Previous studies on infants born to GDM mothers have been mostly
descriptive and focused on hypoglycemic events and have contributed
with little information about breastfeeding. This study showed safe
blood glucose levels, a significant decrease in episodes of hypogly-
cemia, and a significant increase in the frequency of breastfeeding using
a non-pharmacological intervention consisting of SSC and support and
encouragement to frequent breastfeeding in the early post-partum
period in infants of GDM mothers. The number of infants receiving
formula was reduced from 100% in the CG to 18.2% in the IG. To our
knowledge, this is the largest study on infants born to GDM mothers
with specific data on blood glucose levels, breastfeeding within the first
two hours and the first six hours post-partum.

With a blood glucose level at two and four hours that was com-
parable or higher in the IG than in CG it seemed that early frequent
breastfeeding and infant SSC is a safe strategy to prevent hypoglycemia
in infants. Our early results on blood glucose level (3.36mmol/l,) were
slightly higher than the ones found in the pilot study by Chertok et al.
(3.20 mmol/l) for breastfed infants at 1.9 h [22]. Their inclusion of 11%
insulin-treated mothers may explain the difference, or the adding of
infant SSC practices in the present Caring plan-GDM may have con-
tributed to the slightly higher blood glucose level. The HAPO study
found glucose levels in non GDM-affected infants (3.3 mmol/l)

Table 1
Demographic characteristics of mothers and infants in the study.

Intervention Control

na Statistic na Statistic p

Mothers
Age, yearsb 394 31.5 (5.2) 130 31.8 (4.6) 0.641
HbA1c mmol/lb 377 36.1 (5.0) 109 37.3 (4.0) 0.025
HbA1c≥ 37mmol/lc 377 169 (44.8%) 109 63 (57.8%) 0.017
Singleton pregnancyc 394 387 (98.2%) 130 128 (98.5%) 0.856
Parity: multiparac 393 235 (59.8%) 130 78 (60.0%) 0.967
Smokerc 394 50 (12.7%) 130 21 (16.2%) 0.317
Hypertensionc 391 33 (8.4%) 127 23 (18.1%) 0.002
Thyroid diseasec 390 9 (2.3%) 128 7 (5.5%) 0.073

Cesarean birthc

394 92 (23.4%) 130 31 (23.8%) 0.908
BMIb 394 29.52 (0.32) 130 31.05 (0.55) 0.018

BMIc 394 130 0.076
<25 109 (27.7%) 23 (17.7%)
25–29.99 114 (28.9%) 36 (27.7%)
30–34.99 100 (25.4%) 39 (30.0%)
≥35 71 (18.0%) 32 (24.6%)

Infants
Sex: malec 401 206 (51.4%) 132 61 (46.2%) 0.304

Gestational age, weeksc 401 132 0.612
37–37.9 37 (9.2%) 9 (6.8%)
38–38.9 83 (20.7%) 33 (25.0%)
39–40.9 208 (51.9%) 69 (52.3%)
≥41 73 (18.2%) 21 (15.9%)

Birth weight, gramsc 401 132 0.654
2500–2749 6 (1.5%) 3 (2.3%)
2750–3999 297 (74.1%) 93 (70.5%)
≥4000 98 (24.4%) 36 (27.3%)

a Number of mothers/infants with available information.
b Mean (sd); P-value from a t-test.
c Number (percentage); P-value from a chi-squared test.
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comparable to our findings at 3–5 h post-partum but these results were
without supplemental data on SSC or breastfeeding frequency [14,22].
The blood glucose levels observed were similar when investigating all
infants and when focusing only on those breastfed within two hours
post-partum. This seems to support the AAP that states blood glucose
level in the first hours are independent of feeding status [13], although
low numbers of exclusively formula-fed infants in our study prevented a
direct comparison. Undisturbed and frequent breastfeeding in the first
six hours might help to establish breastfeeding [21]. In the Caring plan-
GDM, we chose to measure blood glucose at two and four hours post-
partum and to intervene at a blood glucose level< 2.5 mmol/l. Re-
cently, the study of Tozier et al. integrated the physiological fall in the
blood glucose level in their algorithm and allowed the infant under
observation (in all diabetes groups, n77) to reach a blood glucose
level> 2.2 mmol/l at four hours [29]. This study suggested, similar to
ours, to keep the infant SSC and breastfeed or give drops of colostrum if
the infant was not suckling and to only intervene if the blood glucose
level fell below 1.3 mmol/l or symptoms of hypoglycemia occurred
[29].

In the present study, the incidence of hypoglycemia defined as blood
glucose levels< 2.5mmol/l was 7.1% at two hours and 3.8% at four
hours in the IG. The study by Flores-le Roux et al. reported 20% of
infants of diet-treated GDM mothers to have hypoglycemic events [23].
The difference in incidence of hypoglycemia may be explained by the
intervention of SSC and breastfeeding behavior in the Caring plan-
GDM. No specific data on breastfeeding was, however, reported in the
study by Flores-le Roux [23]. Our data showed that 7% of breastfed SSC
infants had hypoglycemic events at two hours. HAPO (n= 17,000)
showed that 9.1% of infants not affected by GDM had blood glucose
levels below 2.2 mmol/l [14]. In our IG, 16 (4%) had a blood glucose
level below 2.2 mmol/l at two or four hours indicating that our Caring
plan-GDM may contribute to prevent hypoglycemia, showing morbidity
levels comparable to infants born at term regarding hypoglycemic
events [1]. Moreover, in the study of Chertok et al. as well as in the
HAPO study, the breastfed infants who were rooming-in had a lower
incidence of hypoglycemia compared to the non-breastfed/formula-fed
infants, suggesting that keeping mother and infant together, breast-
feeding has a preventive effect on hypoglycemia [14,22]; after in-
vestigating the possible influence of previous birth, we could not find a

significant association.
With only 6.6% of infants not suckling within the first two hours

post-partum in the IG compared to 36.9% in CG, it seemed that our
Caring plan-GDM gave mothers and infants in the IG more

Table 2a
Blood sugar levels 2 and 4 h after birth in the IG and CG for all infants and only for infants breastfed within the first 2 h after birth.

All infants Infants breastfed within 2 h

n# Mean [95% CI] n# Mean [95% CI] p* n# Mean [95% CI] n# Mean [95% CI] p*

Blood sugar
2 h 396 3.37 [3.30, 3.44] 129 3.27 [3.15, 3.40] 0.197 369 3.36 [3.28, 3.43] 80 3.22 [3.06, 3.37] 0.112
4 h 393 3.40 [3.34, 3.46] 124 3.20 [3.09, 3.31] 0.001 367 3.40 [3.34, 3.46] 76 3.17 [3.04, 3.31] 0.003

# Number of infants with data available.
* Two-sample t-test.

Table 2b
Number and percentage of infants with hypoglycemia two and four hours after birth in the IG and CG for all infants and only for infants breastfed within the first 2 h
after birth.

All infants+ Infants breastfed within 2 h¤

Intervention Control Intervention Control

n (%)# n (%)# p* n (%)# n (%)# p*

Hypoglycemia
At 2 h 28 (7.1%) 21 (16.3%) 0.002 26 (7.0%) 14 (17.5%) 0.003
At 4 h 15 (3.8%) 18 (14.5%) <0.001 15 (4.1%) 12 (15.8%) <0.001
At 2 & 4 h 2 (0.5%) 9 (6.8%) <0.001 2 (0.5%) 6 (7.3%) <0.001

# Number of infants with confirmed hypoglycemia and percentage from the total of children with available data at the given timepoint.
* Chi-squared test.

Table 3
Feeding modalities 6 h (IG) or 7 h (CG) after birth.

Intervention Control

n % n %a

Breastfeeding, exclusive 324 80.8 0 0
Breastfeeding, in combination 380 94.8 97 79.5*

Hand-expressed colostrumb 4 1 0 0
Formula, exclusive 17 4.2 25 20.5*

Formula, in combination 73 18.2 132 100

a Computed based on the number for which information is available. We use
the total number in the group unless otherwise stated.

b These children did not receive formula.
* Data available for 122 children.

Fig. 3. Boxplots of number of breastfeeds per infant in the first hours after birth
in the IG (up to six hours) and CG (up to seven hours).
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opportunities to establish breastfeeding, also shown by a steep increase
in breastfeeding frequency within the first six hours compared to the
CG. According to Essa et al., 88% of SSC infants achieved a successful
first breastfeeding compared to 42% of non-SSC infants [24], sup-
porting our findings on breastfeeding initiation within the first two
hours. Csont et al. also found a significant increase in the number of
breastfeedings, among the 65 infants post intervention, in the four
hours it took to achieve three blood glucose measurements above
2.5 mmol/l [9]. In their study, only 24.6% of the mothers were affected
by diabetes [9]. In our study, the mean amount of formula given to
hypoglycemic infants in the IG was 5.5ml/kg. Seven hypoglycemic
infants in the IG were given 3ml/kg of formula as recommended in the
Caring plan-GDM, and we failed at giving expressed colostrum to these
infants, since they were all exclusively supplemented with formula.
Only two infants in the IG received formula twice. One infant> 4500 g
(4820 g) received 65ml two hours post-partum as a response to a blood
glucose level of 1.7 mmol/l. Despite this, we reduced the volume by
approximately 40ml per hypoglycemic infant for the first six hours;
from 19ml/kg/seven hours to 5.5 ml/kg/six hours. Tozier et al. in their
study reduced the number of infants supplemented by formula with
53.6% [29]. Changing strategies in a complex hospital environment can
make staff react in different ways. The study by Csont et al. reported
that half of the staff were uncomfortable giving only small amounts of
colostrum or formula as they did not believe it would be preventive [9].
This could also be the case in our study, as staff showed low compliance
for colostrum use in the early hours post-partum in the delivery room
and in the maternity ward. ABM’s revision of prevention of neonatal
hypoglycemia from 2014 recommends to give 1–3ml/kg supple-
mentation every two hours, increasing the difference between the
suggested and our actual amount [16]. Small amounts of supple-
mentation could signal to the mother that her ability to breastfeed her
infant is adequate and that small amounts of hand expressed colostrum
are sufficient to satisfy the needs of the vulnerable infant, as well as to
increase the infant’s interest in suckling [9,16,30]. Thus, early breast-
feeding should be enhanced. Having a time limit for trial and error
before changing feeding strategy and start of hand expression could
promote breastfeeding further and keep safety goals together with using
small amounts of colostrum or formula if needed [9].

Our study population included only healthy infants born at term to
GDM mothers admitted to a maternity ward. A strength of the study
was the prospective inclusion of participants, and the possibility of
having a retrospective control group based on the same GDM criteria. In
our Caring plan-GDM, SSC was an important part of the planned in-
tervention. Although the Caring plan-GDM states SSC for at least the
first two hours after birth, this was in some cases not possible. The lack
of data on SSC for each infant unfortunately prevented us from ana-
lyzing the effect of this important component of the Caring plan-GDM.
Likewise, we were unable to make separate analyses for breastfed and
non-breastfed infants as was intended. Most of the infants in our CG
have presumably not been maintained SSC but were supplemented with
formula within the first hour post-partum. In the IG period, im-
plementation of continuous SSC right after birth and for the first hour
was ongoing, as a quality indicator in Denmark from October 1, 2010.
SSC is well known to stabilize the infant and increase infant alertness
[21,24], and our results on blood glucose and breastfeeding frequency
could partly be a consequence of SSC, but must remain unproven for
our group of infants.

Blood glucose samples were not tested in the laboratory to confirm
low levels, but throughout the entire period we used the same validated
sampling method. Even though the IG data was collected for six hours
compared to seven hours in the CG, the mothers in the IG still breastfed
significantly more times. A weakness of comparing the IG to a historical
CG lies in the potential demographic differences between the groups,
but the effect of such differences was investigated and appeared to be
insignificant. Demographic characteristics of mothers were comparable
between the two groups, except for BMI, HbA1C and hypertension in

pregnancy (p 0.002). Hypertension did not affect our results, but the
analysis should be interpreted with caution because of the small study
sample (CG 24/132, IG 33/401). There were less women with a BMI
above 30 in our IG and a BMI above 30 is known to increase the risk of
neonatal hypoglycemia; we could not confirm this in our analysis [31].
In our study, 4.1% of pregnant women were diagnosed with GDM and
treated by diet in the IG in the largest hospital in North Denmark Re-
gion (589148 inhabitants in 2018). It was above the 2.4% in our CG and
even higher than the national average of 2.3% in 2010 [3]. This dif-
ference may indicate a larger number of pregnant women with factors
making GDM screening relevant as seen worldwide, which increases the
number of women diagnosed with GDM. The difference in HbA1C
cannot be explained besides a different distribution in BMI and maybe a
better compliance with dietary treatment. We need to ensure best
practice to support GDM mothers in succeeding in breastfeeding and
change existing evidence of lower breastfeeding rates [19]. Our results
should not be used in adapting the Caring plan-GDM to other groups of
infants at risk of neonatal hypoglycemia.

Implications to practice

We have shown that implementing our Caring plan-GDM enabled
infants to achieve a normal blood glucose level and thereby prevent
hypoglycemia. By monitoring glucose levels and practicing two hours of
SSC without external interferences and frequent breastfeeding, we are
aligned with the 2016 statement of Rozance et al. showing that
breastfeeding is a powerful factor in preventing neonatal hypoglycemia
together with SSC [30,32]. The implementation of this non-pharma-
cological Caring Plan-GDM encourages to supplement the hypogly-
cemic infant with hand expressed colostrum before turning to formula
supplementation. This particular change in practice, which was not
followed in the present study, may point to a need to identify the
barriers among health professionals in clinical practice.

Conclusion

Our study adds to the existing evidence on SSC, combined with
frequent breastfeeding, to prevent hypoglycemia, testing this on a po-
pulation of healthy infants of GDM mothers. Monitoring infant glucose
levels with SSC and free access to the breast proved a safe and blood
glucose stabilizing strategy in the first hours post-partum. This is just as,
or maybe even more, effective than the former strategy in the CG.
Breastfeeding frequency almost doubled compared to our controls.
Expressed colostrum was not used to replace formula as suggested in
the Caring plan-GDM and further research in the use of expressed co-
lostrum could help ensuring a post-partum period, as normal as for
infants not affected by GDM.

SSC in the early post-partum hours in these infants at risk might
have supported and encouraged more frequent breastfeeding and
thereby exclusive early breastfeeding. The effect of SSC during the first
hours should be investigated further in infants of GDM mothers to
support the existing evidence on the effect on blood glucose levels and
duration of breastfeeding. Caring plan-GDM might have the potential to
be applied in the care of other infants at risk of suffering from neonatal
hypoglycemia.

Conflicts of interest

None.
This research did not receive any specific grant from funding

agencies in the public, commercial, or not-for-profit sectors.

Acknowledgements

We wish to thank:
Martin Berg Johansen. Biostatistician. Unit of Epidemiology and

B.T. Dalsgaard et al. Sexual & Reproductive Healthcare 19 (2019) 1–8

7



Biostatistics, Aalborg University Hospital, Denmark for statistical ana-
lysis in a part of the process.

Rasa Cipliene, MD, Pediatrician, Senior Physician of pediatrics,
Clinic of Women-Child & Urology, Aalborg University Hospital. for the
development of Caring Plan-GDM and advice.

Connie Skrubbeltrang, Head Librarian. Aalborg University Hospital
for searching strategies of the literature.

Karen Eck, RN, MSN for support in the early process of data col-
lection.

Mothers and infants in the study period as well as colleagues for
engagement and support.

Appendix A. Supplementary material

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.srhc.2018.10.003.

References

[1] Blachier A, Alberti C, Korb D, Schmitz T, Patrick V, Christine B, et al. Diet or
medically treated gestational diabetes: is there any difference for obstetrical and
neonatal complications? A French cohort study. J Perinat Med 2014;42(3):315–9.

[2] WHO. Diagnostic Criteria and Classification of Hyperglycaemia First Detected in
Pregnancy. 2013; Available at: http://www.who.int/diabetes/publications/
Hyperglycaemia_In_Pregnancy/en/. Accessed 0921, 2015.

[3] Ovesen PG, Jensen DM, Damm P, Rasmussen S, Kesmodel US. Maternal and neo-
natal outcomes in pregnancies complicated by gestational diabetes. A nation-wide
study. J Matern Fetal Neonatal Med 2015;28(14):1720–4.

[4] Mitanchez D, Burguet A, Simeoni U. Infants born to mothers with gestational dia-
betes mellitus: mild neonatal effects, a long-term threat to global health. J Pediatr
2014;164(3):445–50.

[5] Gunderson EP. Lactation and progression to Type 2 diabetes mellitus after gesta-
tional diabetes mellitus. Ann Int Med 2016;165(4):299–300.

[6] Fenger-Gron J, Fenger-Gron M, Blunck CH, Schonemann-Rigel H, Wielandt HB. Low
breastfeeding rates and body mass index in Danish children of women with gesta-
tional diabetes mellitus. Int Breastfeed J 2015;10. 26-015-0051-8. eCollection 2015.

[7] Crume TL, Ogden L, Maligie M, Sheffield S, Bischoff KJ, McDuffie R, et al. Long-term
impact of neonatal breastfeeding on childhood adiposity and fat distribution among
children exposed to diabetes in utero. Diabetes Care 2011 Mar;34(3):641–5.

[8] institut for Folkesundhed SDU. Databasen Børns Sundhed, Johansen A, Krogh C,
Weber Pant S & Holstein BE. Amning: Temarapport og årsrapport. Børn født i 2014.
København: Databasen Børns Sundhed og Statens Institut for Folkesundhed, SDU
2016. 2016.

[9] Csont GL, Groth S, Hopkins P, Guillet R. An evidence-based approach to breast-
feeding neonates at risk for hypoglycemia. J Obstet Gynecol Neonatal Nurs
2014;43(1):71–81.

[10] Hawdon JM. Neonatal hypoglycemia: are evidence-based clinical guidelines
achievable? NeoReviews 2014;15:e91.

[11] Rasmussen AH, Wehberg S, Fenger-Groen J, Christesen HT. Retrospective evalua-
tion of a national guideline to prevent neonatal hypoglycemia. Pediatr Neonatol
2017;58(5):398–405.

[12] Hoseth E, Joergensen A, Ebbesen F, Moeller M. Blood glucose levels in a population
of healthy, breast fed, term infants of appropriate size for gestational age. Arch Dis
Child Fetal Neonatal Ed 2000;83(2):F117–9.

[13] Committee on Fetus and Newborn, Adamkin DH. Postnatal glucose homeostasis in
late-preterm and term infants. Pediatrics 2011;127(3):575–9.

[14] Metzger BE, Persson B, Lowe LP, Dyer AR, Cruickshank JK, Deerochanawong C,
et al. Hyperglycemia and adverse pregnancy outcome study: neonatal glycemia.
Pediatrics 2010 Dec;126(6):e1545–52.

[15] American Academy of Pediatric. Breastfeeeding and the use of human milk. 2012;
129(3): e827.

[16] Wight N, Marinelli KA. Academy of Breastfeeding Medicine. ABM clinical protocol
#1: guidelines for blood glucose monitoring and treatment of hypoglycemia in term
and late-preterm neonates, revised 2014. Breastfeed Med 2014;9(4):173–9.

[17] de Rooy L, Hawdon J. Nutritional factors that affect the postnatal metabolic
adaptation of full-term small- and large-for-gestational-age infants. Pediatrics
2002;109(3):E42.

[18] Gephart SM, Weller M. Colostrum as oral immune therapy to promote neonatal
health. Adv Neonatal Care 2014;14(1):44–51.

[19] Riddle SW, Nommsen-Rivers LA. A case control study of diabetes during pregnancy
and low milk supply. Breastfeed Med 2016;11(2):80–5.

[20] Chantry CJ, Dewey KG, Peerson JM, Wagner EA, Nommsen-Rivers LA. In-hospital
formula use increases early breastfeeding cessation among first-time mothers in-
tending to exclusively breastfeed. J Pediatr 2014;164(6). 1339 45.e5.

[21] Moore ER, Bergman N, Anderson GC, Medley N. Early skin-to-skin contact for
mothers and their healthy newborn infants. Cochrane Database Syst Rev
2016;11:CD003519.

[22] Chertok IR, Raz I, Shoham I, Haddad H, Wiznitzer A. Effects of early breastfeeding
on neonatal glucose levels of term infants born to women with gestational diabetes.
J Hum Nutr Diet 2009;22(2):166–9.

[23] Flores-le Roux JA, Sagarra E, Benaiges D, Hernandez-Rivas E, Chillaron JJ, Puig de
Dou J, et al. A prospective evaluation of neonatal hypoglycaemia in infants of
women with gestational diabetes mellitus. Diabetes Res Clin Pract
2012;97(2):217–22.

[24] Essa R, Ismail N. Effect of early maternal/newborn skin-to-skin contact after birth
on the duration of third stage of labor and initiation of breastfeeding. J Nurs Educ
Practice 2015;5(4):98.

[25] Widstrom AM, Lilja G, Aaltomaa-Michalias P, Dahllof A, Lintula M, Nissen E.
Newborn behaviour to locate the breast when skin-to-skin: a possible method for
enabling early self-regulation. Acta Paediatr 2011 Jan;100(1):79–85.

[26] Lucas A, Morley R, Cole TJ. Adverse neurodevelopmental outcome of moderate
neonatal hypoglycaemia. BMJ 1988 Nov 19;297(6659):1304–8.

[27] Stage E, Mathiesen ER, Emmersen PB, Greisen G, Damm P. Diabetic mothers and
their newborn infants – rooming-in and neonatal morbidity. Acta Paediatr 2010
Jul;99(7):997–9.

[28] Jensen D, Wallace S, Kelsay P. LATCH: a breastfeeding charting system and doc-
umentation tool. J Obstet Gynecol Neonatal Nurs 1994 Jan;23(1):27–32.

[29] Tozier P. Colostrum Versus Formula Supplentation for Glucose Stabilization in
Newborns of Diabetic Mothers. 2013; 42(JOGNN The association of Women's
Health, Obstetric and Neonatal Nurses): 619–28.

[30] Westman J, Boardman J. Identification and management of neonatal hypogly-
caemia in the full term infant – a framework for. Practice 2017.

[31] Collins K, Oehmen R, Mehta S. Effect of obesity on neonatal hypoglycaemia in
mothers with gestational diabetes: a comparative study. Aust N Z J Obstet Gynaecol
2017.

[32] Rozance PJ, Hay Jr. WW. New approaches to management of neonatal hypogly-
cemia. Mater Health Neonatol Perinatol 2016;2. 3-016-0031-z. eCollection 2016.

B.T. Dalsgaard et al. Sexual & Reproductive Healthcare 19 (2019) 1–8

8

https://doi.org/10.1016/j.srhc.2018.10.003
https://doi.org/10.1016/j.srhc.2018.10.003
http://refhub.elsevier.com/S1877-5756(18)30002-8/h0005
http://refhub.elsevier.com/S1877-5756(18)30002-8/h0005
http://refhub.elsevier.com/S1877-5756(18)30002-8/h0005
http://www.who.int/diabetes/publications/Hyperglycaemia_In_Pregnancy/en/
http://www.who.int/diabetes/publications/Hyperglycaemia_In_Pregnancy/en/
http://refhub.elsevier.com/S1877-5756(18)30002-8/h0015
http://refhub.elsevier.com/S1877-5756(18)30002-8/h0015
http://refhub.elsevier.com/S1877-5756(18)30002-8/h0015
http://refhub.elsevier.com/S1877-5756(18)30002-8/h0020
http://refhub.elsevier.com/S1877-5756(18)30002-8/h0020
http://refhub.elsevier.com/S1877-5756(18)30002-8/h0020
http://refhub.elsevier.com/S1877-5756(18)30002-8/h0025
http://refhub.elsevier.com/S1877-5756(18)30002-8/h0025
http://refhub.elsevier.com/S1877-5756(18)30002-8/h0030
http://refhub.elsevier.com/S1877-5756(18)30002-8/h0030
http://refhub.elsevier.com/S1877-5756(18)30002-8/h0030
http://refhub.elsevier.com/S1877-5756(18)30002-8/h0035
http://refhub.elsevier.com/S1877-5756(18)30002-8/h0035
http://refhub.elsevier.com/S1877-5756(18)30002-8/h0035
http://refhub.elsevier.com/S1877-5756(18)30002-8/h0045
http://refhub.elsevier.com/S1877-5756(18)30002-8/h0045
http://refhub.elsevier.com/S1877-5756(18)30002-8/h0045
http://refhub.elsevier.com/S1877-5756(18)30002-8/h0050
http://refhub.elsevier.com/S1877-5756(18)30002-8/h0050
http://refhub.elsevier.com/S1877-5756(18)30002-8/h0055
http://refhub.elsevier.com/S1877-5756(18)30002-8/h0055
http://refhub.elsevier.com/S1877-5756(18)30002-8/h0055
http://refhub.elsevier.com/S1877-5756(18)30002-8/h0060
http://refhub.elsevier.com/S1877-5756(18)30002-8/h0060
http://refhub.elsevier.com/S1877-5756(18)30002-8/h0060
http://refhub.elsevier.com/S1877-5756(18)30002-8/h0065
http://refhub.elsevier.com/S1877-5756(18)30002-8/h0065
http://refhub.elsevier.com/S1877-5756(18)30002-8/h0070
http://refhub.elsevier.com/S1877-5756(18)30002-8/h0070
http://refhub.elsevier.com/S1877-5756(18)30002-8/h0070
http://refhub.elsevier.com/S1877-5756(18)30002-8/h0080
http://refhub.elsevier.com/S1877-5756(18)30002-8/h0080
http://refhub.elsevier.com/S1877-5756(18)30002-8/h0080
http://refhub.elsevier.com/S1877-5756(18)30002-8/h0085
http://refhub.elsevier.com/S1877-5756(18)30002-8/h0085
http://refhub.elsevier.com/S1877-5756(18)30002-8/h0085
http://refhub.elsevier.com/S1877-5756(18)30002-8/h0090
http://refhub.elsevier.com/S1877-5756(18)30002-8/h0090
http://refhub.elsevier.com/S1877-5756(18)30002-8/h0095
http://refhub.elsevier.com/S1877-5756(18)30002-8/h0095
http://refhub.elsevier.com/S1877-5756(18)30002-8/h0100
http://refhub.elsevier.com/S1877-5756(18)30002-8/h0100
http://refhub.elsevier.com/S1877-5756(18)30002-8/h0100
http://refhub.elsevier.com/S1877-5756(18)30002-8/h0105
http://refhub.elsevier.com/S1877-5756(18)30002-8/h0105
http://refhub.elsevier.com/S1877-5756(18)30002-8/h0105
http://refhub.elsevier.com/S1877-5756(18)30002-8/h0110
http://refhub.elsevier.com/S1877-5756(18)30002-8/h0110
http://refhub.elsevier.com/S1877-5756(18)30002-8/h0110
http://refhub.elsevier.com/S1877-5756(18)30002-8/h0115
http://refhub.elsevier.com/S1877-5756(18)30002-8/h0115
http://refhub.elsevier.com/S1877-5756(18)30002-8/h0115
http://refhub.elsevier.com/S1877-5756(18)30002-8/h0115
http://refhub.elsevier.com/S1877-5756(18)30002-8/h0120
http://refhub.elsevier.com/S1877-5756(18)30002-8/h0120
http://refhub.elsevier.com/S1877-5756(18)30002-8/h0120
http://refhub.elsevier.com/S1877-5756(18)30002-8/h0125
http://refhub.elsevier.com/S1877-5756(18)30002-8/h0125
http://refhub.elsevier.com/S1877-5756(18)30002-8/h0125
http://refhub.elsevier.com/S1877-5756(18)30002-8/h0130
http://refhub.elsevier.com/S1877-5756(18)30002-8/h0130
http://refhub.elsevier.com/S1877-5756(18)30002-8/h0135
http://refhub.elsevier.com/S1877-5756(18)30002-8/h0135
http://refhub.elsevier.com/S1877-5756(18)30002-8/h0135
http://refhub.elsevier.com/S1877-5756(18)30002-8/h0140
http://refhub.elsevier.com/S1877-5756(18)30002-8/h0140
http://refhub.elsevier.com/S1877-5756(18)30002-8/h0150
http://refhub.elsevier.com/S1877-5756(18)30002-8/h0150
http://refhub.elsevier.com/S1877-5756(18)30002-8/h0155
http://refhub.elsevier.com/S1877-5756(18)30002-8/h0155
http://refhub.elsevier.com/S1877-5756(18)30002-8/h0155
http://refhub.elsevier.com/S1877-5756(18)30002-8/h0160
http://refhub.elsevier.com/S1877-5756(18)30002-8/h0160

	Breastfeeding and skin-to-skin contact as non-pharmacological prevention of neonatal hypoglycemia in infants born to women with gestational diabetes; a Danish quasi-experimental study
	Introduction
	Methods
	Design
	Setting and former practice
	Content and intervention
	Study population
	Measurements and data collection
	Ethics and approval
	Statistics

	Results
	Discussion
	Implications to practice

	Conclusion
	Conflicts of interest
	Acknowledgements
	Supplementary material
	References




