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Abstract

Background: Reliable and accurate reference intervals for laboratory analyses are an integral part
of correct interpretation of clinical laboratory test results. In Addis Ababa, Ethiopia, there were no
reference intervals established on lipid profile and electrolytes which are essential in the
assessment of early dyslipidemia and electrolyte abnormalities.

Objective: To establish reference intervals on serum lipid profile and electrolytes for apparently
healthy children and adolescents from April to October 2019 in Addis Ababa, Ethiopia.

Methods: Community based cross sectional study was conducted from April to October 2019. A
total of 522 participants aged 5-17 years were recruited from communities. After physical
examination, socio-demographic, anthropometric data and blood samples were collected. Serum
levels of lipid profile and electrolytes were determined using Cobas ¢501. In accordance with
Clinical and Laboratory Standards Institute guidelines reference intervals for four lipid profile and
six electrolytes were established by calculating 2.5" and 97.5" limits with 90% confidence interval

using SPSS version 23.

Results: In children, the reference intervals for serum potassium, sodium, chloride, calcium,
magnesium and phosphate in mmol/L were 4.37-5.2, 137-145.5, 101.9-107.9, 2.34-2.7, 0.74-0.97,
and 1.42-1.85 and for total cholesterol, triglycerides, low density lipoprotein and high density
lipoprotein the respective values were 100.76-171.7, 44.16-126.36, 60.6-105.6 and 31.6-53.7 in
mg/dl, for both sexes. For adolescents 4.03-5.58, 137-146, 98.9-120.9, 2.39-2.7, 0.73-0.96, 0.96-
1.8 for serum potassium, sodium, chloride, calcium, magnesium, phosphate in mmol/L and 97.2-
189.1, 40.5-143.6, 41.7-120.9 and 21.3-57 in mg/dl for total cholesterol, triglycerides, low density

lipoprotein and high density lipoprotein, respectively, for both sexes.

Conclusion: The obtained reference intervals by the current study revealed that both lower and
upper limits were in disagreement with the manufacture as well as published literatures. The study
also observed significant differences in the reference values between genders for all analytes
except sodium, calcium and magnesium at the adolescents. Therefore, it is important to use the

current reference intervals.

Key words: reference intervals, lipid profile, electrolyte, children and adolescent



1. Introduction

1.1 Background

Lipids are any organic compounds including fats, oils, and steroids and because of certain
components they do not interact with water. They are important as dietary constituents of the high
energy value, electrical insulators, in the structure and function of membranes of cells and
organelles. Transported in the blood combined with lipoprotein particles (1). Lipid profile tests are
used for screening atherosclerotic risk and in the diagnosis and treatment of dyslipidemia. The
onset of this disease occurs during the first years of life and manifestation hyperlipidemia in
childhood is associated with atherosclerosis at older age (2, 3). The differences in factors like body
fat distribution, activity of enzymes involved in lipid hydrolysis, insulin response, and some
specific apolipoproteins can partly explain the inter-ethnic differences in serum lipids. It is
therefore the evaluation of serum concentrations of these parameters at early ages is most
extremely important. Hence, it is important to have valid reference intervals available to identify

children at risk as early as possible (4).

Electrolytes are substances that dissociate into negative or positively charged ions when dissolved
in water. They are widely distributed in body fluids, maintain physiological functions such as
osmotic balance, acid-base balance and intra and extracellular gradients, and play a major role in
maintaining metabolic functions. The main extracellular electrolytes are Na, Cl and Ca while K,
Mg and PO4 are the major intracellular electrolytes (5, 6). Sodium is the mostly responsible for
numbers of important functions, mostly related to fluid and water regulation and potassium for the
function of excitable tissues such as skeletal, cardiac muscles and nerves. Monitoring potassium
is vital as small changes of its level can largely affect the heart's rhythm and ability to contract (7).
Calcium and magnesium are two minerals whose presence is essential for the body, their
deficiency causing severe damage to the metabolic functions (8, 9). In addition, phosphorus plays
a key role in energy metabolism as part of the ATP structure and phosphorylation and
dephosphorylation reactions. Hypophosphatemia affects the production of ATP causing muscle
weakness and impairment of hematopoiesis with symptoms of anemia and reduced oxygen

delivering (10, 11). Serum electrolyte imbalance resulting from various reasons require urgent



management and in children the problem remain unrecognized resulting in mortality and
morbidity. Therefore, it is very essential to recognize the reference intervals adapted to the
population which helps in early detection, close monitoring and correction of electrolyte
abnormalities in order to make quick and accurate decisions (12).

The idea of population-based reference intervals was first introduced in human medicine in 1969
by Grasbeck. Reference interval is the interval between which 95% of values of a reference
population fall into, in such a way that 5% of the values may be outside of the limits. The
International Federation of Clinical Chemistry (IFCC) recommends the use of the term "reference"
in place of "normal” values. The meaning "normal™ has comprises several definitions statistical,
epidemiologic, and clinical senses. The use of the term reference intervals avoids the confusion

associated with normal and may be used with either health- or disease-associated values (13, 14).

Most reference intervals currently in Africa are derived from foreign populations and may not be
reflective of population values elsewhere (15, 16). Interpretation of laboratory results relying on
reference intervals derived elsewhere from non-representative reference populations is potentially
problematic for both clinical care and clinical trials participation and may lead to mismanagement,
an underestimation or overestimation of disease conditions and unnecessary exclusion of patients
from participation in important trials. The proper medical evaluation of children is largely
dependent on correct interpretation of all laboratory results combined with data collected through
physical examinations and medical histories. Such numeric laboratory results interpretation

requires relevant reference intervals, ideally established in the local setting (17, 18).

The role of laboratory medicine should not be undermined because about 70-80 % of decisions in
diagnosis are based on laboratory test results (19). Appropriate interpretation of these test results
has certainly rely on accurate reference intervals determined from a healthy population and
partitioned by common subclasses, including age and sex. Reference intervals (RIs) are generally
used in the case of medical diagnosis, therapeutic management, following prognosis or any other
physiological assessment. In every clinical laboratory, reference intervals for each and every
analytes and specimen source are need to be established or verified. Regardless of the major
challenges, requiring selection and recruitment of large numbers of healthy individuals

representing local community, population-based RIs are widely used in process of making clinical



decision. Even though population-based R1 is commonly accepted by all members of group, the
best method for their establishment is frequently debated. In addition, only very few manufacturers
or laboratories are committed to undertake their own reference interval studies. The rest
manufacturers and laboratories depend on RIs from studies done a few decades ago, when both
the analytical methods and life style of the population were very different. Therefore, it is a very

essential task to derive Rls carefully by the laboratory based on standard protocols (20).

Population-based RIs are derived from a group of well-defined "healthy" reference individuals.
Determining how "health" is crucial to the selection of appropriate reference individuals. At least,
a clinical history, parasitic screening, and physical examination should be performed. Establishing
exclusion criteria is crucial thereby to select reference individuals to achieve a reference group that
is most representative of the patient population in health (21). Partitioning or stratification of
reference individuals into subclasses (e.g., by age or sex) may be necessary if there are significant
differences between the observed data beside this Physiological and clinical significance is
considered. Generally, a separate reference interval should be established for a subclass if the

difference between the observed means of two subclasses is statistically significant (P < 0.05) (22).

The minimum information that should be provided for all reference values includes the
constituency of the reference population (e.g. age, sex, and environment), the exclusion criteria for
reference individuals, and the method by which the samples were collected, and the analytical and
statistical methods used for generating the reference values. The main effects to consider are age
and sex to partition for these factors. The pre-analytical and analytical factors should reflect the
usual practice in the laboratory. The particular reference interval is thought to be no longer suitable
whenever a pre-examination or examination procedure is changed. Thus, the reference interval
data should be updated every few years as the reference population change with environmental
and nutrition factors (23). Therefore, the current study was intended to address critical gaps in
serum lipid profile and electrolytes reference intervals by determining variability with sex and age

among children and adolescents in Addis Ababa.



1.2 Statement of the Problem

Although the availability of both accurate laboratory tests and reliable reference intervals are vital
for appropriate clinical assessment of children, reference interval establishment can be challenging
due to recruitment difficulties, time consumption, resource requirements, and difficulty of
obtaining an adequate sample of a reference population. Many of the challenges encountered when
establishing children and adolescents reference intervals are related to child development and
growth, which can profoundly influence the concentrations of many analytes. Physiological
differences like physical size, organ maturity, body fluid compartments, nutrition, and metabolism
are more likely affect normal analyte concentrations in these population. These marked
fluctuations in Childhood period makes vital the determination of age and gender specific

reference intervals and, therefore, improves the clinical laboratory service (24-27).

According to studies discrepancy in RIs for chemistry analytes were much greater than the
analytical inaccuracy of tests. For example, the data presented by International Measurement
Evaluation Program from Australian and New Zealand participants showed the reference interval
variations both upper and lower limit was much higher than that was seen in the measurement
result discrepancy (28). IFCC also recommended, for every indigenous population to have their

own set of reference limits for each analyte derived from healthy representative individuals (29).

Cardiovascular diseases (CVD) are the leading cause of death in the global adult population (30).
Now a day, child and adolescent obesity even in developing countries becomes a great health issue,
and which is potentially associated dyslipidemia. Childhood dyslipidemia has become a great
health concern due to its potential association with CVD and the metabolic syndrome with
consequent occurrence of cardiovascular mortality. It has been recommended to screen
dyslipidemia in children >2 years old who have a family history of CVDs (31). The normal lipid
levels can definitely vary among populations. Coronary heart disease mortality rate among
individuals with the same cholesterol level is entirely different in different cultures and each
country and every nations is encouraged to have its own reference intervals as clinical decision
tool (32).

Reference intervals for clinical laboratory parameters have traditionally been obtained from

European and North American populations (33). However, differences have been reported between



these values when compared to healthy African population values (34). Studies conducted in
Africa over the last decade have highlighted differences in biochemical parameters including
serum lipid and electrolytes, even in children and adolescents, compared to those derived from
industrialized populations. For instance, triglycerides, HDL-cholesterol, LDL-cholesterol
Calcium, potassium and phosphate differences by Buchanan A et al. in Tanzanian children and
sodium, potassium, chloride, calcium and phosphate by Gitimu M et al. in Taita Taveta, Kenya
children and adolescents were observed. Additionally, variations in several parameters have also
been reported between different African ethnic groups. Despite these differences, few data exist
on biochemical reference intervals for healthy children and adolescents in sub-Saharan Africa (35-
38). Similarly, in Addis Ababa most of the laboratories follow reference intervals established in
the Western population and from reagent manufacturer. The current study was part of a national
program aimed at addressing the gaps in children and adolescents reference intervals on serum
lipid profile and electrolytes. This study could also provoke the clinician to address the
appropriateness of the reference values in use, to consider the source of the reference values in
clinical decision making. In addition, this study investigated the influences of age and sex on the
concentrations of serum lipid profile and electrolytes which are commonly measured in many

laboratories.



1.3 Significance of the study

Reference interval is important to transform a numerical value obtaining from analyte
concentration measurements from body fluid samples, into clinically meaningful information. A
R1is intended to inform the clinical care provider that laboratory values within the interval indicate
a non-diseased condition. Since there is no fixed Rls on lipid profile and serum electrolytes derived
from Addis Ababa children and adolescents, this study provides appropriate reference intervals on
these analytes for local community. Establishment of RIs benefit patients to get appropriate
medical evaluation. In addition, conducting this study could provide the physician with locally
derived RIs on serum lipid and electrolytes which is actually helpful for proper diagnosis,
treatment and monitoring of abnormal results. It could also be used as transference of this Rls to
other comparable community after validation performed. Lastly the study could serves as base line
data for the upcoming researchers in this area and also gives information for policy makers.



2. Literature Review

The standard for the production of human population-based RIs was commissioned by the
International Federation of Clinical Chemistry (IFCC) in 1970 and resulted in a 6-part series that
was adopted by various professional organizations, including the Clinical and Laboratory
Standards Institute (CLSI). A revision released by the CLSI in 2008 includes recommendations
for transference and validation of RI from other sources and for the use of robust methods for
determining RI from small sample sizes (39).

The reference values of lipid parameters released by the National Cholesterol Education Program
Expert Panel on Cholesterol Levels in Children and adolescents to define pediatric dyslipidemia
were TC >200 mg/dL, LDL-C > 130 mg/dL, and HDL-C < 40 mg/dL. In addition, the thresholds
values of triglyceride recommended by the National Cholesterol Education Program for defining
hypertriglyceridemia have been >100 mg/dL and > 130 mg/dL in children aged 0-9 and 10-19
years, respectively (40).

The study conducted by Adeli K et al., 2009-2011, in Canada two or more age partitions were
required for lipid profile and electrolyte tests. However, sex partitioning was not required for total
cholesterol and potassium. Total cholesterol, chloride, LDL cholesterol, triglyceride, potassium
and sodium remain almost invariable with sex throughout the child period. While the value of
HDL cholesterol is somehow different. K (with 6-79 age group the value was 3.8-4.9 mmol/L for
both biological genders. For LDL (with age group of 6-24 yrs) was 46-143 mg/dl for males and
females while Na at age group of 6-15 and 16-49 yrs were 136-143 and 137-143 in mmol/L
respectively for both sexes. Chloride (6-11 and 12-29yrs) were 101-107, 101-106 for males and
101-107 and 100-107 for females in mmol/L respectively. The value calcium, total at age of 6-15
and 15-19 years were 9.3-10.5 and 6.2-10.4 in mg/dL for both sexes respectively. For 5 to <13
years and 16 to <19 years of the levels of phosphate in mg/dl were 4.1-5.9 and 2.9-5.0 for combined
sex while at 13 to <16 years age class the value slightly different 3.5-6.2 mg/dl for males and 3.2-
5.5 mg/dl for females. Magnesium level from1 to <19 years was 2.09-2.84 mg/dl for both boys
and girls. Total cholesterol (6-15 and 16-19 yrs) were 116-205 and 100-182 in mg/dl for both
genders in the given age groups. Evidenced from this study, no sex variations were seen in the

reference value of cholesterol total. As for triglyceride (6-29 yrs) was 35-186 in mg/dl for



combined sexes. In contrast to triglyceride the level of HDL became invariable between sexes at
age of 6-14 yrs. 35-81 mg/dl. Little change of this value in older age (15-79 yrs) 31-70 and 35-89

in mg/dl for males and females in a relative manner (41).

A community based study done for establishing reference intervals of clinical chemistry analytes
in Australia and New Zealand conducted by Tate JR et al., 2013, revealed that 3.6-5.3 mmol/L for
age group of 2 yrs to <18yrs for potassium while 133-144 and 97-110 in mmol/L for sodium and
chloride at age group of 1 week to <18y for both genders in the given order. The value of calcium
for both sexes at age of 2 to <18 years and magnesium 1week to <18years were 2.20—2.65 mmol/L
and 0.65-1.10 mmol/L respectively. Finally, the levels of phosphate at different age partitions of
4y to <15y, 15y to <18y and 18y to <20y were 0.90-2.00 mmol/L, 0.80-1.85 mmol/L and 0.75—

1.65 mmol/L in a relative manner for combined sexes (42).

In another study conducted on deriving Pediatric reference intervals for general clinical chemistry
components in Denmark and Sweden done by Ridefelt P et al., 2017, proposed that total cholesterol
(105.3-214.5 mg/dl), triglyceride (32.04-194.9 mg/dl), sodium (136-146 mmol/L for both sexes at
the ge range of 0.5-17 years),while for potassium, calcium and magnesium were 3.3-4.6 mmol/L,
2.24-2.60 mmol/L and 0.71-0.94 mmol/L at age class of 5-17years. The study evidenced that no
sex or age partitions were required in the establishment of reference intervals for the above given
analytes at the childhood period (43).

Hilsted L et al., 2013 collected blood samples from 1429 healthy Danish children, (5-19 years
old) for establishing reference intervals and were analyzed on a Roche-Modular-P/ISE-system.
The estimated reference limit of females calcium concentration at 5-13 yrs and 14-18 yrs were
2.26-2.58, 1.95-2.58 and for males 2.22-2.58, 2.10-2.58 in mmol/L in a relative manner.
Cholesterol and LDL-cholesterol (for 5-18 yrs old combined sexes) 105.3-214.5 mg/dl and 43-
132.6 mg/dI respectively; HDL-cholesterol (5-18 yrs old females and 5-13 yrs males) was 39-89.7
mg/dl, for 14-18 yrs old males 31.2-78 mg/dl; magnesium (for 5-13, 14-18 yrs old females and 5-
18 yrs old males) 0.73-, 0.65-, 0.71- with the same upper limit (0.93) in mmol/L respectively;
phosphate (5-13 and 14-18 yrs females) were 1.09-1.72 mmol/L, 0.72-1.49 mmol/L, for males
with the same age ranges were 1.07-1.74, 0.85-1.74 in mmol/L; potassium and sodium (5-18 yrs
amd sex both) were 3.26-4.29, 135-147 in mmol/L respectively; triglycerides (5-18 yrs females,



5-10yrs and 11-18 yrs males) were 30.3- as common lower limit and 173.6, 140.6 and 226.1 in

mg/dl in a relative manner (44).

Reference values from Texas children’s Hospital Clinical Laboratory, USA done by Dean B.
Andropoulos, 2011, at age of 5-15 years founds that total cholesterol 135-200 mg/dl, Triglycerides
20-150mg/dL; HDL (6-15 and >16 years) 3875 mg/dl and 30-64 mg/dl for males while 35-73
mg/dl and 35-80 mg/dl for females respectively. LDL (6-16yrs) 64-130, 60-140 and at 17 yrs.
63-135, 59-141 in mg/dl for males and females respectively. The Rls for Potassium, sodium and
chloride at age of (5-17 yr.) were 3.5-5.5, 136-145 and 95-105 in mmol/L for both sexes in
respective order. Total calcium at varies age groups of 4-11yrs, 12-13yrs, 14—15yrs and >16yrs
were 8.8-10.1, 8.8-10.6, 9.2-10.7, and 8.9-10.7 in mg/dl for both girls and boys. 1.6-2.3 mg/dl,
1.6-2.2 mg/dl and 1.5-2.3 mg/dl were the values of magnesium at the given age partitions 6-9yrs,
10-13yrs, and >14yrs for combined sexes respectively. The levels serum phosphate 5—7yrs, 8—
11yrs, 12—16yrs and >17yrs with little differences were 3.1-6.3, 3.0-6.0, 2.5-5.0 and 2.3-4.8 in
mg/dl respectively (45).

Zierk J et al. 2015 collected samples by applying an indirect method from 32000 different
inpatients and outpatients from a German pediatric tertiary care center and measurements were
performed on a Cobas Integra 800 during clinical care over a 6-year period for providing
population based reference intervals for aged <18 year’s children. The continuous reference
intervals for plasma electrolytes like sodium, chloride, potassium, calcium, magnesium and
phosphate were about 130-145, 100-115, 3.2-5.75, 1.9-2.7, 0.61-1.0 and 1.2-2.6 in mmol/L for
combined sexes and all age levels respectively (46).

Dathan Stumpf et al. 2016, collected fasting samples from healthy Germany children and
adolescents, presenting 0.5-16 years of age and gender related reference intervals. The study
revealed that serum concentration of TC, LDL-C and TG were higher in girls than in boys. While
the data of high density lipoproteins (HDL) showed higher concentrations in boys than in girls and

no age partitions were needed for all four lipid profile (47).

Population was stratified into only two groups, pediatrics aged between 0-14 in a study done by
Molla A et al. in Pakistan. They found that serum total cholesterol level at age group of 0-14 years
were 110-219 mg/dl, 113-233 mg/dl; triglyceride at the same age group were 18-150 mg/dl, 22-



157 mg/dl for males and females respectively. For electrolyte at the same age group sodium 135-
145 mmol/l, 132-148 mmol/l; potassium 3.4-5.0 mmol/l, 3.7-5.2 mmol/l, calcium 7.9-11 mg/dl,
6.7-11.9 mg/dl, phosphate 3.9-5.5 mg/dl, 3.8-5.7 mg/dl and chloride 101-112 mmol/I, 101-114
mmol/l were established for males and females in a relative manner. As for the age group of (15-
60 yrs.) total cholesterol 114-273 mg/dl, 107-272 mg/dl; triglyceride 24-321mg/dl, 17-269 mg/dl;
potassium 3.5-4.9 mmol/l, 3.6-4.9 mmol/l; calcium 8.5-10.5 mg/dl, 8.2-10.4 mg/dl, phosphate 2.7-
4.6 mg/dl, 3.0-4.6 mg/dl and chloride 98-115 mmol/l, 99-117 mmol/l for males and females
respectively while for sodium 134-150 mmol/l both sexes (48).

A reference interval for 1-10 years old apparently healthy children were found for plasma
electrolytes like potassium 3.2-4.9 mmol/L; sodium 127.5-141mmol/L; calcium 1.97-2.65
mmol/L, phosphate 1.27-2.29 mmol/L, total cholesterol 85.8-183.3 mg/dl and triglyceride 32.9-
240.3 mg/dl as a study done by Manning L et al. in Melanesian, Papua New Guinea. All assays
were performed on the Cobas Integra 800 platform (Roche Diagnostics) using reagents supplied
by the manufacturer. The study established common reference intervals without need of

separations with sex and ages (49).

The recruited children and adolescents have been divided into age cohorts of 5 to <13 years and
>13 to <18 years by Buchanan AM et al. in a study done in Kilimanjaro region, Tanzania for
establishing biochemistry reference values. They obtained reference intervals for chloride in the
age range of 5 to <13 years was 98-108 mmol/L; potassium 3.2-5.2 mmol/L; sodium 134-141
mmol/L; calcium 2.2-2.56 mmol/L; magnesium 0.77-0.99 mmol/L and phosphate 1.20-1.90
mmol/L for combined sexes. While for age of >13 to <18 years the established Rls were separated
for males and females; as for chloride 98-105, 99-106 mmol/ L; potassium 3.6-5.1, 3.6-5.0
mmol/L; calcium 2.18-2.6 mmol/L, 2.2-2.6 mmol/L; magnesium 0.77-0.98 mmol/L, 0.75-0.98
mmol/L and phosphate 0.92-1.79 mmol/L, 0.87-1.83 mmol/L in a relative manner with sex. But
for sodium at age of >13 to <18 the value was the same for combined sexes 134-140 mmol/L.
Similarly for Cholesterol at age of >5 to <13 years 82.3-191.5 mg/dl for both genders, at age of
>13 to <18 years 91.7-177.8 mg/dl and 101-200 mg/dl for males and females respectively;
Triglycerides at age range of >5 to <13 yrs was 32.9-157.5 mg/dl for both sexes, at age of >13 to
<18 years 33.8-222.5 and 31.15-174.4 in mg/dl for males and females in the respective order;
HDL-cholesterol at age of >5 to <13 years 29.3—-76.4 md/dl for both sexes, at age of >13 to <18

10



years 25-74.5 mg/dl and 30—73 mg/dl for males and females respectively; LDL-cholesterol at age
of >5 to <13 years for both sexes was 35.1-123.6 mg/dl, while at age of >13 to <18 years 37.4—
109.6 and 48-121.7 in mg/dl for males and females respectively (50).

65.74-166.28 mg/dl, 44.29-169.17 mg/dl, 99-114 mmol/L, 1.03-1.84 mmol/L, 3.6-5.6 mmol/L,
and 135-151 mmol/L were the derived combined reference intervals by Dosoo DK et al. 2014 for
5-12 years children in the Middle Belt of Ghana for total cholesterol, triglyceride, chloride,
phosphate, potassium and sodium respectively. While at the pubertal period (13-17years) the
separated reference intervals for total cholesterol 65.74-150.8 mg/dl, 69.61-177.88 mg/dl;
triglyceride 35.43-159.43 mg/dl, 35.43-150.57 mg/dl; chloride 95-117 mmol/L, 96-116 mmol/L;
phosphate 0.95-1.79 mmol/L, 0.96-1.77 mmol/L; potassium 3.6-5.8 mmol/L, 3.6-5.9 mmol/L
and sodium 132-156 mmol/L, 132-152 mmol/L for males and females respectively. According to
this study total cholesterol and phosphate revealed significant sex differences but not triglyceride

and other serum electrolytes (51).

A community based, cross sectional study using a total of 302 adolescents conducted by Gomani
P et al., 2015 for determining reference intervals for Zimbabwean adolescents (aged >12 to < 18
years). Sodium 133-155 mmol/L, 135-153 mmol/L; Potassium 3.46-5.34 mmol/L, 3.4-5.3
mmol/L; chloride 96.0-111 mmol/L, 96.0-107 mmol/L; phosphate 0.87-1.81, 0.78-2.0 mmol/L;
calcium 1.83-2.73 mmol/L, 1.83-2.85 mmol/L; Triglycerides 29.4-171.8 mg/dl, 26.7-139.7 mg/dl;
total cholesterol 91.3-214.1 mg/dl, 75.3-210.6 mg/dl; LDL-C 37.4-138.8 mg/dl, 30.4-129.5 mg/dl;
HDL-C 32.8-85.8 mg/dl, 29.6-80.7 mg/dl for girls and boys respectively (52).

A prospective study carried out on children and adolescent’s population from Taita Taveta County,
in Kenya found that there was significant variations of electrolytes analytes compared to those
supplied by the manufacturers together with the reagent kits. According to the study done by
Gitimu M et al. only sodium level was statically significant difference (p value =0.038) between
male and female study participants (53). However, as far as my literature search goes there is no
published reference interval for children and adolescents in Ethiopia. Thus, the present study tried
to established reference intervals on serum lipid profile and electrolytes in new study setting in
Addis Ababa, Ethiopia.
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3. Objectives

3.1. General objective

To establish reference intervals on serum lipid profile and electrolytes in apparently healthy

children and adolescents from April to October 2019 in Addis Ababa, Ethiopia
3.2. Specific objectives

— To establish common reference intervals on electrolytes for apparently healthy children
and adolescents living in Addis Ababa.

— To establish common reference intervals on lipid profile tests for apparently healthy
children and adolescents living in Addis Ababa.

— To explore differences in reference values of serum lipid and electrolytes with sexes and

age groups of study participants.

4. Hypothesis

The current reference intervals on serum lipid and electrolytes were different from reference

intervals adopted from manufacturer leaflets.
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5. Materials and methods

5.1. Study area

The study was conducted in apparently health children and adolescents living in Addis Ababa,
Ethiopia. Addis Ababa is the capital city of Ethiopia and the largest city in the country by
population with an area of 530.14 square kilometers. The city has through recent years seen a
robust annual growth rate, and population counts as of 2017 are growing closer to 4 million with
male to female ratio of 0.9. It has three administration levels: City Government which is on the
top, 10 sub-city administrations in the middle one, and 116 woreda administrations at the lowest
level. Four subcities namely Arada, Yeka, Kirkos and Akaki were included to recruit children and
adolescents based on Probability Proportional to Size (PPS) sampling method (54).

5.2. Study design and period

Community based cross sectional study was conducted from April to October 2019.

5.3. Population

5.3.1. Source population

All children and adolescents who were living in Addis Ababa used as source population.
5.3.2. Study Population

All apparently healthy children and adolescents who live in Addis Ababa and fulfill the recruitment

criteria were taken as the study subjects.
5.4. Inclusion and exclusion criteria
5.4.1. Inclusion criteria

» Apparently healthy individuals aged between five years to seventeen who were voluntary

to participate in the study and lived in the study area at least for five years.
5.4.2. Exclusion criteria

» Those experiencing an acute illness and having chronic diseases

> Individuals taking alcohol
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» Individuals having malaria, intestinal parasites and abnormal urine chemical tests and C-

reactive protein
5.5. Study variables
5.5.1. Dependent variables

> RIs of serum lipid profile (TC, TG, LDL-C and HDL-C)
> RIs of serum electrolytes ( K*, Na*, Cl-, Ca, Mg and Po4)

5.5.2. Independent variables

.,

< Sex

s Age
5.6. Sample size determination and Sampling technique
5.6.1. Sample size determination

CLSI recommends that the best means to establish a reference interval is to collect samples from
a sufficient number of reference individuals to yield a minimum of 120 samples for analysis, by
using non-parametric means for each partition and direct sampling method with a power of 90%.
The Clinical Laboratory Standards Institute/International Federation for Clinical Chemistry
(CLSVI/IFCC) recommended non-parametric methods of analysis to establish Rls. Separate
reference intervals for boys and girls for different age groups may not be justified unless they could
be clinically useful and/or are well grounded physiologically (15, 22). In order to estimate a non-
parametric reference intervals with 90% confidence interval, a minimum of 120 reference
individuals from each sample groups were needed (39).This number does not consider any losses
or deletion of observations. Participants were partitioned by ages; 5-12 years and 13-17 years and
the last age group was further grouped by sex because of sex-related differences during pubertal
period (50-52). Thus, three partitions groups were needed (3 x 120=360). According to previous
studies in other African countries, in such large scale studies about 30% of apparently healthy
population (Steven et al., 2008) do not qualify for reference interval determination for various
reasons. Considering a 30% exclusion from data analysis, to reach the CLSI recommended total

sample size of 360 for the reference interval determination, a total of 522 individuals were enrolled.
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Therefore, participants were recruited from selected sub-cities then woredas after communicating

with the statistical agency.
5.6.2. Sampling technique

Since Addis Ababa is very large city, four sub-cities were randomly selected based on lottery
method, namely Arada, Kirkos, Akaki and Yeka; thus randomly selected woredas under the
selected sub-cities were included. Probability Proportional to Size (PPS) sampling method was
employed, where the size depends on the number of populations of woredas in a sub-city. The
study participants were selected using convenient sampling method from the randomly selected
sub-cities then woredas. The present study recruited children and adolescents from communities
through village to village mobilization by the health extension workers to recruit 522 study
participants. A households which might have more than one participant’s, only one child and
adolescent were randomly selected by lottery method in order to ensure representativeness. Once
volunteering participants fulfilling the eligibility criteria are identified by the health extension
workers and data collectors, they were invited to go to nearby health facilities for interview using

structured questionnaire and to facilitate blood, urine and stool sample collection.

Table 1: Selected sites with household information

Selected No. Individuals per No. population
Sites Households household
Akaki 47021 3.8 178,680
Kirkos 54398 4.0 217,592
Arada 49564 4.1 203,212
Yeka 90195 3.8 342,741

Note: Source for total population and number of households is from CSA 2007;
Proportional allocation: ni=n/N*N;

Where n=total sample size
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ni= sample size at that stratum
N=total population
Nj =total population at that stratum
The number of house changed into number of population
Thus, samples were allocated proportionally based on their population size.
o Akaki Kality=99 Arada=113 Yeka=189 Kirkos=121
5.7. Measurement and Data collection
5.7.1. Data collection procedure

The study aims, risks, benefits of study participation and right to withdraw from the study at any
time were explained to participants’ parents/guardians of children. Following complete
explanation of the protocols and aims of the study, oral assent and written consents were obtained
from students and their parents, respectively. An a priori sampling method was used thereby
individuals had assessed whether they fulfil the well-defined exclusion/ inclusion criteria before
being selected as a referent individual. From those consenting/assenting participant demographic
information, anthropometric and a brief medical history were collected. In the data collection
process there were an initial in-home interview by health extension worker and along with the
researcher to collect general health information on lifestyle habits and medical history followed
by a visit to a mobile examination center to obtain samples and physical examination. Prior to
blood collection, volunteers were requested to fast overnight for 10-12 hr. The participants and/or
parents/guardians were interviewed and participants were asked to be measured their heights,
weights and mid-upper arm circumference. Body mass index (BMI) was calculated as weight (kg)
divided by height squared (m?) and participants with obesity and severe thinness were excluded
from the study. Socio-demographic and clinical data were collected using structured
questionnaires by trained data collectors and researchers. Physical examination and
anthropometric measurements were carried out by health officer. Finally, the sample collection
was performed at 8:30 am till 11:00 am. Beside this, volunteers were requested to sit for 15-20
min prior to collection to avoid variation due to postural influence and physical stress.

Approximately 10ml of blood samples were collected using serum separator and ethylene diamine-
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tetra-acetic acid (EDTA) tubes; then the samples were transported from collection area to lab by
packing inside the icebox. In addition, stool sample was collected and direct wet mount test
performed immediately and the leftover sample was preserved for concentration test. Midstream
urine sample was also collected on site and chemical tests were ran. As a practical matter, samples
were collected and handled properly and in a manner consistent with the routine practices for
patient specimens. The volunteer’s information was kept confidentially by a system of code
number identification so that the answers were unknown to the analyst but persons with abnormal
results could be recalled.

Apparently healthy children and adolescent age 5 to 17 years, with age
partition 5-12 for both sexes and 13-17 for separate boys and girls,
approximately equal number of males and females in each partition a
total of 522 participants were involved

Quastionaire after informed consent and assent, vital sign,
anthropometry and biological samples were taken

About 10 ml of venous Stool examination

blood with serum separator both direct and Urinalysis
tube and EDTA concentration

technique

30% exclusion

To select 522 apparently healthy reference samples

for serum lipid profile and electrolyte Rls

Figure 1: Data collection procedure

17



5.7.2 Laboratory testing and analysis

Blood specimen collection, handling, storage, transportation and processing: By explaining
the blood drawing procedure to the participants, from each individual about 10 ml of blood samples
were collected in serum separator and EDTA tubes following standard operational procedures. The
serum separator tube blood sample was centrifuged within 1 hr. of collection for 2-3 minutes at
1500-3000 revolutions per minute, then immediately the serum separated and store at -80 °C.
According to Candadian study, at —80 °C storage serum lipid and electrolytes were stable at least
up to 13 months period and do not require immediate testing for reference interval determination.

During the test procedures all samples were subjected to a single freeze—thaw cycle.

Electrolyte analysis: - Laboratory analysis included 6 commonly performed serum electrolytes
(Na, K, Cl, Ca, Mg and PO4) tests. All these tests were performed with Cobas ¢ 501 automatic
chemistry analyzer at Ethiopian Public Health Institute which is a nationally accredited laboratory.
Analytical methods were regulated in accordance with manufacturer’s instructions thereby
preventive maintenance, function checks, and quality controls have been done always.

Serum electrolytes (Na*, K* and CI” levels were measured by using an lon-Selective Electrode
(ISE) indirect method. It uses certain membrane materials with unique properties to develop an
electrical potential (electromotive force, EMF) for the measurements of ions in solution. The
electrode provides a selective membrane in contact with both the test solution and an internal
filling solution which contains the test ion at a fixed concentration. Because of the particular nature
of the membrane, the test ions were closely associated with the membrane on each side. The
membrane EMF was determined by the difference in concentration of the test ion in the test

solution and the internal filling solution.

Calcium ions react with 5-nitro-5’-methyl-BAPTA 5-nitro-5'-methyl-(1, 2-bis (0-aminophenoxy)
ethan-N, N, N’, N’-tetra acetic acid (NM-BAPTA) under alkaline conditions to form a complex.
This complex reacts in the second step with EDTA.

Ca?* + NM-BAPTA alkaline pH-> calcium-NM-BAPTA complex

Calcium-NM-BAPTA complex + EDTA-> NM-BAPTA + calcium EDTA complex

The change in absorbance is directly proportional to the calcium concentration and is measured

photometrically.
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Magnesium can be measured using colorimetric endpoint method by mixing sample with reagent
one and addition of reagent two and start of reaction. Finally in alkaline solution, magnesium forms
a purple complex with xylidyl blue, diazonium salt then the magnesium concentration is measured

photometrically via the decrease in the xylidyl blue absorbance.

Inorganic phosphate can be measured after forming an ammonium phosphomolybdate complex
having the formula (NH4)3[PO4 (M003)12] with ammonium molybdate in the presence of
sulfuric acid as follow.

Phosphate + ammonium molybdate H2SO4 - ammonium phosphomolybdate

The concentration of phosphomolybdate formed is directly proportional to the inorganic phosphate

concentration and is measured photometrically.

TOTAL CHOLESTEROL.: Cholesterol was measured by enzymatic, colorimetric method.

Cholesterol esters are splitted by the action of cholesterol esterase to produce free cholesterol and
fatty acids. Then cholesterol oxidase catalyzes the oxidation of cholesterol to cholest-4-en-3-one
and hydrogen peroxide. By the action of peroxidase hydrogen peroxide perform its effect on the
oxidative coupling of phenol and 4-aminophenazone to form a red quinone-imine dye. Finally

determined by measuring the increase in absorbance. The reaction sequences were as follow:

CHE
Cholesterol ester + H,O0 ——— Cholesterol + Fatty acid

Cholesterol + O, % Cholesterol-3-one + H,0,

2H,05 + 4-Aminoantipyrine + Phenol &D! Quinoneime + 4H;0

(CHE = Cholesterol Esterase, CHO = Cholesterol oxydase, POD = Peroxidase)

TRIGLYCERIDES TEST: A series of coupled reactions in the determination of triglycerides
which are hydrolyzed to produce glycerol. Increase in absorbance was measured. The reaction

sequences were as follow:
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Lipoprotein lipase
Triglycerides + H,0 = Glycerol + fatty acids

Glycerokinase
Glycerol + ATP = Glycerol-3-phosphate + ADP

Glycerol-3-phosphate Oxidase

Glycerol-3-Phosphate + O5 s, H202 + DHAP

Peroxidase
2H,0, + 4-AAP + p-Chlorophenol = Quinoneimine + 4H50

(DHAP = Dihydroxyacetone phosphate, 4-AAP = 4-aminoantipyrine)

The color intensity of the red dyestuff formed was directly proportional to the triglyceride

concentration and can be measured photometrically.

HIGH DENSITY LIPOPROTEIN CHOLESTEROL (HDL-C): HDL-C was measured by
direct assay in a homogeneous method for directly HDL-C levels in serum in the presence of
magnesium ions, dextran sulfate selectively forms water-soluble complexes with LDL, VLDL and
chylomicrons are resistant to PEG-modified enzymes action. The reactions were as follow:

HDL-cholesterol esters + H20 PEG-cholesterol esterase HDL-cholesterol + RCOOH

In the presence of oxygen, cholesterol is oxidized by cholesterol oxidase to
A4-cholestenone and hydrogen peroxide.

HDL-cholesterol + O2 PEG-cholesterol oxidase ~ A4-cholestenone + H202

The generated hydrogen peroxide reacts with 4-amino-antipyrine and HSDA to form a purple-blue
dye by the action of peroxidase. The color intensity of this dye was directly proportional to the
cholesterol concentration and measured photometrically.

2 H202 + 4-amino-antipyrine + HSDA* + H+ + H20 peroxidase _ purple-blue pigment + 5 H20

LOW DENSITY LIPOPROTEIN CHOLESTEROL (LDL-C): Cholesterol esters and free
cholesterol in LDL were measured on the basis of a cholesterol enzymatic method using
cholesterol esterase and cholesterol oxidase in the presence of surfactants which selectively
solubilize only LDL. The enzyme reactions to the lipoproteins other than LDL are inhibited by

surfactants and a sugar compound. Cholesterol in HDL, VLDL and chylomicron is not determined.
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LDL-cholesterol esters + H20 detergent cholesterol esterase cholesterol + free fatty acids

By the action of cholesterol esterase cholesterol esters are broken down quantitatively into free
cholesterol and fatty acids

LDL-cholesterol + O2 cholesterol oxidase A4-cholestenone + H202

Cholesterol oxidase along oxygen oxidized cholesterol to A4-cholestenone and hydrogen peroxide.
2 H202 + 4-aminoantipyrine + EMSEa + H20 + H™ peroxidase red purple pigment + 5 H20
The color intensity of this dye was directly proportional to the cholesterol concentration and

measured photometrically.
5.8. Data Quality Assurance and Quality Control

After completion of each questionnaire, cross checking was done among data collectors and
principal investigator to assure the completeness of the information gathered. The label on the test
tube and subject’s unique identification number on questionnaire was also checked for similarity.
Weight was measured without heavy cloths and shoes, while height without shoes in order to get
accurate measurement. The collected data was entered into SPSS version 23 daily, so as to increase
the accuracy and minimize data entry errors. After checking the expiry date of both the reagents
and controls, Cobas ¢501 clinical chemistry analyzer was checked for delivering correct result by
using normal and pathological controls. Normal control which was under normal reference interval
and high (pathological) control which is above the normal reference interval could be used. Before
any study participant’s sample was processed, dual quality controls (normal and pathological) and
pooled serum samples were always performed and then study participant’s sample was analyzed.
Besides calibration also ran as needed but (for Na*, K* and CI" every 24 hours) and all samples
tested passed through automated interference detectors for hemolysis, lipemia and icterus. These
serum indexes had also checked visually. At the end of testing, results were screened for missing
results. The analytical performance of all assays were strictly assessed, and participant’s sample
was analyzed only when all assays were acceptable. All the necessary procedures and steps were
followed based on the manufacture instructions. The collected results was checked for
completeness on daily basis by the principal investigator. In general to ensure the accuracy and
precision of the test results, all pre-analytical, analytical and post-analytical precautions were taken

into consideration.
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5.8.1 Pre analytical phases

Blood, stool and urine samples were collected from the study subjects and properly labeled with
their initial name and code. The blood sample was collected by the trained laboratory personnel
and the principal investigator extremely tried to collect good quality sample in a way to analyzed
it and produced reliable result. Participants were instructed to collect mid-stream urine and not
exposing to sun light. As well to avoid contamination of stool samples with dusty particles.
Samples were transported to lab in triple package system with in the icebox. Generally, standard
operating procedures were followed for each sample collection, transportation, preparation and
storage.

5.8.2 Analytical phases

The tests were done by well-trained laboratory personnel following standard operational
procedures of each test methods. The reagents, Kits and the methods have been assessed with
known physiologic and pathologic controls materials. Finally the results were checked by the

principal investigator.
5.8.3 Post analytical phases

The results were documented with participant’s identification in order to avoid errors in the test

results, repeatedly checked before delivering to the responsible bodies.
5.9. Data analysis and interpretation

The data was analyzed in accordance with Clinical & Laboratory Standards Institute (CLSI) C28-
A3 guidelines (39). The serum lipid profile and electrolytes reference intervals of apparently
healthy children and adolescents were calculated using non-parametric methods. First, we applied
inspection of reference observation distribution via scatterplot followed by identification of the
outliers in interquartile ranges (IQR: Q3-Q1; Q1: lower quartile, Q3: upper quartile). At levels of
<Ql-15IQR and /or > Q3 + 1.5 IQR was considered as outliers and discarded manually
following Box and Whisker plot and not included in the final reference estimation. Mann Whitney
U test was used to assess sex differences because the data may not be distributed normally. The
mean, median, SD, and 90% Cls were calculated and reference intervals were established at 2.5
and 97.5" percentiles.
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5.10 Operational definitions

Apparently healthy individuals— a person having no chronic diseases and experience acute illness.
Reference individual —a person selected from reference population for testing on the basis of
well-defined criteria.

Reference population — a group encompassing of all the reference individuals.

Reference sample group — an adequate number of individual’s recruited from reference
population to represent it.

Reference interval —the interval between, and consisting, two reference limits.

Cholesterol —a steroid with hydroxyl group in the C3 position which is synthesized in tissue.
Triglycerides— esters of the trihydric alcohol glycerol with 3 long-chain fatty acids which are
partly synthesized in the liver and partly ingested in food.

High density lipoproteins (HDL) —the one responsible for the reverse transport of cholesterol
from the peripheral cells to the liver.

Low density lipoproteins (LDLs) —a lipoprotein derived from VLDLs responsible for causing and
influencing the progression of atherosclerosis.

Child—a person between five to twelve years.

Adolescent—a person aged between thirteen to seventeen years.

5.11. Ethical considerations

Before starting data collection support letter and ethical clearance letter was obtained from the
Department of Medical Laboratory Sciences, College of Health Science of Addis Ababa
University and permission to conduct the research was obtained from Addis Ababa Health Bureau
and the respective Sub-cities and Woredas. Information sheet was prepared and read to all study
participants. All participants were informed about the purpose of the study and their participation
was on voluntary basis and verbal assent from participants and written informed consent from
parents/guardians were obtained. Name of the participants were coded by number on the
questionnaire; to ensure confidentiality. Screening tests results were submitted to the participant’s
parent and responsible body for intervention through the health extension workers and data

collectors.
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5.12. Dissemination of the result

The finding of this study will be presented and submitted to AAU, Medical Laboratory
Department, and stakeholders. It will also be presented on scientific conferences and published on

peer reviewed scientific journals.
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6. Results

6.1. Socio demographic characteristics

Five hundred and twenty two apparently healthy individuals participated in the study, with equal
number of male: female ratios N=261 (50%) each. Of the total study samples, 54.6% (285/522)
were in the adolescent age group (13-17 years) and the rest 45.4% (237/522) were children (5-12
years). The numbers of children in the age groups of 5-12 years were relatively smaller as
compared to 13-17 years, since the study have established separate reference intervals for the
adolescent group. Participants were divided into age cohorts of >5 to <13 years and >13 to <17
years. The oldest age cohort was further subdivided by gender. This study was attempted to enroll
a minimum of 120 children into each cohort, as recommended by the Clinical and Laboratory
Standards Institute (CLSI) guidelines for the establishment of reference intervals. Regarding the
ethnicity of the study participants Amhara 183 (35.1 %), Oromo 77 (14.8 %), South nation
nationality people 108 (20.7 %), Tigre 31 (5.9 %), and the rest 123 (23.6 %) were mixed origin.
All were students and about of 97% were born in Addis Ababa.
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6.2 Age and gender distribution, partitioning and screening results of the reference
population

Figure 3 illustrates a bar chart for age and gender distribution of the reference population. The
average age of participants with SD was 12.6+3.1 years for boys and 12.7+2.9 years for girls. As
a whole, male female ratio was equal (50% Vs 50%). Regarding life style condition of study
participants, almost all had normal weight, none were included as overweight and underweight.
About 95% of participants had at least twice a week exercise habit and this was almost equal ratio
for both genders. None of the participants had the habit of drinking alcohol, chewing chat and
smoking. Of 522 participants, 22 with more than 3 mg/L C-reactive protein results were excluded
while no participants were excluded due to malaria tests, intestinal parasite, and urine chemical
tests. Hence a total, 500 children and adolescents had met eligibility criteria before assessing the
lipid and electrolyte results. Analytes were graphed using scatter plots to observe their distribution
as shown by Figures 3 & 4, followed by identification of the outliers in each analytes with

interquartile range function.

Age in years and sex distribution of participants

SEX

Wl 1ale
[l Female

807

60

Count

40
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AGE

Figure 2: Bar chart showing age and gender distribution of the reference population.
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Inspection of the scaterplot, the concentration of total cholestrol were slightly increasing throuhout
age until it reached around 13 years then after goes with almost similar pattern. High lower limit
values of TC were found at childhood age. In contrast the values of triglycerides almost similar
throughout age range and did not show much variability with age. On the other hand HDL-C
concentration follow the same pattern with total cholesterol increasing with age of children
especially after 8 years. HDL-C was much lower at the age range of 5-7 years and sight increases
from 8 t010 years with similar pattern between males and females. And starting from 12 years the
values were relatively high throughou adolescences. Observation from the scatterplot serum LDL-
C levels had showed some variation at lower age and amost compact after age of 9 years. However,
it showed a small decrease in at age 9 years and oldest age. The overall distribution of participants
lipid profile were somehow uniform with age after excluding extreme values which may greatly

affect the reference intervals (Figure 3A-D).
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Figure 3A-D: Scatterplot distributions for serum lipid among the 5 to 17 year age range.

Evidence from the scaterplot as shown in Figure 4A to F showed that potassium values were
different with sexes, and at lower age partition relatively low. The distribution indicated that at
after age of 12 years it was riched pick values and remained relatively stable throughout the age
cohort. Unlike others sodium concentration was very scattered but with no differences with age.
Regarding values with sex and age, sodium had a uniform distribution. In other ways chloride
concentrations were somewhat vary with sex. The decreased chloride level was shown in the last
age range.

Magnesium had similar distribution throughout age. It indicated that male’s value was a little
higher than females did. Concerning the calcium values, it was concentrated in certain point with
no differences in age. From the scatterplot, sex differences was not observed by calcium
concentration. Unlike other electrolytes the phosphate distribution revealed a constantly high
concentration until age of 13 years. The lower limit sharply decreased after 13 years. At the

adolescence period phosphate variation with sex was clear. Generally, evidences from inspection
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of the scatterplots all lipid profile were increased continuously with age except LDL-C and the

same was true for potassium.
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Figure 4A-F: Scatterplot distributions for serum electrolytes over the 5 to 17 year age range.

6.3 Establishment of reference intervals on serum electrolytes and lipid profile for
Addis Ababa children and Adolescents

Different number of outliers were excluded from each analyte before determining reference
intervals. The reference values for four lipid profile and six serum electrolytes were shown in the
below table (Table 2). At the adolescent group sex partitions were performed, since significance
differences observed between sexes. Adolescent females had high TC, TG, LDL-C and Ca values
in both lower and upper limits. And females also had high HDL-C, K, Cl and Na values in the
upper limit than did males. On the other hand adolescent male participants had slightly high value
of phosphate in the upper limit. Similarly, males had high Mg and Cl in both limit than did females.
The electrolyte values between children and adolescents were very similar except PO4. High
concentration of PO4 was observed at the low age cohort than adolescents in both lower and upper
limit. As for lipid profile children (5-12years) had relatively high TC, LDL-C, HDL-C and TG in

the lower limit than adolescents combined values.
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Table 2: Established Reference Intervals of serum lipid profile and electrolytes for apparently
healthy children and adolescents in Addis Ababa, Ethiopia, February-October, 2020

Analyte | Ageinyears | Sex Lower limit Upper limit
TC 5-12 Combined 100.76 171.7
(mg/dl) 13-17 Combined 97.25 189.1
Male 92.7 170.2
Female 104.2 191.6
TG 5-12 Combined 44.16 126.36
(mg/dl) 13-17 Combined 40.55 143.6
Male 39.7 132.4
Female 44.3 150.5
Ca 5-12 Combined 2.34 2.7
(mmol/L) | 13-17 Combined 2.39 2.7
Male 2.36 2.7
Female 2.39 2.72
Na 5-12 Combined 137 145.4
(mmol/L) | 13-17 Combined 137 146
Male 137 145
Female 137 147
Mg 5-12 Combined 0.74 0.97
(mmol/L) | 13-17 Combined | 0.73 0.96
Male 0.73 0.97
Female 0.72 0.94
PO4 5-12 Combined 1.42 1.85
(mmol/L) | 13-17 Combined 0.96 1.80
Male 0.93 1.81
Female 0.96 1.73
K 5-12 Combined 4.37 5.20
(mmol/L) | 13-17 Combined 4.03 5.58
Male 4.1 5.58
Female 4.0 5.74
Cl 5-12 Combined 101.9 107.9
(mmol/L) | 13-17 Combined 98.95 108.5
Male 99.5 107
Female 98.9 108.6
LDL 5-12 Combined 60.6 105.6
(mg/dl) 13-17 Combined 41.7 120.95
Male 40.6 107.9
Female 50.5 128.7
HDL 5-12 Combined 31.6 53.7
(mg/dl) 13-17 Combined 21.3 57
Male 22.9 56.9
Female 20.9 58.5
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The mean, median, SD and reference intervals for children and adolescents were determined by
using 2.5th and 97.5th percentiles for each serum lipid and electrolyte parameters. Using the non-
parametric Mann Whitney U test, a statistically significant differences (P-value <0.05) between
males and females were found for PO4, TC, TG, K, Cl and LDL-C. As shown in Table 3 below,
the mean concentrations of and (RI) for TC was 132.67 mg/dL (100.76-171.7), for TG 82.61 mg/dI
(44.16-126.36), HDL-C 36.5 mg/dl (31.6-53.7), LDL-C 72.5 mg/dl (60.6-105.6), potassium 4.56
mmol/L (4.37-5.2), sodium 140.9 mmol/L (137-145.4), chloride 103.5 mmol/L (101.9-107.9),
calcium 2.52 mmol/L (2.34-2.7), magnesium 0.85 mmol/L (0.74-0.97) and phosphate 1.54
mmol/L (1.42-1.85) for both boys and girls aged between 5-12 years. The mean (RI) values for
the analytes in adolescents were TC 136.5 mg/dl (97.2-189.1), TG 81.85 mg/dl (40.55-143.6),
HDL-C 38.3 mg/dl (21.3-57), LDL-C 76 mg/dl (41.7-120.95), potassium 4.74 mmol/L (4.03-
5.58), sodium 141 mmol/L (137-146), chloride 103.5 mmol/L (98.95-108.5), calcium 2.54 mmol/L
(2.39-2.7), magnesium 0.84 mmol/L (0.73-0.96) and phosphate 1.37 mmol/L (0.96-1.8), for
combined sexes. There was no statistically significant difference between sexes and age partitions

regarding the mean and median concentration of all electrolytes except phosphate.
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Table 3: Mean, Median, SD, Minimum, Maximum, Reference interval, and P-values of serum

lipid profile and electrolytes for children and adolescents, Addis Ababa, Ethiopia

Analyte | Age in|Se | N Mean | Median | SD Min Max 2.5" percentile 97.5" percentile
year X (90% CI) (90% CI) P-value
for sex
TC 5-12y | C |200 |132.7 |130.8 |17.3 |94.6 173.4 | 100.76 (96.8- | 171.7 (165-172.7
(mg/dl) 104.3)
13-17y |M | 128 | 129 | 129 18 86.3 175.4 | 92.7 (86.3-98.5) 170.2 (157.8-175.4) | 0.001
F 137 | 143 | 1416 | 229 |956 200.1 | 104.2 (95.6-110.8) | 191.6 (184.8-200)
C |265 | 1365|1344 |219 |86.3 200.1 | 97.25 (95.6-104) 189.1 (180.5-192.8)
TG 5-12y |C |203 |82.61 | 81.8 21.86 | 40.5 136 44.16 (40.86-49.4) | 126.4 (117.7-132.58)
(mg/dl) 13-17y | M | 129 | 759 | 70.6 24.15 | 38 143.7 | 39.7 (38-42) 132.4 (118.1-143.7) | 0.028
F 133 | 87 81.9 284 | 373 164.7 | 44.3 (37.3-50.1) 150.5 (139.1-164.7)
C 262 |816 |77.2 27 73.3 164.7 | 40.55 (38.35-43.0) | 143.6 (135.96-150.4)
Ca 5-12y |C [196 | 252 | 252 0.086 | 2.33 2.73 2.34 (2.33-2.39) 2.7 (2.68-2.72)
(mmol/L) | 13-17y | M | 126 | 2.54 | 2.54 0.08 |2.33 2.73 2.36 (2.33-2.41) 2.7 (2.67-2.73)
0.565
F 131 | 254 | 2.56 0.082 | 2.37 2.73 2.39 (2.37-2.41) 2.72 (2.68-2.73)
C |257 | 254 |255 0.08 |2.33 2.73 2.39 (2.37-2.41) 2.7 (2.68-2.73)
Na 5-12y | C | 193 | 1409 | 141 2.26 | 136 147 137 (136-137) 145.4 (145-146.4)
(mmol/L)
13-17y |M | 131 | 1412|141 1.96 | 137 145 137 (137-138) 145 (144.4-145) 0.815
F 137 | 141.3 | 141 2.56 | 137 148 137 (137-138) 147 (146-148)
C |[268 |141 |141 2.3 137 148 137 (137-138) 146 (145-147)
Mg 5-12y |C |201 | 085 |0.85 0.055 | 0.73 0.98 0.74 (0.74-0.75) 0.97 (0.95-0.98)
(mmol/L)
13-17y |[M | 130 [ 0.85 |0.84 0.06 |0.72 0.97 0.73 (0.72—0.76) | 0.97 (0.96-0.97) 0.124
F 139 |10.83 |0.83 0.055 | 0.7 0.96 0.72 (0.7-0.74) 0.94 (0.92-0.96)
C [269 |084 |0.84 0.058 | 0.7 0.97 0.73 (0.72-0.74) 0.96 (0.94-0.97)
PO4 5-12y | C | 207 | 154 |154 015 [1.24 1.95 1.42 (1.4-1.45) 1.85(1.8-1.9)
(mmol/L)
13-17y |M | 133 | 146 |1.47 0.22 |0.89 1.88 0.93 (0.89-1.02) 1.81 (1.76-1.88) <0.001
F 139 |13 1.28 0.19 |0.82 1.77 0.96 (0.82-1.01) 1.73 (1.63-1.77)
C 272 | 137 |136 0.217 | 0.82 1.88 0.96 (0.9-0.99) 1.8 (1.72-1.81)
K 5-12y | C [ 196 | 456 |4.57 031 384 5.27 4.37 (4.3-4.43) 5.2 (5.16-5.24)
(mmol/L) | 13-17y | M | 134 | 481 |4.82 0.38 |4.01 5.74 4.1(4.01-4.2) 5.58 (5.45-5.74) 0.009
F 139 | 4.7 4.65 0.44 | 3.69 5.83 4.0 (369-4.05) 5.74 (5.5-5.83)
C 272 | 474 | 477 0.42 |3.69 5.83 4.03 (3.99-4.08) 5.58 (5.49-5.78)
Cl 5-12y |C |203 | 1035|1033 |238 |982 108.5 | 101.9 (101.6- | 107.9 (107.6-108.1)
(mmol/L) 102.2)
13-17y |M | 130 |103.0 | 103.1 | 1.8 98.9 108 99.5 (98.9-100) 107 (106.1-108) 0.006
F 135 |103.8 | 103.7 | 253 |98.7 109.3 | 98.9 (98.7-99.8) 108.6 (108.2-109.3)
C |265 | 1035|1034 |226 |98.7 109.3 | 98.95(98.8-99.8) | 108.5 (107.8-108.6)
LDL 5-12y |C 203 | 725 |731 15.2 | 39.9 112.9 | 60.6 (57.8-63.2) 105.6 (99.3-110.2)
(mg/dl) 13-17y M | 128 | 70 70.2 16.6 | 40.5 113.7 | 40.6 (40.5-42.6) 107.9 (96.6-113.7) 0.008
F 138 |81.2 |79.3 20.1 | 414 137.7 | 50.5 (41.4-55.7) 128.7 (116-137.7)
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C [266 |76 74 19.36 | 40.5 | 137.7 | 41.7 (40.7-46.2) | 120.95 (113.3-128.5)
HDL 5-12y |C [199 |[365 |35.7 71 [208 |54 31.6 (30.5-32.9) | 53.7 (49.4-53.9)
(mg/dl) [13-17y [M [ 131 [38.29 | 38 824 |19.2 |58 22.9 (19.2-25.6) | 56.9 (52.4-58) 0.832
F |137 [38.3237.8 87 |162 |609 |20.9(16.2-24.4) |58.5 (53.6-60.9)
C |268 [383 |38 8.48 |16.2 |60.9 |21.3(20.25-24.3) |57 (54-58.65)
*N=number of participants, C=combined, M=male, F=female, SD=standard deviation, Min=minimum
Max=maximum, Cl=confidence interval, P < 0.05= statistically significant difference between males and
females
In this study participants had very low level of HDL-C in comparison with manufacturer reference
intervals. Misclassifications were observed in all analytes for both partitions. The major
discrepancy was seen for HDL-c (Table 4).
Table 4: Frequency of misclassified values
5-12 years 13-17 years
Analyte Manufacturer CurrentRIs | N % Manufacturer | Current N %
Rls Rls Rls
K(mmol/L) |3.5-5.1 4.34-5.2 50 24.2 % 3.5-5.1 4.03-558 |53 19.5 %
Na (mmol/L) | 136-145 137-145 2 1.04 % 136-145 137-146 6 2.2%
Cl 98-107 101.9-107.9 | 37 18.2 % 98-107 98.95-108.5 | 19 712%
(mmol/L)
Ca 2.2-2.7 2.34-2.7 4 4.0% 2.1-2.55 2.39-2.7 102 39.7 %
(mmol/L)
Mg (mmol/L) | 0.7-0.86 0.74-0.97 72 36 % 0.70-0.91 [0.73-0.97 |37 13.8%
PO4 1.05-1.85 1.42-1.85 35 169%  [0.95-1.65 |[0.96-1.8 23 8.4 %
(mmol/L)
TC (mg/dl) <200 100.7-171.7 12 6 % <200 97.25-189.1 | 8 3%
TG <200 44.16-126.36 | 9 4.4% <200 40.55-143.6 | 6 2.3%
(md/dl)
LDL-c <100 60.6-105.6 9 4.4 % <100 41.7-120.95 | 29 10.9%
(mg/dl)
HDL-c >55 31.6-53.7 148 74.4 % >55 21.3-57 200 74.6 %
(mg/dl)

Note N=number, RlIs =reference intervals
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6.4 Comparison of currently established reference intervals on children and

adolescents with other published data

Serum electrolytes such as phosphate and potassium showed notable differences compared to the
Canadian, Sweden, Denmark and German derived reference intervals. The current study
participant’s HDL-C, TC, TG and LDL-C concentration were lower than the below shown
counterparts (Table 5). As can see from the table both the company derived RI that is currently
being used in the country and published reports elsewhere lack sex disaggregated data. As can be
seen from the table, no consistency found between studies. For example, the upper limit for
potassium varies between 3.75 Germany and 5.5 mmol/L in USA, chloride between 105 and 115
for the two countries, respectively. The current finding for Ethiopians lies between the two. In
contrary, the upper limit of triglycerides is the lowest for the current study compared to others
listed in the table; 126.36 for Ethiopian versus 194.9 mg/dl for children from Sweden.

Table 5-8: Comparison of currently established reference intervals on children and adolescents

with other published data
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Table 5: Comparison of commonly used serum lipid profile and electrolytes reference values for
children (5-12 years) in Addis Ababa, Ethiopia, with other published studies

Analyte | Se | Current RI Canada Australia | Sweden Texas German | Denmark Pakistan

X (with Cobas ¢ 501) (using Cobas ) (usir)g (using Cobas) USA (45) (using Cabas ) (With Cobas) (using Cobas )

(41) Architect (43) (46,47) | (49) (48)
c8000) (42)

K C |4.37-52 3.8-4.9 3.6-5.3 3.3-4.6 3.5-55 3.2-3.75 | 3.26-4.29 NA
(mmol/L)

M |- NA NA NA NA NA NA 3.4-5.0

F |- NA NA NA NA NA NA 3.7-5.2
Na C | 137-1454 136-143 133-144 | 136-146 136-145 | 130-145 | 135-147 NA
(mmol/L)

M |- NA NA NA NA NA NA 135-145

F |- NA NA NA NA NA NA 132-148
Cl C |101.9-107.9 | NA 97-110 NA 95-105 100-115 | NA NA
(mmol/L) | M | -- 101-107 NA NA NA NA NA 101-112

Fo|-- 101-107 NA NA NA NA NA 101-114
Ca C |234-2.7 2.33-2.63 | 2.2-2.65 | 2.24-2.60 2.2-2.52 | 19-2.7 NA NA
(mmol/L) | M | -- NA NA NA NA NA 2.22-2.58 | 2.0-2.75

F |- NA NA NA NA NA 2.26-2.58 1.68-2.98
Mg C |0.74-0.97 0.86-1.17 | 0.65-1.10 | 0.71-0.94 0.66-0.94 | 0.61-1.0 NA
(mmol/L) | M | -- NA NA NA NA NA 0.71-0.93 NA

F |- NA NA NA NA NA 0.73-0.93 NA
PO4 C |1.42-1.85 1.32-1.91 | 0.9-2.0 NA 0.97-1.94 | 1.2-2.6 NA
(mmol/L) | M | -- NA NA NA NA NA 1.07-1.74 1.26-1.78

F |- NA NA NA NA NA 1.09-1.72 1.23-1.84
TC C |100.76-171.7 | 116-205 NA 105.3-214.5 | 135-200 | NA 105.3- NA
(mg/dl) 214.5

M |- NA NA NA NA 87.8-199 | NA 110-219

F |- NA NA NA NA 105-222 | NA 113-233
TG C |44.16-126.36 | 35-186 NA 32.04-194.9 | 20-150 NA NA NA
(mg/dl) M |- NA NA NA NA 38.3-415 | 30.3- 140.6 | 18-150

F |- NA NA NA NA 41-420 30.3-173.6 | 22-157
LDL-C C |60.6-105.6 46-143 NA NA NA NA 43-132.6 NA
(mg/dl) M |- NA NA NA 64-130 41-128.7 | NA NA

Fo|-- NA NA NA 60-140 49-150.2 | NA NA
HDL-C C | 31.6-53.7 35-81 NA NA NA NA NA NA
(mg/dl) M |- NA NA NA 38-75 24.2-68.3 | 31.2-78 NA

F |- NA NA NA 35-73 24.6-68.3 | 39-89.7 NA

*

NA=not available, C=combined, M=male, F=female
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Comparison of the present study’s potassium RI for children aged 13-17 years with that from
Canada, German, Denmark and Pakistan showed that both the upper and lower RI limits are higher
than the values from these countries. Sodium also showed higher from these countries but the
upper limit was similar with Sweden and Denmark but lower than Pakistan counterparts. The
derived RI by the current study for magnesium was lower than the below listed countries.
Regarding lipid profile, TC and HDL-C were lower in the present study than others. However, TC
was higher than Canadian. There were consistency among different countries for LDL-C RI in
lower limits (Table 6).

Table 6: Comparison of commonly used serum lipid profile and electrolytes reference values for
adolescents (13-17) in Addis Ababa, Ethiopia, with other studies

Analyte Se | Current Canada Australia | Sweden Texas German Denmark Pakistan

X study (using Cobas A(Ecskwt%ct (lﬁiBng Cobas) | USA (ujigg Zo7bas) (with  Cobas) (uii8ng Cobas )

Y | A | @3 @) | (6.47) | (ag) (48)

K C |4.03-5.58 3.8-4.9 3.6-5.3 3.26-4.29 3.5-55 |3.2-3.75 3.26-4.29 NA
(mmol/L)

M |4.1-558 NA NA NA NA NA NA 3.5-4.9

F 14.0-574 NA NA NA NA NA NA 3.6-4.9
Na C | 137-146 137-143 | 133-144 | 135-147 136-145 | 130-145 135-147 134-150
(mmol/L)

M | 137-145 NA NA NA NA NA NA NA

F | 137-147 NA NA NA NA NA NA NA
Cl C ]98.95-108.5 | NA 97-110 NA 95-105 | 100-115 NA NA
(mmol/L) | M | 99.5-107 101-106 | NA NA NA NA NA 98-115

F ]198.9-108.6 |100-107 | NA NA NA NA NA 99-117
Ca C |239-2.7 155-26 |22-265 |NA 2.22-2.7 | 1.9-2.7 NA NA
(mmol/L) | M | 2.36-2.7 NA NA 2.10-2.58 NA NA 2.10-2.58 2.13-2.63

F]2.39-2.72 NA NA 1.95-2.58 NA NA 1.95-2.58 2.13-2.6
Mg C |0.73-0.96 0.86-1.16 | 0.65-1.10 | NA 0.62- 0.61-1.0 NA NA
(mmol/L) 0.94

M |0.73-0.97 NA NA 0.71-0.93 NA NA 0.71-0.93 NA

F 10.72-0.94 NA NA 0.65-0.93 NA NA 0.65-0.93 NA
PO4 C |0.96-1.8 NA 0.8-1.85 | NA 0.74- 1.2-2.6 NA NA
(mmol/L) 1.55

M |0.93-1.81 1.13-20 | NA 0.85-1.74 NA NA 0.85-1.74 0.9-1.5

F ]0.96-1.73 1.03-1.8 | NA 0.72-1.49 NA NA 0.72-1.49 0.97-1.50
TC C |97.25-189.1 | 100-182 | NA 105.3-214.5 | 135-200 | NA 105.3-214.5 | NA
(mg/dl)

M [92.7-170.2 | NA NA NA NA 87.8-199 | NA 114-273
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F 104.2-191.6 | NA NA NA NA 105-222 NA 107-272
TG C |40.55-143.6 | 35-186 NA 32.04-194.9 | 20-150 | NA NA NA
(mg/dl) M |39.7-132.4 | NA NA NA NA 38.3-415 | 30.3-226.1 | 24-321
F |44.3-1505 | NA NA NA NA 41-420 30.3-173.6 | 17-269
LDL-C C |41.7-120.95 | 46-143 NA NA NA NA 43-132.6 NA
(mg/dl) M | 40.6-107.9 NA NA NA 64-130 | 41-128.7 NA NA
F |50.5-128.7 | NA NA NA 60-140 | 49-150.2 | NA NA
HDL-C C |21.3-57 NA NA NA NA NA NA NA
(mg/dl) M | 22.9-56.9 31-70 NA NA 30-64 24.2-68.3 | 31.2-78 NA
F |20.9-58.5 35-89 NA NA 35-80 24.6-68.3 | 39-89.7 NA
*NA=not available, C=combined, M=male, F=female
Although all the assays were performed using the Cobas platform (Roche Diagnostics) which may
harmonized the methodology-dependent differences, it was very likely that reference interval
differences between the current study and their African counterparts. For instance, some
differences were observed in all parameters among African populations. However, no notable
differences were observed in TC, LDL-C and TG values among different African countries except
Guinean, who had higher upper limit of TG. The current Rl on HDL-C were much lower than
Tanzanian children. Study conducted in Guinea reported very low Na lower reference limit. In
contrast, the current delivered high lower reference limit for potassium.
Table 7: Comparison of established reference intervals on serum lipid profile and electrolytes for
Addis Ababa children (5-12 years) with other African studies
Analyte Sex | Current study | Manufacturer | Guinea Tanzania Ghana Kenya
(using Cobas ) (Cobas) (using Cobas ) (49) | (using Cobas) (50) | (using Cobas) (51) | (using Cobas) (53)
K (mmol/L) C |43752 3.5-5.1 3.2-4.9 3.2-5.2 3.6-5.6 NA
M -- NA NA NA NA 3.1-6.6
F -- NA NA NA NA 3.4-5.7
Na (mmol/L) C 137-145.4 136-145 127.5-141 134-141 135-151 NA
M |- NA NA NA NA 136.8-148.9
F -- NA NA NA NA 144.14-147.1
Cl (mmol/L) C 101.9-107.9 | 98-107 NA 98-108 99-114 NA
M |- NA NA NA NA 101.4-110.6
F -- NA NA NA NA 99.5-111.7
Ca (mmol/L) C 2.34-2.7 2.2-2.7 1.97-2.65 2.2-2.56 NA NA
M |- NA NA NA NA 2.3-2.7
F -- NA NA NA NA 2.37-2.41
Mg (mmol/L) |C 0.74-0.97 0.70-0.86 NA 0.77-0.99 NA NA
M -- NA NA NA NA NA
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F -- NA NA NA NA NA
PO4 (mmol/L) | C 1.42-1.85 NA 1.27-2.29 1.20-1.90 1.03-1.84 NA

M |- 1.05-1.85 NA NA NA 1.2-3.1

F -- 1.05-1.80 NA NA NA 1.3-4.2
TC (mg/dl) C 100.76-171.7 | <200 85.8-183.3 | 82.3-191.5 | 65.74-166.28 | NA

M |- <200 NA NA NA NA

F -- <200 NA NA NA NA
TG (mg/dl) C 44.16-126.36 | <200 32.9-240.3 | 32.9-157.5 |44.29-169.17 | NA

M |- <200 NA NA NA NA

F -- <200 NA NA NA NA
LDL-C (mg/dl) | C 60.6-105.6 <100 NA 35.1-123.6 | NA NA

M |- <100 NA NA NA NA

F -- <100 NA NA NA NA
HDL-C (mg/dl) | C 31.6-53.7 NA NA 29.3-76.4 NA NA

M |- >55 NA NA NA NA

F -- >65 NA NA NA NA

*NA=not available, C=combined, M=male, F=female

Comparison was also made with similar studies in other African countries for adolescents as shown

in Table 8 below. Although RIs for most electrolytes were similar among African countries, some

differences were observed. Interestingly, all electrolyte’s RI obtained by the current study showed

slightly higher in both lower and upper limits than manufacture values. Particularly, Sodium

reference limits in the current study were highly inconsistent with reference limit values conducted

in Tanzania, Kenya, Ghana and Zimbabwe. This study also provided higher potassium limit than

other African studies except Ghanaian counterparts. Concerning the lipid profile tests, the present

study found lower HDL-C values in both sexes than Tanzanian, Zimbabwe and Manufacturer RI.

However, better consistency were found for TC, TG and LDL-C (Table 8).
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Table 8: Comparison of established reference intervals on serum lipid profile and electrolytes for
Addis Ababa adolescents (13-17 years) with other African studies

Analyte Sex Current RI Manufactur | Tanzania Ghana Zimbabwe Kenya
(using Cobas ) er (using Cobas ) (50) | (using Cobas) (51) | (Hitachi 902) (52) (using Cobas ) (53)
(Cobas)

K (mmol/L) C 4.03-5.58 3.5-5.1 NA NA NA NA

M 4.1-5.58 NA 3.6-5.1 3.6-5.8 3.4-5.3 3.8-5.4

F 4.0-5.74 NA 3.6-5.0 3.6-5.9 3.46-5.34 3.9-5.2
Na (mmol/L) C 137-146 136-145 134-140 NA NA NA

M 137-145 NA 134-140 132-156 135-153 132.9-146.5

F 137-147 NA 134-140 132-152 133-155 140.4-142.5
Cl (mmol/L) C 98.95-108.5 | 98-107 NA NA NA NA

M 99.5-107 NA 98-105 95-117 96.0-107 95.1-111.5

F 98.9-108.6 | NA 99-106 96-116 96.0-111 97.2-111.5
Ca (mmol/L) C 2.39-2.7 2.1-2.55 NA NA NA NA

M 2.36-2.7 2.18-2.6 NA 1.83-2.85 2.0-2.5

F 2.39-2.72 NA 2.2-2.6 NA 1.83-2.73 2.0-2.6
Mg (mmol/L) |C 0.73-0.96 0.70-0.91 | NA NA NA NA

M 0.73-0.97 NA 0.77-0.98 NA NA NA

F 0.72-0.94 NA 0.75-0.98 NA NA NA
PO4 (mmol/L) | C 0.96-1.8 NA NA NA NA NA

M 0.93-1.81 0.95-1.65 | 0.92-1.79 0.95-1.79 0.78-2.0 1.0-2.56

F 0.96-1.73 0.90-1.55 |0.87-1.83 0.96-1.77 0.87-1.81 0.9-2.7
TC (mg/dl) C 97.25-189.1 | <200 NA NA NA NA

M 92.7-170.2 | <200 91.7-177.8 | 65.7-150.8 | 75.3-210.6 NA

F 104.2-191.6 | <200 101-200 69.6-177.9 | 91.3-214.1 NA
TG (mg/dl) C 40.55-143.6 | <200 NA NA NA NA

M 39.7-132.4 | <200 33.8-222.5 | 35.43- 26.7-139.7 NA

159.43
F 44.3-150.5 | <200 31.15-174.4 | 35.43- 29.4-171.8 NA
150.57

LDL-C (mg/dl) | C 41.7-120.95 | <100 NA NA NA NA

M 40.6-107.9 | <100 37.4-109.6 | NA 30.4-129.5 NA

F 50.5-128.7 | <100 48-121.7 NA 37.4-138.8 NA
HDL-C (mg/dl) | C 21.3-57 NA NA NA NA NA

M 22.9-56.9 >55 25-74.5 NA 29.6-80.7 NA

F 20.9-58.5 >65 30-73 NA 32.8-85.8 NA

*NA=not available, C=combined, M=male, F=female
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8. Discussion

CLSI and IFCC recommended that Rls should be established for each region and locality because
appropriate interpretation of any numeric laboratory test results has certainly rely on accurate
reference intervals (39). Establishing reference intervals using direct method is challenging in
children, since samples from healthy children is difficult to obtain. Thus, Ethiopian reference
intervals are adopted from western countries. Hence, the present study particularly focused on
developing the reference intervals using direct method for serum lipid and electrolytes.

There were statistically significant sex differences found in TC, TG, LDL-C, potassium, phosphate
and chloride for 13-17 years study participants. Calcium and HDL-C were similar throughout the

childhood and adolescence period with no differences in sex.

The increase in potassium concentration which was increased with maturity towards adolescence
in the present study likely reflects different stages of physiolocal changes during maturation.
Compared to values determined for other population groups, the K values for this study
participants were higher than those reported from Canada (41), Sweden (43), Denmark (44),
manufacturer’s values, Guinea (49) in both upper and lower limits. Potassium RI also higher in
lower limit than USA (45), Tanzania (50) and Ghana (51). In line with this study exactly the same
figure was obtained in the upper limit of potassium by Tanzanian study (50). The established RIs
for Tanzanian and Ghana males and females were lower than the current findings. In consistent
with the current finding a study done in Ghana found that females had slightly higher K value in
the upper limit. The difference between the current result and other findings may be due to

nutrition, genetic variation or method differences.

Regarding sodium, the current study determined an interval which was almost similar for both
sexes and age range. Evidences from this and other studies that the level of sodium peak at early
age and remain constant. The current study’s lower and upper RI for sodium were relatively higher
than the manufacture’s values, and those established in Canada (41), Germany (46), Australia (42),
Tanzania (50) and Guinea (49) in both sexes and age group. However, the current study’s Na upper
limit was lower than findings from Ghana (51). The level of sodium was more significantly
inconsistent among different African countries including the current study. In agreement with the

present finding, adolescent females had slightly high upper limit value than males in Zimbabwean
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study (52). Similarly the current study’s chloride RIs were higher in both limits than stated in the
manufacturer’s leaflet and those reported by studies from Canada (41), USA (45) but lower in the
upper limit from that reported from Australia (42) and Ghana (51). It was observed completely
dissimilar RI result between Kenyan and the current study in both limits of CI (53). According to
findings including current work, adolescent females had slightly high CI concentration in upper
limit than males. Sodium and chloride are particularly prone to salt amount of intake; this is the
most likely explanation for this major difference in results. This may be also explained by the
variations in the aldosterol levels and genetic factors, life style, hot weather, exposure to sun light

for long time and sweating rate.

Serum calcium slightly increased through the adolescent’s period, with the lowest concentrations
observed in the both male and female children aged 5-12 years. The current finding revealed that
no significant sex differences among participants. Relatively the higher values of calcium were
observed in the present study participant’s in both lower and upper limits than studies in Canada
(41), Australia (42), Sweden (43), Guinea (49) and Tanzania (50) while there were better
agreement with values given in the Manufacturer’s leaflet. Overall, differences in calcium
concentration may be mainly due to differences in serum vitamin D or parathyroid hormone (PTH).

Probably it may also be due to dietary factors or ethnic differences.

In In contrast, children participant’s had low magnesium RI values in the upper limit than other
studies such as Canada (41), Australia (42), Germen (46) and Tanzania (50). However it was
relatively higher than values provided by the manufacturer. As for adolescents, the magnesium
values were higher than study from Denmark (44) but lower than Tanzanian study (50). On the
other hand, higher concentration of phosphate in lower age cohort was observed. Hence,
significant increase in Phosphate in early stages of life in children is attributed to bone growth. In
line with this finding others studies revealed that children had high phosphate value (41, 43, 45,
46, 49, 50). Comparing the present phosphate RI, children participant had lower upper limit than
reported RlIs from Germany (46), Australia (42), Canada (41), Guinea (49) and Tanzania (50).
Regarding adolescent participants, their phosphate values were higher in both sexes compared to
values from Pakistan (48) and Denmark (44). However, it was lower in both lower and upper limits
than Kenyan study (53). The reason for these differences in electrolytes RIs may be due to the

differences of analyzer, method of analysis, number of participants, diet, living style and genetics.
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In the present study, sex associated differences were observed for all lipid profile tests except
HDL-C at the older age cohort. Concentrations of LDL-c, HDL-c, TC and TG increased with age
in both biological genders. Similar results were found by Tanzanian (50) and Guinea (49) studies
Comparing participating children TC results with Canadian (41), Sweden (43), USA (45), and
Denmark (45) studies, the results were lower in both lower and upper limits. While TC RI limit
reported in the current study was high compared to Tanzanian (50) and Guinean study only in the
upper limit side (49). However, TC RI value was higher than a finding from Ghana in both limits
(51). Similarly at the adolescences age the current findings on TC was also lower than reports from
USA (45), Germany (47), and Denmark (44). Moreover, only the upper limit of TG in children
and adolescents were less than that reported from Canada (41), USA (45), Australia (42), Sweden
(43), Guinea (49), Tanzania (50) and Ghana (51) counterparts. This difference may be due to
variation in number of participants, exclusion criteria of conditions which likely affect lipid levels,
partition, difference in both statistics and lab methods, consumption of saturated and unsaturated

fats, or enzymes involved in lipolysis.

Children in the current study had lower LDL-C upper reference limit than Canada (41), Denmark
(44), and Tanzania (50). Relatively similar to findings from Tanzanian and Zimbabwe studies, the
current work revealed that female adolescents had relatively high LDL-C than did male. But these
findings oppose the common believe that the effect of estrogen hormone in decreasing the LDL-C
concentration in female adolescents. Low HDL-C levels are considered to be a stronger predictor
of occurrence and recurrence of myocardial infraction as well as stroke and are also associated
with premature and severe cardiovascular diseases (2). Hence, the current study obtained that both
the lower and upper limit of HDL-C among children and adolescents were lower in relative to all
other studies (41, 43, 45, 50, 52). This low HDL-C concentration may be explained by the
difference of diet, lifestyle, body posture and genetics. Overall, the rising of total cholesterol and
LDL-C upper limit concentrations from early childhood to adolescences possibly explained as the
increasing demand for steroid hormone synthesis and related with physiologic development. In
summary, while comparing the present work and western, it was observed that lower results were
recorded for cholesterol, triglyceride, LDL-C and HDL-C.
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9. Strength and Limitations of the study

9.1 Strengths

Inspite of the challenges for obtaining sample from children, this study is one of the efforts to
establish reference values for fasting lipid profile and serum electrolyte parameters in a
representative sample of children and adolescents for Addis Ababa city. The study has recruited
more than CLSI recommended minimum number (120) of observations which has the advantage
of allowing for the non-parametric computation of 90% confidence limits for each reference limit.
The direct aprior method which is the best one was employed, by collecting sufficient sample from
apparently healthy children and adolescents. Serum lipid and electrolytes were analyzed at

nationally accredited lab with Cobas c501.
9.2 Limitations

The drawback with the present study is that age groups from birth to 5 years of age was lacking.

44



10. Conclusion and Recommendations

10.1 Conclusions

The present study was part of the national project that addresses critical gap of the area and
established common reference intervals on routinely performed lipid profile and serum electrolytes
for children and adolescents. This report was the first effort in Addis Ababa to establish the RIs
for fasting lipid and serum electrolyte in children and adolescents aged between 5-17 years.The
current reference intervals in children and adolescents provide an important update for serum
electrolytes and these will aid in the early assessment of lipid and electrolyte abnormality in child
and adolescent populations. The study also observed significant differences in the reference values
between genders for TC, TG, LDL-C, PO4, K and ClI at the pubertal age and only Mg at lower age
cohort. Indeed, major differences were observed in most of these analytes in comparison with
published literatures. So, the current work further confirms the need to use locally established
reference intervals. The generated reference intervals are primarily applicable to the Addis Ababa
children and adolescents to aid the physicians in differentiating between healthy and diseased
populations, but could be used by any other laboratory after validation test if not possible to derive

RIs for the local population.
10.2 Recommendations

We suggest that these data may be used for interpretation of an individual's result for decision
making, for epidemiological and intervention studies and for use by health care providers and
health policy makers for definition of abnormal lipid and electrolyte levels in the Addis Ababa
children and adolescents. After this physicians or any health care provider need to adhere to this
RIs values for the appropriate interpretation of laboratory data and provide the highest quality of
care to patients. Further research is needed on under five children and infants and similarly we
recommend conducting nationwide study to derive biochemical reference intervals including lipid

profile and serum electrolytes for Ethiopian population as a whole.
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12. Annexes

Annex I- Standard operating procedures (SOPs)

Stool specimen collection and handling: Stool sample will be collected in a clean, dry clean stool
cup. During the study, a total of 522 fresh stool samples will be collected strictly following
standard operational procedures with sterile stool cup. Proper stool specimen will be taken from
each participants to reduce the chance of occurrence of false negative. Then a drop of normal
saline was put on the cleaned microscope Slides, a small amount of stool specimen with a wooden
stick will be taken and mixed with saline and examined as soon as possible (within 30 minutes of
passage). And the leftover stool sample will be preserved with 10% formalin and transported to
side laboratory following safe transportation manner.

Stool sample processing for Formol ether Concentration: a fresh stool sample will be dispensed
in to 10 ml of 10% formalin in a round bottom tube and the stool and formalin will be mixed
thoroughly and will let the mixture stand for a minimum of 30 min for fixation. Strain a sufficient
quantity through wet into a conical 15ml centrifuge tube to give the desired amount of sediment
(0.5 to 1 ml), 10% formalin will be added to the top of the tube and centrifuge for 10 min at 500 x
g. Supernatant fluid will be discarded and suspend the sediment on the bottom of the tube, ethyl
acetate will be added and shake vigorously by holding the tube so the stopper is directed away
from our face. Centrifuge for 10 min at 500 x g. The sediment will be examined using 10 X and

40 X microscopic examination.
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Performing the Chemical Test by Reagent Strip
Fill name and the date on the lab sheet for Chemical Examination of Urine.

Using the urine controls package insert provided by your instructor, accurately record the
Expected Range for each test pad for both controls.

Accurately record the name and identification number of each participant’s sample.
Carefully mix urine by inverting tube or swirling urine if it is in a cup.
When testing participants samples, observe and record color and clarity.

Carefully remove one strip from container, taking care not to allow reagent pads to touch hands
or other surfaces.

Recap container of strips immediately finger tight. Exposure to air will cause deterioration of the

chemicals on the pads.

Briefly (no longer than 1 second) dip test strip into the urine making sure that all pads are

moistened.
Draw the edge of the strip along rim of specimen container to remove excess urine.
Start the timer when you have removed the moistened strip from the urine or control.

Blot edge of strip on biowipe or paper towel to remove excess urine. Failure to blot may result

in chemicals from adjacent pads “bleeding” into each other causing erroneous results.

Read each pad at the time shown on the strip container, starting with the shortest time. Hold the
strip close to the color blocks but Do Not Allow the Wet Strip to Touch the Color Chart. Match
the colors carefully — THIS IS CRITICAL. Failure to read the reaction at the time indicated may

cause erroneous results.

Record results on the report form using appropriate units as necessary. Negative results should
be reported out as “Neg”. Positive results should be reported in the proper format, using

appropriate unites where indicated.

Discard the reagent strip into regular trash when you have finished recording the results
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High sensitive C- reactive protein test procedures

The human serum containing CRP mixed with latex particles coated with monoclonal anti-CRP

antibodies
After few minutes the presences of CRP leads to precipitation and color development

Then the precipitate is determined turbidimetrically with fully automated Cobas c501 analyzer

Annex I1. Information sheet for children aged 5-17 years

Research Title: Establishment of lipid profile and electrolytes reference intervals for Addis Ababa
children and adolscents.
Principal Investigator: Ousman Mohammed

Organization: Addis Ababa University
Sponsor: Ministry of Science and Technology (MoST), and Addis Ababa University, Ethiopia

Introduction:

Hello! My name is and I am working with researchers from Department of

Medical Laboratory Science, Addis Ababa University. We are conducting a study to Establish
Immuno-Hematological and Clinical Chemistry Reference Intervals for Ethiopians aged > 5years

from various localities in the country.
Purpose of the research:

The health laboratory plays an indispensable role in the health care system. It supports diagnosis
(to rule in or rule out a diagnosis), monitoring of response to treatment, epidemiological
surveillance, prevention as well as Research (to understand the pathophysiology of a particular
disease process). Especially there is lack of local reference interval for indigenous population.
Therefore, as part of national project the purpose of this proposed study is to establish Llipid
profiles and selected Electrolyte Reference Intervals for Addis Ababa population aged > 5Syears.
You have been chosen for this study as well your guardian/family has been asked and gave consent
for your participation in the study. Therefore, we invite you to take part in this study and contribute
to the establishment of indigenous reference values which are needed for providing quality
laboratory service. Thus, result from this study is anticipated to improve the health status of the
Addis Ababa children and adolescent.
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Procedures:

After agreeing that you can take part, one or more of researchers will visit your school on a certain
day and ask you/your parents some questions which will take up to 15 minutes. Your weight,
height and vital signs will be measured. You will be asked to provide urine and fresh stool on a
particular container we provide. We will also collect about 10 ml venous blood (about 1 table
spoon) from you by sterile-disposable vacutainer tube and needle (7ml in plane tube and 3 ml in
tube containing EDTA). We will conduct laboratory examination to determine different
hematological, serological, urinalysis, parasitological and selected clinical chemistry parameters.

Confidentiality:

The information obtained during the study will remain confidential. Disclosure of any of the data
to third parties other than those allowed in the Informed Consent form will not be permitted. The
results of the research study may be published, but participants’ names or identities will not be
revealed. To maintain confidentiality, we will keep records in locked cabinets in a locked room at
the office and the results of the tests will be coded to prevent identification of the volunteers.
Access to data entered into computerized files will be permitted only for authorized personnel
directly involved with the study and will be password protected. Individual-specific information
may be provided to responsible local medical personnel only with your permission. Urine, stool
and blood collected will not be used for other purposes. The leftover samples will be stored at the
Department of Medical Laboratory Sciences of AAU in a secure place for additional tests as
needed. Finally, all the biological wastes, after analysis will be safely disposed in an

environmentally friendly manner.
Risks and Discomfort:

There will be minimal discomfort in giving urine and stool samples. In addition there might be
some minimal risk and discomfort when we take venous blood. Nevertheless, we will try to
minimize the discomfort as much as possible, as the blood samples will be taken by experienced

laboratory professionals.
Safety:

The venous blood sample will be collected using sterile vacutainer tube/syringe and needle by
experienced laboratory professionals after disinfecting the site of picture by 70% ethanol.
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Moreover, leftover stool, urine and blood sample (that is not stored) will be discarded following

the guideline of bio-safety.
Benefits:

By participating in the study, you will directly benefited by being investigated for any pathogenic
organisms and other clinical and hematological abnormalities. The established reference interval

will be used in the future to improve the general health status of Addis Ababa population.
Incentives:

Any positive finding in your stool/urine/blood will be taken care of by referring you to the nearby
health institution; you will get all the laboratory investigation results for free. However, we will
not pay you for taking part in this study as well as your treatment costs. But, we will thank you for

your participation.
Right to refuse or withdraw:

We assure you that our best care will be taken if you agree to take part in the study. You should
also know that you are free to withdraw from the study at any time and that you will not be

discriminated in any form of service like health.

Whom to contact:
If you have any questions, you may ask the person whom you are giving your urine, stool and
blood or we the principal investigator (PI) of the study or the investigators/focal persons using the
following addresses:
1. Dr Aster Tsegaye, Addis Ababa University 09 11 69 60 85
2. Dr. Mistire Wolde, Addis Ababa University 0911699710
IRB address: Addis Ababa University, College of Health Science +251 -11-896-13 96
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Code No.

Annex 1. Assent form for children aged 5-17 years
I have read the information above, or it has been read to me. | have been given the opportunity to
ask guestions and my questions have been answered to my satisfaction. | voluntarily assent that 1

would participate in this study provided my parents/guardians give their consent.

To give my stool [ ]

To give my urine [_]

To collect my blood [_] and be a participant in this study and understand that | have the
right to withdraw from the study at any time[_].

Print name of participant, date and signature or thumb impression of participant

/ /| (dd/mmliyy)

If illiterate;
Print name of independent literate witness, date and signature of witness (if possible, this person

should be selected by the participant and should have no connection to the research team)

A, (dd/mm/yy)

Phone number (parents/guardians)

Print name of researcher, date and signature of researcher

I (dd/mm/yy)
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Annex 1V: Information sheet for Parents/guardians

Project Title: Establishment of Serum lipid and electrolytes Parameters Reference Intervals for
Addis Ababa children and adolescents.

Project PI: Aster Tsegaye (PhD, Associate Professor at Department of Medical
Laboratory Sciences, Addis Ababa University), Ousman Mohammed (BSc)
Organization: Addis Ababa University

Sponsor: Ministry of Science and Technology (MoST), Ethiopia

Introduction:

Hello! My name is and 1 am working with researchers from the various Medical

Laboratory Science teaching Universities, Regional Laboratories, National Blood Bank of
Ethiopia and EMLA. We are conducting a study to Establish Immuno-Hematological and Clinical

Chemistry Reference Intervals for Ethiopians aged > 5Syears from various localities in the country.
Purpose of the research:

The health laboratory plays an indispensable role in the health care system. It supports diagnosis
(to rule in or rule out a diagnosis), monitoring of response to treatment, epidemiological
surveillance, prevention as well as Research (to understand the pathophysiology of a particular
disease process). Especially there is lack of local reference interval for indigenous population and
local quality control materials. Therefore, as part of national project the purpose of this proposed
study is to establish Llipid profiles and selected Electrolyte Reference Intervals for Addis Ababa
population aged > Syears. Your child has been chosen for this study. Therefore, we invite you and
your child to take part in this study and contribute to the establishment of indigenous reference
values and to develop in-house quality control materials. Both are needed for providing quality
laboratory service. Thus, result from this study is anticipated to improve the health status of Addis

Ababa children and adolescents.
Procedures:

After agreeing that your child can take part, one or more of our research staff will ask you some
questions which will take up to 15 minutes. Your child’s weight, height and vital signs will be
measured. Your child will be asked to provide urine and fresh stool on a particular container we

provide. We will also collect about 10 ml venous blood (about 1 table spoon) from your child by

57



sterile-disposable vacutainer tube and needle (7ml in plane tube and 3 ml in tube containing
EDTA).

Confidentiality:

The information obtained during the study will remain confidential. Disclosure of any of the data
to third parties other than those allowed in the Informed Consent form will not be permitted. The
results of the research study may be published, but participants’ names or identities will not be
revealed. To maintain confidentiality, the investigator will keep records in locked cabinets in a
locked room at the office and the results of the tests will be coded to prevent identification of the
volunteers. Access to data entered into computerized files will be permitted only for authorized
personnel directly involved with the study and will be password protected. Individual-specific
information may be provided to responsible local medical personnel only with your permission.
Urine, stool and blood collected will not be used for other purposes. The leftover samples will be
stored at the Department of Medical Laboratory Sciences of AAU in a secure place for additional
tests as needed. Finally, all the biological wastes, after analysis will be safely disposed in an

environmentally friendly manner.
Risks and Discomfort:

There will be minimal discomfort in giving urine and stool samples. In addition, there might be
some minimal risk and discomfort when we take venous blood. Nevertheless, we will try to
minimize the discomfort as much as possible, as the blood samples will be taken by experienced

laboratory professionals.
Safety:

The venous blood sample will be collected using sterile vacutainer tube/syringe and needle by
experienced health professional after disinfecting the site of picture by 70% ethanol. Moreover,
leftover stool, urine and blood sample (that is not stored) will be discarded following the guideline
of bio-safety.
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Benefits:

By participating in the study, your child will directly benefited by being investigated for any
pathogenic organisms and other clinical and hematological abnormalities. The established
reference interval will be used in the future to improve the general health status of Addis Ababa

population.

Incentives:

Any positive finding in your child’s stool/urine/blood will be taken care of by referring him/her to
the nearby health institution; you will get all the laboratory investigation results for free. However,
we will not pay you/your child for taking part in this study as well as for your child’s treatment

costs. But, we will thank you for your participation.
Right to refuse or withdraw:

We assure you that our best care will be taken if you agree to take part in the study. You should
also know that you/your child are free to withdraw from the study at any time and that you/your

child will not be discriminated in any form of service like health.
Whom to contact:

If you have any questions, you may ask the person whom you are giving information or we
principal investigator (PI) of the study or the investigators/focal persons using the following
addresses:
1. Dr Aster Tsegaye, Addis Ababa University 09 11 69 60 85
2. Dr. Mistire Wolde, Addis Ababa University 0911699710
IRB address: Addis Ababa University, College of Health Science +251 -11-896-13 96
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Code No.

Annex V. Consent form for parents/guardians

I have read the information above, or it has been read to me. | have been given the opportunity to
ask questions and my questions have been answered to my satisfaction. | voluntarily consent that
my child participates in this study (provided he/she gives assent for children 5-17 years).

To give his/her stool [ ]

To give his/her urine []

To collect her/his blood [_] and be a participant in this study and understand that | have
the right to withdraw my child from the study at any time[_].

Print name of participant, date and signature or thumb impression of participant
/ / (dd/mmlyy)

If illiterate;
Print name of independent literate witness, date and signature of witness (if possible, this person
should be selected by the participant and should have no connection to the research team)

/ / (dd/mmlyy)

Print name of researcher, date and signature of researcher
/ / (dd/mmlyy)
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Annex VI: Information sheet for children 5—17 years (5—17 %o+ AP+ V95T a0Z5)

eTCEhE COh: “ALTLNTFO APNE Gov G NHEL NAL AU ATREPD-L7 PMST M@+ LI° OO\ P7LTF
PhALLNA ANGAE FPCaPE-PT aPMT G4.L7HN W PHCAN hG (ANGAHE DT PTeA aPapCavs @ 7L, '11C aPht
“: INChF ThAE LU0 TG

PTCENE PG 1a0Lo14: AVEC 09% (T. AT, 4.7 (%0 ANO RLACAHE PUNIPS ANGRS FIPUCT hGA 004
TCEMNC)

+0NG Ta0LTIPT 209° HCHC TERHA

TRVt CAACXe VNPT ANGRS TINCE RLOACAEPLT: SBGA ANGRSPTE AT NP P29° OTh
RINCTRALL VNPT ANG-P4 TTUNCE

A7 70C (Den. @7 PNLID): 04844 ALING FNTAE, T0.20EC

aoe)(L.Q:

MmS LATAT! AT 10:: PUNIPS ANGRS AR TIPUCT NULLOTIe RLACATP T
CEGA ANGALPTE NLEP 0RI° AT A1 AS PAFEXE VNIPG ANGPS TIWNC IC hPALU- 10-::
NANLAE DT PPLeA aPAPCAPLP YPL TIC AS EMGTT AD- £9° MO PUI.TF PLUIRAES PhA.zhA holaks
PCaLPT MY L8LM ATFCAN h&TBRTFO APNF 900G HLE (AL AU ATe&P@-7 Aavhc-t
OA16TF7 PHALR NANT TG APNLLT 1@-::

PIPCI°C TGk AATT:

PUNIPT AN NSO AINTINCT O-OT NEHE TG RBDI iz JOCaET ATILOTITE YavITy ALY 1A
AT aoAMPFOT WFA A91841% LOAFPTT ACHTT ATITGH (T AgvhAhA A AANATPT 977
OCIPC AT1LL AEPOP PRCIA:: NHALI® NATTT PMGTT (D PANGHE DMyt TIaP8RLL 44470
ATFCAA AG OAIC OO P99.00LT 0e-T aPapCans @ 0AGP:: AALPIIP PHY TG G497 NAIC @-OT NANGPE
OOT P99.00L+F PPet aparCavs @ WG MGl A@-+ PLITPACES PhALhA hoLlivtd Ot TIDRLLL 4.4
ATHCAON ALTIRFD- A9P0TG DL 1AL AU OFALL NAA ATLESG AFEKPO-0T a0t -
ATHPIRTEP (LY T A2&FATE/é AeOONT OAZTFU/OALTY 6. $8TFD7 100PA::: QALY (HY TG
Nodte  A1F7 NANGE BT mGT A0~ PhAZNA ANCRSE MMt TIaP8RLP 4.L7H W rHCaA
ANt ANFPOP WAL FLCAN. FINHIAAN:: U-AEI® Tl PAD- PANGP4 AIATNT APAMT ANLATL
CF®-:: QALY PHY TG Ot AR OO PAPE APT MS7 ATTAAN LL8A::

Lot AR

0PG5t AP He AT/ 075 E AONANAT 15 8P P00 TOE LMBRTNAN:: 1817 dovti P&
AS PR9° Ut At LOARA:: T7PFT ALIIPLC NI°IAM®D AP AT TAMT/BT WIS PAT::: (IHeR.T149°
10 1A, AFC (A28 POCA 77700 290.007) 0720V ah-ELIC NAPT AT 9PC4, ATPAAT (7710, ACFC N10&
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1o 3 Tl AFC LI° AP8LLD PULLLCA YT MIC FhScthi QANE AERA):: PROIRACEE ACACEE
TEOANRE, RS PhALLhA haLats PCave-PT7r AGNLSAT::

T ATC hAemNP:

OHY TGF 2994000 928 (ao< (TLATC Sm0PA:: aPL8 (HY POIPPYT Po Nt PLD M<6h, AOAFE OT7
TAAE ALATI:: PHY TG @t AR FAN 11C 7 P76k HAFEPT AIPG T15 D90 av\ @ he1NE9:
TNPEPRrET AdPmNP PHY TG AOAT aPlEPFT N TPAL hGA (TSN N(LeF OO LaPIPNNE 0L PLT
TAFAPTT T ANTIAOP OmATIP (G b ANIPTRAC OAT Atborme 20T ATGE
T PTF AF PULLPLE NTLATC RAT PTLmNE LUPGA:: PHAtd @mt AVhIPS QAP AfANG
PILFAD \TAF 4@~ &L ANF 1022 CFANAND- A7 GLIIPLCT £I° AMA AN AL D-AIP:: 079 +C ot
Gao-GP T (h%.0 ANA RLACHE UVhIPS ANCPS TIPUCT NEA QUG (0 F TP~ AtenT14 PCaPL-PT Wik,
ANLALITFD- PPIP AL, LD-AN:: NFPGRLLAT® HACROVTFD- Ol PT84« oGP T AT N972.NNhA aPAh-
0T79e LO18(::

TGk P LONTAT O .S TICTS haravifor:

7S 9219°2:C NPt Po1.LCH aPmTs AAaPaviFt A SC & FAA:: IPTI° £9° (71,40 LH aPm1s av19+G
PrOAT AN A SC &FAN:: LU-T ATE, (FFFA aPmT AP PAD- RANLFS OATPE 19PN PI° AATPaDF-1
AP AN

LV7Trt:

PRI° Gav-G 1T OALNT LH 176~V PLI° avPE 1apmpd® eo1.P8m7 0F N170% AADA N996%T AP NAD-
AP 2NGSOGA:: (e 149° TPI° AL hPA (A ATINPaPT PIILIPTE 09104« PARIPOCE TIrH A 89°
Te&P T PANGS RUTIT avavs P avhrtd LT85 (x::

TP PP

(HY 79T Oevdrkq ANTLS AT, FUPALTE £I°G A7 I°Cave- (191241 871t U-b2 T10P LFAN:: (AIC
OO NANLARE OQT 0,000+ RPeet aPaPCavgP hS em,Go1 A@- PLo1RAeES PhAZhA holate omt
Tav8R4E L4.L7IN KHCAN ALTINTFD- APOFS NP NAL AUF (1AL NAA ATLT S AR LD LT aP(\ (o
PAACRLDETT OMG U-5F ATTAAN LLAA::

0TSk AP 710

nagiPeC: A7t hG L9 9°Cavs- mG™ LAT @-mvt NHTT NAPLN® ©OL 177 mS§ 4%
TANAV/FANLATE PANCF6 O AET (119 15 AV/FTEEAN:: U7 W78, (LY TG AdPAT&I° P Aoyt
h&f ALATI°:: AATATEU/ 17 AGIPAITA T

L0 T§ av1t:

OHY T bebaten/a e FA 107 vt A7ThAN0 ASLCOAT:: 915 D9° A% NTGE PO N AILILFAG LUT°
NPFTTO LD AT AL (ATPAN 2M.G ATAIACT) JO79° AT ARTT ARLLAIV::
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TPE hA A71,01C:
°9° G0t TEE A PALIIPLCE TPF AT £ LI° GovG LAMNDY/RAMADT AD aomPP LFAN DOLI°
PTCEhE PG +avT18T ORI° HNSP TG (0TEav: 0017 F +ONSTT 7L FAD* AL aPMPP LFAN::
1. &/C AlvEC 89%F a0 tavg T4 bRk A, 09 11 69 60 85
&40 ANA LZ0CHE PmS 427 hAE £9PCIPC M19°0C (LC hdh: +251 -11-896-13 96

e,

Annex VII. Consent form for children 5-17 years 5—17 %aot AP V95T 2O9°9°1T Pé)

nAL PH100@<7 aoZB RrlLAAU- [@RI° FI0ATA:: TPE APmPP 6LA TATFY med (91,040 A
FaPNAAATA:: OALTE W4 PG L0 HY TG AaeAt+&: +OTI9°FAU-::

P 9049°0:C Gav-g Aavamt ]

Part Goo-s Aot [

L9 Aavp&t [ ] AS OHY TG +AF4 AGPPTE (TTTED-9° A% TG ATP@-MF av(1+ K 28ATI9°
+e&Fav [,

PraF4 1977 3 AT 4077 (@RI Al Ly (17T L 9%

/ | (¢Hac/at oyt

POt NP,
P94 1ATE KT A@- AP 75 &1 (FFA U Q@+ NHAF40+ (LaPl TS tavdo9s hOAT T
PALAD- (LUP?)

A, (dd/mm/yy)

0Ah &7C (POAS ®LI° AA41)

P tavsTem- (90 P79 4CTT

I (dd/mmlyy)
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Annex VIII: Information sheet for Parents/guardians (A@AZTF/A481.PF avlB)

eTCehE COh: “ALTLNTFO APNVE Gov G NHEL NAL AU AtREPD-L7 PMST (D £I° OO\ P7LTF
PhAZNA ANGAE JOCaPLPT aPMY 64.L710 W.rHCAN AS NANGHE D-OT PTéet aPapCavg P ¥l 11C aPie-t
: 10Ch A “hATE 27100 TG

PTCENER PG Ta0&14: AOEC 09% (T. bT. 47 (A% AN R20CHE PURICS ANG-RS FPUCT hed 0048
TCEMNC)

+0NG TaoLTPT 209° HCHC TERHA

tkepr: CACLL VNPT ANGRS TWNCT RLACHEPT: SEGHA ANRSPTT AT NP P29 OTh
RINICTeA XS UNTPG ANGF4 TTUNCE

A770C (O PALID<): 04,840 ARG BT AL, “LLivEC

ave)(). 9

M5 LATAT! A7 10 PURIPG ANG-RS AR
TPUCT NTLLOFIC4 RLACAELTE SEGTA ANCASPTT %P 229° OTh AIANT AG PATOXS VNG
ANCFS TNC IC ARALU- 10+ : NANGHE DQT PTeT aPaPCavs P 1P 11 AS 8mSo A+ £9° M-\ PTLTT
PLIIRNRES PhALZA NS IPCaPe-PT 0Py G4.L7HN WHCON A&ITATF O+ AP0t Gav G LY 1AL AU
AEKED-P7 AaoLT NA14TT PHALE NAACT TG APNELT 10-::

PI°CIPC TGk AATT:

PURICT ANGFS MMSD AT O-OT NGHT TG @ROFA:: JPCaveT ATILI1TE Yav-aTT Aao Y 1fF
AT aPAMPFOT DA A998 NTFPTFT AC T ATIPGH (T AgPhAhAd AS AANTLFPT 9o
gOCIPC ATIRLA AFPEP PLCIN:: AL NA1LTT PMST1 AD+ PANCRE Dyt TIaP8RLP 444710
ATFCAA AS NAIC ONT 099,000 0Pt apavCavs @ PAGP:: AALP19P PHY TS %ATT NATC O-0T NANGHE
OOF LTIl PPt aPaPCavsP KG 2mGTT A@- 491N E.S PhALhA halahe Oyt TI08LEE 44.471M0
ATFCAOA ALTIRFD- A9P0TG DL 1AL AU OFALL NAA ATLES AFOKPO-0T a0t -

ASP ALY 79T FarCad/MAT:: AARY OHY 79T A1FAT4G (A16-TT NANGFE OOT P91.000F STt
avavCavgP KG PMGTN A@- PLOIRACES PhALhA olate Omst T1av8R4P 4L WIHCAA Agehdt
AOTPOP W18 LLCT TINHAA:: UAEI® Pt PAD- PANLRE AN AGPAMYT ANZATL SFO<:: QAR PHY
TG Ot ATERE OAT PALTT MT ATTTAN LLAA::

PGk ANEL

0reE AP Ar9.Ate htaTio: epe+ AOAANAT 15 LeP 0008 TOE mEEPFA:: PALP h-(181F
®avF: PNTL AG PRIC 9t At LOABA:: ASP AT ALTPLC NP IM@* A AL TAMTI/ATRAMT
AInePAT:: (Fen169° 10 1A, ARG (A28 P6CA 97700 27LP7) (18Y aebRiIC AP T AS 9PCé,
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ArP8AT (7990, AFC 00L 12ANE 3 T4, AFC L9° AP8LLD 91080 1Tl 1IC ThAtht QAT £A)::
PELIPRNCE T WCACE T T A0S, AG PhAZhA Nolahs 9°Cone-PFT hTnYS07::

T ATC hAemNP:

OHY TGF 2994000 928 (ao< (TLATC Sm0PA:: aPL8 (HY POIPPYT Po Nt PLD M<6h, AOAFE OT7
TAAE ALATI:: PHY TG @t AR FAN 11C 7 P76k HAFEPT AIPG T15 D90 av\ @ he1NE9:
TNPEPRrET AdPmNP PHY TG AOAT aPlEPFT N TPAL hGA (TSN N(LeF OO LaPIPNNE 0L PLT
TAFAPTT T ANTIAOP OmATIP (G b ANIPTRAC OAT Atborme 20T ATGE
T PTF AF PULLPLE NTLATC RAT PTLmNE LUPGA:: PHAtd @mt AVhIPS QAP AfANG
PILFAD \TAF 4@~ &L ANF 1022 CFANAND- A7 GLIIPLCT £I° AMA AN AL D-AIP:: 079 +C ot
Gao-GP T (h%.0 ANA RLACHE UVhIPS ANCPS TIPUCT NEA QUG (0 F TP~ AtenT14 PCaPL-PT Wik,
ANLALITFD- PPIP AL, LD-AN:: NFPGRLLAT® HACROVTFD- Ol PT84« oGP T AT N972.NNhA aPAh-
0T79e LO18(::

TGk P LONTAT O .S TICTS haravifor:

UrHe 4219°8:C Nevamt aPMis AAGPaFt ASC 2 TAN:: PTI° £9° (TL.P40T L Pt av8+G P+OAT
AhavavFb A GC AN QU7 ATE, (-HFA aom? AL PAD- PANLR4 NATPE 1AM PI° AATPavF-ET Aavdhy
ATPNGAT::

LV7Trt:

PLgP Gav-G T MALNT LH (76U PLI° avPE (1apmPd® Lo9.$4D-7 NF N70% hAhA 19765 AL NAD-
AP LNSOGA:: (6169 TPI° AL NPA NBA ATIOPaOT PTIRIPT P984 PALIOLCE TP AG LI°
TedPT PANCFS QUTTE avavg @ (1avhrtd LM

PPI] PPt

OHY PG Naedte ANGF A%, TUPOLTE £9°G Trt 9°Cave- 099841 SARPT MTrE 3.3 T10P RFAA::
OAIC OQT NANLHS OAT 0,000 PPet aPav(avsP hG  PmSo1 A0+ P491PNES PhAzhA holats
Oyt TIaP8LLL L4.LIN WHCAN ALTLNFD- A9POTS NH.P 1AL AU N-FALP NAA ATLTG: AACX D97
av(\gok PSR LD-LTT OMG V-3 ATTAAN L.LAA::

075k ATATG TP

N9L19°LC U7t AS L9° 9°Cavs. MG PAVT @Mt NARP NHT1 NAPLN.O- OL TI7F MG +EL9° eann:
PALPT ANGP4 @A (19 P15N:: LUt ATE, (U TG APATEI® P1 ALYt hef ALOTIP::
AATATFEP 17 hGaP(IGAY:

LAt av{)t:
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(LY TGF Tarbg CFAIOT Ui AT OO ATLCIAT:: NTI5D-9° A%F ACALI® 1 ASP hTok av@-M)t
ATLTUFAG LUI° ACOP® Pt AEP N9.LTTT A1t AL (ATAN MG ATNINT) IP9I° ALY ARYT
h8L.Lo9v::
¢ hA A11,01C:
goyI° G2t TPk NA P4LII°LCE T AT © L9° Gavq PAM<T7 Q@+ aomPP LFAN ®LI° TCEhE PT
+av4.9947 ORI HANLP TG (0+kav: 07I,7F +ONSTFT (7L HAD- A8 aPmeP LFAA::

1. &/C AvEC 09%% 004 tavg T4t hh Blh.A. SESN ANCGF6 09 11 69 60 85

NA%0 ANQ RZ0OCHE Pm.S 4270 hAE: 29°CI°C M19°0C (L hdh: +251 -11-896-13 96

he,
Annex IX. Consent form for parents/guardians (A@AZF/A0S1PT eag°9rt Pa)

NAL PHIN0D-7 a8 AT LAAU- [@RI° FI0ATA:: TR APmPP 0L&A TATFT med (99,040 A
FAAOAGTA:: AL ATS.ATE/ AL TOTe FATICFAD-:: 1 5-17 Gavt (\FF AP AL, 009199/ 99F (HY 76T+
A2 AUFE W I8ATE &P TET 1B AD-::

P 90,19°0:C Gav-G Aavamt ]

P07t Govg Aot [

L9° Aavp 8+ [ ] &S QY PG HaFE AGOP7E (T D9 A% AL? NPe ATINDNF
a1+ AN e Fav [

Prad4 1977 3 AT 4077 (@LIP Alld) Ly (17T 2 9%
/ / (¢rloc/%avt oY)

POt P
P99 1ATE AT A@- AP 75 &1 (FFA U Q@+ NHAF40+ (LaPlTS Faveo9s WAt T
PALAD- (LUP?)

I (dd/mmlyy)

adh &€1C
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Ptav T m- (9P P75 4CMT

/ (dd/mmlyy)

Annex X. Questionnaire
Questionnaires to be filled by health professionals

Part I. General information

Code Number Region Zone
Woreda / city /_sub city Kebele
Part I1. Personal information
1. Age (in years)
2. Sex
3. Place of Birth
4.  For how long (years) did you live in the birth place?
5. How long do you live in this specific area? (If different from the birth place) __ years

No. Questions \

Responses

Part 111. SOCIO-DEMOGRAPHIC INFORMATION

6. Educational status

Iliterate

Read and write

Primary (1-8)

Secondary (9-12)

College diploma/degree and above

7. Occupation

Student
House wife
Government employee
Private employee
Farmer

Others (specify)

8. Marital status

grwnpPRloORONREOMLNE

Single

Married

Divorced

Widowed

Not applicable (children)
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9. Ethnicity If mixed, specify

Part IV. Clinical information

24. | Did you take any type of drug for any illness for the 1. Yes 2.No
last three month?
25. If yes to Q29, what type of drug? (more than one 1. Anti-protozoa
answer possible) 2. Anti-helminthic
P 3. Anti-allergy
4. Birth control pills
5. Anti-bacterial
6. Anti-TB
7. Other (specify)
History of common diseases
26. History of diabetes 1. Yes 2. No
217. History of Hospital Admission for the last 1 year 1. Yes 2. No
28. History of Surgical procedure for the last three 1. Yes 2. No
years?
29. History of chronic gastritis 1. Yes 2. No
30. History of Malaria for the last 6 month 1. Yes 2. No
31. History of TB for the last two years 1. Yes 2. No
32. History of Cancer 1. Yes 2. No

Part VI. Anthropometric measurement

45, Height (in cm)

46. | Weight (in kg)

47. MUAC in cm (will be interpreted later)

48, Blood pressure (mm Hg)

¢+ We thank you for your cooperation!

Interview Date:

Interviewer’s Name Signature

Annex XI: Questionnaire Amharic version ($h aomg2®)
M. AAPLPT e7.9°A P PnLP
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