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Abstract:

Background: Neonatal blood glucose levels are affected by pregnancy outcomes. Preterm
infants are more prone to hypo- and hyperglycemia compared to full-term new-borns. This
study aims to explore the glucose levels and risk factors affecting glucose homeostasis among

premature new-borns

Method: A descriptive cross-sectional study was conducted from January 1 to March 31, 2017,
at the Maternity Teaching Hospital in Erbil city. A total of 139 preterm new-borns treated in
the neonatal intensive care unit (NICU) were included. Information concerning premature
newborns (24 hours old) and maternal were collected. The Statistical Package for Social
Sciences software was used for data analysis.

Results: The highest percentage of maternal (61.9%) were in the group of 33 to 36 weeks of
gestational age. Half of premature new-borns (52.5%) weighed between 1.5 to 2.49 kg, 80.6%
had normal random blood glucose levels. The risk of hyperglycemia increased (OR = 1.05,
95% CI: 1-1.1) in infants born at a gestational age of 29 to 32 weeks. Birth weight decreased
significantly by increase of blood sugar (OR =-0.168, 95% CI: -0.008-0.0). Apgar scores of 7-
10/10 increased with higher random blood sugar levels.

Conclusion: The majority had normal blood glucose levels. Low gestational age and birth
weight increases the risk of hyperglycaemia, due to physiological and metabolic factors. Apgar
scores improved at ten minutes with increasing random blood sugar levels gestational age and
birth weight.
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Introduction

Glucose is crucial for all living organisms, serving as the primary energy source, particularly
for both the fetus and newborn during pregnancy . It is essential for energy production in
various organs, including the brain, renal medulla, and red blood cells. It is also utilized by
muscles, the liver, heart, kidneys, and digestive system. Extremely low birth weight (ELBW)
infants consume significantly more glucose per kilogram of body weight compared to adults,
due to their larger brain-to-body ratio.?
Several factors influence neonatal blood glucose levels, including gestational age, birth weight,
Apgar score, hypoxia, maternal steroid intake, and the severity of illness or sepsis.
Additionally, interventions like rapid intravenous dextrose infusions, intra-lipid solutions,
inotropic drugs, steroids, and theophylline administration can contribute to neonatal
hyperglycaemia.?
Premature infants are particularly vulnerable to various health challenges that can significantly
affect their immediate and long-term well-being.* One of the critical concerns is the regulation
of glucose homeostasis, as both hypoglycemia and hyperglycemia can lead to severe
complications, such as neurological impairment and increased morbidity.®
Preterm infants often have limited stores of energy for carbohydrate metabolism, and their
organs, including the liver, pancreas, brain, and endocrine glands, are still developing.
Consequently, they are more susceptible to hypo- and hyperglycemia compared to full-term
new-borns.®
Prematurity is a significant risk factor for hyperglycemia, influenced by various factors.
Increased levels of inflammatory mediators, catecholamines, and cytokines contribute to
insulin resistance. Moreover, the liver produces more glucose than needed, without proper
suppression. The underdeveloped beta cells in the pancreas unable to produce enough insulin,
resulting in a state of relative insulin deficiency. 2 In the first week of life, preterm infants often
face disruptions in placental function and impaired glucose regulation, requiring glucose
infusion to maintain appropriate blood glucose levels. Hyperglycaemia can occur due to
incomplete processing of pro-insulin by B-islet cells, partial insulin resistance, and the inability
to suppress glucose production during parenteral glucose administration.” Hyperglycaemia
occurs more frequently under conditions of excess glucose and lipid infusion, as well as under
stressful conditions such as mechanical ventilation and hypoxia.? Infections, particularly sepsis,
further complicate glucose regulation, often precipitating episodes of hypoglycaemia or
hyperglycaemia.® Conversely, hyperglycaemia is frequently observed in critically ill premature
infants, where stress responses and excessive nutritional intake can exacerbate the condition.°
Preterm infants may have an imbalance in insulin and glucagon secretion, leading to difficulties
in maintaining glucose homeostasis.!! Additionally, they can experience hyperglycaemia,
particularly when receiving intravenous glucose, which can overwhelm their insulin
response.*?

Premature birth itself is a primary risk factor for hypoglycaemia, as these infants typically
have reduced glycogen stores and a limited capacity to mobilize glucose in response to
metabolic demands.'® Preterm infants face significant challenges in maintaining stable blood
sugar levels, primarily due to their immature metabolic systems.!* Hypoglycaemia is also
prevalent in infants who are small for their gestational age (SGA) and those who experience
perinatal asphyxia.

Morbidity ongoing and repeated episodes of hypoglycaemia in neonates are linked to long-
term neurological issues, including visual impairments, localization-related epilepsy, and
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cognitive dysfunction. On the other hand, complications arising from hyperglycaemia can lead
to conditions such as intraventricular haemorrhage, retinopathy of prematurity, and
bronchopulmonary dysplasia.®

Importance of the Study: Neonatal mortality has significantly decreased from about 5.0
million in 1990 to 2.5 million in 2018. In the Kurdistan region, neonatal deaths account for
approximately one-third of all infant deaths. Preterm births have been strongly linked to an
increased risk of early neonatal mortality.’* Neonatal hypoglycaemia is the most common
metabolic disorder seen in new- born during their early life and plays a major role in neonatal
mortality overall.*®

It is crucial to monitor blood glucose levels in preterm infants, especially in those who are
small for their gestational age or have low Apgar scores.® Neonatal hypoglycaemia is a known
risk factor for higher neonatal morbidity and mortality rates in Irag. %17 Both hypoglycaemia
and hyperglycaemia are significant contributors to the risk of neonatal death, particularly
among premature infants in Iraq.

Treatment of these conditions is generally safe and effective when approached with caution.
Early feeding may help prevent both hypo- and hyperglycaemia.® Additionally, exogenous
insulin infusion has been shown to partially reduce endogenous glucose production in preterm
infants. This approach is considered both safe and effective when used with caution.8

There is limited knowledge about the prevalence of hypo- or hyperglycaemia in preterm
infants, which causes challenges for their prevention and management. The goal of this study
was to gather valuable data on blood glucose levels following birth, as well as to assess the
prevalence and risk factors associated with these conditions. Additional research is required to
better understand the specifics of glucose regulation in preterm infants and to explore the long-
term effects of metabolic and nutritional support during early development. Emphasizing the
need for early detection and intervention can significantly improve clinical outcomes for this
vulnerable population. Understanding these factors is crucial for healthcare professionals to
develop effective strategies that promote optimal metabolic health in preterm infants.°

Aims of the study:

The objective of this study is to examine glucose levels and the primary risk factors influencing
glucose homeostasis, as well as their impact on the health status of premature new-born. This
will be done by evaluating glucose levels and their association with:

Maternal age

Gestational age

Birth weight of neonates

Vital signs and health status indicators.

Method:

Descriptive cross-sectional study was conducted over a period of three months, from January
1to March 31, 2017, at the Maternity Teaching Hospital in Erbil city. A total of 139 premature
new-borns out of 266 conveniently sampled neonates treated in the neonatal intensive care unit
(NICU) were included. Data were collected using a questionnaire comprising two parts:

Part A: Information concerning premature new-borns (24 hours old), specifically: birth
weight, gender, vital signs, indicators of prematurity, and random blood glucose levels
measured using a glucometer (Accu-check, enzymatic method).

Part B: Maternal information, specifically: age, gravida, parity, history of abortion, and
gestational age (GA).

Ethical Consideration: The permission from the college of Nursing / Hawler Medical
university/ Iraq was obtained before data collection. In addition, informed consent was
obtained from Maternity Teaching Hospital in Erbil city/ Iraq.
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Statistical analysis: Statistical Package for social sciences (SPSS), software version 22 was
used for all data analysis including descriptive analysis, for calculation of; means and standard
deviation for continuous variables and proportion for categorical variables. Chi square, for
measuring association Pearson's correlations between data scales. P < 0.05 considered
significant. Risk estimate by odds ratio (OR) and confidence interval, (Cl) , for measuring risk
of factors on glucose homeostasis.

Results

1-Maternal age: It is ranged from 16 to 46 years, with a mean value of 27.9 + 6.6. The ages
were grouped into six categories, and the highest percentage (26.6%) was in the age group of
20-24 years (Table 1)

Table 1 Age of Maternal pregnant women

Frequency Percent (%)

<19 11 7.91
20-24 37 26.62
25-29 32 23.02
30-34 33 23.74
35-39 15 10.8
> 40 11 7.91
Total 139 100.0

2-Random Blood Sugar Levels
Blood sugar ranged between 20 to 180 mg/dL, with a mean value of 70.2 + 23.6 mg/dL. The
samples were categorized into four groups. Samples were regarded as hyperglycaemic if serum
glucose was greater than 150 mg/dL (8.3 mmol/L) or whole blood glucose was greater than
125 mg/dL.?° Plasma glucose value of 47 mg/dL is defined as hypoglycaemia in neonates
(Sharma et al., 2017). 83.5% of the neonates had normal random blood glucose levels.
Table 2 Random blood sugar levels

Categories of blood

sugar (mg/dL) Frequency Percent
<47 18 12.9
48-125 116 83.5
>125 5 3.6
Total 139 100.0

3-Obstetric History of Maternal Pregnant Women

The highest percentage of gravidity (73.6%) was observed among multigravida. Parity was
52% among the 2-4 group. Additionally, 58.6% of the mothers had no history of abortion.
Gestational age ranged between (3-36) weeks with mean value (33+ 3.7) week, was divided to
3 groups. The highest value 66.9% was in the group (33-36) week.

Table 3 Obstetric History of Maternal Pregnant Women
Categories Frequency Percent

Parous Nulliparous 29 20.7
Primiparous 20 14.3

2-4 73 52.0

>5 17 12.1

Gravida Prim Gravida 34 24.3
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Multiple 103 73.6
Gravida
Abortion 0 82 58.6
1-2 28 20.0
3-4 6 4.3
5-6 0 0.0
>7 1 0.7
Gestational <28 9 6.5
Age (weeks)
29-32 37 26.6
33-36 93 66.9
Total 139 100.0

4-Birth weight of premature new-borns
Birth weight of premature new-borns mean value was 2.19+ 0.59 kg. It is categorised to 4
groups according to WHO Statistical Information Systems (WHOSIS). 2011.2' by weight
independent of gestational age. Normal birth weight > 2500-4000 g, low birth weight
(LBW)=1500-2499 g, very LBW=1000-1499 g, and extremely LBW <999 g. Highest value
52.5% had 1.5 to 2.49 kg. Categorized. There was significant association between birth weight
and gravida status.
Table 4 Birth weight of premature new-born and their association with gravida status

Prim Multiple Chi- P-value

Categories (Kg) F (%) gravida gravida Square
Extremely low birth <0.999 3 22 0 3 53.3 0.024*
very low birth weight 1.000-1.499 12 86 4 8

Very low birth weight 1.500-2.499 73 525 21 52

Low birth weight >2.500 51  36.7 8 43

Normal Total 139 100. 33 106

F = frequency, % = percent, *significant

5-Vital Signs indicators of premature new-born: The health status of premature new-borne
was measured by, the following indicators: Bilirubin, packed cell volume (PCV), respiratory
rate (RR), Heart rate (HR), peripheral oxygen saturation (PO2) and Apgar scores.

The normal range of bilirubin for premature infants is generally considered to be up to 5 to
14 mg/dL within the first week of life (American Academy of Paediatrics, 2020).2 For
premature infants, the packed cell volume typically ranges from 40% to 60%.%® The normal
respiratory rate for premature new-borns is generally between 40 to 60 breaths per minute 2
Heart rate (HR) for premature new- born typically fall between 120 to 180 beats per minute.?®
SpO2 range was 90% to 95% for preterm infants.?®

The highest percentage of premature had normal levels of bilirubin, while majority had upper
limit of PCV. According to respiratory rate, heart rate and (SpO2) were normal in majority of

premature.

Table 5 Health status indicators of new-born

Categories Frequency %

Bilirubin <5 64 46.0
5-14 75 54.0

PCV <40 2 1.4
40-60 49 35.3
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> 60 88 63.3
RR <40 20 14.4
40-60 80 57.6
> 60 39 28.1
HR <120 34 245
120-180 105 75.5
> 180 0 0.0
SPO2 <90 36 25.9
90-93 103 74.1
> 180 2 1.4

6- Apgar score: ranged between (1-10) score and had been taken in the first 1- 5 minutes and
10 minutes of delivery. It is categorized to 3 groups (0-3) first which needs immediate medical
intervention, second (4-6) needs medical assistance or monitoring, third group (7-10) no
intervention. The highest percentage 37.4% were taken in Apgar scores 7-10/ in ten minutes.
14.4% of neonates scores was taken in 1 to 5 minutes only.

Table 6 Apgar scores in 5 and ten minutes
Scores in 5 and 10

minutes
Frequency Percent

10-7/5 7 5.0
4-6/ 5 8 5.8
0-3/5 5 3.6
7-8/10 52 37.4
4-6/10 51 36.7
0-3/10 16 115
Total 139 100.0

7- Association of random blood sugar with obstetric history
There was significant association between gestational age and random blood sugar. Risk
hyperglycaemia increase in gestational age (29-32) week compare to normal blood sugar. There
was significant association between gravida and random blood sugar. Hypoglycaemia increase
significantly in primigravida compare to hyperglycaemia.
Table 7 Association between Obstetric history and random blood sugar
Prim Multiple Chi P OR %95 ClI
Gravida Gravida Square value

Blood Sugar <47 8 10 6.1 0.047* 29* 1.04-8.2
(mg/dl) 48-125 25 91
>125 0 5
Total 33 106
Gestational Age (weeks)
Blood Sugar (mg/dL) Chi P OR %95 ClI
<28 29-32 33-36 Square value
<47 1 4 13 45.6 0.005 10.4* 1.1-98.9
48-125 8 30 78
> 125 0 4 1
Total 9 38 92
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8- Association between blood sugar and birth weight
There was a significant negative association between glucose levels and premature birth
weight. Risk of hyperglycaemia decrease significantly by increase birth weight to 1.5-2.49 kg

and >2.5 kg compare to normal blood sugar and hypoglycaemia of premature

Table 8 Association between glucose levels and premature birth weight

Random Premature birth weight group (kg) R P- OR %95 CI

blood 1.0-1.49 [1.50-2.499 [ >2.5 value

sugar(mg/dl) | <999

<47 0 0 10 8 - 0.048 | -0.168* | -0.008-0.0
.168

48-125 3 11 61 41

> 125 0 1 2 2

Total 3 12 73 51

R= Pearson’s R for interval with interval
9-Upgar scores:
There was correlation between Apgar scores and random blood sugar. Apgar score 7-10/5
increase by increase of blood sugar.

Table 9 association between Apgar scores and random blood sugar

Apgar score categories

Categories 10 7/5  4.6/5 0-35 7-8/10 4-6/10 0-310 R  P-value OR %95CI
<47 0 1 0 7 6 2 0.09 1.006-1.06
48125 6 7 5 44 43 11
~125 1 0 0 1 2 1
7 8 5 52 51 16
Discussion:

Socioeconomic Factors:

The highest proportion of women were young, it is consistent with 2" who found (27.3%) of
women with premature birth in age group 20-24 year in maternity teaching hospital/ Erbil.
This relates to many young mothers’ residence in Erbil city who come from low-income
families and may have limited access to adequate prenatal care. This can lead to undiagnosed
complications during pregnancy, which are significant risk factors for preterm delivery.?
Additionally, a lack of awareness about maternal health can lead to untreated infections or other
medical conditions that increase the risk of preterm birth. 2 Young mothers often do not receive
the necessary screenings and interventions that could help prevent preterm births. They may
also have nutritional deficiencies due to economic constraints or lack of education about proper
maternal nutrition.” Poor nutrition can lead to low birth weight and preterm deliveries .2°
Blood Sugar Levels: Random blood sugar levels in the neonates varied widely, majority (had
normal blood glucose levels, indicating that hyperglycaemia and hypoglycaemia were not a
widespread issue among the sample. This conform result of **Who has shown that during the
first two hours after birth, only a small percentage of preterm infants 12.8% had hypoglycaemia
and 1.4% with hyperglycaemia, exhibited glucose imbalances. This suggests that severe
glucose disturbances may not be common in all preterm infants, especially when early feeding
and close monitoring are implemented. Also, the result of a study conducted in Erbil Maternity
Teaching Hospital found that hypoglycaemia was found in 16.25% of new- born during the
first three hours of life. Factors like prematurity and maternal hypoglycaemia were significantly
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linked to the development of this condition.’® Both hypo and hyper- glycemia are not wide
spread may be caused by early feeding as concluded by ° that both hypo- and hyperglycaemia
within 24 hours decreased in those who started feeding within 24 hours

2- Obstetric history

A significant proportion of premature were in late preterm of gestational age. The risk of
hyperglycaemia was found to increase for infants born at younger preterm infants with a
gestational age of 29 to 32 weeks. This result agrees with ® who found highest blood glucose
level in GA<28 weeks group in the first 1 hour after birth, and attributed it to immaturity of
beta cell enzymatic pathways and shortage of insulin sensitive tissue. Also, consistence with 3
who found that lower gestational age significantly increases the risk of hyperglycaemia Infants
born at less than 28 weeks are particularly susceptible due to immature pancreatic function and
insulin sensitives. Physiological stress as a result of immature organ systems and the challenges
of prematurity can lead to increased production of stress hormones, such as cortisol, which
elevate blood glucose levels.® Increase of hyperglycaemia in multigravida may due to more
low birth weight in it which showed higher glucose level than normal birth weight table (4)
and consistence with 3! that hyperglycaemia after birth is common in extremely preterm infants
(<28 weeks of gestation), Lower gestational age, lower birthweight,

3-Birth weight

The majority of premature new-borns had a mean birth weight of 2.19 kg. There was a negative
correlation between blood sugar levels and birth weight, this finding related to immaturity
factor which affects their ability to regulate blood glucose levels effectively, specifically, the
pancreatic beta cells, leading to inadequate insulin secretion in response to glucose intake.
Limited glycogen and fat Stores affect their ability to produce glucose through
gluconeogenesis, especially during periods of stress or illness when energy demands increase
2As a result, they may experience fluctuations in blood glucose levels, leading to
hyperglycaemia. Additionally, increased insulin resistance due to elevated levels of stress
hormones which inhibit insulin action.®® High rates of glucose infusion can overcome their
immature metabolic systems, leading to hyperglycaemia. 2

Apgar Scores: The analysis of Apgar scores revealed that a significant percentage of new-
borns scored well (7-10) shortly after 10 minutes of birth, while some had lower scores (4-6).
The Apgar scores improved at ten minutes compared to five minutes, particularly with
increasing gestational age, suggesting better overall health outcomes for those with longer
gestation. This indicated to improvement in Apgar scores. Research indicates that the Apgar
score at ten minutes is often higher than at five minutes, reflecting better stabilization of
preterm infants' health status over time, particularly pronounced in infants born at later
gestational ages. A higher Apgar score at ten minutes is associated with a lower risk of neonatal
mortality .3

There was a decrease in low Apgar scores (0-3) with increasing birth weight, this indicated that
Apgar score is a useful predictor of neonatal outcomes, including mortality. Infants with low
birth weights are more likely to experience low Apgar scores, which are associated with
increased risks of complications such as cerebral palsy and other long-term health issues.*
This result agree with % who observed a significant relationship between birth weight and
Apgar scores at the 1st, 5th and 10th minutes (P < 0.0001). In other words, an increase in birth
weight would lead to increased Apgar scores and vice versa

The relationship between birth weight and Apgar scores is also influenced by gestational age.
Lower gestational ages tend to show higher proportions of low Apgar scores, but as gestational
age increases alongside birth weight, the likelihood of achieving higher Apgar scores also
increases. ®
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Influence of Blood Sugar on Apgar Scores: Finally, higher random blood sugar levels were
associated with improved Apgar scores (7-10) after 10 minutes of birth, this suggesting that
glucose homeostasis may play a role in the immediate health status of new-borns. and conform
the result of prevalence of hyperglycaemia in preterm of gestational age and among very low
birth weight of new-borns, which needs more than 5 minutes after birth for response to the
environment. this conform Zamir's findings (2020)? suggest that new-borns who take longer
than 5 minutes to adapt to their environment after birth. Specifically, an Apgar score below 6
at the 5-minute mark is linked to an increased risk of neonatal hyperglycaemia. This result
highlights the potential for early identification of infants at risk of hyperglycaemia based on
their initial response to the environment. Hyperglycaemia after birth is common in extremely
preterm infants (<28 weeks of gestation). Lower gestational age, lower birthweight, presence
of severe illness, and higher parenteral glucose intake increase the risk for hyperglycaemia.
Therefore, nutrient provision and/or insulin therapy and long-term follow-up are needed to
improve clinical care and overall health of extremely preterm infants with hyperglycaemia. 3!
Conclusion: Normal Glucose levels was abundant. Low gestational age and birth weight
increase hyperglycaemia as a result of immaturity of organs and intravenous feeding and they
need more time to response to change in environment.

The finding emphasize the importance of monitoring gestational age, birth weight, and blood
glucose levels to improve outcomes for premature new-borns
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