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Abstract

This study was aimed to compare the subjective and objective nutritional assessments and to analyse the
performance of subjective global assessment (SGA) of nutritional status in diagnosing undernutrition in pae-
diatric patients. One hundred and forty children (aged 2–12 years) hospitalized consecutively in Tabriz Paediatric
Hospital from June 2008 to August 2008 underwent subjective assessment using the SGA questionnaire and
objective assessment, including anthropometric and biochemical measurements.Agreement between two assess-
ment methods was analysed by the kappa (k) statistic. Statistical indicators including (sensitivity, specificity,
predictive values, error rates, accuracy, powers, likelihood ratios and odds ratio) between SGA and objective
assessment method were determined. The overall prevalence of undernutrition according to the SGA (70.7%)
was higher than that by objective assessment of nutritional status (48.5%). Agreement between the two
evaluation methods was only fair to moderate (k = 0.336, P < 0.001). The sensitivity, specificity, positive and
negative predictive value of the SGA method for screening undernutrition in this population were 88.235%,
45.833%, 60.606% and 80.487%, respectively. Accuracy, positive and negative power of the SGA method were
66.428%, 56.074% and 41.25%, respectively. Likelihood ratio positive, likelihood ratio negative and odds ratio
of the SGA method were 1.628, 0.256 and 6.359, respectively. Our findings indicated that in assessing nutritional
status of children, there is not a good level of agreement between SGA and objective nutritional assessment.
In addition, SGA is a highly sensitive tool for assessing nutritional status and could identify children at risk
of developing undernutrition.

Keywords: children, undernutrition, nutritional assessment, objective assessment, subjective global assessment.

Correspondence: Aida Malek Mahdavi, School of Health & Nutrition, Tabriz University of Medical Sciences, Golgasht St., Attar
Neishaboory Ave, Tabriz 5166614711, Iran. E-mail: aidamm_2006@yahoo.com

Introduction

Malnutrition and, in particular, undernutrition, is a
common finding in hospitalized patients, especially in
hospitalized children (Hankard et al. 2001; Pirlich
et al. 2005), and is reported as varying between 21%
and 80% in proportion with the level of development
of a country (Dogan et al. 2005). Undernutrition has
considerable health impacts on the physical, social

and economical status of patients (Waitzberg et al.

2001; Correia & Waitzberg 2003). It may also affect
the quality of life of patients (Wakahara et al. 2007).
Therefore, it is essential that patients who are under-
nourished or at risk of developing undernutrition be
identified soon after admission so that nutritional
support may be provided to correct nutritional
changes and improve the patient’s prognosis(Yamauti
et al. 2006).
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Current methods of assessing nutritional status in
children rely on a combination of objective anthro-
pometric, dietary, biochemical and immunologic
measures that are considerably time-consuming
and costly (Secker & Jeejeebhoy 2007). Ideally,
nutritional assessment should be practical, easy
to perform, non-invasive, requiring no use of
devices or supplementary examinations, applicable
at the bedside, show appropriate sensitivity and
specificity, and yield immediate result (Yamauti et al.

2006).
To complement the usual methods of nutritional

evaluation, the subjective global assessment (SGA)
was proposed by Baker et al. in 1982 as a manual
skill for nutritional assessment and as a screening
tool to detect patients at risk of developing under-
nutrition (Wakahara et al. 2007). SGA is a compre-
hensive screening tool for undernutrition based on
the features of a medical history and physical exami-
nation of the patients (Shirodkar & Mohandas 2005;
Heimburger 2006). The SGA classification technique
has been used to evaluate the nutritional status of
surgical patients with digestive tract diseases, cancer
patients, AIDS patients, dialysis patients and liver
transplant patients (Sacks et al. 2000). However,
there are limited studies regarding its use in paedi-
atric patients, and this nutritional assessment tech-
nique has not been validated thoroughly for its
ability to identify undernutrition and or nutrition-
associated complications in paediatric patients.
Further work in establishing the applicability of
SGA in paediatric patients should be done to enable

clinicians and researchers to properly use this nutri-
tional assessment tool.

This study was aimed to compare the SGA with the
objective assessment of nutritional status including
anthropometric and biochemical measurements and
to analyse the performance of subjective global
assessment of nutritional status in paediatric patients.

Materials and methods

Subjects

The study was approved by the Ethics Committee of
the Tabriz University of Medical Sciences.All subjects
were made aware of the content of the study and
written informed consent was obtained from the
responsible caregivers of the children.

One hundred and forty children (aged 2–12 years)
hospitalized consecutively in the Pediatric Hospital
of Tabriz University of Medical Sciences, including
Surgical, Infectional, Oncology, ENT, and Internal
Medicine, including Gastroenterology, Nephrology,
Respiratory, Neurology, Cardiology and Metabolic
disorder wards between June 2008 and August 2008
were studied. Patients hospitalized in emergency,
newborn intensive care and newborn special care
units were excluded from the study. Pediatric
Hospital, located in Tabriz, is the only specialty and
subspecialty centre for children in the north-west of
Iran, and it serves secondary and tertiary care for
paediatric patients. All patients underwent subjec-
tive assessment using the SGA questionnaire and

Key messages

• SGA, by combining both objective and subjective measures, represents an explicit model of the thought
process to be used in assessing nutritional status. In other words, the tool emphasizes the use of simple clinical
data to identify a patient as nutritional-at-risk for further detailed evaluation and proper therapy in order to
prevent from associated increases in hospital and home-care costs.

• From a practical view, after completing the SGA and identifying the malnourished child, the clinician has
determined whether the child’s nutritional status is likely to improve or get worse, has established the
potential cause or causes of malnutrition, and identified where to target the intervention.

• SGA is a simple, practical, non-invasive, easy-to-apply and cost-effective method for assessing nutritional status
in children and identifying those at higher risk of nutrition-associated complications and prolonged hospital-
izations; Therefore, using SGA, there is no need to impose the discomfort and cost of laboratory tests in
assessing the nutritional status of patients.
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objective assessment including anthropometric and
biochemical measurements. Both the subjective and
objective assessment of nutritional status of each
patient was performed by one nutritionist during the
first 3 days of hospitalization.

SGA

SGA is a nutritional assessment tool based on the
history and physical examination of the individual
patient.A patient’s history consisted of weight change
(during the preceding 6 months and 2 weeks), changes
in dietary intake, gastrointestinal symptoms, func-
tional capacity and the assumed metabolic demand of
the underlying disease. A patient’s physical examina-
tion consisted of loss of subcutaneous fat, muscle
wasting and the presence of ankle/sacral oedema
(Fig. 1) (Heimburger 2006). Degree of metabolic
stress of current illness or disease is shown in
Appendix 1.

Each of these features was rated separately as
well nourished or undernourished. Based on a study
previously done in Turkey (Nursal et al. 2005), the
determined cut-off score for SGA was 10; a score of
less than 10 points is regarded as well nourished
and a score of 10 points or higher is regarded as
undernourished.

Objective assessment

All patients were assessed for anthropometric param-
eters [weight, height, triceps skinfold thickness and
mid-arm circumference (MAC)] and biochemical
measurements (serum albumin, serum transferrin and
total lymphocyte count). Measurements were per-
formed with the use of calibrated equipment and
standardized techniques.

Body weight of subjects was measured with bare-
foot and light clothing to the nearest 0.1 kg with a
Seca scale. Height of subjects was measured with
barefoot and using a mounted tape with the subject’s
arm hanging freely at their sides and recorded to the
nearest 0.1 cm. In order to evaluate a patient’s nutri-
tional status, weight for age (W/A), height for age
(H/A) and weight for height (W/H) were calculated
(Dogan et al. 2005).

W A observed weight median weight
same age and sex

= [
( )] × 100

H A observed height median height
same age and sex

= [
( )] × 100

W H observed weight median height
same height and sex

= [
( )] × 100

Undernutrition was defined by the criteria estab-
lished by Waterlow that is below 90% of the median
of sex-specific reference values of weight for age of
this population; below 95% of the median of sex-
specific reference values of height for age of this
population; and below 90% of the median of sex-

Patient-related medical history 

Weight loss in past 6 mo: _____kg   _____% 
Increase/No change/Decrease < 5% 
Decrease 5–10% 
Decrease >10%  

Weight loss in past 2 wk 
Gain
No change 
Decrease

Dietary intake 
No change ______ Change _____ duration _____ (wk) 
Suboptimal solid diet 
Full liquid diet 
Hypocaloric liquid diet 
Starvation

Gastrointestinal symptoms (>2 wk) 
No symptoms 
Nausea
Vomiting or moderate gastrointestinal symptoms 
Diarrhea 
Severe anorexia 

Functional capacity 
No change _____ Change _____ duration _____ 
Ambulatory/Difficulty with normal activity 
Bedridden

Primary diagnosis ________________ 
Metabolic burden 
No stress 
Mild/Moderate 
Severe

Physical examination 
Loss of subcutaneous fat ___   
Muscle wasting ____  
Sacral/Ankle edema ____ 

SGA grade
(A) Well nourished 
(B) Mild-Moderately undernourished 
(C) Severely undernourished 

Fig. 1. Subjective Global Assessment questionnaire.
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specific reference values of weight for height of this
population, respectively (Needleman 2000).

MAC was measured with a tape measure to the
nearest 0.1 cm and triceps skinfold thickness (TSF)
with a skinfold caliper (Harpenden, London, UK) to
the nearest 0.1 mm at the midpoint of the arm
between the tips of the acromion process and the
olecranon process. The mean of three measurements
was used.

The criteria used to define undernutrition and
severe undernutrition, respectively, are MAC and
TSF values <10th or <5th centiles of reference data
based on the results of the US National Health
and Nutrition Examination Survey I (NHANES I)
(Pawellek et al. 2008).

A blood sample for measurement of serum
albumin and transferrin was obtained. Biochemical
analysis was performed with the use of the bromocre-
sol green dye-binding method for serum albumin and
immunonturbidimetry for serum transferrin (Johnson
et al. 1999). Automatic cell counter was used for
measuring white blood cells and lymphocytes. Total
lymphocyte count (TLC) was calculated using
the formula (Heimburger 2006): TLC = white blood
cells ¥ % lymphocytes.

The criteria used to define undernutrition based on
each parameter, respectively, are albumin values
below 3.9 g dL-1, transferrin values below 200 mg dL-1

and total lymphocyte count below 1500 cell mm-3,
respectively (Loughrey & Duggan 2000; Nicholson &
Pesce 2000).

Finally, the nutritional status of each patient was
determined according to the five major parameters,
including weight for age, height for age, weight
for height, triceps skinfold thickness and serum trans-
ferrin. Patients were classified as undernourished
when at least two parameters were subnormal
(Christensson et al. 2002).

Statistical analysis

Statistical analysis was performed with spss software.
Data presented are means � SD, and P less than 0.05
is considered to indicate statistical significance.
Agreement between the SGA and the objective
assessment was assessed using the kappa (k) statistic.

Also, statistical indicators including (sensitivity, speci-
ficity, positive and negative predictive values, error
rates, accuracy, positive and negative powers, likeli-
hood ratios and odds ratio) between SGA and objec-
tive assessment method were determined according
to the formulas described in Table 1.

Results

The study sample comprised 67 girls (47.9%) and 73
boys (52.1%). The mean age (�SD) of the subjects
was 6.43 � 2.77 years. Patients anthropometric and
laboratory data are shown in Table 2. According to
SGA, 29.3% (n = 41) of patients were not at risk
of undernutrition and 70.7% (n = 99) were at risk
of undernutrition. Based on objective assessment of
nutritional status, 51.4% (n = 72) of patients were well
nourished and 48.5% (n = 68) were undernourished.

Table 1. Statistical indicators between subjective global assessment
and objective assessment

Indicators Formulas Values*

Sensitivity TP
TP FN+

88.235

Specificity TN
TN FP+

45.833

Positive predictive value (PV+) TP
TP FP+

60.606

Negative predictive value (PV-) TN
TN FN+

80.487

False positive error rate FP
FP TN+

54.167

False negative error rate FN
FN TP+

11.765

Accuracy TP TN
TP FP FN TN

+
+ + +

66.428

Positive Power (Po+) TP
TP FP FN+ +

56.074

Negative Power (Po-) TN
TN FP FN+ +

41.25

Likelihood ratio positive (LR+) sensitivity
specificity1 −

1.628

Likelihood ratio negative (LR-) 1 − sensitivity
Specificity

0.256

Odds ratio (OR) LR
LR

+

−

6.359

*Values are presented as percentage (%) except for LR+, LR- and
Odds ratio.
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The ability of the SGA to predict objective assess-
ment of nutritional status is shown in Table 3. Thirty-
three patients were correctly classified by the SGA as
being well nourished (true negatives) and sixty
patients were correctly classified as being undernour-
ished (true positives). Agreement between the two
different evaluation methods can be described as fair
to moderate in 93 patients (k = 0.336, P < 0.001).

The sensitivity and specificity of the SGA method
for screening undernutrition in this population were
88.235% and 45.833%, respectively (Table 1). Our
findings indicate that subjective global assessment
method can diagnose 88.235% of undernourished
patients and 45.833% of well-nourished patients cor-
rectly. Positive and negative predictive values of SGA
indicate that 60.606% of patients who were diagnosed

as undernourished by SGA were really undernour-
ished, and 80.487% of patients who were diagnosed as
well nourished by SGA were really well nourished.
The reliability indicators including (accuracy, positive
power and negative power) of the SGA method
were 66.428%, 56.074% and 41.25%, respectively
(Table 1).

Further evaluation of test properties of using SGA
as a predictor of nutritional status was performed
using LRs and odds ratio. Likelihood ratio positive
(LR+), likelihood ratio negative(LR-) and odds ratio
(OR) of the SGA method were 1.628, 0.256 and 6.359,
respectively (Table 1).

Discussion

According to the anthropometry assessment study
done previously in Iran, moderate/severe under-
weight and moderate/severe stunting was reported in
11% and 15% of the under 5-year-old children,
respectively. In addition, the results of prevalence of
malnutrition among under 6-year-old children over 10
years showed that 4.7%, 3.7% and 5.2% of the chil-
dren in Iran were stunted, underweight and wasted,
respectively (Bayegi et al. 2006; Safavi et al. 2006).

This study is one of the first investigations that was
conducted to assess the applicability of a SGA method
for screening undernutrition in children referred to
the Tabriz Pediatric Hospital in the north-west region
of Iran. In this study, the prevalence of undernutrition

Table 2. Patient anthropometric and laboratory data by nutritional status (n = 140)*

Variables SGA Objective assessment

Not at risk of
undernutrition
(n = 41)

At risk of
undernutrition
(n = 99)

Well nourished
(n = 72)

undernourished
(n = 68)

Weight (kg) 20.34 � 8.82 20.08 � 7.62 21.53 � 9.01 18.69 � 6.42
Height (cm) 109.41 � 19.39 114.13 � 17.85 112.63 � 19.00 112.88 � 17.82
Weight for age (%) 99.21 � 17.84 86.15 � 14.34 101.19 � 13.32 78.10 � 9.91
Height for age (%) 98.49 � 4.41 96.14 � 5.71 99.61 � 3.45 93.88 � 5.65
Weight for height (%) 101.14 � 14.05 93.27 � 11.22 101.61 � 12.77 89.19 � 8.71
TSF (mm) 10.77 � 3.28 9.67 � 3.03 11.09 � 3.15 8.83 � 2.67
MAC (cm) 17.23 � 2.59 15.95 � 2.36 17.16 � 2.60 15.45 � 2.03
Albumin (g dL-1) 5.32 � 0.43 5.25 � 0.65 5.26 � 0.57 5.29 � 0.62
Transferrin (mg dL-1) 261.98 � 55.65 238.81 � 62.60 248.11 � 60.00 242.93 � 63.13
Lymphocytes (cell mm-3) 3416.16 � 1743.90 3022.03 � 1555.24 3161.61 � 1573.98 3111.87 � 1671.57

*Data presented are means � SD.

Table 3. Classification of 140 patients according to the SGA and the
objective assessment of nutritional status

SGA Objective assessment Total

Undernourished Well
nourished

At risk of
undernutrition (+)

TP (60) FP (39) 99

Not at risk of
undernutrition (-)

FN (8) TN (33) 41

Total 68 72 140

k = 0.336, P < 0.001.TP, true positive; FP, false positive;TN, true nega-
tive; FN, false negative.
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according to the SGA was about 70.7%, which was
22.2% higher than that by objective assessment. The
prevalence of undernutrition within our study popula-
tion,according to the SGA,is different from that found
by Secker et al. (51%) (Secker & Jeejeebhoy 2007)
in Canada and by Rojratsirikul et al. (35.9%)
(Rojratsirikul et al. 2004) in Thailand. Many factors,
including variations between the countries that con-
ducted those studies, diversity in dietary patterns,
socioeconomic status, co-morbidities and medical care
at hospitals from one country to another or even
within the same country, play a role in causing varia-
tions in the prevalence of undernutrition in different
studies.

SGA classification is one comprehensive assess-
ment technique that has been shown to be a valid
screening tool in the early identification of under-
nutrition in various patient populations. The original
validation study of SGA classification was performed
in 59 hospitalized surgical patients (Baker et al. 1982)
in which SGA classification was compared with objec-
tive measurements of nutritional status and was noted
to be the most sensitive (82%) and the most specific
(72%) technique applied.

In our study, SGA showed good sensitivity
(88.235%) in identifying patients diagnosed as under-
nourished by objective assessment (anthropometry
and laboratory tests), but its specificity is suboptimal
(45.833%). The sensitivity value found (88.235%)
within our study was similar to that found by Ek et al.

(85.2%) (Ek et al. 1996) in the study of elderly patients
and by Detsky et al. (82%) (Baker et al. 1982) in the
study of surgical patients but the specificity value
found (45.833%) within our study was lower than that
reported by Detsky et al. (72%) (Baker et al. 1982) in
the same study. Several previous studies have com-
pared SGA with objective parameters of nutritional
assessment such as anthropometry, bioelectrical
impedance and biochemical measures in various
patient populations and have reported different sensi-
tivity and specificity values with the SGA. The sensi-
tivity (88.235%) and specificity (45.833%) values
found with the SGA within our study were lower in
comparison with the sensitivity of 96% and specificity
of 83% found by Thoresen et al. (Thoresen et al. 2002)
and with the sensitivity of 93% and specificity of 61%

reported by Christensson et al. (Christensson et al.

2002). In a study of surgical patients, Mourão et al.

(Mourão et al. 2004) showed that SGA was highly
sensitive (100%) and specific (69%) than within our
study. In a study of patients with rheumatoid arthritis,
Elkan et al. (Elkan et al. 2008) evaluated diagnostic
instruments for assessment of nutritional status in rela-
tion to objective anthropometrical measurements and
found 46% sensitivity and 82% specificity for SGA. In
a study of cardiac patients, Yamauti et al. (Yamauti
et al. 2006) found that SGA sensitivity was 70.4%
(76.2% in men and 50% in women) based on anthro-
pometry tests and its accuracy among male patients
was 70.3% and among female patients, 37.5%. In this
study, it was also determined that SGA sensitivity was
76.5% (85.7% in men and 33.3% in women) based on
anthropometry and laboratory tests, and its accuracy
was 67.6% in men and 31.3% in women. Two studies
have conducted to assess the applicability of SGA for
screening undernutrition in children and have indi-
cated that SGA is a valid (sensitive and specific) tool
for assessing nutritional status in children and identi-
fying those at higher risk of nutrition-associated
complications and prolonged hospitalizations (Rojrat-
sirikul et al. 2004; Secker & Jeejeebhoy 2007).

It can be seen that studies conducted regarding
validity and reliability of SGA have conflicting
results. Some potential explanations may contribute
to these contrary conclusions. First, patients studied
by one researcher may represent a different popula-
tion than the patients described by another
researcher. This evidence suggests that nutritional
assessment is more complicated than at first glance
and appears to be population specific. Additional
factors that influence nutritional evaluation is exam-
iner’s training and experience. Because SGA depends
on the interviewer’s training and on the interpreta-
tion of the collected data, and because training has
perhaps the most significant impact on validity and
reliability of SGA, a well-trained SGA examiner was
required if high sensitivity and specificity were to be
attained and in order to be competent in nutritional
assessment, a training period is proposed.

In the present study, SGA showed higher sensitivity
than specificity, which means that more undernour-
ished patients were correctly identified as being at
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nutritional risk than more non-undernourished
patients not being at nutritional risk. Low specificity
means that many residents with false-positive diag-
noses of undernutrition might withdraw resources
from those in real need of nutritional measures.When
a tool with low specificity is used, it is most important
that the disease/illness in focus commonly occurs in
the population; otherwise, too many false-positive
diagnoses will be made. Low specificity, as found in
this study, might indicate that SGA reflect poor health
as well as nutritional status. SGA was originally devel-
oped for prediction of nutritionally associated com-
plications but it is suggested that this tool may be
equally likely to represent an index of sickness rather
than nutrition (Jeejeebhoy et al. 1990). Accuracy,
positive and negative power values in this study
indicated that the use of SGA may give different
results in various conditions and societies.

In conclusion, the present study showed that in
assessing the nutritional status of paediatric patients,
SGA differs with objective (anthropometry/
laboratory) measurements. The result of our study
also indicated that SGA is a highly sensitive tool
for assessing nutritional status and could identify
children at risk of developing undernutrition.
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Appendix 1

Metabolic stress of current illness or disease

Mild/Moderate metabolic stress Severe metabolic stress

• Minor and non-life threatening infection (e.g. UTI, peritonitis, CVL infection,
bronchiolitis, gastroenteritis)
• Co-morbidity or concurrent disease that increases energy demand (e.g.
malabsorption or chronic enteropathy, chronic cardiomyopathy, cystic fibrosis,
persistent increased respiratory rate, sickle cell anaemia, spastic CP)
• Fracture of a short bone
• Minor surgery
• Excessive physical activity

• Severe trauma
• Major surgery
• Burns
• Severe sepsis/inflammation
• Long-bone fractures
• Multi-organ failure
• Chronic illness with acute deterioration
(e.g. acute flare of Crohns or ulcerative colitis)
• Malignancy
• AIDS with a secondary infection
• Genetic metabolic disorder
• Hyperthyroidism
• Severe depression
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