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Background: The administration of high-dose vitamins has been focused on in critically ill patients 
as adjunctive therapy for life-threatening conditions. We evaluated the association between serum 
vitamin C concentrations and patient prognosis. 
Methods: We retrospectively reviewed and collected clinical and biochemical data, including thia-
mine and vitamin C levels, of patients admitted to the pediatric intensive care unit (PICU).
Results: In total, 177 patients were admitted to the PICU during the study period, and 63 children 
were enrolled in this study. The most common reason for PICU admission was sepsis (33.3%). The 
median thiamine and vitamin C levels were 3.6 µg/dl (interquartile range [IQR], 2.9–4.5 µg/dl) and 
2.84 µg/ml (IQR, 1.61–4.55 µg/ml), respectively. Thiamine deficiency was observed in 10 patients 
(15.9%), and 17 (27.0%) had vitamin C deficiency. There were no differences in the vitamin levels 
according to the reason for PICU admission. Vitamin C levels were affected by nutritional status. 
The length of stay in the PICU and duration of mechanical ventilation were longer in patients with 
vitamin C deficiency than in those without (P=0.035 and P=0.010, respectively). The serum delta 
neutrophil index and C-reactive protein and lactate levels increased in the vitamin C-deficient 
group (P=0.028 and P=0.039, respectively). There was a significant difference in Pediatric Index of 
Mortality 3 scores according to vitamin C levels but not in mortality directly.
Conclusions: Vitamin C deficiency was associated with elevated inflammatory marker levels, in-
creased mechanical ventilation durations, and PICU admission. Our results support the potential 
benefits of vitamin C administration in critically ill children.
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INTRODUCTION

Most critically ill patients, such as those with septic shock or those undergoing cardiac 

surgery, experience pathophysiological conditions that lead to a systemic inflammatory re-

sponse, which can increase oxidative stress. The hypermetabolic state in critical illnesses can 
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■ �Vitamin deficiency is common in critically ill children.

■ �The nutritional status of patients could affect vitamin C 
levels but not thiamine levels.

■ �Vitamin C deficiency is associated with elevated inflam-
matory marker levels and increased mechanical venti-
lation and pediatric intensive care unit stay durations, 
suggesting a potential benefit of vitamin C administra-
tion in critically ill children.

KEY MESSAGES
drastically reduce the plasma levels of various micronutrients 

and trace elements with antioxidant properties. In contrast, the 

levels of circulating oxidative molecules increase significant-

ly, leading to energy wastage, organ failure, and even death. 

Micronutrient therapy is considered a potential supportive 

treatment to improve high-energy expenditure statuses and 

mortality in critical illness [1,2].

As a high dose of vitamins along with hydrocortisone admin-

istration has been suggested as an effective adjunctive therapy 

for sepsis and septic shock [3], several studies have shown the 

influence of vitamins on critical illness and the effects of their 

supplementation on clinical outcomes in critically ill patients 

[4-6]. As thiamine (vitamin B1) acts as a cofactor for pyruvate 

dehydrogenase, thiamine deficiency results in activated an-

aerobic metabolism and elevated lactate levels [3]. Vitamin C, 

also known as ascorbic acid or ascorbate, is an antioxidant that 

reduces oxidative stress and exerts immune-modulating effects 

[4]. For these reasons, vitamin therapy for critical illnesses is 

considered an adjunct method for metabolic resuscitation [5,6].

However, the role of vitamins in critical illnesses remains 

disputed, even in sepsis [7-9]. Few studies have investigated 

vitamin concentrations and the use of vitamin therapy in pedi-

atric patients [10,11]. Pediatric patients should be approached 

differently from adults owing to variations in underlying dis-

eases, reasons for intensive care unit (ICU) admission, and 

host characteristics, including immunological and nutritional 

disparities and vulnerability to new drugs.

In this study, we investigated the initial serum thiamine and 

vitamin C levels upon pediatric intensive care unit (PICU) ad-

mission and the clinical factors affecting patients' vitamin lev-

els. We also aimed to determine the correlation between the 

initial serum vitamin levels and prognosis in PICU patients.

MATERIALS AND METHODS

This study was approved by the Institutional Review Board of 

Severance Hospital, Seoul, Korea (No. 4-2020-0790), and the 

requirement for informed consent was waived.

Study Design and Data Collection
We reviewed critically ill pediatric patients and collected their 

initial biochemical data, including thiamine and vitamin C lev-

els, at PICU admission in a tertiary university hospital between 

June 2019 and December 2019. Critically ill pediatric patients 

eligible for PICU admission include (1) life-threatening cardio-

vascular instability, imminent cardiac arrest, or post-cardio-

pulmonary resuscitation requiring intensive monitoring; (2) 

acute or chronic respiratory failure, airway obstruction requir-

ing ventilatory support; (3) severe neurologic conditions with 

altered consciousness or complications needing close obser-

vation; (4) decreased urine output (<1 ml/kg/hr over 4 hours) 

or renal failure requiring renal replacement therapy; and (5) 

other life-threatening conditions such as critical metabolic im-

balances or massive bleeding.

A total of 177 patients aged 1 month to 19 years were admit-

ted to the PICU during the study period; 75 were screened in 

this study, and 63 were included in the final analysis. Patients 

who died within 24 hours of PICU admission, those with min-

eral supplementation, and those with chronic renal failure 

were excluded. There were no patients receiving renal replace-

ment therapy or vitamin supplement therapy during the study 

period (Figure 1). Thiamine and vitamin C levels were mea-

sured at the time of PICU admission. Low serum thiamine and 

vitamin C levels were defined as <2.36 μg/dl (70 nmol/L) [11] 

and <1.94 μg/ml (11 μmol/L), respectively [12].

Demographic and clinical data, including in-hospital mor-

tality, length of stay (LOS) in the PICU, underlying etiology, 

reasons for admission, requirements for mechanical ventila-

tion, Glasgow Coma Scale scores, Pediatric Index of Mortality 

3 (PIM-3) scores, and Pediatric Risk of Mortality III (PRISM III) 

scores, were recorded. According to the World Health Organi-

zation child growth standards, nutritional status was assessed 

using z-scores of weight for age, height for age, and body mass 

index. Malnutrition was identified when the z-score was less 

than –2 standard deviations [13,14].



Table 1. Clinical characteristics of patients
Variable Value (n=63)
Age (yr) 6 (2–11)
Male 33 (52.4)
LOS in PICU (day) 11 (4–20)
In-hospital mortality 3 (4.8)
Reason for PICU admission
  Sepsis 21 (33.3)
  Respiratory failure 20 (31.7)
  Intensive monitoring 8 (12.7)
  Neurologic problem 4 (6.3)
  Post-resuscitation 4 (6.3)
  Acute renal insufficiency 3 (4.8)
Requirement for MVa) 45 (71.4)
Malnourished nutritional stateb) 27 (42.9)
GCS 10 (8–15)
PIM-3 (mortality rate, %) 3.7 (1.2–6.3)
PRISM III 3 (0–9)

Values are presented as median (interquartile range) or number (%).
LOS: length of stay; PICU: pediatric intensive care unit; MV: mechanical 
ventilation; GCS: Glasgow Coma Scale; PIM-3: Pediatric Index of Mortality 3; 
PRISM III: Pediatric Risk of Mortality III.
a) Requirement for mechanical ventilation within 24 hours of PICU 
admission; b) z score of anthropometric index less than –2 of the World 
Health Organization growth standards.

177 PICU admissions during study period
(Jun–Dec 2019)

75 Cases screened

63 Cases enrolled

Exclusion criteria: 
1 Died within 24 hr 
9 With mineral supplementation  
2 Chronic renal failure 
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Statistical Analyses
We compared the baseline characteristics of the patients using 

the Mann-Whitney U-test or Fisher's exact test, as appropriate. 

Normal distribution was determined using the Kolmogor-

ov-Smirnov test. Numerical variables are presented as means 

and standard deviations. We used the median and interquar-

tile range (IQR) for numerical parameters with non-normal 

distributions. Spearman's method was used to evaluate the 

correlation between serum vitamin levels and other parame-

ters. Statistical significance was set at P<0.05. All analyses were 

performed using statistical software (SPSS version 27.0, IBM 

Corp.), and graphs were created using GraphPad Prism (ver-

sion 10.1, GraphPad Software).

RESULTS

Characteristics of Study Population
Among the 63 pediatric patients, the most common underlying 

medical diseases were neurological conditions (40 patients, 

63.5%), such as intractable epilepsy or status epilepticus. The 

baseline patient characteristics are presented in Table 1. The 

median patient age was 6 years, and 52.4% (33/63) were male. 

The overall in-hospital mortality rate was 4.8% (3/63), with a 

median LOS in the PICU of 11 days. Sepsis was the most com-

mon reason for PICU admission (33.3%). Forty-five patients 

(71.4%) required mechanical ventilation within 24 hours of 

PICU admission. The percentage of patients with a malnour-

ished nutritional state was 42.9% (n=27).

Vitamin Levels in PICU Patients
Regarding serum vitamin levels in PICU patients, the median 

thiamine level was 3.6 µg/dl (IQR, 2.9–4.5 μg/dl), and the me-

dian vitamin C level was 2.84 μg/ml (IQR, 1.61–4.55 μg/ml). 

Among all 63 patients, 10 (15.9%) exhibited thiamine deficien-

cy, and 17 (27.0%) had vitamin C deficiency. There were no 

differences in serum vitamin levels when comparing patients 

with underlying problems, regardless of whether they had sep-

sis or not (Figure 2). Vitamin C showed different serum levels 

according to nutritional status, especially between well-nour-

ished and severely malnourished patients (median level, 3.56 

vs 1.73 μg/ml); however, thiamine did not (Figure 3).

Vitamin Levels and Prognostic Parameters in PICU
We examined the characteristics of the patients with vitamin 

deficiencies. For thiamine deficiency, the only parameter that 

showed a statistically significant difference was C-reactive pro-

Figure 1. Study flow diagram for critically ill children. PICU: pediatric 
intensive care unit.



tein (CRP) levels. The median CRP level was lower in patients 

with thiamine deficiency (median, 8.0 mg/L [IQR, 1.1–35.9] vs. 

41.4 mg/L [IQR, 12.9–202.7]).

When the patients were grouped based on their vitamin C 

levels, significant differences were found between those with 

and without vitamin C deficiencies (Table 2). Patients with 

vitamin C deficiency had longer PICU stays and required me-

chanical ventilation for longer durations (P=0.035 and P=0.010, 

respectively). There were no differences in the reasons for 

PICU admission; however, the differences in delta neutrophil 

index (DNI), CRP, and lactate levels were statistically signifi-

cant (P=0.042, P=0.039, and P=0.028, respectively). Mortality 

increased in the vitamin C-deficient group; however, the dif-

ference was not statistically significant (P=0.113). Prognostic 

scoring systems, such as the PIM-3 and PRISM III scores, were 

also higher in vitamin C-deficient patients, with a statistically 

significant difference in PIM-3 scores (P=0.012).

The correlations between serum vitamin levels and other 

parameters are summarized in the correlation matrix (Figure 

4). As shown in Table 3, the variables that differed between the 

vitamin C-deficient and non-deficient groups were negative-

ly correlated with vitamin C levels. However, these variables 

did not predict vitamin C deficiency, as estimated by logistic 

regression analysis (data not shown). Among these variables, 

Figure 3. Vitamin levels according to nutritional status. (A) Thiamine levels. (B) Vitamin C levels. According to the nutritional status of the patients 
at pediatric intensive care unit admission, thiamine levels did not differ based on nutritional status, whereas vitamin C levels were affected. 
Severely malnourished children tended to have low vitamin C levels.

Figure 2. Median vitamin levels in critically ill pediatric patients. (A) Thiamine levels. (B) Vitamin C levels. There were no significant differences in 
vitamin levels between patients with and without sepsis. 
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CRP levels exhibited the strongest correlation with vitamin 

C levels (r=–0.389; 95% CI, –0.598 to –0.114; P=0.002) and 

showed a significant correlation with thiamine levels (r=–0.306; 

95% CI, –0.520 to –0.056; P=0.01).  

DISCUSSION

Critically ill patients often experience significant inflammation 

and oxidative stress, leading to malnutrition and a hypermet-

abolic state. They may undergo complex systemic inflamma-

tory responses, which involve the release of pro-inflammatory 

cytokines and activation of inflammatory cells rather than 

anti-inflammatory responses. This can lead to weakened im-

mune functions and dysfunction of multiple organs [15,16].

Given that critically ill patients often exhibit low micronutri-

ent levels, there is increasing interest in the potential benefits 

of micronutrient supplementation in critical care settings 

[7,17-19]. Micronutrients are essential for meeting metabolic 

Table 2. Vitamin C status at PICU admission
Variable Deficiency (–) (n=46) Deficiency (+) (n=17) P-value
Age (yr) 7±5 7±5 0.808
Male 25 (54.3) 8 (47.1) 0.607
LOS in PICU (day) 11.7±9.6 18.7±15.8 0.035
In-hospital mortality 1 (2.2) 2 (11.8) 0.113
Requirement for MVa) 30 (65.2) 15 (88.2) 0.073
Length of MV (day) 7 (0–13) 15 (7.5–24) 0.010
Reason for PICU admission
  Respiratory failure 15 (32.6) 5 (29.4) 0.809
  Sepsis 14 (30.4) 7 (41.2) 0.422
  Intensive monitoring 7 (15.2) 1 (5.9) 0.323
  Neurologic problem 2 (4.3) 2 (11.8) 0.284
  Post-resuscitation 2 (4.3) 2 (11.8) 0.284
  Acute renal insufficiency 3 (6.5) 0 0.281
Biochemical value
  Thiamine (μg/dl) 4.0±2.1 4.1±2.4 0.944
  WBC (×103/μl) 12,465 (7,905–15,525) 8,170 (3,455–19,795) 0.448
  DNI (%) 1.0 (0.0–3.8) 5.8 (0–9.5) 0.042
  Hb (g/dl) 10.8±1.9 11.3±2.7 0.436
  Platelets (×103/µl) 298±202 250±197 0.398
  D-dimer (ng/ml) 383 (267–1002) 677 (301–1482) 0.269
  Creatinine (mg/dl) 0.3 (0.2–0.6) 0.3 (0.2–0.7) 0.751
  CRP (mg/L) 7.5 (1.1–35.9) 30.3 (7.1–144.1) 0.039
Acid-base variable
  pH 7.35±0.09 7.30±0.11 0.089
  BE (mEq/L) –2.7±5.3 –5.1±4.3 0.095
  cAG (mEq/L) 13.5 (11.6–16.5) 15.5 (11.1–18.3) 0.394
  Lactate (mmol/L) 1.4 (0.9–1.8) 1.8 (1.1–4.3) 0.028
PICU mortality scoring system
  GCS 10.7±3.5 9.5±3.3 0.231
  PIM-3 (mortality rate, %) 3.3 (0.9–5.1) 6.4 (2.9–16.9) 0.012
  PRISM III 3.0 (0–8) 6.0 (1–16.5) 0.145

Values are presented as mean±standard deviation, number (%), or median (interquartile range).
PICU: pediatric intensive care unit; LOS: length of stay; MV: mechanical ventilation; WBC: white blood cell count; DNI: delta neutrophil index; Hb: hemoglobin; 
CRP: C-reactive protein; BE: base excess; cAG: corrected anion gap; GCS: Glasgow Coma Scale; PIM-3: Pediatric Index of Mortality 3; PRISM III: Pediatric Risk of 
Mortality III.
a) Requirement for mechanical ventilation within 24 hours of PICU admission.
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significantly, leading to mixed results even among patients 

with sepsis [2,15,16,21]. Additionally, in critically ill children, 

the evaluation of micronutrient status has been limited, and 

there are no established protocols for supplementing these 

micronutrients [10,11].

We reviewed critically ill children in the PICU for their ini-

tial serum thiamine and vitamin C levels. Low thiamine and 

vitamin C levels were observed in PICU patients, even in those 

without sepsis. Vitamin C deficiency was more common than 

thiamine deficiency. Almost half of the patients were malnour-

ished, and their nutritional status affected vitamin C levels 

more than thiamine levels. The LOS in PICU and mechanical 

ventilation duration increased in the vitamin C deficiency 

group. Although vitamin C deficiency was not directly related 

to hospital mortality, prognosis-related markers in critically ill 

patients, such as the DNI [22], CRP [23], and lactate levels [24] 

and PIM-3 scores [25], were increased in the vitamin C defi-

ciency group. Based on these results, we hypothesized that low 

Figure 4. Correlation matrix. Correlations between serum vitamin levels and other parameters are shown in the red boxes. LOS: length of stay; 
PICU: pediatric intensive care unit; MV: mechanical ventilation; WBC: white blood cell count; DNI: delta neutrophil index; Hb: hemoglobin; 
CRP: C-reactive protein; BE: base excess; cAG: corrected anion gap; GCS: Glasgow Coma Scale; PIM-3: Pediatric Index of Mortality 3; PRISM III: 
Pediatric Risk of Mortality III.

Table 3. Correlations between vitamin C levels and other parameters

Variable Correlation 
coefficient 95% CI P-value

LOS in PICU (day) –0.253 –0.478 to –0.010 0.047
Length of MV (day) –0.295 –0.506 to –0.052 0.020
DNI (%) –0.316 –0.521 to –0.049 0.012
CRP (mg/L) –0.389 –0.598 to –0.114 0.002a)

Lactate (mmol/L) –0.090 –0.331 to 0.171 0.488
PIM-3 (mortality rate, %) –0.200 –0.449 to 0.066 0.120

LOS: length of stay; PICU: pediatric intensive care unit; MV: mechanical 
ventilation; DNI: delta neutrophil index; CRP: C-reactive protein; PIM-3: 
Pediatric Index of Mortality 3.
a) Correlation is significant at P=0.01.

demands, combating oxidative stress, and supplying energy. 

Thiamine and vitamin C are gaining recognition as essential 

micronutrients because of their clinical implications, particu-

larly in combination with hydrocortisone, for the treatment of 

sepsis [1,9,20]. However, the study designs and methods varied 
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serum vitamin C levels could be associated with a poor prog-

nosis in PICU patients.

During critical illness, oxidant levels increase due to the ac-

tivation of pro-oxidant enzymes such as nicotinamide adenine 

dinucleotide phosphate oxidase (NOX) and inducible nitric 

oxide synthase (iNOS). Additionally, leukocytes and anaero-

bic cells produce high levels of reactive oxygen species (ROS) 

and reactive nitrogen species. Patients may also experience 

decreased antioxidant levels during treatments such as renal 

replacement therapy, extracorporeal membrane oxygenation, 

and the use of certain medications. Consequently, elevated ox-

idative stress during critical illness can lead to mitochondrial 

dysfunction and subsequent organ failure [16].

Vitamin C is an essential, water-soluble vitamin. The role of 

vitamin C in critically ill patients has been established. Vita-

min C influences the pathophysiological processes of sepsis, 

trauma, burns, and other inflammatory illnesses [16,19,26]. 

As a cofactor in various biosynthetic pathways, Vitamin C 

contributes to the synthesis of catecholamines, immune cell 

neurotransmitters, cortisol, and peptide hormones. Vitamin 

C may limit further formation of ROS by inhibiting NOX and 

iNOS. Additionally, Vitamin C can act directly as a scavenger of 

radicals [16,19,26].

Although concerns remain regarding the timing and method 

of measuring serum vitamin C levels, vitamin C deficiencies 

are common in ICU patients. Even if vitamin C administration 

was not directly linked to mortality in some studies, outcomes 

such as LOS in ICU could be reduced [19,27]. In earlier clinical 

trials, the administration of more than 2 g/day of vitamin C 

in adults resulted in better outcomes than lower doses of ad-

ministration. The adverse effects of vitamin C administration 

are limited to renal stones or oxalate nephropathy [19,28]. 

Therefore, high-dose vitamin C is recommended as a potential 

adjunctive therapy for critically ill patients [14,25].

This retrospective and cross-sectional study provides little 

insight into the cause-and-effect relationship between vitamin 

levels and patients’ prognosis. However, we can investigate 

their association in the PICU. Although the data collected in 

this retrospective study were from 2019, insights into vitamins 

and vitamin replacement therapy in critically ill children have 

not changed significantly. Other studies conducted after 2019 

have also reported the association between initial vitamin C 

levels and patients’ prognosis, even in adults [2,10]. Therefore, 

we believe that our results remain relevant today. The small 

number of participants in a single center, with only 63 enrolled 

patients, was also a limitation of this study. Some subgroups of 

underlying diseases included only one to seven patients, so no 

statistical significance could be found. The routes of nutrient 

supplementation could also affect the patients’ vitamin levels, 

which we did not consider. More patients requiring detailed 

nutritional considerations need to be monitored.

Given the clinical characteristics and limited accessibility 

of PICU patients, clinical trials involving the administration 

of vitamin C should be conducted with caution, particularly 

regarding dosage or duration. However, our data demonstrat-

ed that vitamin C deficiency was more common in patients 

in the PICU with mixed conditions. Lower serum vitamin C 

levels were related to the nutritional status of patients and are 

associated with poor prognostic factors in the PICU. Therefore, 

the administration of vitamin C is a potential intervention for 

PICU patients to improve their prognosis.
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