
249www.actapediatrica.org.mx

ARTÍCULO ORIGINAL

Acta Pediatr Mex. 2020;41(6):249-56.

The prevalence of hyperglycemia in neonatal 
hypernatremic dehydration (NHD) and its 
correlation with prognosis in exclusively breastfed 
infants: A cohort study 

Prevalencia de hiperglucemia en la deshidratación 
hipernatrémica neonatal y su correlación con el pronóstico
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Abstract

BACKGROUND: Glucose changes are unknown in neonatal dehydration with hyper-
natremia. 
OBJECTIVE: Was to investigate glucose status in neonatal hypernatremic dehydration 
(NHD) and its correlation with NHD prognosis. 
MATERIAL AND METHODS: In this cohort study, serum glucose of 172 neonatal hyper-
natremic dehydration infants admitted to the Ghaem Hospital in Mashhad, Iran, was 
reviewed within the time frame of 2012 to 2017. The data were collected utilizing a 
questionnaire designed by the researchers to describe the characteristics of the moth-
ers and neonates, as well as their laboratory and imaging study results. The neonatal 
hypernatremic dehydration infants were followed using the Denver Developmental Test 
II (DDT II) questionnaire at follow-up months 6, 12, 18, 24, 30, and 36. 
RESULTS: 134 infants (77.91%) had normal blood glucose levels and 38 infants (22.09%) 
had a hyperglycemic status. In both groups, the differences in infant age (p = 0.000), 
weight upon admission (p = 0.035), breastfeeding duration (p = 0.003), frequency of 
urination (p = 0.001), blood sugar (p = 0.000), sodium (p = 0.008), urea (p = 0.000), 
creatinine (p = 0.000), and pH upon admission (p = 0.002) were statistically significant. 
Developmental delays were higher in the neonatal hypernatremic dehydration group 
with hyperglycemia (p = 0.029). There was a significant correlation between sodium 
levels and blood sugar (p = 0.000).
CONCLUSION: According to our study results, hyperglycemic neonatal hypernatremic 
dehydration infants had an older referral age; higher sodium, urea, and creatinine 
levels; lower weight upon admission; shorter breastfeeding duration; lower frequency 
of urination; and lower blood pH. Therefore, checking the blood sugar of infants with 
hypernatremia is recommended and high serum glucose is a poor prognosis criterion 
in infants with neonatal hypernatremic dehydration. 
KEYWORDS: Neonates; Hyperglycemia; Hypernatremia; Hypernatremic dehydration; 
Prognosis; Developmental delay

Resumen

ANTECEDENTES: Se desconocen los cambios en la glucosa de los neonatos con deshi-
dratación hipernatrémica. 
OBJETVO: Investigar el estado de la glucosa en la deshidratación hipernatrémica neonatal 
y su correlación con el pronóstico de quienes la padecen.
MATERIALES Y MÉTODOS: Estudio de cohorte en el que se analizó la glucosa en suero 
de recién nacidos con deshidratación hipernatrémica neonatal en el Ghaem Hospital 
de Mashhad, Irán, entre los años 2012 y 2018. Los datos se recopilaron mediante la 
aplicación de un cuestionario elaborado por el investigador. El seguimiento de los 
infantes con deshidratación hipernatrémica se hizo con el cuestionario Denver Deve-
lopmental Test II (DDT II) a los 6, 12, 18, 24, 30 y 36 meses.
RESULTADOS: Se estudiaron 172 pacientes: 134 (77.9%) con glucemia normal y 38 
(22.09%) con hiperglucemia. En ambos grupos la edad del lactante (p = 0.000), peso 
al ingreso (p = 0.035), duración de la lactancia (p = 0.003), frecuencia de micción (p 
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= 0.001), glucosa sanguínea (p = 0.000), sodio (p = 0.008), urea (p = 0.000), cromo (p 
= 0.000) y pH al ingreso (p = 0.002) tuvieron diferencias significativas. Los retrasos en 
el desarrollo fueron mayores en el grupo con deshidratación hipernatrémica neonatal e 
hiperglucemia (p = 0.029). Hubo una correlación significativa entre las concentraciones 
de sodio y glucosa sanguínea (p = 0.000).
CONCLUSIÓN: En los recién nacidos con deshidratación hipernatrémica neonatal con 
hiperglucemia, la edad de referencia fue posterior. El sodio, la urea y el cromo fueron 
más altos y los valores de peso al ingreso, la duración de la lactancia materna, la fre-
cuencia de micción y el pH sanguíneo fueron bajos. Por lo tanto, se recomienda verificar 
las concentraciones de glucosa sanguínea de los recién nacidos con hipernatremia y 
altas de glucosa en suero, que es un criterio de mal pronóstico en los recién nacidos 
con deshidratación hipernatrémica.
PALABRAS CLAVE: Neonatos; hiperglucemia; hipernatremia; hipernatremia por deshi-
dratación; pronóstico; retraso del desarrollo

INTRODUCTION 

It is common for infants to lose some weight 
during the first days of life and it is usually re-
gained by the end of the first week. If weight loss 
continues after the first week or there was rapid 
loss during the first days (more frequent than 2% 
of body weight per day), the family and physi-
cian should be concerned about low breast milk 
supply. If the problem is not corrected, neonatal 
hypernatremic dehydration (NHD) can occur. 
Approximately 1.6% - 2.5% of infants admitted 
to the hospital present with NHD.1-3 Clinical 
symptoms of the condition include restlessness, 
irritability, lethargy, seizure, jaundice, poor 
breastfeeding, crying, and hyperthermia.4 Due 
to the gradual occurrence of dehydration and 
hypernatremia, diagnosis of NHD is difficult and 
dehydration is often not recognized. Thus, infants 
with hypernatremic dehydration may not see a 
doctor until there are complications of reduced 
urination, lethargy, weakness, neurologic symp-
toms, thrombosis, or seizure.5,6,7

Other complications of hypernatremia can be 
hyperglycemia, hypokalemia, and renal tubular 
damage.2 Hypernatremia results in endocrine 
dysfunction. Available evidence shows that 
hypernatremia and hyperosmolarity are related 
to impaired glucose metabolism by insulin and 
impaired glucose release by glucagon.3 Hyper-

glycemia increases serum osmolality, causing 
water to move out of the cells, consequently 
reducing the serum sodium level.4 Sodium loss 
occurs due to osmotic diuresis and the lack of 
insulin required for sodium absorption in the 
renal distal tubules. Hypernatremia may occur 
when water loss is greater than sodium loss. In 
the absence of insulin, glucose is bound to the 
extracellular fluid and the liquid flows due to 
the osmotic activity of glucose from the intracel-
lular to the extracellular space, and in turn, the 
intracellular sodium concentration is reduced.5 
Nevertheless,  the mechanism of the simultane-
ous correlation between hyperglycemia and 
hypernatremia is not well understood. 

The incidence of NHD is increasing in Iran, and 
parents, physicians, and healthcare workers are 
not aware of the importance of early detection 
and control, through rapid, accurate treatment.6 
Long-term complications including develop-
mental delay and mortality in neonates with 
hypernatremic dehydration underline the need 
for proper care of newborns in the first weeks of 
life. Recognition of predisposing factors of poor 
prognosis in those infants may lead to more 
accurate control of risk factors and reduce said 
problems. The role of serum sodium in neonatal 
complications has been evaluated in different 
studies, but with less focus on other laboratory 
test results in those infants and their correla-



251

Hassan Boskabadi H, et al. Hyperglycemia in Neonatal Hypernatremic Dehydration

tion with future outcomes. Thus, the present 
cohort study aimed to evaluate glucose status in 
neonates with hypernatremic dehydration and 
compare the prognosis of NHD, based on the 
blood glucose status. 

PATIENTS AND METHODS 

We evaluated the effects of serum glucose status 
in neonates with hypernatremic dehydration in 
a cohort study and compared their prognoses, 
based on blood glucose status. The neonates 
with hypernatremic dehydration were divided 
into two groups: infants with normoglycemic 
status and infants with hyperglycemic status. 
The infant hyperglycemia criterion was serum 
glucose level higher than 180 mg/dL. Neonates 
with congenital abnormality, prematurity, severe 
hyperbilirubinemia (serum bilirubinemia > 20 
mg/dL), and nonexclusive breastfeeding were 
excluded from the analysis. 

The present study was conducted on 172 hos-
pitalized neonates with NHD (serum sodium > 
150 mg/dL) at the Ghaem Educational Hospital 
of Mashhad, within the time frame of 2012 to 
2017, using available sampling methods. The 
data were collected through a questionnaire 
designed by the researchers to describe the 
maternal characteristics (mode of delivery, 
breast problems), neonatal characteristics (blood 
sugar, age, duration of hospitalization, birth 
weight, weight upon admission, Apgar score, 
the time interval for the first breastfeeding after 
birth, frequency of breastfeeding, frequency of 
urination, bowel movement frequency, the time 
interval for the first bowel movement after birth, 
duration of feeding, sex, parental concerns, let-
down reflex, complications of treatment, and 
prognosis), laboratory tests (sodium, potassium, 
urea, creatinine, bilirubin, hematocrit, platelets, 
pH, and glucose) and imaging studies (brain CT 

scan, kidney ultrasound). Glucose was tested by 
oxidase and the Pars Azmon kit and sodium and 
potassium were tested by ionogram. All clinical 
and diagnostic examinations of the infants were 
conducted by a neonatologist. 

The infants were compared, based on blood 
sugar status. The neonates with hypernatremic 
dehydration were then followed, using the Denver 
Developmental Test II questionnaire at follow-up 
months 6, 12, 18, 24, 30, and 36. The Denver 
Developmental Screening Test II is an international 
test for evaluating the growth and development of 
children from birth to 6 years of age and  assesses 
children in the following 4 areas: 1) personal-so-
cial contacts, 2) fine motor functions, 3) language 
(speaking), and 4) gross motor functions. Topics 
in the Denver II have been carefully selected in 
terms of reliability and integrity of norms in all 
subgroups and cultures. Developmental delay 
was considered when there was a problem in 
any of the four fields (i.e., one of the four catego-
ries [gross motor function, fine motor function, 
personal-social contacts, or speaking]).7,8 

After review and follow-up of those children at age 
three, they were divided into two groups: natural 
outcomes (normal development at age three) 
and abnormal outcomes (developmental delay 
or death), after which the serum glucose levels 
of those infants upon admission were compared. 

The present study was approved by the Ethics 
Committee of the Research Department of the 
Mashhad University of Medical Sciences (code 
951325, IR.MUMS.fm.REC.1396.112) and the 
parents of the infants gave their informed con-
sent, before entering the study.

Statistical Analysis: SPSS software version 20 was 
utilized for the data analysis. In addition to the use 
of tables and statistical charts, we discussed the 
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results and compared the two groups of neonates 
with hypernatremic dehydration (those with nor-
moglycemic status and those with hyperglycemia 
status), using the chi-square test and the t test. The 
predictive factors for hypernatremic dehydration, 
based on serum sodium level and blood glucose, 
were determined utilizing the ROC curve. A p val-
ue < 0.05 was considered statistically significant.

RESULTS

Of the 172 infants that presented with NHD, 134 
cases (77.91) had normoglycemic status and 38 
cases (22.09) had hyperglycemic status. Accord-
ing to the study results, the average age of infants 
upon admission was 8.07 days ± 2.85 in the group 
of normoglycemic neonates and 11.36 days ±  
2.81 in the group of hyperglycemic neonates (p 
= 0.000). The average birth weight of infants was 
3202.82 g±510.97 in the normoglycemic group 
and 3327.63 g days ± 545.46 in the hyperglyce-
mic group (p=0.192). The average weight upon 

admission was 2752.83 g ± 468.98 in the normo-
glycemic group and 2575.00 g ± 442.62 in the 
hyperglycemia group (p = 0.035). Table 1 shows 
the other characteristics of the infants analyzed. 

There were no significant differences between 
the two groups in relation to hospital stay (p = 
0.532), Apgar score (p = 0.929), time interval for 
first breastfeeding after birth (p = 0.659), breast-
feeding frequency (p = 0.112), bowel movement 
frequency (p = 0.765), time interval to first bowel 
movement after birth (p = 0.728), potassium (p 
= 0.460), bilirubin (p = 0.511), hematocrit (p = 
0.953), platelets (p = 0.531) and feeding dura-
tion (p = 0.683) (Table 1, p > 0.05). There was 
a significant difference between the two groups 
regarding neonate age (p = 0.000), weight upon 
admission (p = 0.035), breastfeeding duration 
(p = 0.003), frequency of urination (p = 0.001), 
blood glucose (p = 0.000), sodium (p = 0.008), 
urea (p = 0.000), creatinine (p = 0.000) and pH 
upon admission (p = 0.002) (Table 1, Figure 1).

Table 1. Comparison of variables in the neonates with normoglycemic hypernatremia and the neonates with hyperglycemic 
hypernatremia

Group
variables

Normoglycemic status of 134 
infants (77.91)

Hyperglycemic status 
of 38 infants (22.09)

Significance level *
(t test)

Blood glucose (mg/dL) 84.08 ± 31.15 342.34 ± 102.51 0.000

Age upon admission (days) 8.07 ± 4.85 11.36 ± 2.81 0.000

Length of hospital stay (days) 5. 12 ± 2.09 6.33 ± 2.30 0.532

Birth weight (g) 3202.82 ± 510.97 3227.63 ± 545.46 0.192

Weight upon admission (g) 2752.83 ± 468.98 2575.00 ± 442.62 0.035

Apgar score 8.95 ± 0.52 8.94 ± 0.65 0.929

Time interval for the first breastfeeding 
after birth (hour)

2.73 ± 0.61 2.97 ± 0.92 0.659

Breastfeeding frequency 7.38 ± 2.54 6.65 ± 2.25 0.112

Breastfeeding duration (minutes) 17.98 ± 9.57 12.76 ± 8.93 0.003

Frequency of urination 3.64 ± 1.69 2.86 ± 1.04 0.001

Bowel movement frequency 3.05 ± 0.19 3.17 ± 0.93 0.765

Time interval for the first bowel 
movement after birth (hour)

12.19 ± 8.34 13.20 ± 7.04 0.728

* Values are based on mean  ± standard deviation.
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Ninety-three infants (58.9%) were males and 42 
infants (41.1%) were females. There were more 
males in the normoglycemic neonate group 
(66.1%) and more females in the hyperglycemic 
neonate group (67.6%) (p = 0.000). Hyperther-
mia was the most common parental concern in 
the normoglycemic neonate group (23.2%) and 
poor feeding was the most frequent parental 
concern in the hyperglycemic neonate group 
(39.5%) (p = 0.050). There were let-down reflex 
problems for the mothers of most of the hyper-
glycemic hypernatremic neonates (71.1%) (p = 
0.004). There was a higher rate of treatment side 
effects in the hyperglycemic hypernatremic neo-
nates than in the normoglycemic hypernatremic 
neonates (p = 0.004). The most common side ef-
fect in the hyperglycemic hypernatremic neonate 
group was seizure (37.5%). Renal ultrasound 
showed that abnormalities were higher in the 
hypernatremic infants with hyperglycemia (p = 
0.005) and the most common renal problem was 

kidney stones. Infant prognosis was significantly 
different between the two groups (p = 0.029), 
i.e., developmental delay was higher in the hy-
pernatremic neonate group with hyperglycemia. 
Developmental delays were higher in the NHD 
group with hyperglycemia (p = 0.029) (Figure 2).

According to the study results, there was a sta-
tistically significant correlation between sodium 
levels and blood glucose concentration (p = 
0.000). The correlation was linear and direct, 
i.e., the glucose level increased when the sodium 
level increased in neonates with hypernatremia 
(Diagram 1).

DISCUSSION 

According to the results of this study, the NHD 
hyperglycemic neonates presented with later 
severe weight loss and a lower frequency of 
urination. They also had histories of critical 
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problems, such as acidosis, uremia, and hyper-
natremia. Unfortunately, the long-term prognosis 
of those neonates was even worse. A review 
of studies on blood glucose status in neonates 
with hypernatremia in Iran and other countries 
showed that ours is the only study that has com-
pared normoglycemia status and hyperglycemia 
status in hypernatremic neonates. The innovation 
of the present study is the determination of health 
and prognosis status in hypernatremic neonates 
with different blood glucose statuses. 

Approximately one-fifth of the hypernatremic in-
fants had hyperglycemia. The increase of plasma 
sodium in the presence of hyperglycemia clinical-
ly indicates significant dehydration.9 In the study 
by Borna et al. (2014), there was no significant 
correlation between serum sodium and glucose 
levels.10 Hyperosmolarity causes broad changes 
in blood sugar levels, and even in CSF glucose 
levels, and can be produced by hypernatremic 
dehydration.11 Ghalehgolab et al. (2009) classi-
fied 300 term and preterm hospitalized infants 
into two groups: those with hypernatremia and 
those without hypernatremia. Nine percent of the 
infants had hypernatremia. There were no signifi-
cant differences between blood glucose levels and 
hypernatremia in that study.12 In the Turkish study 
by Uras et al., there was an inverse relationship 
between serum sodium concentration and blood 
glucose in patients.13 However, the mechanism 
involved in the association of hyperglycemia with 
NHD is unclear, but the severity of hypernatremia 
appears to increase the possibility of the presence 
of hyperglycemia. 

The rate of weight loss in hyperglycemic hyper-
natremic infants was higher than that of infants 
with normal blood sugar. Poor nutrition is the 
most important cause of NHD. Regular weight 
measurement is useful for assessing nutritional 
status. Weight loss above 10% of birth weight, or 

Diagram 1. The correlation of blood glucose with the 
serum sodium level.

Figure 2. Comparison of the prognosis of neonates 
with normoglycemic hypernatremia and neonates 
with hyperglycemic hypernatremia.
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a lack of birth weight regain after the first week, 
is indicative of poor nutrition.14 Increased hyper-
natremia and jaundice have been shown to be 
related to the severity of weight loss.15 Infants with 
greater weight loss are more likely to present with 
hypernatremia and hyperglycemia. Therefore, 
weighing infants within the first 72 to 96 hours 
after birth should be taken into account for the 
prevention of hypernatremia and hyperglycemia. 

The most common concern for the parents of nor-
moglycemic infants (23.2%) was hyperthermia 
and poor feeding was the most frequent concern 
for the parents of hyperglycemic infants (39.5%). 
Hyperthermia is mainly due to dehydration and 
is rarely caused by infection. At present, hyper-
thermia occurs more commonly in infants whose 
mothers are discharged from the hospital fewer 
than 48 hours after giving birth. It is likely that 
those mothers have not had adequate informa-
tion about breastfeeding, they present with low 
volumes of breast milk the first days after giving 
birth, and probably keep the infant overbundled. 
Dehydration in infants can be associated with 
hypernatremia, hyperglycemia, hypercalcemia, 
and indirect hyperbilirubinemia, which can have 
serious and persistent consequences for infants.16 
Side effects of hypernatremic dehydration do not 
occur exclusively in stages of hypernatremia and 
dehydration, but also following treatment and 
rehydration. Severe treatment is as dangerous 
as delayed treatment or incomplete treatment, 
because a dramatic drop in serum sodium con-
centration leads to cerebral edema, seizure, and 
neurologic complications.17 Thus, hyperglycemia 
in NHD neonates raises the possibility of treat-
ment complications, such as seizure. Intracranial 
hemorrhage has been reported in 15% of hyper-
natremic infants with normoglycemia and 20% 
of hypernatremic infants with hyperglycemia. 
Hypernatremic dehydration usually presents 
together with hyperglycemia and hypokalemia, 

which can increase the risk of central nervous 
system complications.18 In the study by Bermik 
et al. (2016), hyperglycemia increased the risk of 
intracranial hemorrhage in preterm infants with 
hypernatremia.19 

Developmental delay was more frequent in 
the group of hypernatremic infants with hy-
perglycemia (71.06%). Hypernatremia and 
hyperglycemia are common causes of hyper-
tonicity. Hypertonicity caused by dehydration 
of different body organs leading to neurologic 
complications can be life-threatening.20 Glucose 
is an essential substance for normal brain func-
tion. Normal levels of blood glucose during the 
neonatal period ensure proper neural develop-
ment.21 In their study, Moritz et al. showed that 
mortality was higher in the hypernatremic infants 
that were also hyperglycemic.22 However, the 
mechanism involved in the adverse effects of 
hypernatremia with hyperglycemia is unknown. 
Perhaps hyperglycemia is indicative of the inten-
sity of stress and the severity of hypernatremia. 
Our study limitation was the failure to evaluate 
the amount of time it took to correct the hyper-
glycemia. Therefore, evaluating the duration of 
hyperglycemia as a variable in future studies is 
recommended.

CONCLUSION

Our study suggests that NHD neonates with 
hyperglycemia were older upon admission, had 
higher sodium, urea, and creatinine levels, and 
had lower weight upon admission, shorter breast-
feeding duration, lower frequency of urination, 
and lower blood pH. In addition, there were 
statistically significant differences between the 
two study groups regarding infant sex, parental 
concern upon admission, and the let-down reflex. 
Renal ultrasound showed that abnormalities were 
higher in the group of hypernatremic neonates 
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with hyperglycemia. Developmental delays were 
also more frequent in the hypernatremic neonates 
with hyperglycemia (71.06%). Hence, checking 
the blood sugar level of neonates with hyperna-
tremia is recommended. In addition, high levels 
of serum glucose appear to be a criterion for poor 
prognosis in NHD neonates.
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