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ABSTRACT 

Background: Hypoglycemia is one of the most common neonatal disorders, associated with severe complications. 
There has been a great deal of controversy regarding the definition and screening of hypoglycemia. Therefore, in this 
study, we aimed to determine a cut-off value for blood glucose level in glucometer readings. 
Methods: This cross-sectional study was conducted on 238 newborns at risk of hypoglycemia, admitted to 
Baqiyatallah Hospital of Tehran, Iran in 2012; the subjects were selected via simple sampling. After obtaining 
informed consents from the newborns’ parents, 1 cc blood samples were sent to the laboratory for measuring the 
blood glucose level. Moreover, venous blood samples, as well as heel-stick blood samples, were obtained for 
glucometer measurements. Blood glucose measurements were used to determine the cut-off value by the receiver 
operating characteristic (ROC) curve and make comparisons with the diagnostic criteria for hypoglycemia in the 
literature. 
Results: A total of 238 infants with the mean weight of 2869±821.9 g were enrolled in this study. The mean (±SD) 
blood glucose levels were 65.1±22.9, 82.9±24.7, and 84.4±24.8 mg/dl, based on the standard laboratory method, 
glucometer reading of venous blood samples, and glucometer reading of heel-stick capillary blood samples, 
respectively. The optimal cut-off point for hypoglycemia was determined as 65 mg/dl, using glucometer-based 
assessment of heel-stick blood samples. 
Conclusion: The significant difference in blood glucose levels measured by the laboratory method and outpatient 
glucometer readings highlights the importance of a cut-off value for rapid assessment and control of blood glucose and 
timely detection of hypoglycemia. In fact, the cut-off value introduced in the present study could facilitate such 
measurements. 
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Introduction 
Hypoglycemia is a common phenomenon in 

the neonatal period. Since hypoglycemic 
newborns are usually asymptomatic, their 
condition may be simply overlooked (1). 
Hypoglycemia is defined as a serum glucose level 
of 50-60 mg/dl, depending on the neonate's age; 
this condition is considered of great significance in 
the first days of a newborn’s life (1).  

Given the importance of glucose in brain 
metabolism, the incidence of hypoglycemia can 
interfere with structural and functional brain 
development (2). Complications of neonatal 
hypoglycemia can be serious and critical. 
Neurological defects and changes caused by the 
activation of autonomic nervous system and 
epinephrine release are among the adverse 

outcomes of hypoglycemia (1). With respect to 
these complications, accurate and rapid 
measurement of blood glucose at birth is one of 
the most effective measures for the diagnosis of 
hypoglycemia in newborns without any manifest 
symptoms (3, 4).  

Hypoglycemia may occur as a physiological 
response at birth; therefore, blood glucose 
control is not essential for all newborns (5). 
Based on the standards, the serum glucose level 
of neonates at risk of hypoglycemia should be 
measured within the first hours of birth, every 1-
2 hours for the first 6-8 hours after birth, and 
then every 4-6 hours up to 24 hours (4). 
Although no clear-cut definition has been 
established for hypoglycemia, blood glucose 
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levels < 45 mg/dl on the first day and < 50 mg/dl 
on the second day are regarded as the standards 
in routine measurements (4, 6).  

The incidence of hypoglycemia varies 
depending on fetal development and feeding 
protocols in hospital nurseries (4). In fact, early 
feeding reduces the occurrence of hypoglycemia, 
while prematurity, hypothermia, hypoxia, 
maternal diabetes, and glucose infusion during 
labor can increase the occurrence of this condition 
(4, 7). Also, the incidence of hypoglycemia varies 
depending on the age and weight of neonates. In 
fact, the highest rates of symptomatic 
hypoglycemia (25%) have been reported in small-
for-gestational-age infants (4, 8).  

The symptoms of hypoglycemia may start several 
hours to several weeks after birth. Irritability and 
tremor, apathy, episodes of cyanosis, seizure, 
intermittent episodes of apnea, difficulty in feeding, 
eye rotations, sweating, sudden pallor, hypothermia, 
and cardiac arrest or failure are among the most 
common symptoms, respectively (4). 

Infants at high risk of hypoglycemia should be 
breastfed within the first 1-3 hours after birth or 
receive dry milk from the mouth or through 
gavage for 24-48 hours (every 2-3 hours). In case 
the newborns are resistant to oral feeding or 
experience transient asymptomatic hypoglycemia, 
they need to receive intravenous glucose infusions 
at a rate of 4 mg/kg/min (4).  

Several methods have been proposed for blood 
glucose measurement over the past 40 years. Two 
common methods used to determine blood 
glucose level include glucometer readings and 
routine laboratory assessment (4). Laboratory 
assessment of blood glucose is based on the 
evaluation of glucose oxidase, glucose 
dehydrogenase, glucose hexokinase, and glucose-
6-phosphate dehydrogenase (4). 

Neonatal hypoglycemia is often associated 
with intrauterine growth restriction (IUGR), 
premature birth, and maternal diabetes mellitus. 
In general, hypoglycemia screening is 
recommended for high-risk cases. Breastfeeding is 
one of the effective measures in asymptomatic 
cases, while intravenous dextrose infusion is the 
main treatment option for symptomatic cases.  

The incidence of hypoglycemia varies 
depending on fetal development and lactation 
protocols in neonatal intensive care units. Early 
nutrition reduces the incidence of hypoglycemia, 
while factors such as prematurity, hypothermia, 
hypoxemia, maternal diabetes, glucose infusion 
during labor, and IUGR can increase the risk of 
this condition. 

Serum glucose level decreases 1-3 hours after 
birth, while the blood glucose level spontaneously 
returns to the normal level after this period. In 
healthy and term infants, blood glucose level is 
rarely below 35 mg/dl, 40 mg/dl, and 45 mg/dl 
within the first three hours of life, 3-24 hours after 
birth, and > 24 hours after birth, respectively. 
Also, depending on the severity and duration of 
hypoglycemia, premature infants are equally at 
risk of developmental and neural defects due to 
low blood glucose level. 

The incidence of symptomatic hypoglycemia is 
1-3 cases per 1000 live births. Also, this condition 
has been reported in 5-15% of newborns with 
developmental disorders. A set of episodic 
symptoms often appears due to hypoglycemia. 
Since these clinical symptoms can have various 
causes, the serum glucose level needs to be 
measured to determine whether glucose release is 
sufficient to relieve the symptoms. In case the 
symptoms are not improved, other conditions 
should be considered. 

Glucose monitoring is performed within one 
to two hours after birth in infants at risk of 
hypoglycemia. In case of clinical symptoms, 
blood samples should be obtained before 
breastfeeding. Also, blood glucose measurement 
in neonates with blood glucose levels < 45 mg/dl 
should continue until the blood glucose level is 
stabilized (10).  

Most hospital nurseries use glucometer devices 
for rapid and simple measurement of blood glucose 
level, although the reported results can be 
inconsistent, particularly in newborns with low 
blood glucose levels (11, 12). Therefore, low blood 
glucose level depicted by glucometer readings must 
be confirmed by laboratory tests (10).  

Nelson Textbook of Pediatrics defines 
hypoglycemia as blood glucose level < 40 mg/dl, < 
45 mg/dl, and ≤ 50 mg/dl in the first three hours 
of birth, 3-24 hours after birth, and after the first 
day of birth, respectively (13). Accurate diagnosis 
of hypoglycemia is of great importance for a more 
effective screening of high-risk cases (14).  

Since the primary objective of the present 
study was to compare blood glucose levels, 
hypoglycemia was defined as blood glucose level 
< 45 mg/dl for all newborns. Although several 
studies have been conducted on this subject, the 
results have been contradictory, indicating the 
need for further research (4-6, 15, 16). 
Therefore, in this study, we aimed to compare 
glucometer readings and laboratory test results 
in order to evaluate the status of hypoglycemia in 
newborns. 
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Methods 
This cross-sectional study was conducted on 

newborns at Baqiyatallah Hospital of Tehran, Iran 
in 2013. The sample size was determined, using 
the following formula: 

 
According to the literature and the 

abovementioned formula, the sample size was 
determined as 238 subjects; the participants were 
selected via simple sampling. In this study, 
newborns delivered at Baqiyatallah Hospital were 
examined by a pediatrician after birth.  

The inclusion criteria were as follows: 1) 
neonate's age of 1-29 days; 2) diabetes mellitus 
in mothers; 3) birth weight > 4000 or < 2500 g; 
4) clinical symptoms suggesting the risk of 
hypoglycemia including prematurity, maternal 
diabetes, IUGR, perinatal asphyxia, hypothermia, 
and lack of breastfeeding in the first hours after 
birth; and 5) symptoms of neonatal 
hypoglycemia such as tremor, irritability, apathy, 
and cyanosis. On the other hand, the exclusion 
criteria were lack of parental consent and age 
above one month.   

According to the Declaration of Helsinki, 
consent forms were obtained from the 
newborns' parents for participation in the 
study. Venous blood samples (1 ml) were 
obtained by skilled nurses. After obtaining the 
venous blood samples, a drop of blood was 
spilled on a test strip and the results were 
recorded. The rest of the blood sample was 
sent to the laboratory for further assessments. 
The capillary blood samples from the heel were 
simultaneously obtained and examined by the 
glucometer, and the results were recorded. All 
examinations were conducted using the Gluco-
Test Plus TD-4230 mg/dl. 
 
Data analysis  

After data collection, SPSS version 17 was 
used for the statistical analysis. To determine 
the relationship between quantitative variables, 
one-way ANOVA test was used. Also, Chi-square 
and Fisher's exact test were used to determine 
the relationship between quantitative and 
qualitative variables. Moreover, correlation 
tests were used to describe the correlation 
between variables such as weight and blood 
glucose level. The ROC curve was used to 
determine the sensitivity and specificity of the 
cut-off value.  

 
Ethical considerations 

Written consent forms were obtained from 
the parents of newborns for participation in the 
study. No additional costs were imposed on the 
parents for the treatment or hospitalization of 
the neonates. The newborns' information 
remained confidential and the results were 
anonymously published. 
 

Results 
A total of 238 infants with the mean weight of 

2869±821.9 g (range: 410-4900 g) were enrolled 
in this study (Table 1). The weight of 94 (40.5%), 
106 (45.7%), and 32 (13.8%) neonates was below 
2500 g, between 2500 and 4000 g, and above 
4000 g, respectively. In terms of maternal 
diabetes, 153 (65.4%) mothers had no previous 
history of gestational diabetes, 77 mothers had 
gestational diabetes, and four mothers had 
diabetes before pregnancy (Table 1). 

Among 94 low-birth-weight infants, 19 
(21.21%) cases had blood glucose levels < 45 
mg/dl. Among 106 newborns with a normal birth 
weight, only 16 (15.09%) cases had blood glucose 
levels < 45 mg/dl. In addition, 9 (28.12%) out of 
32 large-for-gestational-age infants had blood 
glucose levels < 45 mg/dl.  

In total, 218 (92.4%) and 18 infants were 
asymptomatic and symptomatic during sampling, 
 
Table 1. Characteristics of the participants 

No. Variables Amount 

1 Number 238 

2 Weight 2869±821 g 

3 < 2500 g 94 (40.5%) 

3 2500-4000 g 106 (45.7%) 

4 > 4000 g 32 (13.8%) 

5 Blood glucose level 65.01±22.09 mg/dl 

6 
Blood glucose level in 
glucometer readings (venous 
blood samples) 

82.98±24.71 mg/dl 

7 
Blood glucose level in 
glucometer readings (heel-
stick blood samples) 

84.41±24.81 mg/dl 

8 Gestational diabetes mellitus 78 (32.7%) 

respectively. Based on the laboratory assessment, 
the mean glucose level was 65.01±22.09 in venous 
blood samples. On the other hand, according to 
glucometer readings, the mean glucose level was 
89.28±24.71 in venous blood samples and 
84.41±24.81 in capillary blood samples from the 
heel (Table 1).  
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The mean blood glucose level determined by 
the laboratory assessment was significantly 
different from the glucose level measured by the 
glucometer (P=0.045); however, the mean values 
calculated by the glucometer were not 
significantly different (P=0.67). Based on the 
laboratory assessment, 45 (19.4%) cases had 
hypoglycemia, among whom 39 cases were 
asymptomatic and only six infants presented with 
the clinical symptoms of hypoglycemia (P<0.05). 

The ROC curve was used to determine the 
cut-off point for serum glucose level (Figure 1 & 
Table 2). By introducing hypoglycemia as blood 
glucose level < 45 mg/dl, the area under the 
curve for blood glucose in venous and heel-stick 
blood samples was 0.816 and 0.814, 
respectively; the reported values were 
considered acceptable. 

Considering the sensitivities and specificities 
presented in Table 2, 65 mg/dl of blood glucose in 
heel-stick capillary blood samples was regarded 
as the cut-off value for hypoglycemia, based on the 
glucometer readings. Based on the introduced cut-
off value, 45 (19%) newborns had hypoglycemia, 
which was not significantly different from the 
results obtained by the laboratory method (n=45, 
19.4%) (P=0.13) (Table 3). Table 4 shows the cut-
off value in different glucose measurements with 
respect to weight. 

 
Table 2. Specificity and sensitivity of glucometer readings of 
blood glucose level in heel-stick samples 

Sensitivity Specificity 
Blood glucose 
level (mg/dl) 

98.2% 6.8% 45.5 

97.9% 13.6% 50.5 

95.7% 18.2% 55 

92.5% 31.8% 59 

87.2% 45.5% 65 

83.4% 50% 68 

77.3% 74.2% 75 

36.9% 97.5% 90 

 
 

 
Figure 1. ROC curve for the laboratory method and glucometer readings of blood glucose level in heel-stick and venous blood samples 
(blood glucose level < 45 mg/dl is indicative of hypoglycemia) 
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Table 3. Frequency of hypoglycemia using the new cut-off value 

Methods of glucose 
measurement 

The introduced cut-off value The standard cut-off value (< 45 mg/dl) P-value 

Heel-stick blood glucose level 45 (19) 5 (1.2) <0.001 

Venous blood glucose level 48 (2.20) 4 (7.1) <0.001 

 
Table 4. Frequency of hypoglycemia in terms of neonatal weight 

P-value 
Venous blood glucose 

level < 65 mg/dl 
Heel-stick blood glucose 

level < 65 mg/dl 
Blood glucose 

level < 45 mg/dl 
Weight (g)  

0.18 17 18 19 < 2500 g 1 

0.09 21 18 16 4000-2500 g 2 

0.12 9 8 9 > 4000 3 

 0.98 0.39 0.29 P-value  

 

Discussion 
The major finding of this study was the 

significant difference between the laboratory 
method and glucometer readings of blood glucose 
level in venous and capillary blood samples; the 
difference was more evident among newborns on 
the first day after birth. Accordingly, glucometer 
readings were not reliable based on the 
established cut-off value for hypoglycemia (blood 
glucose level < 45 mg/dl). 

Another important finding of this study was 
the introduction of a new cut-off point for 
hypoglycemia in venous blood and heel-stick 
samples (blood glucose level of 65 mg/dl), 
recorded by the glucometer. The obtained 
results based on this cut-off value were not 
significantly different from the standard 
laboratory measurements; therefore, the 
introduced value can be regarded as reliable. On 
the other hand, Hamid et al. noted the lack of 
correspondence between blood glucose level 
and glucometer findings and highlighted the 
need for consistence (as reported in the present 
study) (5). 

According to a study by Barion, Glucotest is an 
appropriate tool for determining the blood 
glucose level. In this study, blood glucose level of 
68 mg/dl was introduced as the cut-off value for 
hypoglycemia in glucometer readings. The results 
of the present study were in consistence with the 
findings reported by Barion. In fact, the present 
results were even more significant since the blood 
glucose level in heel-stick samples was also 
examined by the glucometer (6).  

In this study, only 18 out of 45 cases had 
symptomatic hypoglycemia, indicating the 
importance of screening via blood glucose 
measurements. Another finding of the present 
study was the significant difference between 
blood glucose levels recorded in newborns on the 

first day of birth, which shows the importance of 
this condition in this age group. Therefore, a more 
sensitive and accurate cut-off value for blood 
glucose level is required in the treatment of these 
infants; however, no study has addressed this 
need, so far. 
 

Conclusion 
Considering the importance of blood glucose 

level in the diagnosis of hypoglycemia in the 
first hours of life, an accurate index is required 
for glucometer readings. Based on the findings, 
the new cut-off value introduced in the present 
study is recommended for the detection of 
hypoglycemia by glucometers, given the 
significance of timely diagnosis and treatment 
of hypoglycemia and accessibility of 
glucometers. 

 

Acknowledgments 
We would like to thank all the parents of 

involved newborns for their sincere cooperation. 
 

Conflicts of interest 
There was no conflict of interest in this study. 
 

Funding support 
This study was funded by Baqiyatallah 

University of Medical Sciences, Tehran, Iran. 
 

References 
1. Kliegman RM, Behrman RE, Jenson HB, Stanton BF. 

Nelson textbook of pediatrics. 20th ed. Philadelphia: 
Elsevier-Health Sciences Division; 2016. P. 773-5. 

2. Lucas A, Morley R, Cole TJ. Adverse 
neurodevelopmental outcome of moderate neonatal 
hypoglycaemia. BMJ. 1988; 297(6659):1304-8. 

3. Boluyt N, van Kempen A, Offringa M. 
Neurodevelopment after neonatal hypoglycemia: a 
systematic review and design of an optimal future 
study. Pediatrics. 2006; 117(6):2231-43. 

http://www.bookdepository.com/publishers/Elsevier-Health-Sciences-Division


Torkaman M et al              Use of Glucometer in Hypoglycemia 

Iranian Journal of Neonatology 2016; 7(1)  46 
 

4. Cornblath M, Hawdon JM, Williams AF, Aynsley-
Green A, Ward-Platt MP, Schwartz R, et al. 
Controversies regarding definition of neonatal 
hypoglycemia: suggested operational thresholds. 
Pediatrics. 2000; 105(5):1141-5. 

5. Marcdante K, Kliegman RM, Behrman RE, Jenson HB. 
Nelson essentials of pediatric. New York: Elsevier 
Health Sciences; 2010. P. 883-96. 

6. Hawdon JM, Ward Platt MP, Aynsley-Green A. 
Patterns of metabolic adaptation for preterm and 
term infants in the first neonatal week. Arch Dis 
Child. 1992; 67(4Spec No):357–65. 

7. Papp M, Sharief N. Comparison of two strip test 
methods of whole blood glucose measurement in 
the neonatal period. Acta Paediatr. 2001; 
90(9):1042-6. 

8. Stanley CA, Baker L. The causes of neonatal 
hypoglycemia. N Engl J Med. 1999; 340(15):1200-1.  

9. Lubchenco LO, Bard H. Incidence of hypoglycemia in 
newborn infants classified by birth weight and 
gestational age. Pediatrics. 1971; 47(5):831-8. 

10. Van Haltren K, Malhotra A. Characteristics of infants 
admitted with hypoglycemia to a neonatal unit. J 
Pediatr Endocrinol Metab. 2013; 26(5-6):525-9. 

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

12. Balion C, Grey V, Ismaila A, Blatz S, Seidlitz W. 
Screening for hypoglycemia at the bedside in the 
neonatal intensive care unit (NICU) with the Abbott 
PCx glucose meter. BMC pediatr. 2006; 6(1):28-38. 

13. Rosenthal M, Ugele B, Lipowsky G, Kuster H. The 
Accutrend sensor glucose analyzer may not be 
adequate in bedside testing for neonatal 
hypoglycemia. Eur J Pediatr. 2006; 165(2):99-103.  

14. Srinivasan G, Pildes RS, Cattamanchi G, Voora S, Lilien 
LD. Plasma glucose values in normal neonates: a new 
look. J Pediatr. 1986 Jul; 109(1):114-7. 

15. Ho HT, Yeung WK, Young BW. Evaluation of "point 
of care" devices in the measurement of low blood 
glucose in neonatal practice. Arch Dis Child Fetal 
Neonatal Ed. 2004 Jul; 89(4):F356-9. 

16. Ngerncham S, Piriyanimit S, Kolatat T, Wongsiridej 
P, Inchgarm L, Kitsommart R, et al. Validity of two 
point of care glucometers in the diagnosis of 
neonatal hypoglycemia. Indian Pediatr. 2012; 
49(8):621-5. 

 


