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Abstract

Background: Reference Interval is value obtained by measurement of a particular type of
quantity on an individual belonging to a reference group. It is very important in clinical
management of patients, maternity follow-up, and monitoring of clinical trials before onset of
serious adverse events. In Ethiopia, similar to most developing country laboratory test results are
interpreted by using reference intervals which developed for western population .Different
factors make the application of western RI during the interpretation of laboratory result leads to
unnecessary exclusion of eligible participants, contribute to over reporting of adverse events and
increase the number of referrals for clinical investigations. Despite its significance, there have
few efforts to establish these tools. Thus, the current study aimed to address the gaps in serum
lipid profile and selected electrolytes reference intervals by determining variability with gender
among adults and pregnant women in Addis Ababa.

Objective: To establish lipid profile (TC, TG, HDL-C, LDL-C) and selected electrolytes (Na, K,
Cl) reference interval for apparently healthy adults and pregnant women in Addis Ababa,
Ethiopia.

Methods: The present community cross-sectional study was conducted from March 1 to June 30,
2020. A total of 522 individuals with age of >18 years and pregnant women >15 years that lived
in the city of Addis Ababa were recruited. After demographic information and a brief medical
history of the adults were collected by using questionnaires, important physical examination, and
anthropometric measurement were done. Serum lipid profile and selected electrolytes values
were determined using Cobas ¢501 chemistry analyzer. SPSS version 23 and Med Calc ver
20.008 software were used for reference limits determination for adults and pregnant women.
Results: Established reference interval for adult female and male adult were; TC [ (120.4-272)
and (100.1-243) mg/dl], TG [(51-164) and (46.5-170)mg/dl ]; HDL-c [(25-57) and (16-
52.7)mg/dl], LDL-[(51-170) and (35-162)mg/dl]; Na [(138-149)and (138-150)mmo/I]; K[(3.9-
5.6)and(3.9-5.5 ) mmol/L] and CI [(101-112)and (99.14-108) mmol/l ]. For pregnant women
established RI of lipids and major electrolyte were TC(118-275) mg/dl, TG (64 -304) mg/dl,
HDL ( 22-62.5 )mg/dl, LDL(47.8-167)mg/dl, Na(136-143) mmo/l, K(3.65-5.1 ) mmol/L,CI
(100.5-108) mmol/l.



. Also statistically significant difference was seen for TC, TG, HDL, LDL and CI between male
and female and for TC, TG, Na and K between adult females and pregnant women.

Conclusion: The current study established RI to be used for adults and pregnant women of
Addis Ababa. There was a difference between the present established reference interval and
other reported studies. Thus high or low value seen for lipids (TC, TG and LDL) and electrolyte.
Also the value of HDL-c was very low. Significant differences were also seen between genders
for most of the analyte, which alerts for further large scale studies, and need careful verification
of test kit manufactures’ given values before directly used for the desired purpose.

Key words: Adult, Reference Intervals, Lipid profile, Electrolyte, Female, Male, Pregnant.
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1. Introduction

1.1 Background

Lipids are class of compound that are soluble in organic solvents, but nearly insoluble in water.
Chemically, lipids contain primarily nonpolar carbon-hydrogen (C-H) bonds and typically yield
fatty acids and or complex alcohols after hydrolysis. Thus, include cholesterol, triglyceride,
phospholipids and cholesterylesterase (1). In the body lipids are transported through lipoproteins
thus, lipoproteins constitute the body’s “petroleum industry.” Chylomicron, Very-low-density
lipoprotein (VLDL), low density lipoprotein (LDL), high density lipoprotein (HDL) are the main
lipoproteins that transport lipids throughout the body. Lipids and lipoproteins, which are central
to the energy metabolism of the body, have become increasingly important in clinical practice,
primarily because of their association with coronary heart disease (CHD) through derangements
of one or more of the lipoproteins in blood, such as elevated in total cholesterol (TC), LDL
and/or triglycerides (TG), or low levels of HDL (2).

Physiologically electrolytes are ions capable of carrying an electric charge in the human body.
They are classified as anions or cations based on the type of charge that they carry. In the body,
they play a role in conducting nervous impulses, contracting muscles, keeping the body hydrated
and regulating body PH levels. While commonly, electrolytes encompass Potassium (K), Sodium
(Na) and Chloride (CI). Sodium, which is osmotically active cation, is one of the most important
electrolytes in the extracellular fluid. It is responsible for maintaining the extracellular fluid
volume, and for regulation of the membrane potential of cells (3). Intracellularcation, which
plays a great role in cardiac function, is potassium. Its disorder may result in arrhythmias,
weakness, fatigue, and muscle twitching muscle cramps (4). Chloride, which is extracellular
anion mainly, found in association to Na. At hyper level may result in gastrointestinal
bicarbonate loss and congestive heart failure at hypo level (5).

Interpretation of the laboratory test results with appropriate diagnostic accuracy requires
reference range. Through this laboratory scientist aid the clinician in the interpretation of
physical examination and laboratory test result (6). Thus, a reference interval (RI) is the value
obtained by observation or measurement of a particular type of quantity on an individual

belonging to a reference group. Theory of reference intervals was developed and published
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between 1987 and 1991 by an International Federation of Clinical Chemistry (IFCC) to avoid the
problems with normal values and values obtained from an individual under clinical
investigations (7). In the same year Ceriotti, defined RI as “an interval that, when applied to the
population serviced by the laboratory correctly, includes most of the subjects with characteristics
similar to the reference group and excludes the others”. (8)

To develop a reference interval for a laboratory, a minimum of 120 samples should be collected
from the normal individuals for analysis (9). No RI is completely right or wrong (IFCC) (7).
Thus, reference intervals comprise the central segment with 95% of the reference values from the
reference sample group and the limits of the reference interval are defined according to the use of
the laboratory marker. If increased and decreased values are diagnostically relevant, the 2.5%
and 97.5% percentiles are applied (7).

As defined by International Organization for Standardization (1SO)(15189) it is the responsibility
of individual laboratories or laboratory networks to use reference intervals that are appropriate
for their methodologies and the population they serve (10).Thus, well-defined reference
population with exclusion of diseased subjects, proper portioning of sex and age, optimum
control of pre analytical and analytical variables, identifying proper method to estimate reference
population are the main that the laboratories should focus during the development reference
interval. 1SO 15189 also recommended that reference intervals should be updated periodically
and when there is change in method analysis, pre analytical and analytical procedure (10).
During pregnancy the pregnant woman undergoes significant anatomical and physiological
changes in order to nurture and accommodate the developing fetus. These changes begin after
conception and affect every organ system in the body this is due to serum progesterone and
estrogen concentrations increase progressively and reach pick during late pregnancy. There is an
increase in serum lipids thus level of TC and TG increased significantly during pregnancy. The
increased its synthesis by the liver and decreased lipoprotein lipase activity result in increment of
TG. LDL levels also increase and reach 50% at term. High-density lipoprotein levels also
increase in the first half of pregnancy and fall in the third trimester but concentrations are 15%
higher than non-pregnant women. Alternation in electrolyte value is correlate well with those of
estrogen hormone increment which lead to activation of the RAA system result in increased
plasma levels of aldosterone and subsequent NaCl and water retention in the distal tubule and

collecting duct. Also K is constant throughout pregnancy due to changes in tubular reabsorption
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while total body K increases during pregnancy. For many commonly used laboratory assays,
reference intervals based on a population of healthy pregnant women importance for proper
interpretation of laboratory results during pregnancy. Therefore, it is advisable to establish
reference intervals for lipid profile and electrolyte (11).

In spite of its significance in Ethiopia, similar to most developing country laboratory test results
are interpreted by using reference intervals which have been obtained from literature, reagent
inserts accompanying the reagent kits or Instrument manuals; those all are derived from western
countries (12,13). While factors such as age, gender, ethnicity and environment including
altitude and geo-chemicals make reference interval that are derived from western countries not
appropriately applicable locally because this makes the health of an individual conceptually
different in different countries’ populations. Therefore, the present study aimed to address the
gaps in serum lipid profile and selected electrolytes reference intervals by determining variability
with gender among adults and pregnant women in Addis Ababa



1.2 Statement of the problem

Serum lipids levels are much dependent upon genetic background, ethnicity and dietary pattern
of a particular population. Thus using RIs established elsewhere may not be appropriate to
classify laboratory test results as normal or abnormal. For example CHD is the leading causes of
mortality and morbidity throughout the world population. The incidence of coronary artery
disease increases with advancing age in men and in postmenopausal women while recently the
prevalence of these disorders is also reported at early adult’s age (14). Relationship of lipids and
other risk factors with CHD are established in different literature; thus, lipid profile variables
could predict major cardiovascular outcomes and all-cause mortality in patients with CHD. As
indicated earlier including our country, most of the laboratory and clinicians use the reference
intervals from western study, which usually does not match with local population especially in

case of lipid profile and electrolyte (14).

Studies conducted in Ghana show that there is huge difference in reference interval between
Western population and African for the majority analyte including lipid profile and electrolytes
(12). Several related studies reported that laboratory parameters test results vary as the health of
an individual is not the same in different countries, in the same country in different regions, at
different times and in the same individual at different ages. Reference interval developed for the
Zimbabwe adult population showed that the value of TC, HDL cholesterol and LDL cholesterol
levels were higher when compared with results from Tanzanian and Kenyan studies (15). A
study conducted for the Russian population show that there was a huge difference seen for the
reference interval of lipid to India, China, Asia, Turkey, and Saudi population (16). Additionally,
significant regional differences were seen for the adult population of china, thus Hangzhou Na
reference limit was higher than Beijing, Guangzhou, Urumgi and Chongging region of China for
both sexes (17).

In 2021, the adult population of Ethiopia accounted for around 56.9% of the total population. As
a developing country, the adult population plays a great role in the sustainability of the country
and the existence of the remaining population will be on the hand of this population group.
Therefore, the health system of the country should struggle to offer quality service to the
population. While the main health problem of Ethiopia was communicable disease, recent reports

suggest that mortality rate of the adult population due to ischemic heart disease and
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cerebrovascular disease rose (18). Thus, non-communicable diseases cause 42% of deaths, of
which 27% are premature deaths before 70 years of age. As studies predict the future status of
the country with no action, Ethiopia will be the first among the most populous nations in Africa

to experience dramatic burden of premature deaths and disability from NCD by 2040 (18).

While Pregnancy is a natural gift to human, it causes physiological, anatomical and biochemical
change in the female body. Thus, changes of pregnancy may mask symptoms and signs as well
as the pregnancy itself being the source of the problem (19). As study show that around 15% of
all pregnant women will develop a potentially life-threatening complication that calls for health
care system to focus on the maternity health (20). Nowadays there is change in the laboratories
through developing reference interval for their population by portioning through age group and
sex. While including western laboratory most of world population lack reference interval for
pregnant women. Without adequate reference intervals, there is both an increased risk of missing
important changes due to pathological conditions and to erroneously interpret normal changes as
a pathological event (19, 20). This and other interrelated factors result in rising pregnancy and

childbirth complications thus mask economic growth of our country.

There are many stairs to develop reference intervals that represent the local population. It is time
consuming, costly and demands a lot of resources and a volunteer population. To compensate for
this and other difficulty transference and validation of reference intervals that are provided by
manufacturer leaflet is relatively simple and economical also it is the most commonly adopted
alternative. However, this may be non-representative for the general population, which leads to
wellness of healthy population under risk, and exclude unhealthy population from treatment (12).
Furthermore, laboratory test results influenced by several factors mainly by gender, age, sample
type, pre analytical variables, analytical procedures, instruments and geographical location of the
healthy individuals (7). Consequently, utilizing improper clinical reference interval result in rise
number of incorrect medical decisions which leading to increased cost and unnecessary
investigations and risk in patient safety. The above-interrelated factors suggested that there is a
need for the development of locally derived reference values, which portioned through sex and
age group for clinical parameters (lipid profile and electrolytes) to improve clinical care and for

monitoring participant in clinical trials. Likewise, as our country is part of a national program,



which focuses on maternal health, the Ethiopian laboratory should develop a reference interval

for pregnant women.



1.3 Significance of the study

This study can create a good environment for qualified laboratory service. For physicians the
result of this study will create a common decision support tool for interpretation of numerical
pathology reports beside this local population will receive adequate service without persecution
and referral. Policy makers will receive appropriate and reliable information on health related
issues to make decisions, which are important to create a healthy population. The current study
also aids other laboratories by providing reference intervals, which developed through direct
methods to transfer and validate for their population. Also this study focuses on the capital city
of the Ethiopian population; regional laboratories will be motivated by results and will strive to

develop reference intervals for their local population.



2. Literature review

The Clinical and Laboratory Standards Institute (CLSI) published and updated a guideline for
laboratories and manufactures to perform their own reference interval. Also IFCC recently
published 2 papers including a protocol and standard operation procedures (SOPs) for
multicenter RI studies. As indicated by CLSI the best means to establish reference interval is by
collecting sufficient number of qualified reference individual while in fact only few laboratory
even manufacturer develop reference interval by direct method. Because every laboratory is
more than capable of verifying the applicability of reference interval to its own population .To
minimize the problem related to the establishment of Rl CLSI recommended transformation and
verification of RI established elsewhere is much less formidable task. Currently there is an
improvement in number of laboratory that the develop RI based on the recommended protocol

that represents the local population.

The study conducted in 2016 on 3148 apparently healthy volunteers in 6 cities of China by
Liangyu Xia, et al. reported RIs for TG 47.17 -305.3 mg/dl and 40.94-202.92 mg/dl; for TC
124.41-240.24 and 12 mg/dl 1.7-267.93; for HDL 31.2-76 mg/dl and 35.5-85 mg/dl, and for
LDL 52-149 mg/dl and 48-172.77 mg/dl for male and female, respectively. On the other hand,
electrolyte reference intervals which developed for the study population were; 136-144 mmol/I,
3.7-4.7 mmol/l and 101-109 mmol/l for Na, K and Cl, respectively (17).

The study also revealed that LDL changed significantly with age in both sexes while TG
increased with age only in females. In males, the level of lipids increased mainly until the age of
40, whereas in females, the increase occurred more prominently after 40 years of age. The level
of standard deviations ratio for sex (SDRs) was significantly high (0.3) for TG. In addition
multiple regression analysis (MRA) results revealed that test results of TG, TC, HDL and LDL
in males were related to BMI. Of all lipids, only HDL-C decreased with the increase of BMI,
although the findings show that no appreciable changes in test results in association with exercise
level were noted in any analyte in both sexes (14). On the other hand, from the study we can
understand that the UL (upper limit) of some analytes decreased significantly when stricter
secondary exclusion criteria were applied. This was seen for TG, TC, HDL and LDL in females.
And in males, only TG and TC were included (17).



Other study that was done in Kintampo north municipality and Kintampo south district of the
Brong Ahafo region of Ghana establish RI for 22 clinical chemistry parameters in 2012. A total
of 691 randomly selected adults made up of 351 males and 340 females between the ages of 18
and 59 years were included in the study. The study found RI for male and female for total
Cholesterol (70-195 mg/dl ) and (78- 210 mg/dl ), Triglyceride(35.6-195 mg/dl ) and (35.6 -196
mg/dl ) also for electrolyte; Cl (101-115 (mmol/l) and (102—-114 mmol/l), Na (135-151 mmol/I)
and (135-150 mmol/l) and K (3.6-5.2 mmol/l and 3.4-5.1 mmol/l, respectively. As the study
showed that majority of the clinical chemistry tests were also within the precision limits
indicated by the reagent producer. On the other hand, females had significantly higher
Cholesterol levels of 2.1-5.6 against 70-195 mg/dl for males (p value 0.0001). The column
percentage out of range (% OOR) value of Cholesterol (mg/dl) and Triglycerides (mg/dl) were
27.6 % ,1.9% and 6.4 %, 6.2 % for male and female, respectively, though for electrolyte % OOR
was not available (NA) (21).

Comprehensive reference interval for Hematology and Clinical Chemistry Laboratory
Parameters developed for Nigerian Adults population recruited a total of 428 voluntary non-
remunerated blood donors and antenatal care (ANC) attending women between the ages of 18
and 65 years. The finding showed that comparison by gender indicated no significant difference
for sodium, potassium and chloride (p>0.05). However statistically significant difference was
seen between sex for lipids. The result of this study also revealed that pregnant women reference
interval of electrolyte were; Na [134 — 138, 135 -142.3 and 135-152 mmol /l], K [1.4 -4.4 , 3.9-
5.3 and 3.9 -5.7 mmol /I] and CI [105 -111, 103-115.3 and 111 —-127 mmol /I] for first, second
and third trimester, respectively. Cumulative RI for Total cholesterol and for Triglyceride was
159 — 175.5 mg/dl and 80 — 115.5 mg/dl, respectively. There were significant differences for
lipids and electrolyte parameters between pregnant and non-pregnant women in this study (p <
0.05) except for TC which was (p>0.05) (22).

Svetlana E et al. in 2020 recruited 793 healthy individuals from different regions of Russia with
target age range of 18-64 and the ratio of females to males was 53 to 47. In the study RIs were
derived by the parametric method after normalizing data using modified Box-Cox power
transformation formula and nonparametric method for both sexes and age group also 90%

confidence interval (CI) for LL and UL of RIs were calculated based on the bootstrap method



through a random resampling of the same dataset 50 times. When it is necessary to ensure their
traceability to the reference measurement procedures (RMP) re-calibration of RVs based on the
panel test results using major axis linear regression was performed (16).

The result of this study shows that most of the analytes had positive correlation with age thus the
list of analytes with positive rp in its descending order of magnitude for males was Cl, TC, LDL
and for females was TC, LDL, Na and TG. BMI also indicated significant positive association
with test results for both sex for TG and for LDL-C and TC in male. Reference interval of the
analyte developed for the Russia population were; TC (128-297mg/dl), Na (135-141mmol/l), K
(3.5-4.5 mmol/l) and CI (99-107 mmol/l) were for both sexes also TG (37-161 and 40-238
mg/dl), HDL (39-87 and 30-69 mg/dl), LDL (77-189 and 86-229 mg/dl) were for female and
male, respectively (16).

The study conducted by Heba B et al. in 2021 developed a reference interval for 34 analytes,
which include electrolyte, and lipids for the Egyptian population. A total of 691(323 males and
368 females) apparently healthy Egyptians aged 18 to 65 were included in this study. To recruit
the participant C-RIDL protocol was applied. The parametric method was used for computing
reference intervals after transforming the distribution of RVs into Gaussian form using the
modified Box-Cox transformation to obtain mean and SD. The RI was calculated as the
meanx1.96SD, which corresponds to the central 95% limits or LL and UL under transformed
scale, and then they were reverse-transformed to get the LL and UL on the original scale. Also
the bootstrap method was applied to get smoothed lower and upper limits (LL, UL), mean and to
predict 90% confidence intervals (Cl) for the limits of the reference interval. Conditions
affecting nutritional, muscular, and inflammatory markers were excluded by the LAVE method.
(23).

As multiple regression analysis (MRA), results reveal that in males, with the advanced age TG
was increased. Increasing BMI was associated with an increase in nutritional markers like TC
and LDL. In females, age was positively associated with TG, LDL and TC, the association of
BMI with nutritional markers was weak for HDL. Related to this between sex differences with
significant SDR sex show that SDRsex did not exceed the threshold of 0.4 for TG. Reference
interval which was developed in this study was; TC (135-271 mg/dl), LDL (55-185 mg/dl), Na
(131-148 mmol/l) K (3.4-5.3 mmol/l), Cl (94-111 mmol/l) was RI for both sexes also TG (36-
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311 mg/dl and 44-359 mg/dl), HDL (28-78 mg/dl and 26-71 mg/dl) was for female and male RI,
respectively (23).

To our literature search no published study on RI for lipid profile and electrolytes is available for

the population of Addis Ababa, the capital city of Ethiopia
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3. Objective

3.1. General objective

e To establish lipid profile and major electrolytes reference interval for apparently healthy
adults in Addis Ababa, Ethiopia from March 1% to June 30, 2020.

3.2. Specific objective

e To establish lipid profile reference intervals (TC, TG, HDL-C, LDL-C) for apparently

healthy adults in Addis Ababa, Ethiopia.

e To establish lipid profile reference intervals for pregnant women in Addis Ababa,

Ethiopia.

e To establish major electrolytes (Na, K, CI) reference intervals for apparently healthy

adults in Addis Ababa, Ethiopia.

e To establish major electrolytes reference intervals for pregnant women in Addis Ababa,

Ethiopia.
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4. Materials and Methods

4.1. Study area

This study was done in four sub cities found in Addis Ababa which include Arada, Akaki Kality,
Yeka and Kirkos. Addis Ababa is the capital city of Ethiopia with square meter 527. The total
population of the city, which estimated in 2022, was 5,227,794. The city is the diplomatic center
of Africa and embodies a 130 years of development history. Its average altitude is 2,400 meter
above sea level with constant moderate temperature of roughly 23°C average high and 11°C
average low throughout the year. The average annual rainfall is about 1,200 mm, out of which
close to 80% falls during the main rainy season. The population of Addis Ababa accounts for
26% of the national population and 18% of the urban population in Ethiopia. Also the population
between the ages of 15 to 65 is 72%. Estimate also shows that females are slightly higher than
male residents. Percent Life expectancy at birth is 65.7 years and infant mortality rate is 50.3 per
1000 live births. The city was divided into 11 sub-cities called “kifle-ketemas” and 116 woredas,
which are the lowest administrative units (24). During the study period there were 10 sub-cities

and the 4 were selected with the help of the central statistical agency.

4.2 Study design and period

A community based cross-sectional study design was implemented from March 1% to June 30,
2020.

4.3 Population

4.3.1. Source population

The source population for this study was individuals living in the city of Addis Ababa, with age

of 18 years and above and for pregnant women 15 years and above.

4.3.2. Study Population

The study population was people with age of >18 and pregnant women >15years that live in the
city of Addis Ababa and fulfill the eligibility criteria.
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4.4. Inclusion criteria and Exclusion criteria

4.4.1. Inclusion criteria

Apparently healthy individuals aged >18 and pregnant women aged >15 years and lived at least
for 5 years in Addis Ababa, Ethiopia were included in the study.

4.4.2. Exclusion criteria

e Individuals with chronic disease like diabetes mellitus, chronic renal insufficiency,

hypertension, ischemic heart disease, anemia, thyroid, liver diseases, and cancer of any

type.
e Seropositive Individuals for HIV, syphilis, Hepatitis B and C

e Tobacco smoker, alcohol individual, sport men or women.

4.5. Study variables

4.5.1. Dependent variables

e Establishment of reference intervals for lipid profiles.

e Establishment of reference intervals for major electrolytes.
4.5.2. Independent variable

o Sex

o Age

e BMI

e Pregnancy status
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4.6. Sample size determination and sampling technique

4.6.1. 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
non-parametric means for each partition (e.g. sex, age) with a power of 90% (8). As
recommended by CLSI and IFCC a minimum of 120 reference individuals from each sample
group shall need to estimate a nonparametric reference interval with 90% CI. This number does
not consider any losses or deletion of observations. For our study population were partitioned as
male 18-60, female 18-60 and pregnant women 15-49. Therefore, three portion groups were
needed (3 x 120=360).

According to previous studies in other African countries, in such large scale studies about 30%
of the apparently healthy population did not qualify for reference interval determination for
various reasons when tested for the common viral infections and syphilis. 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 630 individuals were enrolled (i.e. 30 % x 360=108 to
be excluded during data analysis); thus giving a total maximum sample size of 630. Thus, 630
participants were recruited from four sub-cities of Addis Ababa. The study participants were
selected using systematic random sampling by considering woreda as a sampling frame and then

households the final selection units.

4.6.2. Sampling technique

Probability Proportional to Size (PPS) sampling method was employed to recruit the participant
of the study. Since Addis Ababa is a very large city, four sub-cities were selected based on PPS,
namely Arada, Kirkos, Akaki and Yeka sub-cities; thus all woredas under the selected sub-cities
were included. To recruit 630 participants, the number of households is determined by dividing
the total household in the selected sub-cities by the estimated number of individuals per
household. Individuals in every selected household were approached at their households through
health extension workers. Once volunteering participants fulfilling the eligibility criteria were

identified by the health extension workers, they were invited to go to nearby health facilities for

15



interviews using structured questionnaires and to facilitate biological sample collection. The
Federal Ministry of Health has written letter to the Addis Ababa Health Bureaus and the Central
Statistical Agency. The Bureau wrote letter of cooperation to the respective sub-cities .

Table 1: Selected site and their respective sample in 2020.

Selected sub | No. Individuals  per | Total Number of
city Households household populatio | sample
n
Akaki Kality | 47021 3.8 178,680 120
Kirkos 54398 4.0 217,592 145
Arada 49564 4.1 203,212 136
Yeka 90195 3.8 342,741 229

4.7. Measurement and Data collection

The study team to the participants explained the study aim, risks, benefits of study participation
and right to withdraw from the study at any time. After explanation about responsibility and right
of the volunteers, the aim and significance of the study, agreement to be participant were gained.
Before they came to the health, facility participants were interviewed about their health status
and lifestyle by extension worker. Demographic information and a brief medical history were
collected. These procedures aid to be sure whether the participant can continue in the study or
not. They were requested to fast overnight about ten to twelve hours before sample collection.
Height, Weight and sociodemographic status were collected through questionnaire then physical
examination was done by health professionals. Finally, biological samples were collected at 8:30
AM until 11:00 AM at the health facility. Ten (10ml) of blood sample was collected by SST and
(EDTA) tube and properly packed in an icebox then samples were transported from health
facility to the Department of Medical Laboratory Sciences to separate serum. In addition, blood
sample was screened for HIV, HBV, HCV and hemoparasites. Stool sample was collected and
direct wet mount examination was performed immediately on site. The leftover sample was

preserved for concentration test analysis at the department’s laboratory. In addition, Urine
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sample was collected by leak proof clean containers then visual, microscopic and dipstick as well
as pregnancy test for females was performed. Then leftover samples were stored in Addis Ababa
University Department of Medical Laboratory Sciences for future additional analyses, each time
going through a new ethical clearance process. All results entered into soft and hard copies for
cross checking were sent to the Department of Medical Laboratory Sciences, AAU. Finally,
laboratory results were given to participants upon their requests according to the local Ministry
of Health guidelines.

4.7.1. Demographic and clinical data

Socio-demographic and clinical data was collected using structured questionnaires by trained
data collectors and physical examination and anthropometric measurements were carried out by
clinicians. The data collection tool has 6 parts; part | is about general information on address;
part 1l is personal information; part Il socio-demographic characteristics; part 1V clinical
information; part V Nutritional habit and lifestyle; and part VI is Anthropometric measurement.

4.7.2. Sample collection for laboratory analysis

Blood samples of about 10ml from adults were collected in EDTA and serum separator tubes
using a multisampling needle. To minimize diurnal variation of some analyte, blood samples
were collected before 11:00 am. The serum separator tube blood sample was centrifuged within
1 hr. after collection for 2-3 minutes at 1500-3000 revolutions per minute, then immediately the
serum separated and stored at -80°C this made the serum sample stable for several months.
Serum samples were used for measuring lipid profile and electrolytes as well as for screening
HIV, HBV, HCV, and syphilis.

4.7.3. Laboratory testing and analysis

4.7.3.1. HIV, Syphilis, HBV, and HCV Serology testing: serum samples were initially
screened for HIV, Hepatitis B and Hepatitis C using ELISA techniques and for syphilis using
RPR test. For HIV testing, the national testing algorithm was followed (WantaiBejieng, Unigold

and Vika as tiebreaker).
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4.7.3.2 Test principle and factors that influence analysis of lipids and electrolytes

Lipid profiles

Total cholesterol was measured through enzymatic methods by using CHOLZ2 reagent kit thus
esterified cholesterol is converted to cholesterol by cholesterol esterase. The resulting cholesterol
is then acted upon by cholesterol oxidase to produce cholest-4-en-3-one and hydrogen peroxide.
The hydrogen peroxide then reacts with 4- aminophenazone in the presence of peroxidase to
produce a colored product that is measured at 505 nm (A™) and 2" wavelength at 700 nm. The
final step is known as the Trinder reaction. This method is a single reagent, endpoint reaction
that is specific for cholesterol. The reference interval given in Laboratory procedure manual of
the manufacturer was 0-200 mg/dl and also minimum and maximum CV% for this analyte was

1.7% and 0.9%. The reaction sequence was as follows:

Cholesteryl ester hydrolase
Cholesteryl ester + H20 -----=-m-mnmmmmmm e oo e eeeeee > cholesterol + fatty acid

Cholesterol + 02 -----mmnmemm e > cholest-4-en-3-one + H202

2H202 + 4-aminophenazone + phenol ----------==-----=-mmmoemm e >Quinoneime + 4H20

Triglyceride was measured enzymatically in serum or plasma using TRIGL reagent kit in a
series of coupled reactions thus triglycerides are hydrolyzed to produce glycerol. Glycerol is then
oxidized using glycerol oxidase, and H202, one of the reaction products, was measured as
described above for cholesterol. Absorbance is measured at 500 nm. The reference interval given
in Laboratory procedure manual of the manufacturer was 0-150 mg/dl also minimum and

maximum CV% for this analyte was 1.8% and 0.6%. The reaction sequence was as follows:
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Triglycerides + 3H20 -------m-mmmmmmmmmm oo > glycerol + fatty acids

Glycerol + ATP —--—mm-m o > glycerol-3-phosphate + ADP

glycerophosphate oxidase
Glycerol-3-phosphate + O ----=-=-=-=-=-=-m-mmmmmemmmmmm oo > dihydroxyacetone phosphate + H20:

Peroxidase
H.O, + 4-aminophenazone + 4-chlorophenol ----------------mmmeemmmeem- > 4-(p-benzoquinone-
monoimino) - phenazone + 2H,O + HCI

High-density lipoprotein (HDL) cholesterol: HDL-C was measured using HDLC reagent kit
by direct assay in a homogeneous method for direct HDL-C levels in serum. In this method, a
magnesium/dextran sulfate solution is first added to the specimen to form water-soluble
complexes with non-HDL cholesterol fractions. These complexes are not reactive with the
measuring reagents added in the second step. With addition of reagent 2, HDL-cholesterol esters
are converted to HDL cholesterol by PEG-cholesterol esterase. The HDL-cholesterol is acted
upon by PEG-cholesterol oxidase, and the hydrogen peroxide produced from this reaction
combines with 4-amino-antipyrine and HSDA under the action of peroxidase to form a
purple/blue pigment that is measured photometrically at 600 nm (secondary wavelength = 700
nm). When the cholesterol measuring enzymes are modified with PEG, they are preferentially
more reactive with HDL-cholesterol than the other cholesterol fractions. The reference interval
given in Laboratory procedure manual of the manufacturer was >40mg/d| for male and >50mg/d|
for female also minimum and maximum CV% for this analyte was 1.8% and 0.6% respectively.
The reaction sequence was as follows:

PEG cholesterol esterase

HDLcholesterol esters + HyO--------=-mm-mmmmmmm oo >HDLcholesterol + RCOOH
PEGcholesterol oxidase
HDLcholesterol + Og--------=-=-=mmmme oo >A4cholestenone + H20>
Peroxidase
H20: +4aminoantipyrine and HSDA ---------nmmmmmmm oo oo oo >purpleblue dye

Low-density lipoprotein (LDL): LDL was measured by Homogeneous enzymatic colorimetric

assay. Cholesterol esters and free cholesterol in LDL are measured on the basis of a cholesterol
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enzymatic method using cholesterol esterase and cholesterol oxidase in the presence of
surfactants, which selectively solubilize only LDL. Surfactants and a sugar compound inhibit the
enzyme reactions to the lipoproteins other than LDL. Cholesterol in HDL, VLDL and
chylomicron is not determined. The reference interval given in Laboratory procedure manual of
the manufacturer was <100mg/dl also minimum and maximum CV% for this analyte was 2.7%
and 1.9% respectively. The reaction sequence was as follow;

Cholesterol esterase / Detergent
LDLcholesterol esters + H2-----=-=-=m-mmmmmmmmm oo >cholesterol + free fatty acids

Cholesterol esters are broken down quantitatively into free cholesterol and fatty acids by
cholesterol esterase cholesterol oxidase.

LDLcholesterol + O2------------------ >A 4 cholestenone + H202

(In the presence of oxygen, cholesterol is oxidized by cholesterol oxidase to A 4 cholestenone
and hydrogen peroxide)

Peroxidase
2 H202 + 4aminoantipyrine + EMSEa) + HoO + H"  ----mmmmmmeeeee >red purple pigment + 5
H20

Factors that influence analysis of lipids

Fasting. Recent food intake exerts little effect on plasma total cholesterol concentration. Plasma
triglycerides, however, increase in postprandial plasma to an extent that is related to the fasting
triglyceride levels and the amount of fat intake. This is due to the appearance of chylomicrons in
the circulation after a fat-containing meal. Transient decreases in HDL and LDL also occur, the
magnitude of which depends on the fat content of the meal. In apparently healthy controls,
differences between fasting and non-fasting concentrations were small and clinically

insignificant for TC, HDL and LDL while it is significant for triglycerides.

Type of Sample- In general, anticoagulants exert osmotic effects in which water leaves the cells
and enters the plasma, thus diluting the plasma and lowering the concentrations of non-diffusible
components. The magnitude of this effect depends on the anticoagulant used and its
concentration. Serum cholesterol and triglyceride concentrations are about 3-5% higher in serum
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than in plasma, although no significant serum-plasma difference was observed for HDL. Thus,
the serum concentrations of lipids and lipoproteins probably reflect more accurately the subjects

physiological state at the time of vein puncture.

Hemolysis can interfere with absorbance readings. Lipemia can affect the triglyceride
measurements by interfering with absorbance measurement. Grossly turbid samples are diluted
before analysis. An aliquot of the specimen is diluted with normal saline to an extent sufficient
so that the value measured in the diluted specimen remains within the range 1 — 1,000 mg/dL

Sample volumes-The sample volumes required are as follows: total cholesterol and/or
triglyceride, 0.5 ml; HDL measured with the direct method, along with total cholesterol, 0.2 ml.
Any sample remaining after analyses are complete are returned to -800 C

Storage and sample stability -Serum can be stored at -20°C in a non-self-defrosting freezer for
up to 4 weeks. For longer storage (> 4 weeks), they should be maintained at -80°C or lower.
Total cholesterol, triglyceride and HDL-cholesterol are stable for at least one year at -80 o C or

lower.
Electrolytes

Sodium, potassium and chloride: these three electrolytes were measured by using ISE reagent
Kit. The method was ion-selective electrode (ISE) which is an indirect specimen diluted by the
instrument prior to analysis. Thus method makes use of the unique properties of certain
membrane materials to develop an electrical potential (electromotive force, EMF) for the
measurements of ions in solution. The electrode has a selective membrane in contact with both
the test solution and an internal filling solution. The internal filling solution contains the test ion
at a fixed concentration. Because of the particular nature of the membrane, the test ions will be
closely associated with the membrane on each side. The membrane EMF is determined by the
difference in concentration of the test ion in the test solution and the internal filling solution. The
complete measurement system for a particular ion includes the ISE, a reference electrode and
electronic circuits to measure and process the EMF to give the test ion concentration. The

sodium and potassium electrodes are based on neutral carriers and the chloride electrode is based
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on an ion exchange. The reference interval given in laboratory procedure manual of the
manufacturer was 133-145 mmol/L, 3.3-5.1 mmol/L and 96-106 mmol/L for Na ,K and ClI
respectively. Also minimum and maximum CV% was 0.5 and1.1% for Na, 1.2 and 3.5% for K,
0.8 and 1.3 %CI.

Factors that influence the analysis of electrolyte

Sample - Grossly lipemic blood is a source of analytical error with some methods. Thus for
lipemic samples, ultracentrifugation of serum or plasma is required before analysis. Hemolysis
causes erroneously high K results. In addition, unhemolyzed specimens that are not promptly
processed may have increased K concentrations. Erythrocytes contain only one tenth of the Na
present in plasma, so hemolysis does not cause significant errors in serum or plasma Na value. A
falsely decreased K value is initially observed if an unseparated sample is stored at 37 "C
because glycolysis occurs and K shifts intracellular. Even gross hemolysis does not signifcantly
alter Cl concentration.

Sample collection and storage -The sample should be collected by standard vein puncture
technique. Only lithium heparin plasma may be used. Serum sample should not to remain on the
cells after centrifugation. Result in Potassium from the red cells will diffuse into the serum,
giving falsely elevated value. Frozen samples are stored at -70°C. When separated from
erythrocytes and stored tightly stoppered at 2-8°C, chloride content is stable for several days.

Sodium and potassium are stable for 2 weeks at 15- 25°C or 2-8°C.

Temperature and Time for measurement - before measurement of electrolyte done the sample
should be at ambient temperature 20-25°C and Because of possible evaporation effects, all

samples, calibrators, and QC on the analyzer should be measured within 2 hours.

4.8. Quality control

The collected data was checked for completeness and correctness on a daily bases. Every
morning before starting the daily activity the availability of necessary materials was ensured.
Additionally, before physical examination and anthropometric measurement was done the
instrument like weight scale, Stadiometer and stethoscope were checked for its functionality. In
addition, the blood samples were collected following confirmation of overnight fasting. Both

levels of (normal and pathological) quality control samples were analyzed at the start of the day
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in duplicate. Thus, pool of normal human serum which were stored at -80°C and lyophilized
commercial product stored at 2-8°C were analyzed before performing participants sample.
Quality control was also analyzed at the end of the shift, with change in reagent and when

needed for troubleshooting
4.9 Statistical analysis

All calculations for determining reference ranges were based on the guidelines found in the
Clinical and Laboratory Standards Institute (CLSI). After obtaining the result of the laboratory,
the data was entered to SPSS software version 23. After cleaning the data important
classification of the data such as male, female and pregnant women with their appropriate
trimester was done to simplify the process. The data was not normally distributed. So to
compensate this bootstrapping method was used and to pull out the outlier’s box plot was used.
Box-whisker plot was used to reveal gender specific relationship and difference of the analyte
(lipid profile and selected electrolytes). Finally, by using Med Calc ver 20.008 software
reference intervals of lipid profile and electrolyte was established for adult male, female and
pregnant women. The mean, median, minimum, maximum and reference intervals were established
at 2.5thand 97.5th percentiles with 90% CI. Probability levels of <0.05 between the two sexes, adult

female and pregnant women were considered as statistically significant.
4.10. Operational definition

Reference interval- interval of values between 2.5" and 97.5" percentiles of analytes from
apparently healthy individuals

Lipid profile-in this study refers to Total cholesterol, Triglycerides, HDL and LDL

Electrolytes- in this study refers to Sodium (Na), Potassium (K) and Chloride (CI)

Trimester - duration of pregnancy this is First trimester — conception to 12 weeks, Second
trimester — 13 to 26 weeks and Third trimester — 27 to 40 weeks.

Confidence interval- The probability that a population parameter will fall between a set of
values

Adult - person between the ages of 18 to 60 years.
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4.11. Ethical considerations

Prior to data collection support letter and ethical clearance were 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. All study participants were informed about the purpose of the
study and their participation was on voluntary basis. The participants were directly benefited by
being investigated for any pathogenic organisms and other clinical abnormalities. The
information obtained during the study was to remain confidential and disclosure of any of the
data to third parties other than those allowed in the Informed Consent form not permitted. Also
all data was put in locked cabinets in a locked room at the Department of Medical Laboratory
Sciences office and the results of the tests were coded to prevent identification of the volunteers.
Access to data entered into computerized files was permitted only for authorized personnel
directly involved with the study and password protected. Urine, stool and blood collected were
not used for other purposes. The leftover samples were 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 analyses, were safely disposed of in an environmentally friendly manner.

4.12. Dissemination of the result

The result of this study will be submitted to Addis Ababa University Department of Medical
Laboratory Science then presented for examiner and stakeholders. In the long run, it will be

published in different scientific journals.
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5. Results

5.1 Demographic characteristic of the study population

A total of 630 apparently healthy adults and pregnant women with equal number of male, female
and pregnant women (210) for each were recruited to establish a reference interval for lipid
profile and selected electrolytes. The age of reference individuals (male and non-pregnant
female) ranged from 18 to 60 years .While for pregnant women, the age was 15 to 49. Also the
average age for the participant men and non-pregnant women were 30.5 + 9.2 years. As shown in
Figure 1, most of the study participants were in 25 to 29 years age group (110 which is around
26.5 %). Out of 210 pregnant women 54 was at first, 68 at second and 88 third trimesters
whereas the average age was 26.6 + 4.4.

age (¥r) and sex distribution of study participant
SEX

Il rA=le
I Female

B0.0%—

50.0%

40 .0% =

Percent

A0.0%:

20.0%—

10.0%:—

%=

1G5=18 20 - 24 2Z5-28 30 - 34 35 - 39 40 - 44 45 - 48 50 - 54 55 - 60O
agegroup2

Fig 1: Age and sex distribution of study participants, Addis Ababa, Ethiopia in 2020 .

Regarding gestational week of pregnant women 26 %, 33 % and 41 % were at their first, second

and third trimester, respectively. Most of the study participants were in the third trimester .
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Age(yr) and Trimester distribution of pregnant women
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Fig 2: Age and Trimester distribution of pregnant women lived in Addis Ababa, Ethiopia.
As table two indicate greater number of adult female had fasting habit and higher number of
adult male had Exercise habit. Most of pregnant women take only folate rather than taking iron
and folate at once. Almost all participants had normal BMI (i.e. 18-24.9) and had no habit of

chewing “khat”, drinking alcohol and smoking cigarettes A study participant who had negative

urine and stool test were excluded from the study.

Table 2. Profile of the study participants in 2020.

Participants | Fasting. Exercise. | lron | Folate | Ironand | Positive Positive
habit habit Folate urine test stool test
Male 74 61 NA NA NA 8 20
Female 86 15 NA NA NA 58 14
Preg.women | 72 12 33 82 29 33 18
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Almost all participants had normal BMI (i.e. 18-24.9) and had no habit of chewing “khat”,
drinking alcohol and smoking cigarettes A study participant who had negative urine and stool

test were excluded from the study.
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5.2 Reference Interval of the study participants

Lipid profiles and Electrolytes Reference intervals of the study population are displayed in Table

3. The current established RIs were differing from the manufacturer’s provided values for most
of lipids (TC, TG, and HDL and LDL). In contrast the RI of electrolyte shows similar value with

the manufacturer i.e., upper limit of K for pregnant women was equal to the current one. Also the

table shows the main host factors that affect the concentration of lipids and electrolytes.

Table 3. Reference Interval for lipid profile and electrolytes and Correlated Host factors among

adults and pregnant women in Addis Ababa, Ethiopia in 2020.

95% Reference value of the present | Correlated Reference value of the
study Host factors Manufacture
Test
Parameters* | Male Female Female Male
Non-preg. | Preg. Non- Preg.
Preg.
TCma/dl) | 100.1-243 | 120.4-272 | 118 275 Qﬁ,lel'sex and | 5 500 0200 | 0-200
TGmMy/dl) | e 170 |51-164 | 64-304 Age, BMI|0-150 [0-150 | 0-150
' and sex

HDL (mg/dl) Age , [BMI]

16 -52 .7 25-57.0 22-62.5 male only >65 >65 >55
LDL (mg/dl) | 55167 |51-170 | 47.8-167 ?e?(e' BML 1 .00 |<100 | <100
Na(mmoliL) | 138 150 | 138-149 |136-143 | L[AGE BMIT 1 183- 14001 0 | 133,145

male only 145

K (mmol/L) Age ,.BMI

3.9-55 3.95-6.0 | 3.65-5.1 3.3-5.1|3.3-5.1 3.3-5.1
Cl(mmol/L) |99.14- 108 | 101 -112 | 100.5-108 Age ,BMI 96-106 | 96-106 | 96-106

* TC=Total Cholesterol, TG =Triglycerides, HDL= High-Density

Density Lipoprotein, Na=Sodium, K= Potassium

Lipoprotein, LDL=

Low-
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5.3 Sex and Trimester based distribution of Lipid profile and Selected electrolytes

Statistically significant difference (p<0.05) between Female (non pregnant women) and male
participants were seen for all lipids. Thus female participant had higher values of Total
cholesterol, and lower Triglycerides value as compared to male subjects. In overall, the
distribution of the value for all lipids between female and male was nearly equal (Figure 3, A-D).

For pregnant women (Figure 3, E-H) median, interquartile range and the maximum value of TC
were increased in line with trimester. A low minimum value was seen at the second trimester and
values at the third trimester were more dispersed as compared to the other trimester. For TG the
overall and interquartile range of the third trimester was much greater than the remainder while
at the second trimester it was vice versa. Similar to TC, the median of TG increases as the
trimester increases. At the second trimester, a high level of agreement between the values was
seen for this analyte. At HDL and LDL side, the values for the second and third trimester were
highly distributed than the first trimester. Maximum values were seen at the second trimester for
the two analytes in addition the median, interquartile range and minimum HDL value of the third

trimester were less than the remainder.
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Figure 3: Comparison of gender and trimester specific concentration of lipid profile for adults
and pregnant lived in Addis Ababa, Ethiopia in 2020.

As to the overall distribution of electrolytes, the values of Na® and K" among male was
significantly (p<0.001) higher and lower, respectively, than non- pregnant Female study
participants (Figure 4, A-C). The overall range and interquartile range of CI" and K* for female

participants were greater than male.
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For pregnant women (Figure 4, D-F) the box plot reveal that Na value at the first trimester was

more distributed than the other trimester and much greater minimum value was seen for the third

trimester. Also similar median and maximum values were seen for all trimesters for this

electrolyte. At the K* side median and maximum value of the first two consecutive trimesters

was similar. Likewise, the median of CI- for the first and third trimester were similar. In contrast

to the median of TG, the minimum value of K* decreased as the trimester increased.
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Fig 4: Ccomparison of gender and trimester specific concentration of electrolytes for adults and

pregnant women living in Addis Ababa, Ethiopia in 2020.
5.4 Reference intervals of serum lipid profile and selected electrolytes among adult females,

males and pregnant women living in Addis Ababa, Ethiopia.

The current study found that females had higher values for serum TC, HDL-c and LDL-c at
lower and upper limits than male counter parts. While the upper limit of male of TG was higher
than females. (P-value < 0.05) were found for all serum lipid profile. Even though the upper
limit of male electrolytes was greater than female, both sexes took similar lower limits for Na*
and K*. On the other hand, pregnant women had higher upper limits than non-pregnant for TC,
TG and HDL-c but lower limits were lower. Exactly similar LDL-c mean was seen for pregnant
and non-pregnant women. Also the gap between lower and upper limits of TG for pregnant
women was huge. On the Electrolyte side the upper and lower limit of K* and Na* were almost
equal for both groups thus the difference in this electrolyte between the two sex was only one.
There was a notable difference seen between the two sexes for Cl. Serum electrolytes of pregnant
women was lower at upper and lower limit than non-pregnant women.

As depicted in Table four reference interval developed for lipids and major electrolyte for adult
female and male were, TC [ (120.4-272) and (100.1-243) mg/dl], TG [(51-164) and (46.5-
170)mg/dl ]; HDL-c [(25-57) and (16-52.7)mg/dl], LDL-[(51-170) and (35-162)mg/dl]; Na
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[(138-149)and (138-150)mmo/l]; K[(3.9-5.6)and(3.9-5.5 ) mmol/L] and CI [(101-112)and
(99.14-108) mmol/l .
Table 4: Reference interval of lipid profile and major Electrolytes for male and female adults ,
Addis Ababa, Ethiopia in 2020.

Analyte | Sex [N Mean |Media [SD |Min |Max |25 2.5 97,5
n and75% | percentile

TC F |138 |176 169 |39 |88 |275 |149,200 |120.4-272
(mg/dl) [M |121 | 163 160 | 38.13 |92.3 |260.4 |135,189 | 100.1-243

C | 258 |166 164 | 343 |87.8 |247 |142,187 |103.2-2395
TG F 130 |90.6 |87.3 |284 |429 |164 |68,109 51 -164
(mg/dl) |[M |121 | 1036 |98.9 |325 |32.7 |176.6 |79.9,123 |46.5-170

C | 255 |99 96 331 [32.7 |188 |73.1,119.6 |49.7-1716
HDL F | 126 |408 |41.8 |78 |225 |59 35.6,45.3 | 25-57
(mg/dl) |[M  |132 |348 |3535 |89 |143 |56.3 |28.14L1 |16-52.7

C | 263 |38 383 |93 |143 |618 |31544 |18.4-56.8
LDL F | 135 |101 94 30 |263 |176 |81,119 51 -170
(mg/dl) |[M 131 | 921 |89.9 |312 |22.7 |168 |70,111 35-162

C | 263 |92 |91.8 |30 |227 |168 |77.4,115 |41.2-161

F | 130 | 143 143 |25 | 138 |149 |141,145 |138-149
Na M | 127 | 143 143 |28 |138 |151 |141,145 |138-150
(mmol/L) "¢ [259 | 143 143 |27 |138 |151 | 141,145 |138-149.5
K F 139 |45 45 043 |37 |58 |4248 3.95-6.0
mmollL) | M | 130 | 4.6 47 04 |37 |56 |4349 3955

C |270 |46 465 |043 |37 |58 |4349 3.95-56

F | 134 |1055 |1055 |2.3 |995 |111.1 | 104,107 |101-112
cl M | 127 |103 103 |24 |982 |109.9 |101,105 |99.14- 108
(mmol/L) 'c™ 266 |105 105 |29 |982 |112.6 |102.6,106. | 99.4-111.6

6

*N-number of participants, C-combined, M-male, F-female, SD-standard deviation, Min-
minimum Max-maximum, Cl-confidence interval,
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The calculated 90% confidence intervals for the lower 2.5 and upper 97.5" RIs are shown in

Table 5. Table 6 summarizes the reference intervals for pregnant women.

Table 5: The 90 % CI interval of lower and upper reference limit of Lipid profile and

Electrolytes for male and female adults living in Addis Ababa, Ethiopia 2020.

Analyte Sex N 2.5M-97,5t 90 %ClI 90% ClI
percentile (RI) | UL LL
TC (mg/dl) | F 138 120.4-272 242 275 87,123.5
M 121 100.1-243 230,260 92.3,104.5
C 258 103.2 -239.5 229,246 96,110
TG (mg/dl) | F 130 51 -164 153,167 43,54
M 121 46.5-170 164.3,176.6 | 32.7 54
C 255 49.7 -171.6 164.7,177 42.954
HDL F 126 25-57 55.1,59 22.5,27
(mg/dl) M 132 16 -52 .7 48.8 ,56.3 14.3 -20.5
C 263 18.4-56.8 55.2,61 16,22.3
LDL F 135 51-170 159,176 26.3,58
(mg/dl) M 131 35-162 156.1,168 22.7,43.3
C 263 41.2-161 156.6 -166.5 | 30.9,50
F 130 138-149 148,149 138,139
Na
(mmol/L) M 127 138-150 149,151 138,139
C 259 138 -149.5 149,150 138,139
F 139 3.95 -.6 5.3,5.8 3.7,4
K M 130 3.9-55 5.3,5.6 3.7,4
(mmol/L) |C 270 3.95-5.6 5.5,5.7 3.8,3.99
F 134 101 -112 110.5-112.6 | 99.5-101.7
Cl
(mmol/L) M 127 99.14- 108 107.7-109.9 | 98.2,99.5
C 266 99.4-111.6 110-112 99,99.8

*N-number of participants, UL-upper limit, LL-lower limit, CL-confidence interval,RI reference
interval

35



As illustrated in the Table six for pregnant women established RI of lipids and major electrolyte
were TC(118-275) mg/dl, TG (64 -304) mg/dl, HDL ( 22-62.5 )mg/dl, LDL(47.8-167)mg/dlI,
Na(136-143) mmo/l, K(3.65-5.1 ) mmol/L,CI (100.5-108) mmol/I.

Table 6: Reference interval and 90% CI interval of lower and upper reference limit of Lipids

and Electrolytes for pregnant women in Addis Ababa, Ethiopia 2020.

Analyt | N Mean | medi |SD |Min |ma |25 % | 2.5"-97.5" | 90%CI UL | 90%CI
e an X and 75% LL

TC 146 | 189 186 40 94 288 | 158, 215 | 118 -275 260.6 ,288.6 | 94,121.4
(mg/dl)

TG 149 | 171 158 65 56 354 | 122,226 | 64 -304 287,354 56,75
(mg/dI)

HDL 144 | 42 415 |99 19.7 | 67 | 36,49 22-62.5 59,67 19.7,26
(mg/dl)

LDL 146 | 101 975 |32 45 191 | 78,125 47.8-167 154,191 45,53
(mg/dl)

Na 134 | 139 139 1.8 135 | 143 | 138,140 | 136-143 142,143 135,136
(mmol/L

)

K 142 | 4.3 4.3 035 |34 |5 4.05,45 |3.65-5.1 4.9,5.1 3.4,3.8
(mmol/

L)

Cl 141 | 104 104.2 |19 |99.9 | 108 | 103, 100.5-108 107.4,108.7 | 99.9,101
(mmol/L v 105.4

)

*N-number of participants, C-combined, M-male, F-female, SD-standard deviation, Min-

minimum Max-maximum, Cl-confidence interval

Table seven focuses on comparison between sex using the non-parametric Mann Whitney U test

revealed that statistically significant differences (P-value <0.05) between female and male were

seen for TC, TG, HDL-c, LDL-c and Cl-. Also the significant differences between pregnant and

non pregnant women were seen for TC, TG, and Na. No Significant differences were seen

between the trimester (1st and 2nd, 1st and 3rd and 2nd and 3rd) for all electrolytes and from

lipid profile, only HDL and LDL for 1st and 3rdand 3rd and 2nd , respectively.
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Table:7 Comparison of lipid profile and electrolyte reference intervals by sex and pregnancy
status and inter Trimester difference of pregnant women in Addis Ababa, Ethiopia 2020.

Analyte Female and | Pregnant | 1%tand 2" | 1tand 3™ | 2" and 3™
and non
Male pregnant | Trimester | Trimester | Trimester
women
TC (mg/di) 0.005, 0.012 0.0004 0.0012 0.041
TG (mg/d) 0.006, <0.0001 |0.03 0.00001 0.0004
HDL (mg/dl) | <0.001 0.189 0.033 0.141 0.014
LDL (mg/dl) | 0.00001 0.78 0.018 0.001 0.203
Na (mmol/L) | 0.634 <0.0001 | 0.764 0.241 0.895
K (mmol/L) 0.16 <0.0001 | 0.486 0.524 0.227
Cl (mmol/L) < 0.0001 1 0.53 0.651 0.543

5.5 Comparison of current established reference interval of Lipids and Electrolytes with

other published data.

As presented in Table eight, comparison with other selected studies outside Africa and
manufacturers Rls revealed that the study participants had higher upper limit of serum lipid and
electrolytes than the manufacturer except HDL-c, which had lower value while the value of other
countries may be higher or lower than the current values. China had higher lower limit and lower
upper limit for TC in both sexes while Russia, Saudi and Turkey had higher value for both limits
than the current. For TG China had lower limit for female while upper limit of female and male
was higher. In relation to this Russia, Turkey and Saudi Arabia had a lower limit for male and RI

for female while upper limit of male was higher than the present TG values. Russia and Saudi
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Arabia derived LDL-c RIs were higher than the present one. Notably, lower HDL-c RI was seen

for our study than the other. On the other hand, the present study reported higher RIs values for

all selected serum electrolytes Table 8.

Table 8: Comparison of established reference intervals of serum lipid profile and selected

electrolytes for Addis Ababa, Ethiopian adults with Manufacturer and other previous studies in

2020.

Analyte Sex Current Manuf | China Russia | Saudi Izmir(T
study acturer | Beckman Beckma | Arabia urkey)
Cobas Cobas | Coulter n Architect | Abbott

7) Coulter | 1600c (26)

(16) (25)

TC (mg/dl) F 120.4-272 | NA 122-222 NA NA NA

M 100-243 NA 125-240 NA NA NA

C 103-239.5 | 0-200 | NA 128-297 | 136-248 122-

272

N 258 NA 1451 351 393 393

Med 164 NA 182 NA NA
TG (mg/dl) F 51-164 NA 43-203 37-161 | 34-142 39-200
M 46.5-170 | NA 47-305 40-238 | 44-338 51-315

C 49.7-171.6 | 0-150 | NA NA NA NA

N 255 NA 1450 181 393 393

Med 96 NA NA 87 NA NA

HDL (mg/dl) | F 25-57 >65 36-85 39-87 38-85 36-79
M 16 -52.7 | >55 31-76 30-69 29-69 31-67

C 18.4-56.8 | NA NA NA NA NA

N 263 NA 1450 331 393 393

Med 38.3 NA 58 NA NA

LDL (mg/dl) F 51,170 NA 50-133 77-189 | NA NA

M 35-162 NA 52-149 86-229 | NA NA

C 41.2-161 | <100 | NA 91-206 | 70-169 NA

N 263 NA 1450 275 389 195

Med 91.8 NA 147 NA NA

Na (mmol/L) |F 138-149 NA NA NA NA NA

M 138-150 NA NA NA NA NA

C 138 -149.5 | 133- 136-144 135-141 | 135-144 139-

145 147

N 259 NA 1324 699 393 393

Med 143 140 138 NA NA

K (mmol/L) F 3.9,5.6 NA NA NA NA 3.6-5
M 3.9,5.5 NA NA NA NA 3.7-5.7

C 3.9,5.6 3.3-5.1 | 3.7-4.7 3-5-45 |3.7-4.9 NA
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N 270 NA 1591 684 s SR
Med 4.65 NA 4.0 NA NA
Cl (mmol/L) F 101,112 NA NA NA NA NA
M 99.14- 108 | NA NA NA NA NA
C 99.4-111.6 | 96-106 | 101-109 99-107 | 101-111 103-
111
N 266 NA 1323 701 393 195
Med 105 NA NA 103 NA NA

N-number of participants, C-combined, M-male, F-female, Med-median

Tables nine presented the adults Rls and median values of the current study as compared to other

studies from the other parts of Africa. The current Rl of TC was higher than others. As for TG

Zimbabwe RIs were lower as the remaining country had a higher upper limit. There was a huge

gap between upper and lower values of Egyptian RIs for both sexes. Egypt derived LDL-c RI

was higher, the other had a higher upper limit. There was no notable difference seen for

electrolytes reference interval. Although the present study fit the minimum requirement of CLSI

to establish reference interval number of study population for all analyte were the less than the

population those participate in Ghana (11), Kenya (26) Turkey (25) and Zimbabwe (14) study..
Also median value of TC, TG and K were higher than Ghana (11), Kenya (26) and Zimbabwe

(14). In contrary to this present study median value of HDL was less than the value established

for this country.
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Table 9: Comparison of established reference intervals of serum Lipid and Electrolytes for
Addis Ababa, Ethiopian Adult with other African studies RI in 2020.

Analyte | Sex | Current Egypt Ghana Kenya Zimbabw | Rwanda
study Cobas VitalabSelec | Cobas e Cobas
Cobas (23) traE (27) Cobas (13)
(12) (15)
TC F 120.4-272 NA 82-218 |101-230 |101-240 NA
(mg/dl) | M 100-243 NA 70-195 97.5 - 1 99-232 NA
214.5
C 103-239.5 135-271 | 78- 210 101-222 | 99-237 NA
N 258 250 622 1508 769 NA
Med | 164 178 125 148 156 NA
TG F 51-164 36-311 35.5-187 | 36-222.5 | 34-159.5 | NA
mg/dl M 46.5-170 44 -359 | 35.5-196 | 36-240 37-156 NA
C 49.7,171.6 | NA 35.5-196 | 36-231 35-155 32-172
N 255 286 619 1477 769 172
Med | 96 87 80 80 69 82
HDL F 25-57 28-78 NA NA 32-85 NA
(mg/dl) | M 16 -52 .7 26-71 NA NA 31-87 NA
© 18.4-56.8 NA NA NA 31-85 29-86
N 263 286 NA NA 769 130
Med | 38.3 50 NA NA 49 48
LDL F 51,170 NA NA NA 52-160 NA
(mg/dl) | M 35-162 NA NA NA 41-159 NA
C 41.2-161 55-185 NA NA 47-154 NA
N 263 373 NA NA 769 NA
Med | 91.8 103 NA NA 90 NA
Na F 138-149 NA 135-150 140-155 | 135-148 NA
(mmol/ | M 138-150 NA 135-151 142-152 | 136-149 NA
L) © 138 -149.5 | 131-148 | 135-150 141- 136-149 137-147
152.5
N 259 544 541 1541 769 122
Med | 143 140 144 146.5 142 142
K F 3.9,5.6 NA 3.4-51 3.8-5.8 3.5-5-2 NA
(mmol/ | M 3.9,5.5 NA 3.6-5.2 3.9-5.8 3.6-5.3 NA
L) C 3.9,5.6 3.4-5.3 3.6-5.2 3.9-5.8 3.6-5.2 3.3-5
N 270 543 583 1535 769 131
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Med | 4.65 4.3 4.4 4.6 4.3 4.1
Cl F 101,112 NA 108-113 101-113 | 96-107 NA
(mmol/ | M 99.14- 108 | NA 101-115 100-111 | 95-107 NA
L) C 99.4-111.6 | 94-111 102-114 100.5- 96-107 100-112
112
N 266 538 531 1541 769 121
Med | 105 103 107 105.6 101 106

N-number of participants, C-combined, M-male, F-female, Med-median

Table Ten displays the comparison of the RIs and median of pregnant women of the current
study versus other countries study. While the current study was trimester independent RI of TC
was nearly equal to the second trimester of Nigerian study and far lower than second trimester RI
of Denmark pregnant women. For TG the current study found that less UL than Sweden and
Denmark second trimester RI. For electrolytes we found that nearly equal UL and LL for Na
with Denmark study and for K with Kenyan study. Number of study population of the current
study less than Denmark and Kenya population for all lipids and electrolyte also Current lipids
Median was higher than other study. While current Na median was equal to Nigerian study and

for K median it was equal to Kenyan study.
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Table 10: Comparison of established reference intervals of serum lipid profile and selected

electrolytes for Addis Ababa Ethiopia pregnant women with other African studies in 2020.

Analyte | Gestational | Manufact | Current | Kenya Denma | Sweden | Nigeria
week urer study Integra rk Cobas V350
Cobas Cobas 400 Cobas (19) analyzer
(29) (30) (22)
TC 1-12 0-200 118 -275 | NA 144-269 | NA 156-245
(mg/dl) | 13-26 NA NA NA 160-304 | NA 207-277
27-end NA NA NA 172-343 | NA 66-238
N NA 146 367 NA NA
Med NA 186 NA 175.5
TG( 1-12 64-304 68-222 | 79-384 | 80-235
mg/dl) 13-26 0-150 NA 74-280 | 96-388 | 116-276
27-end 118-420 | 144-455 | 80-205
N NA 149 367 NA NA
Med NA 158 NA 115.7
HDL 1-12 >65 22-62.5 NA 55-113 | NA NA
(mg/dl) | 13-26 55-117 | NA
27-end 47-113 | NA NA
N NA 144 NA 367 NA NA
Med NA 41.5 NA NA NA
LDL 1-12 47.8-167 | NA 47-156 | NA NA
(mg/dl) | 13-26 <100 51-168 | NA
27-end 62-218 | NA NA
N NA 146 NA 367 NA NA
Med NA 97.5 NA NA NA
Na(mm | 1-12 136-143 | 126.3- 135-142 | 128-140 | 134-142
ol/L) 13-26 133-145 140.6 135-142 | 130-140 | 135-142
27-end 135-141 | 127- 135-152
N NA 134 296 367 140 NA
Med NA 139 132.8 NA 139
K(mmol | 1-12 3.65-5.1 |3.6-5.2 3.2-4.2 | 3.26-4.6 | 4.1-5.2
/L) 13-26 3.3-5.1 3-2-4.2 | 3.46- 3.9-5.3
4.74
27-end 3.2-4.1 | 3.32- 3.9-5.7
5.09
N NA 142 296 359 NA
Med NA 4.3 4.3 NA 4.1
Cl(mmo | 1-12 100.5- 89-105.7 | NA 97-107 | 105-117
I/L) 13-26 96-106 108 NA 99-108 | 103-115
27-end NA 97-109 | 111-127
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6. Discussion

Different studies conducted in some African countries reported that there is a significant
difference in normal laboratory reference interval compared with those of other African countries
and western world (29). Despite this, including Ethiopia, different developing countries interpret
the laboratory results with reference intervals provided by manufacturers’ inserts sheets. As
laboratory results affect around 70% of medical decisions in preventing, diagnosing, treatment
and management of patient disease (14) the laboratory test result should be interpreted with
reference intervals, which represent the local population. It is challenging to develop direct
reference intervals, mainly selection of reference population and method. Thus, for better
medical care and decision for our population the current study tries to focus on developing RIs,
which focused on serum lipid profile and selected common electrolytes.

The current study showed that there was statistically significant sex difference observed for TC,
TG, HDL-c, LDL-c and ClI for study population while Na and K were similar for both sexes. On
the other hand, statistically significant differences were observed for TG, TC, Na and K between
pregnant and non-pregnant women. HDL-c, LDL-c and Cl were similar for both genders. The
manufacturers’ reference interval provided in the leaflets of the reagents used in the current study
presented a combined reference interval for both sexes except for HDL-c. However, most of the
Rls of foreign countries that was used in this study for comparison including the current studies
(12-15) reported separate RIs for males and females. This may be valuable to see significant
differences between sexes (22). Evidences from the current study, and from some other Africa
countries reference intervals were higher than Russia (16), Saudi Arabia (25), ISMIR (Turkey)
(26) and China reference interval (17). This may be due to genetic makeup, lifestyle and

geographical location of the countries.

According to the work, TC value was lower than Russia (16), Saudi Arabia (25), ISMIR
(Turkey) (26), china (only at upper limit for both sexes) (17) and Egypt reference interval (23).
While upper and lower limit was higher than the study from Ghana that established RI for both
sexes (12). For TG current female upper and lower limits as well as male lower limits were
higher than Russia (16) and Saudi Arabia reference intervals (25). On the other hand, higher

lower limit and lower upper limit of current study were observed than China (17), Egypt (23),
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Zimbabwe (15) and Ghana (12). The upper limit of TG value in the current study for both males
and females was in line with the upper limit of reference interval generated for the Rwandan
population (13). This difference may be because of lifestyle, genetic makeup, variation in
number of participants, difference in statistics and lab methods. Unlike this Current TC reference
limit was in line with Kenya (27) and Zimbabwe (15) population. This may be due to similar
geographical location of the countries.

Contrary to other study the current work found that extremely lower values of HDL-c at both
reference limits. Thus, the present study revealed that HDL-c reference limit of the study
population was much lower than manufacturer and other countries reference limit for both sexes
(25-29). Although many prospective studies from different racial and ethnic groups worldwide
have confirmed that less HDL-c is a strong, consistent, and independent predictor of incident
cardiovascular events (myocardial infarction, ischemic stroke) (28). Better agreement was seen
on the current lower limit of female LDL-c with China (17) and Zimbabwe (15) reference
interval while male upper limit of this country was less than the current one. On the contrary,
both the upper and lower limit of current LDL-c value was much less than Russia (16) and Saudi
Arabia (25) reference interval of the study population. This disagreement of HDL-c and LDL-c
reference limits might be explained by differences in lifestyle, feeding culture and genetic origin
of the study population. Studies show that effects of estrogen hormone make serum LDL
cholesterol level lower and HDL cholesterol levels higher in women compared with men of the
same age (34). In comparison to this our current finding showed that male LDL cholesterol level
was lower than female. This may be a predictor for further finding to dig the root cause of this
discrepancy, or possibly the study subjects are from Addis Ababa, where the average altitude is

2000 meter above sea level, which is higher altitude than most studies elsewhere.

The current finding supports previous studies which indicated that Electrolyte concentrations did
not show significant differences between females and male (35). Current Na value was in line
with Ghana (12) and Zimbabwe (15) reference limit developed for study population at upper
limit for both sex. While little higher value was seen in present study than china (17), Russia
(16), Saudi Arabia (25) and Rwanda (13) reference limits of the study population for both sex.
Also the lower limit of Turkey (26) value was higher than the present value except the upper

limit of Turkey population which is lower (26). Our current potassium value was higher at both
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limit for both sex than Russia (16), Saudi Arabia (25), china (17), Ghana (12), Zimbabwe (15)
and Rwanda (13) reference limit. Interestingly exact similar lower limit at both sex was seen
with Kenyan population reference interval (27). This may be due to the similar geographical
location and weather condition of the two countries. The discrepancy of sodium and potassium
reference limit between the present study and the remaining country may be due to weather
conditions, lifestyle, level of salt intake, and sweating level of the study population.

Chloride in association with Na plays a great role in maintaining body fluid balance and different
vital functions of the body (36). There was better similarity on the current developed reference
limit of Cl than other electrolytes to Kenya (27), Rwanda (13), Russia (16), Saudi Arabia (25)
and Turkey (26) reference interval. The reference limit of Cl developed for Ghana (12) and
Egypt (23) population was higher at both limits than the current while the value of Zimbabwe
(15) population was lower. This variance may be due to salt intake, weather condition and level
of aldosterone hormone in the body of the study population. At all, better agreement was seen for
electrolyte reference intervals than lipids.

Pregnancy is known to change metabolic processes involved in lipid and lipoprotein more than
others do. These metabolic alterations are likely evolved to meet the metabolic demands of the
growing fetus (37). Most of the changes in serum biochemistry parameters were associated with
the rising level of estrogen and progesterone hormone (30). The body may not be able to balance
the changes. Also, biochemical profiles can become significantly distorted from the values
normally noted during pregnancy (38, 39). There was a significant difference seen between
pregnant and non-pregnant women for TC, TG, Na and K while HDL-c and LDL-c were similar.
Electrolyte reference limit of pregnant women were slightly lower than non-pregnant women in
the current study, this was because of that the plasma volume and glomerular filtration rate

increases during pregnancy resulting in a decrease in most serum constituents (30).

Current TC value was higher than the manufacturer and Nigeria (22) reference limit developed
for the study population while it was far lower than Denmark (30) value at both reference limits.
Like TC, the present TG value was higher than the manufacturer and Nigeria value (22)
reference limit. Also the value was far lower than the reference limit developed for Denmark
(30) and Sweden (19) population. Although our study was trimester independent, studies showed

that HDL-c concentration changes non-significantly in the first trimester, but significantly
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increases in the second trimester and slightly decreases in the third trimester (40). Current study
was in line with finding which show pregnant women HDL reference limit did not show
significant difference to non-pregnant women. While a study revealed that LDL value elevated
during pregnancy, current LDL values of pregnant and non-pregnant women were similar (41).
The present HDL value was lower than the manufacturer and Denmark (30) reference interval at
both limits. The trimester independent LDL value was higher than the manufacturer and similar
to the second trimester reference limit of Denmark (30). This lipid inconsistency between our
study population and others may be due to genetics, lifestyle, feeding habits, and number of
study participants.

In agreement to our current study, Denmark potassium reference values for pregnant women
were slightly lower than non-pregnant women. This is in contrast to Palm et al. who observed a
minor increase and a much higher upper limit during pregnancy (19). Sodium value of Denmark
pregnant women was very close to non-pregnant women but our pregnant women value was
significantly lower than non-pregnant women. Present Na value was in agreement with Denmark
(30) and Nigeria (22). Whereas it was higher than the intervals from Kenya (29) and Sweden
(29) reference limit. At K side a very close relation was seen between the current reference limit
and Kenya value (29). However, it was higher than the Denmark (30) and Sweden (19) reference
limit. Also it was much lower than the Nigerian (22) reference limits developed for the study
population. Trimester independent reference limit of our current Cl value agreed to Sweden (19)
at both limits and higher and far lower than Kenya (29) and Nigerian (22) value at both limits
respectively. This difference of electrolyte may be due to lifestyle including level of salt intake.
The salt intake hypothesis assumes that pregnant women are more sensitive to salt intake than

non-pregnant women are (42), weather condition (hot weather) and method of analysis.

As both lipid profiles and electrolytes are laboratory parameters important in the diagnosis of a
currently rising non-communicable diseases like CKD, such variations among RIs between
populations underscore the need for establishing population specific Rl as good medical
decisions which are guided by laboratory results interpreted by population based reference

intervals are needed.
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7. Strength and Limitations
7.1. Strengths of the study

Despite many obstacles during the study period, the current study reports the first community
based RIs for serum lipid profile and selected electrolytes for Addis Ababa adults. As Addis
Ababa is a populated city of the country, we found an optimum study population to collect
samples, which is more than the recommendation of CLSI, which is a minimum of 120 samples.

7.2. Limitation of the study

Notwithstanding its opportunity and significant of our study, we encounter shortage of important
material and reagent for sample collection and analysis. While the participant had the right to
withdraw from the study some of which refused during sample collection this resulted in wastage
of some material. Reference interval, which established for pregnant women, was trimester
independent this may result in misinterpretation of the physiological and biochemical change that

occurred during each trimester.
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8. Conclusion and Recommendations

8.1. Conclusion

Current study develops reference interval for lipid profile and major electrolytes for adults and
pregnant women of Addis Ababa. This implied that one-steps forward were seen in Ethiopian
healthcare system. Also, the study shows there was difference in reference interval of lipid and
major electrolyte for Adults and pregnant women of Addis Ababa to other African and western
population. Significant difference seen between sexes for all lipids and CI and also between
pregnant women and adult female for TC, TG, and Na and K. From general perspective, our

study revealed that the value of HDL-c was very low.

8.2 Recommendation

Current study and different literature indicate that the use of reference intervals which did not
represent the population result in misinterpretation of laboratory results. Thus, we suggest that
applying this study aids the physician in the correct medical decision. Also, the application of
this study in the disease management and control program, during policy making related to the
health of adults, in the interpretation of laboratory results during screening and management of
disease and in the maternal health program will create a good environment in the health care
system of Addis Ababa, Ethiopia. We also suggest that there should be effort to establish
regional specific reference interval for the parameters included and those not included in this

study.
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10. Annexes

Annex |- Standard operating procedures (SOPs)

Stool specimen collection and handling: Stool samples 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 cups. Proper stool specimens will be taken
from each participant to reduce the chance of occurrence of false negatives. 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 the side laboratory following a safe transportation manner.

Stool sample processing for Formol ether Concentration: a fresh stool sample will be
dispensed into 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 urine 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 the 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 the 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 the rim of the 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 bio wipe 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 from using appropriate units as necessary.
Negative results should be reported out as “Neg”. Positive results should be reported in the
proper format, using appropriate units 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 antiCRP
antibodies After few minutes the presences of CRP leads to precipitation and color development
then the precipitate is determined turbid metrically with fully automated Cobas c501 analyzer

Annex I1: Information sheet for adults (>18 years)

Research Title: Establishment of lipid profile and electrolytes reference intervals for Addis
Ababa children and adolescents.

Principal Investigator: FikiriteAboneh

Organization: Addis Ababa University

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

Introduction:

Hello! My name is FikirteAboneh and I 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 develop In-House Quality Control Material
and Establish Immuno-Hematological and Clinical Chemistry Reference Intervals For Ethiopians
aged >18years 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). Thereis a lack of local reference interval for indigenous population and local
quality control materials. Therefore, the purpose of this proposed study is to develop In-House
Quality Control Material and Establish Immuno-Hematological and Clinical Chemistry
Reference Intervals for Ethiopians aged >18years in Addis Ababa Ethiopia.

You have been chosen for this study. Therefore, we invite you 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, the result from

this study is anticipated to improve the health status of the adult population at large in Ethiopia.

56



Procedures:

After agreeing that you can take part, one or more of our research staff will ask you 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 13 ml venous blood (about 1 tablespoon) from you by sterile-
disposable vacutainer tube and needle (9ml in plane tube and 4 ml in tube containing EDTA).
We will conduct laboratory examinations to determine different hematological, serological,
parasitological and clinical chemistry parameters.

Confidentiality:

The information obtained during the study will remain confidential. Disclosure of any of the data
tothird 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 of in an
environmentally friendly manner.

Risks and Discomfort:

There will be minimal discomfort in giving urine and stool samples. However, 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 samples (that are not stored) will be discarded following the

guideline of bio-safety.
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Benefits:

By participating in the study, you will directly benefit by being investigated for any pathogenic
organisms and other clinical and hematological abnormalities. Establishing the reference interval
and developing the in-house quality control materials will be used in the future to improve the
general health status of Ethiopians.

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 against in any form of service like health.
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Code No.

Annex III. Consent form for adults (=18 years)

| 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. I voluntarily consent that
I would participate in this study.

To give my stool [

To give my urine [

To collect my blood [0 and be a participant in this study and understand that | have the
right to withdraw from the study at any time[l.

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/mml/yy)

Phone number

Print name of researcher, date and signature of researcher
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I (dd/mm/yy)

Annex IX: Information sheet for adults (>18 years old) (18 %014 hi.? 1AL AP+ APEPT aolF)

PTCENE Coh: “ALILATFD- hIP(rF a0 tG NHL NAL AR AFRELD-P7 MG (@< L9° O-OT PIITT
PhALZNA ANGRS 9PCaPe-PT aPMT 44470 AYPHCAN hG NANCHRSE DOT PPiet apavCavsP 1Pl TG
av(ig-t “: ANCh T0hAT P70 TTF

PTCENE PG 1a0&148: AQEC 00% (T. hT. 4.7 NA%0 AN 20CHE PURIPS ANC-P4 FIPUCT hed 1008
TCENC)

+004 To0L TP T LO9° HCHC +2LHA

ARV F: CAACKL UNIPG ANCPS TIWNCE RLOCOEPTE SBGA ANPSPTE AG N%SP P9 OTh
AINCTRAASXL UNIPG ANGARS TIUNGE

A7 20C (On@-7 P08.10): 04,240 AL7NG BNTAE, TLi0bC

ava)()9:

mS LAPAT! 093 10-:: PYNIPG ANCRS ARTIN TIPUCT NT1LLeATIPE RLACHEP T
SEGA ANCALPTE NLEP PRI° AT ATNINT AT PAFEXL VNIPG ANCRE TINC IC ARNGD~ 1D+
NANLFE DAT Tt apapCavs® 1Pl 1IC RS MGl (@< R9° @O P717F P291HAe8S fhA.zhd
NILOES PPCaPT aomT 4L W HCAN h&TURFD- AP0t G0 HS DL N1AL AR AACXPm-97
APALt (AT OHALR NAACT TG APNLLET 1m-::

PIPCI°C TGk AAT:

PUNIPG ANCRS IMSD< AT OQT NEHT 918 LBOIA:: J°CaPLT ATILI1TE YaraTy \av Ly tT
AT PAMFFOT DA AT14E NAFPTFT ACH T ATIPeH: NTF AaPhAhd AT AANTFPTF oo
PCIPC AL At PeP PLCIA:: AL NA1TT PMGTT A« PANCFRE DMyt TIaP8LLL 444710
APHCAA AG (AIC @A 099,004 0Lt apapCan@ 0AP:: AAPII® PHU TG GAT NAC @-AT NANGFS
@QT 09,000 STt aPaPCavs P KG Pm.GT1 W@+ PRI RACES PhALZhd holaks @mt T108848 44.470
ATHCAA h&TVRFD- A9P0HS NHE NAL AP NFHALP NAA ATLG 4 AACXPM-9F avpriet 1m-:

ACALI® AHY TGT torCachd:: AALY OHY TS AT9AT4G  (A1T7 NANGRE @A 090.000T PPt
avav(Cavs P KG PMm,GT1 A@+ PLUIRNCES PhA LA NoLATE @yt T1aP8848 444710 RHCAA AaPait
ANFPOP WP8.LLCT TINHAA:: UNEI® Tl PAD- PANCPS AIAINT AdPAmt AOLAL SF@-:: AAHY
PHY TGT Omt AFEKL OO PAPE APT MG ATTAAN 2484 ::

ot ANEEL:
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0TSk AevAte Db099or: 0pGk AAAANAT 15 L9 PIL.0NLE TP LmeePIN:: N8| dovti PR
AG 0290 “lt At LOASA:: T7HG ALIPLC N9°INM@- AP AIHAMT AImePAT:: T (HenT149° 13
LA AFC (A28 PBCA 9770 PTLPT) 0776V AtebRIC NAST AT 9°Ce, hTP4AT (9714, AHC N0& 12AE
4 TN, ATEC RI° ATBLLD PTLERC 1T 1IC ThA AT OANT £80):: ETTPACEE ALCAEE TEO T, AT
PhAZNA oats 9°Cave- P17 hGLanT::

T APC hAemNP:

OHY TGT P7LA000 9248 Navh ATLATC SmOPA:: 928 (LY Pa°P°rt Po NTd L@ Den, ACOTE
O77 TAAE A2OTI:: PHYU TG+ Oyt AT SFAN TIC U7 075k +AFAPT a9°G T1IG D90 avp P
ALTINOIP:: TLATLRIET APmNP PHU TG ANAT aplBPTT (HPAd hed (Fead. (st @(T
POPIPMNE 04 PLE +AFELPTT T AATINOP O-mATI° (G eparv:: (NIPTRAC @-AT AtParm-
4-L00T ATGER TaPLTPT F PTLLPSG NTLATC AT 271.m0% LIPGA:: A4 @-mst AUNIPG QAL
AFANG PTLFAD: (1HAFE0« &.PL F 101 SFANAND: TPFE GLIIPLCT LI° AA AT NN AL D-AIP::
P ACéet GaCPTF NAGA AN RLOCHT UhIPS ANGFS HPUCT hGA UG 0 +PPPm@« Aten 14
PCaEPT W18 ANALTTFD PPP° AL LM-AN:: (19PRLAT° HACPVFD OHidd 29184 GavGPF
ANOL7 0992004 e 0 T7PE QD184

TGk 0oLLONTATD- 0M.G TICTS AdavaviFr:

7S 9219°2C Nevhmt 71.LCH aPmid hdgeavFt ASC SFAA:: P L9° N71.$40+ 1LH aPmis
av.8:+G 0T AdPavFt ASC S FAN:: QU7 WTE, (FFFA apm7 AJPL PAD- PANL-P4 OATPP NavmPbd®
ANaPavFy AavpIn WTPhE-AT:

LVt

PRI Gav-q NTL.OAL (T LH 76V 2LI° ool avmdd® 01 P8@<7 (1 F N170% hdhd N9768F AIPL (A
AP LNSOGA:: (1 TenTI4° TP AL NP (1A ATINPIPT PTIRIPT P984« RALIIPLCE BT AT LI°
TP T RANGARS QUTTT aPav P lavnHi LM 18(::

TP PP

OHY 79T NaeATe ANGT AR, TUPNLTE LIPT AT I°CaPs- NT1£L4 v TrE U3 T1OP LFAN:: (AIC
OO (ANGFSE OOT 27004 PTeF avarCavs® hG PmS91 (@« L2918 PhALLhA holitd @o-myt
TavLRSL 68.L710 WHCAN ALITIAT @ APPNHS hILE 0AL AU NHALE hAA ATLTG AFCELDLT aP( (-t
PATEXLOCYT PG U5 ATTAAN BLAA::

0TSk APATG: TIL:

NaLIPPLCE Tt AS 89° 9°Cavs. mSoT PAVT O-myt T AN @L 7% MG +R9° eAnA:
PANCS O MAET O19 P15 QU7 A8, (HY TG AdPA+EI° (P ALYt e P ALATI:: AATATED
N7 W9IPA°1GA\7::

PAavd-tq: aoA)t:
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OHY P harhd SFAIOT vt AThAN0, AGLCINT:: NTT5D-9° A% PGk @M KILILFAG LU
NTLOTEF AINIT AL (ATPAN, EMLG RIATNT) PT9° ARTE ARYT AG.LLA9P::

L WA ATTLITC:

goIg° ARV TOE DA PALILCE AT AT © £9° GovG LM (@« PMPP LFAN MR PTCRNE PG
+a02T957 ORI FANSPTG (9Fkav: e TT: @M NTLNHAD- AL:0A aPMPP LFAN::

1. &/C AvEC 89%:  av4 +avga4: kA RIh.h. 68GA ANCFS 09 11 696085
0A%0 ANN 22aCHT Pm.S 4271 hAE: 29°CIPC Mige0C (L.C hdh: +251 -11-896-13 96

ng.

Annex X. Consent form for adults (>18 years) (18 %ao hG hiL.? NAL AP+ APEPT 00I°P1T Pa)

nAL P11A0@-7 a8 AT (LAAY- [ORI° FINATA:: TP AomPP 0LA HATFT med 191040 A
FaAOATA:: (LY TG AgPATeE (1422751 HOTIIPFAU-::

P 9L19°0:C Gav-G Aavpmt ]

PO Gaog Aaopmet [ ]

9o aavpSt [ AS OHY TGT HAFd AP (TR O A% hrek Ae@-at ao ()
WPRATIP & Fau- [

PraF4 (977 $7 AT £C77 (WLIP AllZ) hily (17T L 94

/ | (¢Haclat o)

LAt P
P09 MATE AT A0« 9P 75 &1 (WHFA LU A@+ 0HAF40« (LePl TS rtavdais WA 1Tt
PAAD- (LUP?)

A, (dd/mm/yy)

adh €1C

Ptav-T1em- (I°: P79 4CTT

/ / (dd/mml/yy)
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Annex V. Questionnaire

Questionnaires to be filled by health professionals

Part I. General information

Code Number Region Zone

Woreda / city /_sub city Kebele

Part Il. Personal information

Age (in years)

Sex
Place of Birth
For how long (years) did you live in the birth place?

o &~ w0 N oE

How long do you live in this specific area? (If different from the birth place) years
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No. | Questions | Responses
Part I11. SOCIO-DEMOGRAPHIC INFORMATION
6. Educational status 1. llliterate
2. Read and write
3. Primary (1-8)
4. Secondary (9-12)
5. College diploma/degree and above
7. Occupation 1. Student
2. House wife
3. Government employee
4. Private employee
5. Farmer
6. Others (specify)
8. Marital status 1. Single
2. Married
3. Divorced
4. Widowed
5. Not applicable (children)
9. Religion 1. Orthodox Christian
2. Muslim
3. Protestant
4. Catholic
5. Others (Specify)
10. Ethnicity If mixed, specify_
11. Residence 1. Rural 2. Urban
Questions 7-12 are additional questions to Students
12. Father’s Age
13. | Mother’s Age
14, Father’s Educational Level 1. llliterate
2. Read and write
3. Primary (1-8)
4. Secondary (9-12)
5. College diploma/degree and above
15. Mother’s Educational Level
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16.

Father’s Occupation

17. | Mother’s Occupation
18. Monthly income (in birr collected from salary, Birr
rent, and other income)
19. Family Size (Number of People)
20. Source of water 1. Pipe
2. Spring water
3. Well water
4. River
5. Other sources (specify)
21. | Type of house 1. Mud 2. Cement
3. Wood 4. Bricks
5. others/specify
22. Presence of or contact with Pet animals (e.g. Cat, 1. Yes 2. No
Dog)
23. Presence of domestic animals 1. Yes 2. No
Part IV. Clinical information
Questions 24-28 for female participant who are pregnant specify
24. | Gestation (' weeks)
25. Parity
26. Iron supplementation: 1. Yes 2. No
217. Folate supplementation 1. Yes 2. No
28. Iron and folate combined supplementation 1. Yes 2. No
29. Did you take any type of drug for any illness for the 1. Yes 2. No
last three months?
30. 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
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7. Other (specify)
History of common diseases
31. History of diabetes 1. Yes 2. No
32. History of Hypertension 1. Yes 2. No
33. History of Blood transfusion for the last 1 year 1. Yes 2. No
34. Any history of blood transfusion 1. Yes 2. No
35. History of Hospital Admission for the last 1 year 1. Yes 2. No
36. History of Surgical procedure for the last three 1. Yes 2. No
years?
37. History of chronic gastritis 1. Yes 2. No
38. History of Malaria for the last 6 month 1. Yes 2. No
39. History of TB for the last two years 1. Yes 2. No
40. History of Cancer 1. Yes 2. No
41, History of Cardiac illness 1. Yes 2. No
42. History of Bleeding disorders 1. Yes 2. No
43. History of allergy 1. Yes 2. No
44, History of Wheezing 1. Yes 2. No
Part V. Nutritional habit and your life style
How often do you eat the following food? (put a “y “ mark)
No | Food type A B C D E Remark
Once/da | More 2-3 Occasionally | Never |s
y than times/wee | (e.g. holidays,
Once/ k special
day ceremonies)

45. | Roots and  Tuber

(Potato, sweet potato,

Enset, Cassava)
46. | Legumes (Beans, peas,

chicken pea, etc)
47. | Cereals (Corn, Teff,

Wheat, sorghum, etc)
48. | Vegetables (Tomato,

cabbage, etc)
49. | Fruits (Orange, banana,

etc)
50. | Meat (including

poultry, fish, etc)
51. | Milk and Milk products
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(Butter, yoghurt,
cheese, etc)

52. | Eqgg

53. | Tea and/or coffee

How frequent do you consume/use the following (put a \ mark)

Once/day | More 2-3

Once  a | Occasionally | Never

(Regular) | than times/wee | week (holiday,
once/da |k special
y ceremony)
54. | Alcohol
55. | Khat

56. | Cigarettes

Part V. Life style/Habit Continued...

57. Do you have Fasting habit?

1. Yes 2. No

58. If Yes, how is your fasting habit?

=

Eating vegetable food only

2. Complete abstinence from food then
eating all kinds of food

3. Complete abstinence from food then

eating vegetable food only

59. Did you eat undercooked/raw meat? . Yes 2. No
60. Do you have the habit of physical Exercise? . Yes 2. No
61. If yes, how many times do you do the exercise
per week?
62. | Any sexual contact . Yes 2. No 3, Not applicable
(children)
63. If yes to Q45, condom use” . Yes 2. No

Part VI. Anthropometric measurement

64. Height (in cm)

65. | Weight (in kg)

66. MUAC

in cm (will be interpreted later)

67. Blood pressure (mm HQ)

“+ We thank you for your cooperation!

Interview Date:

Interviewer’s Name Sighature
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Annex XIV: Questionnaire Amharic version ($A aomg®)

M AAPLLT eoL9PA $A PP

aoao/,Q:

NPLTLe LUTT PO aPmEP Agvav-dt AAMT LHG TONC ALSEET AAIAU-:: PHY FPA aPmRP haTy
“0ANGHRE DOT PPLT aPapCavs® TTL TIC AG PGl (@< L9° M-\ PITT PRMPNES PhAzhd
nTLOEe PPCoPePT oM G4.L7T0 WFCAN h&IURTF®- AP0t 901G DHE 01AL AU AARKPO-97
ATPALT a0l AGPANAN 1@+:: PHY TG AT Papmet ePGE PG 00414 NhGA hNA SLaCHE PUhIPT
ANGFS TPUCT hEA 008 TCLAC PPEE &IC AvEC 09% APF PATEXP VhIPS ANG-R4 TIWNC
POTRLLPA:: PTGET D¢, PALID" P840 ARG FNTHE, TLLOEC 10 NAFII® PhCOP 7 +hhAT
aAh 0%k eamt PHUT TG Ok LOAGA:: Add APOT 27 49 TINHI° QLACHEPT: 8GA
ANCARSPTE WG NBEP 229° ATh AT TGEY APLIE HAGIFFOT 1MOPA:: DA LUTT PA
aMeP YFIHG 1AL OHPAD: o718 WI9Ph (VTS hn@PAU-::

Aao(95Au-111
hed 1. AmFAL ao/lE

n& had H7
FA ntoi/heantoq P00

hGA 2. 9914 aolB

1. ALy

2. 2+

3. oA 0
4

5

NTOAL NFP ATPT LU LH TLPA?
K07 PO 0 ATPT PUA L TLPA? (DTO-AL 03P AP hurh) v
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EPC. T | IoAT
heA 3. TVNELS ANhGIeP avlF
24, | OTIUCT R4E 6. LATII4
7. TI0NG avqq
8. A7105 RLE (1-8)
9. uvAtE 245 (9-12)
10. b8 4. TO/9.914 hG NH.L NAL
25. | ¢ 7. 176
8. 0T har(Lt
9. PPNt wWets
10. P94 t+PM4
11.1mM¢&
12. AA ha 2906
26. | £20F va 6. fA10-
7. £+
8. o4t
9. aA/mLivt LPHOF@-
10. AgavAhFFa-9° (VIGF)
27. | Y919t 6. ACPt&ha hCOte?
7. arAA9°
8. TCEAFTT
9. hfAh
10. AA ha 2906
28. | N&daN (o (VAN 1) S A [V 3
29. | ?F6L 0 2. 1mC 2. 0t7
TP 7-12 ATo1EPT Teno16 TERPT
30. | PAOT AL
31. | PAGT ALY
32. | CAOT OFIPUCT £48 6. PLATTI
7. 90NG or9&:
8. ALY L% (1-8)
9. vAtE 225 (9-12)
10. AL & TATT/9.94 AG P NAL
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33. | PAGT OTIPUCT 848 (nt/+ 14 29°4m-)
34. | AT 27¢- 1. +994
2. 0 Aot
3. Pt weets
4. P9\ t+Pme
5. 104
6. AA nA 2106
35. | eAGT ¢~ (Nt 16 L9°4m:)
36. | @72 10 (NNC h&I°HE Né-8F AT AT 1P T) ¢
37. | eA+AN OHT
38. | t@<7 I°yepr 6. 070,
7. e
8. Preal
9. PO7H
10. AA nA 2106
39. | P0F ALY 2. pP 2. LT PR
3. Wit 4. mN/ihA 5  AA
A 2one-
40. | o0 @O A91% ATQG PS¢ @R9° Thhn (APAh 2. hh 2. 9P
Lavki @)
41. | 0 A0t aoqC 2. Al 2. 009
hed 4. Pm.S avl®
h 24-28 it TEEPT AIGOMC AT NF 10+
45. | hoite 07t LHP 10?7 ( ag>rF)
46. | AQTTS LH 10+ 001017
47. | TenT16 NEt 1TETIC 2. hP7 2. PA9°
48. | TenT16 €0 TTETIC 2. Ko7 2. Page
49. | TenT14 eNLt TTLTIC § €T 2. hP7 2. PA9°
50. | M%<t oat @ AT O9° QY yYaog® 9V m-39° 2. KoY 2. PA9P
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901t av &Yt OOLHA?

51. | Ate- ®TC 29 P onEhav- hr eHE®<T 98t 8. 04-TCFHA

9. 0Z-2AT7HNO

a1 10 OASF? (DAL 1AL aPAn LFAQ) 10. 04-KACE.

11. e@A.L avnAne 7Y

12. ac-0nté®

13. 8-t

14. &4 DA 2906

eIl PUIPP® AR 1T AP LO-PA?

52. | eawC yarge? 2. KP7 2. Pag°
53. | 2297 71t he TI0H? 1. AP7  2.049°
54. | 0Ad@- 1 Gavit 9° +ATEP PO-PA? 1. A®P7  2.049°
55. | TG @90 11, LI° HOAPEP L@ PA? 1. A®P7  2.¢49°
56. | 0AL@- 1 gavt PATHA 0 PO PR? 1. A®P7  2.049°
57. | QAT 3 qav g1 02 v9°G HLCIAP LD-PA? 1. A®P7  2.049°
58. | 282 PenLAd- UaPg® AANPH? 1. A®P7  2.049°
59. | 04<t 6 @t L@ Yarge Z )PPt PM-FPA? 1. A®7 2. PA9°
60. | 0A¢<T 2 qav 3t (1, Yard° CEPT LM< PN? 1. A®P7  2.¢49°
61. | h2OC vavrg® 1. A®P7  2.049°
62. | PAN yaog© 1. A®P7  2.¢49°
63. | Pav Loy Fec/yaoge 1. AP7  2.049°
64. | AACE, (Pa@-rt avBMF) 1. A®P7  2.¢49°
65. | tor 4.0 oC (IS0 AC ALC 2704 29°0) 1. AP7  2.°A9°

hed 5. Phar21l AG ULDT APPLP

PIUNTAET PPN GLIET 907 PUA Ll £aP10FPA ? (“N “ QU7 AR LAPPm:)

/%

A LG TAE S 1 2 3
0$? A2L | 07 ha2e | NP+ h
n 1H (AL 2 &ah 3
114

4
KOG

(APan.:

A%
0.5%)

Y-YA
AN%A:
HpPpT

+mPTL
hao-p

THNe4E

45, | e C (87T G
£t Akt had
oHt)

46. | AOHCt+  (Legumes:
akA:  AHCE AT0C-
oHt)
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47. TeTe (NPT M
0787 990A)
48. | hthavt (tortge:
9007 OHF)
49. | €486 (NCHTE oot
OHt)
50. | /o (f2Cci © hav
MLI°C)
51. | otte PO+t +PeP
(ACPE P07 A2NE OHT)
52. | ATRAA
53. | 48 AS/oe9 (S
PILNTATT 977 PUA £0AN/EmP I (V U PPART POy
NP7 A2 | a7 hl | A7 0| nagerr 1 | ADE ANE | TR
L b 0Ae |2 adh 3| ¢7 (AgPAAE AAD-Pg°
(v-aLib) 1H ANGAT AP
NS
T4
54. | AdhA
55. | &t
56. | (LI¢-
h h&d 5 ePmA. PULDF haviCG ATET
57. | pavpge AgeL: hAP? 2. KPT 2. 9P
58. | AP APT P RavpI° AJPLP W1 17 4. hthdtF7 F avavp()
5. 0AmFPAL N9 avFd0 NHLP® LT
aoav-)|
6. NAmPAL  hgoal  avFdl LI
AHhAPT? avavp()
59. | N&7N LANNA DLYI® P& 47D LaPINN? 2. hP7  2.009°
60. | Q@1 ATPOPA 09984 APPL AAPT? 2. hP7  2.009°
61. | AP ANT NPT NATE AIPT PUA LH &7PAPAN?
62. PNC 22D V1Tt A&C1D- PO v 1. h®7Y 2. PA9P
3, ALavAnt9® (AVIST)
63. | A T/ 66 aANP APT T D220 LmbTIn? 2. hP7  2.009°

h&d 6. h&+: koot Ph&G PL9° 94T Aht
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64. | koot 07t T

65. | &t fLoe <1490

66. | th28 avyAT®- hed Hefm- (MUAC) 07k T3C
67. | 229° 9t (N7LATLTHC TICh6) (mm Hg)

% ANFNNCP AGaPA9IGAT!

FA NP O+LLNT P

Ph oMLy PNLL®- AP &CM
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