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Abstract 
Introduction: Undernutrition is a condition frequently encountered in pe-
diatrics. It leads to an increased morbidity and mortality regardless of the 
underlying condition or other risk factors such as age. In countries with li-
mited resources such as ours, the diagnosis of undernutrition is often limited 
to the clinical presentation, and the contribution of biology is not often taken 
into account. Objectives: To establish the relationship between anthropome-
tric parameters and biological markers in the diagnosis and classification of 
undernutrition and to assess the risk of infectious complications during un-
dernutrition in children. Materials and Methods: A cross-sectional study 
conducted in Brazzaville among undernourished children aged 1 - 59 months 
between October 2018 and April 2019. Clinical diagnosis was based on WHO 
growth charts. The CRP, orosomucoid, albumin and transthyretin were ob-
tained using the Cobas c311 analyzer, which enabled the calculation of Prog-
nostic Inflammatory and Nutritional Index (PINI). The comparison of the 
means of the biological markers used the Student’s t-test, the risk of infec-
tious complications the chi-square. The correlation of the diagnostic value of 
Z-score weight/height and PINI was also investigated. The significance level 
was set at 0.05. Results: Of the 95 children enrolled 63 (66.3%) were clinically 
severely malnourished, including 26 acute (41.3%) and 37 chronic (58.7%). 
The PINI revealed severe undernutrition in 85 children (89.4%) including 50 
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acute (58.8%) and 35 chronic (41.2%). CRP and orosomucoid were statisti-
cally higher in severe acute undernutrition (p < 0.001). Serum albumin levels 
varied between severe and non-severe undernutrition only in the acute form 
(p < 0.001); transthyretin was decreased to a lesser degree (p < 0.05) in both 
forms of undernutrition. All children with severe undernutrition were at risk 
of infectious complications (p < 0.05). PINI had a positive predictive value for 
the detection of severe undernutrition of 87%. Conclusion: Anthropometric 
parameters have a front-line advantage for assessing and classifying under-
nutrition. However, biological markers of undernutrition with PINI should 
be systematized in the diagnosis and management of undernutrition. 
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1. Introduction 

Undernutrition is a condition frequently encountered in pediatrics, there are two 
forms, acute and chronic. The first is growing rapidly and reflects the current 
situation of acute food deficiency. While chronic undernutrition is distinguished 
by its slower evolution which results from undernourishment extending over a 
longer period [1]. 

Two mechanisms preside over the occurrence of undernutrition, “exogenous” 
undernutrition, which is a pure form, without inflammatory pathology, caused 
by a defect in exogenous food intake (deficiency of intake, malabsorption, ano-
rexia nervosa); in this situation, the body adapts by decreasing the hepatic syn-
thesis of nutritional proteins: albumin, transferrin, prealbumin, Retinol Binding 
Protein (RBP), somatomedin C or IGF 1; “endogenous” undernutrition, a me-
chanism known in chronic pathologies, infectious or not, during which under-
nutrition and inflammation are associated; in this case, the increase in inflam-
mation proteins (reactive protein C, orosomucoid, etc.), stimulated by cytokines 
(Il6, TNF-α) comes at the expense of nutritional proteins (albumin, prealbumin, 
IGF-1) [2] [3]. Whatever the mechanism, undernutrition leads to an increase in 
morbidity and mortality regardless of the underlying pathology or other risk 
factors such as age [4]. Moreover, any child with severe undernutrition should 
be considered, until proven otherwise, as infected. Thus, the basic nutritional pro-
tein profile combines two nutrition proteins (prealbumin and albumin) and an 
inflammation protein (orosomucoid). The association with these proteins of the 
C-reactive protein (CRP) completes the inflammatory profile frequently asso-
ciated with undernutrition [2] [3]. During undernutrition, the almost frequent 
association of the infection requires a systematic evaluation of the nutritional 
status coupled with the inflammatory status. Moreover, a prognostic index was 
proposed by Ingenbleek and Carpentier in 1985, the PINI (Prognostic Inflam-
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matory and Nutritional Index), grouping two proteins sensitive to variations in 
nutritional status: albumin (ALB), prealbumin (PAB) or transthyretin (TTR), and 
two proteins representative of inflammation: the orosomucoid (ORO) and the 
C-reactive protein (CRP): PINI = ORO (mg/l) × CRP (mg/l)/ALB (g/l) × PAB 
(mg/l) [5]. 

The interpretation of this index is as follows: 
- ≤1: uninfected and undernourished patients; 
- 1 to 10: low risk of mortality; 
- 11 to 20: moderate risk; 
- 21 to 30: high risk; 
- >31: significant risk of mortality (vital risk). 

Thus, in clinical practice, the evaluation of the nutritional state must always 
include a clinical part, based on anthropometric measurements, supplemented 
by a biological investigation, in particular of the proteins of nutrition and in-
flammation. In this study we are interested in the biological markers proper of 
undernutrition validated by several studies [6] [7] in order to establish the rela-
tion between anthropometric parameters and biological markers during under-
nutrition and to evaluate the risk of infectious complications during undernutri-
tion in hospitalized children. 

2. Patients and Methods 

This is a descriptive and analytical cross-sectional study carried out at the Teach-
ing Hospital of Brazzaville between October 2018 and April 2019. The enroll-
ment of children was done in the department of pediatrics, and the laboratory 
investigations at the National Reference Center of sickle cell anemia. During the 
study period, 601 children were admitted, among whom 95 had undernutrition. 
We included all children aged between one and 59 months, clinically undernou-
rished and whose parents or guardians agreed to participate in the study. Child-
ren with hematological pathologies that could disrupt the inflammatory profile 
and those whose parents or guardians did not agree to participate were not in-
cluded. This study was carried out after obtaining the approval of the Health 
Sciences Research Ethics Committee of Congo  
(n˚169/MRSIT/IRSSA/CERSSA). 

For all children, the socio-demographic and anthropometric characteristics 
(gender, age, birth weight, weight at the time of the survey, the height, the head 
circumference, mid-upper arm circumference, WHO Z-scores weight for age, 
weight for height, height for age, presence or not of edema and associated diagno-
sis) were collected from the medical records. On the other hand, a sample of four 
milliliters of blood was taken in a dry tube in order to carry out biological exami-
nations (including CRP, Orosomucoid, Albumin, Transthyretin or pre-albumin). 
The collected blood underwent a biological assay using a Cobas c311 analyzer 
from Roche/Hitachi, which is a system software controlled and fully automated 
for photometric assays and ion selective electrode measurements. The 95 child-
ren were divided into two groups, based on both clinical presentation and labor-
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atory findings. Depending on the clinic presentation of undernutrition, the first 
group included children with moderate undernutrition (WHO child growth stan-
dards Weight/Height ratio between −2 and −3 Z-scores) and the second one those 
with severe undernutrition (WHO child growth standards Weight/Height ration 
< −3 Z-scores). Depending on the laboratory findings, the first group included 
children without any at risk of developing complications (PINI < 1) and the 
second one those who were at risk of developing complications (PINI > 1). 

The database was designed using Excel software and the statistical analysis 
performed using R (Core Team) 3.5.3 software. 2019. The categorical variables 
were presented in the form of frequency or number (N and n) and proportions 
(%). The study of the profile of biological markers during undernutrition used 
Student’s t-test. The assessment of the risk of infectious complications by PINI 
during undernutrition required the application of the chi-square test. The corre-
lation of the diagnostic value of the Weight/Height Z-score and of the PINI was 
also studied. In all cases, the significance threshold was set at 0.05. 

3. Results 

Of the 95 children who were the subjects of this study, 47 (49.5%) were boys, 
representing a Male/Female ratio of 1; the mean age was 14.7 ± 10.8 months (1 
to 59 months). It was acute malnutrition (AM) in 55 cases (57.9%), and chronic 
(CM) in 40 cases (42.1%). The mean height for all included children was 70.1 ± 
9.96 cm; it was 69.6 ± 11 cm among children with severe malnutrition. According 
to the clinical nutritional index, the children were found to have severe malnu-
trition in 63 cases (66.3%) including 26 acute cases (41.3%) and 37 chronic cases 
(58.7%). The other clinical characteristics of the study subjects are shown in Ta-
ble 1. According to the inflammatory index, severe undernutrition affected 85 
children (89.4%), including 50 acute (58.8%) and 35 chronic (41.2%). Concern-
ing the biological markers (Table 2), we found that during acute undernutrition, 
the proteins of inflammation (CRP and Orosomucoid) and that of nutrition 
(ALB and TTR) had a statistically link with severe undernutrition (p < 0.001). 
Concerning the chronic undernutrition, the CRP, the Orosomucoid (p < 0.001) 
and the TTR (p < 0.05) also showed a statistical link. Therefore, the albumin (p > 
0.05) did not show a link with chronic undernutrition. The analysis of Table 3 
shows for the PINI < 1 (which means the lack of the risk of developing infectious 
complications), and regardless of the type of malnutrition (acute or chronic), 
only children with moderate undernutrition were involved. On the other hand, 
for the PINI score > 1 (which means the risk of developing infectious complica-
tions), all children with severe undernutrition were affected (p < 0.05). The sen-
sibility of the z-scores on the PINI score is noted in Table 4 and corresponds to 
0.42 which means that the z-scores had only a 42% chance of detecting children 
who were truly severely malnourished as reported by PINI, and therefore were 
not very sensitive. In the same way, the z-score has only a 50% chance (0.50) of 
detecting truly moderately malnourished children reported by PINI, and is there-
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fore not very specific. It is also noted that the PINI score has a positive predictive 
value of 0.87, i.e. 87% chance that children declared severely malnourished by 
the z-scores are also malnourished by the PINI. Its negative predictive value is 
0.1, i.e. only a 10% chance that children declared moderately malnourished by 
the z-scores are also malnourished by the PINI. 
 

Table 1. Characteristics of the subjects of study. 

 

Total Moderate undernutrition Severe undernutrition 

O.R. [IC 95%] P n = 95 (100%) n = 32 (33.7%) n = 63 (66.3%) 

Mean ± SD Mean ± SD Mean ± SD 

Age (months) 14.7 ± 10.8 13.4 ± 7.41 15.3 ± 12.2 1.02 [0.97 - 1.06] 0.346 

Birth weight (g) 2936 ± 582 2992 ± 569 2908 ± 591 1.00 [1.00 - 1.00] 0.57 

Weight survey (Kg) 6.59 ± 1.93 7.54 ± 1.46 6.09 ± 1.96 0.61 [0.46 - 0.82] <0.001 

Height or Size (cm) 70.1 ± 9.96 70.9 ± 7.60 69.6 ± 11.0 0.99 [0.71 - 0.98] 0.496 

Head circumference (cm) 43.3 ± 3.15 44.4 ± 2.37 42.8 ± 3.37 0.83 [0.71 - 0.98] 0.01 

MUAC (cm) 11.8 ± 1.83 12.9 ± 1.27 11.2 ± 1.82 0.48 [0.32 - 0.70] <0.001 

Acute undernutrition 55 (57.9%) 29 (90.6%) 26 (41.3%)   

Chronic undernutrition 40 (42.1%) 3 (9.38%) 37 (58.7%) 13.8 [3.78 - 50.0] <0.001 

 
Table 2. Profile of biological markers during undernutrition. 

 

CRP Orosomucoid Albumin Transthyretin 

<5 mg/l [500 - 1200 mg/l] [35 - 50 g/l] [200 - 350 mg/l 

Mean ± SD Mean ± SD Mean ± SD Mean ± SD 

Acute undernutrition Moderate n = 5 (9%) 5.00 ± 0.00 970 ± 164 42.2 ± 2.53 228 ± 88.7 

n = 55 (57.9%) Severe n = 50 (91%) 33.4 ± 42.2*** 2084 ± 741*** 31.6 ± 7.89*** 119 ± 53.8* 

Chronic undernutrition Moderate n = 5 (12.5%) 5.60 ± 1.34 804 ± 339 35.0 ± 13.1 180 ± 30.8 

n = 40 (42.1%) Severe n = 35 (87.5%) 38.5 ± 41.0*** 2323 ± 638*** 29.1 ± 7.03 124 ± 67.3* 

*p < 0.05; ***p < 0.001. 
 
Table 3. Relation between undernutrition and risk of infectious complications. 

 

PINI < 1 PINI [1 - 10] PINI [11 - 20] PINI [21 - 30] PINI > 31 

No risk Low risk Moderate risk High risk Vital risk 

n = 10 (10.5%) n = 44 (28.1%) n = 7 (7.3%) n = 7 (7.3%) n = 27 (28.4%) 

Acute undernutrition Moderate n = 5 (9%) 5 (100%) 0 (0.00%) 0 (0.00%) 0 (0.00%) 0 (0.00%) 

n = 55 (57.9%) Severe n = 50 (91%) 0 (0.00%) 28 (56.0%)*** 4 (8.00%)** 6 (12.0%)** 12 (24.0%)*** 

Chronic undernutrition Moderate n = 5 (12.5%) 5 (100%) 0 (0.00%) 0 (0.00%) 0 (0.00%) 0 (0.00%) 

n = 40 (42.1%) Severe n = 35 (87.5%) 0 (0.00%) 16 (45.7%)*** 3 (8.57%)* 1 (2.86%) 15 (42.9%)*** 

*p < 0.05; **p < 0.01; *p < 0.001. 
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Table 4. Correlation between diagnostic value of the Weight/Height ratio in Z-scores/PINI. 

 
PINI (Reference biological test) 

 
Severe Moderate 

Z-Scores 
(Clinical test) 

Severe A = 35 B = 5 PPV = A/A + B = 35/45 = 0.87 

Moderate C = 50 D = 5 NPV = D/C + D = 5/55 = 0.1 

  Sensibility = A/A + C Specificity = B/B + D   

  35/85 = 0.42 5/10 = 0.5   

4. Discussion 

Anthropometric measurements retain all of their first-line diagnostic and prog-
nostic interest, particularly in very young children [6]. Thus, the historical un-
dernutrition index is the Waterlow index [7], which corresponds to the ratio 
between the child’s weight and the expected weight for his height (Weight/Height). 
This index indicates moderate undernutrition (Weight/Height 70% - 80%) or 
severe (Weight/Height < 70%) undernutrition. The body mass index (BMI) ob-
tained using the Quetelet equation (ratio of the weight in kilograms over the size 
squared) for some authors has a good correlation with the Waterlow index [8] 
[9]. In infants, the mid-upper arm circumference (MUAC) to head circumfe-
rence (HC) [MUAC/PC] ratio has a good value for evaluating nutritional status 
as well [10] [11]. Currently, the WHO child growth standards are used and are 
suitable for all children regardless of their origin [12].  

Weight loss during undernutrition can be rapid resulting in acute undernutri-
tion (wasting), or slow resulting in chronic undernutrition or stunting. The eval-
uation of undernutrition in clinical practice must include a clinical and parac-
linical component. The latter essentially involve the determination of serum pro-
teins for undernutrition and inflammation. Table 2 shows the serum disturbances 
of the proteins of inflammation and undernutrition according to the two forms 
of undernutrition. Serum concentrations of CRP and Orosomucoid are signifi-
cantly increased in both forms of undernutrition (p < 0.001). The significant in-
crease in these two markers testifies the existence, during severe undernutrition, 
of an inflammatory state. These results can be compared with those of Monnet et 
al. in 1997 who found a CRP of 6.44 mg/l in children without malnutrition and 
21.89 in malnourished [13], and the orosomucoid of 870 mg/l in children with-
out malnutrition and 2080 mg/l in malnourished subjects. This findings corro-
borate the thesis that a child with severe undernutrition must be considered, un-
til proven otherwise, as infected and must be systematically treated as such, even 
in the absence of obvious signs of infections [14] [15]. Serum disturbances in 
markers of undernutrition are observed with, however, a statistically different 
profile between albumin and transthyretin when comparing children with severe 
undernutrition to those with moderate undernutrition. TTR is the best marker 
for the early diagnosis of acute undernutrition and the monitoring of nutritional 
management compared to albumin, because of its specificity and its short half-life 
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of 48 hours [16]. Thus, its measurement is essential during the follow-up of se-
vere undernutrition to assess the effectiveness of treatment. The assessment of 
TTR must be coupled with the CRP assay, in order to be able to distinguish a 
decrease in TTR of purely nutritional or mixed origin (both nutritional and in-
flammatory) [17]. The highly significant decrease in serum albumin levels seen 
during acute undernutrition and not significant in chronic undernutrition is a 
witness to the progressive adaptation of the body during chronic undernutrition. 
Indeed, during undernutrition, mainly “exogenous”, the body goes into “reduc-
tive adaptation” allowing it to adapt to the new situation of nutritional deficien-
cy. The tendency is to balance albuminemia, the rate of which becomes close to 
that observed during moderate undernutrition. In fact, it is common for child-
ren with severe chronic undernutrition to have gone through severe acute un-
dernutrition. 

All children with a PINI > 1 therefore at risk of developing infectious compli-
cations had severe undernutrition, acute or chronic. Hence the propensity to 
systematically put severely malnourished children on antibiotics, the route of 
administration will depend on the clinical picture. However, children with a 
PINI > 20 should be constantly monitored in a specialized unit because of the 
life-threatening outcome which is often encounted. In view of the results in Ta-
ble 3, it can be suggested that severely undernourished children necessarily have 
a PINI score > 1. There is therefore a correlation between PINI > 1 and severe 
undernutrition. Thus, according to the results of Table 4, the sensibility of the 
z-scores on the PINI score corresponds to 0.42 which means that the z-scores 
had only a 42% chance of detecting children who were truly severely malnou-
rished as reported by PINI, and therefore were not very sensitive. In the same 
way, the z-score has only a 50% chance (0.50) of detecting truly moderately 
malnourished children reported by PINI, and is therefore not very specific. It is 
also noted that the PINI score has a positive predictive value of 0.87, i.e. 87% 
chance that children declared severely malnourished by the z-scores are also 
malnourished by the PINI. Its negative predictive value is 0.1, i.e. only a 10% 
chance that children declared moderately malnourished by the z-scores are also 
malnourished by the PINI. The PINI > 1 therefore appears more specific in the 
positive diagnosis of severe undernutrition in cases of moderate clinical under-
nutrition. As a result, several children considered by the Weight/Height ratio as 
having moderate undernutrition may already be in the severe undernutrition 
state with all the risks to which it exposes. Coupling the clinical diagnosis of un-
dernutrition (based on anthropometric measures) with the biological markers 
(summarized by the PINI score) can be of great importance. 

This study conducted at the Teaching Hospital of Brazzaville has some li-
mitations, especially in terms of number of center (one center) and patient re-
cruitment as the teaching hospital is a third level health care center. This can be 
overcome by conducting the study with the same protocol in many other health 
care centers, mainly in primary ones (to enroll more patients) and in other cities 
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of the country, this will makes possible to extrapolate these findings to the entire 
population of the country. Despite this notice, this study (the first in this cate-
gory to the best of our knowledge) had shown the importance of biological 
markers in the assessment, the management and the follow-up of children with 
undernutrition.  

5. Conclusion 

The weight and the anthropometric indices which relate to it constitute the 
“gold standard” of the appreciation of the nutritional state. They thus keep their 
advantage of orientation and classification of first intention in the management 
of undernutrition. However, the biological markers of undernutrition distinguish 
the infectious and/or nutritional origin from undernutrition. In addition, the 
PINI, more specific in assessing the degree of severity of undernutrition should 
be systematized in the management for concerns of diagnostic efficiency and 
monitoring. This would prevent relapse or the risk of death. 
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