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Abstract: 

Background: Hyperglycemia is a stress reaction in critically ill patients. A great 

number of studies found a strong relationship between hyperglycemia and poor 

outcomes in critically ill adults; little is known regarding the occurrence of 

hyperglycemia and its impact in the pediatric intensive care unit (PICU). 

Objectives: To detect the prevalence of stress hyperglycemia (SH) in patients admitted 

to the PICU of Assiut University Children Hospital (AUCH), assess its pattern, course, 

risk factors, and its relation to the outcome. 

Methods: The present study was a prospective cohort study, including all children and 

adolescents admitted to PICU, AUCH, from April 2021 to September 2021. According 

to the blood glucose (BG) level, the studied participants were divided into two groups 

[Group I: Patients with SH (BG ≥ 200 mg/dl), and Group II: Patients with 

normoglycemia (BG < 200 mg/dl)].  

Results: The study included 268 participants; Group I: n=73 (27.2%), with a mean age of 

1.90±2.51 years, which was significantly lower than the mean age of the normoglycemic 

group ((3.64±4.29 years) (P < 0.001)). Positive family history of diabetes mellitus (DM) 

was significantly higher in Group I (P < 0.001). Gastrointestinal disorders were the most 

common causes for PICU admission in the SH group. The mortality for the SH group was 

significantly higher than that of the normoglycemic group, with a rate of 50.7% versus 

34.4% (P = 0.015). 

Conclusion: Hyperglycemia was a common finding among critically ill children in our 

study. 
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Introduction: 

Stress hyperglycemia is a prevalent 

condition in children with critical illnesses 

(1), mostly because of increased 

gluconeogenesis in relation to glucose 

clearance and the development of insulin 

resistance, which affects glucose uptake. 

Increased synthesis of counteracting 

hormones, such as glucagon, growth 

hormone, cortisol, norepinephrine, and 

adrenaline, mediates these pathways (2). 

Moreover, pro-inflammatory cytokines,  

 

 

oxidative stress, and therapeutic 

intervention are all associated with stress 

hyperglycemia. By stimulating α-adrenergic 

receptors, those factors hinder insulin release 

from pancreatic β cells, disrupt insulin 

receptor signaling and/or insulin-regulated 

glucose channels, and block the appropriate 

transport and use of glucose in peripheral 

cells (3).  

Numerous research investigations have 

indicated a correlation between stress-

induced hyperglycemia and death in 

critically ill children. More specifically, it 
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seems that mortality is correlated with the 

peak and duration of stress hyperglycemia. 

Peak blood glucose levels in non-survivors 

are often significantly greater than in 

survivors (2, 4). 

Similarly, non-survivors are more likely 

than survivors to have experienced stress 

hyperglycemia for a longer time (5, 6). Stress 

hyperglycemia and mortality are associated 

with a variety of pediatric illness conditions, 

such as burns, septic shock, traumatic brain 

injury, post-cardiac surgery, and trauma. 

Stress hyperglycemia is also linked to longer 

hospitalizations, as well as an increased risk 

of nosocomial infections, which include 

surgical site infections in children who are 

critically ill (2, 4, 6-9). These studies show 

that stress hyperglycemia and poor clinical 

outcomes are strongly correlated, but they do 

not always show a cause-and-

effect relationship (1). 

Thus, the main objective of the current 

study is to detect the prevalence of SH, 

pattern, course, risk factors, and their relation 

to the outcome in patients admitted to the 

PICU of AUCH. 

Patients and Methods: 

This study was an observational hospital-

based prospective cohort study. The study 

was approved by the regional ethics 

committee at Assiut University (IRB No 

17101438). Informed written consent was 

obtained from all participants' parents before 

they were enrolled in the current study. 

(A) Patients: 

All children aged 1–18 years admitted to 

PICU at AUCH from the first of April 2021 

until the end of September 2021 were 

enrolled in the current study. Infants (aged 

less than one year), children with 

documented diagnosis of DM, and those who 

refused to participate in the current study 

were also excluded. 

According to the blood glucose level, the 

studied participants were divided into two 

groups: 

- Group I (stress hyperglycemia): BG 

level ≥ 200 mg\dl). 

- Group II (normoglycemia): BG < 200 

mg\dl). 

(B) Data Collection: 

All eligible participants were subjected 

to full history taking including name, age, 

sex, in addition to risk factors of developing 

stress hyperglycemia as positive family 

history of DM, and cause of admission to 

PICU, vital signs, systematic physical 

examination, and routine investigations 

included complete blood picture (CBC), liver 

function test (LFT), kidney function test 

(KFT), acute phase reactants: C-reactive 

protein (CRP), blood glucose level were 

measured at patients admission and then 

every six hours, HBA1c, serum electrolytes 

(Sodium and Potassium), and arterial blood 

gases (Ph, co2, hco3) were also done. All 

laboratory data were performed in the 

hospital's main clinical laboratory. 

(C) Statistical Analysis: 

Version 22 of SPSS (Statistical Package 

for the Social Sciences; SPSS Inc., Chicago, 

IL, USA) was used for all statistical 

computations. The statistical description of the 

data was expressed as mean + standard 

deviation (±SD) or median (range) and 

compared by Student's t-test or Kruskal-Wallis 

test, or presented as number (percentages) and 

compared by Chi-square (χ2) or Fisher Exact 

test. P-value set at 0.05.  

Results 

Demographic Data of the Studied Patients 

From the first of January 2021 up to the 

end of June 2021, a total of 268 patients were 

admitted to the PICU of AUCH; 73 patients 

(27.2%) suffered from stress hyperglycemia 

(SH) group, with a mean age of 1.90±2.51 

years, which was significantly lower than the 

mean age of 3.64±4.29 years in the 

normoglycemic group (P < 0.001). The gender 

distribution was comparable between both 

studied groups with no significant difference 

(P = 0.331). Positive family history of DM was 

significantly higher in patients with SH 

compared to the normoglycemic group (P < 

0.001). Among patients with SH, the median 
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duration of SH was four hours (range: 2 hours to five days), Table 1. 

Table 1: Characteristics of patients admitted to PICU 
 

Demographic data 
Normoglycemia, 

N=195 

Stress Hyperglycemia, 

n=73 
P value 

Age (years)   0.001 

- Mean ± SD 3.64±4.29 1.90±2.51  

- Range 1 month–16 years 2 months–14 years  

Sex     0.331 

- Male 78 (40.0%) 34 (46.6%)  

- Female 117 (60.0%) 39 (53.4%)  

Family history of DM     < 0.001 

- Negative 194 (99.5%) 59 (80.8%)  

- Positive 1 (0.5%) 14 (19.2%)  

DM: diabetes mellitus; SH: stress hyperglycemia. 
 

The diagnoses that were most common 

in the SH group, starting with the highest, 

were, in order, gastrointestinal, respiratory, 

postoperative, and CNS diseases. 

Meanwhile, for the normoglycemic group, 

the most common diagnoses, from highest to 

lowest, were respiratory, postoperative, 

gastrointestinal, and CNS diseases (Figure 1. 
 

 
Figure 1: Causes of admission to PICU among the studied patients 

 

Vital Signs among the Studied Patients 

Table 2 shows that all studied vital signs 

(heart rate, respiratory rate, blood pressure, and 

consciousness level) were comparable between 

the groups with no significant difference (P = 

0.206, 0.172, 0.151, and 1), respectively. 

Meanwhile, patients with SH were more likely 

to be feverish than patients with 

normoglycemia (65.1% vs. 82.2%, P=0.007) in 

both groups. 

Regarding the laboratory data, CBC 

parameters, liver enzymes, and inflammatory 

markers (CRP) show no significant difference 

between the studied groups (P > 0.05, for all), 

except that serum urea and creatinine were 

significantly higher in SH patients compared 

to patients with normoglycemia (P = 0.002). 

Table 2: Vital signs and laboratory data of patients admitted to PICU 
 

 

Normoglycemia, 

N=195 

Stress hyperglycemia, 

n=73 
P value 

Temperature     0.007 

- Exothermic 68 (34.9%) 13 (17.8%)  

- Feverish 127 (65.1%) 60 (82.2%)  

Heart rate     0.206 

- Normal 37 (19.0%) 19 (26.0%)  

- Tachycardia 158 (81.0%) 54 (74.0%)  
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Normoglycemia, 

N=195 

Stress hyperglycemia, 

n=73 
P value 

Respiratory rate     0.172 

- Normal 36 (18.5%) 19 (26.0%)  

- Tachypnea 159 (81.5%) 54 (74.0%)  

Blood pressure     0.151 

- Normal 139 (71.3%) 49 (67.1%)  

- Hypertensive 4 (2.1%) 5 (6.8%)  

- Hypotensive 52 (26.7%) 19 (26.0%)  

Conscious level     1 

- Conscious 7 (3.6%) 2 (2.7%)  

- Decreased conscious level 188 (96.4%) 71 (97.3%)  

TLC     0.452 

- Normal 82 (42.1%) 27 (37.0%)  

- Raised 113 (57.9%) 46 (63.0%)  

Hemoglobin     0.090 

- Normal 42 (21.5%) 23 (31.5%)  

- Low 153 (78.5%) 50 (68.5%)  

Platelets     0.956 

- Normal 157 (80.5%) 58 (79.5%)  

- Raised 29 (14.9%) 11 (15.1%)  

- Low 9 (4.6%) 4 (5.5%)  

HBA1c (n=67)     ---- 

- Normal   67 (100.0%)  

- Abnormal   0 (0.0%)  

Liver enzymes     0.111 

- Normal 135 (69.2%) 43 (58.9%)  

- Raised 60 (30.8%) 30 (41.1%)  

Urea     0.002 

- Normal 174 (89.2%) 54 (74.0%)  

- Raised 21 (10.8%) 19 (26.0%)  

Creatinine     0.002 
- Normal 174 (89.2%) 54 (74.0%)  

- Raised 21 (10.8%) 19 (26.0%)  

CRP     0.739 

- Normal 52 (26.7%) 18 (24.7%)  

- Raised 143 (73.3%) 55 (75.3%)  

CRP: C-reactive protein. 
 

Outcome of the Studied Patients with SH 

According to the Blood Glucose Level 

To study the clinical outcomes according 

to blood glucose (BG) levels, the patients 

were divided into four BG groups: 

normoglycemic group, 45≤BG<150mg/dL 

(195 patients); 200 ≤ BG<250mg/dL (31 

patients); 250≤BG<300 mg/dL (14 patients); 

and ≥300 mg/dL (28 patients). The insulin 

administration rate of the SH group 

according to the BG level was 3.2%, 21.4%, 

and 53.6%, which was significantly higher in 

patients with higher BG (≥300 mg/dL) 

compared to other groups (P < 0.001). 

The need for mechanical ventilation, the 

length of hospital stay, and the survival rate 

show no significant difference between the 

three studied groups (P=0.250, 0.456, and 

0.157), respectively, as shown in Table 3. 
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Table 3: Comparison of outcomes for patients with SH according to the severity of 

hyperglycemia (n=268) 

 Stress hyperglycemia, n=73  

Treatment 
200 - < 250, 

n=31 

250 - < 300, 

n=14 

> 300, 

n=28 
P value 

Insulin therapy       <0.001 

- No 30 (96.8%) 11 (78.6%) 13 (46.4%)  

- Yes 1 (3.2%) 3 (21.4%) 15 (53.6%)  

Mechanical ventilation       0.250 

- No 12 (38.7%) 7 (50.0%) 7 (25.0%)  

- Yes 19 (61.3%) 7 (50.0%) 21 (75.0%)  

Hospitalization (days) 5 (1–15) 6 (1–27) 7 (1–55) 0.456 

Mortality       0.157 

- Non-survived 14 (45.2%) 5 (35.7%) 18 (64.3%)  

- Survived 17 (54.8%) 9 (64.3%) 10 (35.7%)  
 

Outcome of the Studied Patients 

The mortality for the SH group was 

significantly higher than that of the 

normoglycemic group, with a rate of 50.7% 

(37/73) compared to 34.4% (67/196) 

(P=0.015). While the need for mechanical 

ventilation and the length of hospital stay 

show no significant difference between the 

studied groups (P=0.463, 0.210, and 0.505), 

respectively, Table 4. 
 

Table 4: Comparison of outcomes for patients with stress hyperglycemia and normoglycemia 

Treatment 
Normoglycemia, 

N=195 

Stress hyperglycemia, 

n=73 
P value 

Mechanical ventilation     0.210 

- No 86 (44.1%) 26 (35.6%)  

- Yes 109 (55.9%) 47 (64.4%)  

Length of hospital stay(days) 4 (1–60) 5 (1–55) 0.505 

Mortality     0.015 

- Dead 67 (34.4%) 37 (50.7%)  

- Survived 128 (65.6%) 36 (49.3%)  
 

Discussion 

Stress hyperglycemia is the name given 

to a brief rise in plasma glucose levels (often 

greater than 150 mg/dl) that occurs after an 

acute sickness or during periods of physical 

or mental stress and then decreases as the 

stressful condition passes. While roughly 

20–35% of severely ill children in the ICU 

exceed the cut-off point of 200 mg/dl, 3.8–

5% of non-diabetic children presenting to 

the ED have BG above 150 mg/dl (10). It's a 

typical physiological reaction to acute stress 

(11). The present study aimed to detect the 

prevalence of SH and assess its pattern, 

course, risk factors, and relation to the 

outcome in children. 

During the six-month interval (from the 

first of April 2021 to the end of September 

2021), 268 patients were admitted to the 

PICU of AUCH. We defined hyperglycemia 

as a BG level >200 mg/dl; based on this cut-

off value, we observed that the number of 

patients who suffered SH was 73 cases with 

a total prevalence of 27.2%. Our findings 

emphasize comparable SH incidence in 

critically ill children (12-14). 

The prevalence of hyperglycemia was 

found by Faustino et al. to vary between 

16.7% and 75% based on three distinct cut-

off values: >120 mg/dl, >150 mg/dl, and 

>200 mg/dl (7). Hirschberg et al. observed 

hypoglycemia in 9.7% of patients and 

hyperglycemia in 56.1% of patients when 

the cut-off value was >150 mg/dl (4). The 

prospective cross-sectional analysis of Patki 

and Chougule reported that 69.3%of 



Soliman et al.,  

150 

children had SH, using the cut-off BG level 

>126 mg/dl (>7 mmol/dl) (15). In the study 

by El-Sherbini et al., hyperglycemia was 

found in 70% of children receiving care in 

the PICU (13). In 166 children hospitalized 

with acute asthma, Mobaireek et al. found 

that 38.6% of these children had 

hyperglycemia (14). Recently, the 

prospective cross-sectional study of Dar et 

al. observed that 63.0% of children admitted 

to PICU suffered from SH (12). 

In contrast, a lower rate of SH was 

reported in the recent study of Korakas et 

al., who reported that 3.9% of hospitalized 

children and 7.2% of admitted children had 

SH (16).  

A possible reason for the difference 

between studies could be the difference in 

the random BG level cut-off value over 

which the author diagnosed children to have 

SH, the underlying cause for SH, the 

baseline data of the studied participants, and 

the study duration.  

Additionally, we observed that the mean 

age of patients with SH was lower than that 

of patients with normoglycemia. A similar 

age range was reported by El-Sherbini et al. 

(13).  

Also, in the current study, we found a 

significantly higher positive family history 

of DM among SH patients. Similarly, only 

one study has identified a connection 

between SH and DM in the family history 

(17). Also, a positive family history of DM 

is the most firmly established risk factor for 

the development of SH and type 1 DM in 

critically ill children (18, 19), with a recent 

study by Awadalla et al. showing that 

children whose fathers have type 1 diabetes 

have an odds ratio (OR) of 9.03 (20).  

In the current study, we found that the 

commonest cause for PICU admission in the 

SH group was gastrointestinal and 

respiratory disorders in the normoglycemic 

group. Consistent results were reported in 

prior studies (16, 21). 

 Our sample showed that many children 

with SH were likelier to suffer from higher 

body temperature than patients with 

normoglycemia (65.1% vs. 82.2%, 

P=0.007). In the study by Korakas et al., 

60.0% of the studied SH children suffered 

from fever, with no association observed 

between body temperature and SH 

development. Similarly, factors linked to 

fever did not affect the incidence of SH in 

the Lee et al. investigation (22). 

 Stressful situations cause higher levels 

of pro-inflammatory cytokines and counter-

regulatory hormones, which cause fast 

gluconeogenesis and glycogenolysis and 

higher blood levels of BG. Glucagon levels 

rise due to the spike in catecholamines 

during critical illness, maintaining 

gluconeogenesis even in the context of 

raised insulin levels. In critical diseases, the 

kidney plays a significant role in 

gluconeogenesis, contributing as much as 

40% of the glucose produced in response to 

catecholamines (1). This mechanism could 

explain the current finding that the kidney 

function tests (blood urea and creatinine) 

were significantly higher in patients with 

SH. Furthermore, SH causes glucose 

toxicity in critical illness, which predisposes 

individuals to acute renal injury and causes 

endothelial dysfunction, mitochondrial 

dysfunction, inflammation, apoptosis, and 

abnormal lipid levels (23). This finding 

highlights the need for continuous careful 

monitoring of kidney function among 

children with SH to avoid the development 

of acute kidney injury among those patients. 

Additionally, we observed longer 

hospital stays among patients with SH but 

did not reach a statistically significant 

difference; this may be due to the small 

sample size in the current study. Numerous 

studies examining the detrimental effects of 

SH in critically ill children have 

demonstrated that it is linked to longer 

periods of ICU and hospital stay (4, 6). In 

the current study, we reported that the total 
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mortality rate among patients with SH was 

significantly higher than that of children 

with normoglycemia, with a rate of 50.7% 

compared to 34.4% (P=0.015). A similar 

finding was reported in previous series (13, 

15, 24, 25). 

According to our data, the percentage of 

patients who needed to receive insulin 

therapy was higher among patients with 

higher BG level (> 300 mg/dl), trying to 

normalize the blood glucose level to avoid 

poor outcomes among those patients. 

Additionally, in line with multiple other 

studies, we found that hyperglycemia 

(BG>200 mg/dL) was significantly linked to 

increased mortality (2, 4, 26). More 

specifically, it seems that mortality is 

correlated with the peak and duration of SH. 

Peak blood glucose concentrations in non-

survivors are often significantly greater than 

in survivors (2, 4). The relationship between 

SH and mortality is seen in a variety of 

pediatric illness conditions, including burns, 

traumatic brain damage, post-cardiac 

surgery, septic shock, and trauma (3, 27). 

Thus, stress hyperglycemia in critically ill 

children is a profound problem that needs 

more attention in trying to prevent or reduce 

the underlying causes and needs earlier 

detection to achieve better outcomes.  

Conclusion 

Hyperglycemia was common among 

critically ill children in our study. The 

requirement for ventilation, length of PICU 

stay, and mortality rate were higher in SH 

children. More extensive research in various 

healthcare settings is needed to elucidate 

potential risk factors for SH in the pediatric 

population, both at the individual and 

parental levels. In all cases, awareness 

should be increased to ensure early 

detection, according to our 

findings, particularly in the case of children 

who arrive with gastrointestinal diseases or 

respiratory illnesses. 
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