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ABSTRACT

Background: Malnutrition is one of the most common nutritional problems in developing countries of the world and
an important cause of childhood mortality and morbidity leading to permanent impairment of physical and mental
growth. Objective of current study was comparison of thyroid hormonal status and serum albumin level between
children with MAM and SAM.

Methods: The present study was a hospital-based Descriptive comparative study. A total of 96 children aged 6
months to 5 years were enrolled. They were divided into two groups (MAM and SAM) based on WHO staging for
malnutrition. A detailed clinical examination was done. Thyroid function test and Serum albumin were done.
Statistical analysis was performed.

Results: Children with SAM have low levels of albumin, T3, T4, FT4 as compared to children with MAM. The
difference was statistically significant (p value <0.01). The Serum TSH levels were comparable among two groups.
Significant positive correlation between mean T3 and T4 levels of children with MAM with serum albumin was
observed and significant positive correlation of T3, T4, and FT4 was observed in SAM. Serum TSH level in both
categories does not correlate with serum albumin.

Conclusions: Children with MAM and SAM have low albumin levels probably due to decreased intake of proteins
and reduced biosynthesis. Serum T3, T4 and FT4 levels are lower in children with MAM and SAM probably due to
reduction in circulating plasma proteins.

Keywords: Severe acute malnutrition, Moderate acute malnutrition, Serum T3, Serum T4, Serum FT4, Serum TSH,
Serum albumin

INTRODUCTION

The WHO defines malnutrition as the imbalance between
the supply of nutrients and energy at the cellular level and
the body’s need for these nutrients to provide adequate
growth, maintenance and  specific  functions.!
Malnutrition  indicates  both  undernutrition  and
overweight but usually this term is used to indicate
undernutrition. In children, under-nutrition presents as
underweight and stunting, and severely malnourished

children show the clinical signs and symptoms of
kwashiorkor, marasmus, or marasmic-kwashiorkor.2

Malnutrition contributes to approximately one-third of
the nearly 8 million under 5 mortality worldwide.? In
2019, 21.3% or more than one-fifth of children under the
age of 5 worldwide had stunted growth. Between 2000
and 2019, the prevalence of stunting was 21.3% globally,
and the number of children affected by stunting was 144
million.* In 2019 globally, 47 million under-five children
were wasted out of which 14.3 million children were
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wasted severely.* This translates into a prevalence of
6.9% and 2.1% of stunting and wasting, respectively.
India has the greatest population of severely under-
nourished children in the world and accounts for over
20% of under-five childhood death every year and 2.1
million children in India do not survive to celebrate their
fifth birthday.® National family health survey 5 (NFHS-
5) reveals that 32.1% of Indian children under 5 years are
underweight, 35.5% are stunted and 19.3% are wasted
and about 7.7% are severely wasted, and these children
have a high mortality rate.® According to the global
hunger index (2020) India is in 94th position out of 107
countries, this index is determined based on total
undernourished population, child stunting, wasting and
childhood mortality.

In the early stages of malnutrition, it leads to failure to
gain adequate weight, as the condition progresses there is
loss of weight followed by loss of subcutaneous tissue
and muscle mass. Every organ system is affected by
malnutrition, as it worsens organ dysfunction develops
and leads to numerous metabolic derangements. Due to
decreased hepatic synthesis levels of circulatory proteins
are also decreased. With increasing severity, there is an
increasing failure in the homeostatic mechanism of the
body and the immune system is damaged, which leads to
severe infection and death.”® Thyroid hormone is
necessary for normal growth and maturation as it plays an
important role in the regulation of carbohydrate and lipid
metabolism. Thyroid dysfunction leads to mental and
physical slowing and dwarfism.® Severely malnourished
children have reduced serum total protein and
albumin.®1% Studies indicate that malnutrition leads to
deficiency of minerals and vitamins like iodine, vitamin
A and iron which further leads to anemia and increased
risk of death. Some infections like diarrhoea and parasitic
infection cause decreased nutrients available in the
diet.7'8'”

In previous studies, significant alterations in secretion
and metabolism of thyroid hormones have been reported
due to malnutrition. These changes result in the decreased
activity of the thyroid gland and decrease serum levels of
T3, T4, and FT4. The change in thyroid function is
contributed by changes in iodine metabolism and
decreased levels of circulating proteins. These changes
play a significant role in the adaptive process of protein
and energy in children with malnutrition and help in the
conservation of energy when the energy-producing
substances is scarce, and the child is protected from an
early death due to a low-calorie state.'? In current study,
we have attempted to study the concentration of serum
thyroid hormone levels in children with moderate acute
malnutrition and severe acute malnutrition and its
correlation with serum albumin levels.

Obijectives
Obijectives of current study were to compare serum T3,

T4, free T4 and TSH levels between children MAM and
SAM, to compare serum albumin levels between children

with MAM and SAM and to study any correlation
between thyroid hormones and serum albumin levels
among both groups.

METHODS
Study design

The present study was a hospital-based descriptive
comparative study, done at the department of paediatrics,
Geetanjali hospital, Udaipur, during the term January
2020 to June 2021.

Inclusion criteria

Inclusion criteria for current study were all children
between 6 months to 5 years of age with a diagnosis of
MAM and SAM admitted to the department of
paediatrics.

Exclusion criteria

Exclusion criteria for current study were children with
any known chronic disease and children whose parents
did not give consent.

Procedure

Informed written consent was sought from parents of
eligible children before the commencement of the study.
After explaining about purpose of the study, outcome and
explaining that respondents can refuse and withdraw
from study at any time. All related information was
conveyed in the local language. A total of 96 children
aged 6 months to 5 years were included in the present
study after obtaining written informed consent from
parents/guardians. They were divided into two groups
SAM and MAM 48 each. Detailed clinical assessment of
nutritional ~ status  followed by  anthropometric
measurements was recorded in a predesigned proforma.
The cases were categorized into moderate malnutrition
(z-score between -2 SD and -3 SD) and severe
malnutrition (z-score below -3 SD) as per WHO
classification (weight for height). Taking aseptic
precaution, 3 ml of venous blood was collected. The
blood sample collected in the test tube was centrifuged at
5000 rpm (rotation per minute) for 5 minutes; serum thus
obtained was used to estimate T3, T4, FT4 and TSH,
serum albumin in both groups. T3, T4, FT4, and TSH
were estimated by the ECLIA method (using Hitachi
Cobas 6000-E601). Serum albumin was estimated by
spectrophotometric assay on Hitachi Cobas 6000-C501
by bromocresol green dye method (BCG dye). Other
relevant investigations were done as needed based on the
underlying problem.

Statistical analysis
Statistical analysis was performed using the statistical

packages for social sciences (SPSS) version 21 IBM
Corporation. Data was entered into MS Excel software.
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Statistical analysis of Categorical variables was compared
between patients using the Chi square test. Quantitative
data was analyzed using the student t test. A p value
<0.05 is considered to be significant. Pearson correlation
coefficient was calculated to establish correlation
between thyroid hormones and serum albumin levels.

RESULTS

Total 96 children (46 children of each category, that is,
MAM and SAM) were enrolled in the study. Data was
collected for each subject in pre-designed proforma. Age
and gender-wise distribution of children with MAM and
SAM is shown in (Table 1).

Table 1: Age and gender-wise distribution of children with MAM and SAM.

[0)
Age group (years) MAM frequency (%)

SAM frequency (%)

Male (n=24) Female (n=24) Male (n=23) Female (n=25)
<2 5 11 10 19
>2 to <4 13 9 10 4
>4 6 4 3 2
Mean age (months)+SD 37.20+14.33 30.66+16.20 30.26+15.22 23.56+14.26
Total 48 (100) 48 (100)
P value 0.039 0.028

Table 2: Distribution of presenting complaints among children with MAM and SAM.

Presenting complaints M Slalll

N (%0) N (%)
Fever 33 (66.67) 29 (60.41)
Loose stools 14 (29.16) 18 (37.5)
Vomiting 13 (27.08) 20 (41.66)
Cough 13 (27.08) 13 (27.08)
Failure to gain weight 11 (22.91) 22 (45.83)
Pallor 4 (8.33) 8 (16.66)
Swelling 3(6.25) 3(6.25)
Urinary complaints 2 (4.16) 11 (22.91)
Skin lesions 1(2.08) 4 (8.33)
Breathing difficulty 0 2 (4.16)
Other 1(2.08) 1(2.08)

Table 3: Immunization status of children with MAM and SAM.

Immunization status Nl Slalll P value
N (%0) N (%)

Immunized 37 (77.08) 18 (37.5)

Partially immunized 10 (20.83) 23 (47.91) 0.0001

Unimmunized 1 (2.08) 7 (14.58)

Table 4: Comparison of anthropometric parameters among MAM and SAM groups.

MAM (n=48)

SAM (n=48)

Parameters Mean+SD Mean+SD P value
Weight (kg) 10.14+2.36 7.53+1.93 <0.001
Length/height (cm) 89.5+12 78.10£9.76 <0.001
MUAC (cm) 12.33+0.65 11.03+0.14 <0.001
Head circumference (cm) 48.06+2.39 47.08+2.67 0.061

Table 5: Comparison of mean serum albumin, T3, T4, FT4 and TSH levels in children with MAM and SAM.

MAM (n=48) SAM (n=48)
Parameters Mean+SD Mean+SD P value
S. albumin (g/dl) 3.44+0.36 3.05+0.47 <0.001
T3 (ng/ml) 1.49+0.41 1.30+0.33 0.013
T4 (pg/dl) 9.69+2.99 7.85+2.73 0.002
Continued.
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Parameters Mean+SD Mean+SD P value
FT4 (ng/dl) 1.24+0.27 1.07+0.22 0.0001
TSH (ulu/mli) 2.47+1.28 2.66%+1.61 0.532

Table 6: Correlation between serum albumin and thyroid hormones (T3, T4, FT4, and TSH) in children with MAM
and SAM.

Serum albumin Serum albumin

Parameters

Pearson corr. P value Pearson Corr. P value
T3 0.4813 0.0005 0.532 <0.005
T4 0.3786 0.0080 0.4391 <0.05
FT4 0.056 0.708 0.5531 <0.005
TSH -0.021 0.886 -0.012 0.937

In our study maximum number of cases in children with
MAM were between the age of 2 years and 4 years
whereas in SAM maximum number of children were
under the age of 2 years. Male:female ratio among MAM
and SAM was 1:1 and 23:25 respectively. The
distribution of presenting complaints among children
with MAM and SAM is shown in (Table 2).

Fever was the predominant symptom in children of both
groups (66.67% in MAM and 60.41% in SAM), followed
by loose stools in children with MAM (29.16%) and
Failure to gain weight in children with SAM (45.83%).
The immunization status of children with MAM and
SAM is shown in Table 3. Children with SAM are more
likely to be not fully immunized as compared to children
with MAM and it was significant statistically with a p
value of <0.001.

The comparison of anthropometric parameters among
children with MAM and SAM is shown in Table 4. The
mean weight, height and MUAC of children with MAM
was more as compared to children with SAM.

The difference was statistically significant with a p value
<0.001. There was no statistically significant difference
was observed in head circumference. The comparison of
various biochemical markers in children with MAM and
SAM is shown in Table 5. As the table shows mean
Serum Albumin, T3, T4, and FT4 levels are significantly
lower in children with SAM as compared with the mean
levels of children with MAM. There was a statistically
significant difference between the two groups. Whereas
there was no statistically significant difference was noted
in serum TSH levels among the two groups. The
correlation between serum albumin and thyroid hormones
(T3, T4, FT4, and TSH) in children with MAM and SAM
is shown in Table 6. In our study, we observed that the
mean serum albumin level in children with MAM shows
a positive correlation with T3 and T4 and does not
correlate with the mean FT4 and TSH levels. Whereas,
among children with SAM we observed that the mean
Serum Albumin level in children with SAM shows a

positive correlation with T3, T4, and FT4 and does not
correlate with the mean TSH level.

DISCUSSION

The current study was done to estimate and compare
thyroid hormone and serum albumin in children with
MAM and SAM, to find the correlation between serum
albumin and thyroid hormones. In our study, 48 children
with MAM and 48 children with SAM in age group 6
months to 5 years were enrolled. The majority of children
with SAM enrolled in this study were in the age group <2
years and between 2 years and 4 years in children with
MAM. Similar studies were conducted by Arya et al,
Chakraborty et al, Prashanth et al and Ghimre et al where
most of the cases (children with SAM) were under the
age of 2 years.’*¥ Contradictory results to our study
were given by Yadav et al and Lazarus et al where the
majority of cases with SAM were above 2 years of
age.’”18 The high prevalence of malnutrition in this age
group implied the importance of the need for continued
breastfeeding and the appropriate introduction of
complementary feeds. In our study number of cases of
male and female were equal in MAM whereas female
was slightly more in SAM group (M:F=23:25) which was
statistically insignificant (p=0.838). Studies done by
Yadav et al and Ghimre et al also gave a similar result,
where the number of females were more than males.
Contradictory results were reported by Sudhir et al and
Sandeep et al. The results given by Sudhir et al and
Sandeep et al can be explained by presentation of male
child more than female child to health care facilities as
female children were usually ignored in terms of nutrition
and growth,16-20

In the present study, more children with MAM and SAM
were from rural background. Similar results were
reported by Sandeep et al and Yadav et al.l’®
Contradictory results were reported by Ghimre et al.'
This difference in rural versus urban background can be
explained by proximity and easy asses of rural population
to our health facility. The main presenting complaint in
our study was fever in children with MAM and SAM
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followed by loose stools in children with MAM and
failure to gain weight in children with SAM. The
majority of the studies conducted reported
gastrointestinal symptoms as the main presenting feature
which was also one of the major presenting features in
our study. The majority of the cases in our study were
partially immunized or completely unimmunized
(22.92% in MAM and 62.5% in SAM). Arya et al also
reported in their study that a large proportion of children
were either partially or completely unimmunized.*®

In our current study mean serum albumin levels were
significantly lower in children with SAM as compared to
children with MAM with a p value of <0.001. The mean
albumin level was 3.44+0.36 gm/dl for children with
MAM and 3.05+0.47 gm/dl for children with SAM.
Serum albumin was low in both MAM and SAM, the
decrease in serum albumin was more with the severity of
malnutrition.?® A study conducted by Lazarus et al also
found that the mean value of albumin in children with
MAM and children with SAM was 2.8+0.3 g/dl and
2.3£0.2 g/dl, respectively. The results were significant at
(p<0.001) and there was correlation between decrease in
serum albumin and the grade of malnutrition in children.
Similar findings were reported by Dhanjal et al, Valinjkar
et al, Surewad et al, Sah et al and Sandeep et al also
reported similar findings. The alterations in serum
albumin in malnutrition could be explained based on
decreased protein intake and reduced biosynthesis.?%-%

In the present study mean serum T3 level was
significantly lower in children with SAM as compared to
children with MAM (p=0.013). The mean serum T3 level
was 1.49+0.41 ng/ml and 1.30+0.33 ng/ml for children
with MAM and SAM respectively. Serum T3 was low in
both MAM and SAM, the decrease in serum T3 correlate
with the severity of malnutrition. A similar study was
conducted by Lazarus et al to determine the effect of
malnutrition on thyroid profile.’® They reported mean
values of T3 in children with MAM and SAM were
106.7+13.4 ng/dl and 91.8+3.5 ng/dl respectively and
they observed that there was a significant (p<0.001)
association between decreased T3 levels and grade of
malnutrition. Sah et al, Sudhir et al, Sandeep et al, Gamit
et al, and Abrol et al also reported similar findings in their
study.'®*% Low T3 levels in malnourished children is
possibly because of low binding proteins, deranged
thyroxine monodeiodination in the liver leading to a
decrease in peripheral conversion of T4 to T3 and high
levels of corticosteroids were often seen in children with
malnutrition.

In the present study mean serum T4 level was
significantly lower in children with SAM as compared to
children with MAM (p=0.002). The mean serum T4 level
was 9.69+2.99 ng/ml and 7.85+2.73 ng/ml for children
with MAM and SAM respectively. We observed that the
decrease in serum T4 correlate with the severity of
malnutrition. Lazarus et al did a similar study and
reported similar findings. In their study mean values of

T4 in children with MAM and SAM were 6.53 pg/dl and
5.62 pg/dl respectively there was a significant (p<0.05)
association between decreased T4 and grade of
malnutrition.'® Sah et al, Turkay et al, Abrol et al, Farida
Khatun et al, Orbak et al, Kumar et al and Gamit et al,
also reported comparable findings.?>%° In contrast to our
study, Das et al reported no difference in mean T4 levels
of cases of PEM and controls, they concluded that normal
T4 levels in PEM children were secondary to an adaptive
process.®! A fall in thyroid secretion rate, depletion of
reserves and failure of the adaptive mechanism are
believed to be the factors responsible for low T4 levels in
children with MAM and SAM.

In our study, the FT4 level in children with MAM and
SAM was within the normal range but there was a
significant difference between the mean FT4 levels in
children with SAM and MAM. The mean FT4 value of
children with MAM (1.24+0.27 ng/dl) was higher as
compared to children with SAM (1.07£0.22 ng/dl) with a
p value <0.001. we observed that there was a significant
correlation between the value of free T4 and the grade of
malnutrition. Recent studies done by Valinjkar et al,
Surewad et al, Dhanjal et al and Shaheen et al also
reported similar findings.?23%2 In our study mean TSH
level was similar in children with MAM (2.47+1.28
ulU/ml) and SAM (2.66£1.61 ulU/ml) with no significant
difference (p=0.532). Studies conducted by Surevad et al,
Lazarus et al, Dhanjal et al and Valinjkar et al also
reported similar findings, no significant difference
between mean TSH value of TSH in different grades of
malnutrition, 182223

In contrast to our study, the study carried out by Orbak et
al found that mean TSH levels in children with PEM
were higher as compared to controls. A similar study
done by Kumar et al observed a positive increase in TSH
level with the increase in severity of PEM (p=0.015).2%30
Normal TSH levels in children with acute malnutrition
were probably due to the fact that T4 underwent
intracellular monodeiodination to induce T3 at the
pituitary level which resulted in negative feedback to
TSH secretion, central unresponsiveness to low levels of
T3 were due to low capacity of intracellular receptor.? In
short-term and low-grade malnutrition, marked changes
are limited to the thyroid hormone transport system and
the proper feedback response that allowed the
maintenance of euthyroid status. But in chronic and
severe forms of malnutrition, stores were depleted
resulting in decreased thyroid output and thyroid
adaptation may fail.*® In our study, we observed a
significant positive correlation between mean T3 and T4
levels of children with MAM with serum albumin.
Whereas in children with SAM a significant positive
correlation of T3, T4 and FT4 was observed. Serum TSH
level in both the categories, MAM and SAM, did not
correlate with serum albumin. A study conducted by
Sandeep et al also reported a significant correlation of T3
and T4 levels with serum albumin in children with PEM.
Dhanjal et al also reported a significant correlation
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between thyroid hormones (T3, T4 and TSH) with serum
albumin.?®2t A study conducted by Das et al also reported
correlation between T3 and serum albumin.

CONCLUSION

Malnutrition can lead to mental and physical slowing due
to alteration in the albumin and thyroid hormonal status
of the child. Thyroid status of a child is often ignored
during management of malnutrition. Given the strong
correlation of thyroid imbalance with severity of
malnutrition, it is suggested that serum levels of aloumin
and thyroid hormones should be performed in all cases of
children with severe acute malnutrition and proper
measures should be taken accordingly. Thus, it is an
important step toward strengthening management of such
malnourished children.
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