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Oral feeding challenges of
infants of diabetic mothers
Leslie-Anne J. Dietrich1,2*
1Pediatrics, Division of Neonatology, University of Texas Health San Antonio, San Antonio, TX, United
States, 2University Health System, San Antonio, TX, United States
Objective: The presence of diabetes before or during pregnancy can increase
perinatal mortality and morbidities. It is well known an infant of a diabetic
mother (IDM) may experience complications such as macrosomia,
hypoglycemia, respiratory distress syndrome, cardiac anomalies, and other
abnormalities of organogenesis. Medical providers including physicians, nurses,
and speech therapists have experienced challenges with helping IDMs orally
feed. Challenges with oral feeding can lead to prolonged hospital stays and
placement of supplemental feeding devices. The etiology of an IDM’s oral
feeding delays is not well understood and does not necessarily affect all infants.
Study design: This descriptive review explores what is known about potential
contributing factors to feeding difficulty in IDMs, including differences in infant
behavior and swallowing mechanics.
Results: Some IDMs are unable to maintain active alert states and have
decreased autonomic regulation and motor control. Studies of sucking and
swallowing demonstrate reduced sucking pressure, fewer sucking bursts, and
slowing of esophageal sphincter function.
Conclusion: The increasing prevalence of diabetes during pregnancy makes
further investigations into the characteristics and trajectories of state, behavior,
and oral feeding of IDMs imperative.
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Introduction

During pregnancy women may be affected by type 1 diabetes, type 2 diabetes, or

gestational diabetes mellitus. Gestational diabetes mellitus (GDM) is a form of diabetes

that develops during the pregnancy, and pregestational diabetes is when type 1 or type 2

diabetes develops before pregnancy. When diabetes affects a woman during pregnancy,

the fetus is at risk for multiple complications (1). The majority of fetal and neonatal

challenges are the result of hyperglycemic and hyperinsulinemic states in the infant,

secondary to maternal hyperglycemia. Complications often seen after birth include

macrosomia, hypoglycemia, hypertrophic cardiomyopathy, and respiratory distress

syndrome. Infants may be affected with critical congenital heart disease (e.g., transposition

of the great arteries), neural tube defects, kidney anomalies, skeletal defects, or

gastrointestinal malformations (e.g., imperforate anus, intestinal atresias, microcolon). The

risk for congenital anomalies is higher among infants born to mothers with pregestational

diabetes compared to those born to mothers with gestational diabetes; the risk is 3–5

times higher when the condition is poorly controlled (2).

According to the CDC in 2019, 11.3% of the general population, that is 37.3 million

adults were living with diabetes in the United States (3). The Southern and Eastern regions

have the highest rates of adults ≥20 years of age diagnosed with diabetes. Estimates do not

delineate between type 1 and type 2 diabetes, and likely represent the more prevalent type
01 frontiersin.org

http://crossmark.crossref.org/dialog/?doi=10.3389/fped.2024.1459197&domain=pdf&date_stamp=2020-03-12
https://doi.org/10.3389/fped.2024.1459197
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fped.2024.1459197/full
https://www.frontiersin.org/articles/10.3389/fped.2024.1459197/full
https://www.frontiersin.org/journals/pediatrics
https://doi.org/10.3389/fped.2024.1459197
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/


Dietrich 10.3389/fped.2024.1459197
2 diabetes. Similarly, the prevalence of pregestational diabetes has

doubled in the last 3 decades (4). GDM occurs in 2%–10% of

pregnancies and has increased 30% from 2016 to 2020 in the

United States (2).

One poorly understood complication for infants of diabetic

mothers (IDMs) is oral feeding difficulties. Some infants have

medical complications, such as neurologic or cardiorespiratory

problems, that can delay time to oral feeding. Some IDMs

struggle with learning to orally feed even when these conditions

are not present or have long since resolved (5). The exact

incidence of oral feeding difficulties in IDMs is not known. A

study from the 1970s documented poor feeding in 37% of a

cohort of 147 IDMs with varying gestational ages and

complications (6). Compared to infants born to mothers without

diabetes, IDMs seem to have difficulty engaging while feeding,

slow development of interest to orally feed, and low tone. This

difficulty with oral feeding may go overlooked and poorly

emphasized as a potential problem for IDMs. Since little is

known about which IDMs are at risk, predicting this

complication is challenging. This article is a review of the current

evidence concerning oral feeding of IDMs, as well as the

behavior that has the potential to impact their oral feeding skills.
Behavior of IDMs

An important factor in an infant’s ability to feed is their

capacity to maintain an ideal state (7). Brazelton classified infant

states into 6 categories: deep sleep, light sleep, drowsy, alert,

active alert and crying (8). Premature infants tend to spend more

time in the deep sleep, light sleep, and drowsy states with less

time in the alert and active alert states. As gestational age (GA)

increases infants typically transition more easily between states,

are better able to maintain a state, and spend more time in the

alert and active alert states. The alert state is typically the ideal

state for feeding to occur (7). Successful feeding requires the

infant to both maintain an alert state, and possess sufficient

endurance and oral-motor tone.

Providers frequently refer to the behavior of IDMs to families

as “immature” or “preterm” in nature. However, is it truly the

same behavior as a preterm infant with the ultimate expectation

the baby will mature to normal state transitions as they get

older? How long will this transition to maturation of state

regulation be expected to take?

Studies in the 1980s to 1990s used the Neonatal Behavioral

Assessment Scale (NBAS) to demonstrate that IDMs’ ability to

maintain alert and active alert states appears to be impaired

(10–12). In the late 1960s to early 1970s Berry Brazelton et al.

(9) studied infant behavior and developed the NBAS. The NBAS

is designed to evaluate infant behavior from birth through 2

months of age. It consists of 28 behavioral items and 20 items to

assess the neurological status. The NBAS was created with a

notion that the infant is inherently programmed to interact and

exhibit social behavior with the caregiver. Although portions of

the exam are observation of reflexes, much of the exam is based

upon infant responses to interactions with the examiner.
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The NBAS assesses the infant’s ability to adapt and self-

regulate (9). The 4 domains of neurobehavioral functioning

evaluated during the NBAS are autonomic/physiological

regulation, motor organization, state organization and regulation,

and attention/social interaction. Typically, the infant will

demonstrate an evolution of integrating all 4 domains over the

first 2 months of life. The infant normally begins by organizing

autonomic/physiologic regulation as seen with thermoregulation,

breathing stability, and controlling the number of tremors and

startles. Next, the infant controls motor behavior with

improvements in muscle tone and harnessing integration of

movements. The third task for the infant is learning state

regulation. The infant will exhibit predictable sleep and wake

cycles, as well as demonstrate ways to self-regulate (e.g., hands to

mouth, crying and consolable). Lastly, the infant’s interactive

behaviors mature. The infant has prolonged periods of alertness,

maintains engagement with visual and auditory stimuli, and

searches for and participates in caregiver interactions.

In 1982 Yogman et al. (10) used the NBAS to compare behavior

of 10 infants of mothers with diabetes vs. 10 infants of mothers

without diabetes. The GA at birth for IDM vs. the control group

was approximately 37 vs. 39 weeks GA. When the infants were

examined with the NBAS on days of life 3, 4, and 7 IDMs scored

lower in areas of visual and auditory orientation, motor

performance, and autonomic stability. IDMs performed the lowest

for motor items on day of life 7. Specifically, the IDM newborns

exhibited poor head control with pull-to-sit motion and had

difficulty visually tracking a human face with or without the

presence of that person’s voice (Figure 1). IDMs had more

difficulty maintaining periods of alertness. While severity of

maternal diabetes varied, the researchers noted all mothers were

closely monitored and well controlled during their pregnancy.

In 1990, Rizzo et al. (11) evaluated infant behavior using the

NBAS comparing infants of 73 pregestational diabetic mothers,

112 GDM mothers, and 24 nondiabetic mothers. Infants born

<37 weeks GA were assessed with the NBAS at 40 weeks post-

menstrual age (PMA) and term infants were assessed at 2–3 days

of life. Of note, in the population of mothers with diabetes, the

hemoglobin A1C (HbA1C) levels were higher for women with

pregestational diabetes and poor control prior to enrolling in the

obstetrics clinic compared with GDM and nondiabetic mothers.

The mean GA of infants born to pregestational and gestational

diabetic groups were significantly lower than the nondiabetic

group, 38.2 ± 0.2 and 38.6 ± 0.2 vs. 39.5 ± 0.4 weeks. However, the

incidence of preterm delivery did not differ between groups.

Birthweight was higher in the two diabetic groups. The

occurrence of hypoglycemia in infants born to mothers with

pregestational diabetes was significantly higher than the

nondiabetic and gestational diabetic mothers. After controlling

for prematurity, there were significant differences in behavior

depending upon the 2nd and 3rd trimester HbA1C and fasting

plasma glucose levels. When maternal glucose and HbA1C levels

were higher, the physiologic and motor control responses from

IDMs on the NBAS were slower, respectively.

In 1999 Pressler et al. (12) observed differences in behavior

between 40 newborns born at 37–42 weeks GA to mothers with
frontiersin.org
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FIGURE 1

Pull-to-sit maneuver performed with a 3-day old infant of a mother with diabetes. Note the poor head control. Reproduced from Yogman MW, Cole,
P, Heidelise A, and Lester BM, Behavior of newborns of diabetic mothers. Infant Behavior and Dev. 1982; 5: 331–340 © Elsevier.
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diabetes during pregnancy vs. 40 control newborns 37–42 weeks

GA of non-diabetic mothers. Infants’ behaviors were examined at

12–24 h and 36–48 h of life using the NBAS. Motor processes

and reflex functioning were significantly lower for the IDM

group than the control group. The IDMs also had decreased

muscle tone, reduced arousal, and “sluggish” behavior. Motor

processing, autonomic stability, reflex functioning, and modal

performance improved at the 36–48-h assessment when

compared to the 12–24-h assessment, but remained lower than

the control group. The groups were not followed further, so the

time required for IDMs to perform at the level of the control

group—if ever—is unknown.

However, in 1996, Botet et al. (13) used the NBAS on day of life

3 to assess 15 infants born to mothers with GDM, 3 infants born to

mothers with type 1 diabetes, and 32 infants born to healthy

mothers; they found no difference in behavior. It is important to

note, that all patients in the study whose mothers had diabetes

had good control with a max HbA1C level of 7.4 g/L. Therefore,

adequate control of diabetes may be enough to mitigate the

effects on an infant’s behavior.
Oral feeding difficulties in IDMs

Medical providers have long observed that IDMs are at high

risk for a prolonged length of stay due to delays in learning to

feed and poor interest. The incidence of feeding difficulties in the

population of IDMs remains understudied. Minimal research has

been done to describe the challenges this group of infants may

face and how to best support them.

In 2006, Bromiker et al. (5) from Israel were the first to

characterize the details of sucking patterns in IDMs. They
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compared 31 term infants of mothers with diet controlled GDM

(diet-GDM group), 16 infants of mothers with insulin controlled

GDM (insulin-GDM group), and 55 term infants whose mothers

did not have diabetes (control group). All infants had been cared

for in the well-baby nursery. Compared to the control group, the

insulin-GDM group had a higher incidence of birth via C-section

and were born 1 week earlier (38 weeks vs. 39 weeks GA). Both

the insulin-GDM and diet-GDM infants had hypoglycemia after

birth and the infants in the control group did not. Sucking

patterns for the first 5 min of the feed were observed on day of

life 3. The insulin-GDM group had approximately 5.2 fewer

sucking bursts and 42 fewer sucks per 5-minute interval. No

significant differences were found between the diet-GDM and

control groups in total number of sucks, total numbers of bursts,

average number of sucks per burst, time between bursts, average

suck width and average maximum suck pressure. This study is

limited by the fact that infants’ sucking characteristics were

measured at a single feed and for only the first few minutes of

that feed. Studies that focus on an entire feeding session are

needed, as are studies that follow overall feeding progression of

IDMs in the first few weeks to months of life.

Malkar et al. (14) studied manometry testing of 20 IDMs with

dysphagia and 10 control infants at approximately 39–42 weeks

PMA. The sample of IDMs had a mean GA 34.2 ± 1.2 weeks,

and 55% of the group was large for gestational age. Compared

with controls, the IDM group had longer periods of upper

esophageal sphincter relaxation and longer time to initiate

esophageal peristalsis. IDMs had a lower frequency of

deglutination apnea than the control infants. Although the lower

esophageal sphincter nadir pressure was similar between groups,

the IDM group spent more time at the LES nadir. Despite the

delayed response times of the upper and lower esophageal
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sphincters, the remaining parameters, such as swallow propagation,

did not differ significantly between groups. Nine (45%) of the 20

IDMs would go on to need gastrostomy tube (GT) placement at

hospital discharge and 6 required oxygen at discharge. Additional

comorbidities were not described by the authors. The authors

propose a vagal-type neuropathy as the cause for differences in

esophageal function.

Viswanathan et al. (15) examined the role of reflux in oral

feeding difficulties of IDMs. Acid reflux was quantified using

impedance-pH monitoring at approximately 42 weeks PMA in

50 IDMs with a GA at birth of 30–38 weeks. While 40% of the

group had impedance-pH monitoring consistent with reflux,

outcomes of oral feeding success, GT placement rates, and length

of stay were not altered by presence of reflux nor proton pump

inhibitor medication. The infants exhibiting pathologic reflux had

a lower birth weight (2,356.0 ± 1,369.1 vs. 2,660.0 ± 1,225.8 g) and

weight at impedance-pH testing (4,136.7 ± 1,063.1 vs. 3,519.5 ±

916.1 g) than those without reflux. Otherwise, there was no

difference between groups including GA at birth, PMA at time of

impedance-pH testing, Apgar scores, hypoglycemia, or need for

respiratory support. Need for GT placement was 40% (20/50) of

the cohort and the GT was placed at approximately 45–57 weeks.

Many describe IDMs as having little interest in oral feeding and

not exhibiting typical infant hunger cues. Some speculate that high

fat mass may affect an infant’s hunger drive secondarily from the

hormones secreted (16). Studies have shown large for gestational

age (LGA) infants and IDMs have high leptin (satiety hormone)

and low ghrelin (hunger hormone) levels in umbilical cord blood

(17, 18). This combination would lead to one having less of a

desire to eat. Short KR et al. (19) demonstrated term IDMs have

a reduced resting energy expenditure. Viswanathan et al. (16)
FIGURE 2

Contributing factors to poor oral feeding skills in the IDM.
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found of those infants admitted to the NICU requiring more

enteral tube feeds and feeding less orally at 37 weeks PMA had a

higher percentage of fat mass and higher fat mass z-score

compared to the control group. Seven of the 16 infants with

increased reliance on tube feeds had mothers with diabetes and

were LGA. Five infants with decreased oral feeding required GT

placement prior to discharge.

An additional barrier providers encounter is determining the

optimal nutritional intake for IDMs. Being LGA is a known

characteristic of many IDMs and therefore, diet calculations that

are weight-based will lead to a daily caloric intake and milk

volumes higher than are typical for appropriate for gestational

age infants. Consequences from high milk volumes and caloric

intake include but are not limited to reflux, intestinal discomfort,

unnecessary pressures imposed upon the infant to complete large

feeds, and potentially the development of metabolic disease in

adulthood. Consideration should be given to tailoring nutritional

plans to meet the needs of IDMs unique body composition and

energy requirements. Viswanathan S (20) is initiating research in

this area with an ongoing study (NIH Study ID: NCT04599010),

but to this point no prior studies have been done to report safety

and outcomes of such a practice.
Discussion/conclusion

Thus far, studies have shown certain groups of IDMs struggle

with oral feeding. However, the exact reason for these difficulties

and why all IDMs do not struggle in feeding orally during the

neonatal period remain unclear. The reasons are likely

multifactorial (Figure 2). What is clear is that IDMs do not
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behave as expected for their gestational or chronological age. The

state of the IDMs is characterized as poor with slow reflexes,

poor tone and motor control (10–12). A decrease in interaction

with the caregiver correlates with the disinterest many IDMs

seem to have in oral feeding as described by many who take care

of them. Certain qualities of their oral feeding patterns are

immature such as their diminished number of sucking bursts and

ability to generate sucking pressure (5). The pharyngoesophageal

movements of IDMs are different and slower than expected (14).

Interestingly, when IDMs are born >37 weeks GA they still

have delayed onset of motor and physiological reflexes. Malkar

et al. (14) and Viswanathan et al. (15) studied cohorts of IDMs

that included preterm and term infants, making it more difficult

to identify which gestational age of infants is more likely to

encounter feeding difficulties. Moving forward, it will be

important to investigate the interaction between diabetes and

prematurity. Does birth at a younger gestational age lead to less

exposure to a hyperglycemic and hyperinsulinemic environment

in utero that could lessen the effects seen on the infant? Or does

prematurity simply intensify the feeding challenges encountered

for IDMs?

While IDMs’ behavior is reminiscent of a premature infant, the

end point at which they then mature is unclear. Perhaps we as

clinicians should stop labeling this behavior as premature, as it is

likely a different kind of entity. Questions as to how profound

and how long IDMs will experience feeding difficulties secondary

to this behavior are still unanswered. Moreover, the most

appropriate dietary plans and interventions to improve feeding

among IDMs are largely unknown.

Limitations of the available studies discussed include the small

sample size, differences in definitions of diabetic groups, lack of

distinction between diabetic types, and a limited timeline of

behavior assessments (<7 days of life). Inconsistencies in defining

diabetic groups between studies occurs, and delineating severity

remains challenging. Whether a mother is affected by type 1 vs.

type 2 diabetes was also unclear in previous studies. Further

investigations are needed to improve the care for these infants

and provide better support to their families.

The potential for multiple complications for infants of mothers

with diabetes during pregnancy such as spontaneous abortion,

preterm delivery, central nervous system anomalies, congenital

heart disease, or skeletal anomalies is well known in the

obstetrical and neonatal fields (1). These medical conditions tend
Frontiers in Pediatrics 05
to be discussed prenatally with families, but due to the paucity of

research on difficulties with oral feeding this subject tends to be

left unaddressed. Unfortunately, families are ill-prepared for

challenges with oral feeding after birth and become greatly

frustrated when their infants struggle.

Much remains to be deciphered in the oral feeding skill

progression and behavior of IDMs. Until such work is done, we

continue to lack sufficient evidence-based data on which to make

clinical decisions for predicting length of stay to families,

determining the need for supplemental feeding devices

(nasogastric tubes vs. GT), and predicting long term outcomes.
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