Assessment of Acute Malnutrition Using Transthyretin Levels in
Blood of Children Under Five Years of Age in Tikur Anbessa
Specialized Hospital and Yekatit 12 Hospital, Addis Ababa

Behailu Tsegaye

A Thesis Submitted to
The Department of Biochemistry

Presented in Partial Fulfillment of the Requirements for the Degree of Master
of Science (Medical Biochemistry)

Addis Ababa University
Addis Ababa, Ethiopia
March, 2015



Addis Ababa University
School of Graduate Studies

This is to certify that the thesis prepared by Behailu Tsegaye entitled: Assessment of Acute
Malnutrition Using Transthyretin Levels in Blood of Children Under Five Years of Age in Tikur
Anbessa Specialized Hospital and Yekatit 12 Hospital, Addis Ababa and Submitted in the Partial
Fulfillment of the Requirements for the Degree of Master of Science (Medical Biochemistry)
compiles with regulation of the university and meets the accepted standards with respect to
originality and quality.

Signed by the Examining Committee:

Examiner Dr. Melaku Umeta Signature......cccoeevieiiiiinnnnn. Date.....ccevvennvennnnnn.

Advisor Dr. Solomon Genet Signature......c.ceoeevieviniinennnnn Date.....cccevenneennnne.

Advisor Dr. Ameha Mekasha Signature.....cc.coveeiieiiniineinnnnn Date.....cccvenneennnne.




Principal investigator

Behailu Tsegaye

Addis Ababa University School of Medicine
Department of Biochemistry

Email. bhty99@yahoo.com

Mob: - 0937914134

Main Advisor

Dr. Solomon Genet

Addis Ababa University School of Medicine
Department of Biochemistry

Email: - solgen73@yahoo.com

Mob: - 0933944457

Co-Adyvisor

Dr. Ameha Mekasha

Email: - amekashaw@yahoo.com

Addis Ababa University School of Medicine
Department of Pediatrics and Child Health
Mob: - 0911684427



mailto:bhty99@yahoo.com
mailto:solgen73@yahoo.com
mailto:amekashaw@yahoo.com

Declaration

I declare that this research paper titled on assessment of acute malnutrition using transthyretin
levels in blood of children under five years of age in Tikure Anbesa Specialized Hospital and
Yekatit 12 Hospital, Addis Ababa is my original work and has not presented for a degree in any
other university, and that all sources of materials used for the research have been properly and

suitable acknowledged.

Behailu Tsegaye

Signature

Date




To the Memory of My Mother



Table of Contents Page

List of figure ....ccoccceeeevcvnerccccnnnees Y
List of Table...........ccceevueeeruuennnes weV
LiSt 0f ADDIevIAtioNns ...ccueccveeeiiiisiisicisninssiinsninseensnecsnisssnsseccsseesssssssessssesssesssssssssssssssssasssssssasses vi
Operational defiNitioNS ......ccoveeievveriiiveiiniseicssseicssnicssnissssnessssssssssssssssssssssssssssssssssossssssssssssssssssses vii
1. 0. INTRODUCTION...ccciiiiinnmiessssnrecssssassesssssassossssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssasss 1
1.1, Acute MaINUEITION ..........ooiiiiiiiiie et e e s e e ab e e s b e e sbeeesaree s 2
1.1.1. Moderate Acute Malnutrition ((MAM).........cooooiiiiiiiiiiiiiiiee et 3
1.1.2. Severe Acute Malnutrition (SAM).......ccooiiiiiiiiiiieieiiieee et e s s rbee e s sbee e s s sreeas 3

1.2. Chronic MalnuUErition............cooiiiiiiiiiiii ettt e e e e s b e e sbeeesabee s 4
1.3 UNAEIWEIZRL ...ttt r e r e e saneene s 4
1.4. Nutrition Status of children under five years of age in Ethiopia.............c...ccccoeooiiinnnnnnnn. 4
2.0. LITERATURES REVIEW .. 6
2.1, Transthyretin (TTR)........coooiiiii e s s s smenesnee e 6
2.2 AIDUITHIL ..ottt ettt e ettt e s bt e s bt e e sab e e sttt e sabeesabeesabeeesabeeeabeesabeesbeeesbeeenes 7
2.3. Assessment of MaINUEritioN............cocooviiiiiiiiiiiiee e e 8
2.3.1. Anthropometric Methods of Malnutrition measurement.................ccccocoeerieenieiineenierennne. 9
2.3.2. Laboratory Method of Assessment of Malnutrition ................ccoccviiiiniiiiniiniieceee 10

2.4, Statement of the ProbIem .............ccooiiiiiiiiiiiiii ettt et sbee e saree s 13
2.5, Significance Of SEUAY ..........coooiiiiiiiiiiiie et st e st e st e s bbe e s teesbeeesaree s 14
2.0, HYPOUTRESIS......coneiiiiiiiiiii ettt sttt e st e e ab e e s abe e s bt e e s be e s bt e e nateesbaeesaree s 15
3.0. OBJECTIVE .....uuuiiiiuiiisrnnicssnnisssnnissssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssassss 16
3.1, General ODJECIVE .......cc.ooiiiiiiiiiiii e e 16
3.2, SPECHIC ODJECHIVE. ....c..eiiiiiiiiiieieeeee ettt et e e s be e sbt e e s bt e esbbeesabeesbeeesareeas 16
4.0. MATERIALS AND METHODS ....uuuiiiiniiiiniininninnnnissssncssssncssssessssssssssssssssssssssssssssssssssess 17
4.1 STUAY A@SIZN ..o s 17
4.2. Source and Study PopPulAtion .............oooiiiiiiiiiiii e 17
4.3, STUAY SUDJECES ... e e 17
4.4, Study Area and PEriod...........cccoviiiiiiiiiiiiiiiiiieiiee ettt sbe e st e e st esba e e sbeesaaeesaree s 17
4.5. Exclusion and inclusion Criteria..............coccoooiiiiiiiiiiiiiine e 18



4.5.1. INCIUuSION CIItEIIA .....ceeiiiiiiiiiiice e e s 18
4.5.2. EXCIUSION CHItITa ....c.oooviiiiiiiiiiiiee e e 18

4.6. Sampling technique and Sample Size determination.................ccccoooeeniiniiniiiiiinnieineeee, 18
7. VATIADIES ... b et st e b e s beesaeeeeeen 19
4.7.1. Dependent variables...............cooiiiiiiiiiiiiiii e e 19
4.7.2. Independent variables.............ccoccooiiiiiiiiiiiii e e 19

4.8. Data ANALYSIS .....cooueiiiiiiiiiieiee et b e s sttt b e b e ae e st e eaee s 19
4.9. Data QUality ASSUIANCE.........cooiiiiiiiiiiieitierie ettt sttt et e st e e sbe e st e satesab e e be e bt e smeeeneeeneean 19
4.10. Ethical apProval..........ccccoiiiiiiiiiiiiieciee ettt sttt saee e st esbe e e s be e e bte e steesaeeesaree s 20
4.11. Method of Data collection and Analysis.............cccooieiiiniiiiiiiiieeee e 20
4.11.1. Anthropometric Methods of Malnutrition Measurement................ccoccceeviveenieiinieenneenne 20
4.11.2. Weight for age, Weight for height and Height for age ................ccccooiiiiiiiiiiiinnnns 20
4.11.3. Mid upper arm circumference (MUAQC)...........ccocuiiiiiiiiiiinieieeeree e 21
4.11.4. Laboratory Testing Methods .............c.ccooiiiiiiiiiiiii e 22

5.0. RESULTS ....eevevuerisiunrcssnencnnns 25
6.0. DISCUSSION ..uuuuiiiiiiiiiiniininnessnenessssncssssnessssscssssssssssssssssssssssssssssesssssssssssssssssssssssssssssssssssssss 36
7.0. STRENGTHS AND LIMITATIONS OF THE STUDY ...ccoovciiirvercrsnrcssnnrcssnsrcssnsscsnsssses 46
T STENGLR......ooiei e s e st reresreeeane 46
T2 LAMEEATION ..ottt ettt sttt be e e st r e e r e s reesane e 46
8.0. CONCLUSION ..uciiiiiricsnrissnncssssressssncssssscssssssssssesssssssssssssssssssssssesssssssssssssssssssssssssssssssssssssss 47
9.0. RECOMMENDATIONS....cutiiineiisseicssnnssssnssssasssssasssssassssssssssssssssssssssssssssssssssssssssassssssssssss 49
REFERENCES.......cccoceeiernuricssunncnns 50
APPENDIX........cocevvrirvurrcrsunncnnns .60
Annex I: Consent form in ENGLish ...........cooooiiiiiiiiiiiniii et 60
Annex 2 : Consent form in AMBArIC .........occcoiiiiiiiini e 62
Annex 3:- Sample collection Sheet ...................coooiiiiiiiiii 64
Annex 4:- Transthyretin assay Kit procedure...................ccccoooiiiiiiiiiiine e 65



List of figure

Page
Figure 1:- Principle of immunochromatography detection kit (Mori, 2012).......cccccecvveeeveeeennenne 23
Figure 2:-Scatter plot showing association between TTR and albumin. ............ccceeveveeeeiirennenne 31
Figure 3:- Scatter plot showing association between MUAC and Weight for study group. ........ 31
Figure 4:- ROC curve of transthyretin using MUAC as reference value. ..........cccceevevveeeveeennenne 34
Figure 5:- ROC curve of transthyretin using weight for height as reference value...................... 34
Figure 6:- ROC curve of transthyretin using height for age as reference value. ............cc.c......... 35
List of Table

Page
Table 1:- Ethiopia Demographic and Health Surveys (EDHS) (Government F. D.E, 2013). ........ 5
Table 2 :- Reference value for Z-score (Nguyen et al., 2008).......ccceevieriieiiiniiiiiienieeeesie e 21
Table 3: - Cut — off points MUAC (Roy, 2000). ....c.eeeiiiiiieiieeiieie ettt 22
Table 4:- reference value of Transthyretin (Shenkin, 2006)...........cccooiiviiiiiiniiiiiiieeee e 23
Table 5 :- Reference value of Albumin (Banh, 2000). ........cccoevvieiiiiiieniieiiecie et 24
Table 6: - Comparison of mean anthropometric and biochemical measurement. ........................ 25
Table 7:- Categorization of malnutrition between studies group and control group using
anthropometric and biochemical Markers. ...........cccooiiriiiiiiniicie e 27
Table 8: - Prevalence of malnutrition assessed by different methods in 51 malnourished children
....................................................................................................................................................... 29
Table 9:- Gender adjusted Pearson correlation co-efficient between anthropometric and
biochemical indices for malnutrition children. ...........ccoccoiiiiiiiiiini e, 30
Table 10:-Validity of transthyretin using MUAC as reference standard. ...........cccceoeeienicnncen. 32
Table 11:- Validity of transthyretin using weight for height as reference standard. .................... 32
Table 12:- Validity of transthyretin using height for age as reference standard.......................... 32
Table 13:- Sensitivity and specificity of albumin using MUAC as reference standard................ 32
Table 14 :- Transthyretin validation by using different reference material. .............cocoeveriennenne. 33
Table 15:- Validity of transthyretin using MUAC as standard reference at different cut-offs
VALUEC. .ttt et h bt et sh bttt h e h et e h e b e et e b e bt et et 34
Table 16:- Validity of transthyretin using weight for height as standard reference at different cut-
OFES VALUE. ..ottt ettt ettt et 35
Table 17:- Validity of transthyretin using height for age as standard reference at different cut-offs
L 221 L (ST OO OO OUP PRSP 35



List of Abbreviations

MAM .. Moderate acute malnutrition

SAM . .., Severe acute malnutrition

GAM. . Global acute malnutrition

BMIL .o Body mass index

PEM. ..o Protein energy malnutrition

EDHS. ..o Ethiopian Demographic and Health Surveys
MDGI .. Millennium Development Goal

TR Transthyretin (pre-albumin)

TBG. i Thyroxine binding globulin

RBP. . Retinol-binding protein

APR . Acute phase response

CRP. . C reactive protein

MUST . e, Malnutrition Universal Screening Tool
MUAC. . Mid upper arm circumference
NS Nutritional status

WHO. ..o World health organization
S Standard deviation

SE Standard error

ROC. . Receiver operative curve

AUC. Area under the curve

Vi



Operational definitions
Malnutrition: It is the condition that results from an imbalance between dietary intake and
requirements. It includes under nutrition, which results from less food intake and hard physical

work and over nutrition results from excess food intake and less physical activities (Melkie, 2004).

Anthropometry: Measurement of the variation of physical dimensions and the gross composition
of the human body at different age levels and degrees of nutrition by weight-for-age, height-for-
age and weight-for-height (WHO, 2009).

Moderate Acute Malnutrition (MAM):- is identified by moderate wasting (WFH < -2 z-score
and. -3 z-score for children under 5 years or MUAC < 125 mm and >115 mm for children 6-59

months).

Severe Acute Malnutrition (SAM):- is identified by severe wasting (WFH < -3 z-score for
children under 5 years or MUAC < 115 mm for children 6-59 months) or the presence of bilateral

pitting edema.

True Positive (TP):- The response is Positive, and the Prediction is also positive or Persons

who have disease and are test positive.

True Negative (TN):- The response is Negative, and the prediction is also negative or Persons

who do not have disease and are test negative.

False Positive (FP):- A negative response is falsely predicted as Positive or Persons without

disease but with positive test.

False Negative (FN):- A positive response is falsely predicted as Negative or Person with

disease but with negative test.

Sensitivity is defined as the proportion of cases predicted as positive among all positive
responses: n (TP)/ [(n (TP) + n (FN)]. Ability of the test to be correctly positive among those

who are known to have the disease

Specificity is the proportion of cases predicted as negative among all negative responses.
n(TN)/[n(TN)+n(FP)]. Ability of the test to be correctly negative among those who are known to

be without disease.
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Abstract

Background: - Malnutrition is one of the leading causes of morbidity and mortality in children
under the age of five years in developing countries, including in Ethiopia. The most important
forms of malnutrition in Ethiopia is protein energy malnutrition, but there is no reliable laboratory
method present to assess acute malnutrition. Transthyretin level of immunochromatography
method is one of the newly introduced method for the identification of children with acute
malnutrition recently admitted to Hospital and used as valuable laboratory measurements in the
identification of patients requiring malnutrition assessment and nutritional support.

Objective: - To evaluate acute malnutrition status in children of age less than five years, who
attend in Tikur Anbessa Specialized Hospital and Yekatit 12 hospital; by using anthropometric
methods, and by measuring albumin and transthyretin level in blood serum samples.

Methods: - Hospital based cross sectional study design was applied from August 2014 to
December 2014. 51 malnourished and 51 non- malnourished children were recruited for this
study. Anthropometric measurements (weight, height, length, MUAC) were performed and serum
transthyretin and albumin levels were measured as biochemical parameters in these hospitalized
patients.

Results: - The mean age of the cases and controls were 1.14 year and 1.48 year, respectively.
Comparison of mean between control and study group shows 14.32 cm and 10.45 cm for MUAC,
4.24 g/dl and 3.86 g/dl for albumin and 303.08mg/l and 132.89 mg/I for transthyretin for control
group and study group respectively. All above mean values shows significant difference between
controls and study groups with p value < 0.0005. Prevalence of malnutrition assessed by weight
for height were categorized as 21.6% for moderate malnutrition and 78.4% for severe
malnutrition. Using MUAC it could be predicted that 23.5% were moderately malnourished and
76.5% were severely malnourished. But using transthyretin tests, the prevalence of 82.4% for
moderate malnutrition and 13.7% for severe malnutrition were obtained. Multivariate analysis
revealed positive correlation between albumin and transthyretin level (r = 0.307, P=0 .03), but
there was no significant correlation between anthropometrics measurement with biochemical
measurements. The sensitivity and specificity of transthyretin using MUAC as reference standard
were 91.60 %, and 15.38% (0.0318 Kappa agreement). The sensitivity of transthyretin using
weight for height (wasting) as reference standard was 100 %, and specificity was 17.5 %. (0.16
Kappa agreement). Transthyretin validation by using MUAC as reference material was found to
be a sensitivity of §1.82 % and specificity of 47.5 % with cut off of transthyretin 120 mg/I.

Conclusions: - Transthyretin is a better acute malnutrition marker in the serial nutritional
assessment and it is a cost effective, feasible, reliable tool for malnutrition screening, particularly
for the purpose of settings where it is difficult to perform a more detailed and comprehensive
nutritional assessment.

Key words: - Transthyretin, Albumin, Anthropometric parameters, Acute Malnutrition.



1. 0. INTRODUCTION

Nutrition is a fundamental pillar of human life which provides adequate energy and nutrient to the
cells for them to perform their physiological function of growth, reproduction, defense and repairs
(WHO, 1999; WHO, 2000). Malnutrition is a deficiency state of both macro and micro nutrients
and their over consumption, causing measurable adverse effects on human body structure and
function resulting in specific physical and clinical outcomes (Gudina et al., 2013). However, in
many developing countries, under and over-nutrition occur simultaneously. This phenomenon is
referred to as the double burden of malnutrition (Laura, 2011). Child under nutrition remains one
of the major public health problems and the leading contributor to child morbidity and mortality
in the world (Gudina et al., 2013).

Nutrition, infection and the functions of the immune system are interrelated. Malnutrition can
predispose an individual to infection and diseases, and make recovery from disease slower.
Infections and diseases can lead to malnutrition and nutritional deficiencies by increasing nutrients
requirements, utilization, nutrients losses and metabolism as the body tries to generate immune
responses against the invading pathogens (Charles ef al., 2014). Malnutrition at the early stages of
life can lower child resistance to infections, increase child morbidity and mortality, and decrease
mental development and cognitive achievement and nutritional status is the best global indicator
of wellbeing in children (Solomon et al., 2013). Likewise, good nutrition enhances immunity and

the ability to fight infections and diseases (Charles et al., 2014).

Millions of children living in low-income countries suffer from under nutrition, which continues
to be a major public health problem in developing countries. It is the most important risk factor for
the burden of disease causing about 300, 000 deaths per year directly and indirectly responsible
for more than half of all deaths in children (Tsinuel et al., 2013; Solomon et al., 2013). Malnutrition
is the largest single underlying cause of death worldwide and is associated with over one third of
the deaths in young children. It is an underlying cause of the death of 2.6 million children each
year, and one-third of the global total of children’s (7.6 million child) deaths each year before their
fifth birthday through weakening the body’s resistance to illness. Malnutrition is a silent killer that

are under reported, under addressed and, as a result, under prioritized. Every hour and minute of



every day, 300 and 5 children die because of malnutrition respectively. In the world today, one
child in four is stunted due to malnutrition, and in developing countries this figure is as high as

one in three and specifically in Africa two out of five children’s will suffer from malnutrition

(Solomon et al., 2013).

Problems responsible for child under nutrition are numerous. Some are basic problems, like
political instability, slow economic growth, and lack of education. Others are underlying causes
such as food insecurity and lack of maternal and child care services. The third groups include the
highly specific risk factors like frequent infections and inadequate dietary intake (Gudina ef al.,
2013).The improvement of nutrition therefore, is the main prerequisite for the reduction of high
infant and under five mortality rates, the assurance of physical growth, social and mental
development of children as well as academic achievement (Agozie et al., 2012) not only of current
generations but also of the ones to come (Solomon et al., 2013). Globally, under nutrition, which
refers to both protein-energy malnutrition and micronutrient deficiency (Camille et al., 2014; Se-
Eun et al., 2012), is the cause of around 3.1 million child deaths annually in low and middle-
income countries. Under-nutrition encompasses acute (wasting) and chronic (stunting) forms of

malnutrition, and underweight together with deficiencies of other essential micronutrients (Gudina

etal., 2013).

Protein energy malnutrition is the most frequent form of malnutrition, and it is caused by an
imbalance between the supply of protein and energy and the body's demand for them to ensure
optimal growth and function (Dechenla et al., 2014; Eugenia et al., 2014). Protein-energy
malnutrition in children is clinically classified as marasmus (severe thinness), kwashiorkor
(bilateral pitting edema), and marasmic kwashiorkor (mixed condition) (Tsinuel et al., 2013).
Although inadequate protein in the diet, even with an adequate caloric intake, is the major cause
of kwashiorkor, consumption of insufficient protein and calories are known to be responsible for

marasmus (Andrew ef al., 2013).

1.1. Acute malnutrition

Acute malnutrition or wasting is often associated with short-term factors like seasonal variation in

food availability (Gudina et al., 2013) , acute decrease in food intake often combined with illness,
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anorexia, poor appetite, and sometimes medical complications, leading to rapid weight loss or
failure to gain weight. Children suffering from this condition have a high mortality risk; however,
the situation is reversible with treatment of medical complications and re-feeding in a short period
of time (Camille ez al.,2014).About 10% (55 million children) aged under five is wasted worldwide
of which the highest estimate (16%) is reported from South-central Asia. Out of these, 3:5% or 19
million children in developing countries are severely wasted with the highest proportion living in
south central and middle Africa . On the other hand, between 36 and 41 million of these children
are moderately wasted and about 80% of them live in low income countries. In Ethiopia, the overall
prevalence of wasting among under five children currently is 10%, out of which 3% are severely

wasted (Gudina ef al., 2013).

1.1.1. Moderate Acute Malnutrition (MAM)

Globally, approximately 33 million children under five years of age are affected by moderate acute
malnutrition (MAM). It is defined as a weight-for-height z-score (WHZ) between -2 and -3 or mid-
upper arm circumference (MUAC) > 11.5 cm and < 12.5 cm and no edema (Camille et al., 2014,
Lindsey et al., 2013). In Ethiopia, moderate malnutrition also accounts for 40% of the deaths of

under five children (Gudina ef al., 2013).

1.1.2. Severe Acute Malnutrition (SAM)

Globally, approximately 19 million children under 5 years are affected by SAM in world. An
estimated 0.5 to one million deaths are attributed to SAM (Camille ef al., 2014). Directly or
indirectly, malnutrition contributes to 53% of deaths of children under-five in developing countries
(Henock et al., 2013).In Ethiopia; severe malnutrition also accounts for 11% of the deaths of under
five year children (Gudina et al., 2013). Severe acute malnutrition (SAM), defined as weight-for-
height below —3.0 z scores of the median WHO standards in children 6—59 months of age, and
mid-upper arm circumference (MUAC) less than 11.5 cm, and the presence of bilateral pitting

edema (Roy,2000).

SAM occurs in one of two forms, marasmus or kwashiorkor. Kwashiorkor refers to a condition
commonly thought to occur when carbohydrate is the major dietary energy source and protein is

relatively absent from the diet for a prolonged period of time. Hypo-albuminemia is a feature of
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kwashiorkor and is part of the clinical symptomology that includes edema, ascites, dermatitis, thin
brittle hair, hepatomegaly, and muscle wasting. In contrast, marasmus refers to chronic deprivation
of adequate dietary energy to maintain body weight. Severe marasmus is characterized by severe

muscle wasting, extreme weight loss and cachexia (Mikkel et al., 2013, Patricia et al., 2004).

1.2. Chronic malnutrition

Chronic malnutrition (Stunting) affects approximately 178 million children under 5 years old in
the developing world. Africa and Asia have high stunting rates of 40% and 36% respectively, and
more than 90% of the world’s stunted children live on these two continents (Laura, 2011). Stunting
or chronic malnutrition results from inadequate nutrition, care and health, over long period of time,
leading to failure of linear growth and poor development. It does not usually pose an immediate
threat to life but it is associated with chronic disease risk in the long-term (Camille et a/.,2014)

and it decreases two standard deviation below the height-for-age index (Se-Eun ef a/.,2012).

1.3. Underweight

Underweight is a general measure that captures the presence of wasting or stunting. It is therefore
a composite indicator, reflecting either acute or chronic under nutrition without distinguishing
between the two. An estimated 112 million children under-five are underweight. Nearly one in
four and 10% of under-fives in the developing world are severely underweight. The prevalence of
underweight among children is higher in Asia than in Africa, with rates of 27% compared to 21%.

This is mainly due to stunting rather than wasting (Laura, 2011).

1.4. Nutrition Status of children under five years of age in Ethiopia

Ethiopia is the second most populous country in Africa, at nearly 84 million. Approximately 14%
are children under five years of age (Dechenla et al., 2014; Bemnet et al., 2012). Malnutrition is
one of the leading causes of morbidity and mortality in children under five years of age in Ethiopia.
The country has the second highest rate of malnutrition in Sub-Saharan Africa. Malnutrition in
children is one of the most serious public health problem in Ethiopia and the highest in the world

(Solomon et al., 2013).



Problems responsible for child under-nutrition are numerous in Ethiopia. Some are basic problems,
like widespread poverty, poor infrastructure, high population pressure, slow economic growth, and
lack of education. Others are underlying causes such as inadequate access to clean water, poor
health and sanitary conditions, food insecurity and lack of maternal and child care services. The
third groups include the highly specific risk factors like frequent infections, inadequate dietary
intake, limited knowledge of nutritional matters among certain households, and fluctuations in

incomes are some of the principal reasons for the high prevalence of malnutrition (Gudina et al.,

2013; Edris, 2007).

The most important forms of malnutrition in Ethiopia are protein energy malnutrition (PEM),
vitamin A deficiency, lodine deficiency disorders, and Iron deficiency anemia. The problem is
more severe among children aged 1-3 years who suffer from Kwashiorkor and Marasmus and
underweight (Edris, 2007). Diarrhea and other infectious diseases manifested in the form of fever
affect both dietary intake and utilization, which may have a negative effect on improved child
nutritional status. The consequences of malnutrition in children also include poor physical
development and limited intellectual abilities that diminish their working capacity during
adulthood. Local and regional studies in Ethiopia have also shown an increase in malnutrition with

increase in age of the child (Girma et al., 2002).

Nutrition outcome data which are taken from the three most recent Ethiopia Demographic and
Health Surveys (EDHS) shows that rates have decreased quite a bit in the past decade, most notably
with mortality almost halving. However; Ethiopia still needs a concerted effort to accelerate

reductions in under-nutrition (Government F. D.E, 2013).

Table 1:- Ethiopia Demographic and Health Surveys (EDHS) (Government F. D.E, 2013).

Indicator 2000 2005 2011 2015
estimate

Infant mortality rate (per 1000 live births[Lb]) - 77 59 -
Children <5 year mortality rate (per1000 Lb) 166 123 88 59
Maternal mortality rate (per 100,000Lb) - 673 676 -
Children < 5 years underweight 42.1 38 29 23.8
Children <5 year stunted 57.8 52 44 -
Children < 5 years wasted 11 12.4 9.7 -




2.0. LITERATURES REVIEW

2.1. Transthyretin (TTR)

Transthyretin is a 55 kDa, 127 amino acid, found in the plasma and cerebrospinal fluid (Maria et
al., 2004, Essam et al., 2005) that is synthesized by the hepatic parenchymal cells or, in fetal life
in the yolk sac endothelium. Small amounts of transthyretin are also synthesized by the choroid
plexus of the brain, pancreas, and retina, but these probably do not affect the serum protein
concentration (Myron et al., 2007).1t acts as a transport protein for thyroxine and as a carrier for
retinol binding protein (RBP) (Banh,2006). This protein carrying thyroid hormones, as well as
retinol (vitamin A) through its interaction with retinol binding protein by forming a tri-molecular

complex (Ingenbleek,2002, Maria et al., 2004 and Essam ef al., 2005).

Transthyretin was originally named prealbumin by its electrophoretic migration in front of albumin
by alkaline electrophoresis (Ingenbleek, 2002). However, it was subsequently shown that
transthyretin bind and carry thyroxin (T4), tritodothyronine (T3) and holo-retinol-binding protein
(RBP with retinol, or vitamin A) and the name was changed to transthy (roxin) retin(ol) to denote
its dual transport function (Wei Zheng, et al.,2001, Myron et al.,2007).Transthyretin is a tetramer
of four identical subunits. Although each of the four monomers has a binding site for RBP (retinol-
binding protein), the tetramer binds only one molecule of RBP with high affinity and possibly a
second with lower affinity. The binding affinity for holo-retinol-binding protein (apo-RBP ,RBP
without retinol) is very low, and the loss of retinol (uptake by tissues) results in the separation and
renal excretion of free apo-RBP, accounting for the very short biological half-life of RBP of’;3.5h.
Each TTR monomer also has two binding sites for thyroid hormones, but binding of one molecule
of T3 or T4 significantly reduces the affinity of the second site. Binding affinity for T3 is lower
than that for T4 (Richardson, 2002, Myron et al., 2007).

The hepatic synthesis of transthyretin necessitates a high concentration of the essential amino acid
tryptophan, which plays a major role in protein synthesis initiation and is eminently sensitive to
recent changes in nutritional status both protein and energy depletion (Bae er al., 2011).
Transthyretin and retinol-binding protein both manifest rapid turnover rates, and their

concentrations quickly decline in response to any change of protein nutritional status and under



stressful conditions. The decrease in Transthyretin is accompanied by concerted decreases in other

binding proteins (Ingenbleek, 2002

2.2. Albumin

Albumin is a globular protein of a molecular size of 69,000 Daltons, spherical and highly soluble,
consisting of a single polypeptide chain of 585 amino acids. Albumin is very flexible and changes
shape readily with binding of ligands and with variations in environmental conditions (Fuhrman
et al, 2004). The prognostic value of the visceral protein albumin, has historically been used as a
measure of acute and chronic malnutrition and the most frequently used laboratory marker (Barker
et al., 2011). However, with a half-life of ~14-20 days, albumin is relatively insensitive to rapid
changes in nutritional status taking approximately 14 days to return to normal status (Beck et al.,
2002). Optimum albumin status occurs in an environment where nutritional adequacy relating to
a sufficient supply of amino acids, hormonal and osmotic balance and the biological energy ATP

and/or GTP is appropriate for synthesis (Nicholson ef al., 2000).

Albumin is produced exclusively in the liver and is the most abundant visceral protein, despite as
little as 5% being synthesized and degraded daily (Marshall, 2008). The rate of synthesis varies
with nutritional and disease status. The concentration of serum albumin is the net result of its
synthesis, breakdown, volume of distribution, and exchange between intra and extra vascular
spaces, as well as losses (Fuhrman et al, 2004). In the human body, albumin has several functions.
One of its major functions is maintaining the colloid oncotic pressure, and the regulation of the
tissue fluid distribution. Another albumin function is binding and transport of compounds, like
drugs and endogenous compounds; bilirubin, haematin, ascorbate, tryptophan, bile acids, copper,
zinc, folate, and eicosanoids. It is also used as a carrier protein for thyroid hormones, steroids and
fatty acids is a main driver that influences. Additional functions of albumin are its anticoagulant

effects, acting as a plasma buffer, having antioxidant properties.

Furthermore, albumin is considered as a negative a cute-phase protein, as it decreases by 25%
during physiological stress (Fuhrman et al, 2004; Banh, 2006). The re-apportioning of albumin
between intravascular and extravascular space occurs during times of acute and chronic stress on

the body as does the catabolism and anabolism of albumin (Barker et al., 2011).



Research has suggested that albumin is a preferable indicator of chronic rather than acute nutrient
deficiency (Spiekerman, 1995). The sensitivity of albumin in acute protein malnutrition is more
difficult to perceive because of the large half-life and body pool. A shift to low serum albumin
concentration has been shown to be an excellent independent predictor of morbidity and hypo-
albuminaemia is a valid negative prognostic factor associated with increased mortality.
Concluding that albumin is a better predictor of morbidity and mortality than an aberration in

nutrition status (Barker ef al., 2011).

2.3. Assessment of Malnutrition

It needs considerable efforts to identify patients at risk of malnutrition, with a view to early
provision of nutritional support (Shenkin, 2006). Nutritional assessment is the process used to
evaluate the nutritional status of the body. Multiple nutritional variables have been used to assess
malnutrition and are largely based on an array of anthropometry, biochemical, and clinical and
dietary assessments (Laura, 2011). A full nutritional assessment is a complex process, involving
detailed assessment of nutritional intake, changes in body composition, signs or symptoms of
nutritional deficiency or excess, and laboratory tests, and it should include not only protein-energy
status but also vitamins and essential trace elements. Because of this complexity, rapid screening
tests have been sought to identify patients who may already be malnourished or are at risk of

malnutrition, who can then undergo a more detailed nutritional assessment (Shenkin, 2006).

Malnutrition may be measured in many ways such as, Clinical grading standard, weight-for-height
(WFH) index, height-for-age (HFA) index, weight-for-age (WFA) index, body mass index, and
skin fold thickness are among those utilized most frequently in the field (Se-Eun et al.,2012).
Malnutrition Universal Screening Tool (MUST) is one of the methods, but which does time
consuming and unreliable, with some indicators have to rely on subjective opinion. In addition,
there are the numerous difficulties involved in taking measurements from elderly and bed bound

patients who cannot be weighed accurately (Wei Zheng, ef al., 2001).

Increasingly, health institutions are aware that focusing on the body mass index for malnutrition
monitoring is unreliable. Their limitations and lack of standardization for nutritional assessment

have led to interest in laboratory tests for certain biological markers of nutritional status such as



prealbumin, plasma albumin, cholesterol, zinc, iron, vitamin B12 and folic acid, levels of which
are significantly lower in malnourished patients. These markers have yet to be routinely used in

combination to specifically assess the nutritional status of patients (Wei Zheng, et al., 2001).

2.3.1. Anthropometric Methods of Malnutrition measurement

Anthropometric measurements are well established and widely used as indicators of health and
nutritional status in children (Chakraborty et al., 2011). It allows classification of a patient into
categories of nutritional status (underweight, stunted and wasting), overweight and obesity
according to developed standards or reference data, usually based on large numbers of healthy

people from population (Margo, 2012, Khadilkar et al., 2007 and WHO, 2010).

It measures the variations in physical growth at different ages and the degree of nutrition. It is a
widely used, simple, accurate, rapid, quantitative, inexpensive and non-invasive measure of the
general nutritional status of an individual or a population group. These measurements may be
performed as part of the physical examination. It is also used as well established and widely used
as indicators of health and nutritional status in both children and adults. Despite some limitations,
anthropometry remains the most practical tool for the assessment of nutritional status among

members of the community in developing countries (Chakraborty et al., 2011).

Mid upper arm circumference (MUAC)

Mid-upper arm circumference (MUAC) is anthropometric measurement used to evaluate adult and
children nutritional status that has been found to be particularly effective in determining
malnutrition among adults and children in developing countries. MUAC used for the simple
screening of nutritional status (Chakraborty et al., 2011). This is useful for screening a large
number of children but less useful in long term growth monitoring. The techniques to measure
mid-arm circumference include, accurate measurement with a tape and a simple bangle test.
Bangle test using plastic bangles of an inner diameter of 3.7 cm (Red Bangle) and 4 cm (Yellow
bangle) (Harshal et al., 2012). All MUAC are graduated in millimeters and are color coded (red,
yellow and green) to indicate the nutritional status of a child or adult. The color codes and
gradations vary depending on the tape type. The bangle was passed up the forearm and the upper

arm to decide if the upper mid-arm circumference was below or above 12.5 cm (UNICEF, 2012).
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2.3.2. Laboratory Method of Assessment of Malnutrition
Nutritional assessment by using Transthyretin

The association between poor nutrition and illness has long been recognized, there is a lack of
reliable, objective, short-term screening methods to evaluate nutritional risk. Determination of the
transthyretin level is a cost-effective and objective method of assessing severity of illness in
patients who are critically ill or have a chronic disease. Transthyretin is the earliest laboratory
indicator of nutritional status and has emerged as the preferred marker for malnutrition because it

correlates with patient outcomes in a wide variety of clinical conditions (Beck et al., 2002).

There is a large volume of published studies describing the role of transthyretin in the detection of
malnutrition risk (Devakonda et al., 2008; Saka, 2011; Johnson et al., 2007). Potter and Luxton
(1999) examined the effectiveness of transthyretin levels as a routine diagnostic tool for assessing
malnutrition. The study evaluated the effect of malnutrition on emergency department admissions,
comparing albumin and transthyretin levels as nutritional markers on hospitalized patients (Potter
et al., 1999). A similar study by Devoto et al., (2006) shows as transthyretin level is a sufficient
and reliable screening tool in the evaluation of malnutrition after comparing transthyretin with
Detailed Nutritional Assessment (DNA), Subjective Global Assessment (SGA) and the Prognostic
Inflammatory and Nutritional Index (PINI) (Devoto ef al.,2006).

An in-depth research study into the role of transthyretin as a protein marker of nutritional status
was first introduced by Ingenbleek in1975, he proposed the index of protein and energy
malnutrition characterized by serum transthyretin changes and a faster response to re-feeding. In
this year Ingenbleek, assessed malnutrition by-comparing the response of four hepatic proteins:
transferrin, albumin and transthyretin-retinol binding protein complex, findings suggested that
albumin had low sensitivity, transferrin intermediate and transthyretin -retinol binding protein

complex the highest sensitivity (Ingenbleek et al., 1975).

Different laboratory techniques allow transthyretin to be measured cost effectively. In the past,
most labs analyzed transthyretin levels nephelometrically on specialized instruments. In recent
years, this technique has been replaced by more cost-effective immunoturbidimetric technology,

which is more suitable for use on a high-volume, automated platform (Wei Zheng, et al., 2001).
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Detecting acute changes in nutritional status requires a serum transthyretin level. Because its half-
life is just 2 days, its serum level reflects rapid changes in visceral protein status (Cindy, 2006)
and not altered by stress or acute inflammation (Myron, et al., 2007). Transthyretin is therefore
more sensitive to changes in protein energy status than albumin, and its concentration closely
reflects recent dietary intake rather than overall nutritional status (Shenkin, 2006). It is important
in the evaluation of nutritional deficiency, nutrition support and it has been deemed as a valid and

clinically useful indicator of protein energy malnutrition (Sathishbabu, 2012).

Moreover, transthyretin concentration in plasma, like that of albumin, is affected by changes in
trans-capillary escape and its plasma concentration falls in acute phase reactions owing to
increased movement into the extravascular compartment (Marshall,2008;Shenkin,2006). Its
plasma concentration falls in protein-energy malnutrition and increases with re-feeding. A low
transthyretin concentration can therefore be regarded primarily as a signal identifying patient at-
risk who requires careful assessment and monitoring and for whom nutritional support may be
needed as part of the treatment plan (Shenkin, 2006). However, like albumin, thus, a low
concentration may reflect a poor recent nutritional intake or be a result of severe illness, though
both of these are risk factors for the development of malnutrition. Different studies have shown
that admission transthyretin concentrations are good predictors of risk of malnutrition (Marshall,
2008). Associated with its half-life of two days, transthyretin responds more quickly to a change

in nutritional status than albumin (Ingenbleek, 2002).

2.5.2. Nutritional assessment by using Albumin

Studies have shown that among various biochemical markers, serum albumin is widely used to
assess malnutrition and the level of albumin in the serum reflects the visceral protein status. But
however; there are many factors which can influence the synthesis, distribution, degradation of
albumin in the body. Even though albumin is well known biomarker for assessment of malnutrition
because of longer half-life it cannot be a sensitive indicator for nutritional therapy (Sathishbabu,
2012).This longer half-life makes the albumin level changes slowly in response to reduced protein
intake and make a good indicator of chronic malnutrition, it means it’s not a good tool for
identifying patients at risk for protein-calorie malnutrition or for monitoring the short-term effects

of nutritional therapy (Cindy, 2006;Banh,2006).
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Although albumin synthesis decreases rapidly in response to a decrease in food intake, so too does
its rate of catabolism; these factors, together with the size of the body’s albumin pool and its low
rate of turnover (plasma half-life approximately 20 days) result in there being little change in its
plasma concentration in simple starvation. Even with long-term protein under nutrition
accompanied by loss of lean body weight and impaired muscle function, plasma albumin

concentrations may remain within the normal reference range (Marshall, 2008).

The main factor affecting plasma albumin concentration in patients is the rate of trans-capillary
escape into the interstitial fluid. This trans-capillary escape of albumin is markedly increased in
disease (as part of the systemic inflammatory response syndrome (SIRS)), leading to decreased
plasma albumin concentrations. It is inevitable that postoperative patients and patients with severe
infection will have low plasma albumin concentrations. The more severe the disease, the lower the
albumin, and therefore the lower the albumin, the worse the prognosis (Shenkin, 2006). The fact
that low serum albumin concentrations correlate well with poor outcome in a variety of conditions
and clinical settings reflects the effects of systemic illness, not nutritional status. Measurements of
albumin concentration cannot therefore be recommended for nutritional assessment (Marshall,

2008).
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2.4. Statement of the problem

The nutritional status of children has an impact on their health and development. Therefore, the
physical, mental, and social and nutritional status of children, as well as other characteristics
related to malnutrition should be evaluated periodically to monitor malnutrition, thereby enabling

appropriate measures that can improve nutrition assessment.

Malnutrition is previously measured via anthropometric methods such as body mass index (BMI),
MUAUC, age, height and weight. Increasingly, health services are recognizing that anthropometric
methods alone for monitoring of malnutrition is unreliable, and that the use of these measurements
in conjunction with specific malnutrition assessment laboratory tools provide a better indication
of malnourishment. Limitations of anthropometric methods and lack of standardization for
nutritional assessment have led to interest in laboratory tests for certain biological markers of
nutritional status such as transthyretin, plasma albumin, transferrin and retinol binding protein

levels of which are significantly lower in malnourished patients.

Currently there is no fast and reliable laboratory method to assess acute malnutrition. Hence we
want to introduce this new immunochromatography transthyretin assay method as a reliable,
accurate, fast and much more cost-effective, than methods used previously to assess acute
malnutrition in children of under-five years age group. Associated with its half-life of two days,
transthyretin responds more quickly to a change in nutritional status than albumin. The purpose of
this research is to evaluate and validate how transthyretin is reliable marker than anthropometric
methods and albumin, in fast testing of acute malnutrition in hospitalized children of less than five

years old.
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2.5. Significance of study

There are many studies done in Ethiopia on malnutrition of children age of less than five years old,
but most of these researches were done by anthropometric methods and by measuring albumin and
other proteins in blood samples. This research was performed by measuring transthyretin level in
blood as a reliable diagnostic tool and validate test method as a fast indicator of acute malnutrition.
The method is noninvasive and can be used as valuable laboratory based investigation for the
assessment of nutritional status in children. The method involved is simple, handy and more
accurate test kit which utilizing a small strip of immunochromatography paper and a reader with

the size of a small calculator.

This method is new and has never been used in Ethiopia and our research hopefully gives a better
picture of nutritional status of hospitalized children in Addis Ababa and its surrounding. Not too
many laboratory based studies were conducted previously in our country and our findings could
add more information and data for nutritionists, clinicians, stake holders and families of
malnourished children. This laboratory based investigation, as a sensitive and accurate test method,
can be used in the future, side by side the anthropometric methods as reliable way of assessment
of acute malnutrition in children. Our country does not have a set standard for transthyretin or
albumin levels that can be used as a reference. If this method is validated then, we can think of
working in larger population studies so that we can statistically calculate the national standard;

which can be used as a reference.
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2.6. Hypothesis

Laboratory testing of transthyretin level in blood of children less than five years could give a better
and reliable picture of acute malnutrition and hence could serve as a dependable marker along with

anthropometric measurements.
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3.0. OBJECTIVE

3.1. General Objective

To evaluate acute malnutrition status in children of age less than five years, who attend Tikur

Anbessa Specialized Hospital and Yekatit 12 hospital; by using anthropometric methods, and by

measuring albumin and transthyretin level in blood serum samples.

3.2. Specific Objective

v

To assess the prevalence of acute malnutrition in children of under-five years of age by
using transthyretin measurement in blood.

To evaluate the valuable advantage of short lifespan of transthyretin in the
measurement of protein energy malnutrition.

To determine malnutrition in children of under five years of age using anthropometric
methods.

To compare and contrast the results obtained through determination of transthyretin
level and anthropometric methods.

To validate transthyretin measurement as valuable laboratory based method for the

assessment of nutritional status in children.
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4.0. MATERIALS AND METHODS

4.1. Study design

Hospital based cross sectional study design was conducted to assess acute malnutrition in children

age of less than five year.

4.2. Source and Study population
4.2.1. Source Population
The source of population was all hospitalized children age of less than five years who are suspected

of under malnutrition and attending Tikur Anbessa Hospital and Yekatiti 12 Hospital in Addis
Ababa.

4.2.2. Study population

The study population consisted 51 malnourished children and 51 normal children of a total 102

children who had not started medication and treatments were considered in the study.

4.3. Study Subjects

Study subjects were children, age of less than five year, who are affected by acute malnutrition,
those who have attended in the study periods, who fulfilled the inclusion criteria and who gave

their informed consent and assent were included in the study.

4.4. Study Area and period

The study was conducted in Tikur Anbessa specialized Hospital and Yekatit 12 Hospital in Addis
Ababa from August — December 2014. In this period patient card review, blood sample collection

and analysis was conducted for observation of health status of children less than five years age.
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4.5. Exclusion and inclusion criteria
4.5.1. Inclusion criteria

Children of age less than five years (both sexes) who are affected by acute malnutrition attending
the hospital and well-fed children under five year who attend Tikur Anbessa hospital to take

meningitis vaccination were taken as control group in the study.

4.5.2. Exclusion criteria

Factors which affect transthyretin levels in serum were excluded. This includes factors which
increase, the level of transthyretin such as severe renal failure ,liver failure and factors which
decrease the level of transthyretin such as Post-surgery, Dialysis, Hyperthyroidism, Significant

hyperglycemia was excluded from the study.

4.6. Sampling technique and Sample Size determination

Simple random sampling techniques was applied in the study period and the sample sizes were
estimated by using a single proportion formula and calculated as follows. Since the prevalence of
acute malnutrition for under five year children at 2011 was 9.7% out of 1000 children and totally

in Ethiopia 4 million children were estimated age of less than 5.

Prevalence rate of malnutrition is = Number of children with malnutrition
Total number of children in population

97*4000000/1000 = 0.097 so the prevalence of malnutrition is 0.09
4000000

Malnutrition < 5 year old is (P =0.09, g = 1- 0.09 = 0.91 at 95 CI by assuming a margin
of error 5% = 0.05).
n= Z’pq/d*

n = Sample size p = Proportion of malnutrition 0.097

d = Margin of error =0.05 q=1-p=1-0.097 =0.903

Z =1.96 at 95% Confidence Interval (CI)

n== (1.96)x 0.097X 0.91 = (.339098032 = 135.639=136
0.05x 0.05 0.0025

By considering 10% (12.5) for non-response rate a total sample size of 147 were proposed.
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4.7. Variables
4.7.1. Dependent variables

Malnutrition indicated by transthyretin level, albumin level, MUAC, wasting, stunting and an

underweight status in children less than five year age.

4.7.2. Independent variables

Age of child, child sex, height, weight.

4.8. Data Analysis

Collected quantitative data was coded, entered to computer, processed, edited, and analyzed using
EPI-INFO and SPSS (21" version) and expressed at 95% confidence interval and the p-value were
considered significant at p < 0.05. Then data computed using appropriate statistical methods
(mean, standard deviation, p-value, F test statistic value and one-way repeated measures ANOVA)
and the results were presented using tables and figures. Clinical and laboratory data were expressed
as the mean =+ standard error of mean (SE). Differences in the means between the studies group

and control group were evaluated by un-paired student’s t-test and chi (%) tests.

Correlations were evaluated by the Pearson correlation test. Graph Pad Prism version 5.00 was
used for statistical analyses and for graph drawing. The relationship between anthropometric and
biochemical measures were analyzed by using SPSS for windows version 21. The discriminative
abilities of anthropometric and biochemical markers for identifying malnutrition cases were
computed by means of ROC area under curve analysis. Sensitivity and specificity cut-off points
for the various anthropometric and biochemical markers were also determined. This analysis was

done using Medcalc version 12.1.4.0, www.medcalc.org. EPI-INFO programme was used to

categorize malnutrition based on their Z-scores by using WHO as standard.

4.9. Data Quality Assurance

The data quality was started with appropriate sample collection. The sample were taken in aseptic
techniques and collected with considering proper procedure. The kit was made free from

contamination and kit was checked for consistency. Collected results were checked for
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completeness on daily basis by the immediate supervisor. Due attention was given during data
insertion to software on computer. The completed result was rechecked repeatedly to maintain the

quality of data.

4.10. Ethical approval

Ethical clearance was obtained from Research and Ethical Committee of the Department of
Biochemistry, School of Medicine, College of Health Sciences, Addis Ababa University after fully
review conducted with meeting No. DRERC 06/14 attended by the main researcher committee and
give approval with protocol number of M.Sc. Thesis 05/14. Additionally; Ethical clearance was
obtained from Pediatrics and Child Health Department of Black Lion Hospital by letter number
PD/CH/327/2006. A consent form was prepared with detailed explanation of objectives, risks, and
benefits to the study subject and the confidentiality of responses were given to participants. Data
were collected after obtaining informed consent and agreement from the parent of children. Sample

collection was performed by trained health professionals following ethical steps and procedures.

4.11. Method of Data collection and Analysis
4.11.1. Anthropometric Methods of Malnutrition Measurement

Anthropometric measurements were carried out according to the WHO recommendations, and data
was collected by the principal investigator and by well trained Nurses. Data collection form was
designed to record sex, age, weight, height, arm circumference and medical history of each child.
Portable mechanical analog scales were used to measure height and weight, respectively. Height
was measured to the nearest 0.1 cm and weight to the nearest 0.1 kg. Each child was weighed with
minimum clothing and no foot wear. Using the anthropometric measures, children were classified

as underweight, stunted or wasted using the WHO international growth standards as reference.

4.11.2. Weight for age, Weight for height and Height for age

Anthropometric measurement classify: - underweight (Weight for age), Wasting (Weight for
height), Stunting (Height for age) by measuring height and compare weight with age for

differentiating between acute and chronic malnutrition (Margo, 2012; Harshal et al., 2012).
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Weight for Age

The advantage of this index is that it may reflect both past (chronic) and/or present (acute) under
nutrition (although it is unable to distinguish between the two).Underweight, based on weight-for-

age, is a composite measure of stunting and wasting (Harshal et al., 2012).

Height for Age

This index is an indicator of past under nutrition or chronic malnutrition. It cannot measure short
term changes in malnutrition. It compares the child’s height with the expected height for the age.

Stunting is an indicator of past growth failure (Harshal et al., 2012).

Weight for Height

Weight for Height this compares a child’s weight with the expected weight of the same height. It
is useful for differentiating between acute and chronic malnutrition (Margo, 2012).The Z-scores
for different nutritional indices, weight-for-age, height-for-age and weight-for-height were

calculated in reference to WHO standards by using EPI-INFO programme.

Table 2 :- Reference value for Z-score (Nguyen et al., 2008).

Classification Reference Status Moderate Severe
value malnutrition malnutrition
Weight for Age WAZ<-3 underweight < -3 z-score

z-score -3 and < -2

Height for Age HAZ<-3 . z-score -3 and < -2 < -3 z-score
Stunting

Weight for Height WHZ<-3 wasting z-score -3 and < -2 < -3 z-score

4.11.3. Mid upper arm circumference (MUAC)

The mid upper arm circumference is an indicator of muscle growth. It is age independent, relatively
easy to measure and a good predictor of immediate risk of death. It is used for rapid screening of

acute malnutrition in children from 1-5 years of age. MUAC can be used for acute under-nutrition
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screening in emergency situations and for estimating prevalence of under-nutrition at the
population level. MUAC was measured using a flexible non-stretched tape to the nearest 1 mm.
The left arms of children were measured. A point was marked midway between the acromion
(shoulder) and the olecranon (elbow) on the vertical axis of the upper arm with the arm bent at a
right angle and between the lateral and medial surface of the arm. The tape was passed around the

arm at the level marked and is tightened to touches without compressed the skin.

Table 3: - Cut — off points MUAC (Roy, 2000).

Color Range Status
Read 0-11.5 cm Severe Malnutrition
yellow 11.5 cm- 12.5cm Moderate Malnutrition
Green From 12.5cm Normal

4.11.4. Laboratory Testing Methods
Immunochromatography method of Transthyretin assay

Dye-labelled antibody, specific for target antigen, is present on the lower end of nitrocellulose strip
or in a plastic well provided with the strip. Antibody, also specific for the target antigen, is bound
to the strip in a thin (test) line, and either antibody specific for the labelled antibody, or antigen, is
bound at the control line. Blood and buffer, which have been placed on strip or in the well, are
mixed with labelled antibody and are drawn up strip across the lines of bound antibody. If antigen
is present, some labelled antibody will be trapped on the test line. Excess-labelled antibody is

trapped on the control line (Mori, 2012).

When a sample liquid containing an antigen is dropped onto the sample drop section, the labeled
antibody in the conjugate pad is specifically bound to the antigen. The sample liquid is spread
horizontally by the capillary force of the porous carrier and absorbed by the absorber. The detection
line on the porous carrier is coated with an antibody that reacts specifically with a virus. The label

is fixed to the detection line with the virus sandwiched between the antibody and the labeled
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antibody. That colors the detection line and indicates that the result is positive. Common

substances used as the label include gold particles and dyed latex particles (Mori, 2012).

Figure 1:- Principle of immunochromatography detection kit (Mori, 2012).

Laboratory assay procedure for TTR

The Collected 10ul of blood was added to Sml of diluents with invert gently 10 times to mix the
sample properly. Then 100ul of buffer and 10ul of diluted sample was added to reaction well. The
mixture was stirred gently with the pipette and the strip was put in the reaction well for 15 minutes.
Finally after 15 minutes the strip was putted to TTR kit and measurement ware recorded (NIPRO
pharmaceutical, 2014).

Table 4:- reference value of Transthyretin (Shenkin, 2006).

Protein Status Reference range
Normal >170

Transthyretin Moderate malnutrition ~ 100-170mg/1
Severe malnutrition <100mg/1
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Albumin determination: Bromocresol Green (BCG) Methods

BCG is an indicator, which is yellow between pH 3.5 - 4.3. When bind to albumin the color of the
indicator changes from yellow to blue- green. The absorbance of the color produced was measured

in a spectrophotometer at 632nm wave lengths.

Albumin + BCG  pH4.3 | Albumin-BCG complex (blue —green) (Working manual, 2014).

Sample collection and Storage

To get preferred Serum appropriate care was taken to avoid a tourniquet in specimen collection,
because haeme- concentration due to venous stasis increases the apparent concentration of albumin

and other plasma proteins. After 2 hours of collection of sample serum was Separated and stored

)
at -20 C in a tightly stoppered container.

Procedure

4.0ml working dye solution was pipetted into test tubes then 20ul of standard, control, test sample
were added separately for each measurement, mixed properly and absorbance was measured
immediately within 30 seconds at 632nm after setting the instrument to zero absorbance with the

working dye solution (Working manual, 2014).

Table 5 :- Reference value of Albumin (Banh, 2006).

Protein Status Reference range
Normal 38-50 g/L
Albumin
Malnutrition <38g/L
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5.0. RESULTS

In this study 51 controls and 51 malnourished children which meet inclusion and exclusion criteria
were enrolled. Assessment of malnutrition among the study and control groups was performed
using anthropometric techniques and laboratory based tests using standard kits. Mid upper arm
circumference (MUAC) of enrolled individuals was performed using standard tapes for controls
and study group. The age group ranged between one month and five years. There was a good
matching with regards to age, gender and height between the control and study groups. The
demographic data of the two groups is shown in Table 6 below. There were significant differences
between the mean MUAC value in the control group (14.32 + 0.20 cm) and malnourished group
(10.45 + 0.20 cm) with significantly lower p-value < 0.0001.

Serum albumin level was measured for controls and study subjects and the results showed that
there was a significant difference between the two groups. The study group had lower mean
average albumin level (3.86 + 0.07 g/dl) than the control group (4.24 = 0.053g/dl) with a p-value
<0.0001. Serum transthyretin level was also measured using a newly designed kit. The study group
mean average value of serum transthyretin level was (132.89 + 12.3 mg/l) and the control mean
value was (303.08 £ 10.01 mg/l) with a p-value < 0.0001. This shows that the transthyretin level

had really gone down for the malnourished children than control group.

Table 6: - Comparison of mean anthropometric and biochemical measurement.

Parameter Control (n=51) Malnourished(n=51) p-value
Mean + SE Mean + SE
Age (year) 1.48+0.18 1.145+0.13 0.13
Height (cm) 68.55+2.93 61.55+1.09 0.061
Weight (kg) 9.26 + 0.59 4.5+0.34 <0.0001
MUAC (cm) 14.32+£0.20 10.45+0.20 <0.0001
Albumin (g/dl) 4.24 +0.053 3.86 £0.07 <0.0001
Transthyretin(mg/l)  303.08 = 10.01 132.89+12.3 <0.0001




Anthropometric and laboratory measurements were also performed to see the prevalence of
malnutrition between control groups and study subjects by measuring the value of height, age
weight, MUAC, transthyretin and albumin to categorize them into malnourished or normal
children. The results obtained are shown in Table 7 below. All the study children were either
severely or moderately malnourished. MUAC findings showed that 39 (38.2%) children were
severely malnourished and 12 (11.8 %) children were moderately malnourished by using the WHO
MUAC cut-off values (> 12.5cm normal, 12.5¢cm- 11.5cm moderate malnutrition and <11.5cm

severe malnutrition). All controls were normal and did not fall into any extent of malnutrition.

To evaluate the prevalence of malnutrition by anthropometric technique using the WHO growth
standards, < -3 SD for severe malnutrition, -3SD to -2SD for moderate malnutrition and > -2SD
for normal were used as cut point values. Regarding wasting (Weight for Height) among
malnourished children 40 (78.5 %) were severe malnourished and 11 (21.5 %) were moderate
malnourished but the controls were fall all in the normal range. The prevalence of underweight
(Weight for Age) was 43 (84.3 %) Severe malnutrition, 5 (9.9 %) moderate malnourished and 3(5.8
%) fall under normal. The prevalence of stunting (Height for Age) was 30 (58.84 %) for severe
malnutrition and 15 (29.5 %) for moderately malnourished and 6 (11.7 %) were fall under normal
as shown in Table 7. All of Anthropometric measurements was assumed statistically significant
and its P-value is < 0.0001. The results for anthropometric measurements showed that all controls

were in the normal range but the study groups were either severely or moderately malnourished.

Biochemical indicator of malnutrition such as transthyretin and albumin were used to evaluate the
prevalence and to categorize control group and study group into moderate, severe and normal
malnutrition. Cut-off point value of <100 mg/L for transthyretin indicated severe risk of protein
energy malnutrition, 100—170 mg/L moderate risk protein energy malnutrition and >170 mg/L was
considered as normal. Based on this cut-point, values obtained for the study group and control
group were assessed and compared. Among the malnourished children, 7 (13.7 %) were severely
malnourished, 44 (86.3 %) were moderately malnourished. Additionally 2 (3.9 %) of control group

was categorized under normal value.
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Table 7:- Categorization of malnutrition between studies group and control group using
anthropometric and biochemical markers.

Variable Total (102) Control (51) malnutrition (51) p-value
N (%) N (%) N (%)
Male 63(61.8) 32 (62.7) 31 (60.7)
Gender 1.0
Female 39 (38.2) 19 (37.3) 20 (39.3)
Height for Age
Severely malnourished 30(29.4) 0(0) 30(58.8) <0.0001
Moderately malnourished 15(14.7) 0(0) 15(29.5)
Normal 57(55.9) 51(89.5) 6(11.7)
Weight for Height
Severely malnourished 40(39.2) 0(0) 40(78.5) <0.0001
Moderately malnourished 11(10.8) 0(0) 11(21.5)
Normal 51(50) 51(100) 0(0)
Weight for Age
Severely malnourished 43(42.15) 0(0) 43(84.3) <0.0001
Moderately malnourished 5(4.9) 0(0) 5(9.9)
Normal 54(52.95) 51(94.4) 3(5.8)
MUAC
Severely malnourished 39(38.2) 0(0) 39(76.5) <0.0001
Moderately malnourished 12(11.8) 0(0) 12(23.5)
Normal 51(50) 51(100) 0(0)
Transthyretin (Prealbumin)
Severely malnourished 7(6.9) 0(0) 7(13.7) <0.0001
Moderately malnourished 46 (45.1) 2(3.9) 44 (86.3)
Normal 49(48.0) 49(96.1) 0(0)
Albumin
Normal 77(75.5) 45(88.2) 32(62.7) <0.0001
Malnutrition 25(24.5) 6 (11.8) 19(37.3)
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In another test using albumin to assess the prevalence of malnutrition with cut-off point of 3.8-5.0
g/dl is consider normal and < 3.8 g/dl were malnutrition, based on this cut-off point 77 (75.5%)
was considered normal ,out of this 45 (88.2 %) from control group and 32 (62.7%) was from
malnourished children group. Additionally; 25 (24.5 %) were malnutrition children, out of this 6
(11.8 %) from control group and 19 (37.3 %) were from malnutrition group. Both biochemical
laboratory indicators such as transthyretin and albumin were certain as it is statically significant

with giving P-value < 0.0001 that illustrated in table 7.

Evaluation of nutritional status in different category by biochemical measurement and
anthropometric measurement is illustrated in percentage in table 8 below. It appeared that
anthropometric measurements, in general classify most samples as severely malnourished. Based
on anthropometric measurement 84.3 %, 78.4 %, 76.5 % and 58.9 % were classified as severely
malnourished by weight for age, weight for height, MUAC and height for age respectively. From
these result a very good indicator for severe malnutrition is weight for age and the least indicator
is MUAC. About 29.4 %, 23.5 %, 21.6 % and 9.8 % were identified as moderately malnourished
by height for age, MUAC, weight for height and weight for age respectively. In addition about

11.7 % and 5.9 % were classified as normal by height for age and weight for age respectively.

Through transthyretin measurement it was found that 82.4 % were moderately malnourished, 13.7
% were severely malnourished and 3.9 % were normal. Categorization by albumin measurement
indicated that 62.7 % were normal and 37.3 % were categorized as severely malnourished. From
these results, it can be observed that transthyretin measurements, better identifies moderately
malnourished children than albumin, but albumin can identify the severely malnourished kids

better than transthyretin.
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Table 8: - Prevalence of malnutrition assessed by different methods in 51 malnourished children

Moderately Severely
Normal % malnourished % malnourished %
Height for Age 11.7 29.4 58.9
Weight for Height 0 21.6 78.4
Weight for Age 5.9 9.8 84.3
MUAC 0 23.5 76.5
Transthyretin 3.9 82.4 13.7
Albumin 62.7 0 37.2

Pearson correlation for different anthropometric and biochemical measurements for the studies
groups and control groups were done and are shown in Table 9. Transthyretin was positively
correlated with nutritional indicators of serum albumin to (» = 0.307, P=0 .03) in study group.
However, there is no positive correlation for control group. Transthyretin level showed negative
correlation with height and weight for both control and study group, but it was not statically
significant. Albumin also showed a positive correlation with height and weight and negatively

correlated with age, but the reverse was true for control group.

MUAC also had a significant positive correlation with age (» = 0.326, P=0.019), height (» = 0.405,
P=0.003) and weight (= 0.430, P=0.002) respectively. Additionally; it was observed that MUAC
value of the control group correlated positively with transthyretin and albumin; however it is not
statically significant. There was no correlation between biochemical measurement and

anthropometric measurements with p value is > 0.05 for both control group and malnourished

children.
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Table 9:- Gender adjusted Pearson correlation co-efficient between anthropometric and
biochemical indices for malnutrition children.

MUAC correlation between study and control groups.

age height weight TTR Albumin age weight height TTR Albumin

control control control control control

R 0.32* 0.405** 0.43** 0.04 0.085 -0.08 -0.032  -0.105 -0.171  0.022
P 0.019 0.003 0.002 0.73 0.553 0593 0.826 0463 0877 0.23

Transthyretin level correlation between study and control groups.

age height weight MUAC Albumin age weight height MUAC  Albumin

control control control control control

R -005 -0.07 -0.079 0.048 0.307*  0.026 -0.085 -0.013 0.133 0.183
P 0.73 059 0.632 0.737  0.03 0.854 0554 0958 0.351 0.200

Albumin level correlation between study and control groups.

age height weight MUAC TTR age weight height MUAC Albumin
control control control control  control
R -005 0.038 0.164 0.085 0.307* 0.055 -0.051 -0.068 0.052 0.013
P 073 079 0.84 0.55 0.03 0.702 0.724  0.635 0.718 0.188

** Correlation is significant at the 0.01 level (2-tailed). * Correlation is significant at the 0.05
level (2-tailed).
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Figure 3:- Scatter plot showing association between MUAC and Weight for study group.

The sensitivity and specificity of transthyretin using MUAC as reference standard were 91.60 %,
and 15.38 %. The extent of agreement between MUAC and transthyretin was improved on chance
agreement at kappa value of 0.0318 (Table 10). The sensitivity of transthyretin using weight for
height (wasting) as reference standard was 100 %, and specificity was 17.5 %. The extent of
agreement between transthyretin and weight for height improves on chance agreement at kappa
value of 0.16 (Table 11). The sensitivity of transthyretin using height for age (Stunting) as
reference standard were 10 %, and specificity was 80.95 %. The extent to which the agreement
between MUAC and Height for age improves on chance agreement was - 0.403 (Kappa agreement)

(Table 12). The sensitivity of albumin using MUAC as reference standard was 38.46 %, and
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specificity was 66.66 %. The extent to which the agreement between albumin and MUAC

improves on chance agreement was 0.035 (Kappa agreement) (Table 13).

Table 10:-Validity of transthyretin using MUAC as reference standard.

Positive Negative Total

Positive 11 33 44
Negative 1 6 7
Total 12 39 51

Sensitivity = 91.60 % and specificity = 15.38 %, Kappa = 0.0318 (negligible agreement).

Table 11:- Validity of transthyretin using weight for height as reference standard.

Positive Negative Total

Positive 11 33 44
Negative 0 7 7
Total 11 40 51

Sensitivity = 100 % and specificity=17.5 %, Kappa = 0.16 (negligible agreement).

Table 12:- Validity of transthyretin using height for age as reference standard.

Positive Negative Total

Positive 3 4 7
Negative 27 17 44
Total 30 21 51

Sensitivity=10 % and specificity=80.95 %, Kappa= - 0.403 (poor agreement).

Table 13:- Sensitivity and specificity of albumin using MUAC as reference standard

Positive Negative Total

Positive 15 4 19
Negative 24 8 32
Total 39 12 51

Sensitivity=38.46 and specificity=066.66 %, Kappa=0.035 (negligible agreement).

A receiver operating curve was plotted to determine the optimal cut off, sensitivity and specificity

for the transthyretin, and was found to be a sensitivity of 81.82 % and specificity of 47.5 % with
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ROC value of 0.633 in significance of 0.1389. At these optimal reliability values, the cut off for
transthyretin was 120 mg/l with area under the ROC curve (AUC) 0.633 (Table 14) (Figure 4).
Additionally; table 14 showing the validity of transthyretin using MUAC at different cut-offs were
<120 mg/I cut off value of transthyretin for severe malnutrition, 120 mg/l -166 mg/l for moderate
malnutrition and associated criterion cut off > 166 mg/I for normal value of transthyretin proposed

for assessing malnutrition in transthyretin level (Table 15).

A receiver operating curve was used to get optimal cut off, sensitivity and specificity for the
transthyretin using weight for height as reference standard and was found to be a sensitivity of
45.45 % and specificity of 87.5 % with significance of 0.0768 ( Table 14). At these optimal
reliability values, the cut-off for transthyretin was 146mg/1 with area under the ROC curve (AUC)
0.670. In validity of transthyretin using weight for height at different cut-offs were <146 mg/1 cut
off value of transthyretin for severe malnutrition, 146mg/l -155 mg/l for moderate malnutrition
and cut off > 155 mg/l for normal value of transthyretin proposed for assessing malnutrition in

transthyretin level (Table 16) ( Figure 5).

Height for age using as standard in validation of transthyretin, sensitivity 61.54 % and 63.16 %
specificity were observed with significance of 0.1671(table 14). At these optimal reliability values,
the cut off for transthyretin was 125 mg/l with area under the ROC curve (AUC) 0.631. Validity
of transthyretin at different cut-offs were <125 mg/l cut off value of transthyretin for severe
malnutrition, 125 mg/l -152 mg/l for moderate malnutrition and cut off > 152 mg/l for normal

value of transthyretin proposed for assessing malnutrition in transthyretin level (Table 17) ( Figure
6).

Table 14 :- Transthyretin validation by using different reference material.

Standard ROC p-Value Optimal Sensitivity Specificity
Reference value cut-off
MUAC 0.633  0.1389 120 81.82 47.5
Weight for height 0.670  0.0768 146 45.45 87.5
Height for age 0.631 0.1671 125 61.54 63.16

33



100 | —

80 |
Sensitivity i
60
40 |

20 |

0 I . PRI PRI P | el PR | el PR |
0 20 40 60 80 100
100-Specificity

Optimum cutoff 120 mg/1 of transthyretin can detect malnutrition state in children with significant
AUC of 0.670 sensitivity of 81.2 % specificity 47.2 %.
Figure 4:- ROC curve of transthyretin using MUAC as reference value.

Table 15:- Validity of transthyretin using MUAC as standard reference at different cut-offs
value.

Cut-off >36 >103 >120 >125 >126 >131 >136 >142 >146 >149 >166

Sensitivity 100 100 81.8 63.6 54.55 455 455 364 273 9.09 0
Specificity 0 225 475 625 65 72.5 75 80 82.5 925 100

100
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0 | —
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100-Specificity

Optimum cutoff 146 mg/1 of transthyretin can detect malnutrition state in children with significant
AUC of 0.633 sensitivity of 45.45 % specificity 87.5 %.

Figure 5:- ROC curve of transthyretin using weight for height as reference value.
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Table 16:- Validity of transthyretin using weight for height as standard reference at different cut-
offs value.

Cut-off >36 >103 >111 >119 >125 >136 >146 >149 >151 >155 >166
Sensitivity 100 100 909 63.6 63.6 54.6 455 182 9.09 9.09 0
specificity 0 225 325 40 625 775 875 95 95 100 100

Table 17:- Validity of transthyretin using height for age as standard reference at different cut-offs
value

Cut off >36 >98 >117 >120 >125 >136 >146 >149 >151 >166

Sensitivity 100 92.31 69.23 69.23 61.54 46.15 30.77 23.08 1538 0
Specificity 0 10.53 36.84 44.74 63.16 7632 84.21 9737 9737 100
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100-Specificity
Optimum cutoff 125 mg/1 of transthyretin can detect malnutrition state in children with significant

AUC of 0.631 sensitivity of 61.54 % specificity 63.16 %.

Figure 6:- ROC curve of transthyretin using height for age as reference value.
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6.0. DISCUSSION

Malnutrition is a complex problem which results from a long chain of interrelated events and it
continues to be a major health burden and affects mostly infants and young children in developing
countries (Mahaman et al., 2014; Muller et al., 2005). It causes alteration in the body composition
which results in a reduced body cell mass, organ dysfunctions, and an abnormal serum chemistry

value (Orluwene et al., 2013).

In different occasions, many nutritional screening tools have been developed, tested and
implemented in clinical practice, several combining laboratory tests and patient information. In
many malnutrition assessments anthropometry and biochemical methods have been used together
in clinical trials. Anthropometry which involves the external measurement of morphological traits
of human beings is an important tool for nutritional assessment, and the techniques should allow
increased precision of measurement (Harshal ez al., 2012). However; biochemical markers have
always been an attractive option because they are easier to introduce and standardize in clinical

practice (Orluwene et al., 2013).

In this study, we have assessed acute malnutrition by using anthropometry and biochemical
malnutrition markers and also an attempt was made to identify the most valid method to assess
acute malnutrition in hospitalized children. The use of anthropometric parameters in this
assessment is a relatively simple method that is readily available, inexpensive and has been shown
to be an inaccurate indicator of nutritional status since it need a precise means of comparison in
order to be valid, which is often difficult to achieve in a population of critical malnourished

children (Orluwene et al., 2013; Martore et al., 2000).

MUAC is an indicators for the amount of fat and muscle in the upper arm and thickness of
subcutaneous fat respectively and is used in determining malnutrition levels in children (Martore
et al., 2000). In our study, the significance of MUAC also indicated that children with malnutrition
had low body fat and muscle and subcutaneous fat when it was compared with the control group.
The difference in physical appearance between study group and control group that were identified
by MUAC measurement, suggest that it is possible to identify the malnutrition in children easily

without invasive procedures like blood drawing, and autopsy methods.
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The liver is the main site of synthesis for most plasma proteins so that low concentration of
transthyretin and albumin in our studies reflects impairment in the hepatic synthesis of plasma
proteins. In malnourished children this decrease in protein synthesis is due to the limiting supply
of substrate. However, plasma concentrations of proteins are dependent not only on rates of
synthesis but also utilization, intravascular-extravascular transfer, catabolism, excretion, and
hydration. Consequently, the overall balance between these physiological processes determines
whether plasma concentration of a specific protein reflects the overall decrease in protein turnover

associated to protein calorie malnutrition (Gerald et al., 1978).

Transthyretin levels go up with increases in protein and calorie intake and to decrease when protein
intake is inadequate. Plasma transthyretin concentration has been shown to significantly decrease
only three days after inadequate nutrient intake, and to increase one mg/day when the nutrient
needs are satisfied (Glenn et al., 2000; Seung et al., 2005; Qionghong ef al., 2011 and Orluwene
et al., 2013). In this study, there were also significant differences between the mean transthyretin
value in the control group and study group. Although, it has been shown that the mean value of
transthyretin in malnourished children is less than the average value of normal children, this results
generally agree with those of Rostami et al. (1999) who also showed that mean transthyretin

concentrations were low in malnourished children than control group.

This could reflect that malnutrition reduces the hepatic synthesis of visceral proteins, and increases
its catabolism. This led us to investigate transthyretin as a potential marker of nutritional status
(Mark S., 2008). Additionally; it indicates that protein intake is inadequate in malnourished
children. A low transthyretin concentration can therefore, be regarded primarily as a signal
identifying the at-risk patient who requires careful assessment and monitoring and for whom

nutritional support may be needed as part of the treatment plan.

It is therefore imperative that, the less amount of transthyretin in blood of malnourished children
makes transthyretin as more sensitive indicator of nutritional status and considered as a sign of
increased malnutrition risk in hospitalized patients which requires further nutritional assessment.
The results obtained in the present work is supported by Glenn et al. (2000) which the mean serum

value of transthyretin was 126.6 mg/I in malnutrition group when compared to the mean value of
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132.89 mg/l in this study. However; this decrease amount of transthyretin may be due to the effect
of inflammation. This was suggested by Dana et al. (2007), Glenn et al. (2000) and Qionghong et
al. (2011) studies which confirmed that during inflammation there is a statistically significant
decrease in serum concentration of transthyretin by the transfer of plasma proteins to the reactants
of the acute phase, such as C-reactive protein (CRP). With higher CRP there is a statistically highly
significant influence on the transthyretin level and the transthyretin level decrease during
inflammation in the acute phase. However, Orluwene ef al. (2013) also proved the less amount of

transthyretin as reliable indicator of malnutrition in cases involving inflammation.

Albumin synthesis decreases rapidly in response to a decrease in food intake, so too does its rate
of catabolism; these factors, together with the size of the body’s albumin pool and its low rate of
turnover result in there being little change in its plasma concentration during starvation. Even with
long term protein under nutrition, accompanied by loss of lean body weight and impaired muscle
function, plasma albumin concentrations may remain within the normal reference range. It is
relatively insensitive to rapid changes in nutritional status taking approximately 14 days to return

to normal status (Marshall, 2008; Beck et al., 2002).

Our measurement gave a value of 4.24 g/dl and 3.86 g/dl of albumin for control and malnourished
children which shows relatively the same value of 4.58g/dl and 3.4 g/dl respectively for control
and malnourished children by using anthropometric and biochemical assessment among under-
five year old of Nigerian children (Adegbusi et al, 2011). This study is in line with the
observations seen in other studies which proposed that serum albumin is low in malnourished
children in comparison to normal healthy controls (Ibrahim ef al. 1994; Ingenbleek ef al. 1975 and

Sathishbabu et al.2012).

Alow serum albumin concentration is a common finding in protein energy malnutrition; as a result
it is commonly employed as a measure of the child‘s nutritional status. The practical significance
of serum albumin analyses in the assessment of nutritional status in our research has been
reappraised the figure of chronic malnutrition. The most consistently confirmed biochemical
parameter in children with severe protein energy malnutrition measurement has been a low serum

albumin concentration (Weinsier et al.1979). Our finding also showed a statistically significant
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difference in serum albumin concentrations between malnourished children and the controls.
However, albumin can’t be used as a marker to assess acute phase malnutrition since it has a

relatively long half-life and because its concentration is also affected by inflammation.

In our study, the result (table 7), shows prevalence of malnutrition which was assessed by
anthropometric and biochemical measurements. Almost all methods, except albumin give positive
result and shows agreement each other in general malnutrition assessment and identification.
However; categorizing children as sever, moderate and normal based on their nutrition status
shows that all anthropometric method relatively agree each other but, anthropometric method
doesn’t agree with biochemical measurements. When evaluate the performance of weight for
height, MUAC and transthyretin in assessment of acute malnutrition gives different prevalence,
this may indicate as each method is not accurate that used as standard method. Even though it
appears to be inaccurate, it is possible to identify the method that is more reliable to use for day to

day acute malnutrition assessment.

Anthropometry is a simple method that could be used by health workers day to day for identifying
under five children with malnutrition (Harshal ez al, 2012). It has limitations as it is based on
assumption that different populations given the same diet, will have similar height and weight
outcome, irrespective of race, ethnicity and geography (Girish et al., 2014). In the present study,
out of fifty one malnourished children most of them can be categorized as under sever
malnourished than moderate malnourished. This result clarifies that, MUAC and weight for height

1s not much sensitive for moderate malnutrition.

Using of this anthropometric measurement methods for routine clinical purpose is inaccurate, since
it cannot diagnose acute malnutrition who have not taken enough nutrition recently. These methods
are best effective to identify severe malnutrition, in subjects who are under long term deprivation
of food. This could be explained by Orluwene et al. (2013) by the fact that as anthropometric
measurement such as MUAC an early method of nutritional assessment, has been shown to be an
inaccurate indicator of nutritional status. Although, the WHO study work involved several
countries support our result, it should be noted that MUAC is not an ideal tool in monitoring acute

malnutrition in children. This is due to the fact that the performance of MUAC measurements, in
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terms of sensitivity and specificity, was very low in determination of acute malnutrition (Pius et

al., 2014).

From biochemical malnutrition markers albumin and transthyretin are the noticeable one. Albumin
is a traditional marker of nutritional status, but its large body pool, with a half-life of 20 days, and
also as 60% of total body albumin is extravascular, the response to protein deficiency is slow,
thereby limiting its utility as a marker of protein energy malnutrition (Seung et al., 2005;
Qionghong et al., 2011 and Orluwene et al., 2013). The main factor affecting plasma albumin
concentration in patients is the rate of transcapillary escape into the interstitial fluid. This
transcapillary escape of albumin is markedly increased in inflammatory disease, leading to
decreased plasma albumin concentrations. The more severe the disease, the lower the albumin, and

therefore the worse the prognosis (Shenkin, 2006; Benjamin, 1989).

Albumin’s long half-life leads to change its level slowly in response to reduced nutrition intake.
While that makes albumin a good indicator of chronic malnutrition, it means it’s not a good tool
for identifying patients at risk for protein calorie malnutrition or for monitoring the short-term
effects of nutritional therapy. This study is in line with the observations seen in other studies which
proposed that serum albumin are low in severely malnourished children and serum albumin
estimation is not a sensitive marker of protein energy malnutrition (Coward,1981; Dahan,1985 and

Reeds,1976).

Our result also shows that most malnourished children are categorized as normal via albumin
measurement and the moderately malnourished are regarded as severely malnourished. This is
because albumin is insensitive to acute nutritional shortage. Therefore, using albumin as a
reference may lead to erroneous conclusion. It also cannot distinguish between severe and chronic

malnutrition as a laboratory based method or as a marker.

Transthyretin is a better nutritional marker because it has two days of a short half-life, relatively
small body pool, and a rapid rate of synthesis that responds to protein intake. Plasma transthyretin
concentration has been shown to significantly decrease only three days after inadequate nutrient

intake, and to increase one mg/day when the nutrient needs are satisfied intake (Seung et al., 2005;
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Qionghong et al., 2011; Chaowanee et al., 2011 and Orluwene et al., 2013). Alteration in protein
and calorie intake can be assessed by measuring transthyretin in the blood, since transthyretin has
been possesses the shortest biological half-life and its serum level reflects rapid changes in visceral
protein status. Thus transthyretin is the most suitable protein marker for evaluation of acute

malnutrition as well as monitoring of nutritional state (Dana et al., 2007; Chaowanee et al., 2011).

The results of the present work are comparable with the research and result of Potter et al. (1999)
which examined the effectiveness of transthyretin as a routine diagnostic test for protein calorie
malnutrition (PCM) in emergency admissions. They found that 24% of the 147 patients had
moderate protein calorie malnutrition and 12% severe protein calorie malnutrition. Overall, our
results indicated that 44% are moderate malnutrition and 7% as severe malnutrition. This indicated

that our study subjects had higher moderate malnutrition than severe malnutrition.

This work supports our contention that the prevalence of acute malnutrition as assessed by
transthyretin level and which may give evidence that immunochromatography transthyretin assay
method is more reliable in detecting acute malnutrition. Moreover, our result show that
transthyretin is a sensitive acute malnutrition marker by detecting many of malnourished children
as moderate malnourished. In this study, transthyretin assay showed two cases of moderate
malnutrition instead of normal. This indicates that transthyretin can better detect moderate

malnutrition that is misdiagnosed by MUAC.

Malnutrition is costly in multiple ways. Hospitalized patients who are undernourished can develop
clinical complications with a risk of increased morbidity and mortality. Increased length of hospital
stay 1s required by patients admitted with malnutrition, and this has been 4-12 days longer in
malnourished compared to well-nourished patients (Mears, 2007; Saka ef al., 2011). The present
work introduces the new immunochromatographic transthyretin assay method as an accurate, fast
and much more cost-effective method to assess acute malnutrition. This method can also be used
as acute malnutrition indicator to reduce length of hospital stay and for early nutritional
supplementation planning. The cost for one immunochromatography transthyretin strip is $5(100
birr). The cost when compared with current cost to assess malnutrition in Addis Ababa hospitals

seems a little expensive, but when we compare its aid in decreased length of hospital stay, it is
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much economical. The results also validated the transthyretin method as valuable laboratory based

method to assess acute nutrition status among children attending pediatric clinics.

The Prevalence of malnutrition assessed by different methods in this study population is shown in
table 8. The table shows the prevalence of acute malnutrition which is usually caused by a
relatively recent food shortage and it was higher compared to the prevalence of stunting or
underweight indicating chronic malnutrition. Prevalence of malnutrition assessed by transthyretin
level among 51 malnourished children shows 86.3% moderate malnourished and 13.7% sever
malnourished. The result obtained indicates that transthyretin is the best indicator of moderate
malnutrition and had a good sensitivity and is also effective for detecting acute malnutrition. This
result also supports the sensitivity of transthyretin for identification of moderate malnutrition
similar to results obtained in a different study by Gianluigi et al. (2006) where 42 % moderate

malnourishment and 17% severe malnutrition were observed.

Transthyretin has been shown to decrease in the face of chronic inflammation, limiting its
specificity as a marker of nutritional intake (Glenn et al., 2000; Alan, 2006).We have found that
transthyretin level is low in children with acute malnutrition in response to its sensitivity to
inflammatory stress which is common in children in these ages. The present work shows higher
numbers which is indicative of false positive results. This could be due to chronic inflammation in
these patients. No comparison is made because we have not measured the C-reactive protein to
indicate inflammation in these patients. Therefore no attempt is made to rule out the possibility of
inflammation in these patients as low transthyretin levels can be regarded primarily as a signal in

identifying the at-risk patients who require nutritional support.

MUAC seems to be a potential anthropometric indicator of child nutrition. Measuring arm
circumference is simple, and requires little time. The prevalence of moderate malnutrition assessed
by MUAC shows 23.5 % in our studies, this high compared with the findings of Adegbusi et al.
(2011) where 16 % moderate malnutrition was observed in malnourished children. This high
prevalence in our study indicates that the children admitted in the two hospital clinics were
malnourished due to lack of proper feed and clearly shows that the children require proper

nutritional supplement. Nutritional assessment using MUAC requires skilled personnel and
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measurement shall be taken with care. Wrong positioning of the tape and careless measurement
could lead to erroneous results. Therefore, assessment of serum transthyretin level in addition to
anthropometric methods provides a relatively definitive identification of malnutrition among

hospitalized children.

The clinical findings false negatives have to be reported by MUAC but, transthyretin shows cases
positive and vise verse. To suggest MUAC as good as or better than transthyretin for malnutrition
assessment is not possible since there is no any accurate gold standard method that can be used as
reference for comparison purpose. However; transthyretin has relatively short half-life and is
sensitivity to acute nutrition makes it useful clinically and can be used routinely in hospitals for
assessment of moderate malnutrition. Likewise, there was high prevalence 21.6 % of wasting
observed in our study when compared to prevalence of 11% wasted malnutrition in a study made

in Nigeria (Adegbusi et al., 2011).

Analysis using Pearson correlation as shown in table 9 indicated that there was positive correlation
between albumin and transthyretin. These visceral proteins are synthesized in liver cells, so when
there is any capacity increase of liver function reserve, their synthesis will also increase. Different
studies showed that transthyretin was directly correlated and significantly interrelated with serum
albumin and the level of albumin increases as the level of transthyretin increases (Glenn et al.,
2000; Mervin et al., 1987; Ayaka etal., 2015 and Sathishbabu et al., 2012). Additionally, the
correlations between albumin, and transthyretin may be weakened by the disproportionate

response of these variables to the different degrees of stress and inflammation in these children.

There was no correlation between albumin and transthyretin measurement level with
anthropometric measurements with p value > 0.05. This result also supported by Yovita et al.
(2004) who showed there was no correlation between anthropometric and biochemical parameters
in malnutrition assessment and they don’t have effect on each other. Even this correlation was not
statistically significant, but there was negative tendency between transthyretin levels with
anthropometric measurements of height, weight and age. Age had a negative correlation with
transthyretin level, similar to previous studies (Rico ef a/,. 1995; Rambod et al,. 2000; Ayaka et

al,. 2015), suggesting aging is associated with increased risk for a poor diet. These indicate that
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the higher the age, height, weight the lower level of transthyretin level. When the age increase,
with increase in height and weight, the level of transthyretin decreases respectively. Different
studies have shown that transthyretin levels decrease significantly as age advances and it is
inversely correlated with age, but it is significantly lesser in amount, when compared to albumin

(Glenn et al., 2000; Sathishbabu et al., 2012).

Even though; not statistically significant, there was positive tendency of correlation between
transthyretin and MUAC. This shows since MUAC indicate the amount of fat and muscle in the
upper arm and thickness of subcutaneous fat respectively, the level of transthyretin production
increase as the children’s body fat increased. Indirectly this happens when subcutaneous fat is
degraded by different metabolic events, with diseases or other causes, depletion of proteins due to
higher utilization is a possibility. The consequence of this is lower energy production, leading to
less production of transthyretin, and less possible detection in the liver cells. The decreased level
of transthyretin can be used to identify the level of protein energy malnutrition in hospitalized

children.

Likewise, there was significantly positive affinity of correlation between MUAC with age, height
and weight. This result reflects that when age increases in development of children with increasing
fat and muscle in upper hand, consequently the value of MUAC increases side by side with
increasing in height and weight. This result was reliable when comparing with Dairo et al (2012)
studies of MUAC validation for the assessment of wasting among children age less than five. His
result showed that the value of MUAC increased and reached higher peaks as the age reaches to
five. The result gets reversed when MUAC of study group was compared with control group and
showed negative correlation with age, height, weight and transthyretin level of control group. This
indicates the rising of age, height and weight doesn’t make effect on MUAC value. Additionally;

when the value of transthyretin increases the value of MUAC decreases respectively.

Our result shows that sensitivity and specificity are not certain because there is no clear gold
standard method for malnutrition assessment. Due to this reason our study attempted to use
different malnutrition assessment method as reference method to compare each other for validation

of transthyretin. Transthyretin was found to be the best indicator of moderate malnutrition and had
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a good sensitivity/specificity profile using weight for height as reference material when compared
with other methods and it had agreement with the literature (Orluwene ef al., 2013; Gianluigi et
al., 2006). However; it has negligible agreement between weight for height and transthyretin in

assessment of moderate malnutrition.

Most of the cut-off value used for the various anthropometric and biochemical indices were
inferred from studies done elsewhere and even in some cases these cut-offs were generated from
healthy adults and children. This suggests the need for specific cut-offs for determining
malnutrition in children using serum transthyretin level measurement. As shown in our study, an
optimal cut- off of 120 mg/I value for transthyretin yielded a sensitivity of 81.82% and specificity
of 47.5 % for the prediction of malnutrition. This might be a better cut-off as it had a higher
sensitivity and therefore detect majority of those with malnutrition and yield better results for using
clinical assessment purpose. The 120 mg/l to 166 mg/1 cut off for moderate malnutrition,<120 mg/1
for severe malnutrition and >166 mg/l for normal value of transthyretin were recommended for
adoption in Ethiopia and further studies on the reliability and desirability of this new cut off is
suggested. Our result showed high sensitivity and gave better cut off to detect malnutrition as
compared to Sathishbabu et a/ (2012) who showed ROC curve with optimum cutoff 295mg/1 of
transthyretin to detect malnutrition with significant AUC of 0.705, sensitivity of 72%, and
specificity of 60% .

45



7.0. STRENGTHS AND LIMITATIONS OF THE STUDY

7.1. Strength

To our knowledge, this study was the first study in Ethiopian which attempted to evaluate whether
transthyretin screening increases the detection ability of malnourished children and classify them
as moderate or severe malnutrition via the new immunochromatographic transthyretin assay
method. Results from this study were compared to current evidence based practice guidelines for
the management of patients at nutritional risk as well as malnutrition screening studies performed

nationally and internationally.

The data provided strong evidence that is accessible for use by dietetic managers across Ethiopia
that could potentially provide useful information on malnutrition risk screening protocols at the
time of admission. Furthermore it is hoped that through the results of this study, the evidence has
shown that an increased number of malnourished children were identified at risk of acute
malnutrition and that transthyretin is fast, reliable and useful tool in acute malnutrition screening
in contrast to other malnutrition screening tools. This method can be adopted by future researchers
for further elaboration of the effectiveness of the method. The results are obviously relevant for
the development and improvement of malnutrition screening protocols, it is important to

acknowledge several limitations that could be addressed in future studies.

7.2. Limitation

The study doesn’t include all sample size (#147), it included only 102 children. Some of the test
strips expired before completion of sample collection hence, we couldn’t collect enough sample.
Additionally; since there is not standard set point in Ethiopia for malnutrition assessment, this
research can only be done by comparison of well-fed children with malnourished Children.
Moreover, when interpreting the findings from this research, a low transthyretin and albumin levels
may have been affected by an inflammatory process. This study did not measure any inflammatory
markers such as a C-reactive protein, which may be used to evaluate the influence of inflammation
on transthyretin and albumin levels. The study doesn’t include other hospitals in Addis Ababa and
doesn’t give a good picture regarding chronic malnutrition within Addis. Other biological
nutrition markers such as transferrin, retinol binding protein and other marker are not assessed in

this study.
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8.0. CONCLUSION

Malnutrition is a problem in hospitalized children in Ethiopia, whose age is under five years and
can predispose an individual to infection and diseases, and make recovery from disease slower.
Malnutrition at the early stages of life can lower child resistance to disease, increase child
morbidity and mortality, and decrease mental development and cognitive achievement.
Enrichment of nutrition through supplementation and marking a protocol guideline on
transthyretin levels in malnourished hospitalized children. This can minimize malnutrition and the

complications arising out of malnutrition in hospitalized children.

Using transthyretin immunochromatographic assay method for the identification of children with
malnutrition newly admitted to Hospital is a cost effective, feasible, reliable tool for malnutrition
screening particularly for the purpose of settings where it is difficult to perform a more detailed
and comprehensive nutritional assessment. Comprehensive nutritional assessment can also be
made on this basis for” malnourished” children as well as at the “risk of malnutrition” and this

protocol can be introduced in hospitals in Ethiopia.

The value of laboratory measurements in the identification of patients requiring malnutrition
assessment and nutritional support is limited in Ethiopia. It is not appropriate to consider
nutritional support and treatments on the basis of biochemical laboratory result and anthropometric
value alone. It should be the diagnosis of malnutrition primarily based on the clinical history,
anthropometric and laboratory examination data must be used to get effective reliable result. Since
both measurement have their own limitations and the level is affected by different disease, it is
advisable to use both measurements to get feasible assessment strategy and identification of

reasons for malnutrition.

Transthyretin has been proposed as a laboratory marker that can identify malnutrition risk even
when clinical signs are not immediately evident. Since it has relatively small body pool, a rapid
rate of synthesis that responds to protein intake and possesses the shortest biological half-life and
thus it is most suitable for evaluation of acute malnutrition as well as monitoring of nutritional

state. A cut-off of >120 mg/1 for transthyretin is recommended for hospitalized screening purpose
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for malnutrition in children in Addis Ababa and similar areas. Further studies with larger sample

sizes are recommended to confirm this finding.

In conclusion, using a biochemical marker such as transthyretin for the diagnosis of malnutrition
allows many children to be evaluated for the risk acute malnutrition regardless of underlying
diagnosis for nutritional status. Therefore, it is hoped that Ethiopian hospitals may consider the
implementation of transthyretin in conjunction with anthropometric measurement. It has the
potential of early identification of patients at risk of malnutrition that elude detection and provide

a good picture regarding the assessment of acute malnutrition.
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9.0. RECOMMENDATIONS

A limitation found in reviewing the studies was the lack of a universally accepted gold standard
for evaluating nutritional status. Having an accepted universal nutritional assessment validation
tool to categorize patients into varying degrees of nutritional status will facilitate the comparison
of study results across different study populations. Study of the prevalence of malnutrition in a
larger community setting will make the impact and attendant problems to be appreciated better. It
had a relatively small sample size for both the malnourished group and control group. We would
like to recommend for future investigators the use of larger size of study samples, which will

enable to explore the problem in depth and to set a standard for Ethiopia.

Using a transthyretin level for the identification of children with malnutrition newly admitted to
hospital is a cost effective, and accurate tool for malnutrition screening. Future prospective
research is necessary to further validate the findings of this research and show a cost benefit of
using a transthyretin level for screening and treatment of malnutrition. Additionally; there is need
to validate and cross cheek the efficiency of transthyretin in assessment of acute malnutrition with

other nutrition-marker protein like transferrin, retinol binding protein and C-reactive protein.

Federal Ministry of Health (FMOH) of Ethiopia in collaboration with Food, Medicine and Health
Care Administration and Control Authority Ethiopia (FMHACA) should strengthen the regular
monitoring of acute malnutrition by using transthyretin as one nutrition marker in all Hospitals in
Ethiopia to decrease malnutrition effect by detecting malnutrition earlier that be used to give
support for children before complications set in, to decrease hospital stay and to minimize the

treatment costs.

It is proposed and recommended that in future workers that it is necessary to use side to side or
together the anthropometric assessment value with biochemical measurement value for a better
nutritional diagnosis of these children and certainly, the testing for transthyretin and the MUAC

will contribute to a much more precise nutritional analysis.

49



REFERENCES

Adegbusi H. and Sule, M. (2011). Anthropometric and Biochemical Assessment among under five
children in Kusada Local Government Area, Katsina State, Nigeria. Bayero Journal of

Pure and Applied Sciences; 4(2): 137 — 140. DOI:10.4314/bajopas.v4i2.27

Agozie C., Ngozi S., Chika I., Chinyeaka M. and Chinelo A. (2012). Under-five protein energy
malnutrition admitted at the University of Nigeria Teaching Hospital, Enugu: a 10 year
retrospective review. Nutrition Journal; 11(43): 1-7. DOI: 10.1186 /1475-2891-11-43.

Alan Shenkin (2006). Serum Prealbumin: Is It a Marker of Nutritional Status or of Risk of
Malnutrition?. Journal of Clinical Chemistry 52(12):2177- 2179. DOI: 10.1373/ 077412.

Andrew K., Weiping C., Keyur P., Juan D., Wun-Ju S., Sherif R., Jacqueline M., Suryaprakash S.,
and Shivaprakash G.(2013). Protein Energy Malnutrition Decreases Immunity and
Increases Susceptibility to Influenza Infection in Mice. The Journal of Infectious Diseases;

207(3): 501-510. DOI: 10.1093/infdis/jis527.

Ayaka Tsubo (2015). Associations of decreasedserum transthyretin with elevated high-sensitivity
CRP, serum copper and decreased hemoglobinin ambulatory elderly women. 4sia Pacific

Journal of Clinical Nutrition; 24(1): 1-11. DOI: 10.6133/apjcn.2015.24.1.18.

Bae, Lee H., Han Ds., Suh Ys., Lee Yh., Lee Hs., Cho Jj., Kong Sh. and Yang Hk. (2011).
Prealbumin Levels as a Useful Marker for Predicting Infectious Complications after
Gastric Surgery. Journal of Gastrointestinal Surgery, 15(12):2136-2144. DOI:
10.1007/s11605-011-1719-z.

Banh L. (2006). Serum Proteins as Markers of Nutrition: What Are We Treating?. Journal of
Practical Gastroenterology; 43: 46-64.

Barker L., Gout B., and Crowe T. (2011). Hospital Malnutrition: Prevalence, Identification and
Impact on Patients and the Healthcare System. International Journal of Environmental

Research and Public Health; 8(2): 514-527.

50


http://www.ncbi.nlm.nih.gov/pubmed/?term=Han%20DS%5BAuthor%5D&cauthor=true&cauthor_uid=21989582
http://www.ncbi.nlm.nih.gov/pubmed/?term=Suh%20YS%5BAuthor%5D&cauthor=true&cauthor_uid=21989582
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20YH%5BAuthor%5D&cauthor=true&cauthor_uid=21989582
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20HS%5BAuthor%5D&cauthor=true&cauthor_uid=21989582
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cho%20JJ%5BAuthor%5D&cauthor=true&cauthor_uid=21989582
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kong%20SH%5BAuthor%5D&cauthor=true&cauthor_uid=21989582
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yang%20HK%5BAuthor%5D&cauthor=true&cauthor_uid=21989582

Beck, F. K., & Rosenthal, T. C. (2002). Prealbumin: A marker for nutritional evaluation. Journal
of American Family Physician; 65(8): 1575-1578.

Bemnet A, Beyene M, Bereket F, Ketema T, Desalegn W,Gizachew Y, Tilahun A, Tomoki Yi,
Andargachew M, Fusa O and Afework K. (2012). Micronutrient levels and nutritional

status of school children living in Northwest Ethiopia. Nutrition Journal; 11:108.

Benjamin D. (1989). Laboratory tests and nutritional assessment. Journal of Pediatric Clinic North

America; 36(1): 139-56.

Camille Eric Kouam, et al. (2014). Perspectives for integration into the local health system of
community-based management of acute malnutrition in children under 5 years: a
qualitative study in Bangladesh. Nutrition Journal; 13(22): 1-15. DOI: 10.1186/1475-
2891-13-22.°

Chakraborty, K. B., S Koziel. (2011). Use of mid-upper arm circumference in determining
undernutrition and illness in rural adult Oraon men of Gumla District, Jharkhand, India.

Journal of Rural Remote Health; 11(3): 1-12.

Chaowanee C, Talabporn H, Benjaluck P, Anchalee T , Florian S, Rungsunn T, and Sangchai P.
(2011). Decreased Retinol Transport Proteins In Thai Post-Menopausal Women With
Osteoporosis. Southeast Asian Journal Tropical Medicine Public Health; 42(6):1515-
1520.

Charles A., Reginald A. A., Fareed K. N.A., Samuel K. B. and Janet A. (2014). The assessment
and prediction of malnutrition in children suffering from cancer in Ghana. European

Journal of Experimental Biology; 4(4):31-37.

Cindy M. (2006). Prealbumin testing for early malnutrition detection. Journal of American Nurse

Today, 4(9):1.

Coward W, Lunn P. (1981). The biochemistry and physiology of kwashiorkor and Marasmus.
Journal of British Medical bullet; 37(1): 19-24.

51



Dahan M, Jacobs L, Smith S. (1985). The significance of hypoalbuminemia following injury and
infection. Journal of America Surgeon; 51(6): 340-3.

Dairo, Modupeoluwa E. Fatokun, Modupeoluwa K. (2012). Reliability of the mid upper arm
circumference for the assessment of wasting among children aged 12-59 Months in Urban

Ibadan, Nigeria. International journal of biomedical science; 8(2):140-143.

Dana H, Bozena J, Radomir H, Dagmar S, Alena T, Petr K, Miloslav H, Zdenek Z. (2007). A
Changed View of Serum Prealbumin in the Elderly: Prealbumin Values Influenced By
Concomitant Inflammation. Journal of Biomedical Paper; 151(2):273-276.

Dechenla, T. (2014). Protein Energy Malnutrition in India: The Plight of Our Under Five Children.
Journal of Family Medical Prime Care; 3(1): 63-67.

Devakonda, A., George, L., Raoof, S., Esan, A., Saleh, A., & Bernstein, L. H. (2008). Transthyretin
as a marker to predict outcome in critically ill patients. Journal of Clinical Biochemistry;

41(14-15):1126-1130. DOI: 10.1016/j.clinbiochem.2008.06.016.

Devoto, G., Gallo, F., Marchello, C., Racchi, O., Garbarini, R., Bonassi, S., Haupt, E. (2006).
Prealbumin serum concentrations as a useful tool in the assessment of malnutrition in
hospitalized patients. Journal of Clinical chemistry; 52(12):2281-2288. DOI: 10.1373
/clinchem. 2006.080366.

Edris, M. (2007). Assessment of nutritional status of preschool children of Gumbrit, North West,
Ethiopia. Ethiop Journal of Health; 21(2): 125-129.

Essam Refa, Dekki N, Yang SN, Imreh G, Cabrera O, Yu L, Yang G, Norgren S, Rdssner SM,
Inverardi L. (2005). Transthyretin constitutes a functional component in pancreatic -cell

stimulus—secretion coupling. PNAS; 102(47): 17020-17025.

Eugenia P, Cunha J, Martins CM, et al. (2014). Protein Malnutrition Impairs the Immune Response
and Influences the Severity of Infection in a Hamster Model of Chronic Visceral

Leishmaniasis. Journal of PLoS ONE; 9(2):1-10. DOI:10.1371/journal.pone.0089412

52


http://www.ncbi.nlm.nih.gov/pubmed/?term=Dekki%20N%5BAuthor%5D&cauthor=true&cauthor_uid=16286652
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yang%20SN%5BAuthor%5D&cauthor=true&cauthor_uid=16286652
http://www.ncbi.nlm.nih.gov/pubmed/?term=Imreh%20G%5BAuthor%5D&cauthor=true&cauthor_uid=16286652
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cabrera%20O%5BAuthor%5D&cauthor=true&cauthor_uid=16286652
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yu%20L%5BAuthor%5D&cauthor=true&cauthor_uid=16286652
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yang%20G%5BAuthor%5D&cauthor=true&cauthor_uid=16286652
http://www.ncbi.nlm.nih.gov/pubmed/?term=Norgren%20S%5BAuthor%5D&cauthor=true&cauthor_uid=16286652
http://www.ncbi.nlm.nih.gov/pubmed/?term=R%C3%B6ssner%20SM%5BAuthor%5D&cauthor=true&cauthor_uid=16286652
http://www.ncbi.nlm.nih.gov/pubmed/?term=Inverardi%20L%5BAuthor%5D&cauthor=true&cauthor_uid=16286652

Fuhrman MP, Charney P, Mueller CM. (2004). Hepatic proteins and nutrition assessment. Journal
of American Diet Association; 104(8):1258-64

Gerald Y, Chem, and Graham L. (1978). Assessment of protein-calorie malnutrition in surgical
patients from plasma proteins and anthropometric measurements. 7The American Journal

of Clinical Nutrition; 31(3):429-435.

Gianluigi D, Fabrizio G, Concetta M, Omar R, Roberta G, Stefano B, Giorgio A, and Enrico
H.(2006). Prealbumin Serum Concentrations as a Useful Tool in the Assessment of

Malnutrition in Hospitalized Patients. Journal of Clinical Chemistry; 52(12):2281-2285.

Girish M, Bhattad S, Ughade S, Mujawar N and Gaikwad K. (2014). Physical Activity as a Clinical
Tool in the Assessment of Malnutrition. Journal of Indian Pediatrics; 51(6):478-480.

Girma, Woldemariam and Timotiows G. (2002). Determinants of Nutritional Status of Women

and Children in Ethiopia. Calverton, Maryland, USA: ORC Macro.

Glenn C, kelly A, Nancy L, Michael L and Edmund L. (2000). Prealbumin is as important as
albumin in the nutritional assessment of hemodialysis patients. Journal of Kidney

International; 58(6):2512-2517.

Government of the Federal Democratic Republic of Ethiopia (2013-2015). "Ethiopia National

Nutrition Programme Implementing Sectors Declaration.

Gudina E, Yemane B, and Alemayehu W. (2013). Seasonal variation in the prevalence of acute
under nutrition among children under five years of age in east rural Ethiopia: a longitudinal
study. Journal of Bio Medical Central Public Health; 13(864):1-8. DOI: 10.1186/1471-
2458-13-864.

Harshal T, Samir A. (2012). Various Anthropometric Methods of Assessment of Nutritional Status
in Under Five Children Singru Indian. Journal of Medical Gazette; 349-352.

Henock G, Carl K, Daniel N, Wuleta L. (2013). Outpatient Therapeutic Feeding Program
Outcomes and Determinants in Treatment of Severe Acute Malnutrition in Tigray,

Northern Ethiopia: A Retrospective Cohort Study. Journal of Plos One; 8(6): 1-9.

53



Ibrahim S, Eltom A, Abdul- Rahman A, Saeed B. (1994). Correlation of some Biochemical
Parameters with Clinical Features of Protein- Energy Malnutrition. East Africa Medical

Journal; 71(2): 77-83.

Ingenbleek, L. (2002). Transthyretin: It’s Response to Malnutrition and Stress Injury. Clinical
Usefulness and Economic Implications. Journal of Clinical Chemistry and Laboratory

Medicine; 40(12): 1344-1348.

Ingenbleek, Y., Vandenschrieck, H. G., Denayer, P., & Devisscher, M. (1975). Albumin,
Transferrin and thyroxine-binding prealbumin-retinol-binding protein (TBPA-RBP)
complex in the assessment of malnutrition. Journal of Clinical Chemical Acta; 63(1): 61-

67. DOI: 10.1016/0009-8981(75)90379-4.

Johnson, A. M., Merlini, G., Sheldon, J., & Ichihara, K. (2007). Clinical indications for plasma
protein assays: transthyretin (prealbumin) in inflammation and malnutrition - International
Federation of Clinical Chemistry and Laboratory Medicine (IFCC) - IFCC scientific
division committee on plasma proteins (C-PP). Journal of Clinical Chemistry and

Laboratory Medicine; 45(3):419-426. DOI: 10.1515/cclm.2007.051.

Khadilkar V, Khadilkar AV, Cole TJ and Sayyad MG. (2007). Cross-sectional Growth Curves for
Height, Weight and Body Mass Index for Affluent Indian Children. Journal of Indian
Pediatrics; 46(6):477-89.

Laura Phelps. (2011). Understanding malnutrition ‘Emergency nutritional network training notes.

Retrieved from. http://www.ennonline.net/resources/861. [Viewed 29 May 2014].

Lindsey L, Kerri W, Patrick W, Tahmeed A and Zulfigar A. (2013). Treatment of severe and
moderate acute malnutrition in low- and middle-income settings: a systematic review,
meta-analysis and Delphi process. Journal of Bio Medical Center Public Health; 13(3):1-
15. DOI: 10.1186/1471-2458-13-S3-S23.

Mahaman Y A, Akuyam S A, Danborno B, Galadima O M, Belemsigri M, Moussa S M.
(2014).Evaluation of some Laboratory Parameters of Malnourished Children in Magaria

District, Zinder, Niger Republic. Sub-Saharan Africa Journal of Medicine; 1(2):77-81.

54



Margo N, Wood (2012). Nutrition Assessment I & II. Tufts University School of Medicine.

Maria Ros, Macedo B, Cardoso I, Alves I, Valencia G, Arsequell G, Planas A, Saraiva MJ. (2004).
Selective binding to transthyretin and tetramer stabilization in serum from patients with
familial amyloidotic polyneuropathy by an iodinated diflunisal derivative. Biochemistry

Journal; 381(2): 351-356.

Mark S. (2008).Prealbumin may play key role in monitoring malnutrition. Journal of the

biomedical scientist; 15(19): 869-871.

Marshall, W. J. (2008). Nutritional assessment: its role in the provision of nutritional support.

Journal of Clinical Pathology; 61(10):1083-1088. DOI:10.1136/jcp.2007.051813.

Martore R, Khan K, Hughes L, Grummer-Strawn M. (2000). Obesity in women from developing
countries. European Journal of Clinical Nutrition; 54(3):247-252.

Mears, E. (2007). Nutritional assessment: The key to positive outcomes and financial impact.

Journal of Laboratory medicine; 38(1):43-47. DOI: 10.1309/rwy24nmnjvOctOw]1.

Melkie Edris. (2004). Nutrition lecture notes for Health Extension Trainees in Ethiopia, Gondar
University, in collaboration with the Ethiopia Public Health Training Initiative and the

Ethiopia Ministry of Education.89-110.

Mervin C. Yoder C. Anderson E. (1987). Comparison of serum fibronectin, Prealbumin and
albumin concentration during nutritional repletion in protein calorie malnourished infants.

Journal of pediatric Gastroenterology and nutrition; 6(1):84-88.

Mikkel Lykke, Anne-Louise H., Thomas T. (2013). Hepatic fat infiltration: studies in a pig model

of childhood malnutrition. American Journal of Translation Research; 5(5): 543-554.

Mori, M. (2012). Development of Highly Sensitive Immunochromatographic Detection Kit for
Seasonal Influenza Virus Using Silver Amplification. Journal of Fujifilm Research &

Development; 57:5-11.

55


http://www.ncbi.nlm.nih.gov/pubmed/?term=Macedo%20B%5BAuthor%5D&cauthor=true&cauthor_uid=15080795
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cardoso%20I%5BAuthor%5D&cauthor=true&cauthor_uid=15080795
http://www.ncbi.nlm.nih.gov/pubmed/?term=Alves%20I%5BAuthor%5D&cauthor=true&cauthor_uid=15080795
http://www.ncbi.nlm.nih.gov/pubmed/?term=Valencia%20G%5BAuthor%5D&cauthor=true&cauthor_uid=15080795
http://www.ncbi.nlm.nih.gov/pubmed/?term=Arsequell%20G%5BAuthor%5D&cauthor=true&cauthor_uid=15080795
http://www.ncbi.nlm.nih.gov/pubmed/?term=Planas%20A%5BAuthor%5D&cauthor=true&cauthor_uid=15080795
http://www.ncbi.nlm.nih.gov/pubmed/?term=Saraiva%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=15080795
http://www.ncbi.nlm.nih.gov/pubmed/10713748

Muller O, Krawinkel M. (2005). Malnutrition and health in developing countries. Journal of
Canada Medical Association; 171:279-93.

Myron Johnson A. Giampaolo M., Joanna S., Kiyoshi I. (2007). Clinical indications for plasma
protein assays: transthyretin (prealbumin) in inflammation and malnutrition. Journal of

Clinical Chemical Laboratory Medicine; 45(3): 419-426.

Nguyen Ngoc Hien, Sin Kam. J Prev. (2008). Nutritional Status and the Characteristics Related to
Malnutrition in Children Under Five Years of Age in Nghean, Vietnam. Journal of Medical
Public Health; 41(4):232-240.

Nicholson, J. P., Wolmarans, M. R., & Park, G. R. (2000). The role of albumin in critical illness.
British Journal of Anesthesia; 85(4): 599-610.

Nipro pharmaceutical Company, J. (2014). Working manual of TTR assay Kkit.

Orluwene G, Nkoyo N. (2013).Use of Plasma Prealbumin concentration in assessment of
nutritional status of adult patients admitted in rural Hospitals in Rivers State, Nigeria.

Journal of Dental and Medical Sciences; 6(2):1-6.

Patricia Fuhrman, Fada; Pamela Charney, Charles M. Mueller. (2004).Hepatic Proteins and
Nutrition Assessment. The American Dietetic Association; 104(5):1258-1264.

Pius M, Josephat C, Agozie U, Herbert O, Odutola O and Awoere C. (2014). Prevalence of
malnutrition among pre-school children in, South-east Nigeria. [falian Journal of

Pediatrics; 40(75):1-5. DOI: 10.1186/s13052-014-0075-5.

Potter, A, Luxton, G. (1999). Prealbumin measurement as a screening tool for protein calorie
malnutrition in emergency hospital admissions: a pilot study. Journal of Clinical and

Investigative Medicine Clinique Experimentale; 22(2):44-52.

Qionghong X, Ying Z, Zhongye X, Yanjiao Y, Dingwei K, Huaizhou Y, Shuai M, Chuanming H,
Yong G, Shanyan L and Feng D. (2011).The ratio of CRP to prealbumin levels predict
mortality in patients with hospital-acquired acute kidney injury. Bio Medical Center

Nephrology; 12(30):1-8. DOI: 10.1186/1471-2369-12-30.

56



Rambod M, Kovesdy C, Bross R, Kopple J, Kalantar-Zadeh K. (2008). Association of serum
prealbumin and its changes over time with clinical outcomes and survival in patients
receiving hemodialysis. America Journal of Clinical Nutrition; 88(6): 1485-1494. DOL:
10.3945/ ajen. 2008. 25906.

Reeds P, Laditan A. (1976). Serum albumin and transferrin in protein energy malnutrition. British

Journal of Nutrition; 36(2): 255-63.

Richardson, S. (2002). The Evolution of Transthyretin Synthesis in Vertebrate Liver, in Primitive
Eukaryotes and in Bacteria. Journal of Clinical Chemical Laboratory Medicine; 40(12):
1191-1199.

Rico H, Relea P, Crespo R, et al. (1995).Biochmical markers of nutrition in type-I and type-II
osteoporosis. Journal of Bone Joint Surgeon; 77(1): 148-1451.

Rostami K, Kerckhaert J, Tiemessen R, et al. (1999) Sensitivity of antiendomysium and antigliadin
antibodies in celiac disease: disappointing in clinical practice. America Journal of

Gastroenterol; 94(4): 888—894.

Roy, N. (2000). Use of Mid-upper Arm Circumference for Evaluation of Nutritional Status of
Children and for Identification of High-risk Groups for Malnutrition in Rural Bangladesh.
Journal of Health Population Nutrition; 18(3): 171-180.

Saka, B., Ozturk, G. B., Uzun, S., Erten, N., Genc, S., Karan, M. A., Kaysi, A. (2011). Nutritional
risk in hospitalized patients: impact of nutritional status on serum prealbumin. Revista De

Nutricao-Brazilian Journal of Nutrition; 24(1):89-98.

Sathishbabu, Suresh S. (2012). A study on correlation of serum prealbumin with other biochemical
parameters of malnutrition in hemodialysis patient. International Journal of Biology

medical Research. 3(1): 1410-1412.

Se-Eun Park, Kim S, Ouma C, Loha M, Wierzba TF, Beck NS. (2012).Community Management
of Acute Malnutrition in the Developing World. Journal of Pediatric Gastroenterology,
Hepatology & Nutrition; 15(4): 210-219.

57


http://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24010090
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ouma%20C%5BAuthor%5D&cauthor=true&cauthor_uid=24010090
http://www.ncbi.nlm.nih.gov/pubmed/?term=Loha%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24010090
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wierzba%20TF%5BAuthor%5D&cauthor=true&cauthor_uid=24010090
http://www.ncbi.nlm.nih.gov/pubmed/?term=Beck%20NS%5BAuthor%5D&cauthor=true&cauthor_uid=24010090

Seung L, Jong L, Sang C, Sook A, Dong C, and Cheung S. (2005). Prealbumin is Not Sensitive
Indicator of Nutrition and Prognosis in Critical Ill Patients. Yonsei Medical Journal; 46(1):

pp- 21 - 26.

Shenkin, A. (2006). Serum Prealbumin: Is It a Marker of Nutritional Status or of Risk of
Malnutrition?. Journal of Clinical Chemistry; 52(12): 2177-2179.

Solomon Demissie, Amare Worku. (2013). Magnitude and Factors Associated with Malnutrition
in Children 6-59 Months of Age in Pastoral Community of Dollo Ado District, Somali
Region, Ethiopia. Science Journal of Public Health; 1(4):175-183. DOI: 10.11648/ j.sjph.
20130104.12.

Spiekerman, A. M. (1995). Nutritional Assessment (Protein Nutriture). Journal of Analytical
Chemistry; 67(12): 429-436.

Tsinuel Girma, Pernille K, Christian M, Kim F, Anne L, Henrik F. (2013). Predictors of oedema
among children hospitalized with severe acute malnutrition in Jimma University Hospital,
Ethiopia: a cross sectional study. Bio Mede Central Pediatrics; 13(204): 1-15. DOL:
10.1186/1471-2431-13-204

UNICEF Supply Division HIV/AIDS and Health Centre Essential Medicines and Nutrition,
Techinical bulletinNo.13, 2012. Retrieved from. http://www.Unicef.org/supply. [Viewed
29 May 2014].

Wei Zheng, Lu YM, Lu GY, Zhao Q, Cheung O, Blaner WS. (2001). Transthyretin, Thyroxine,
and Retinol-Binding Protein in Human Cerebrospinal Fluid: Effect of Lead Exposure.

Journal of Toxicological Sciences; 61(1): 107-114.

Weinsier R, Hunker E, Krumdieck C. (1979).Hospital malnutrition. A prospective evaluation of
general medical patients during the course of hospitalization. America Journal of Clinical

Nutrition; 32 (2): 418-23.

World Health Organization (2009). Child growth standards and the identification of severe acute
malnutrition in infants and children a joint statement by the world health organization and

the United Nations.

58


http://www.ncbi.nlm.nih.gov/pubmed/?term=Lu%20YM%5BAuthor%5D&cauthor=true&cauthor_uid=11294981
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lu%20GY%5BAuthor%5D&cauthor=true&cauthor_uid=11294981
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zhao%20Q%5BAuthor%5D&cauthor=true&cauthor_uid=11294981
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cheung%20O%5BAuthor%5D&cauthor=true&cauthor_uid=11294981
http://www.ncbi.nlm.nih.gov/pubmed/?term=Blaner%20WS%5BAuthor%5D&cauthor=true&cauthor_uid=11294981

World Health Organization (2010). Antiretroviral therapy of HIV infection in infants and children:

towards universal access: Recommendations for a public health approach.
World Health Organization (2000). Nutrition. Retrieved from .http://www.who.int/search

World Health Organization (1999). Management of severe malnutrition: a manual for physical and

other senior health workers, Geneva, inter. J. Field manual.

Working manual of albumin reagent analysis by colorimetric method. (2014). linear chemicals

S.L.

Yovita H, Ali D, Abdurachman S, Juke S. (2004). Correlation between Anthropometrics
Measurements, Prealbumin Level and Transferin Serum with Child-pugh Classification in

Evaluating Nutritional Status of Liver Cirrhosis Patient. Acta Medical Indones-Indones

Journal of International Medicine; 36(4): 197-201.

59



APPENDIX

Annex I: Consent form in English

Purpose

Malnutrition is the main problem of developing countries in the world, especially in Ethiopia. The
most important forms of malnutrition in Ethiopia are protein energy malnutrition, but still there is
not reliable laboratory method is present to assessment of acute malnutrition. Transthyretin is the
protein in serum which has half-life of two days, which used to examine acute malnutrition and it
is more sensitive to changes in protein-energy status than albumin, and its concentration closely
reflects recent dietary intake rather than overall nutritional status. The aim of this studying is to
investigate the magnitude of acute malnutrition and to validate Transthyretin measurement as

valuable laboratory based investigation for the assessment of nutritional status in children.

Participation

Without your participation, voluntarism and active part of the study the feasibility of the research
are under question, so we asking you and all other to voluntary participant in this study. What we
expect from you as parent (guardian) is to be willing to allow your child to participate by give
blood to us for examine nutritional status. The examination involves laboratory procedure with
collection of 3ml blood from hand. Sample will be collected using sterile and disposable needles

and test tubes.

Risks
Taking 3ml of blood has a very low risk to your child, but minor needle pain may last for seconds.

If there comes any discomfort, we shall offer you necessary medical treatment freely.
Benefits

Any status of your child from examination will be communicated with your physician and facilitate

appropriate measures need to be taken accordingly.
Confidentiality

Any information collected from you will be kept confidential. Your child identity will not be

disclosed in any situation or study result as we use different code number instead of your name.
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Sharing the Result

After analysis of the data, we will present the result of the study to the responsible bodies. The
report will not bear any information about your children; because we use code to disseminate the

results to concerned bodies and for the purpose of publication.

Right to Refuse

Since your child participation in this study is entirely on voluntary of you since you are parent who
take responsibility to your kid, you have right as parent (guardian) to refuse to accept this request.
Your refusal will not affect any part of your child treatment in hospital concerning our study.

Contact Address

If you have any question or concern, you can contact Behailu Tsegaye at any time using the
following address

Behailu Tsegaye Addis Ababa University, Faculty of Medicine, Department of Medical
Biochemistry.

Tel: 0937914134 ,Email: bhty99@yahoo.com
Addis Ababa, Ethiopia
Consent Form

I, the under signed, confirm that, as I give consent to participate in the study, it is with a clear
understanding of the objectives and conditions of the study and with recognition of my right to
withdraw from the study if I change my mind.

Lo do hereby give consent to Dr. /Mr. /Mrs. /MiSS........coceveiiiiiiinnnn. to
include me in the proposed research. I have been given the necessary information about the
research. I have also been assured that I can withdraw my consent at any time without penalty or
loss of benefits. The proposal is explained to me in the appropriate language I understand.

Unique number of the Participant ........................ Signature .....................
Name of the Investigator.......................c....... Signature. ..o,
Date: ..o

Assurance of the Principal Investigator

I, who undersigned, agree to accept responsibility for the scientific ethical and technical conduct
of the research project and for the provision of required progress reports as per terms and
conditions of the research publications office in effect at the time of grant is forwarded as the result
of this publication.

Name of the student: Date ......cooovvvviiiiiint. Signature......................

Assurance of Advisors
1. Dr. Solomon Genet. Date ..................... Signature...............

2. Dr. Ameha Mekasha , Department of pediatrics.Date ..................... Signature...............
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Annex 2 : Consent form in Amharic
PGt AA9]

PAFaPMMT 9O 19981 AL Al UICT PST FoIC (LP? BV T9IC NATEEP 03P 1 PIGTD NAFCEP
P9 FR@- T OTE T 7L TIC AAGPaPOMy ALPT TIC 17 U7 PATaPAMY 9% FoCT (hGTNY hS
NANTFTI9TY (AP AAN P9UTF NANEGRS 21814, HE ANU-T NHA0C ATPHANC hdTFAIP::

Tt 34T NLI° AT LT TEET AT 1L9° 00T Av-AT P77 ao0F 0TUTA (LT PHUT TCEET N&9°
OQT PADT aom? NavAnt (1PCN 7 PHNAFOT 09PN Adarar MYy avpAnt PATAA 2 ATGUI° LV
TEE? R4 CTEEY T4 116 ATy ATIOP L9900 AL.PT NAmPAL (PCN 7 PADT
PAD13TT 1-9091() OVLHF RILGDP LLAGA ::

PHY TF PT 9A97 (L° @-OT LADT &I L& tT TCET? NevAnt (PCN 7 PHemld: P92
ANGPaPOMT ATIOP AT LU HE PIT®< ANCFS £TTNA &N AAFTITE ISt 0471-9°10 s

TOPP H hG PANS WTLUPY N99L01T ADLL T BU HE 110 R T h19.9TT ATLavahrt@. Ahd ATIPLA
a@.::

tate

AHY TG O ao&ln SAGTE (FART (0P T PAFq TAP FAU &CA AAD* NAHY PASTH? QU3 AG
N&ATT AT 17T0C AT S, PAY::

nh?7? AZP 3 ml oom7 PL9° Gov-q (ATt ATLAMT AeMPPT LU AEPTT 071-T°0 v-3 AT1DP
PaTAGA:: PRI Qa0 AGPD-AL PhbPA AU hOhESe 19 SIS O4.LDF PILDIL avCy,
AImPTINT QAHY 9°79° %L1t PG avFdh PTIPANTA aPUPET AGLIIMNAT

2V 3ml PI.OALD- 9P JPI° Gt PMSG avFdh NASP AL PTIPANTA (LIPI9° L9° NTL.OALNT LH
8. 9@ P, M4 Yarg® A.SC & TAA:: TIC °17 LY NAL 27.2a0TA Uard® hA (A4 ABP T vh9°G h29.0775
KGLCINT::

AAEP 2910071 TPI°

G D9° ANASP vbF 091040 PANLFE Dt ASPT ATLNITA AMS QAP ATLAT LUSA
FeR9969° ANLALD ACLT WH8.LTY B.LAA::

(A

POALP PANCFS Dt PHAL aPAL RTC AT NTLATC QATLEN 17T DI° ALY PI°LA £471-9°10C
AT NAZDP AL AP8LNEL SIPGTA::

62



o-mE7 AATIaDP

PHY PTF @Mt ATLoPANFD AhA PTLPCA AT PHY STCT PALLT (19° 291LmPOG (1HAP aPAL avAf
®PC NATLPCN I°79° AL AT PUILLCN AT O MkI° ATRAEALTE AVTavT BNPA::

TEEY APPAN oot

NGO paF ASPT 0L Gov-G WIBLAT NLAT ATSU9° L9° AvAmT PA 1T +D VANPT hbPs-
AT L AAGPATITIEPLT 19910 /NIPCIP% Al-0PT N9191AA av+@- P9TFh (LPT LUIP JO¥9° 4Lt
OPOTHA AASP UNI°G T TF AL 8T A7LI1LaDM hG h7L91L157) hGAD-PAY::

TOEY 0ULNELM- A& A

YOI AR T TEE NAPT WL 0,0% NTTTEDI° (% TITT T LT AT AL C-AD-g°
WL 89% A4.0 ANA LACAt UhIPT DAS A2 noLOES TIPUCT hTA:-

aah 0937914134 , A6 bhty99@yahoo.com

aOTITTTT CTLINR PR

Ab NHY OFF 0&CE PTUITUMND* ..., eHOAD: 057 A L9° Nevhmt PTek
FAFE WIEPT 18P ave AATINT (1F1AZ N9PL8 T A 19.0-9° 075 U= N9P281S UANT NPeCh-0t A%t
NPGE At TI0A ATLIOTFA LAY av(VF +MOPATS 100+

AL oo PO AZ/C /AUHC/ WP /OC [ETF a7 LT (14.LT1%
ALLOTI AT9.U° ATTE ANGALD T HONC ATIL 0P8PLT KLIINAYD- 2 (FenT169° N4Alr 1LH
QgPIrET AGPALH ATLIOTA AHU9° AFPIPrET AAGPPOA J°9° AR 1 T8 AU PPI° A1RIIPAMT

N70P /Nav1HAY |AI°I°rET HPOLAY-: :
NI h97 PHAR BTC/DL o POAL 28T e
TCE? 09PN LM LAY PR

As PUTT TOT PUINLRD- ARNG 1-9°0C7 NP T PIANNT TN AS A105 01GHA oA ALP7 AHLYI®

+0CPrE a PALTE NPD-0L 1D<:: PRI DMt ATLerAnt@ Ahd NPLHO- A7L91.PCN (71D
1M-::

O VRN BI% P7 ..o A O
PGk AT P T

EICANPYTIT PT A O
&ICATPV N T L2 O



Annex 3:- Sample collection sheet

Sample
code

Sex

Age
in

Male | Female

year

Height
Cm

weight

MUAC

Transthyretin
Mg/l

Albumin
Mg/dl

Health
condition

C 0001

C 0002

C 0003

C 0004

C0005

C 0006

C 0007

C0008

C 0009

C 0010

C 0011

C 0012

Sample collection approval

Health professional Name

Signature

Principal Investigator Name BehailuTsegaye Signature

Advisor

Dr. Solomon Genet

Dr. AmehaMekasha

Dr.Muluwork Denberu

Signature
Signature
Signature
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Annex 4:- Transthyretin assay Kit procedure
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