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Corresponding Author 2 Abstract

Pediatric patients with malnutrition commonly have poor prognosis related to
the inflammation and catabolism state. This study investigated the relationship
between high C-Reactive Protein/Albumin ratio on admission with the risk of
acute malnutrition during hospitalization in pediatric patients. A cohort study in
patients aged 1 month to 18 years old who met the study criteria was done. On
admission, the level of serum C-Reactive Protein and Albumin were measured
and calculated the C-Reactive protein/Albumin ratio which was divided into the
high and low ratio. Acute malnutrition was determined according to the weight-
for-height or body mass index-for-age z-score less than 2 SD below the WHO
Child Growth Standard median. A total of 110 patients were analyzed, 50% male
Keywords and the mean aged was 77.7 months. Patients with acute malnutrition on
admission and discharge were 24.5% and 32.7%, respectively. Acute

Z,Z);j_mm" malnutrition on discharge in patients with high and low ratio were 51.6% and
o : 25.3%, respectively (adjusted Relative Risk, 9.1; 95% CI: 1. 9 to 42.7; p = 0.005).
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1 Introduction

Pediatric patients with malnutrition commonly have a poor prognosis, such as a length of hospital stay, higher
hospital cost, increased severity of the diseases, and finally higher rates of mortality (Le6n-Sanz et al, 2015;
Suriadji et al., 2107; Artawan et al.,, 2016; Sudarmadji et al,, 2016). This condition needs more attention from
the pediatrician to ensure optimal nutrition support in pediatric patients during hospitalization. The
prevalence of pediatric malnutrition in hospitals is still quite high, range from 23.7% to 52.7% (Kapgi et al.,
2015; Mdrginean et al., 2014). In our hospital, malnutrition in pediatric patients during hospitalization is also
still high, although it decreases from 30.1% in 2008 to 17.5% in 2012 (Sidiartha, 2016; 2012). Each
pediatrician requires to pay serious attention to prevent and treat malnutrition in pediatric patients during
hospitalization.

The inflammatory process is one reason why malnutrition during hospitalization in pediatric patients is
still high. It causes loss the appetite and inadequate nutrition intake. On the other hand, it increases the
catabolism state that increasing the nutrition requirement. Both inadequate nutritional intake and increased
nutrition requirement cause acute malnutrition during hospitalization which is characterized by weight loss
during the hospital (Kaysen, 2006; Gomes de Lima, 2012). Weight loss decreases weight-for-height (W/H) or
body mass index-for-age (BMI/A) z-score which is known as an indicator of acute malnutrition in pediatrics
(Guide, 2012). C-reactive protein (CRP) is known as a biomarker of inflammation which is a high level of CRP
related to high risk of malnutrition during hospitalization (World Health Organization, 2014). Albumin is
known as a biomarker of anabolism and it is used as an indicator of nutritional status, particularly in pediatric
patients. The catabolic state in pediatric patients during hospitalization decreases serum Albumin levels
(Gomes de Lima, 2012; Gualillo et al, 2000; Bonn & Driscoll, 1996).

Several studies have reported the relationship of CRP/Albumin ratio on prognosis and mortality rates of
several diseases, but not on the risk of acute malnutrition (Ventura et al,, 2018; Mohamed & Elhawary, 2020;
Lietal, 2017). This current study investigates the relation between CRP/Albumin ratio on admission with the
risk of acute malnutrition during hospitalization in pediatric patients.

2 Materials and Methods

The design of this study was an observational cohort prospective approach. Pediatric patients who met the
study criteria were recruited in the first 24 hours of admission and then followed until discharge. The
relationship between CRP/Albumin ratio on admission and the incidence of acute malnutrition on discharge
were analyzed (Doumas et al,, 1997).

This study was conducted in a single-center teaching hospital in Bali, Indonesia. All pediatric patients aged
1 month to 18 years old who were admitted at Pediatric Ward, Sanglah General Hospital, a tertiary referral
hospital in Indonesia, from May to September 2019 who met the study criteria were recruited. All parents
agreed to participate by signing the informed consent. Patients were excluded if discharged within 48 hours,
admitted in intensive care units, severe edema, organomegaly, and readmitted during the study period. The
Ethical Committee of Medical Faculty, Udayana University - Sanglah General Hospital, Denpasar, Bali,
Indonesia approved this study with No. 1473 /UN14.2.2.VIl.14/LP/2019.

At admission, age, gender, body weight, body height, and laboratory data (serum CRP and Albumin) were
investigated. Bodyweight with light clothes as much as possible was measured early in the morning, before
breakfast. This procedure was repeated on the last day of hospitalization, before discharge. At the same time,
body height or length was measured without shoes using a stadiometer or longboard at admission and
discharge. The Z-score of weight-for-height (W/H) and Body Mass Index-for-age (BMI/A) were calculated. The
BMI calculation is based on body weight in kg divided by height in meter square (kg/m2). Acute malnutrition
was defined if W/H (aged < 5 years) or BMI/A (> 5 years) less than 2 SD below the WHO Child Growth
Standard median. Serum CRP and Albumin levels were measured using immune-turbidimetry and calorimetry
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methods, respectively. The CRP/Albumin ratio was determined with CRP level divided by serum Albumin and
then divided into two groups that were “high” and ‘low” according to the upper and below of the median
value, respectively (Lawson et al, 2001; Cabrera et al, 2007).

The minimal sample size was 92 according to o 0.05 (Za 1.96), power 80%, the prevalence of hospital
malnutrition before 30%, and the effect size of 20%. The relation between the CRP/Albumin ratio at
admission and acute malnutrition on discharged was analyzed using the Chi-Square test. Multiple logistic
regression test was used to adjusted variables including age, gender, underlying diseases, nutrition support,
and nutritional status at admission. Significance was considered if P-value < 0.05.

3 Results and Discussions

During the study period, from May to September 2019, a total of 132 patients were recruited, and among
them, 110 patients have met the study criteria (Figure 1). From 110 patients, 55 males, and 55 females with a
mean aged of 77.7 months. Patients with acute malnutrition on admission and discharge were 24.5% (27 of
110 patients) and 32.7% (36 of 110 patients), respectively. The underlying disease of patients was mostly an
acute infection (57.3%) and dominantly supported by oral or enteral nutrition (94.5%). Patients with high
and low CRP/Albumin ratio were 28.2% and 72.8%, respectively.

Total 132 patients
admitted

——»| 22 patients not met the
inclusion criteria

A 4

110 patients

analyzed
31 High 79 Low
CRP/Albumin ratio CRP/Albumin ratio

Figure 1. Flow chart selection of pediatric patients

Table 1 showed the characteristics of all patients. An acute malnutrition in patients with high and low
CRP/Albumin ratio were 32.3% and 21.5% (p = 0.239) on admission and 51.6% and 25.3% (p = 0.008) on
discharge, respectively (Table 2). The relation of CRP/Albumin ratio with acute malnutrition on discharge
after adjusted with variables, such as age, gender, and nutritional status was shown in Table 3.
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Table 1
The general characteristic of patients

Characteristic N=110
Gender, male:female (n:%) 55:55 (50:50)
Age (month), mean + SE 77.7+6.5
Weight (kg), mean = SE 221+1.6
Height (cm), mean + SE 107 £ 3.5
Acute malnutrition on admission, n(%) 27 (24.5)
Acute malnutrition on discharge, n(%) 36 (32.7)
Albumin (g/dL), mean + SE 3.42+0.07

Albumin < 3.5 g/dL, n(%) 50 (45.5)
CRP (mg/L), mean + SE 13.42+2.66

CRP > 10 mg/L, n(%) 41 (37.3)
CRP/Albumin ratio, mean + SE 487 +0.91

High (> 4.87), n(%) 31 (28.2)
Underlying disease

Acute infection, n(%) 63 (57.3)

Chronic infection, n(%) 11 (10.0)

Non-infection, n(%) 36 (32.7)
Nutrition support

Oral/Enteral, n(%) 104 (94.5)

Parenteral, n(%) 6 (5.5)
CRP, c-reactive protein; SE, standard error

Table 2

The relation between CRP/Albumin ratio with acute malnutrition

CRP/Albumin Acute malnutrition on admission Acute malnutrition on discharge
ratio
yes no RR (95%CI) p* yes no RR (95%CI) p*
High, n(%) 10 (32.3) 21 1.5 (0.8- 0.239 16 15 2.3(1.2-3.4) 0.008
(67.7) 2.9) (51.6) (48.4)
Low, n(%) 17 (21.5) 62 20 59
(78.5) (25.3) (74.7)

CRP, c-reactive protein; RR, relative risk; *Chi-Square test

Table 3
Multivariate analysis logistic regression

Variable Exp(B) 95%ClI for Exp(B) P

High ratio 9.1 1.9-42.7 0.005
Male gender 1.7 0.3-7.9 0.450
Aged 1.0 0.9-1.0 0.315
Acute malnutrition on admission 430.9 34.8-5322.8 0.0001
Acute infection 1.9 0.7-4.9 0.151
Oral/enteral nutrition 0.8 0.1-36.3 0.921

This current study found the prevalence of acute malnutrition based on W/H or BMI/A z-score less than 2 SD
below the WHO Child Growth Standard median on admission was 24.5% and it increased to become 32.7% on
discharge. The increase of malnutrition during hospital in pediatric patients has been known as related to
many factors such as the underlying diseases and nutrition support during hospitalization.[16] The
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underlying diseases of our patients were a mostly acute infection that commonly mild to moderate in severity.
Nutrition support in most patients was oral or enteral that closely 94.5%. Both of them were not significantly
different in this study. So, based on this underlying disease and the type of nutrition support maybe though a
little bit impact on the increase of malnutrition in these patients.

The inflammatory process and nutritional status according to the high levels of serum CRP and low levels
of Albumin should be considered related to the acute malnutrition. This study found that a total of 37.3% of
patients have serum CRP levels of more than 10 mg/L which was related to inflammation and risk of
malnutrition. On the other hand, the serum albumin levels less than 3.5 g/dL was found in 45.5% of total
patients. Albumin has been known as an indicator of the nutritional status and low levels related to the risk of
malnutrition, including in pediatric patients. This study combined the serum CRP and Albumin as a
CRP/Albumin ratio to identified the risk of malnutrition during hospitalization in pediatric patients. In this
study, the high CRP/Albumin ratio was found in a total of 28.2% of patients. At the end of the study, the rate of
acute malnutrition in patients with a high CRP/Albumin ratio was significantly higher than in patients with
low CRP/Albumin ratio (51.6% vs 25.3%). Along with our knowledge, this was the first study that investigated
the relationship between CRP/Albumin ratio on admission with the risk of acute malnutrition during
hospitalization in pediatric patients. Other studies reported the relationship between this ratio with the
prognosis and mortality rates in patients with chronic diseases and critical illness (Ventura et al, 2018;
Mohamed & Elhawary, 2020; Li et al., 2017).

On one side, blood CRP as an acute-phase protein will increase in patients with infection as well as in non-
infection as a response to the inflammatory process, on another side, Albumin as a negative acute-phase
protein decrease. Thus, the high CRP/Albumin ratio indicates a high inflammatory process. Inflammation
suppresses the patient’s appetite causing inadequate nutrition intake and stimulates the increased energy
requirement, resulting in malnutrition during hospitalization (Braun & Marks, 2010). Pediatricians and
nutritionists should pay more attention to this mechanism and give optimal nutrition support to prevent acute
malnutrition during hospitalization, particularly in pediatric patients who still in growth and development
processing.

Nutritional status on admission also influenced the risk of acute malnutrition during hospitalization,
although it is still controversial. One study found that patients with malnutrition on admission had lost more
BMI on discharge, but the other study found that patients with mild malnutrition had more a negative impact
on the nutritional status during hospital stay compared with patients with moderate malnutrition (MAC,
2017). This study found that patients with acute malnutrition on admission have a higher risk to become
malnutrition during hospital stay compared with patients with well-nourished. Both patients with or without
malnutrition on admission should receive similar attention from the health care team to prevent malnutrition
during the hospital stay.

The limitations of the study were not calculating the energy and other macro-nutrients intake during
hospitalization that maybe influence the risk of acute malnutrition. The degree of severity of the underlying
diseases was not differentiating, although this study excludes the patients in intensive care units. It may also
influence the risk of acute malnutrition.

4 Conclusion

The study concludes a high CRP/Albumin ratio in pediatric patients on admission relates to the high rate of
acute malnutrition during hospitalization. Routine measurement of serum CRP and Albumin in pediatric
patients on the first admission day are recommended to predict the risk of malnutrition during hospitalization
and plan optimal nutrition support. Further clinical trials are needed to find out the benefits of controlling
serum CRP levels during hospitalization for improving nutritional status in pediatric patients.
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