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Operational Definitions

Acceptability: The degree to which participants are willing to engage with and adhere to the
treatment egimen (in this case, calcivoontaining eggshell powder supplementation, assessed
through checklist and empty bottle counts, as well as any reported difficulties or discomfort
associated with the intervention).

Baseline The initial set of measurementsadrservations collected from participants prior to the
commencement of an intervention, used as a reference point for comparison with later data.

Calcium-Containing Eggshell Powder A powdered supplement made from crushed eggshells
that provides calcium,ypically standardized to a specific amount of elemental calcium per
serving (e.g., approximately 1000 mg of calcium per 2.4g of ESP).

Child-bearing Women Women of reproductive age, generally defined as those between 15 and
49 years old, who may potentialtonceive and bear children.

Clinical Symptoms. Observable or reported signs of a condition, such as pain, rigidity, or
weakness, assessed through participant interviews, physical examinations, or questionnaires.

Dean's Index A standardized method for adsifying dental fluorosis based on visual
examination of teeth, ranging from normal (no fluorosis) to severe (marked changes in enamel),
often used in epidemiological studies.

Dental Fluorosis A type of fluorosis affecting teeth, assessed through climgamination
using indices | i ke Deands I ndex, characteriz
enamel due to excessive fluoride exposure during childhood.

Diet Diversity: A measure of the variety of different foods and food groups consuneFdaov
specified time period, typically assessed using a dietary diversity score based on the number of
unique food items or food groups included in an individual's diet within a given timeframe.

Dietary Calcium Source Foods or supplements that provide zalt, measured in milligrams
(mg), contributing to an individual's daily calcium intake, including dairy products, leafy greens,
and calciurdfortified foods.

Dietary Calcium: The amount of calcium obtained throu
diet, measured in milligrams per day using dietary recall or food frequency questionnaires.

Efficacy: The ability of a treatment (in this case, calcioomtaining eggshell powder
supplementation) to produce the desired therapeutic effect in reducing fluorateteis and
alleviating symptoms of fluorosis, measured through specific outcomes such as urinary fluoride
excretion levels and improvements in clinical assessments of fluorosis.
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Endline: The final set of measurements or observations collected from parntsi after the
completion of an intervention, used to assess changes or outcomes resulting from the
intervention.

ESP Supplementation The daily intake of calciursontaining eggshell powder (ESP) as a
dietary supplement, specified in grams per day, airaedncreasing calcium levels and
potentially mitigating the effects of excessive fluoride exposure.

Fluoride Intake: The amount of fluoride consumed from all sources (e.g., drinking water, food,
dental products), quantified in milligrams per day (mg/dagyl usually assessed through dietary
recall or food frequency questionnaires.

Fluoride: A naturally occurring mineral measured in milligrams per liter (mg/L) in water or food
sources, known for its role in dental health but potentially harmful in exceasmeints,
particularly related to fluorosis.

Fluorosis: A condition caused by excessive fluoride exposure, characterized by changes in tooth
enamel (dental fluorosis) and potentially affecting bones (skeletal fluorosis), assessed through
clinical evaluatims, symptom reporting and diagnostic criteria

Hematocrit: The proportion of blood volume that is occupied by red blood cells, expressed as a
percentage (%), determined through centrifugation of blood samples and used to assess overall
blood health.

Hemogldbin: The concentration of hemoglobin in the blood, measured in grams per deciliter
(g/dL), used as an indicator of oxygearrying capacity and overall health, assessed through
blood tests.

Mitigation : The process of reducing the severity, impact, or peeca of a condition or
symptom, in this context referring to strategies aimed at decreasing the effects of fluoride
exposure.

Non-Skeletal Fluorosis Symptoms associated with fluoride exposure that do not directly
involve bone health, such as muscular kvess and gastrointestinal issues, assessed through
participant sekreports and clinical evaluations.

Physical Exercise Testing Assessments designed to evaluate physical performance and
functional capacity, often involving standardized exercises or itaesiv and measuring
parameters such as endurance, flexibility, and strength.

Safety. The assessment of adverse effects or risks associated with the treatment, determined by
monitoring the occurrence of side effects (e.g., nausea, vomiting, constipationy dhe
supplementation period, as well as measuring relevant biomarkers (e.g., iron and zinc levels in
blood) to ensure no harmful impacts on participants' health.
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Serum lron: The concentration of iron in the blood, measured in micrograms per deciliter
(ug/dL), assessed through blood tests to evaluate iron status and potential deficiencies in
participants.

Serum Zinc: The concentration of zinc in the blood, measured in micrograms per deciliter
(ug/dL), determined through blood tests to assess zinc s#mdsnutritional adequacy in
participants.

Skeletal Fluorosis A bone condition resulting from chronic fluoride exposure, characterized by
symptoms such as joint pain, stiffness, and skeletal deformities, assessed through physical tests
and clinical symptms.

Statistically Significant: A result that is unlikely to have occurred by chance alone, typically
determined by a -palue threshold (e.g., p < 0.05) in statistical analyses, indicating that the
observed effect or difference is likely to be real andduetto random variation.

Symptom Indices Quantitative scales or scores used to evaluate the severity and frequency of
symptoms associated with fluorosis, such as pain, rigidity, or weakness, based on participant
reports or clinical assessments.

Urinary Calcium: The concentration of calcium excreted in urine, measured in milligrams per
liter (mg/L), obtained through urine samples to assess calcium metabolism and dietary intake.

Urinary Creatinine : The concentration of creatinine in urine, measured in malig per liter
(mg/L), used to evaluate kidney function and normalize other urinary measurements, such as
calcium and fluoride excretion.

Urinary Fluoride Excretion : The amount of fluoride excreted in urine, measured in milligrams

per liter (mg/L), used aan indicator of fluoride exposure and body burden, assessed through
urine samples.
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The Sientific Environment

In 2015/16, a pilot study on egg and eggshell powder (E&#uenption was carried ourt two

kebeles ofHalaba zone (the former &Special Woredad ) sputh Ethiopian Rift Valley one
intervention and one control kebele The research was financially
Grant 00 Uni versity dAh MSS astudenrt tfronh Elawassa UGiersity,d a .
Anteneh Omer was attached to this pilot study and did his master thesis®m o mot i on of
and eggshell powder consumption improve nutritional status of children of under two years of
age, 2015/ 16 8usan $Vhithg and Demmetashiviylualem The aim of the pilot

study was to tesivhether an egg-day and ESP providing calcium would improve nutritional

status of young childrei©€hickens were giento families who guaranteed theqgs would be fed

to the chitl in the intervention kebele, along with education on poultry production and promotion

of eggs for children. ESP was encouraged for use as a calcium supplementi | dr en O 1
andknowledge, attitude and practidéAP) of caregivers on preparation afekding of egg and

ESP to their childrenwere assessedhe control kebeles continued with existing nutrition

education for the-®nonth trial.

Poultry production and egg consumption by children were significantly improved only in the
intervention kebeleESP consumption also got community acceptd@ueer et al., 2018)Egg
and ESP consumpticamong children in the intervention kebele averatédiays/monttior six
months The KAP assessmendtf mothers on egg and ESP preparation and feediniipeir
children improved only in the intervention group. Linear regression analysis showeghthad
ESP intervention increased weight-age zscore and reduced underweig®imeret al.,2019).

Therefore, we concluded that promotion of egg consumption with pdotgyention as an



ideal animal source food needed by young childreB4(@nonths) significantly improved their
nutritional statusin our previous study, we proneat chickens to rural farmers as eggs are
culturally accepthle food. And with thispromotian, eggshells weravailable.Thus, nothers
weretaughthowto use ground eggsha&hdmixed with foodor drink They have beeaccepting

it (Omer et al., 2019)Calcium is a limiting nutrient in most of the country, especially for women
of reproductive ag€Tesfaye et al., 2018). Diet diversity is poor and sources of calcium such as
millet, milk, and green vegetables are not consumed frequantlythus ESP was viabéeurce

of calcium.

We |l earnt from a PhD di ssert adkeioBndemic Areas of e d
Et hi opia and Potenti al Use of Cal ci uAwekRi c h
Kebede, Addis Ababa University supervised byMarian (Malde) Kjellevold of Bergen,
Norway that calcium is necessary to mitigate fluorosise Buthors observed excess daily intake
of fluoride and high prevalence of dental, skeletal andgkahetal fluorosis among school age
children in rural Ethiopian Rift Valley (Halabadamitulu and Fentaje(Kebedeet al.,2016a).

The authors also demomated thatsupplementation of calciimagnesium orMoringa
stenopetaldeaf in reduced urinary fluoride and increased fecal fluoride levels in rats, indicating
less intestinal absorption of fluoride which provides evidence of fluaadtdum binding as a

dietary approach in reducing fluorogisebedeet al.,2016Db).

To our knowledge, the findings by Kebede et al (20XG®)he first to show dietary calcium
reduces urine fluoride and increases fecal fluoride in a rat model, indicating poor fluoride uptak

A small trial has shown calcium reduces urine fluoride in humans using calciunMahsa( and

F



Shah, 2013)Instead of pills or expensive dairy, we were planning a local-b@sed solution.

Our innovation is to use an agkl source of calcium, eggdh€2000 mg/egg), as dietary
calcium to bind fluoride from food and beverages, preventing its absorfimtainability of
eggshell use would occur with introduction of chickens into communities, as this has financial
benefits. The impact of eggshell useuld be measured in fluorosaffected areas as decreased
body fluoride load (reflected in less urine fluoride excretion) and in mitigation of fluorosis

symptoms

Consequently, in 2017, we applied for and got a grant from Grand Challenges Canada,-GCC (R
ST-POG170/0 552 1) . The project short title was HAUs
i n Et hi ampdurtwas $100H080 CND with a strict deadline of not exceeding December

31, 2018. In this projecDemmelash Mulualemrand Anteneh Omerwere deginated PhD

students; Susan J Whiting was the project lead, and Eskindir Loha Shumbullo (local PI), Aweke
Kebede (later replace by Masresha Tesema), Carol J. Henry and Wendy Dahl were also the

project collaborators.

The project t Bfectsafteggcandaeggshall calcaus cofisumption in improving
nutritional status and mitigation of dental and skeletal fluorosis among children and mothers in

Et hiopian Rift Valley, 2 0 -tividedLi®tathree Blthermes: ) oj ect
Effects of @alcium-containingeggshell powdeconsumptionto mitigate toxic effects of excess

fluoride intake among womeim Halaba district, Ethiopian Rift Valley,the PhD research of

Demmelash Mulualem at Hawassa UnivergijyPromotion of egg consumption in imgnog

nutritional status andlevelopmental milestoneamong young children irHalaba district,

10



Ethiopian Rift Valley,the PhD research of Anteneh Omer at Hawassa Univesifietary

fluoride and calcium intake, dental and skeletal fluorosis level andiatssh factors among

school age children iHalabadistrict, Ethiopian Rift Valleythe MSc research of Nahom Tefera

at Addis Ababa Universitywho, with Masresha Tessemaas responsible for biological, food

and water samples analysis at Ethiopian Pudkalth Institute, EPHI)The three concurrent
studies were conducted at the same timepdanxckbut on different study subjects. This document

is only about the PhD research of Demmelash Mulualem.

Thereforethis research work is a result of collaboratletweerdifferent institutions and

funding organizationsThe study involved different researchers from the following institutions:

1) College of Medicine and Health Sciences, Hawassa University, Hawassa, Ethiopia

2) College of Pharmacy and Nutrition, Univeysof Saskatchewan, Saskatoon, Canada

3) College of AgricultureSchool of Human Nutritiortiawassa University, Hawassa,
Ethiopia

4) Ethiopian Public Health Institui@&PHI), Addis Ababa, Ethiopia
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Summary

Background: Worldwide, 50 million people suffer fromubrosis, which affects not only teeth,

but also bones, joints, gut and brain functions. In Ethiopia, where defluoridation requires costly
infrastructure, more than 14 million individuals, mainly in the Rift Valley, are affected by
fluorosis. Drinking watersources, in the Rift Valley of Ethiopia, contain fluoride (F) levels
exceeding the World Health Organization (WHO) limit of 1.5mg/L. F exposure may be an added
concern for womends bone and dent al heal t h wh
the adverse effects of F can be reversed or lessened by providing sufficient food intake of
protein, calcium (Ca), antixidants and vitamin D. Of these, Ca is the most studied by
ecological studies. However, there have been no intervention studies ofhiiagsde fluorosis

at the community level in Ethiopia. We therefore hypothesized that supplementation of an age
old, sustainable and low cost source of Ca, i.e., eggshell, as a dietary Ca source would mitigate
the toxic effects of excess F intake in weam Thus, the aim of this study was to test the
efficacy of calciumacontaining ESP supplementation, as a proof of concept, to reduce F
absorption as measured by urinary F excretion (a primary outcome measure) and mitigation of
fluorosis symptoms (secondaputcomes) in women living in a fluorosidfected area. The
overall objective of this PhD research was to assess efficacy, association and safety and
acceptability of calciuntontaining eggshell powder supplementatiomitigate toxic effects of

excesslioride intake among women in Ethiopian Rift Valley.

Methods: Women (n=270) from two villages provided clinical and questionnaire data for the
crosssecti onal survey. Dent al fluorosis examinat

and nonrskeletalfluorosis assessment was carried out using physical tests and clinical symptoms.
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Daily Ca intake was estimated by a food frequency questionnaire. Food, drinking water and

beverage samples were analyzed for F level. Eigiatywomen (41 Intervention Groufi;; 41
Control Group, CG) were recruited for the Phase Il clinical trial; 39 in each group completed the
trial. Morning spot urine was collected for testing fluoride (Blcitm (Ca) and creatinine
concentrations, before (baseline, BL) and after (endihé the intervention that wasrGonths

daily supplementation with 2.4 gram calchaontaining eggshell powder/ESP (providing ~1000
mg of calcium). Dental, skeletal and nekeletal fluorosis assessments were carried out at BL
and, except for dental, atLEFor the purpose of safety and acceptability assessment, body

retention of iron and zinc were measured using blood levels, prior to and after the €alcium

containing ESP supplementation among the study subjects. Occurrence of side effects such as
nauseayomiting, constipation, and abdominal bloating and gas related to excess calcium intake

in the Phase Il trial were assessed using checklists on a monthly period. In addition, blood tests

for malaria, hemoglobin and hematocrit were domenediately in the i€ld. Descriptive
statistics, bivariate and multivariable logistic regression, relative risk (RR), paired satgdes t
and two independent samplegest, linear generalized estimating equati@®EE) and
multivariate analysis of the GEE modeékre usedd analyze and compare outcomes between

groups.

ResultssMany subjects (56. 3%) exhibited dent al
intake had ~3 times greater odds of developing skeletal rigidity with joint pains [AOR=2.8,
95%CI: 1.6, 5.0] and muscular weakness [AOR=2.9, 95%CI: 1.3, 6.3] compared tavitiose
higher intakes. At EL, women in the IG had aboutfsiw | d | ower uri n-&dy F

(95% CI:-7.1,-5.1)] compared to women in the CG. The risk of developing skeletal fluorosis
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tested using the ability to bend body and touch floor or téeF®.21 (95% CI: 0.07, 0.69)], and
stretch and fold arms to touch back of head [RR = 0.18 (95% CI: 0.04, 0.77)] were significantly
reduced in the intervention group by 79% and 82% respectively compared with the control.
Majority of the women in IG reportemitigation of pain and muscular symptoms of 1steletal
fluorosis ranging from lowest RR = 0.17 (95% CI: 0.05, 0.52) to highest RR = 0.59 (95% CI:

0.39, 0.88) after the calciwoontaining ESP supplementation than in CG.

Conclusion: Signs and symptoms dental, skeletal and neskeletal fluorosis were prevalent in
women of childbearing age in this area of the Rift Valley of Ethiopia. As low dietary Ca intake
was significantly associated with symptoms related to skeletal andketetal fluorosis, tlsi
warrants nutritional intervention on calcium intakes in this setting. A significant reduction in
urinary F excretion and reduction in many fluorosis symptoms were observed among women
supplemented with calciwtontaining ESP, thus providing evidence iming this dietary
calcium (ESP) source for mitigation of fluorosis. Safety and acceptability assessments conducted
as part of the study indicated that calctaontaining eggshell powder supplementation was
generally accepted, weiblerated and did not ge significant risks to the health of participants.

The potential feasibility, sustainability and safety of using home prepared crushed eggshells in

areas where fluorosis is endemic need to be studied.

Clinical trials registration: NCT03355222

Keywords: Calcium; Fluoride; Fluorosis; Eggshell powder; Safety; Acceptibility; Women;

Ethiopia; Rift Valley.
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1. Introduction

1.1 Background
Worldwide, 50 million people suffer from fluorosis, which affects not only teeth, but also bones,
joints, gut and brain functiongdndonet d., 2015. In Ethiopia, where defluoridation requires
costly infrastructure, more than 14 million individuals, mainly in the Rifiéfalare affected by

fluorosis Dahi, 1996 Fawellet al.,2006; TekleHaimanotet al.,2006; Demelaskt al.,2019).

Drinking water sources, in the Rift Valley of Ethiopia, contain fluoride (F) levels exceeding the
World Health Organizgon (WHO) limit of 1.5mg/L WHO, 2008; Kebedet al.,20163. As a
consequence, many people living in the region arersgvafected by fluorosisKebedeet al.,
2016a; Assefat al.,2004; Kravchenkeet al.,2013; Melakuet al., 2012; TekleHaimanot and
Haile, 2014; Demelasét al.,2019; Wondwosseat al.,2004). In serious cases, dental fluorosis

is manifested as brown mottjrof the enamel, and results in overall yellowing of the teeth with
erosion of the enam@ebedeet al.,2016a; Wondwossegt al.,2004). Skeletal fluorosis occurs
when there is a high degree of bone brittleness due to excess deposition of F in Headghat
osteosclerosifAssefaet al.,2004; TekleHaimanot and Haile, 2014; Tandenal.,2015; Dhuna

et al.,1992; McDonagtet al.,2006;Shashiet al.,2008. Non-skeletal fluorosis includes muscle
weakness manifestations such as stiffness of the dadkneck muscles and pain leading to
inability to carry outroutine domestic activitiesKgbedeet al., 2016a; Tandoret al., 2015.
Research suggests that the adverse effects of fluoride (F) can be reversed or lessened by
providing sufficient food intad of protein, calcium (Ca), artkidants and vitamin D(Susheela

and Bhatnagar, 2002; Vasant and Amaravadi, 2013; Retrngjg 2012). Of these, Ca is the most
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studied by ecological studie®Réngoet al.,2012;Teotiaet al.,1998; Maldeet al.,2004; Kédede

et al.,20169.

Epidemiological studies of communities with similar F exposures have shown a relationship
between calcium (Ca) intake and reduction in sgvef dental fluorosis Kebedeet al.,20164a;

Malde et al., 2004; Teotiaet al., 1998; Sushda and Bhatnagar, 20D2The Ca binds with F
forming an insoluble Ca fluoride complex in the gastrointestinal tract, preventing absorption and
reduang the extent of F exposurkgbedeet al.,2016b) In this way the adverse effects of F are
decreased. Twanimal studies havehownproof of principle Kebedeet al., 2016b;Pius and
Viswanathan, 2008 To our knowledge, only one study has reported an inverse association
between dietary Ca (milk) and severity of dental flumas individuals in EthiopiaAssefaet

al., 2004 and no one has reported the association between Ca intake and the severity of skeletal

and nonskeletal fluorosis.

Only a few studies have provided evidence of a reduction of F absorptibndigiary Ca
supplementation. A total oivo animal studiesRius and Viswanathan, 2008; Kebeeleal.,

2016hH examined aspects of the mechanism and -desgonsiveness of Ca intake to reduce
urinary F. A smalhuman trial of 10 per groupMehta and Shah, 2018und decreased urinary

F excretion. Cdinds with F forming calciurfluoride, which is insoluble in the gastrointestinal
tract, preventing absorption (measured as a fall in urinary F) and therefore reducing the extent of
F exposure. In this way it is postulated that the adverse effects efdeareased and/or do not
worsen with Ca intakeHowever, there have been no intervention studies of Ca to mitigate

fluorosis at the community level in Ethiopia
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Defluoridation technologies have been implemented in pocket areas however such technologies
require costly infrastructure and the techniques did not remove fluoride as much as intended
(Dahi, 1999). In addition, ever increasing number of the population, financial constraints, and
pollution of surface water and lack of appropriate technology foluaiedation is posing
pressure on water quality management in Ethiopia (Reiraaah,2002 and 2003). So we need

to find ways to reduce the impact of environmental fluoride in a country where malnutrition is a
huge problem and livelihoods are dependentmanual labour. Nutritional intervention is a new
approach to mitigate ingested fluoride and to reduce the detrimental effect of fluorosis. For
example, locally available calcium and aoxidant rich foods such as moringa leaf (Babu,
2000), calcium cadmate (Pius and Viswanathan, 2008) and calcium and magresiu@aining

vegetable (Kebedet al, 201@) might help in mitigating ingested fluoride.

However, calcium is a limiting nutrient in most of the country, especially for children and
women of reprductive age. In addition, diet diversity is poor and sources of calcium such as
milk, millet and green vegetables are not consumed frequently (Kebede 2016; Tezeraet

al., 2017). Studies also showed that many micronutrients including calciumnaire Eihiopian

diet with children and women are affected the most (Ale¢laé, 2007; Owincet al, 2007).Our
innovation is to use an aged, sustainable, acceptable and low cost source of calcium, eggshell
(2000 mg/egq), as dietary calcium source. thpact of eggshell calcium use can be measured
in fluorosisaffected areas as decreased body fluoride load and in mitigation of fluorosis

symptoms.
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We therefore hypothesized that supplementation of arolagesustainable and low cost source

of Ca, i.e..eggdell, as a dietary Ca sourdBa(tteret al.,2018 would mitigate the toxic effects

of excess F intake in chHdearing women. High F exposure may be an added concern on
womenos bone, dent al and o0 waatakelsuch ds efdhiopish wher
(Tesfayeet al.,2018 and where water F is greater thae IWHO limit of 1.5 mg/L (Demelash

et al.,2019;Kebedeett al., 2016a; WHO, 2008 Thus, the aim of this study w&s assess the

dental, skeletal and neskeletal fluorosis symptoms aadsociations with dietary Ca intake; and

to test the efficacy of calcimmontaining ESP supplementation, as a proof of concept, to reduce

F absorption as measured by urinary F excretion (a primary outcome measure) and mitigation of

fluorosis symptoms (seadary outcomes) in women living in a fluoresiected area.
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1.2. Statement of theProblem
Fluorosis is a major public health concern particularly for developing countries including
Ethiopia, as the infrastructure needed to remove the excess F iongimg lac not widely
accepted\(Vondwosseret al.,2004; Almeboeet al.,2021). It can aféct both children and adults
(Wondwosseret al.,2004). Over 85% of Ethiopians living in the Rift Valley have been exposed
to excess levels of F intakdémelashet al.,2019; Fawellet al.,2006; TekleHaimanotet al.,
2006. Although drinking water is the dominant pathway of F exposure in Ethiopian Rift Valley
areas, food stuffs prepared with high F cooking watatdo an additional pathwalléldeet al.,
2009). Foodsadded an average of 2.3 to 4.8 mg/kg F depending on village location and type of
foods consumed, both plant and animal foods are locally grown in this high Frengmb

(Kebedeet al.,2016a; Maldeet al.,2004).

Fluorosis is a significant public healtilssue globally, characterized by the excessive
accumulation of fluoride in the body, which can lead to severe health complications. The impact
of fluorosis varies by region, largely influenced by local fluoride exposure sources, water quality,
and public lealth infrastructure.

In Ethiopia, particularly in the Rift Valley region, fluorosis is a major concern due to high
fluoride concentrations in groundwater. The
fluoride levels in drinking water, resulting inoth dental and skeletal fluorosis among the
population (Girmaet al., 2014). The problem is exacerbated by limited access to alternative
water sources and inadequate public awareness about the risks of fluoride (Eadées3@17).
Fluorosis in Ethiofa has significant health implications, including dental discoloration, enamel

damage, and in severe cases, skeletal deformities. These health issues not only affect individuals'
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quality of life but also place a burden on the healthcare system due teetthéon treatment and

management of chronic conditions (Wondwoseal.,2020).

India is one of the most fluorosagfected countries in the world, with widespread issues in states
such as Uttar Pradesh, Rajasthan, and Andhra Pradesh. In these anealsflu@ide levels in
groundwater often exceed the recommended limits, leading to high incidences of both dental and
skeletal fluorosis (Susheela, 2015). Like Ethiopia, the problem is exacerbated by reliance on
groundwater and insufficient water treatrhemfrastructure. India faces severe health
consequences from fluorosis, including widespread dental and skeletal problems. The Indian
government has implemented various mitigation strategies, including defluoridation of drinking
water and promotion of @&tnative water sources, yet challenges remain in effectively managing

and reducing fluoride exposure (Nairal.,2017).

China has a significant burden of fluorosis, particularly in the provinces of Henan, Shanxi, and
Shaanxi. The sources of fluoride tamination in China include both natural sources and
industrial emissions. The Chinese government has made substantial efforts to control fluoride
levels in drinking water, but areas with high natural fluoride concentrations still experience high
rates offluorosis (Zhaoet al., 2018). Fluorosis in China has led to considerable public health
concerns, with numerous cases of dental and skeletal fluorosis reported. The Chinese
government has implemented extensive public health programs to address thenchsdiegi

water treatment initiatives and community health educatioet(al.,2016).
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In contrast to developing countries, the United States experiences fluorosis mainly in the context
of fluoride added to drinking water for dental health benefits. Whiéelevels are generally
controlled and regulated, excessive fluoride intake due to overfluoridation has led to cases of
mild dental fluorosis (BeltraAguilar et al.,2013). This is less severe compared to the systemic
and skeletal effects seen in cougdrwith high natural fluoride concentrations. The public health
impact in the U.S. is relatively limited, with most cases of fluorosis being mild and primarily
affecting dental appearance. Public health strategies in the U.S. focus on balancing fluoride

benefits for dental health while minimizing the risk of fluorosis (CDC, 2019).

In SubSaharan Africa including Ethiopia, widespread malnutrition is compounded by fluorosis.
About 14 million Ethiopians have fluorosisdleke and MOWR, 2012; UNICEF, 2015/0re

than 90% of the drinking water sources in Ethiopian rift valley contained fluoride above the
WHO recommended value (1.5mg/(WHO, 2008).The daily dietary fluoride intaken these
areaswas above tolerable daily intake. On the other hand, dietarjcaiotake is below the
RDA. For example, 30% of children idalaba district, southern Ethiopia had dietary calcium
intake below the RDA and the prevalence of severe and moderate dental fluas&8%

(Kebedeet al,, 2016).

Dental caries due to denhtBuorosis is one of the most common diseases in humans, and is
mediated by bacteria, mainly Streptococcus mutans (S. mutans). It has been estimated to affect
between 60 and 90% of school children in the developed world and the majority of adults
(Peterse and Lennon, 2004), and is consequently a major public health concern. In addition to

the developed world, it is the most widespread oral disease in many Asian and Latin American
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countries, though it currently appears to be less of a problem in Africadiseret al, 2004).
However, exposure to fluoride, changes in living conditions and increases in sugar consumption
within a changing diet suggest that, in Africa too, the incidence of caries will increase, and that it

will become a major public healtesue (Tressaud and Haufe, 2008).

Ecological studies show diet calcium is related to less severe fluorosis but no one has conducted
an intervention of calcium at the community level. An animal study found calcium equivalent to
human RDA levels reducesifiride absorption by 30% (Pius and Viswanathan, 2008; Kettede

al., 201). But calcium is one of the nutrients that is often lacking in diets in many areas of

Africa including Ethiopia (Thachestal., 1997; EPHI, 2013; Tezeet al., 2017).

Many researhers contend that the toxic effects of fluoride can be reversed by withdrawing the
fluoride source and by providing a diet adequate in protein, calciunmp@adtints and vitamin D
(Susheela and Bhatnagar, 2002; Rupal and Narasimhacharya, 2011). Htlwgvemains to be
demonstrated. In addition, evidence suggests that increased intake of dietary calcium or fluoride
reducing treatments are key strategies to address widespread dental and skeletal fluorosis faced
by millions of povertystricken rural raglents in Ethiopian rift valley (Tewodra al, 2012). So

we have a sustainable, acceptable and low cost dietary calcium source in a developing country
which is Eggshell. It is probably the best natural source of calcium andetliabsorbed byhe
humanbody (Bee, 2011).

Eggshells have been used to provide calcium in other settings (Schaasma000; Rovensky

et al, 2003; Bruretal., 2013). A chicken eggshell ha€)7 + 0.18g of calcium whicis a much

better source of calcium than limestasrecoral sourcegBrun etal., 2013). The mineral profile
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of eggshell represents a unique combination of essential nutrients for bone and dental health. It
provides not only a highly concentrated source of calcium, but also provides relevant levels of
othe trace minerals including strontium, magnesium, zinc and copper and organic matrix
consisting mainly of glycoprotein and proteoglycans that contribute to bone and dental health. In
addition, unlike eggshell calcium, other calcium products sold in theemark mostly either

mined or chemically produced from mined calcium carbonate. Such products have the potential

to cause digestive problems such as constipation, nausea and bloating (Scebtafs2200).

Cultural practices surrounding food and digtaupplements can influence how easily eggshell
powder can be integrated into daily routines. In cultures where eggs are not a staple part of the
diet, or where there are specific dietary restrictions, incorporating eggshell powder might be
challenging (Matin et al., 2016). In many cultures, women are primarily responsible for
household nutrition and health decisions. Therefore, understanding the role of women in dietary
practices is crucial. If eggshell powder is to be promoted as a supplement, it ignuswiti
womenods cul tur al practices and preferences.
the specific needs and concerns of women, ensuring that the benefits and preparation methods of

eggshell powder are communicated effectively (Rastadl, 2020).

This studyis essential due to several pressing health concerns. Fluoride exposure, particularly in
endemic areas, is linked to significant health issues, including dental and skeletal fluorosis,
which are particularly concerning in vulneraplepulations such as women (Kumar et al., 2019).
The Ethiopian Rift Valley is known for high fluoride levels in drinking water, necessitating

effective mitigation strategies (Aklilu et al., 2020).
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Calcium supplementation has been proposed as a potentedttpve mechanism against fluoride
toxicity, as calcium can compete with fluoride for absorption in the body (Choubisa, 2018).
Eggshell powder, a readily available source of calcium, presents-affexsdtve and sustainable
solution that could improveietary calcium intake among women in the region. Furthermore,
understanding the efficacy, safety, and acceptability of this supplementation is critical for public
health interventions and could inform policies aimed at reducing fluoride exposure and its

associated bkalth risks

The need for this research is underscored by the potential for significant health improvements
among affected populations, contributing to broader efforts in nutritional and environmental
health. Therefore, this study aims not ombyaddress immediate health concerns but also to

provide a framework for future interventions in similar contexts.

24



1.3. Significance of theStudy
Studying the potential of eggshell powder supplementation to mitigate fluorosis in women is of
significant impatance due to the prevalence of fluorosistims areawith high fluoride
concentrations in water sources. Fluorosis is a chronic condition caused by excessive fluoride
intake, leading to dental, skeletal, and systemic health issues. Eggshell powdaer caldium
carbonate, presents a promising avenue for combating fluorosis by binding with fluoride ions and
reducing their absorption in the bofihandareet al.,2010) Research in this area is essential
for several reasons. Firstly, it addresses a prggsublic health concern, particularly in areas
where water sources contain high levels of fluoride. Secondly, it provides an accessible-and cost
effective intervention that could benefit populations at risk of fluorosis, especially women who

may be moreusceptible due to factors such as pregnancy and menopause.

Eggshell powder supplementation offers additional benefits beyond fluoride binding. It provides
a source of bioavailable calcium, which may help counteract the demineralizing effects of
fluoride on bones and teeth, thus promoting skeletal hddibineover, studying eggshell powder

supplementation in women holds significant importance for health and nutrition:

Calcium Supplementation Eggshell powder is a rich source of calcium carbonate, which i
easily absorbed by the body. Calcium is crucial for maintaining bone health, especially in women
who are more prone to osteoporosis and bone fractures, particuladgn@aspause. Studies
have shown that adequate calcium intake can reduce the risleopoosis and related fractures

(Harinarayaret al.,2008 Lopez, 2017.

25



Bone Health Research suggests that eggshell powder supplementation can improve bone
mineral density (BMD) and bone strendtBenaro and Martini, 2014A study by Lopez et al.
(2008) demonstrated that eggshell powder supplementation in postmenopausal women increased

BMD, reducing the risk of fractures and osteoporosis.

Nutritional Benefits Eggshell powder contains not only calcium but also other essential
minerals such as magnesiyphosphorusnd trace elements, which contribute to overall bone
health and metabolic functions (Rovensityal.,2003) These minerals play vital roles in bone
health and overall wellbeing. The inclusion of these nutrients in eggshell powder
supplementidgon can contribute to better nutrient absorption and utilization in the body (Kivak

al., 2018). Studies have suggested that incorporating eggshell powder into the diet can improve
calcium absorption and retention compared to synthetic calcium suppsenmatitating its
potential as a natal and effective alternative (ltokawet al., 1999) The bioavailability of
calcium in eggshell powder has been demonstrated to be comparable to or even better than
traditional calcium supplements, making it a prongsaption for addressing calcium deficiency

in women, especially those at risk of osteoporosis (Ceglia, 2009).

Natural and Sustainable Source Eggshell powder is a natural byproduct of egg processing,
making it a sustainable and cestective source of ¢eium supplementation. Utilizing eggshell
waste in this manner reduces environmental pollution and promotes sustainability in food

production (Tavafet al.,2013).
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Potential for Disease Prevention Besides bone health, calcium supplementation through
eggshell powder may offer additional health beneftdequate calcium intake has been linked

to a reduced risk of various health conditions, including hypertension, cardiovascular disease,
and certain types of cancer. Therefore, studying the effects ofedggetvder supplementation

may provide insights into its potential role in preventing these diseasegt{2hi2015 Garcia

Gonzélezt al.,2015.

In conclusion, eggshell powder supplementation in women has crucial significance for public
health inteventions, particularly in areawhere fluorosis prevalence is high. By providing a
costeffective and accessible intervention, eggshell powder supplementation has the potential to
improve the health outcomes of individuals affected by fluorosis, espewiathen who may be

more susceptible to its adverse effects. In addition, it offers promagipache$or improving

bone health, enhancing nutrient intake, and potentially preventing various health conditions.
Therefore, the main rationale of this studytd use eggshells as dietary calcium source to bind
fluoride from food and beverages, preventing its absorpilibis will thenhelp in decreasing

body fluoride loadvhich in turn willmitigate fluorosis symptoms.
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2. Literature Review

Fluoride is a naturg} occurring mineral found in various sources, including water, soil, air, and
some foods. The primary route of fluoride intake for humans is through drinking water (CDC,
2001), although it can also be obtained from dental products, certain foods, amraewital
exposureExcessive fluoride intake, especially during tooth development, can lead to a condition
known as dental fluorosis, characterized by the mottling or discoloration of tooth enamel (CDC,
2001). The severity of fluorosis depends on thellenel duration of fluoride exposure during
tooth development, with higher levels of fluoride intake associated with more severe forms of
fluorosis (Marthaler, 2004; Chaet al., 2012). To mitigate the effects of fluorosis, various
interventions have beerx@ored, including the use of eggshell powder (Ktenal., 2015).
Eggshell powder is rich in calcium and magnesium, which have been shown to bind to fluoride
ions and reduce their absorption in the body. Studies have demonstrated the potential of eggshell
powder to mitigate the severity of fluorosis by reducing fluoride absorption and improving bone

health (Peckham and Awofeso, 2014).

2.1. Fluoride Source and htake
Fluorine is a nonmetallic univalent element belonging to the halogens family. It is uspaly a
yellow green, irritating toxic flammable gas; a powerful oxidizing agent recovered from fluorite
(CaR,), cryolite (3NaF.AlR) or fluorapatite (3C4P(O,).2Ca(F,OH,CH (WHO, 2004; Rappoport
and Liebman, 2004 Elemental fluorine has a sharp odour atmmic mass of 18.998. The term
ofluorinedé is used to denote the el ement in
fluoride to which a fluoride iorselective electrode (ISE) responds during fluoride analysis

(Greenwood and Earnshaw, 19&msley, 201}
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Fluoride is the most electronegative and reactive of all the elements and as a result, elemental
fluorine does not occur in nature, but is found as fluoride miremaiplexes (WHO, 2004).
Fluorineis widely distributed in the lithosphere mlby as fluorspar, fluorapatite and cryolite,

and is recognized astheilo st common el ement in the eartho:
a concentration of around 1-2.4 mg/liter, in ground water at concentrations up to 67 mg/liter,

and in mossurface water at concentratiorss$ than 0.1 mg/liteBrgoset al.,2001; Kharaka

and Hanor, 2007; Amiret al., 2008. Fluoride is also found in foods particularly fish and tea
(IPCS, 2002). Whilst almost all foodstuffs contain at least traces ofdkjovater and nodairy
beverages are the main sources of ingested fluoride. Fluorides are ubiquitous in nature and are

present in rocks, soil, water, plants, foods and air (Fatell, 2006 NRC, 2006.

Fluoride (mg/l)
=T
3.5-71
13-35
04-13
01-04
<0.1

C0OCeee

(Source Dr Aweke Kebededs PhD Dissertation)

Figure 1: Water fuoride distribution inareas otthiopia(RiPPLE, 2008)
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2.1.1. Dietary Sources of Huoride
Drinking water is typically the largest single contributor to daily fluoride intAK&lQ, 2002;
Fawell et al, 2006; NRC, 2006; lheozdjiofor et al., 2015). However, fluoride intake from
other sources is also considerable, especially from food (Toyoda and Taira, 2000giM&llde
1997 Moynihan and Petersen, 2Q0#an and his colleagues (1995) found that food is the main
causative factor for fluorosim areas with low fluoride concentration in the drinking water.
Although the fluoride content of most foods is low (less than 0.05 mg/100 grams or 0.5 ppm),
high fluoride concentration is often found in food ingredients rich in minerals and trace elements.
Teff flour, for instancecontainshigh level of fluoride, iron, zinc and calcium (Maageal,
1996 Moynihan and Petersen, 2Q0&Rich sources of fluoride include tea, which concentrates
fluoride in its leaves, and marine fish that are consumed waih Ilones (e.g., sardines). Foods
made with mechanically separated (boned) chicken, such as canned meats, hot dogs, and infant
foods, also add fluoride to the diet (Fehal, 2001 Kandutiet al.,2016. In addition, certain
fruit juices, particularly gape juices, often have relatively high fluoride concentrations (Kiritsy

et al, 1996 Levy et al.,2000; Choubisa, and Choubisa, 214

Tea plants are fouri havehigh fluoride uptake and 97% of it gets accumulated in leaves (Shu
et al, 2003). The floride content of tea leaves is about 1,000 times the soluble fluoride content
of soil and 2 to7 times the total fluoride content in soil (Feb@l, 1999). Zerabruk and his
colleagues (2010) in their assessment of tea leaves brewed in low fluorideiognteater

found enormous amount of fluoride level in local market in Ethiopia.
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According to the weight of evidence obtained from WHO (2004) for children, total fluoride
intake via food and water is decreased because of lower consumption. An adulSiathe rin

a community with fluoridated water has an intake range freBnnig/day. Intake is less than 1
mg/day in norfluoridated areas (Nielsen, 1999). In fluoride contaminated areas estimation of
total dietary fluoride intake in individuals may be bassther on analysis of raw food
ingredients (Maldeet al, 1997) or analysis of selected prepared food dishes (Zohouri and Rugg
Gunn, 2000). The major sources of fluoride for human exposure are water, food, beverage, tooth
paste, fluoride supplements andant formulas Moynihan and Petersen, 2004; Fawdilal,

2006; EFSA, 2008a; Choubisa, and Choubisa, 2014; Ihdgidor et al.,2015.

2.1.2. Fluoride Intake of Children
Small amounts of fluoride have been proven to be effective in preventing dental baties,
excessive, chronic intake by young children can result in the development of dental fluorosis; the
critical period of exposure for all permanent teeth being between 11 months and 8 years of age
(Do and Spencer, 200Fgjerskovet al,2008. The main surces of fluoride intake in children
are diet (food, beverage and water), fluoramtaining dentifrices and fluorie®ntaining
supplements. Intake from fluoridated dental products can be substantial, particularly in young
children who have poor controf swallowing(Wonget al.,2010; Awadia and Awooda, 2013
Intake estimates were generally lower than expected in the studies where duplicate diet
technique, which is the most accurate technique of estimating actual daily intake, was used.
Fluoride ingeson from toothpastes is also common and often relatively substantial. Children (7
years and under) ingest, on averagé 3856 of toothpaste per brushing (Lestyal, 1995 Levy

and Warren, 2001; Buzalaf and Pessan, P0Ihe amount of toothpaste used diyldren per
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brushing was determined to be 0.7 g on average. The amount was considerably higher than the

commonly recommended Opea size6 of 0.25 g (EF

2.1.3. Fluoride Intake of Adults
Accurate estimates of fluoride intake are important in order wvwepotential problems of too
low or too high exposure. Drinking water, food, beverages and fluodd&ining dentifrices
are regarded as the main contributors tonan fluoride intake (WHO, 2002Erdal and
Buchanan, 2005; Maldet al.,2004). For a gign individual, water consumption increases with
temperature, humidity, exercise darstate of healthAs a result of this total daily fluoride
exposure can vary markedly from one region to another. However, from several studies, a rough
estimate of total dby fluoride exposure in a temperate climate would be approximately 0.6 mg
per adult per day in an area in which no fluoride is added to the drimkitey and 2 mg per
adult per day in a fluoridated area (WHED08; OpydoSzymaczek and Borysewitzwicka,
20179). Different studies indicated that although drinking water is epidemiologically the most
important source of fluoride in most areas, considerable exposure risk is also associated with

food anddrinks, especially tea (WHO, 200®laldeet al, 2004).

The major source of fluoride intake in adults is diet (water, food and beverage). Wide variations
in the total intake of fluoride within and between studies are repofedrén and Levy, 2003,
Ponikvaret al.,2007; Maldeet al, 2011). This can be asled to (i) considerable differences in

the amounts of fluoride in similar food items, (ii) large variation in the quantities consumed, (iii)
differences between the age groups and genders studied and (iv) differences in the analytical

techniques used.
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It is also important to note that estimates of quantities of foods consumed, such as standard food
tables and market basket surveys, were used, rather than actual quantities of food consumed.
Several studies reported that the intake of fluoride was higleeas with fluoridated than non
fluoridated water. The average daily total fluoride intake in-thaoridated areas ranged from

0.56 to 1.50 mg. The daily intake of fluoride in fluoridated areas was almost two fold higher
(being 0.93.8 mg) and even mudtigher in naturally fluoride contaminated areas (Poniletar

al., 2007; Maldeet al, 2011). In some areas where the fluoride content of the water is low, but
the intake from food and tea is sufficiently high for the incidence of dental fluorosis to exceed
80% (Hanet al, 1995 Fejerskovet al., 2008; OpydeSzymaczek and Borysewitzwicka,

20173.

2.2. Fluorosis
Fluorosis is a pathological condition that occurs as the result of excessive consumption of
fluoride above optimum level (Whitford, 199Fejerskowvet al.,2008. It is regarded as the most
serious adverse effect of exposure to relatively low doses of fludndextreme cases, fluorosis
manifests itself as brown mottling of the enamel, and also results in overall yellowing of the
teeth, and agreder degree of brittleness (McDonagh al., 2000; DenBesten and Li, 2011;

Akarslan,et al.,2015).

An upper tolerable intake level (UL) of 0.1 mg/kg BW/day for fluoride has been derived by the
EFSA Panel on Dietetic Products, Nutrition and Allergies (EF8X05) based on a prevalence

of less than 5% of moderate dental fluorosis in children up to the age of 8 years as the critical
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endpoint, i.e. 1.5 mg/day for childre3lyears of age, and 2.5 mg/day for children ag&l 4
years. For adults, an UL of 0.12 fkg BW/day was based on a risk of bone fracture, which
converts on a body weight basis into 7 mg/day for populations aged 15 years and older, and 5
mg/day for children 944 years of age. Tolerable upper intake levels for fluoride have not been
establishedor infants. For infants up to 6 months old, the UK Department of Health

(UK DoH, 1994) concluded that 0.22 mg F/kg BW/day was safe.

Individual exposures to fluoride vary considerably and depend on the high variability in the
levels of fluoride in watersand on individual dietary and oral hygiene habits and practices. The
emerging picture from all risk assessments conducted on fluoride is that there exists a narrow
margin between the recommended intakes for the prevention of dental caries and thenitpper |

of exposure. All assessmentsdate call for continued monitoring of the exposure of humans to
fluoride from all sources and an evaluation of new scientific developments on its hazard profile.
Exposure assessment has been conducted by the EurapeduSéiety Authority (EFSA) for
setting upper tolerable intake levels (UL) related to concentration limits for fluoride in water
(EFSA, 2005; EFSA 2008a; EFSA 2008b) and dental products (SCCP, 2009). A similar
approach was taken by the United States Natid&xwademies of Science in its 2006 review of

the United States Environment al Protection Ag

A body of scientific literature seems to suggest that fluoride intake may be associated with a
number of adverse hkh effects. The primary adverse effects associated with chronic, excess
fluoride intake range from mild dental fluorosis to crippling skeletal fluorosis as the level and

period of exposure increases. Other adverse effects, including hypersensitivipnseaenal
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insufficiency, immunological effects, and possible association with repetitive strain injury, birth
defects and cancer have been observed and discussed (Marshald2004; WHO, 2002;
Harrison, 2005). There is more of a threat, howevethéhigher concentrations due to the
severity of the disease posed by such levels within the water (Table 1). The severity depends

upon the amount ingested and the duration of intake (WHO, 2004).

Table 1 The effects of too littkeand too mucHluoride in drinking water

Level in water Effects

0.8 1.2 mg/l Prevention of tooth decay, strengthening of skeleton
Above 1.5 mg/l Fluorosis: pitting of tooth enamel and deposits in bones
Above about 10 mg/I Crippling skeletal fluorosis

Source: Choiet al.,2012)

2.2.1. Dental fluorosis
The most sensitive effect of fluoride exposure in humans is dental fluorosis. Dental or enamel
fluorosis is an irreversible dosesponse effect caused by fluoride ingestion during the pre
eruptive development of teeth (Dean, 194%ntal fluorosis in a mild form is a cosmetic effect
that ranges in appearance from scarcely discernible to a marked staining or pitting of the teeth in
severe forms (Whitford, 1997). The peeuptive maturation of crowns of the anterior permanent
teeth, vhich are of most concern aesthetically, is complete and, together with the risk of
fluorosis, is over by the age of § years Fejerskovet al., 2008; BeltrarAguilar et al., 2010).
Therefore, the most sensitive population to dental fluorosis is childrderuhe age of eight
particularly during the preruptive formation and maturation of enamel in teeth (Liangl,

2006). Excessive fluoride intake pgopleolder thansevenyears will not cause dental fluorosis
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(Getaneret al.,2003; Stefanieet al, 2009). Therefore, fluoride intake up to the agei@ years

is of most interest. Although it is usually the permanent teeth that are affected, occasionally the
deciduous teeth may be also involved. Dental fluorosis is more prevalent in children fecformul
than in breasted children.The earliest signs of dental fluorosis can be seen as small white lines
across the entire enamel surface (WHO, 2003).

In its mildest form, fluorosis appears on the enamel surface as chalkliktaogarks, and these

may notbe apparent to the casual obsenBslifanAguilar et al.,2010). As severity increases,

over half of the enamel surface may appear white and opaque. In its most severe form, fluorosis
causes the enamel to become pitted and brittle. Both moderate ame 8ewmsis may be
accompanied by the development of a brown discoloration (Bowen, 2002). The NRC analysis
determined that severe dental fluorosis appears to occur at a lower dose than stage Il skeletal

fluorosis and/or bone fractures (NRC, 2006).

The ekment fluorine in the form of the fluoride ion is well known to be associated with sound

dental health Keatherstone, 1999; Fejerskov and Kidd, 2008an and his colleagues (1942)

showed an inverse relationship between mottled enamel and the occurfedw®ab caries.

Mottling had previously been shown to be sed by the presence of fluoridgut Dean and his

colleagues came up with the conclusion that fluorine was responsible for reducing the incidence

of dental caries. They demonstrated that 1 partnpllion (1ppm) of fluoride in drinking water

was optimal, as it gave the greatest reduction in dental caries without also causing mottling of the
teet h. As a result of this study, the condi't
and thestudy paved the way for extensive fluoridation of domestic water supplies throughout

the developed worldHeatherstone, 1999; Fejersketval.,2008; MartinezMier et al.,2011).
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Due to ubiquitous exposure to fluoride sources other than drinking watedifficult to draw

firm conclusions regarding the independent effects of fluoride in drinking water on dental caries
and its prevention. Both deficiency and excess of fluoride is associated with human health
(WHO, 2002; NRC; 20056 There is a narrowange between intakes which are beneficial and
those which begin to be detrimental (IPCS, 2002HO, 201). It has been estimated that
moderate dental fluorosis occurs in2% of the population exposed to fluoride at 1 mg/L in
drinking water and in about ¥ of the population at 2 mg/L; moderate/severe fluorosis occurs

in variable percentages ranging up to 33% of the population exposed to fluorideiat.2.4

mg/L (WHO, 2002, WHO, 2011 According to Deart al (1942), at a fluoride concentration of

1 mg/L about 20 per cent of children have evidence of dental fluorosis but this fluorosis is of a
mild degree and would not be cosmetically obvious tocthitglren or their parents. Thus the
evidence suggested that, at least for fluoride naturally present im, wateoptimal level of
fluoride for a temperate climate was around 1 mg/L; this concentration was associated with a
substantial resistance to tooth decay but with only a small and cosmetically insignificant increase
in the prevalence of dental fluorosiSgan, 1942 Susheela, 199%ejerskov and Kidd, 2008;

BeltranAguilar et al.,2010; Guptaet al.,2016.

2.2.2. Skeletal Huorosis
Skeletal fluorosis can be defined as excessive deposition of fluoride in bone. This is a
pathological condition that is by fardihmost important aspect of chronic exposure to elevated
levels of fluoride, either by inhalation or by ingestion (Shaslal, 2008). In adults; stiffness of

the back and neck muscles, unable to bend forward and to stand straight are some of the
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indicatas of skeletal fluorosis. On the other hand, signs and symptoms of skeletal fluorosis in
children include; pain in the lower limbs, knock knee, bow leg and anterior bowing of the lower
limb bones (TekldHaimanot, 1990Wanget al.,2008; TekleHaimanot andHaile, 2014; Giday

et al.,2015.

The skeletal deformities may be associated with or accentuated by nutritional deficiencies or
even malnutrition and hard manual work or, possibly, other conditions found in areas-of long

term social and nutritional depdtion (WHO, 1994).The situation is specific also for
populations consuming large volumes of water, such as athletes or people with certain medical
conditions or in some tropical areas where, due to higher temperatures, water consumption is
increased. Sketal fluorosis exhibits several stages. According to NRC (2006), skeletal fluorosis

is categorized into one of four stages: a preclinical stage and three clinical stages that increase in
severity. Two prelinical asymptomatic changes are characterizedlight, radiographically

detectable increases in bone mass. An early symptomatic stage is characterized by sporadic pain
and stiffness of joints, arthritic symptoms, and slight calcification of ligaments and increased
osteosclerosis of cancellous bonesnsbmes accompanied by osteoporosis of long bones. The
most severe stage (clinical stage 111) histor
Crippling skeletal fluorosis is characterized by marked limitation of joint movements,
considerable daification of ligaments, crippling deformities of the spine and major joints,

muscle wasting and neurological defects associated with compression of the spinal cord
(Susheela, 1999; Krishnamachari, 2002, Gidawl., 2015 . NRC (2006) concl ui
weight of evidence supports the conclusion that lifetime exposure to fluoride at drinking water

concentrations of 4 mg/L and higher is likely to increase fracture rates in the population.
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Most epidemiological research has indicated that an intake e&stt 10 mg/day for 10 or more
years is needed to produce clinical signs of the milder forms of osteosclerosis. Water fluoride
concentrations of 4 8 mg/L in temperate climates have not been found to be associated with
any signs or symptoms of skeletaldtosis (WHO, 1994). This data should be regarded with
scepticism in view of reportdfom a number of developing countries that endemic skeletal
fluorosis occurs in individuals whose drinking water contains more than 6 mg/L of fluoride

(WHO, 2011).

In an @idemiological study in China the relationship between fluoride intake via drivkaher

and all other sources, followed adbaped dose response with higher rates of fracture at very
low intakes below 0.34 mg/L and high intakes above 4.32 mg/L (totkearit4 mg per day) (Li

et al, 2001). It was concluded by the IPCS (2002) that for a total intake of 14 mg per day there is
a clear excess risk of skeletal adverse effects and there is suggestive evidence of an increased
risk of effects on the skeleton tital fluoride intakes above about 6 mg per day. However,
skeletal fluorosis has been reported in India in a village with average fluoride concentration in
drinking water as low as 0.7 mg/L, with rangei@.4 mg/L Susheela, 1999, NRC, 2006
Although thedisease is uncommon at such low concentrations, evidence of skeletal fluorosis,
with severe clinical manifestations, has been also reported in at least 9 studies from 5 countries,
where water supplies contain fluoride naturally in the range27mg/L Cao et al., 2003;

Long et al., 2003 Grandjean and Landrigan, 2Q14&Recent study in Ethiopia conducted on
fluoride intake from locally brewed alcoholic beverages also indicated accelerated development

of skeletal fluorosis (Tekiiaimanot and Haile, 2014)
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2.2.3. Fluorosis in Ethiopia
Ethiopian Rift Valley Region covers all or parts of Afar, Oromia and the Southern Nations,
Nationalities and Peoples Regional state (SNNPRs). As a result of théetangise of high
fluoride drinking water, both dental and skalefluorosis is common in Ethiopian Rift Valley.
The severe cases of skeletal fluorosis (32%) were reported from study at Wonjifaakienot
et al, 1990. Same study reported that the maximum prevalence is seen in & @ar old
agegroups. Kloosand TekleHaimanot (1999) found dental fluorosis in some highland
communities where the water is abstracted from volcanic rocks. Regionally 42% of ground water
sources tested in Oromia, 30% in SNNPR and 12% in Afar Region have excessive fluoride

concentréions (TekleHaimanotet al., 2006).

On the other hand, although drinking water is likely to be the dominant pathway of fluoride
exposure in Ethiopian Rift Valley areas, food stuffs prepared with high fluoride cooking water is
also an additional pathwaélde et al, 2004). The fluoride content of a dish depends on the
fluoride content of the food ingredients, the fluoride concentration of the water, and the amount
of water used and retained in the food during preparation (Mdldé, 2004). Recent stydby

Caoet al (2006) also identified food as a potential hazard and states that food consumption may
increase the risk of fluorosis. Khat al (2004) on the other hand, proposed that each country
should calculate its own optimal level of fluoride in #rimg water based on the demEsponse
relationship of fluoride in drinking water and the levels of caries and fluorosis. It is plausible to

estimate the amount of fluoride ingested from all environmental and dietary sources so that
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rational and scientifidly sound decisions can be made when guidelines for the use of fluorides

are established or periodically reviewed and modiftidC, 2006; WHO, 2003

Unfortunately, there is no study made on total daily fluoride intake value in Ethiopia, except the
studymade by Maldeet al (2004), on dietary fluoride intake in children below 5 years of age,
living in a highfluoride area of Wonji Shoa Sugar Estate. As a result of this, there is no adequate
scientific based information on the magnitude of fluoride exosuough dietary sources in the
Ethiopian Rift Valley Region. The problem is further aggravated by limited budgets which
restricted the feasibility of defluoridation technologies, running cost of those established ones
and inability of provision of alteative water sources. In addition, since the economic cost of
endemic fluorosis to human beings is largely indirect and the disease is not acute, it is unlikely
that fluorosis would be recognized as an area of immediate need by the government and
stakehol@rs in developing countries. In the presence of infectious and acute diseases it is
impossible to consider fluorosis aspriority public health problem in the areas. In some places

in Ethiopian rift valley, whatever the chemical content is, the presdiveater is considered as a

blessing (Getanehet al.,2003; TekleHaimanotet al.,2006; Hussergt al.,2015).

2.3. Mitigation of F luorosis

2.3.1. Risk Groups for Fluorosis
As ever, the dose critically determines whether there will be any adverse effects ofd|uands
this depends inter alia on the amount taken in, the proportion absorbed by the body and the
weight of the individual. In response to these considerations, the medical profession tends to
advise mothers not to make up infant feeds from fluoridatatérwthough there is as much
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concern with the fact that ingested fluoride promotes removal of calcium from the body,as CaF
in the feces as with any adverse effects of retained fluoride. Other groups who are advised
against consuming fluoridated water graients on kidney dialysis (McDonag al, 200Q
Maceket al., 2006; Mgller and Poulsen, 201%According to Susheela (1999) some groups of
population namely pregnant and lactating women, young children, malnourished children, and
people with low intak of calcium, people with cardvascular and kidney problems and those
who involved in hard manual labor in hot climates are more susceptible to the poistirotss

of fluoride than others (Jacksenhal.,2002; Silva and Leite, 2003).

Due to thesuspeted negative health effect of fluoride its exposure has been closely regulated.
The current estimates of optimum level of exposure to fluoride are between 0.05 and 0.07 mg/kg
of body weight (Burt, 1992). Fluoride is especially important for children &wvegnt caries.
However, it is important to regulate intake, as excessive exposure to fluoride can result in
fluorosis. There are several sources of fluoride available to typical children in the developed
world, including dentifrices, milk and other foodstjfas well as drinking water (Clarkson and
McLoughlin, 2000). All these sources need to be taken into consideration when setting the level

of fluoride to be added to public drinking water supplies (WHO, 2011).

2.3.2. Water Defluoridation
The primary preferredption is to find a supply of safe drinkivgater with safe fluoride levels.
Where access to safe water is already limiteefjudgidation may be sought as a solution. But
removal of excessive fluoride from drinkivgater is difficult and expensive. Sintlee 1930s

most research efforts have been directed at defluoridation of high fluoride containing water as
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fluorosis prevention strategies. Although several fluorosis prevention methods are technically
feasible and can routinely be carried out in centratlewdistribution systems, only few of the
defluoridation methods are successfully applied on a routine basis (Dahj, D&&hinamurty

and Sarma, 2009; Dahi, 2018/ost defluoridation methods are complicated and/or expensive,
unproven and unreliable ued field conditions in developing countries because of use of
materials of questionable supply and inappropriate technology, ineffective at community level,
their social acceptability and lack of sustained government and community commitments. Since
all mehods produce sludge withveryhigh concentration of fluoride that has to be disposed of,

only water for drinking and cooking purposes should be treated.

The more promising water defluoridation methods which have beentdsted include the
granulatedbone media and heattivated bone char, clay and clay pot chip (Dahi, 1999
Meenakshi and Maheshwari, 2006; Upadhyaya and Mishra, 2009;eRajy 2009, activated
alumina adsorption (Shifera and Teldaimanot, 1999 Kumar et al., 2013 and Nalgonda
methods (WHO, 1994). WHO established a guidance value for naturally occurring fluoride in
drinking water of 1.5 mg/L based on a consumption of 2 L water/day, and recommended that
artificial fluoridation of water supplies should not exceed the optimal liedavels of 1.0 mg/L
(WHO, 2006). In Europe, only Ireland and selected regions in the UK and Spain currently
fluoridate drinking water at concentrations ranging from 0.8 to 1.2 mg/L (Mullen,;2005

Dakshinamurty and Sarma, 2009; Dahi, 2016
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2.3.3. Nutritional A pproaches
The management of fluorosis in the community can be effective if nutritional approaches
focusing on adequate intake of calcium, vitamins (C and E) and other antioXalatisolkin
et al.,2004; Nair and Gupta, 20055 advocated and practicetnultaneously with consuming
safe drinking water (Susheela and Bhatnagar, 20G2Zipta et al., 2016. Nutrient
supplementation through a dietary regime has been found to be the best approach and it is
sustainablate to mitigate fluorosis in endemic ardaaring counseling for nutritional
supplementation, it is necessary to emphasize avoiding of food items with high fluoride content
and those foods which could be used for mitigation of ingested fluoride. Foods that should be
avoided in endemic areas includélack tea (tea without milk), chewing tobacco, fluoride
containing toothpastes, mouth rinses, varnishes, black rock salt / magadi and oth#érateres

commercially marketed (Ogaved al.,2004; Niuet al.,2006; Gupteet al.,2012).

Fluoride is notessential for human growth and development but it is considered to be beneficial
in the prevention of dental caries (tooth decay). As a result, intentional fluoridation of drinking
water and the development of fluoride containing oral care products f&stéis and mouth
rinses), foods (fluoridated salts) and supplements (fluoride tablets) have been employed in
several parts of the world as a public health protective measure against tooth decay (SCHER,
2010). However, in many African and Asian countriesposure to fluoride comes from
naturally occurring water, beverages, food, and to a lesser extent, from other environmental
sources (Maldet al, 2004. Fourteen countries in Africa, eight in Asia and the Middle East and

six in the Americas face the prebh of fluoride concentration above 1.5 mgLFn drinking

water. Many of these countries are confronted with the problems of endemic dental and skeletal
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fluorosis (Frenckengt al, 199Q Fejerskov and Baelum, 2002; WHO, 2008herefore, it is
appropria¢ to ensure that parents or guardians of children continue to receive sound advice on
safe levels of fluoride for those in their care to be exposed to and, since the cariostatic effect of
fluoride is known to occur well after enamel formation during tat#ielopment, treatment to
reduce caries should concentrate on those measures that carry the lowest possible risks of
fluorosis in countries which have fluoridation prografejérskovet al, 2008; Krishnamachari,

2002;Burgstahler and Margolis, 2011

2.4. Eggshell Powder Consumption in Human Nitrition

2.4.1. Mineral Contents of Eggshell
Chicken eggshells, which first serve to protect and provide nutrients to the enclosed embryo,
have been used by humans for a long period as a food additive, but on a very moeleStnscal
average, one egg has about 54879 g of shell. Acomplete eggshell contains 2.07 + 0.18g of
calcium (38% 89mg Ca/g eggshell).His means that half of an eggshell can provide all the
amount of calcium (Ca) needed per day in adult human beinggoV&r, eggshell contains not
only Ca but also other elements (Table 2), such as phosphate and strontium which, despite the
low concentration, may contribute to P and Sr requirements and have a positive effect on bone
and dental metabolism (Shaafsret al, 2000; Brunet al, 2013). In addition, levels of
potentially toxic heavy metals (Pb, Al, Cd and Hg) are very low unlike the commercially
available CaCO3 products and even natural sources of calcium such as oyster shell (Schaafsma

et al, 200Q Narahariet al.,2010.
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Table 2 Organic and inorganic content of chicken eggsimedi/{00g eggshell)

Mean SD

Organic matter 16.1 4.6

Inorganic matter 83.9 5.0

Calcium 38.2 3.5

Carbonate 44.3 3.2
Sodium 0.51 0.09
Phoshapte 0.44 0.06
Sulfate 0.32 0.07
Potassium 0.14 0.05
Strontium 0.14 0.02

Source: Brunet al, 2013)

2.4.2. Eggshell as a Dietary Calcium 8urce
Calcium is a very important building block of bone and often seen as key element in bone
mineralisationand antidemineralisation strategies. Deficiency of calcium in the diet is a
common problem for all age groupsioflividuals particularly in developing countries. Calcium
intake from dairy products is an appropriate way to fulfill calcium requireméfasever,
people do not usually consume them in the amounts established by dietary or clinical guidelines.
Supplementation with tablets is costly and sometimes involves difficulties of adherence to
treatment. Chicken eggshell is a source of calcium, wisiadvailable at home that can be used
as dietary calcium (Compston, 1995; Deveteaal, 1997; Schaafsma and Pakan, 198%ahim

et al.,2013; Kharet al.,2019.
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Chicken eggshell powder an excellendietary calcium source. It contains about 39 % (w/w)
elemental calcium with a bioavailability as highCaCO3 (Schaafsma and Beelen, 1999). Since

it is widely available, it may be a cheap and effective solution for many catbidicient
populations. It is of interest to know that chicken eggshell powider @ntainsStrontium(on
average 380mg/g). This micronutrient may have an anabolic effect on bone (Regfiredter
1999). In small studies, eggshell powder showed positive effects on bone mineral density of the
lumbar spine and hip in pestenopausal wmen with osteoporosis (Makai and Chudacek, 1991;

Schaafsma and Pakan, 198®anet al.,2016

Studies have reported results about the use of eggshells as calcium supplement. It has been
demonstrated that for ovar i eedtagciim sogced withad s 6 e
significant differences regarding body weight gain, food intake or food efficiency (Omi and
Ezawa, 1998). The addition of vitamin D improves bone mineral density of the lumbar spine and

the proximal tibia in rats treated with calm carbonate (CaCO3) or eggshell (Hirasatal,

2001). In piglets, there were no differences in Ca absorption from CaCO3 and eggshells in
caseinbased diets and soy protein isotatesed diets (Schaafsma and Beelen, 1999). Moreover,

it has been demonsted that eggshell proteins improve calcium absorption. The total calcium
transport across Ca& monolayers showed an increase of 64% in the presence of soluble

eggshell matrix proteins (Daengprekal., 2003).

There are few earlier studies describthg use of chicken eggshell as calcium supplement in
human beings. Schaafsma and Pakan (1999) showed an increase in lumbar spine, total proximal

femur and trochanter bone mineral density in osteoporotic postmenopausal women who received
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eggshell powder wht vitamin D3 and magnesium supplementation. Another study reported a
highly positive effect of eggshell calcium supplementation (@dtded magnesiumnd vitamin

D) on Bone Mineral Density. In this study, the eggshell supplemented group had measurable
increases in bone density in their hip bones, after one year. The findings indicate thatl&tealthy
postmenopausal women with an adequate calcium intake at baseline may increase bone mineral
density of the hip within 12 months following supplementation wttie chicken eggshell

powder enriched supplement (Schaafsetal., 2002).

A recent study conducted on analyzing chicken eggshell as suitable calcium source at home
reported that a single eggshell contains 2.07g (0.18g) of calcium; therefore half laellegndd

provide the amount of calcium needed by adult human beings per day. In addition, this study
concluded that eggshell is an appropriate and cheap source of calcium for human nutrition easily
prepared at home. Eggshell obtained with a rolling pus @ sieve did not produce important
changes in flavor and texture in different foods evaluated in this paper. Therefore, the best way
to use chicken eggshell as calcium dietary supplement is powdered to add to bread, pizza or
spaghetti as there were singthanges in texture and no changes in flavor (Lwetes., 2013).
Another study found 26.0, 35.4 and 41.4% calcium bioavailability of biscuits containing chicken
eggshell powder at 3, 6 and 9% respectively. With respect to the calcium content, texture,
sensory properties and calcium bioavailability, the authors suggested that the best way to use
chicken eggshell as dietary calcium supplement is powdered to biscuit until 6% eggshell

supplementation (Nahla, 2015).
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2.4.3. Calcium and Fluoride Amelioration
Epidemblogical studies conducted during 194397 in 45,725 children exposed to high intake
of endemic fluoride in the drinking water since their birth reported higher-&tacts of
fluoride among children with inadequate calcium nutrition. In this studgreim with adequate
(dietary calcium > 800 mg/d) and inadequate (dietary calcium < 300 mg/d) calcium nutrition and
with comparable intakes of fluoride (mean 9.5 %8 mg/d) were compared. The todtfects of
fluoride were severe and more complex anditisgdence of metabolic bone disease (rickets,
osteoporosis. PTH bone disease) and bony leg deformities (genu valgum, genu varum, bowing,
rotational and wineswept) was greater (> 90%) in children with calcium deficiency as compared
to < 25% in children wh adequate calcium who largely had osteosclerotic form of skeletal
fluorosis with minimal secondary hyperparathyroidism.The findings strongly suggested that deep
bore drinking water supply with fluoride < 0.5 ppm and improvement of calcium nutrition
provide 100% protection against the toxic effects of fluoride and are recommended as the cost
effective and practical public health measures for the prevention and control of endemic fluorosis

(Teotiaet al, 1998 Bhattacharya and Misra, 2004

Earlier studis indicated that calcium binds with fluoride forming an insoluble calcium fluoride

in the gastrointestinal tract; thus the adverse effect of fluorosis may decrease. A study conducted
on quantification of calcium needed to reduce excess fluoride absdiqtiornimizing fluoride
bioavailability in rabbits recommended that a dose of 228800 mg of calcium are required for

70 kg body weight human beings to mitigate the adverse effects of fluorosis. In this study
different doses of calcium in the form ofldam carbonate were administered to albino rabbits

and it was observed that significant decrease in fluoride bioavailability was observed in the
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group of animals administered with 11.4, 14.3, 17.2, 21.4 and 50 mg calcium per kg body
weight. This calcium dse level is equivalent to 1200, 1500 and 3500 mg of calcium required for

a 70 kg body weight human (Anitha and Viswanathan, 2008).

A study conducted in Ethiopian children by Wondwossen with NRC (2006) indicated that
second molars were the teeth type titequently affected by dental fluorosis and there is direct
relationship between the severities of dental fluorosis with that of dental caries. In general, caries
prevalence was lowest in groups showing no flu and there was a progressive increa®s in cari
with increasing severity of dental fluorosis. Some of the factors which might account for
differences in the fluorosis/caries relationship between the US and other countries include
differences in dent practices, dietary habits (i.e., consumption efu@nd nutrient intakes

(i.e., calcium balance) (US EPA, 2010).

2.5. Eggshell Powder Consumption Intervention &idies
Experimental and clinical studies performed to date have shown a number of positive properties
of eggshell powder, such as antirachiticeet§ in rats and humans and in vitro stimulation of
chondrocyte differentiation and cartilage growth (Roveretkgl, 2003).Human clinical studies
conducted so far demonstrated that this natural calcium of eggshell significantly increased bone

mineral dasity Hirasawaet al, 2001; Schaafsmet al, 2002; Daengprokt al, 2003.

In a randomized, doublelind, placebecontrolled human clinical trial, eighfjve healthy Dutch
women, 5870 years of age that were at least 5 yearsipesitopausal were stied. The subjects

were given either purified calcium carbonate or chicken eggshell powder enriched vitamin
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mineral supplement and the effects lwome mineral densit{BMD) of the femoral neck were
evaluated. After 12 months of supplementation, women ngigggshell powder enriched
supplement demonstrated the highest and significant increase in BMD by 1.75% in the femoral
neck. Similar supplementation with purified calcium carbonate resulted in 1.16% increase in
BMD, while the control group actually lost BM Based on changes from baseline and
compared with placebady¢ study concludetihat eggshell powder may be preferred over purified

CaCOa3 as a source of Ca (Schaafstal., 2002).

Similarly, another clinical study was conducted on 10 persons withpasteis or osteopenia to
determine the shoterm effects of chicken eggshell powder enriched daased supplements

on BMD of the lumbar spine and hip over a period é8 #onths. Supplementation with
eggshell powder enriched products increased BMD$i@flimbar spine, proximal femur and
trochanter by 5.7%, 2.2%, and 1.8%, respectively, over 8 months. Conversely, BMDs in the
control group either stayed the same or decreased over the same period. Within the first 4
months, a reduction in pain was reporéedl in turn, an improvement in general weding. The

study concluded that eggshell powder is a bioavailable source of calcium that can increase bone
mineral density of subjects with osteoporosis or osteopenia ishibie term and delays bone

demineralzation for a longer period of time (Schaafsma and Pakan, D@gfn, 2015

2.6. Summary of thereviewed literature
Excess fluoride intake primarily results from high levels in drinking water, excessive use of
fluoride-containing dental products, and constiop of fluoriderich foods such as tea

(Whitford, 2013). The primary consequence of chronic fluoride exposure is dental and skeletal
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fluorosis. Dental fluorosis manifests as discoloration and mottling of teeth, while skeletal
fluorosis leads to joint sfiiess and bone pain (Gup#& al., 2016). The severity of these
conditions correlates with fluoride levels and duration of exposure. To mitigate the adverse
effects of fluoride, dietary interventions have been suggested. Increasing calcium, magnesium,
and iron intake may reduce fluoride absorption and toxicity. For example, calcium and
magnesium can inhibit fluoride absorption in the gastrointestinal tract, while iron deficiency has
been linked to increased fluoride uptake (Mari@taal., 2003; Liu et al., 2013; Reddyet al.,

2018). Additionally, vitamin C has antioxidant properties that may counteract oxidative stress
caused by fluoride (Singét al.,2012). Limiting fluoriderich foods and beverages, such as tea,
also helps reduce overall fluoride intaf@®hitford, 2013). These strategies collectively offer a
multifaceted approach to managing fluoride exposure and minimizing its detrimental health

effects.

The reviewed literature generally supports the potential of calcaumtaining eggshell powder,
dueto its high bioavailability of calcium, as a feasible intervention to mitigate the toxic effects of
excess fluoride intake among women. It suggests that while eggshell powder can effectively
reduce fluoride toxicity and improve health outcomes relatedurifle exposure, ongoing
monitoring and further research are crucial to confirm its -kemgp safety and efficacy. The
practical application of this intervention in public health strategies appears promising,

particularly in regions with high fluoride espure and calcium deficiency.
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2.7. Conceptual framework

Chicken Provision
Poultry Production

Intervention: Egg and Eggshell promotion
@ources of Fuoride \ Calciumcontaining ESP
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Figure 2: Conceptual framework&n causes, consequences and mitigation (dietay calcium
supplementationof excess fluoride intak&SourcesDifferent literatures).
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3. Objective of the study

3.1. General Objective
The overall aim of this PhD research wasgeess efficacy, associatia@afety and acceptability
of calciumcontaining eggshell powder supplementationmitigate toxic effects of excess

fluoride intake among women in Ethiopian Rift Valley.

3.2. Specific Cbjectives
Paper 1
To assess dental, skeletal and-s&aletal fluorosis and association with dietary calcium intake

among women in Ethiopian Rift ValleyA crosssectionl study design.

Pape 2
To determine the efficacy of calciduoontaining eggshell powder supplementation on urinary
fluoride excretion and fluorosis symptoms among women in Ethiopian Rift VAlle|fficacy

trial/ a Phasél clinical trial.

Paper 3
To assess safety and acedgility of calciumcontaining eggshell powder supplementation in the
Phase 2 clinical trial among women in Ethiopian Rift Vall&yongitudinal studywithin the

Phase klinical trial
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4. Materials and Methods

4.1. Study Area
This study was conducted in tweleles Guba and Lay Arshoof Halaba Zone (the former
SpecialWoredddistrict), 85km south west ddidamaregionalstate Capital ofHawassa The
zoneis situatedat an averagaltitude of 1800m above sea level with an average 750 mm annual
rain fall whid is classified as dry mid land. The total population is estimated to be 305,555, of
which 85% of the population lives in 79 rural and the remaining in five urban kebeles (CSA,
2007). Livelihood of the people mainly depends on rain fed agriculture pradooaps like
maize, sorghum, teff, millet, wheat, haricot bean, red pepper, sorghum and potato. The major
livestock species in theoneare cattle, goats, sheep, donkeys and poultry. Rainfall is the major
limiting factor of agricultural production of theem, which has made it notable as one of the

zonesin southern Ethiopia where drought recurrently occurs and affects many households.

Figure 3: Geograpfcal location of the study site
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Halabazoneis located in the main Rift Valley of South Ethiopia datbwn for having high
fluoride levels in drinking water sources (Kebede et al., 20Haabahas one zonal hospital,

10 health centergndsupported by/9 satellitehealth posts functioning in each rural Kebeles.
Guba and Lay Arshiebeleshave populatiorsizesof 5475 and 5444 respectively with a total of
about 140thousehold¢Annex X). There are currently 10,271 women health development army
(1672 devlpment team leaders ar8b99 leaders of 1 to 5 network) working in Halaba to
support the health extension program by mobilizing the community, passing health and nutrition
messages and positively influencing households to exercise proper health amnoinncerie

particularly forchildbearingvomen and children (FMoH, 2011; RHB, 2015).

4.2. Study Design

This study was designed in three phases. In the first phasmsasectional survey was
conducted to assess the associabbrdietary calcium intake with ehtal, skeletal and nen
skeletal fluorosis (objective/paper one).the secongbhase, an efficacy trial (a phase Il clinical
trial) was carried outto determine the efficacy of calcivoontaining eggshell powder
supplementation on urinary fluoride excogtiand fluorosis symptoms (objective/paper twn)
the last phasegs part of the Phase Il clinical tri@Jongitudinal study design was employed to
assess safety and acceptability of ES&hsumption during the phase Il dlical trial

(objective/papertiree). The activities conducted in each phase are outlined in3able
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Table 3: Summary of study design, size, outcome variables, collected samples/data and analysis

Phase tw6(PapeVObjective2): Efficacy of

ESP supplmentation

excretions)

Usual dietary calcium
intake using FFQ

Diet diversity using
24hr recall

Magnitude of

skeletal and non
skeletal fluorosis

symptoms
(secondary
outcome)

Study design  Sample Collected Collected data Outcome Statistical data
size samples variables analyses
T | Crosssectional 270 16 staple Socic demographic Magnitude of Descriptivestatistics
g survey food and economic dental, skeletal o
@ samples  characteristics, and nomskeletal Bivariateand
@ fluorosis multivariable logistic
@ 3drinking  Data on water, hygiene regression
2 water and environmental
g sample sanitation practices
>
o 1 beverage Obstetric histories,
S sample _
Q Dental fluorosis exam
.001 Skeletal and non
é skeletal fluorosis
= assessment
o . :
o Usual dietary calcium
S intake using FFQ
@ L . .
@ Diet diversity using
g 24hr recall
An efficacy trial 78 Urine (for Skeletal and non Urine fluoride Descriptive statistics
(a phase I fluoride, skeletal flwrosis concentration _
clinical trial) creatinne  assessment (primary Chi-square (X) test
and calcium ouctome)

Paired samplestest

Two independent
samples-test

Bivariate and
multivariable logistic
regression

Generalized
estimating equation
(GEE)

Multivariate analysis
of the GEE model
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Phase thre&(PaperObijectived):

tabilitef ESP

A longitudinal 78 Venous Side effects related to Blood levels of  Descriptive statistics
study blood (Fe  excess Ca intake Hgb, Hct, Fe and

and zn) including nausea, zinc (primary) ~ Chi-square (X) test
_ vomiting, constipation, -
g‘aplllary abdominal bloating anc S'Ide %ffects Paired samplestest
inger as related to excess :

prick) blood Ca intake l;vrgg)?gse_f:;gem

(Hgb, Hct  Data on adherence/  (secondary)

and malaria compliance to the ESP Generalized

tests supplementation Adherence/comp estimating equation

(acceptability) liance to __ (GEE)

supplementation
(secondary) Multivariate analysis

of the GEE model

*All the samples and data in phase two and three were collected at baseline and endline

4.3. Study Period
The actual data collection for the cresectioral survey was conducted frodanuary to
February,2018. Participant recruitment for the trial study took place after the @essonal
survey based on the eligibility criteri@hereafterthe baseline (BL) biological (urine and blood)
sample collectionwere carried outThe implementation of the intervention was conducted for
six consecutive monthgith weekly follow up and supervisioBetting this duration would allow
for a thorough evaluation of the supplementation's efficacy and safety. This ddiaatibated
biological adaptation and captured both immediate and-tiermy physiological changes, while
also enabling the monitoring of potential adverse effects. Additionally, it provided insights into
participant compliance and acceptability in re@kld settings.The trial ended when the study
subjects had received the intervention for the intended peritichef At the end,the second
round (endline, EL) data collection, measurements, flurosis assessment and bisfmgtakn

collection were donéor the purpose of the trial studlyigure4).
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Study period:
From i January, 2018i to i October, 2018
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Figure 4: Flow diagram showing the chronological order of the study period
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4.4, Population and Sampling

4.4.1. Sourceand Sudy Population
The source population for this study was all wonremeproductive agevho were permanent
residents in the study area that was known (Keletdd., 2016a) to have a fluorosis problem.
The study populatiorencompasses: ijor the crosssectional surveyall eligible biological
mothers of young children who wepermanent residents in the study area and which would be
the target population for a trial study) the studypopulation for the trialas all randomly

selectediological mothers of young childrewho hadparticipated in the crossection survey

4.4.2. Eligibility C riteria
Eligibility for women to be includeth this studywas defined in terms of having a child (age 6
18 months) eligible for parallel study of child growthThe participant inclusion criteria were
being a biological mother of an index ché&ged 6 to 18 monthend permanent resident in the
study areaThosewho were taking drugs for any type ithess had any apparent signs and
symptoms of diseases such as fever and cough at the time of enrollmehbseehrolled in

any other hedft andnutrition intervention program were excluded from participation (Fidire

4.4.3. Sample Size Btimation
The sample size estimation for the crssstional surveyobjective onewas done using Epilnfo
Version 7.0.8.3 for descriptive study by considering 12%valence of clinical symptoms of
skeletal and noskeletal fluorosis among scheafje children assumingthe prevalence of
fluorosis is similar among women and schagk children as they livad the same study area
(Kebedeet al., 2016a) at 95% level ofonfidence (an absolute precision, d = 5%). Then, the
calculated sample size was multiplied by fo5considerthe design effectE = 1.5) as the
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samplingwas carried out at kebele (cluster) level. Finally, based on the above assumptions and
consideringl0% nonresponse rate, a minimum sample size of 267 subjects was estimated to

determine the level of skeletal and rskeletal fluorosis among women.

In estimation of the trial sizesaa Phasé trial (objective two and thregpur primary aim was to
detect an effect of calciuraontaining ESP on fluoride esetion. Mehta and Shah (2018%ing

10 subjects per group, found that calcium supplementation significantly reduced urinary F
excretion. As we also evaluated fluorosis symptoms, the sample sizatestino detect the
effect of intervention on fluorosis was done using Epilnfo Version 7.0.8.3 software with double
population proportion formula by considering the percentage outcompgtarvention arm
(P1=90%, percent opain and rigidity in the jointbefore intervention which is a major skeletal
and nonrskeletal fluorosis symptomsand control arm(P,=60%, percentage recovery during
interventior) from previous similarpublished studiegKebedeet al., 2016a; Susheela and
Bhatnagar,2002 Thus, a minimm sample size of 76 women (38 for each arm) was estimated to
detect the effect of intervention on fluorosis symptoms using powsr \bf 80% at 95% twe

sided confidence level for a ot@oneintervention/control armsatio. Therefore, we increased

the sample size to 41 from each kebele to account for variability in symptom prevalence and loss

to follow up.

4.4.4. Sampling Procedure
First, family folder reviewing was done at the health post to identify the eligible study subjects
within a family (.e. to identify the number and age of family members in a household and the
location of the households in the subdivisions of the kebele callédb t 6 ) . The f ami/l

reviewing was a base to conduct the hetwasleouse registration. Theasing a list of mothers of
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young children aged-68 months old obtained from the kebeles health post, the house to house
registration was conducted to ident#gible households whictvould be the target population

for the parallel interventional (child growth) and tri&dlSP supplementation) studieEpon the

initial sample size calculatiom total of 267 subjectawere estimated to determine the level of
skdetal and norskeletal fluorosis during the cressctional surveyHowever, for the two
studies, since cluster (kebele) randomization was planned to be done over indexdual
randomization to minimize information contamination, all eligible subjgasng children 618
months of age and their mothers) in the selected kebeles were included. Consequently, a total of
280 study subjects were included for participation in the esesg8onal arveyfrom a total of

301 mothers of young children aged18 mamthsidentified from the family folder. The total
population and number of households in the two kebeles were 10919 andAlBg&X X)

respectively.

The twokebelesvere purposively selected for the trial on the basis of having high fluoride levels

in the drinking water sources (Kebea¢ al., 2016a) and for feasibility reason§he study

subjects were selected within the respective selected kebeles. First, the exclusive code numbers
assigned to each household (the target households for the trial stuithg) tthe crossectional

survey were used as a sampling frame to select the study subjects. The code numbers were 001 to
140 in each kebele by excluding those who refused to participate in theseobiemal survey

Then, the code numbers were enterdd iwo separate SPSS datanplates Finally, the trial

subjects (41 women from each kebele) were randomly selected using the function Random

Sample of Cases selection in IBM SPSS version 25 (Chicago, IL, &t8#gtical software.

62



4.4.5. Randomization and Masking in Trial
The trial study randomized two purposely selected clusters that were characterized during the
baseline crossectional surveyTo assign the two kebeles (clusters) either to the intervention or
control arm,alottery method (flipping o& coin)was doneby the health extension worker under
the supervision of the Pl and research/field supervigdrs clusters were distant rural kebeles
(villages) of Halabalistrict having fluorosis, located in the main Rift Valley of South Ethiopia.
The physiotlerapist who did the skeletal and rskeletal fluorosis assessment, the laboratory
technologists who collected blood and urine specimens, and the data collectors who did the
interviews were kept uninformed with respect to the intervention allocation.ddiice, the
experts who performed the biochemical specimen analyses at the Ethiopian Public Health
Institute (EPHI) were masked. All biochemical samples could only be identified with exclusive

codes assigned for each participant.
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4.4.6. Trial Profile D iagram

The overall progress slubjectghrough the phases of the clinical trial is depicted in Fi§ure

Eligible womenwho participated in the survey from the two kebelegN= 270)

v Randomization v
Intervention Control kebele
kebele(Ni= 135) (N2= 135)
Excluded (n=27)reason: Excluded (n=21)reason:
Not meeting inclusion criteria (n=16 Not meeting inclusion criteria
Refused to participate (n=11) (n=12) ]
Refused to participate (n=9)
Eligible for simple random

Eligible for simple random
sampling (n =114)

sampling (n =108)

Simple random sampling
A 4

Control group (n=41)

A 4

Intervention group (n =41)

: - : - Discontinued the styd(n=2)
Discontinued théntervention (n=2) Reason relocated and 1
Reasonrelocated at the mid of the -{ unwilling to give blood and
— intervention period urine samples atend line
\ 4 A 4
Received the intervention and had Received no treatment and
complete data (n=39) had complete data (n=39
\ 4 A\ 4
Analyzed only subjects with Analyzed only subjects with
complete data (39) complete data (n=39)

Figure 5: FHow diagram of the progress through ®lease Iklinical trial
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4.5, Study Variables

4.5.1. Outcome Variables
Thedependent variable for the cressctional survey was magnitude of dental, skeletal and non
skeletal fluorosis and their association with dietary calcium intake. For the trial study, a
decreased urine fluoride excretion concentration was the primarynoeiteeasure. Skeletal and
nonskeletal fluorosis levels (i.e. mitigation of fluorosis symptoms) were secondary outcome
measures. Urine creatinne and calcium excretion concentrations were also measured. Then,
calciumcreatinine ratio was computed to assedsigm status and to measure consistency of the
spot urine collection. For the purpose of safaggessment of the Phase 2 trtake primary
outcome measures were blood levels of hemoglobin, hematocrit, iron and zinc prior to and after
the ESP supplemenian among the study subjec&ide effectgelatedto excess calcium intake
(i.e. nausea, vomiting, constipation and abdominal bloating andwgae assessed as secondary

outcome measures.

4.5.2. Explanatory Variables
The main exposure variable was calciutake (from diet and supplementatiorQther predictor
variables includedsocicdemographic and economic characteristics suchgas family size,
educational mtus, occupatiomnd years of residency; maternal obstetric history such as parity
and gravidiy; dietary practice such as diet diversityfrequency ofcalcium rich food
consumptionand fluoride intake from drinking water and staple fqodster, hygiene and
environmental sanitation practices such as hand washing, household latrine type, arai&ing

source and water treatment practice.
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4.6. The Intervention (Exposure)in Trial
The intervention (exposure) in the trial study was daily supplementation of 2.4 grams of €alcium
containing ESP for six months measured out by the women using a premeasstredggbafrom
a plastic soft drink bottle. Women were instructed to take three half caps daily where each half
cap provided &4 800 mg ESP which is equivalent
different times over the day, not all at once. Tdady dose of ESP was provided approximately

960 mg of calcium.

Eggshells were originally planned to beailableto families through provision of chickens;
however, to maintain consistent supply and quality eggshells were purchased from local
restaurard. When families later began accumulating eggshells from their donated chickens, we
purchased eggshells from women in the community. White eggshells were washed, dried, and
then crushed before being processed into a fine powder using dgegd Multifunctional
Grinder PRIRIHONG, RRH A1000, Shanghai Yuan wo Industrial and Trade Co. Ltd.
Manufacture: Hongtaiyang Electrical and Mechanical Services Co. Ltd of Yongkang City
Zhejiang Province). After sieving, the ESP was packed in 100 mL smapped polyethylee

bottle before it was distributed to subjects in the intervention groupo ldcal coordinators,

four health extension workers and eight health development agents were organizezhntio
distribute packaged ESP in the intervention kebaled conduc the regular followups,
monitoring and supervisionThere was no placebo distributed in the control kelleevery

fourth week time point, new ESP bottles were distributed and old and empty bottles were
returned Participants were instructed to add tESP to foods.Compliance with the

supplementation regimen was tracked througgjular monitoring and supervisioselfreports
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andESP bottlexounts. Regular follovups were scheduled to ensure adherence and address any

issues

4.7. Data Collection and Measurement
During the crossectional survey data on so@lemographic and economic characteristics,
water, hygiene and environmental sanitation practicesadstetric historyof motherswere
collected using a semstructured questionnair@Annex I-111) that was to Hallabigna, the
language of the district. The interview was condudtedto-face with the selected womein
their living homeby trained data collectorsWe conducted pretest to validate the effectiveness
of the questionnaire in capturing accerdata. In addition, we included questions that can <ross
validate responses, such as asking about food frequency and consumption patterns in different
formats. The checklists used to assess skeletal andskeletal fluorosis were developed by

Susheela (@02) and Shashi et al (2008) and described by Kebede et al (2016a).

Forthe trial studypnly thebaselinebiological (urine and blood) samples were collected after the
crosssectional surveyarried out. The remaining data which were collected duhegross
sectional survegerved ashe baseline datior the trial subjectsAt endling both the biological

samples and other data collection were carried out.

The team of data collectors who were hired for purposes of this study included qualifietd dentis
(MD, DMD), physiotherapist (BSc, MSc), laboratory technologists (BSc), public health expert
(BSc), nutritionist (BSc), clinical nurses, other bachelor degree holders and high school graduate

enumerators (AnnexXl).
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4.7.1. Diet Diversity using 24 hour DietaryRecall
In order to determine the Minimum Dietary Diversity of Women (MBD, we collected data
on specific foods consumed by women in the previous day or night usingu2dietaryrecall
method FAO and FHI, 2016)The recall was conducted on all woneming thecrosssectional
surveyandonly women included in the trial &L. The enumerators asked a series of standard
probing questions to help the women recall all foods and beverages consumed the previous day
and night. Then, each food or beveraget tthe respondent mentioned was circled on the
predefined questionnaire (Annéxll). During the recall, the amount of food consumed by the
respondents was not considered as the type of food aloukel besufficient to determine the
diet diversity. MDDW is a dichotomous indicator of whether or not womem@5/ears of age
have consumed at least five out of ten defined food groups in the previous 24 hours. The ten food
groups were 1) grains, white roots and tubers, and plantains 2) pulses (beans, fEdgsud)
nuts and seeds 4) dairy (milk and milk products) 5) meat, poultry and fish 6) eggs 7) dark green
leafy vegetables 8) other vitamin#ch fruits and vegetables 9) other vegetables 10) other fruits.
Women who consumed five or more food groupshiat day were considered to have fulfilled
the minimum diet diversity. Hence, the proportion of womemd5sears of age who reached
this minimum in a population could be used as a proxy indicator for higher micronutrient

adequacy which is one of the immpant dimensions of diet qualit¥AO and FHI, 2016).

4.7.2. Estimation of Habitual Dietary Calcium Intake
A structured food frequency questionnaire (Anihébt) that asked daily and weekly frequencies
of consumption of specific calcitmch foods common inhis district (milk, yogurt, millet,
fruits, kale, other vegetables, and moringa) was used to assess the usual dietary calcium intake of

women. This was done for all women during the cisesgional surveyand at EL for women
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included in the trialThe assesmentwas done just aftecompletingthe diet diversityrecall of

each woman at their living home. Portion size estimation was made using bowls and plates
available in the household of each woman to help them visualize and serve the amount of each
food coaxsumed. These frequencies were converted to daily dietary calcium intakes, as described
by Gozdzik et al (2009), using published values for calcium content (EPHI, 2013), and recipes
were used to identify the amount of calcium in haglicium foods such amillet injera (Mesfin,

2006). The assumptions used to convert frequencies of consumption to daily dietary calcium
intake included: if the frequency of consumption of a particular food more than once a day
assumed to be twice a day; if once per day, assuméd once a day; if more than once per
week (i.e 3.5 days on average, thus, 3.5/7 = 0.5), so assumed as to be 0.5 times per day; if once
per week ( 1/7 = 0.15), so assumed as to be 0.15 times per day; if once per month (1/30 = 0.033),
so assumed as to 0033 times per day and if not consumed over that month, assumed as not

consumed daily during that month period (Gozagtikl.,2009).

4.7.3. Determination of Dental Huorosis
The women were assessed for dental fvaswsed osi s
previously by Kebede et al (2016a). This Index classifies fluorosis on a scale of 0 to 4 (Annex
VII) as:Class 0,No Fluorosis;Class 1,Very Mild Fluorosis (opaque white areas irregularly
covering 25% of the tooth surfac€lass 2,Mild Fluorosis (white areas covering 250% of the
tooth surface)Class 3,Moderate Fluorosis (all surfaces affected, with some brown spots and
marked wear on surfaces subject to attrition); @tass 4 Severe Fluorosis (widespread brown
stains and pitting). The aage score of the two most severely affected teeth was used to derive

this classification. The women were instructed to thoroughly clean their teeth prior to the dental
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fluorosis examination. The dental assessment was doradl women only during the cross

sectional survehy an experienced dentist (MD, DDS) who was hired for this purpose.

4.7.4. Assessment of Skeletal and NeSkeletal Huorosis
Skeletal and noskeletal fluorosis weraleterminedusing clinical symptoms and physical
exercises (Anne¥Ill') asdeveloped by Susheela (2002) and Shashi et al (2008) and as described
by Kebede et al (2016a). Individuals who could not perform the physical exercises were
categorized as having skeletal fluorosis (Shaslail.,2008). The assessment was carriedoout
all women(lG and CG)during the crossectional surveyBL) and at EL on women included in
the trialby an experienced physiotherapist (BSc, M®&bp was hired to perform the physical
examination. All study subjects were asked to perform three physieatigas which indicate
skeletal fluorosis: (i) bending the body and touching floor or toe, (ii) touching chest with chin,
and (iii) folding arms to touch back of head. The physiotherapist showed each mother how to
perform the exercise. The same physiothistaassessed the women for the presence or absence

of thirteen symptoms of skeletal and releletal fluorosis (Anne¥Iil ).

4.7.5. Assessment of Side Effects related to Excess Calciuntdke
A checklist (AnnexXX) was developed to assess the occurrence oif@ssde effects related to
excesxalciumintake during ESP supplementationthe trial. The assessment was dah@&L
and EL on women in both groups, aedery month(April to September 2018, during the
monthly monitoring periodpnly on each woman gehg ESP at their living home after the
commencement of the supplementation. The clinical symptoms assessed for side effects of

excess calcium intake include nausea, vomiting, constipation, abdominal bloating and gas.
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4.7.6. Food and Water Samples Collection ath Analysis
The food sample¢Table 7) which are collected from differeritouseholdsduring the cross
sectional surveyMarch 2018) were dried, grounded, and homogenized using drying oven,
miller, and homogenizer respectively for fluoride analysis. Alig@btS ml were taken out for
analysis after the ash had settled and the solutions were clear. Care was taken to avoid the settled
ash. Before analyzing, 0.5 ml TISABIIl was added to obtain a pH ob&.2which is the
optimal pHrange for fluoride determation. Reagent blanks were always prepared together with
the samples and were brought through the whole procedure. The fluoride level of standard
solutions and sample solutions were measured in ppm using a fluoridelémtive electrode.
For all food sarmles, 1 ml of 100 ppm fluoride standard was spiked to determine % recovery.
Water fluoride was determined by using ES ISO 10852001 method, whereas food fluoride
level was measured by food fluoride test method (Malde and Bjorvatn, 2001). The eleasode
calibrated by working standards starting from most diluted to concentrated standard. The
concentrations of the solutions were directly measured in ppm by using fluoride ion selective

electrode.

4.7.7. Urine Specimen Collection and Analysis
At BL and EL colections in both clusters, women were instructed to provide morning spot urine
specimens using a screw capped plastic battith@ut using additives No one provided urine
specimen of less than 30 mL. The samples were labeled with a unique code aindakejzie
box until they were brought to Hawassa University. The ice box was cooled with ice packs
which were changed at 12 hours intervals to prevent the samples from decomposition. The

samples werstored at20°C in the Hawassa University, Nutrition a@fglod Science Laboratory
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until it was transported to Ethiopian Public Health Institute (EPHI) for analysis fluoride,

creatinine and calcium concentration.

The fluoride concentration in urine samples was analyzed using Perfé¥ti@ibination
fluoride ionselective electrode (Mettler Toledo, Germany) coupled with bench top dual channel
ion-meter (Jenway, model 3345, England), using facilities at EPHI as described previously
(Kebede et al., 2016a and 2016bhe samples were determined potentiometricalingis
fluoride ion selective electrode after calibrating the electrode with five point calibration

standards. The methods used were that of Orion (Orion, 1991).

The calcium and creatinine concentrations in urine samples obtained on a Roche/
Hitachi cobas®c 501 analyzer (Roche Diagnostics International AG, Rotkreuz, Switzerland)
using the Roche Calcium Gen.2 and Creatinine plus ver.2 reagents, respectively. These
concentration values were compared with those determined using the Roche Calcium reagent
on a Roche/Hitachi MODULAR P analyzer for urine calcium and using the corresponding
reagent on a Roche/Hitachi 917 analyzer for urine creatinine. The urine sample was analyzed
in duplicate at the EPHI. All the analyses (F, Ca, and creatinine) were analyzest &gnk
samples, and along with standards for quality control. Moreover, Certified Reference Materials

were analyzed along the samples to check the accuracy and sensitivity of the method.

4.7.8. Hemoglobin (Hematocrit) and Malaria Testing
At BL and EL, a dropof blood (finger prick) was taken from all women in both groups prior to
and after the supplementation to analyze hemoglobin (and hematocrit) immediately in the field

using HemoSmaff GOLD Hemoglobin Screening Meter, APEX BIOTECHNOLOGY CORP,
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No.7, Li Hsn Rd. V, Hsinchu Science Park Hsinchu, Taiwan, R.O.C. Disposable blood lancet,
alcohol and swabs were used to collect capillary blood by finger pricking. The HemtSmart
GOLD Hemoglobin Screening Meter uses HemoSHa@GOLD Hemoglobin Test Strips
designedspecifically for use with fresh capillary whole blood taken from a fingertip and a
venous whole blood to test both hemoglobin and hematocrit simultaneously. Plasma or serum

samples cannot be used. Testing must be performed immediately after the sabtpiaesio

In addition, while we assessed hemoglobin, malaria testing (which is useful for making decision
about anemia status) was also done for all women in both groups at baseline and end of the
intervention. The women appreciated this additionaltheaformation. First, a finger prick was

done using disposable blood lancet after thoroughly cleaning with alcohol and swab. Thereafter
the malaria testing was done immediately in the field using rapid diagnostic test (RDT) kit. A
one Step Rapid Test fédalaria Pf/Pv Ag, MERISCREEN Malaria Pf/Pv Ag, Meril Diagnostic

Pvt, Ltd, India

4.7.9. Venous Blood Specimen Collection and Aalysis
A sample of 10 mL venous blood was collected from all trial women at BL and EL in each group
by qualified laboratory technologsst This was collected to analyze for serum iron, zinc and
calcium levels. The blood samples were collected at the local health center. After taking the
blood sample, the spot was covered by a kmddo protect from infection. The samples were
collectedinto serum tubes lacking coagulant (Vacutainer tubes). The tubes were stored in an ice
box for 30 minutes, and then centrifuged at room temperature for 10 minutes at 2000 x g (WHO,
2011). The serum was transferred to plastic trace mineral vials and stor2@°C in the

Hawassa University, Nutrition and Food Science Laboratory until it was transported to Ethiopian
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Public Health Institute for analysis. There, serum iron and zinc were analyzed using Avarian
Spectr AX® Flame Atomic Absorption Spectrometry, iBladzu. Disposable 10 mL syringes,
alcohol and swabs, trance minehi@e gloves and polyethene pipettes were used to collect blood

specimens.

4.8. Data Quality Assurance
Three days (8 to 5" of January 2018) training was prepared by principal investigator o
interviewing and other data collection techniques. The training was intensively delivered to all
data collectors. A practice survey day was undertaken on 5% of the sample size (i.e. a group of
14) in people who were outside of the chosen study area.cDégation forms were modified
after this practice surveyAll the questionnaires were translated from English to local languages
(Amharic andHallebigng then retranslated back to English to check their consistendmes.
addition, supervision, checkinigr data completeness and data cleaning were done before the

data collection period completed and corrective measures were taken accordingly.

4.9. Dropouts in Trial
A total of 82 women (41 in each arm) were recruited into this trial (Figuréwo women from
the treatment group and one woman from the control group moved away from their homes
during the middle of the intervention. At the end of the intervention, one woman from the control
group was unwilling to provide urine and blood specimens and thus excfunin the study.
Efforts were made to minimize study participa

period by close followup and providing incentives such as soap and iodized salt.
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4.10. Data Processing
Data were double entered into EpiDat&xsion 3.1 (Odense, Denmark) and then exported into
IBM SPSS version 25 (Chicago, IL, USA) for analysél.continuous data were checked for
normality using Kolmogorossmirnov and ShapirdVilk Tests of Normality.Data on skeletal
and nonskeletal fluorgis symptoms were categorized into three symptoms indices according to
Tandon et al (2015). Indek is namedSkeletal rigidity and joint painindex2 is named
Muscular weakness manifestatipasd Index3 is namedsastrointestinal complaintsindex1
included: skeletafigidities and pain of the neck region, back, knee and shoulder joints-2ndex
included:stiffness of the back and neck muscles, unable to bend forward and to stand straight,
and inability to carry out routine activitieidex2 included:early signs of fluoride toxicity such
as loss of appetite, nausea, pain in the stomach, constipation, and gas formation in the stomach
with bloated feelingfyhen a woman compl ained of -$Beletal sy mpt
fluorosis, she got a score dfand if not, scored 0. This was done for each fluorosis index. Data
on dental fluorosis was analyzed as 1= having any level of dental fluorosis severity (very mild
through severe) and 0= if questionable or noriflaé dichotomized value for each indexves|
as for dental fluorosis was used in the regression anallisées.main hypothesized exposure
variable and other predictors were computed in the bivariate logistic regression to check their
association with fluorosis symptoms indices. The variablesaimerged as predictor for each
fluorosis symptoms index aP < 0.2 in the bivariate analysis were recruited for further
multivariate logistic regression analysis. These included: age of women, educational status,
occupation, parity, DDS, dietary calciumtake, family size and years of residency. Finally, all
the enrolled independent variables from the bivariate logistic regression were entered into the

multivariate logistic regression model to see their association with the outcome variable and to
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control possible confounder<ollinearity diagnostics test was done using linear regression to
check if the independent variables were independent from each another or not. In the collinearity
diagnostic test statistics, the variance inflation factors (VIFg&mh independent variable varied

from 1.033 to 1.13 and the tolerance varied from 0.888 to 0.968. Therefore, in the regression
model there was no multicollinearity between the independent variablestd3atacturing was

done to carry out thgeneralizedstimating equation (GEE) analysis.
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4.11. Statistical Methods
The Chisquare (X) and relative risk (RR) test wetsed to compare baseline characterigtius
clinical symptomsbetween the intervention and control groups. Bivariate and multivariate
logistic regression was dorte assess the association of explanatory variables with the outcome
variable, to control possible confounders @aadcompare the dichotomized outcome variables
(skeletal and noskeletal fluorosis symptoms) before and after the intéimenPaired samples
t-test was used o compute the Owithind mean differer
variables from the baselindhe independent samplegest was used to compute the mean
differences of continuous outcome variables betweeiGlad CGat BL andEL. In this study,
urine fluoride hemoglobin and hematocrit levels warermally distributed buserum iron,
serum zincurine calciumand urinecreatininelevelswere not normally distributedhereforea
linear generalizedestimating quation (GEE)was used to allow the repeated measures of
continuous variablesion homogeneity of variancandthe nonnormally distributed datéHeck
et al., 2012. Matemal ageand parity, family size (number of children, parents and relatives
living together in the household), year of residence in the area, diet diversity and dietary calcium
intake were included in the multivariate analysis of GEE mod&kn, the multivariate linear
regression analysis was carried out and beta coefficient at 95%armdithterval (Cl) reported.
Complete case analyses were done for each statistical test at baseline and endline as there were

only four dropouts (two women in each arm).
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4.12. Ethical Consideration
Ethics approvals were obtained from Hawassa University GolEfgMedicine and Health
Science (Ref. NolRB/019/10) and University of SaskatchewaBiomedical Research Ethics
Saskatoon, Canada (Ref. N®io# 17150 (Annex XII). Letters of supportverealso obtained
from Regional Health Office, Zonal Health Desk ddidtrict Health Offices. Confidentiality of
personal information has been kefpftomerd s per sonal information wou
purpose of the studylhe participantswould not be personally identified in the study ngpo
Fur t her mo rirdormatiomvmedideceded so thaheiridentity was notdisclosedAfter
the purpose and methods of the study were fully explained, and their right to refuse was
explained, informed verbal and written consents were obtained from all study participants prio

to their participation in the study.
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5. Results

5.1. Paper I: Association of Dietary Calcium Intake with Dental, Skeletal

and Non-Skeletal Fluorosis

5.1.1. SocieDemaographic and Economic Characteristics

The mean (SD) age of the women in completed years was 295yedrs. Most of the women

(96.5%) were married, the majority (67.4%) had not attended school (were illiterate) and just

more than half (51.9%) of them had no paid job outside their home. The main source of income

for most (87.8%) of the households wagsi@gture The average family size (parents and

children together) was approximately 7 + 2 (Tab)le

Table 4: Socicdemographic and economic characteristics of study participants in Halaba

district, southern Ethiopian Rift Valley, 2018.

Characteristics (n=270) N (%)
Mot herdos Il literate (hadnot 182 67.4
educational status Primary education fito 8" grade) 74 27.4
Secondary education'{% 12" grade) 11 4.1
College (above 12grade) 3 1.1
Mot her 6s Nooutside job/housewife/ 140 51.9
ocaipation Agriculture 96 35.6
Petty trading 29 10.7
Employed 5 1.9
Main source of  Agriculture 237 87.8
household income Petty trading 24 8.9
Employed 9 3.3
Residency > 15 years 138 51.1
111 15 years 46 170
57 10 years 62 23.0
< 5years 24 8.9

¥ETB = Ethiopian birr. 1 ETB = $0.02USD in 2018.
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5.1.2. Water Supply, Hygiene and Environmental Sanitation
The main source of drinking water for all households was a tap at a comnlangpaibdpipe,
and the majority (63.7%) of the study participants walked about an hour to get the drinking water
from the publicstandpipe. Most of the study participants (82.2%) were not filtrating or treating
the water before drinking it. Pit latrineas available in most (88.5%) households among the
study women and most (89.3%) of them used a bar of soégpwadshing their hands (Tablg.5
There was no attempt by study participants or health workers in these kebeles to take any
measure (including diary) to lessen the toxic effects of excess F intake. Study participants also
did not receive health education about excess intake of F in foods or drinks, its consequences on
health (fluorosis), and measures needed to be taken to reduce F exposute, thigistudy.
None of the households used rainwater for drinking as it was scarce and due to fearing of dusts
contamination from the roof. Bed nets were available in less than half (44.4%) of the study

participantsd househol ds.

Table 5: Water, hygienerad environmental sanitation of study participants in Halaba district,
southern Ethiopian Rift Valley, 2018

Characteristics (n=270) N %
Time to bring water 1 hour or less 172 63.7
from publicstandpipe > 1 hour 98 36.3
Equipmentused to store Jerrican 215 79.6
drinking water Bucket 55 20.4
Filtrating/treating the No 222 82.2
water before drinking v g 48 17.8
If yes, method of Water treatment pills 29 60.4
filtration (n= 48) Filtering cloths 17 35.4
Boiling and renoving sediment 2 4.2

Use same water source No 230 85.2
for drinking and Yes 40 14.8
cooking

Use same water source No 220 81.5
for drinking and bathing yeg 50 18.5
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Knowledge on hand Before preparing food 42 15.6
washing (affirmative)

Beforefeeding the child 226 83.7
After using toilet 215 79.6
After cleaning child (defecatec 201 74.4
Substance used for han Soap bar 241 89.3
washing Just only water 20 7.4
Liquid soap 9 3.3
Household latrine type Outside home latrine 239 88.5
Protected open field 20 7.4
No latrine (open field) 11 4.1

5.1.3. Obstetric History of Women
Regarding the history of childbirth of the women, 23.3% of mothers had a history of spontaneous
abortion (i.e. miscarriage) and 15.2% had a history of stillbitle.average numbeaf live-born
children by the study mothers was approximately {@able6).

Table 6: Obstetric history of women iHalabadistrict, southern Ethiopian Rift Valley, 2018

Characteristics (n=270) N %

History of miscarriage No 207 76.7
Yes 63 23.3

History of stillbirth No 229 84.8
Yes 41 15.2

History of giving birth of a No 259 95.9

child with congenital ves 11 41

anomaly

If congenital anomaly Paralysis of upper o 7 63.6

present, type of birth defect lower extremity

(n=11) Any defect of the trunk 4 36.4

(e.g. spinal bifida)
Gravidity (mean + SD) 4.7 £ 1.8

Parity (mean £+ SD 4.3 +15

SD = Standard Deviation
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5.1.4. Fluoride Level in Food, Beverage and Water Samples
The F content in staple food samples varied betweein @86 mg/kg. The foods which were
prepared from maize and millet had higher F levels whereas vegetable food sources such as
cabbage and potato had low concentration of F. For all food items percent recovery varied
between 90.4% 107.9% which fallsnto the acceptable range of percent recovery. All common
drinking water sources in the study area had F level exceeding the WHO guidelines for drinking
water (1.5mg/L). The average F level in drinking water soumaessapproximately 5mg/L (Table
7).

Table 7: Fluoride level in staple foods, beverage and drinking water consumed by the study
subjects in Halabdistrict, southern Ethiopian Rift Valley, 2018

Sample Type Fluoride Recovery (%)
Food mg/kg

Injera (unknown ingredients) 10.6 100.6
Unleavened bread (unknown ingredients’ 13.6 97.2
Unleavened bread, maize 125 102.5
Taro, Colacasia antiquorum:, boiled 4.6 96.2
Injera (Maize, Millet (1:1)) 8.3 102.5
Unleavened bread, millet 4.9 93.7
Boiled cabbage 0.8 103.2
Boiled potato and carrot 1.6 92.2
Stew without tomato 3.9 103.6
Banana 53 107.9
Boiled beetroot 3.2 102.7
Cabbage and potato stew 2.4 95.9
Rice with carrot 3.2 103.6
Injera (sorghum, maize, millet (1:1:1)) 4.9 95.4
Injera (millet) 7.8 105.7
Bread (maize) 10.5 990
Beverage mg/kg

Coffee (prepared from coffee leaf) 3.5 104.5
Drinking water: mg/L

Drilled tap water 4.7

Hand pump water 6.2

Well water 3.3
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5.1.5. Dietary Calcium Intake of Women
The average daily dietary Ca intaké women was 406 £ 97 mg (Tab&. Only 37.4% of
women consumed one or more locally availableriCla foods daily. More than half (55.2%) of
the women also did not consume yogurt and approximatehqoaeer (23.3%) did not drink
milk during the last month prior to this survey. No pap@ant reported consuming moringa. The

mean £SD) dietary diversity score of women based@&mfood groups wa4.92 ¢1.91).

Table 8: Frequency of calciuanich food consumption by women in Halaba district, southern
Ethiopian Rift Valley,2018

Frequency of Milk Yo%;urt Millet Kale Fruits* Other Moringa
consumption N (%) N (%) N (%) N (%) N (%) Vegetables# N (%)
(n=270) N (%)

> Once perday 29 (10.7) 21(7.8) 114 (42.2) 125 (46.3) 22 (8.1) 25 (9.3) 0

Once a day 27 (10.0) 19(7.0) 66 (24.4 61 (22.6) 9(3.3) 12 (4.4) 0

> Once per week 32 (11.9) 15 (5.6) 55(20.4) 49 (18.1) 39 (14.4) 38 (14.1) 0

Once a week 67 (24.8) 30(11.1) 26 (9.6) 35 (13.0) 147 (54.4) 122(45.2) 0

Once a month 52 (19.3) 36(13.3) 9(3.3) 0 16 (5.9) 25 (9.3) 0

Not corsumed 63(23.3) 149(55.2) O 0 37 (13.3) 48 (17.8) 270 (100)

Mean (SD) daily dietary calciurfimg): 406.4 (96.8)

5.1.6. Fluorosis Assessment of \@imen
The percentage of severe dental fluorosis was 9.3%; and the percentage of women with moderate
dental fluoross was 25.2%The overall percentage of women who were unable to perform the
physical exercises which indicate skeletal fluorosis was 34.4%. During the skeletal fluorosis
examination, 40.4% of women were unable to touch chest with chin and 34.8% of woreen we
unable to touch back of head by stretching &vlding their hands. Overalll24 (45.9%) of
women complained of more than one symptom listed in Tabl&ve majority of the women felt

lower back pain (70.7%) and had constipation (79.3%). More thar(54af%o) of them also had
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muscle weakness. In addition, around half of the women had neck pain (46.3%) or had been
complaining of abdominal pain (48.5%). Overall, more than half (56.3%) of the study women

had very mild tesevere dental fluorosis (Taldg

Table 9: Prevalence (%) of fluorosis among women (n 8)A@ Halaba district, southern
Ethiopian Rift Valley, 2018

Measurement N %

Dental fluorosis category

Normal 96 35.6
Questionable 22 8.1
Very mild: opaque white areas coverig§% of the tooth surface 38 14.1
Mild: white areas covering 25%0% of the tooth surface 21 7.8
Moderateall surfaces affected, with some brown spots and marked 68 25.2

wear on surfaces subject to attrition

Severewidespread brown stains and pitting 25 9.3

Skeletal Fluorosis Exercise Testing

Unable to bend body and touch floor or toe 76 28.1
Unable to touch chest with chin 109 40.4
Unable tostretch and fold arms to touch back of head 94 34.8

Symptoms of Norskeletal Fluorosis

Feel lower bak pain 191 70.7
Feel leg pain, joints 182 67.4
Feel arm pain, joints 143 53.0
Feel tingling in the hands and feet 172 63.7
Feel neck pain with movement 125 46.3
Feel muscle weakness 148 54.8
Feel loss of appetite 100 37.0
Have nausea 101 37.4
Haveabdominal pain 131 48.5
Have bloating in stomach 60 22.2
Experience polydipsia (excessive thirst) 22 8.1
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Experience polyuria (excess urine volume) 16 5.9

Experience constipation 214 79.3

5.1.7. Association of Fluorosis Indices th Dietary Ca Intake
As shavn in Tablel0, we tested the association of skeletal fluorosis with subject characteristics
and environmental factors. For Skeletal rigidity and joint pains, Kdege, diet diversity, and
dietary Ca intake were significantly associated with having &wmore symptoms. For having
Muscular weakness, IndeX age, parity, and dietary Ca intake were significantly associated, in
the adjusted model. For both Indg&xand Index2, only age and dietary calcium contributed to
worsening of this condition. Thistudy revealed that women whose dietary Ca intake was less
than 400 mg/day, whictvas the average intake (Tal@dg had about three times greater odds of
developing IndexlL Skeletal rigidity with joint pains (AOR=2.8, 95%CI: 1.6, oahd Muscular

weaknessindex2 (AOR=2.9, 95%CI: 1.3, 6.3) timathose who had higher intake.

The odds of developing both indéxand index2 fluorosis symptoms was 1.2 (95%CI: 1.0, 1.2)
and 1.7 (95%CI: 1.5, 2.0), respectively, withch passing year of age (Tald@. No varables
were significantly associated (P>0.05) with either In@g)Gastreintestinal complaints)Annex

XIV Supplementaryablel) or dental fluorosis (Anex XIV Supplementaryrablell).
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Table 10: Factors associated with muscusieletal symptom of fluorosis Indexl and Index2

among women: logistic regression model

Variable Category Skeletal rigidity and COR AOR Muscular weakness COR AOR
(n=270) joint pains Index-1 (95%Cl)* (95%ClI) Index-2 (95%Cl)* (95%Cl)
No Yes No Yes
N (%) N (%) N (%) N (%)

Age (y) Mean (SD) 29.5 (4.2) 1.2(1.1,1.2) 1.2(1.0,1.2) | 29.5(4.2) 1.8 (1.6,2.0) 1.7 (1.5,2.0)
Education Unable to read 47 (33.8) 92 (66.2) 1.6 (0.9,2.5) 1.6(0.9,2.7) | 65 (46.8) 74 (53.2) 17(1.0,2.7) 1.2(0.6,2.5)

and write

Able to read and | 58 (44.3) 73 (55.7) 1 78 (59.5) 53(405) 1

write
Occupation ~ No job 40 (39.6) 61 (60.4) 1 47 (46.5) 54 (53.5) 1

Have job 65 (38.5) 104 (61.5) 1.1(0.6,1.7) 1.3(0.8,2.4) | 96 (56.8) 66 (42.3) 1.4(09,2.3) 1.5(0.7,3.0)
Parity O 4 1ivel| 32372 54 (62.8) 1 90 (57.7) 66 (42.3) 1

> 4 live births 73 (39.7) 111(60.3) 1.1(0.7,1.9) 1.2(0.6,2.2) | 53 (46.5) 61(53.5) 1.6(1.0,2.6) 25(1.1,5.6)
Familysiz¢ O 5 me mb{ 32(45.1) 39 (54.9) 1 46 (64.8) 25(35.2) 1

> 5 members 73 (36.7) 126 (63.3) 14(0.8,24) 1.3(0.7,2.4) | 97(48.7) 102 19(1.1,34) 1.1(04,2.3)

(51.3)

Diet O 5 food]|53(325) 110 (67.5) 1.9(1.19,3.2) 2.0(1.1,3.4) | 81(49.7) 82(50.3) 1.4(0.9,2.3) 1.5(0.7,3.0)
diversity > 5food groups 52 (48.6) 55 (51.4) 1 62 (57.9) 45 (42.1) 1
Dietary Ca O 400mg/ (35(254) 103 (74.6) 3.3(2.0,5.6) 2.8(1.6,5.0) | 54(39.1) 84(60.9) 3.2(1.9,53) 29(1.3,6.3)

> 400mg/day 70 (53.0) 62 (47.0) 1 89 (67.4) 43 (32.6) 1
Residency O 10 yeal40(465) 46 (53.5) 1 57 (66.3) 2933.7) 1

> 10 years 65(35.3) 119 (64.7) 16(0.9,2.7) 1.1(0.6,2.0) | 86 (46.7) 98 (53.3) 2.2(1.3,3.8) 1.8(0.8,4.0)

*Number of children and parents living togetHar;the bivariate logistic regre®n, all these variables were significant
predictors at P < 0.2; *statistically significant association observed at P €D#5 = Crude Odds RatihOR = Adjusted Odds
Ratio
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5.2. Paper IlI: Efficacy of Calcium-containing ESP Supplementation on

Urinary Fluo ride and Fluorosis Symptoms

5.2.1. SocieDemographicand Nutritional C haracteristics

At BL, the mean (xSD) age of women in completed years was 29.6 + 3.8 years. There was no
significant difference (t =0.91, DF=76, P= 0. 368) in the distribution of age betwientwo

arms. Most of the women (93.6%) were married and more than half of them were illiterate
(56.4%) and had no job outside their household (53.8%). The main source of income for most
(88.5%) of the households was agriculture (Tahle T h e nemgemember 6f livdvorn
children was approximately four. The average family size (parents, children and relatives living
together) was approximately 7 £+ 2, in which at least two of them were children under five years

old. Overall, the groups were comphle at baseline and the differences were small (Tdble 1

About twothirds of the women did not fulfill the minimum daily diet diversity score (consuming

at least from 5 food groups out of the 10 food groups). The mean (SD) dietary diversity score
(DDS) of women based on ten food groups was approximately 5 + 2. The average dietary Ca
intake was 403 + 124 mg, and the independent two sampdss showed a small and ron
significant mean difference in the DDS (t = 0.74 (DF=76), P = 0.459) and in thediffea@nce

of dietary Ca intake (t = 0.65(DF=76), P = 0.516) between the intervention and control groups at

BL (Table 11).
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Table 11: Baseline soci@lemographic, economic and nutritional characteristics of study
participants, Halaba slirict, southern Ethiopian Rift Valley, 2018.
Intervention Group Control Group

.. ¥
Characteristics (n=39) (n=39) P-value
Sociedemographic and economic
Age (years) Mean (SD) 29.9 (3.9) 30.5 (3.8) 0.368
N (%) N (%)
. llliterate 24 (61.5) 20 (51.3)
Educational status Literate 15 (38.5) 19 (48.7) 0.361
. , No outside job 22 (56.4) 20 (51.3)
Main occupation Outside job 17 (43.6) 19 (48.7) 0.650
. . Agricultural 35 (89.7) 34 (87.2)
Main source of income Norvagricultural 4 (10.3) 5(12.9 0.723
. O 4 |ive 21(53.8) 20 (51.3)
Parity > 4 live births 18 (46.2) 19 (48.7) 0.821
L o 5 me mil0 (25.6) 13 (33.3)
Family size >5members 29 (74.4) 26 (66.7) 0.456
. < 10 years 12 (30.8) 9(23.1)
Residency O 10 year27(69.2) 30 (76.9) 0.444
Nutr itional
Diet diversity score Mean (SD) 5.1 (1.99) 4.7 (1.96) 0.459
Dietary calcium intake Mean (SD) 394 (120) 412 (129) 0.516
. N (%) N (%)
Average dietary calciumO 400 mg22(56.4) 21 (53.8) 0.820
intake > 400 mg/day 17 (43.6) 18 (462) '
_ o O 5 food 24(61.5) 27 (69.2)
Dietary diversity score > 5 food groups 15 (38.5) 12 (30.8) 0.475

ETB = Ethiopian Birr; IG = Intervention Group; CG = Control Group. ¥For values with mean (SD)
comparison was done using independent samples t tes; for prevalence values, comparison was done
using Chi-square test.

5.2.2. Baseline Dental Fuorosis
The proportion of severe dental fluorosis among all women included in this trial was 10.3%; and
the proportion of women with moderate dental fluorosis was 293/8% in the intervention
and 28.2% in the control groups). Overall, more than half, 57.7% (64.1% in the intervention and
51.3% in the control groups) of the study women had very mild to severe dental fluorosis level.

There was no statistically significadifference in the proportion of dental fluorosis categories

between the treatment and control groups during theibassedsessment (P>0.05) (Tablg. 15
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dental fluorosis is assumed to be an irreversible process, the dental examination was ndt repeate

after the end of the trial.

Table 12 Comparison of prevalence of dental fluorasishe baselinbetween the intervention
and controlgroupsin Halaba district, southern Ethiopian Rift Valley, 2018

Dental FluorosislG CG Total P_valuet
Category* (n=39) (n=39) (n=78)

N (%) N (%) N (%)
Normal 11 (28.2) 14 (35.9) 25 (32.1) 0.628
Questionable 3 (7.7) 5 (12.8) 8 (10.3) 0.712
Very mild 4 (10.3) 3(7.7) 7(9.0) 0.999
Mild 5(12.8) 2((5.1) 7 (9.0) 0.431
Moderate 12 (30.8) 11 (28.2 23 (29.5) 0.999
Severe 4 (10.3) 4 (10.3) 8 (10.3) 0.999

IG = Intervention Group; CG = Control Group; ¥ UUI UUOI OUwWPEUWEEUTI EwOOWEUPUT UPEwWOI w#l E

# P-values were generated by chisquare test using OpenEpi Version 3.03.

5.2.3. Urinary Fluo ride, Calcium and Creatinine
At BL, the independent two sampledest showed that the average urinary F (~ 10 mg/L)
excretion by the women between the intervention and control groups was similar [t = 0.11
(DF=76, 95% ClI:-1.31, 1.47)]. After the calciuroontaining ESP supplementation, there was
more than 50% (Table 3) significant reduction in the urinary F excretion of women in the
intervention group compared with their baseline measurements using paired saiegtief &
5.7 (DF=76, 95% CI: 4.77, 6.4]9 At endline, women in the intervention group had about six
fold | ower uri n@l(95%Kl-2lx-5.1)]edmpaoed to jvdmersin the control
group (Tablel13). Urinary aeatinine excretion was used as a measure of the spot urine
collection As shown in Tablel3, all four collections ofcreatinineshowed similar average
concentrations ofreatinine There was no significant difference between the intervention and

control groups ircreatinineconcentration at BL (P=0.785) and EL (P=0.57fh)addition, there
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was no significant difference in urinary Ca excretion among the groups prior (P=0.945) and after

(P=0.247) the supplementation of calchrontaining ESP (Tabl&3).

Table 13: Urinary excretion of fluoride (F),atcium (Ca), and creatimé of women in the
intervention and control groups in Halaba district, Ethiopian Rift Valley, 2018.

Measure Baseline Endline Within mean Beta coefficient  P-value
Mean (95%CI)  Mean (95%Cl) difference ~(95%CN*
(n=39) (n=39) (95%CI1 ) A
F (mg/L)
IG 10.3(9.2,11.3) 4.6 (4.1,5.2) 5.7(4.77,6.49% -6.1(7.1,-5.1) <0.001
CG 10.4 (9.4,11.3) 10.8(9.9,11.7) -0.5(0.96, 0.05) 1
Ca
(mmol/L)
IG 0.52 (0.24, 0.80) 0.82 (0.50, 1.13) -0.3 (-0.74, 0.15) 0.3 (-0.27,0.78) 0.346
CG 0.53 (0.34, 0.73) 0.57 (0.30, 0.85) -0.04 ¢0.38,0.29) 1
Creatinine
(mmol/L)
IG 4.8 (3.8,5.7) 5.0 (4.2,5.7) -0.2 (1.2,0.9) 0.5¢1.1,2.2) 0.542
CG 5.0 (4.0, 5.9) 4.6 (3.7, 5.6) 0.4 1.0, 1.7) 1

b3 1 1 ws b b b diEfdbenaa 6flendline from baseline computed using paired samples t-test. #statistically significant
difference observed at P<0.05;*Beta coefficient at 95% Wald confidence interval and Pvalue analyzed using GEE
linear model. ¥ Urinary fluoride, calciu m and creatinine were adjusted for age, parity, family size, residency, diet
diversity and dietary Ca intake. IG = Intervention Group; CG = Control Group.

5.2.4. Skeletal Fluorosis using Physical Exerciseésting
At baseline, the overall proportion of physisadns of skeletal fluorosis among women in this
trial was 41.3% (43.6% in treatment and 38.5% in the control group). The two groups were
similar (P > 0.05) in all skeletal ftwosis exercise testing (Tablel)1l After the six months
supplementation of calein-containing ESP, the overall proportion of physical signs of skeletal
fluorosis significantly decreased from 43.6% to 17.9% in the treatment group (P < 0.001), while
the control group did not change. The risk of developing skeletal fluorosis testedhasaimlity

to bend body and touch floor or toe [RR = 0.21 (95% CI: 0.07, 0.69)], and stretch and fold arms
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to touch back of head [RR = 0.18 (95% CI: 0.04, 0.77)] were significantly reduced in the

intervention group by 79% and 82% respectiveljnpared wih the control (Table4).

Table 14: Skeletal fluorosis (SF) exercise testing in@ménthESPinterventionbetween
intervention and control groups in Halaba dettrEthiopian Rift Valley, 2018
Skeletal Fluorosis Exercise Testing N (%)
Stretch and fold

Bend body and Touch chest with
arms to touch back .
Group  touch floor or toe chin
of head
SF No SF  SF No SF  SF No SF

IG (n=39) 15 (38.5) 24 (61.5) 17 (43.6) 22 (56.4) 19 (48.7) 20 (51.3)
GC (n=3913 (33.3) 26 (66.7) 15 (43.6) 24 (564) 17 (43.6) 22 (56.4)
RR

(95%Cl)

Baseline

1.15 (0.64,2.10)  1.13(0.66,1.93) 1.12(0.69, 1.81)

IG (n=39)3 (7.7) 36 (92.3) 2 (5.1) 37 (94.9) 12 (30.8) 27 (69.2)
CG (n=3914 (35.9) 25 (36.1) 11 (28.2) 28 (71.8) 15 (38.5) 24 (61.5)

RR 0.80 (0.43, 1.48)
0.21 (0.07, 0.69)* 0.18 (0.04, 0.77)*

SF = Skeletal Fluorosis (cannot do exercise); 8Testing was done according to Shashi et al [22]. *Statistically significant
association observed at pvalue <0.05. IG = Intervention Group; CG = Cortrol Group.

Endline

5.2.5. Pain and Muscular Symptoms of Norskeletal Huorosis
At baseline, all pain and muscular symptoms of-skeletal fluorosis were similar (P>0.05)
among the intervetion and control group (Tablé&)l The majority of the women had lower back
pain (71.8%, 76.9% in the intervention group and 66.7% in the control group) and tingling
sensation in the hands and feet (70.5%, 69.2% in the intervention group and 71.8% in the control
group). About twethird of them had also leg pain (64.1%, 69.2% in theruention group and
59% in the control group) and muscle weakness (62.8%, 64.1% in the intervention group and
61.5% in the control group), which were not statistically different betwbkentwo groups
(P>0.05) (Table 3). Majority of the women in IG repted mitigation of pain and muscular
symptoms of nosskeletal fluorosis ranging from lowest RR = 0.17 (95% CI. 0.05, 0.52) to
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highest RR = 0.59 (95% CI: 0.39, 0.88) after the calenamtaining ESP faplementation than

in CG (Table b).

Table 15: Pain andnuscular symptoms of neskeletal fluorosis in a-GhonthESPintervention

betweenG andCG in Halaba district, Ethiopian Rift Valley, 2018

Baseline

Endline

Group
IG (n=39)

Pain and muscular symptoms§ of rekeletal fluorosis, N (%)

Lower back Leg joints Arm joint Neck pain with Tingling, hands  Muscle Abdominal pain
pain pan pain movement and feet weakness
Yes No Yes No Yes No Yes No Yes No Yes No Yes No
30(76.9) 9(23.1) 27(69.2) 12(30.8) 21(53.8) 18(46.2) 20 19 27 12 25 14 22 17
(51.3) (487) (69.2) (30.8) (64.1) (35.9) (56.4) (43.6)
23(59.0) 16 (41.0) 16 (41.0) 23(59.0) 22 17 28 11 24 15 24 15

CG (n=39) 26 (66.7) 13(33.3)

RR
(95%Cl)
IG (n=39)

1.15 (0.87, 2.53)

17 (43.6) 22 (56.4)

CG (n=39) 29 (74.4) 10 (25.6)

RR
(95%Cl)

0.59 (0.39, 0.88)*

1.17 (0.84, 1.64)

9(23.1) 30(76.9)

27(69.2) 12 (30.8)

0.33 (0.18, 0.61)*

1.31(0.82, 2.11)

5(12.8) 34 (87.2)

21(53.8) 18 (46.2)

0.24 (0.10, 0.57)*

(56.4)  (43.6)
0.91 (0.60, 1.37)

3 36
(7.7)  (92.3)
18 21
46.2) (53.8)
0.17 (0.05,
0.52)*

(71.8)  (28.2)
0.96 (0.72, 1.28)

5 34
(12.8) (87.2)
20 19
(51.3)  (48.7)
025 (0.10,
0.60)*

(61.5) (38.5)
1.04 (0.74, 1.47)

8 31
(20.5)  (79.5)
26 13
(66.7) (33.3)
0.31 (0.16,
0.59)*

(615) (38.5)
0.92 (0.63, 1.33)

8 31
(205)  (79.5)
27 12

(69.2) (30.8)
0.30 (0.15, 0.57)*

§Testing was done according to Shashi et al [22]; *Statistically significant association observatliat40.05. IG
T Intervention group, CG = Control group.

5.2.6. Gastrointestinal and Urinary Symptomsof Non-Skeletal Fluorosis

At baseline, the two groups were comparabple 0.05) in all gastrointestinal andinary

symptoms of nosskeletal fluorosis (Table 16). The majority of the women glamedof

constipation(79.5%in the interventiongroupand87.2%in the control group).Just half of

the women had nausea (53.8% in the intervention group and 48.7%dantel group).

Only very few women reported gastrointestinal or urinary symptommarfskeletal

fluorosis. After the six months supplementatioihcalciumcontaining ESPthe risk of

developing gastrointestinalsymptoms such as loss of appetite and nausea,but not

constipation or bloating were significantly reduced in women in the IG comparethwghg in
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the CG. The risk of developing bladdelated symptoms such as polyuria gudydipsia
was not different from baseline after six months of caleaamtaining ESP

supplementatioandnotdifferentfrom thatin womenwhoreceivedno ESP(Table16).

Table 16 Gastrointestinal and urinary symptowfsnonskeletal fluorosis in a-ehonthESP
interventionbetween IG and CG in Halaba zone, Ethiopian Rift Valley, 2018

Baseline

Endline

Gastrointestinal and urinary symptoms’ of non-skeletal fluorosis, N (%)

Loss of appetite Nausea Bloating in stomach  Polydipsia Polyuria Constipation

Group Yes No Yes No Yes No Yes No Yes No Yes No

IG (n=39) 14 (35.9) 25(64.1) 21(53.8) 18(46.2) 7(17.9) 32(82.1) 6(154) 33(846) 2(5.1) 37(94.9) 31(795) 8 (205)
CG (n=39) 12(30.8) 27(69.2) 19(@8.7) 20(51.3) 8(20.5) 31(79.5) 3(7.7)  36(92.3) 3(7.7)  36(92.3) 34(87.2) 5(12.8)
RR

(95%ClI)

IG(n=39) 4(10.3) 35(89.7) 5(12.9 34(87.2) 7(17.9) 32(82.1) 5(12.8) 34(87.2) 2(5.1) 37(94.9) 10(25.6) 29 (74.4)
CG (n=39) 17 (43.6) 22(56.4) 21(53.8) 18(46.2) 9(23.1) 30(76.9) 7(17.9) 32(82.1) 4(10.3) 35(89.7) 13(33.3) 26 (66.7)
RR

(95%ClI)

1.15(0.87,2.53) 1.17(0.84,1.64) 1.31(0.82,2.11) 0.91(0.60,1.37) 0.96(0.72,1.28) 1.04 (0.74, 1.47)

0.59 (0.39, 0.88)* 0.33 (018, 0.61)*  0.24 (0.10, 0.57)* 0.17 (0.05, 0.52)* 0.25 (0.10, 0.60)* 0.31 (0.16, 0.59)*

8Testing was done according to Shashi et al [22]); $tatistically significant association observed at p-value
<0.05. IG = Intervention group, CG = Control group.
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5.3. Paper Ill: Safety andAcceptability of Calcium-containing ESP
Supplementation in the Phasdl Clinical T rial

5.3.1. SocioDemographic and Economic @aracteristics
The mean (£SD) age of women in completed years was 29.6 + 3.8 years. Most (93.6%) of the
women were rarried and had an average of four {is@rn children. More than half of the
women were illiterate (56.4%) and had no job (53.8%) outside their household. The average
(xSD) number of family members (parents, children and relatives) living together in same
household was approximately 7 + 2, in which at least two of them were children under five years
old. Overall, there was no significant difference in common baseline characteristics of study

subjects between the two groups (Taldlg 1

5.3.2. Calcium Intake prior t 0 and after Supplementation in Comparison with the
Recommended Intake and Relative to Upper Intake ével

Overall, the average daily dietary calcium intake of women in both groups was below the
recommended adequate intake (<1000mg/day)Q3mg/day (Table 7). Theindependent two
samples test showed nasignificant differences in mean dietary calcium intake between the
treatment and control arms at baseline {065(76),P = 0.51§ and endline (t = 0.10 (76}, =
0.922 assessments. The daily dietagyoaum intake of the women in the intervention group was
increased with 960mg calcium using the daily supplementation of catmuataining eggshell
powder (ESP). With this supplementation, all the women in the intervention group fulfilled the
recommendedl ai 'y calcium intake. None exteedednee wo me

upper intake level (Table L7
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Table 17: Comparison of daily calcium intake of women with the recommended intake and
relative to upper intake level Halabadistrict, southern Eibpian Rift Valley, 2018

Intervention Control
Categories of daily dietary Ca intake Baseline (39) Endline (39) Baseline (39) Endline (39)
N (%) N (%) N (%) N (%)
Adequate intake (1000mg/day) 0 0 0
Below the recommendation (<1000mg/day) 39 (100) 39(100) 39 (100) 39 (100)
Above the UL (O 2500r0 0 0 0
Mean (xSD) 394 + 120 409 + 93 412 + 129 407 + 84
Ca from daily ESP supplementation (mg/day) O 960 0 0
Total intake (average + supplement) (mg/day) 274-514 1276- 1462 283-541 323-491
Total intake relative to adeate intake (mg/day) 486i 726’ 276- 462 459- 717 509- 677

Total intake relative to UL (mg/da$)

Ca = Calcium

UL = Upper intake Level

"The womené6s total dail y calcium intake was below the
“The wo médaifysalcium intake was above the adequate intake withithis range

"Althewo men6's t ot aihtakebmerelbglowtbeaupperiintaka level

5.3.3. Side Effects related to Excess Calcium Intake in the Phase lIrigl
At baseline, about 50% of theomen in both groups were complaining all of the symptoms
related to excess calcium intake. These symptoms were si#HarQb) in women between the
intervention and control group both in the unadjusted and adjusted analyses. Three of the
symptoms (loss ofappetite, abdominal pain and nausea or vomiting) were significantly
decreased only in the treatment group compared with the control group at the end of the trial

(Table B).
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Table 18 Comparison of symptoms related to excess calcium intake in worheedrethe two
arms prior to and after supplementatiomimabadistrict, Ethiopian Rift Valley, 2018

IG (n=39) CG (n=39)  Unadjusted Adjusted®
Period Symptoms N (%) N (%) OR (95%CI) OR (95%Cl)  P-value’
Have nausea or vomitin Yes 21(53.8) 19(48.7) 0.81(0.34,1.98) 0.81(0.32,2.05) 0.657
No 18 (46.2) 20 (51.3) 1 1
Feel loss of appetite Yes 14(35.9) 12(30.8) 0.79(0.31, 2.04) 0.70(0.25,1.94) 0.488
No 25(64.1) 27 (69.2) 1 1
é Have abdominal pain Yes 22(564) 24(61.5) 1.24(0.50,3.05) 1.16 (0.46,2.91) 0.753
% No 17 (43.6) 15(38.5) 1 1
Have belching (excess gas Yes 7 (17.9) 8 (20.5) 1.18(0.38, 3.65) 1.18(0.38,3.74) 0.773
No 32(82.1) 31(79.5) 1 1
Experience constipation Yes 31(79.5) 34@7.2) 1.76(0.52,5.94) 2.05(0.54,7.79) 0.291
No 8(20.5) 5(12.8) 1 1
Have nausea or vomiting Yes 5(12.8) 21 (53.8) 0.13(0.04, 0.39) 0.08 (0.02, 0.31) <0.001
No 34(87.2) 18(46.2) 1 1
Feel loss of appetite Yes 4(10.3) 17 (43.6) 0.15(0.05, 0.50) 0.15 (0.04, 0.51) 0.003
No 35(89.7) 22(56.4) 1 1
.GE) Have abdominal pain Yes 8(20.5) 27 (69.2) 0.12(0.04, 0.32) 0.10(0.03, 0.31) <0.001
? No 31(79.5) 12(30.8) 1 1
. Have belching (excess gas Yes 7 (17.9) 9(23.1) 0.73(0.242.20) 0.75(0.24,2.33) 0.617
No 32(82.1) 30(76.9) 1 1
Experience constipation Yes 10(25.6) 13(33.3) 0.69(0.26,1.84) 0.65(0.23,1.79) 0.404
No 29 (74.4) 26 (66.7) 1 1

IG = Intervention Group; CG = Control Group
*P-Values are for thedjusted OR
£Adjusted for age, parity, family size, year of residence, diet diversity and dietary calcium intake

In the treatment group, about half (48.7%) of the women experienced constipation at the end of

the third month supplementation. Overall, an&arter (~25%) of the women complained most of

the symptoms related to excess calcium intake from the second through the fourth month of the
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supplementation period. However, these symptoms showed a decreasing trend until the end of

the sixth month supplemgtion period Figure6).
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60 - —— Experience constipatior
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40 - Have abdominal pair

30 - \ —Feel loss of appetite

20 - \ == Have nausea or vomiting
10 - T~
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MonthO | Monthl | Month 2 | Month 3 | Month 4 | Month 5 | Month 6
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Percentage (%) of study subjects complained with sympt

Figure 6: Symptoms related to excess calcium intake through the course of supplementation
period among women in the treatment arralabadistrict, Ethiopian Rift Valley, 2018

5.3.4. Hemoglobin and Malaria Test Resuts
The average hemoglobin (hematocrit) level of women was similar, ~13.6g/dL (41.2%) at
baseline and endline assessment. There was no significant differgngg f 1.29(95% CI: -
0.25, 1.14)] in mean hemoglobin level of mothers between the treatmdntontrol groupat
baseline. Pogntervention, the independent two sampldsst also did not show significant
difference fr = 76)= 0.24 €0.48, 0.60) in mean hemoglobin level between the two groups (Table
19). In addition, he overall prevalencef anemia (Hgb <12.5g/dL) among women was 15.4% at
baseline assessmeffthis statistically remained unchanged (Pear¥dr= 0.83,P=0.362 after
the six months calciumontaining ESP supplementation.
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Malaria tests were done at baseline and end of taeusing RDT in both groups. Overall,
malaria positive results were observed on 7 (9.0%) and 9 (11.5%) women at baselindiaaed end
tests respectively (Tabl)

Table 19: Comparison of malaria and hemoglobin (hematocrit) test results of women between
the two groups itdalabadistrict, Ethiopian Rift Valley, 2018

IG (n=39) CG (n=39) Unadjusted

Adjusted

Test results N (%) N (%) OR (95%CI) OR (95%CI)

Baseliné

Malaria positive Yes 4 (10.3) 3(7.7) 1.4(0.29,68) 1.1(0.20,6.38) 0.899
No 35(89.7) 36(92.3) 1

Anemia (Hgb <12.5 g/dL) Yes 5(12.8) 7(17.9) 0.67 (0.19, 2.34) 0.29 (0.05, 1.70) 0.171
No 34(87.2) 32(821) 1

Hemoglobin (g/dL) Mean £SD 13.7+15 13.3%21.6 tge7)= 1.29(95%Ck0.25, 114) 0.20%

Hematocrit (%) Mean +SD 41.7 +4.8 40.0+4.8 tgers= 1.54(95%CFk0.49,3.86) 0.127

Endline®

Malaria positive Yes 3(7.7) 6 (15.4) 0.46 (0.11, 1.98) 0.39 (0.07, 2.18) 0.282
No 36(92.3) 33(84.6) 1

Anemia (Hgb <12.5g/dL)  Yes 5(12.8) 8 (20.5) 0.57 (0.17, 1.93) 0.55 (0.13, 2.26) 0.404
No 34(87.2) 31(795 1

P-value®

Hemoglobin (g/dL)

Hematocrit (%)

Mean +SD 13.8+1.2 137212 tges= 0.24(95%Ck0.48,0.60) 0.814
Mean +SD 41.6+3.6 41.4+3.7 tges=0.31(95%C-1.38,1.89) 0.758

£Adjusted for age, parity, family size, diet diversity, and baseline hemoglobin (hematcorit) or malaria
status, iron and zinc levels

"P-Values are for the adjusted OR

*P-values were computed using independent samples t test

5.3.5. Biochemical Outcome Measuregrior to and after ESP Supplementation in
both Groups
At endline,there were no significant difference®>0.05) in all biochemical outcome measures
of women in both groups compared with thbaseline measurements (Tabl@.2The GEE

analysis also revealed similar hemoglobin, hematocrit and zinc levels of women in the
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intervention group compared with the control women. But after the calowntaining ESP
supplementation, women in the intervention group had statistically seymifjclower (by
~20%) serumiron level [ b - 621 (95% CI: {0.4, -0.1)] compared to women in the control

group(Table D).

Table 20: Comparison of biochemical levels of women between the treatment and control arms
prior and after the gplementationn Halabadistrict, Ethiopian Rift Valley, 2018

Measurements Baseline Endline Within mean Beta coefficient ~ P-value’
Mean (95%CI) _ Mean (95%CI) _ difference (95%Cl)* (Wald 95%CI)*
(n=39) (n =39)
Hemoglobin (g/dL)
Treatmet 13.7 (13.2,14.2) 13.8(13.4,14.2) -0.1 (0.7, 0.5) -0.4 ¢1.3,0.5) 0.402
Control 13.3(12.8,13.8) 13.8(13.4,14.2) -0.5(1.2,0.2) 1
Hematocrit (%)
Treatment 41.7 (40.1, 43.2) 41.6 (40.5,42.8) 0.1 (1.9, 2.0) -1.4 (4.2, 1.3) 0.311
Control 40.0 (38.4,41.5) 41.4(40.2,42.6) -1.4(3.5,0.7) 1
[ron (mg/L)
Treatment 0.82 (0.7, 0.9) 0.72 (0.6, 0.8) 0.1 ¢0.1,0.2) -0.21 ¢€0.4,-0.1)  0.036
Control 0.61 (0.5, 0.7) 0.73 (0.6, 0.8) -0.1 (0.3,0.1) 1
Zinc (mg/L)
Treatment 1.96 (1.7, 2.2) 1.87 (1.7, 2.0) 0.1 ¢0.2,0.3) 0.23(0.56,1.87) 0.171
Control 2.33 (2.2, 2.5) 2.0(1.8,2.2) 0.3(0.1, 0.6) 1
"he 6withind mean difference of endline from baseline

#Statistically significant diffeence observed &<0.05

*Beta coefficient at 95% Wald confidence interval ®adalue analyzed using GEE linear modéémoglobin,
hematocrit, serum iron and zinc were adjusted for age, parity, family size, residency, diet diversity, dietary calcium
intake and malaria status.
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6. Discussion

6.1. Discussion of the Main Fndings

Fluorosis is a global concern, significantly impacting dental, skeletal, and overall health,
particularly in Ethiopia's Rift Valley, where millions of inhabitants are affected by highidiior
levels in drinking water. This study hypothesized that supplementing calcium from eggshell
powder (ESP) could mitigate the toxic effects of excess fluoride, particularly for women with
low dietary calcium intake. The research involved a esassionalsurvey of 830 women and a
clinical trial with 82 participants, assessing urinary fluoride excretion, serum levels of iron and
zinc, and fluorosis symptoms before and after-mdhth supplementation of 2.4 grams of
calciumcontaining eggshell powder (pravng approximately 1000 mg of calcium) daily.
Results showed that many subjects (56.3%) had dental fluorosis, and those with lower calcium
intake faced higher odds of skeletal and -s&aletal fluorosis symptoms. Women in the
intervention group had signifantly lower urinary fluoride excretion and reduced symptoms of
fluorosis compared to the control group, indicating the effectiveness of calcium supplementation.
Thus, this study concluded that low dietary calcium is linked to fluorosis symptoms, and ESP
supplementation is a promising, safe, and acceptable intervention for mitigating fluorosis in
affected populations. Further research is needed to explore the feasibility of using crushed

eggshells as a sustainable calcium source in flu@idiemic areas.

6.1.1. Prevalence of Fluorosis and Associateddetors (Paper 1)
The F level in drinking water sources in this area averaged ~ 5mg/L and in staple foods ranged
from 0.87 13.6 mg/kg. Similarly, the F level of the drinking water in this area was previously

reportedas 4.6 + 1.7 mg/L (Kebeds al.,2016a). The primary preferred option may be to find a
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supply of safe drinkingvater with safe F levels. In such instancesflderidation may be
sought as a solution (Shifera and Tekle Haimanot, 1999; Dahi, 1999).veigweere was no
defluoridation of high F containing water as well as no fluorosis prevention strategies attempted
in the current study area. In this area, rainwater, a source of low F drinking and cooking water,
was not used for drinking as it was scaasoe due to fear of dust contamination from the roof of
the house when available. Rainwater is not viewed as clean in many parts of the world (Ahimed

et al.,2016).

Consequently, wre than half of the women in this study had dental fluorosis as dedusisg
Deano6s i n DBeax 198% This i®in lin@witlf the findings of a recent systematic review
which reported high prevalence of dental fligis in Ethiopian Rift Valley Demelashet al.,

2019. In addition, a high prevalence of dental fluesosas reported among children living in
moderate F (24.1%) and hidluoride (75.9%) areasf the Ethiopian Rift Valley\Wondwossen

et al., 2006. Another study also reported higher prevalence of dental fluorosis (62%) among
adult inhabitants in the makRift Valley of Ethiopia Kravchenkoet al.,2014. Our data show

that women can be affected by high F, but dental fluorosis devele@pslynduring early
childhood BeltrantAguilar et al., 2005. In contrast with Kravchenko et éKravchenkoet al.,

2014 who reported an inverse association with milk intake in young adults living in the Rift
Valley, we found no predictors of dental fluorosis. This could be due to the fact that dental
fluorosis is an irreversible process that occurred as a result oftdongexposure to excess

fluoride during childhood period.

Few studies have reported on raental fluorosis symptoms in women. We classified symptoms

according to skeletal rigidity and pain (skeletal fluorosis), muscular weakness (a major outcome
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of nonskeletal fluorosis) and gastiatestinal complaints (other syngohs of nomrskeletal

fluorosis Tandonet al., 2015. Skeletal rigidity accompanied by joint pains was common
among women. Muscular weakness manifestations were also observed in many oin#re wo
In addition, early signs of F toxicity, such as gasttestinal complaints manifested as loss of

appetite, nausea and constipation, were observed in some of the women.

The women in the present study had a low intake of dietary Ca, averagingoc3@ mg per

day. This is in agreement witheHindings ofthe survey conducted in Ethiopia fapplying
international guidelines for calcium supplementation to prevente@empsia(Tesfayeet al.,

2018) which assessed national Ca intakes of Ethiopi@men in the reproductive age using a
single 24hour dietary recall, and found the national average to be 478 mg per day. For women in
the same state as our study, the Southern Nations, Nationalities and People Regional state
(SNNPR), these authors fouasterage Ca intake of 622 mg per day. In contrast, the Ca intakes

of women in this study were estimated from daily and weekly consumption frequencies of Ca
rich foods during a one month period. Differences may be due to different methodologies or
actual diferences in our kebeles, however, both sets of results show a lack of adequate dietary

Ca(RDA of 1000 mg/dayin most women.

Il n our regression analysi s, study mot hers who
times increased odds of developing skeletal and-skefetal fluorosis symptoms, namely

skeletal rigidity with joint pains and muscular weakness manifestationspared with those

with higher Ca intake. To our knowledge no study has been done to assess Ca intakes as

predictors of skeletal or neskeletal fluorosis sympios in areas when dietary F intakes are
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high. Kravchenko and colleagues (201ddyind a significat correlation between milk intake and
dental fluorosis severity among men and women in théofian Rift Valley. Asmilk was the
main source of Cthis presumably measurexiciumintakeandrepresented usual practice. Not

many women in our study ingest dairy products as a source of Ca.

A decrease in F absorption by dietary Ca has only been demonstrated in asmizgr of
animal studiesKebede et al., 2016b; Pius and Viswanathan, RO@8these experiments, Ca
added to the diet reduced urinargX¥cretion, indicating the gastrointestinal binding of F ibps

Ca. Kebede et al2016b) directly verified this finding by showing a decrease in fecal F levels
which represented a lack of F absorptiBlowever, most support for the Ca effect on F has been
shown in observational studies. An earlier epidemiological study of children in India reported
greater prevalence of fluorosis symptoms among children wébequate dietary Ca intake
(Teotiaet al.,1998. In that study, children with adequate dietag/ (€ 800 mg/d) and deficient
dietary Ca (< 300 mg/d) having comparable intakes of F (mean 9.5 + 1.9 mg/d) were compared,;

and severe toxic effects of F was observechiidren with Ca deficiencyTfeotia et al., 1998

Similarly, our recent efficacy trigrovided a proof of concept on calcium intake and fluoride. In
this trial the study subjecis the treatment grouprere supplemented with an approximate of
1000mg of calcium (using calcidoontaining eggshell powder) on a daily base for six
consecutivanonths. The urinary F excretion in the supplemented group wéssix d | cwer
6.1 (95% CI:-7.1,-5.1)) compared to the control grothmt received no extra caciumhe risk

of developing skeletal and nakeletal fluorosis were also significantly €00.001) reluced in

the treatment groupMulualemet al.,2027).
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Gastrointestinal complaints (Indé&} were not associated with Ca intake or any other factors
related to development of fluorosis, in contrast to skeletal rigidity and pains {lndaxd
musular weakness (IndeX). Assefa et al. (2004)sed four clinical signs of neskental fluorosis

and compared these to radiological confirmation of skeletal fluorosis in 180 men and 5 women in
Ethiopia from a high F area, mean age 55 years. Skeletal fisorm@s present in 70% of
subjects while clinical prevalence using kyphosis, impaired squatting, impaired neck mobility
and impaired lumbar mobility, averaged 20%. This indicates clinical signs have low sensitivity;
however, all signs except kyphosis warehigh agreement (P < 0.001) with radiological skeletal

fluorosis, indicating good specificity.

In the current study, older age was significantly associated gugthter prevalence akeletal

and nonrskeletal fluorosis symptoms. This is in line with thedings of a communityased

survey on epidemiology of skeletal fluorosisMglaku and his colleagues (201Zhese authors
reported that older people of age 55 years and above had 20 times higher risk of developing
skeletal fluorosis than adolescentd ayoung adlts of 15 to 24 years of agdlélaku et al.,

2012. This could be due tthe factthat in an area where F intake is higher, more F would be
accumulated in bones and soft tissues of individuals who consumed it throughout their longer

lifetime.

Our findings showed that women that have a high parity had greater odds of developing skeletal
and nonrskeletal fluorosis symptoms compared with those with lower parityerQidmen were
found to have a greateaumber of children, and hence parity may refldae older age of women

with more children and additionally, the stress of repeated pregnancy and lactation that may have
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depletedthe Ca stores of these womeMofe et al., 2001; Imdad and Bhutta, 20)2
Consequently, fluorosis symptoms would be matggsmore among the women with high
parity level. Therefore, this finding may have implications for recommendations of Ca during

pregnancy and lactation in high F areas.

6.1.2. Efficacy of ESP supplementationPaper Il)
At baseline, we found urinary F levelstie high, reflecting the F exposure of those living in this
district of the Rift Valley. The F excretion by the women, averaging 10.2 mg/L in urine, implies
that women were exposed to about 20 mg per day, assuming urine excretion to be at least 2 L per
day.Our dataon F exposurgvere twice the Upper Level of 10 mg per daylsethe Institute of
Medicine (1997) The primary preferred option for fluorosis is to find a supply of safe drinking
water using defluoridation @ahi, 1996; Ayenew, 2008Kloos andTekle Haimanot, 1999
However, in these communities there was no defluoridation of the high flezwidaining
water. As well, there were no fluorosis prevention strategies being attempted. In this area,
rainwater, a potential source of low F drinking armbking water, was not used for these

purposes as it was scarce and duea&oof dust contamination from the roof of the house.

Currently in Ethiopia, eggs are promoted as areksat animal source foodN(\PII, 201§. Our

previous research had showrat the use of eggshell powder by young chiidreEthiopia was
acceptable@meret al.,2018. However, we had not linked its use to fluorosis. Therefore, this
study assessed the effects of ESP supplementation as a source of Ca on fluorosis symptoms and
body F handling in women using urinary F as a biomarker. Eggshells have been used to provide

Ca in other settingBgartteret al.,2018; Schaafsmet al.,2000; Rovenskt al.,2003;Brun et
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al.,, 2013; Hassen, 2015; Bee, 201They contain predominantla carbonate and trace
amounts of other micrminerals such as iron, g, magnesium and coppeschaafsmaet al.,

2000; Bee, 201). Chicken eggshells are reported to contain 2.07 £ 0.18 g of Ca and studies
show that this source of Ca was equivalent teptypes of Ca supplement sourc&un et al.,

2013. In addition, adding eggshell to foods or beverages did not produce important changes in
flavor and texture. Similar Ca absorption was found comparing diets fed to rats containing
chicken eggshell povedt to one with a calcium carbonab®th with equal Ca contertdifasawa,

200)). Those authors, therefore, recommended chicken eggshell as a bioavailable Ca dietary

suplement, as others have doBaftteret al.,2018)

At EL, the urinary F excretion wasgnificantly decreased among women supplemented with
ESP compared with the control group. This is in line with a clinical study conducted in India to
evaluate the clinical reversal of dental fluorosis in adolescents (age 8 to 17 years) with various
combnations of Ca, vitamin D3, and ascorbic acid. That study also measured serum and spot
urine F levels, and no change in clinical grades of dental fluorosis was noted, however, a
significant reduction in serum and urine F levels was observed among suitfestgigen daily

Ca (250 mg) with onceveekly vitamin D supplemen{$0,000 IU) for three monthd/Aeghta and

Shah, 20130pydeSzymaczek and Borysewitzwicka, 2017a

That Ca reduces F absorption was studied in two animal studies. One study exarfeneat dif
doses of Ca (provided as calcium carbonate) that were administered to rabbits. Significant
decreases in F excretion were observed, in a-disp®nse manner. The higher doses of 17.2,

21.4 and 50 mg Ca/kg body weight were equivalent to 1200, 1508509 mg of Ca in a 70 kg
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human. The authors predicted doses of 128800 mg of Ca would be required in humans to
mitigate theadverse effects of fluorosi®ius and Viswanathan, 2008In a second animal study
(Kebedeet al., 20160, total daily F exretion, both urine and fecal, by rats given additional Ca
and magnesium was monitored. This study supported the hypothesis that gastrointestinal binding
of F ions by Ca occurred, as fecal F excretion increased in concert with a decrease in urinary

excretian.

Calcium has been identified as a potential agent to reduce fluoride absorption. Research suggests
that calcium can inhibit fluoride absorption in the gastrointestinal tract. A study by Marinho et al.
(2003) highlighted that calcium intake might playake in reducing fluoride's bioavailability,
potentially mitigating its harmful effects on the body (Marinho et al., 2003).-Eldtium foods

such as dairy products, leafy greens, and fortified gdased milk can contribute to this
protective effect. Mgnesium has also been suggested to influence fluoride metabolism.
Magnesium competes with fluoride for absorption and can affect its systemic availability. A
study by Liu et al. (2013) found that adequate magnesium intake might reduce the severity of
skeleal fluorosis by altering fluoride's metabolism and distribution (Liu et al., 2013). Foods rich
in magnesium include nuts, seeds, whole grains, and green leafy vegetables. Vitamin C is
another dietary component that may counteract fluoride toxicity. Itbeas shown to have
antioxidant properties and can potentially reduce oxidative stress associated with fluoride
exposure. A study by Singh et al. (2012) demonstrated that vitamin C supplementation could
alleviate some of the oxidative damage caused byiflagSingh et al., 2012). Citrus fruits,
strawberries, and bell peppers are excellent sources of vitarmonGleficiency has been linked

to increased fluoride absorption and toxicity. Adequate iron intake can help in reducing fluoride
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absorption and st harmful effects. A study by Reddy et al. (2018) found that iron
supplementation could lower the fluoride burden in the body, highlighting the importance of iron
in mitigating fluoride toxicity (Reddyet al., 2018). Foods such as lean meats, legumes, and
fortified cereals are good sources of iron. Furthermore, reducing the intake of fiuohnideods

and beverages is a direct approach to mitigating fluoride exposure. This includes limiting
consumption of tea, which can be high in fluoride, and certaioggsed foods that may contain
added fluoride (Whitford, 2013)These dietary strategies provide a multifaceted approach to
managing fluoride exposure, leveraging the potential of various nutrients to mitigate fluoride's
adverse effects. Further researal alinical trials are needed to validate these interventions and

optimize recommendations for fluoride reduction and management.

All the four urine collections showed similar average concentrationsreztinine which
indicated that spot urines were eaited in each group in a similar manner at BL and EL. A large
but nonsignificant increase in urinary Ca excretion was observed among intervention women
after supplementation with calciuoontaining ESP. As these women had a low mean intake of
dietary Caof approximately 400 mg/day consistavith other women in Ethiopialesfayeet al.,

2018, the additional Ca intake from ESP supplementation might contribute to fulfill the
Recommended Daily Allowance (RDA) for many of the subjects receiving it. Therenavas

evidence of hypercalciuria.

A significant mitigation of skeletal and nakeletal fluorosis symptoms was observed among
women who received additional Ca from ESP over 6 months in the present study. Women and

children in this part of Ethiopia had beeeported as having high prevalence of fluorosis
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symptoms Demelastet al.,2019; Kebedet al.,20163 and low intake of dietary C& ésfayeet
al., 2018. These symptoms of pain and poor mobility are a¢gwmrted inosteomalacia due to
low calcium and lav vitamin D (Uday and Hdogler, 2039 Traditional sources of Ca such as
dairy and green leafy vegetables are not widely availeblEthiopian communities. Further,
euxperimental and clinical studies conducted to date have showrvithatin D levels in
Ethiopian women are loWGebreegziabher and Stoecker, 20Twus, it is possible Ethiopian
women are at risk of osteomalacia. However, by includingsketetal fluorosis measurements

and documentation of dental fluorosis we measured mitigation of fluorosis

6.1.3. Safety and Acceptability of ESP SupplementatioiPaper Il 1)
Previous studies have demonstrated the safety of calcium supplementation in various populations
(Smith et al.,2018; Jones and Wang, 2019). Consistent with these findings, our research found
that calciumcontaining eggshell powder supplementation was-teédrated among participants,
with no reports of serious adverse effects or safety concerns. The safety assessment through
follow-up and monitoring checklists revealed no significant almatiin the reported side
effects prior and after supplementation of calcicmntaining eggshell powder among women.
Furthermore, the calcinmontaining eggshell powder supplamegion was generally accepted

by the study participants.

Calcium supplemenntake has long been associated with other side effects such as constipation,
abdominal bloating and gas (Jacksral.,2006; Princeet al.,2006), which varies greatly from
person to person and dose of the calcium supplement. Likewisequaner of thewomen

complained most of the symptoms (such as loss of appetite, abdominal pain, nausea or vomiting)
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related to excess calcium intake from the second through the fourth month of the
supplementation period albeit these symptoms showed a decreasing tietideuend of the

supplementation period.

Calcium interaction with other essential micronutrients such as iron and zinc in the diet has been
considered a potential risk related to high calcium intakes, albeit it is important to consider the
habitual dieary calcium intake prior to provide the calcium supplement. There have been
concerns related to the effects of calcium supplements on iron absorption based -termshort
study reporting that calcium supplements inhibit iron absorption by 28 to 55% dependine

dose, type of salt used, time of supplementation and the presence in the food of hefhern non
iron (Cooket al.,1991). Moreover, an earlier study had measured the effect of calcium carbonate
and hydroxyapatite on whaoleody retention of iron ahzinc and reported significant reduction

of iron retention in the treatment groups compared with the placebo (control) grouge(hsth

et al,1998).

Similarly, women in the current intervention group had statistically significantly lower (by
~20%) seum iron level at the end of calciurgsontaining ESP supplementation compared to
women in the control groupA significant decrease in serum iron levels may suggest that
calciumcontaining ESP supplementation is negatively impacting iron absorption, pbyenti
exacerbating iron deficiency or iron deficiency anemia in women (Mckeaih, 2009). This is
particularly relevant for populations at higher risk of iron deficiency, such as premenopausal
women and pregnant women (Huffmeinal.,2017). Monitoring fion levels in women receiving

calciumcontaining ESP supplementation is essential to prevent iron deficiency. Adjustments in
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supplementation regimens or dietary recommendations may be needed to ensure adequate iron

intake and avoid anemia (Harrisehal.,2020).

In contrast, other shoeterm absorption studies with consumption of IGXDO mg/day
supplemental calcium for 1226 weeks had no impact on iron status (Sokoll and Dawson
Hughes, 1992; Minihane and Fairweatfiait, 1998). Another earlier placebcontrolled
randomized trials suggested that calcium intakes of 1,500 to 1,700 mg/day did not interfere with
zinc (McKennaet al., 1997) or iron (llichErnstet al, 1998) absorption. Earlier and recent
studies also show no effect on iron status of pgeoncalcium supplementation taken at the
same time or separate of meals (M&ral., 1996; Kalkwarf and Harrast, 1998; Abrams, 2001,
Harris, 2002; Mglgaard et al., 2005; Gaitan et al., 2011). Moreover, calcium interaction with
other essential micronutriensuch as zinc in the diet has been considered a potential risk related
to high calcium intakes. However, different earlier studies assessing the effect of calcium on
zinc absorption or zinc balance seem to indicate that supplemental calcium have ho effec
(Lonnerdalet al., 1984; DawsorfHugheset al., 1986; Spenceret al., 1984; McKennaet al.,

1997).

While our study provided promising evidence of the safety and acceptability of calcium
containing eggshell powder supplementation among women, seveitdtions should be
acknowledged. Firstly, the sample size was relatively small, limiting the generalizability of the
findings. Future studies with larger and more diverse participant cohorts are needed to confirm
the acceptability of supplementation acraferent populations and settings. Additionally,

individual adherence to the supplementation proteanild vary influenced by factors such as
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taste preferences, cultural beliefs, and logistical challenges. Qualitative assessments of
acceptability and gherence may provide valuable insights into the barriers and facilitators of
supplementation uptake in reabrld settings. Addressing these factors is essential for
maximizing the effectiveness and sustainability of caleaantaining eggshell powder

suppgementation intervention.

The limitations of this study include using some +specific clinical symptoms and physical
exercise tests to assess skeletal andsketetal fluorosisthat may be inaccurate and may
introduce misclassification bias. Howevewe employed the same dentist and physiotherapist to

do all measurements which reduce measurement bias. We also did not include women with only
one symptom as being fluorotic to minimize the false positives arising from counting one
nonspecific symptom. Faskeletal fluorosis we did not have access-tawmeasurements. We
combined symptoms to create unique indices in order to analyze presence of multiple symptoms.
Daily dietary calcium intake of women was estimated from frequencies of cat@bnfoods
consumption which might not have estimated the usual calcium intake of women beyond that
month.During sample sizestimation for the crossectional surveywe used a wider marginal

error d = 5%) which mightunderestimate the sample sthat adequately equired forcross
sectional studiesin addition, we assumed similaprevalence of fluorosis amongomen and
schootagechildrenbased orpreviously published studgonducted in the same study aréhis

also might not properlyestimatethe desiredhumberof women to be included in the cress
sectional surveyMoreover, this study includes lack of access 4@y confirmation of skeletal
fluorosis and thus, we used several4specific clinical symptoms and physical exercise tests to

assess skeletal and nskeletal fluorosis. The effect of Ca on body F load was measured using
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urinary F excretion biomarker which is an indirect measure of F absorption. Dietary Ca intake of
women was estimated from frequencies of calenah food consumption which might notve
accurately estimated the usual Ca intake of women beyond that month. As the trial was
conducted at the community level, due to fear of information contamination, the randomization
was done only at the kebele level. In addition, there was no placebundngdor the women in

the control group.
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6.2. Methodological Discussion

6.2.1. Study Deign
In this dissertationthree different research design&re employed a crosssectional study
design (Paper 1); a Phase Il clinical tfiah efficacy trial(Paper 1) anda longitudinal study
designin the Phase2 clinical trigPaper 1ll).Crosssectional studies are observational research
designs that provide a snapshot of a population at a single point in time. These studies are
valuable for examining prevalence, asations between variables, and patterns of disease or
behavior within a populatiofSchoenborn and Heymat994). They are often used to generate
hypotheses or exploressociations between variablaschengrau and Seage, 201%hey are
conducted as prevalee studies that angseful for planning purposes in public healtle\in,
2006. They are helpful in identifying associations that can be further examined using studies
with stronger desigsud as cohort studies and randoedzcontrolled trials. They came also
used by clinicians to make diagnoses and estimate the predictive value of invest{hadions

2003)

However, a crossectional study design has some limitations in identifying causation and the
sequence foexposure and outcom®énn, 2003,Grimes and Schulz, 20D2Nevertheless, there

are conditionsuchasa stationary population, neselective survivorship, similarity in duration

of exposure between exposure groups, andewerse causalityReichenheim and Coutinho,

2010 that make a crossectional study appropriate for making causal inferengés.used a

stable population with similar duration of exposure; and due to the absence of reverse causality
and selective survivorshiphe associations observed between dental, skeletal anskabrtal

fluorosis with dietary calcium intake can suggest causal relationsHipwever, since data
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collected at a single time poirtthe temporal relationships or causalidgtween the variables
cannot be established. In addition, sampling biases ofresmnse biases may affect the

generalizability of findings to the broader population.

A Phasell clinical trial, often termed an efficacy trial, is a pivotal stage in drug development
where the focus shifts from primarily assessing safety (as in Phasés) toisgevaluating the
drug's efficacy in treating a specific condition or disease in a larger colsubjetcts opatients.

Phase Il trials expand the testing to a larger growgubjects opatients afflicted with the target
condition to evaluate theraly's efficacy, safety profile, and further determine the optimal dosage
(ICH, 1996. The primary objective of Phase Il triais to determine whether the drug
demonstrates efficacy in treating the targeted condition while caomgino assess safety prefd

(Chow and Liu, 201R In Paper Il, we carried out a Phase Il clinical thaktause the effect of
calcium, in this case derived from eggshell powder, had never been tested (to our knwoldge) on
mitigating fluorosis signs and symptoms in women in Ethiopi@vious studies (IOM, 2011)
have demonstrated safety of calcium supplementation when given below the UL of 2500 mg for
adults. Eggshell powder as a source of calcium has demonstrated gkdflety and Shah, 2013

In this trial, we employed randoméd ontrolled trial] by utilizing control armas comparatoto

assess thefficacy of ESP supplementation in the treatment arm. Téia dn efficacyof ESP
suplementationwere collected through various measures, including clinical outcomes (urine
fluoride exceetion) andstudy paticipansd reportedoutcomes fluorosis symptoms), and were
analyzed statistically to evaluatiee potentialbenefits of ESFupplementationTherefore, the
findings in this trial provided crucial evidence about the efficacy of ESilesuentation

supporting further development and progressicmRbase 1l trial.
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In Paper lll, a longitudinal study design was used to assess safety and acceptability of the ESP
suplemengtion in the Phase2 clincal tridlongitudinal studies are emstial in medical research

for understanding changes over time in individuals or populations. This design allows
researchers to track participants over an extended period, providing valuable insights into disease
progression, risk factors, and treatmentcomes Cook and Campbell, 1979In longitudinal

studies, data collection occurs at multiple time points, allowing researchers to capture changes
and trends over time. Various methods, including surveys, medical examinations, and biomarker
measurements, ay be employed Lfttle and Rubin, 201} Longitudinal studies require
consistent follomup of participants over the study period. Retention strategies are crucial to
minimize loss to followup and maintain the integrity of the dd@hrout and Bolger, 2002
Researchers use longitudinal designs to evaluate the effectiveness of interventions over time. By
comparing outcomes between intervention and control groups, they can assess the impact of
treatments, preventive measures, or health promotion effootse and Kahn, 1997 Similarly,

in this research, study subjs were followed for six conseitve months with weekly followup

and supervision. The valuable changes were investigated to identify any signs and symptoms
associated with ESP supplementatidoreover during the weekly followp, checklist (Annex

IX) was used to assess EpRsupplementappant sd6 adherence

6.2.2. Sample Sze
Sample size refers to the number of participants or other units that shoutdlued in a
study which is suffient to address the research questi@Pourhoseingholiet al., 2013.
Insufficient sample size leads @owide confidence inteal (Rothmaret al.,2008; Christenseat
al., 2021) which reduces power, resulting in likelihood of committing a Type 2 eNaydgk,

2010. We can reduce themrdom error, the distortion of aobserved estimate from the true
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population value, by increasing tlsample size. Thus, the role ohance will be mimized
(Bonitaet al.,2006. We need an optimum sample size to estirtfaepopulation prevalence
associations between variablMgh fair precision in crossectional studyRourhoseingholet

al., 2013.

The determination of sample size in crgsstional studies involves consideration of several
factors, including thedesired level of precision, expected prevalence of the outcome,
significance level, and statistical power. According to Katz et al. (2016), a larger sample size
increases the precision of estimates and enhances the study's ability to detect associations
between variables. However, excessively large samples may result in unnecessary costs and

resource burdens.

In this crosssectiomal study(Paper I) we aimed to assess the prevalence faforosis and
associations between ESP supplementatrahfluorosis syyptomsin women at a single point in

time. Adequate sample size determination is paramount to ensurerettability and
generalizability of findingsThus, we included sufficient sample size to represent the target
population accurately ani provide pecise estimates of prevalenaed associations between
variables.Moreover, the determination of the sample size involved considerations such as the
desiredevel of precision, the expected prevalence or effect size, the desired level of confidence,

and he potential for subgroup analysis.

According to Chow and Liu (2004), Phase Il trials often aim to provide preliminary evidence of

a treatment's efficacy, guiding decisions about whether to proceed to larger and more definitive

117



Phase Il trials. The sartgsize in Phase |l trials is typically smaller compared to Phase Il trials,
as the primary objectives are to assess safety, explore dosing regimens, and gather initial efficacy

data.

Thus, in this Phase Il clinical trial (Papérand IIl), we typically aimed to evaluate the efficacy

and safety of calciurmsontaining ESP supplementation in a relatively small group of volunteer
participants, following promising results from previous studies. Therefore, we determined an
adequate andppropriate sample siz®y ensuringthe study wa adequately powered to detect
meaningful treatment effects while balancing practical considerations such as budget, time, and

studyparticipantavailability.

Furthermore, ethical considerations play a crucial role in sampledsteemination in clinical

trials. It is essential to ensure that the number of participants exposed to experimental treatments
is minimized while still obtaining adequate data to make informed decisions about the
intervention's safety and efficacy (Friedmet al., 2010). This involves carefully weighing the
potential risks and benefits to participants and adhering to ethical principles of minimizing harm
and maximizing benefitConsequently, we were allowed to study on only 30% of the subjects
involved in the crosssectional study (Paper I). Therefore, we followed the recommendation
given by IRB ofHawassa University College of Medicine and Health ScieAocadx XII ), and
attempted to involve considerations such as the anticipated effect size, desireil séaestical

power, acceptable type | error rated contingency for dropout rates determining the sample

size inthis Phase |l trial.
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6.2.3. Validity of the Study FAndings
Paper | hafindings obtainedrom the crosssectional studyin crosssectional sidies, ensuring
validity is crucial to accurately characterize the relationship between variables of interest within
a population at a single point in time. Validity in cr@gstional studies encompasses various

dimensions including internal, externabnstruct, and statistical validity.

Internal validity refers to the extent to which the study design, sampling methods, and
measurement tools accurately measure the variables under investigation while minimizing biases
and confounding factors (Babbie, Z)1In this study, in order to enhance internal validity and
strengthen the study's findings, we appliedper sampling techniquesised standardized

measurement instruments, attempted taontrol for potential confounders.

External validity , also knevn asgeneralizability, pertains to the extent to which the findings of

a crosssectional study can be extrapolated to other populations or contexts beyond the study
sample (Trochim, 2006)For maximizing external validity and ensuring the findings are
apdicable to broader populations, we includexpresentativesample size and diversgudy

participants

Construct validity involves the degree to which the measurements used in asecsgnal
study accurately reflect the underlying constructs or coadegihg studied (Trochim, 200&jor
establishing construct validity and interpreting the study results accurately, we alscalided v

and reliable measurement instruments Wexteable tocapture the intendedastructs
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Statistical validity , in crosssectional studiesgsncompasses the appropriateness and rigor of the
statistical methods used to analyze the data and draw conclusions (BabbieFaé&h&ymore,
for ensuring that the reported associations are robust and trustworthystagéitical techiques
were employed by taking intaccount for factors such as sampling variability, measurement

error, and potential confounding variabteging the statistical analyses.

Therefore, we attempted to maintain validity in this c®sstional study (Papel) by
emphasizing careful attention to study design, sampling methodology, measurement tools, and
statistical analysis techniques to minimize bias, enhance generalizability, accurately measure
constructs, and draw valid inferences about the relationshgis/een variables(ESP

supplementation and fluorosis symptomhin the population.

In Phase Il clinical trial, ensuring validity is crucial to accurately assess the efficacy and safety of
investigational interventions. Validity refers to the degreeviich the trial measures what it
intends to measure and accurately reflects the true effects of the intervention on the target
population. According to Temple (2010), validity in Phase Il trials is primarily concerned with
two aspects: internal validitynd external validitylnternal validity pertains to the trial's ability

to accurately measure the effects of the intervention on the study population, without bias or
confounding factorsThus, b enhance internal validiin this Phase Il tria{Paper lland Ill), we
employed randomized controlled desigmd blinding techniqueswhich helpto minimize biases

and ensure that observed outcomes are attributable to the intervention under investigation.

120



Furthermoregxternal validity, also known ageneralizabiity , refers to the extent to which the
findings of the trial can be extrapolated to broader patient populations ewosdl clinical
settings. While Phase Il trial typically involve relatively homogeneous patient populations and
controlled settings, eaffts to enhance external validity include recruiting diverse patient
populations representative of the target patient population, employing pragmatic trial designs,

and incorporating reakorld clinical endpoints (loannidist al.,2014).

Moreover, ensung construct validity, which involves measuring the intended treatment effects
accurately, is critical in Phase Il trial. This includes using appropriate outcome measures that
capture relevant clinical endpoints and biomarkers, as well as selecting papeidtions that

are likely to benefit from the intervention based on preclinical evidence and prior clinical
experience (Trochim and Donnelly, 2006). In addition to these considerations, addressing threats
to validity such as attrition bias, measurembids, and confounding factors is essential to

maintain the integrity and reliability of Phase Il trial results (Kraestat.,2008).

For Paper Il and Illwe employedPhase Il clinical triglwith a longitudinal study design. Thus,
to ensure validity irthis trial, we involved comprehensive efforts to minimize biases, enhance
the generalizability of findings, and accurately measure treatment effects, thereby providing

reliable evidence to inform subsequent phases of clinical development.
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7. Conclusiors and Recommendations

7.1. Conclusions
Signs and symptoms of dental, skeletal and-siaietal fluorosis were prevalent in women of
child-bearing agdiving in Halabazone located ithe Rift Valley of Ethiopia, where water and
food sources of fluoride were HigDietary calcium intake was low relative to requirements,
averaging only 400 mg per day. The low intake of dietary calcium, less than 400 mg per day,
was significantly associated with Musctdkeletal fluorosis symptoms but not with rekeletal
fluorods or dental fluorosis. The presence of Musesheletal fluorosis impairs everyday life for
the women, who have a very labatensive life of raising children and having farm and home
responsibilitiesOur findings also showed that women that have a pagtty had greater odds of
developing skeletal and neakeletal fluorosis symptoms compared with those with lower parity.
(Objective I/Paper 1) This suggests the need for further investigation on improving calcium

intakes to mitigate the toxic effectstafh fluoride intake in Ethiopian Rift Valley.

Mitigation of many of the symptoms related to skeletal andskatetal fluorosis and reduction

in urinary F excretion were observed among women supplemented with calomaining ESP

in a fluorosis pronarea of Ethiopia. Therefore, this study provides a proof of concept on using a
traditional source of dietary Ca, eggshell, for mitigation of fluorosis in an area where there is
endemic fluorosis and low intake of dietary @bjectivell/Paper Il) The poéntial feasibility,
sustainability and safety of using home prepared crushed eggshells in areas where fluorosis is

endemic need to be studied.
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Safety and acceptability assessments conducted as part of the study indicated that calcium
containing eggshellgwder supplementation was wétlerated and did not pose significant risks

to the health of participants. The research findings also suggested that aadai@mning
eggshell powder supplementation was generally acceptable among women in the Ethibpian Ri
Valley (Objective lll/Paper 1lI) However, the study recognizes the importance of cultural
relevance and contextual factors in shaping the acceptability and effectiveness of
supplementation interventions. Tailoring supplementation programs to the doo&bxt,
addressing cultural beliefs and preferences, and involving community stakeholders might be

additionalkey factors contributing to the success of the intervention.

In conclusion, this research shaotentially important finding for public health plicy and
practice in the Ethiopian Rift Valley and similar regions facing fluerlated health
challenges. The findings support the integration of calcium supplementation into existing
fluoride mitigation strategies and nutrition grams targeting woen's health and nutrition.
Moreover, wWile the study provides valuable insights into the efficacy, association, safety, and
acceptability of calciuatontaining eggshell powder supplementation, further research is
warranted to address remaining knowledgesgand optimize intervention strategies. Future
studies may focus ovalidating this study findings, exploring optimal dosage regimesiising
supplementation protocols, exploring alternative delivery methods, and evaluatintgrong

sustainability andcalability of supplementation programs.
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7.2. Recommendations

Based on the findings of thiesearchwe rendered the following recommendations:

7.2.1. Operational Recommendations:
Community engagement:Engage with local communities, community leaders, and roaikth
providers to raise awareness about the link between dietary calcium intake and fluorosis. Foster
community participation in designing and implementing interventions aimed at promoting
calciumcontaining eggshell powder supplementation and reduciragidiel exposure. Provide
nutritional counseling and education to women in the Ethiopian Rift Valley regarding the safety
and benefits of calciumontaining eggshell powder supplementatiwhere dietary calcium
intake is low Address any concerns or miscopiiens about supplementation and emphasize its

role as a complementary strategy to support overall health.

Capacity building: Build capacity among healthcare professionals, nutritionists, and community
health workers to screen for and manage fluorosisngm@mmen in the Ethiopian Rift Valley.
Develop culturally appropriate behavior change communication strategies to promote the
acceptability and uptake of calciboontaining eggshell powder supplementation among women

in the Ethiopian Rift Valleywhere ESPwvould be beneficialAddress misconceptions, beliefs,

and barriers to adoption through targeted messaging and community engagement. Provide health
education and training to healthcare providers, community health workers, and other
stakeholders on the beitefand safety of calciuroontaining eggshell powder supplementation.
Equip them with the knowledge and skills to support women in making informed decisions about

supplementation.
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Integration with existing programs: Explore opportunities to integrate daila-containing
eggshell powder supplementation into existing public health programs targeting women's health,
nutrition, or water quality management in the Ethiopian Rift Vadleyeeded_everage existing

infrastructure and resources to maximize reachiapact.

Cultural sensitivity and participant feedback: Tailor calciumcontaining eggshell powder
supplementation intervention to the cultural context of the Ethiopian Rift Valley to enhance
acceptability among womewho have low dietary calcium intak&®espect cultural beliefs,
dietary preferences, and traditional practices related to health and nutrition when designing and
implementing supplementation programs. Solicit feedback from participants regarding their
experiences with calcivoontaining eggshiepowder supplementation, including perceptions of
safety, tolerability, and acceptability. Incorporate participant perspectives into program design

and implementation to improve adherence and satisfaction.

Monitoring and continuous evaluation framework: Conductan assessment amdonitoring

aboutF exposure and dietary calcium intake of residents of the Rift Valley of Ethiegtblish

a robust monitoring framework to track the implementation and impact of catmuataining

eggshell powder supplemetitam programs. Collect data on supplementation coverage,
adherence, health outcomes, and fluoride levels to assess program effectiveness and inform
future interventions. Establish mechanisms for continuous evaluation and quality assurance of
calciumcontaning eggshell powder supplementation programs. Regularly review safety data,
conduct risk assessments, and make adjustments to supplementation protocols as needed to

ensure ongoing safety and acceptability among women in the Ethiopian Rift Valley.
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7.2.2. Policy Advocacy, Collaboration and Scaling Up:
Policy advocacy: Advocate for policy changes at the national and regional levels to promote
dietary calcium intake (including calcivoontaining eggshell powder supplementation) as a
preventive measure against flusi® in the Ethiopian Rift Valley. Support the integration of
calciumrich foods into government nutrition programs and policies targeting women's health

and weltbeing.

Collaboration: Foster collaboration between researchers, healthcare professionals,
padicymakers, and community stakeholders to address knowledge gaps, share best practices, and
facilitate the translation of research findings into policy and practice. This multidisciplinary
approach can enhance the effectiveness and sustainability ofrealmniaining eggshell powder
supplementation to mitigate the toxic effects of excess fluoride intake among women in the

Ethiopian Rift Valley.

Scalingup: Look for funding from government agencies, rgwvernmental organizations, and
international donorso scale up calciursontaining eggshell powder supplementation programs
in the Ethiopian Rift Valleyin areas requiring interventiorHighlight the potential health
benefits and costffectiveness of calciurmnontaining eggshell powder supplementation as a

public health intervention.
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7.2.3. Future Research:
A Phase lll dinical trials: Conduct randomized controlled trials (RCTSs) to rigorously evaluate
the effectiveness of calcingontaining eggshell powder supplementation in reducing urinary
fluoride levels ad alleviating fluorosis symptoms among won{as well menjn the Ethiopian
Rift Valley. Design the trials with appropriate control groups and sample sizes to ensure

statistical power and validity of the findings.

Dose optimization studies: Explore diffeent dosages of calcisgontaining eggshell powder
supplementation to identify the most effective dose in reducing urinary fluoride levels and
improving fluorosis symptoms. Conduct dassponse studies to determine the optimal dosage
range that balancesfiehicy and safety. This should take into account factors such as age, body

weight, and baseline fluoride levels.

Longitudinal follow-up: Implement longitudinal followup studies to assess the lelegm
effects of calciurrcontaining eggshell powder suppientation on urinary fluoride excretion and
fluorosis symptoms over time. Monitor participants for changes in urinary fluoride levels and
clinical manifestations of fluorosis at regular intervalnduct a more detailed longitudinal
studies focusing on éhinteraction between dietary calcium and other factors such as genetic,

environmental or nutritional factors that might contribute to the development of fluorosis.

Biomarker analysis andbioavailability studies: Analyze biomarkers of fluoride exposuneda
metabolism, such as urinary fluoride concentration, serum fluoride levels, and bone fluoride
content, to provide objective measures of the efficacy of supplementation. Correlate changes in

biomarker levels with clinical outcomes to elucidate the meshaniunderlying the effects of
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supplementation. Assess the bioavailability of calcium and other nutrients present in eggshell
powder to ensure adequate absorption and utilization in the body. Compare different
supplementation methods (e.g., capsules, fedtiffoods) to identify the most bioavailable

delivery system.

Quiality control and standardization: Ensure quality control and standardization of caleium
containing eggshell powder supplements used in the studies to minimize variability and ensure
consisency in efficacy. Conduct thorough characterization of the supplement, including calcium

content, purity, and bioavailability, to verify its suitability for supplementation.

Long-term safety studies: Evaluate the longerm safety of calciureontaining egghell powder

supplementation through comprehensive longitudinal safety studies and-tglassessments.
Monitor for potential adverse effects associated with calaontaining eggshell powder
supplementation such as gastrointestinal discomfort, renadtidm impairment, mineral

imbalances and any adverse effects associated with the supplementation over an extended period.

Adherence monitoring: Monitor adherence to calcivgontaining eggshell powder
supplementation protocols through regular assessmedtparticipant surveys. ldentify factors
influencing adherence, such as taste, convenience, and perceived benefits, to optimize

intervention delivery and maximize participant compliance.

128



8. References

Abebe, Y., Bogale, A., Hambidge M, Stoecker B, Balkegnd Gibson R. 2007. Phytate, zinc,
iron and calcium content of selected raw and prepared foods consumed and implications for
bioavailability in rural Sidama, Southern Ethioplaurnal of Food Composition and
Analysis, 20161-168.

Abrams, S.A. Calciunurnover and nutrition through the life cycle. Proceedings of the Nutrition
Society.Proc. Nutr. Soc2001, 60, 283 289.

Ahmed, W.; Hamilton, K.A.; Gyawali, P.; Toze, S.; Haas, C.N. Evidence of avian and possum
fecal contamination in rainwater tanks asedetined by microbial source tracking
approachesAppl. Environ. Microbial2016,82(14),4379 4386.

Akarslan, Z. Z., Erten, H., Karademir, A., & Gingor, F. (2015). Endemic fluorosis. Turkish
Journal of Medical Sciences, 45(1), 1002.

AKlilu, A., Abebe,T., & Fentahun, N. (2020). Fluoride concentration in drinking water and its
health implications in rural communities of the Ethiopian Rift Val&yvironmental
Monitoring and Assessmeri92(4), 110. https://doi.org/10.1007/s1066120-8181-0

Almebo, A.; Mangasha, H.B.; Ashuro, Z.; Soboksa, N.E.; Kanno, G.G.; Negassa, B.; Mangasha,

A.E.; Ayinalem, A.E.; Aregu, M.B. Utilization of communitgvel fluoridefiltered water
and its associated factors iugda Woreda of East Shewa Zone, Oromia Region, Ethiopia.
Environ. Health Insights2021, 15,11786302211052384. doi:10.1177/11786302211052384

Amini, M., Mueller, K., Abbaspour, K. C., Rosenberg, T., Afyuni, M., Mgller, K. N., ... & Batir,
J. F. (2008). Stastical modeling of global geogenic fluoride contamination in groundwaters.
Environmental Science & Technology, 42(10), 3G&58.

Anitha Pius & G. Viswanathan (2008). Determination of calcium dose for minimizing fluoride
bioavailability in rabbits. CURENT SCIENCE, VOL. 95, NO. 6, 25 SEPTEMBER 2008
Aschengrau A. and Seage G. R. Essentials of Epidemiology in Public Health, Jones & Bartlett

Learning, 2019.

Assefa, G.; Shifera, G.; Melaku, Z.; Haimanot, R.T. Clinical and radiological prevalence of
skeletafluorosis among retired employees of We8jioa sugar estate in Ethiopiaast Afr.
Med. J 2004 81(12) 638640.

Awadia, A. K., & Awooda, E. M. (2013). Fluoride content of drinking water and dental

fluorosis: a systematic review and mataalysis. Saudental Journal, 25(1),-T.

129


https://doi.org/10.1007/s10661-020-8181-0

Ayenew, T. The distribution and hydrogeological controls of fluoride in the groundwater of
central Ethiopian rift and adjacemighlands Environ. Geol2008 54, 1313 1324.

Babbie, E. (2015). The Practice of Social Reseékdth ed.). Cengage Learning.

Babu SC (2000) Rural nutrition interventions with indigenous plant femdase study of
vitamin A deficiency in Malawi.Biotechnol. Agron. Soc. Environ. 4 (3): 11568

Balabd ki n, M. l., Kle3nerman, A. V., Zakharova,
Hygienic assessment of the effectiveness of antioxidant therapy in children with endemic
fluorosis. Gigiena i Sanitariia, (3), 5&8L.

Bartter, J.; Diffey, H.; Yeundy.H.; O'Leary, F.; Hasler, B.; Maulaga, W.; Alders, R. Use of
chicken eggshell to improve dietary calcium intake in ruraiSabaran AfricaMatern.
Child Nutr. 2018, 14 Suppl 3:e12649. doi: 10.1111/mcn.12649

Bee, W. How to make calcium from egg sh2ld.1. Available at: www.HealingnaturallybyBee.

BeltranAguilar, E. D., Barker, L., Dye, B. A., & Carvalho, M. S. (2010). Prevalence and
severity of dental fluorosis in the United States, 128®4. NCHS data brief, (53);&

BeltranAguilar, E. D., Grifin, S. O., & Malik, B. A. (2013). Prevalence and severity of dental
fluorosis in the United States.Journal of Public Health Dentistry*, 73(2},L289
https://doi.org/10.1111/].1752325.201200364.x

Bhattacharya, P. T., & Misra, S. R. (2004). Fluoride in the environment and its metabolism in

humans. Reviews of Environmental Contamination and Toxicology, 1811421

Bonita R, Beaglehole R, T Kjellstrém, WHO. Basic Epidemiology [Internei]. &d.

Geneva, Switzerland: World Health Organization; 2006. Available from:
https://apps.who.int/iris/handle/10665/433#fps://doi.org/10.1136/bm|.308.6926.483

Brun, L.R.; Lupo, M.; Delorenzi, D.ADi Loreto, V.E.;Rigalli, A. Chicken eggshell as suitable
calcium source at hommnt. J. Food Sci. Nutr. 2013, 64(6), 7483 doi:
10.3109/09637486.2013.787399.

Burgos, W. D., Ribbe, M. W., & Vaughn, J. M. (2001). Geochemical controls on the
mobilizationof arsenic and fluorine in ground water of the Black Hills, South Dakota.
Applied Geochemistry, 16(112), 13691382.

Burgstahler, A. W., & Margolis, H. C. (2011). Dentin permeability: effects of fluoride and

magnesium. Journal of Dental Research, 90@};101.
Burt BA (1992) The changing patterns of systemic fluoride intake, J. Dent. Res. 71122283

130


https://doi.org/10.1111/j.1752-7325.2012.00364.x
https://doi.org/10.1136/bmj.308.6926.483

Buzalaf, M. A. R., & Pessan, J. P. (2011). Fluoride: Its role in dentistry. In Fluoride and the Oral
Environment (pp. 181). Karger Publishers.

Cao JZhao Y, Li Y, Deng HJ, Yi J, Liu JW (2006). Fluoride levels in various black tea
commodities: Measurement and safety evaluation. Food ChemToxicol44t1331

Cao, J., Zhao, Y., Liu, J., & Xirao, R. (2003). Epidemiological investigation on chronic flaorosi
in Tibetan population in Lhozhag County of Tibet. Endemic Diseases Bulletin, 18{2%, 22

CDC. "Recommendations for using fluoride to prevent and control dental caries in the United
States." MMWR. 2001:50(RR14}42.

CDC. (2019). Community water flugiation: An overview. Centers for Disease Control and

Prevention* https://www.cdc.gov/fluoridation/basics/index.html

Ceglia L. Vitamin D and its role in skeletal muscle. Current Opinion imcal Nutrition &
Metabolic Care. 2009 Nov 1; 12(6):633.

Choi AL, Sun G, Zhang Y, Grandjean P. "Developmental fluoride neurotoxicity: a systematic
review and metanalysis." Environmental Health Perspectives. 2012;120(10):8362

Choubisa, S. L. (2018Fluoride and calcium: The key to fluorosis preventladian Journal of
Dental Researci29(1), 17. https://doi.org/10.4103/ijdr.IJDR_563_17

Choubisa, S. L., & Choubisa, L. (2014). Fluoride contér#some beverages. Environmental
Monitoring and Assessment, 186(12), 8594 1.

Chow S. C., & Liu, J. P. (2012). Design and Analysis of Clinical Trials: Concepts and

Methodologies. John Wiley & Sons

Chow, S:C., & Liu, J-P. (2004). Design and Analysis @finical Trials: Concepts and
Methodologies (2nd ed.). John Wiley & Sons.

Christensen R, Bours MJL, Nielsen SM. Effect Modifiers and Statistical Tedtgdoaction in
Randomized Trials. J Clin Epidemiol. 2021;134074
https://doi.org/10.1016/j.jclinepi.2021.03.009

Clarkson JJ, McLoughlin J (2000) Role of fluoride in oral health promotion, Int. Dent. J. 50:
119128.

Compston J.E.: The role of vitamin D and calcium supplementation in thenpogvef
osteoporotic fractures in the elderly. Clin. Endewl. 1995; 43: 3936405

Connie M Weaver anlunro Peacock. Nutrient InformatioAdv Nutr2019;10:546548; doi:
https://doi.org/10.1093/advaes/nmy086

131


https://www.cdc.gov/fluoridation/basics/index.html
https://doi.org/10.4103/ijdr.IJDR_563_17
https://doi.org/10.1016/j.jclinepi.2021.03.009
https://doi.org/10.1093/advances/nmy086

Cook T. D. and Campbell D. T., Qudsxperimentation: Design and Analysis Issues for Field
Settings. Houghton Mifflin, 1979.

Cook, J.D.; Dassenko, S.A.; Whittaker, P. Calcium supplementation: Effect on iron absorption.
Am. J. Clin. Nutr1991, 53, 106 111

CSA (Central Statistical Agency) (2012). Ethiopia Demographic and Health Survey. Addis
Ababa, Ethiopia and ICF International Calverton, Maryland, USA.

CSA (Central Statistical Agengy007.National census, Addis Ababa, Ethiopia 2007

Daengprok W Garnjanagoonchorn W, Naivikul O, Pornsinlpatip P, Issigonis K, Mine Y. 2003.
Chicken egg shell matrix proteins enhance calcium transport in the human intestinal
epithelial cells, Cac@. J Agric Food Chen1:6056 6061.

Dahi, E. (2016). Fluoride removadhniques from drinking water: A review paper. Journal of
Environmental Chemical Engineering, 4(4), 427298.

Dahi, E. Contact precipitation a promising method for defluoridation of water. In Proceedings of
the Second International Workshop on Fluorosid Befluoridation of Water. International
Society for Fluoride Research999.

Dahi, E. Contact precipitation for defluoridation of wat#t. Pickford, J. et al. (eds). Reaching
the unreached Challenges for the 21st century: Proceedings of the 22nd WEDC
International Conference, New Delhi, Indial3 September 1996, pp.2@85.
https://pdfs.semanticscholar.org

Dakshinamurty, K., & Sarma, V. U. (2009). Defluoridation of drinking water by
electrocoagulationsing monopolar and bipolar electrodes. Chemical Engineering Journal,
152(1), 209218.

DawsonHughes B, Seligson H.F and Hughes A.V.(1986) Effects of calcium carbonate and
hydroxyapatite on zinc and iron retention in postmenopausal waknagrican Journabf
Clinical Nutrition 44, 8388

Dean HT (1942) The investigation of physiological effects by the epidemiological method, in:
F.R. Moulton (Ed.), Fluorine and Dental Health, American Association for the Advancement
of Science, Washington, DC, iZ31.

Dean,H.T. Classification of mottled enamel diagnodisAm. Dent. Assoc. 1934, 21, 1421
1426.https://doi.org/10.14219/jada.archive.1934.0220

132


https://pdfs.semanticscholar.org/
https://doi.org/10.14219/jada.archive.1934.0220

Demelash, H.; Beyene, A.; Abebe, Z.; Melese, A. Flddncentration in ground water and
prevalence of dental fluorosis in Ethiopian Rift Valley: systematic review andanatgsis.
BMC Publ. Healti2019 19(1),1298. doi: 10.1186/s1288%19-76468.

DenBesten, P., & Li, W. (2011). Chronic fluoride toxiciBental fluorosis. Monographs in Oral
Science, 22, 896.

Devine A., Dick .M., Heal S.J., Criddle R.A., Prince R.L.: Aidar followup study of the
effects of calcium supplementation on bone density in elderly postmenopausal women.
Osteoporosis Int. 1997: 23628.

Dhuna, A.K.; Gu, X.F.; Pascuékone, A.; Lee, M. Skeletal fluorosis. An unusual cause of
progressive radiculomyelopathypine 1992,17, 842844, .

Do, L. G., & Spencer, A. J. (2007). Riblenefit balance in the use of fluoride among young
children. Journal of Dental Research, 86(8),-728.

Dogan, A. (2016). Evaluation of eggshell powder as an alternative source of calcium.
International Journal of Food Properties, 19(7), 15508.

EFSA (European Food Safety Authority) (2005) Opinion of3hientific Panel on Dietetic
Products, Nutrition and allergies (NDA) on the tolerable upper intake level of fluoride,
EFSA J. 192: 165 (Available at:
http://www.efsa.eu.int/sence/nda/nda_opinions/catindex_en.html

EFSA (European Food Safety Authority) (2008a) Opinion of the Panel on Food Additives and

Nutrient Sources added to Food on Calcium fluoride as a source of fluoride added for
nutritional purposes to food. EFSA Joal®82:115.

EFSA (European Food Safety Authority) (2008b) Scientific Opinion of the Panel on Food
Additives and Nutrient Sources added to Food on Sodium monofluorophosphate as a source
of fluoride added for nutritional purposes to food supplements. Elé8Aal 886:118.

Emsley, J. (2011). Nature's Building Blocks: ArZAGuide to the Elements. Oxford University
Press.

EPA (Environmental Protection Agency, USA) (2010) Fluoride: BResponse Analysis for
Non-Cancer Effects: Health and Ecological Critddiaision Office of Water; Washington
DC.

EPHI (Ethiopian Public Health Institute). Food Composition Table For use in Ethiopia. Addis
Ababa, Ethiopia, 2013

133


http://www.efsa.eu.int/science/nda/nda_opinions/catindex_en.html

Erdal S and Buchanan SN (2005) A quantitative look at fluorosis, fluoride exposure and intake in
children using a health risk assessment approach. Environ Health Perspect.iZ13:111

FAO and FHI 360. Minimum Dietary Diversity for Women: A Guide for Measurement. Rome:
Food and Agriculture Organization, 20t&tp://www.sweetpotatoknowledge.orgiwp
contentliploads/2016/04/b6486eMinimumDietary-Diversity-For-WomeprA-Guide To-
MeasuremenR016.pdf

Fawell, J,; Bailey, K.; Chilton, J.; Dahi, E.; Fewtrell, L.; Magara, Y. Fluoride in drinkiatgr.
IWA Publishing, Alliance House, London, UK, 2006, bl

https://www.who.int/water_sanitation_health/publications/fluoride _drinking_water_full pdf

Featherstone, J. D. (1999). Prevention and reversahtdid=aries: role of low level fluoride.
Community Dentistry and Oral Epidemiology, 27(1);481

Fein NJ and Cerklewski FL (2001) Fluoride content of foods made with mechanically separated
chicken. J Agric Food Chem. 49(9): 428286.

Fejerskov, O., & Bdam, V. (2002). Dental fluorosis: a review of recent biochemical and
histological findings. In Fluoride and the oral environment (pp31)6 Karger Publishers.

Fejerskov, O., & Kidd, E. (2008). Dental caries: the disease and its clinical management. John
Wiley & Sons.

Fejerskov, O., Kidd, E., & Nyvad, B. (2008). Pathology of dental caries. In Fejerskov and Kidd's
Dental Caries: The Disease and Its Clinical Management (pp8L190ohn Wiley & Sons.

Feleke Zewge ,FLUOROSIS MITIGATION IN ETHIOPIA ,Departmeh Chemistry, Addis
Ababa University & g j ,National Fluorosis Mitigation Project Office, Ministry of Water
Resources Published on Jan 21, 2012

FMoH (Federal Democratic Republic of Ethiopia, Ministry of Health) 2011. The 2011 annual
performance report, &sion 1 FMOH, Addis Ababa, Ethiopia

Frenckens JE (1990) Epidemiology of Dental and Skeletal Fluorosis. In: Frencken, J.E. (Ed)
Endemic Fluorosis in Developing Countries. Causes, Effects and Possible Solutions. Report
of Symposium Held in Delft, The NezHands, TNO.

Friedman, L. M., Furberg, C., & DeMets, D. L. (2010). Fundamentals of Clinical Trials (4th ed.).
Springer.

134


https://www.who.int/water_sanitation_health/publications/fluoride_drinking_water_full%20pdffull

Fung KF, Zhang ZQ, Wong JWC, Wong MH (1999) Fluoride contents in tea and soil from tea
plantations and the release of fluoride intoligaor during infusion, Environ. Pollut.104:
197 205.

Gaitan, D.; Flores, S.; Saavedra, P.; Miranda, C.; Olivares, M.; Arredondo, M.; Lopez de
Romafa, D.; Lénnerdal, B.; Pizarro, F.; Pizarro, F. Calcium Does Not Inhibit the Absorption
of 5 Milligrams of Nonheme or Heme Iron at Doses Less Than 800 Milligrams in
Nonpregnant Womed. Nutr.2011, 141, 1654 1656.

GarciaGonzélez ML, Mesa MD, Olza J, Vargas F, L-atidloslada F, Tinahones FJ, Pérez
Llamas F, Aguilera CM, Gil A. Eggshell calcium supplementeadolescents diminishes
bone resorption and increases bone mass. Nutrition Research. 2015 Jan 1;-36(1):13

Gebreegziabher, T.; Stoecker, B.J. Vitamin D insufficiency in a sunshifieient area:

Southern Ethiopiagzood Nutr. Bull 2013 34, 429 433.

Gebru, K. T., & Mengistie, B. (2017). Prevalence of dental fluorosis and associated factors
among residents of Worabe town, Southern Ethiopia. BMC Public Health, 17(1), 313.

Genaro PS, Martini LA. Effect of protein intake on bone and muscle mass in ¢hnky.eld
Nutricion Hospitalaria. 2014 Nov 12; 30(5):1088.

Getaneh Andualem, Yohannes H/Mariam, Ayalew Aklilu, Melese Awoke, Prevalence and
severity of dental fluorosis among-18 15yearold school children of Butajira town, rural
area of Ethiopia, Eastfrican Medical Journal, 80, 5, (24%0), (2003).

Giday, A., Deyassa, N., & Tadesse, B. (2015). Chronic exposure to fluoride and risk of skeletal
fluorosis in Gambella Region, Ethiopia. Environmental Health and Preventive Medicine,
20(1), 2631.

Girma, W, Kloos, H., & Belayneh, T. (2014). Fluoride in groundwater and its impact on human
health in the Rift Valley region of Ethiopia. Environmental Monitoring and Assessment,
186(8), 52315242 https://da.org/10.1007/s1066014-37865

Grandjean, P., & Landrigan, P. J. (2014). Neurobehavioural effects of developmental toxicity.
The Lancet Neurology, 13(3), 3338.

Greenwood, N. N., & Earnshaw, A. (1997). Chemistry of the elements. Butterieiriemann.

Grimes DA, Schulz KF. An overview of clinical research: The lay of the land. Lancet.
2002;359(9300):581. https://doi.org/10.1016/s0148/36(02)07285

135


https://doi.org/10.1007/s10661-014-3786-5
https://doi.org/10.1016/s0140-6736(02)07283-5

Gupta, R., Gupta, S., & Gupta, A. B. (201Bple of nutrition in prevention of fluorosis. Journal
of Human Ecology, 56(2), 9805.

Gupta, R., Kumar, A. N., Bandhu, S., & Gupta, S. (2012). Fluorosis mitigation: A review on
fluoride intake and its impact on human health. Journal of Toxicology avicbEmental
Health, Part B, 15(6), 47580.

Han YZ, Zhang JQ, Liu XY, Zhang LZ, Yu XH, Dai JA (1995) High fluoride content of food
and endemic fluorosis, Fluoride28: 2@02.

Harinarayan, C. V., Ramalakshmi, T., & Prasad, U. V. (2008). High prevalenoe dfdtary
calcium, high phytate consumption, and vitamin D deficiency in healthy south Indians. The
American Journal of Clinical Nutrition, 87(3), 646b2.

Harris, S.S. The effect of calcium consumption on iron absorption and iron statusClin.
Care2002 5, 2311 235.

Harrison PT (2005) Fluoride in water: a United Kingdom perspective, J. Fluorine Chem. 126:
1448 1456.

Harrison, M., O'Donnell, C., & Wright, J. (2020). Nutrient interactions and their clinical
implications. Nutrition Reviews, 78(7), 5880. https://doi.org/10.1093/nutrit/nuz072

Hassan, N.M.M. Chicken eggshell powder as dietary calcium source in bi¥¢aitd.J. Dairy
Food Sci. 2015, 10 (2), 19806. doi: 10.5829/idosi.wjdfs.2015.10.252

Heck, R.H.; Thomas, S.L.; Tabata, L.N. Md#vel modeling of categorical outcomes using

IBM SPSSIN Quantitative methodology series, 2012. Routledge/Taylor & Francis Group.
https://psycneapa.org/record/201:22992000

Hirasawa, T.; Omi, N.; Ezawa, |. Effect of lalplydroxyvitamin D3 and egghell calcium on

bone metabolism in ovariectomized osteoporotic model rats. J. Bone Miner.. [2@@db
19(2), 8488. doi: 10.1007/s007740170045VIED: 11281164.

Huffman, S. L., & Colvin, C. (2017). Iron deficiency and supplementation strategies in women.
Nutrition Reviews, 75(5), 37#379.https://doi.org/10.1093/nutrit/nux010

Hussen, A., Edris, NZerihun, L., & Melese, A. (2015). Assessment of the levels of fluoride in

water and its source in East African Rift Valley of Ethiopia. Environmental Monitoring and
Assessment, 187(9), 568.

Ibrahim, D., Suradi, N. R., & Abu, N. (2013). Evaluation of egijséind oyster shell as calcium
supplements in broiler diets. International Journal of Poultry Science, 12(11§5855

136


https://doi.org/10.1093/nutrit/nuz072
https://psycnet.apa.org/record/2012-12992-000
https://doi.org/10.1093/nutrit/nux010

ICH (International Conference on Harmonisation) Harmonised Tripartite Guideline. (1996).
Guideline for Good Clinical Practice E6(RIntérnational Conference on Harmonisation of
Technical Requirements for Registration of Pharmaceuticals for Human Use. Retrieved from
https://database.ich.org/sites/default/file®/R1_Guideline.pdf

IheozoiEjiofor, Z., Worthington, H. V., Walsh, T., O'Malley, L., Clarkson, J. E., Macey, R., &
Glenny, A. M. (2015). Water fluoridation for the prevention of dental caries. Cochrane
Database of Systematic Reviews, (6), CD010856.

llich-Ernst, J. Z., A. A. McKenna, N. E. Badenhop, A. C. Clairmont, M. B. Andon, R. W.

Nahhas, P. Goel and V. Matkovic. 1998. Iron status, menarche, and calcium
supplementation in adolescent girls. American Journal of Clinical Nutrition 68(4)7.880

Imdad, A.;Bhutta, Z.A. Effects of calcium supplementation during pregnancy on maternal, fetal
and birth outcome®aediatr. Perinat. Epidemio2012,26(Suppl. 1)138 152

loannidis, J. P., Garber, A. M., & Juni, P. (2014). The Evolution of Trial Randomization
Methods in Clinical Medicine. JAMA, 311(4), 36970.

IOM (Institute of MedicineDietary reference intakes for calcium and vitamin D. Washington
(DC): The National Academies Press; 2011.

IPCS (2002) Scientific Facts on Fluoride: Green Faels.1

Itokawa Y,Yamauchi J, Sato T, Matsumoto H, Niitsuma K, Arai K, Sugihara S, Takano T.
Studies on the utilization of eggshell: Preparation and characteristic of eggshell calcium.
Journal of Nutritional Science and Vitaminology. 1999 Dec; 45(6)3(C¥.

Jackson, R. DA. Z. LaCroix, M. Gass, R. B. Wallace, J. Robbins, C. E. et al 208iGium
plus vitamin D supplementation and the risk of fractures. New England Journal of Medicine
354(7): 66983

Jackson, R. D., Brizendine, E. J., Kelly, S. A, Hinesley, R., & StqdBei(. (2002). Dental
fluorosis among adults in the Sonoran Desert: a sessonal study. Journal of Public
Health Dentistry, 62(4), 21215.

Jones, A. B., & Wang, X. (2019). Calcium supplementation reduces urinary fluoride excretion in
healthy adultsJournal of Public Health Nutrition12(3), 345356.

Kalkwarf, H.J.; Harrast, S.D. Effects of calcium supplementation and lactation on iron status.
Am. J. Clin. Nutr1998 67, 1244 1249.

137


https://database.ich.org/sites/default/files/E6_R1_Guideline.pdf

Kandut i, D., Sterbenk, P. , AArdview okuse aBd effect& Ne ¢ i
on health. Materia SociMedica, 28(2), 1331L37.

Katz, D. L., Elmore, J. G., & Wild, D. M. (2016). Jekel's epidemiology, biostatistics, preventive
medicine, and public health. Elsevier Health Sciences.

Kebede, A,; Retta, N.; Buye, C.; Whiting, S.J.; Kassaw, M.;Zeru, T.; Tessema, M.; Zeru, T.;
Woldeyohannes, M.; Malde, M.K. Minimizing bioavailability of fluoride through addition
of calciummagnesium citrate or a calcium and magnestomtaining vegetable to the diets
of growingrats.Int. J. Biochem. Res. Rev. 2016b, 10(Z, 1
doi:10.9734/1IJBCRR/2016/23693

Kebede, A.; Retta, N.; Abuye, C.; Whiting, S.J.; Kassaw, M.; Zeru, T.; Tessema, M.; Kjellevold,
M. Dietary fluoride intake and associated skeletal and dental fluorosisanlsage children
in rural Ethiopian Rift ValleyInt. J. Environ. Res. Pub. HIth. 2016a, 13, 756 doi:
10.3390/ijerph13080756

Khan AA, Whelton H, O6Mullane D (2004) Determ
in drinking water in Pakistan. CommuniDent Oral Epidemiol. 32: 16672

Khan SA, Singh RK, Singh SP. "Fluoride Mitigation Using Agricultural Waste Biomass:
Eggshell Powder." Journal of Agriculture and Food Chemistry. 2015;63(42)9525

Khan, S. A., Hassan, M. S., & Islam, M. N. (2016) ligation of eggshell as a dietary calcium
source for Bangladeshi household women. Journal of Food and Nutrition Sciences, 4(4),
112116.

Khandare, A. L., Rao, G. S., & Lakshmaiah, N. (2010). Effect of calcium supplementation on
urinary fluoride excretiomi fluorotic children. Clinical Nutrition, 29(3), 31819.

Kharaka, Y. K., & Hanor, J. S. (2007). Deep fluids in the continents: Il. Hydrothermal waters.
Geochemistry of water from Precambrian Shield regions and the distribution of fluorine. In
Reviews in Eonomic Geology (Vol. 13, pp. 542).

Kiritsy MC, Levy SM, Warren JJ, Guhahowdhury N, Heilman JR, Marshould T. (1996)
Assessing fluoride concentrations of juices and jilieeored drinks. J Am Dent Assoc.
127(7): 895902

Kloos, H.; Haimanot, R.T. Digbution of fluoride and fluorosis in Ethiopia and prospects for
control. Trop. Med. Int. Health 1999, 5, 35%4. doi: 10.1046/].1368156.1999.00405.x.

138



Kraemer, H. C., Wilson, G. T., Fairburn, C. G., & Agras, W. S. (2008). Mediators and
Moderators of Tratment Effects in Randomized Clinical Trials. JAMA, 310(16), 1719
1720.

Kravchenko, J.; Rango, T.; Akushevich, I.; Atlaw, B.; McCornick, P.G. The effect of non
fluoride factors on risk of dental fluorosis: Evidence from rural population of the Main
Ethiopian Rift. Sci Total Environ2014 488489595606. doi:
10.1016/j.scitotenv.2013.12.087

Krishnamachari, K. A. (2002). Skeletal fluorosis in humans: a review of recent progress in the
understanding of the disease. Progress in Food & Nutrition Science4)1@B3314.

Kumar, E., Bhatnagar, A., & Sillanpaa, M. (2013). Fluoride removal from water by adsérption
a review. Chemical Engineering Journal, 171(3),-84Q.

Kumar, P., Sharma, S., & Chaturvedi, A. (2019). Public health impact of fluoride in drinking
water: A reviewlInternational Journal of Health Sciengels3(4), 2631.
https://doi.org/10.4314/ijhs.v13i4.4

Kwak, C. S., Choi, M. S., & Park, S. C. (2018). Potential enhancement of bioavailability of
vitamin D in foods using eemiendly materials as carriers. Food Science and
Biotechnology, 27(6), 1803808.

Levin KA. Study design IlI: Crossectional studies. Evid Based Dent. 2006;7(1)524
https://da.org/10.1038/s).ebd.6400375

Levy SM, Kohout FJ, Guh&howdhury N, Kiritsy MC,Heilman JR, Wefel JS. (1995) Infants'
fluoride intake from drinking water alone,and from water added to formula, beverages, and
food. J Dent Res.74(7):1392407

Levy, S. M., & Warren, J. J. (2001). Fluoride and Oral Health. In Fluoride in Dentistry (pp. 29
40). Springer, Berlin, Heidelberg.

Levy, S. M., Warren, J. J., & Kirchner, H. L. (2000). Sources of fluoride intake in children.
Journal of Public Health Dentistry, 60(4), 2220.

Li Y, Liang C, Slemenda CW, Ji R, Sun S, Cao J, Emsley CL, Ma F, Wu Y, Ying P, Zhang Y,
Gao S, Zhang W, Katz BP, Niu S, Cao S, Johnston Jr CC (2001). Effects-t¢fong

exposure to fluoride in drinking water on risks of bone fractures; 16(5)9332

139


https://doi.org/10.4314/ijhs.v13i4.4
https://doi.org/10.1038/sj.ebd.6400375

Li, X., Zhang, W., & Li, X. (2016). Public health efforts to manage fluorosis in China: A
review. Environmental Health Perspectives, 124(7), 1006l.
https://doi.org/10.1289/ehp.1509860

Liang H, Steen ML, John JW, Barbara B, Joseph C (2006) Fluoride Intake Levels in Relation to

Fluorosis, Caries Resistance. 40: #8@0.

Little R. J. and Rubin D. B., Statistical Analysis with Missing Data. John Wiley & Sons, 2014

Liu, Y., Yang, K., & Liu, Q. (2013)Magnesium deficiency and skeletal fluorosis: a review.
Fluoride, 46(3), 27281.

Long, H., Yang, J., Wang, L. F., & Yu, F. (2003). Clinical study of osteoporosis in 48 cases with
fluoride. Chin J Osteoporos, 9(1),-4Q.

Lonnerdal, B.; Cederblad, A.; Dawson, L.; Sandstrom, B. The effect of individual components
of soy formula and cowsd mmlJIKClif Nutrk®84l4@ on z i
1064 1070

Lopez HL. Nutritional interventions to prevent and treat osteoporosis. Part I: Calciumnvitami
D, and other considerations. Journal of the American Osteopathic Association. 2017 Mar
1;117(3):1637.

Lopez, H. L., Kedia, A., Ziegenfuss, T. N., & Ferrando, A. A. (2008). Effect of 6 weeks of
eggshell powder supplementation on postmenopausal womeRABEB Journal,
22(1_supplement), 398.

Lucas R.B., Maela L, Damian A.D., Veronica E.D and Alfredo R. 2013. Chicken eggshell as
suitable calcium source at hontet J Food Sci Nutr2013; 64(6): 740743! 2013 Informa
UK Ltd. DOI: 10.3109/09637486.2013.7839

Maage A, Eckhoff K, Kjellevold M (1996). Fluorine,iodine, Iron, Zinc and selected fatty acid
profile in fish and staple food from East Africa. A report prepared for FAO, Fisheries
division, in connection with FAO project GCP/INT/467/NOR. Instituteatfition.

Directorate of Fisheries. Bergen Norway

Macek, M. D., Matte, T. D., Sinks, T., & Malvitz, D. M. (2006). Blood lead concentrations in
children and method of water fluoridation in the United States,iI98B!. Environmental
Health Perspectives, 4(1), 130134.

Makai F & Chudacek J (1991) The treatment of osteoporosis with Bibim#rchives of
Gerontology and Geriatricg, 4871 490

140


https://doi.org/10.1289/ehp.1509860

Malde MK, Scheidegger R, Julshamn K, Bader HP (2011) Substance Flow Analysis: A Case
Study of Fluoride Exposurértough Food and Beverages in Young Children Living in
Ethiopia. Environmental Health Perspectives119 (4):5549

Malde MK, Bjorvatn K, Julshamn K (2001) Determination of Fluoride in Food by the use of
Alkali Fusion and Fluoride loiselective Electrodd=ood Chemistry3: 373379.

Malde MK, Maage A, Macha E, Julshamn K, Bjorvatn K (1997) Fluoride content in selected
food items from five areas in East Africa. Journal of Food Composition and Analysis10:
233245.

Malde, M.K.; Zerihun, L.; Julshamn, K.; Bjatn, K. Fluoride, calcium and magnesium intake
in children living in a higkfluoride area in Ethiopidntake through food. Int. J. Paediat.

Dent. 2004, 14, 162.74. doi: 10.1111/j.136263X.2004.00513.x

Mann CJ. Observational research methods. Reseasitpndll: Cohort, cross sectional,
and caseontrol studies. Emerg Med J. 2003;20(1):5d.
https://doi.org/10.1136/EMJ.20.1.54

Marinho, V. C., Higgins, J. P., Sheiham, A., & Logan, S. (2003). Fluoridapgastes for
preventing dental caries in children and adolescents. Cochrane Database of Systematic
Reviews, (1). doi:10.1002/14651858.CD002278.

Marshould TA, Levy SM, Warren JJ, Broffitt B, Eichenber@imore JM, Stumbo PJ. (2004)
Associations between bikes of fluoride from beverages during infancy and dental fluorosis
of primary teeth. J Am Coll Nutr. 23(2):108.6.

Marthaler TM. "Changes in dental caries 105303." Caries Research. 2004;38(3)-Ba3

Martin, J., & Thompson, C. (201&tconomic barries to dietary supplement use in kkmcome
communities.Global Health Action9, 317328. https://doi.org/10.3402/gha.v9.31710

MartinezMier, E. A., Tenuta, L. M., & Carey, C. M. (2011). Current concépttioride
biology of oral health. Journal of Dental Research, 90(11),-1383.

McDonagh MS, Whiting PF, Wilson PM, Sutton AJ, Chestnutt |, Cooper J, Misso K, Bradley M,
Treasure E, Kleijnen J (2000) Systematic review of water fluoridation, Br. Mad.(1):

855 859.

McKenna, A.A.; llich, J.Z.; Andon, M.B.; Wang, C.; Matkovic, V. Zinc balance in adolescent

females consuming a lewr high-calcium dietAm. J. Clin. Nutr1997, 65, 1460 1464

141


https://doi.org/10.1136/EMJ.20.1.54
https://doi.org/10.3402/gha.v9.31710

McLean, E., & Cogswell, M. E. (2009). Global prevalenceah ideficiency anemia. Journal of
Nutrition, 139(6), 102€1.026.https://doi.org/10.3945/jn.109.105143

Meenakshi, R. S., & Maheshwari, R. C. (2006). Fluoride in drinking water and its removal.
Journal of Hhzardous Materials, 137(1), 4863.

Mehta, D.N.; Shah, J. Reversal of dental fluoro&islinical study. J. Nat Sci Biol Med. 2013
JanJun; 4(1), 138144 doi: 10.4103/0976668.107278

Melaku, Z.; Assefa, G.; Enqusilassie, F.; Bjorvatn, K.; Tekiéemanof R. Epidemiology of

skeletal fluorosis in Wonji Shoa Sugar Estate, Wonji, Ethiopia: a community based survey.
Ethiop. Med. J2012 50(4), 307-313.

Minihane, A.M.; FairweatheTait, S.J. Effect of calcium supplementation on daily nonheme
iron absorption ad longterm iron statusAm. J. Clin. Nutr1998 68, 96 102

Mglgaard, C.; Kaestel, P.; Michaelsen, K.F. Laagn calcium supplementation does not affect
the iron status of x24-y-old girls.Am. J. Clin. Nutr2005 82, 98 102.

Mgiller, I. J., & PoulsenS. (2015). Fluorosé risk factors and criteria of classification. Journal
of Dental Sciences, 10(4), 3&89.

More, C.; Bettembuk, P.; Bhattoa, H.P.; Balogh, A. The effects of pregnancy and lactation on
bone mineral densityDsteoporos Int2001, 12,732 737. doi.org/10.1007/s001980170048

Moynihan, P., & Petersen, P. E. (2004). Diet, nutrition and the prevention of dental diseases.
Public Health Nutrition, 7(1A), 26226.

Mullen J. (2005) History of water fluoridation. Br Dent J; 199 (Suppl-4):1

Mulualem ,D.; Hailu, D.; Tessema, M.; Whiting, S.J. Efficacy of calcicomtaining eggshell
powder supplementation on urinary fluoride and fluorosis symptoms in women in the
Ethiopian Rift Valley.Nutrients2021, 13, 1052. https://doi.org/ 10.3390/nu13041052

Mulualem, D.; Hailu, D.; Tessema, M.; Whiting, S.J. Association of Dietary Calcium Intake with
Dental, Skeletal and Ne8keletal Fluorosis among Women in the Ethiopian Rift Vallety.
J. Environ. Res. Public Heal@022 19, 2119.https://doi.org/10.3390/erph19042119

Murshed M, McKee MD. Molecular determinants of extracellular matrix mineralization in bone
and blood vessels. Curr Opiephrol Hypertens 2010;19:3586

Nahla M.M. Hassan. 2015. Chicken Eggshell Powd@®iagary Calcium Source in Biscuits.
World Journal of Dairy & Food Sciences 10 (2): 4835, 2015 ISSN 181308X®© IDOSI
Publications, 2015 DOI: 10.5829/idosi.wjdfs.2015.10.2.1152

142


https://doi.org/10.3945/jn.109.105143
https://doi.org/10.3390/

Nair, P. P., & Gupta, D. K. (2005). Role of antioxidants in managemeniarb8is. Fluoride,
38(2), 157162.

Nair, R., & Bansal, S. K. (2017). Management and prevention of fluorosis in India: A review.
Journal of Environmental Health Science and Engineering*, 15(45041
https://doi.org/10.1186/s402a11 7-0294-4

Narahari, D., Vishnuvardhan, Z., Sudhakar, M., & Raghunatha Reddy, R. (2010). Studies on the
extraction and analysis of minerals from eggshell. Current Nutrition & Food Science, 6(2),
135140.

Nayak BK. Understaridg the relevance of sample size calculation. Indian J Ophthalmol. 2010
Nov-Dec;58(6):46970. doi: 10.4103/0304738.71673. PMID: 20952828; PMCID:
PMC2993974

Nielsen FH (1999) Ultratrace minerals. In: Shils M, Olson JA, Shike M, Ross AC, eds. Modern
Nutrition in Health and Disease™ @d., Baltimore: Williams & Wilkins, 28303.

Niu, R. X., Sun, Z. X., Cheng, Z. W., Zuo, X. P., Li, Z. G., He, W., & Wang, J. L. (2006).
[Fluoride content of some teas and investigation of dental fluorosis caused by teatirink

Hua xi kou giang yi xue za zhi= Huaxi kougiang yixue zazhi= West China Journal of
Stomatology, 24(2), 12129.

NNP Il (National Nutrition Program 1l) 2018020. Federal Democratic Republic of Ethiopia.
Addis Ababa, Ethiopia. July 201A8vailable onlne:
http://extwprlegsl.fao.org/docs/pdf/eth190946 (aticessed on 30 December 2020).

NRC (National Research Council) (2006) Fluoride in drinking water: a scientific review of
EPAG6s standards. Commi tt eNatiomahAcddémiesPss de i n

Ogawa, Y., Yonemitsu, M., & Hanioka, T. (2004). Fluoride content in green tea leaves and its
effects on dental caries. Journal of Health Science, 50(5498.1

Omer, A.; Mulualem, D.; Classen, H.; Vatanparast, H.; Whiting, S.J. A community poultry
intervention to promote egg aedgshell powder consumption by young children in Halaba
Special Woreda, SNNPR, Ethiopih.Agric. Sci2018 10, 1.
https://doi.org/10.5539/jas.v10n5p1l

Omer, A.; Mulualem, D.Classen, H.; Vatanparast, H.; Whiting, S.J. Promotion of egg and

eggshell powder consumption on théritional status of young children in Ethiopiat. J.
Food Sci. Nutr. Re2019 1, 11004 https://doiorg/10.31546/IJFSNR.1004

143


https://doi.org/10.1186/s40201-017-0294-4
https://doi.org/10.5539/jas.v10n5p1
https://doi.org/10.31546/IJFSNR.1004

Omi N, Ezawa I. 1998. Effect of egipell Ca on preventing of bone loss after ovariectamy.
Home Econ JpA9:2271 282.

OpydoSzymaczek, J., & Borysewidzewicka, M. (2017a). [Dental fluorosis among adults with
different fluoridei nt ake] Fl uorosis znAiab-w u dorosgych
PaEGtwowego Zakgadle4. Hi gi eny, 68(2), 159

OpydoSzymaczek, J., & Borysewidzewicka, M. (2017b). Fluoride intake and urinary
excretion in adults. Rocy 68(4k404%Ba Est wowego Z:

Orion Research incorporated (1991) Model0® 9609 fluoride / combination fluoride
electrodes instruction manual.

Owino, V., Kasonka, L., Sinkala, M., Wells, J., Eaton, S., Darch T., Filteau, S. 2007. Fortified
complementary foodsince ases growth and haeanylgsteobi n i nd
treatment, without reducing breast milk intake eh8nth old Zambian infant&imerican
Journal of Clinical Nutrition 86, 10941103.

Peckham S, Awofeso N. "Water fluoridation: a critical reviewhef physiological effects of
ingested fluoride as a public health intervention.” The Scientific World Journal.
2014;2014:2930109.

Petersen PE and Lennon MA (2004) Effective use of fluorides for the prevention of dental caries
in the 21st century: The WHO ammach, CommunrDent. Oral Epidemiol32: 319 321.

Pius, A.; Viswanathan, G. Determination of calcium dose for minimizing fluoride bioavailability
in rabbits. Curr. Sci.2008, 95(6), 774/ 73. https://lwww.jstor.org/stable/24102603

Poni kvar M, Stibilj V, Zgemva B (2007) Daily
based on analysis of total fluorine in total diet samples using fluoride ion selective electrode,
Food Chem. 103: 36374.

Pourhoseingholi MA, Vahedi M, Rahimzdd®l. Sample size calculation in medical
studies. Gastroenterol Hepatol From Bed to Bench. 2013;6(%):14
https://doi.org/10.22037/ghfbb.v6i1.332

Prince, R. L., A. Devine, S. S. Dhaliwal and |. M. Digk06. Effects of calcium

supplementation on clinical fracture and bone structure: results-géar5doubleblind,

placebo controlled trial in elderly women. Archives of Internal Medicine 166(8)7869

144


https://doi.org/10.22037/ghfbb.v6i1.332

Raju, N. J., Anjaneyulu, Y., & Lee, S. M. (200®emoval of fluoride from aqueous solution by
using biechar, a green adsorbent. Environmental Science and Pollution Research, 16(6),
750-758.

Rango, T.; Kravchenko, J.; Atlaw, B.; McCornick, P.G.; Jeuland, M.; Merola, B.; Vengosh, A.
Groundwater qualityrad its health impact: An assessment of dental fluorosis in rural
inhabitants of the Main Ethiopian Rift. Environ. Int. 2012, 43, 347. doi:
10.1016/j.envint.2012.03.002.

Rappoport, Z., & Liebman, J. F. (2004). The chemistry of organofluorine compaymdisesis,
applications, and environmental issues. John Wiley & Sons.

Rashid, S., & Ali, M. (2020)Gender dynamics in dietary supplement practices: Insights from
community health studi,2¥4),50508 r nal of Womeno:
https://doi.org/10.1089/jwh.2019.7775

Reddy, P., Prasad, M., & Kumar, P. (2018). The effect of iron on fluoride metabolism: A review.
Journal of Environmental Science and Health, Parb2(7), 605611.
doi:10.1080/10934529.28.1461183.

Reginster JY, Halkin V, Henrotin Y & Gosset C (1999) Treatment of osteoporosis: role ef bone

forming agentsOsteoporosis Internationd, s91i s96.

Reichenheim ME, Coutinho ES. Measures and models for causal inference in crosssectional
studies: Arguments for the appropriateness of the prevalence odds ratio and
related logistic regression. BMC Med Res Methodol. 2010;10:Article 66.
https://doi.org/10.1186/147228810-66/FIGURES/4

Reimann C, Bjorvatn K, Frengstad B, Melaku Z, Teki@imanot R, Siewers U (2003) Drinking
water quality in the Ethiopian section of the East African Rift Valleylata and health

aspects. Science of the Total Environment; 311865

Reimann C, BjorvatiK, TekleeHaimanot R, Melaku Z, Siewers U (2002) Drinking Water
Quiality, Rift Valley, Ethiopia. NGtReport.033. Trondheim, Norway: The Geological
Survey of Norway. 1131.

RHB (Regional Health bureau) SNNPRs health administration office, 2015. Hawgssa cit
Sauthern, Ethiopia

145


https://doi.org/10.1089/jwh.2019.7775
https://doi.org/10.1186/1471-2288-10-66/FIGURES/4

Rothman KJ, Greenland S, Lash TL, editors. Modern Epidemiology. 3rd ed. Philadelphia,
PA, USA: Lippincott Williams & Wilkins; 2008.
https://doi.org/10.1136/pgmj.63.739.4b8
Rovensky J, Stancikova M, Masaryk P, Svik K Istok R. Eggshell calcium in the prevention and
treatment of osteoporosist. J. Clin. Pharmacol. Res. 2003, 23}, 8392. PMID:
15018022
Rowe J. W. and. Kahn R. L, "Successful Aging," Gerontologist, vol. 874 ,rpp. 438440,
1997

Rupal A. Vasant and Narasimhacharya Amaravadi V.R.L. A multigrain protein enriched diet

mitigates fluoride toxicity. Revised: 29 March 2011 /Accepted: 1 April 2011# Association
of Food Scientists & Technologists (India) 2011

SCCP (B09) Clarification on the Opinions SCCNFP/0653/03 and SCCP/0882/05 on the safety
of fluorine compounds in oral hygiene products for children under the age of 6 years.
Scientific Committee on Consumer Products;. Available from:

URL:http://ec.europa.eu/health/ph_risk/committees/04_sccp/docs/sccpo_169.pdf

Schaafsma A, Beelen GM. 1999. Eggshell powder, a comparable or better source of calcium than
purified calcium carbonatgiglet studiesJ Sci Food Agri&Z9:1596 1600.

Schaafsma A, Pakan I. 1999. Shieim effects of a chicken eggshell powder enriched dairy
based products on bone mineral density in persons with osteoporosis or ost&rpésla.
Lek Listy100: 651 656.

Sdchaafsma A, van Doormaal JJ, Muskiet FA, Hofstede GJ, Pakan |, vander Veer E. 2002.
Positive effects of a chicken egg shell powderiched vitamirmineral supplement on
femoral neck bone mineral density in healthy latejposbhopausal Dutch women. Br J Nut
87: 267275

Schaafsma, A.; Pakan, |.; Hofstede, G.J.H.; Muskiet, F.A.; Van Der Veer, E.; DeR/des
Mineral, amino acid, and hormonal composition of chicken eggshell powder and the
evaluation of its use in human nutritidPoult. Sci. 2000, 79, 183B338. doi:
10.1093/ps/79.12.1833.

SCHER (Scientific Committee on Health and Environmental Risks). (2010) Critical review of

any new evidence on the hazard profile, health effects, and human exposure to fluoride and

146


https://doi.org/10.1136/pgmj.63.739.418-b
http://ec.europa.eu/health/ph_risk/committees/04_sccp/docs/sccpo_169.pdf

the fluoridating agents of drinking weat European Union, Directorate General for health
and consumer, 185

Schoenborn C. G. and Heyman R. D. "Health statistics for older adults: United States, 1992,"
Vital Health Stat, vol. 3, no. 27, ppi 125, 1994.

Shashi, A.; Kumar, M,; Bhardwaj, M. Irdence of skeletal deformities in endemic fluorosis.
Trop. Doctor 2008, 38, 23233. doi: 10.1258/td.2008.070379.

Shifera G and Tekle Haimanot R (1999) A review of the defluoridation program of drinking
water supplies of an Ethiopian community. In Progegslof the Second International
Workshop on Fluorosis and Defluoridation of Water. International Society for Fluoride
Research.

Shrout P. E. and Bolger N., "Mediation in experimental and nonexperimental studies: New
procedures and recommendations,” Pslatioal Methods, vol. 7, no. 4, pp. 4245,

2002.

Shu WS, Zhang ZQ, Lan CY (2003) Fluoride and aluminium concentrations of tea plants and tea
products from Sichuan Province, P.R.China. Chemosphere. 52: 1485

Silva, M. F. R., & Leite, A. L. (2003). iBk factors for dental fluorosis: a review of the recent
literature. Pediatric Dentistry, 25(5), 4452.

Singh, K., Kaur, R., & Kumari, M. (2012). Vitamin C ameliorates fluofilnguced oxidative
stress and DNA damage in rats. Environmental ToxicologyPdwadmacology, 34(1), 781.
doi:10.1016/j.etap.2012.03.006.

Smith, D. R., et al. (2018). Effects of calcium supplementation on renal function in
postmenopausal women: A randomized controlled ti@irnal of Bone and Mineral
Research25(8), 179186.

Sololl, L.J.; DawsorHughes, B. Calcium supplementation and plasma ferritin concentrations in
premenopausal womeAm. J. Clin. Nutr1992 56, 1045 1048

Spencer, H.; Kramer, L.; Norris, C.; Osis, D. Effect of calcium and phosphorus on zinc
metabolism in marAm. J. Clin. Nutr1984 40, 1213 1218.

Stefanie V, Benoit H, Michel F, Marie JM, Michéle U, Inge H, Herman VO, Alfred N (2009)
Fluoride Intake through Consumption of Tap Water and Bottled Water in Belgium,

International Journal of Environmental Resourd¢ashlic Health. 6: 1678690.

147



Susheela, A. K. (1999a). Fluorosis: an easily preventable disease through practice of
interventions. Nutrition Foundation of India. 17(1);19.

Susheela, A. K. (1999b). Skeletal fluorosis and its neurological complicatioflsioride and
the Oral Environment (pp. 22838). Karger Publishers.

Susheela, A. K. (2015). Fluorosis management in India: A critical review. *Fluoride*, 48{1), 50
60. https://www.fuorideresearch.org/483/files/48360.pdf

Susheela, A.K. Fluorosis in developing countries, remedial measures and appi@axhdad.
Nat. Sci. Acad. (PINSA) 2002, B68, 5, 38W.
https://insa.nic.in/writereaddata/UpLoadedFiles/PINSA/ Vol68B_2002_t824xdf

Susheela, A.K.; Bhatnagar, M. Reversal of fluoride induced cell injury through elimination of

fluoride and consumption of diet rich in essential nutrients and antioxiddoies. Cell
Biochem. 2002, 234/235, 33%0. PMID: 12162452

Tadesse, D., &ihdego, D. (2017). Groundwater fluoride contamination and its impact on
health in the Rift Valley region of Ethiopia. Water Quality, Exposure and Health*, 9(1), 1
10. https://doi.org/10.1007/s124G8 6-02080

Tandon, V,; Tirth, A.; Singh, V. Fluoride Toxiciti AP Lambert Academic Publishing, 2015. pp
2-4; 56-60.

Tavafi, M., Ahmadvand, H., & Toolabi, P. (2013). Inhibition of gentaniiciduced renal

tubular cell necrosis. Iranian Journal of Kidriggeases, 7(5), 37882.

Tekle-Haimanot R (1990) Neurological complications of endemic skeletal fluorosis, with special
emphasis on radicilmyelopathy.Paraplegia. 28:2251

Tekle-Haimanot, R.; Haile, G. Chronic alcohol consumption and the developmskelefal
fluorosis in a fluoride endemic area of the Ethiopian Rift ValleWVater Res. Protect
2014 6,149155.

Tekle-Haimanot, R; Melaku, Z.; Kloos, H.; Reimann, C.; Fantaye, W.; Zerihun, L.; Bjorvatn, K.
The geographic distribution of fluoride inrface and groundwater in Ethiopia with an
emphasis on the Rift Vallefci. Total Environ. 2006, 367, 1-830. doi:
10.1016/j.scitotenv.2005.11.003.

Temple, R. (2010). Enrichment Strategies for Clinical Trials: The Use of Biomarkers. JAMA,
303(18), 18301840.

148


https://www.fluorideresearch.org/483/files/48350-60.pdf
https://doi.org/10.1007/s12403-016-0208-0

Teotia, M.; Teotia, S.P.; Singh, K.P. Endemic chronic fluoride toxicity and dietary calcium
deficiency interaction syndromes of metabolic bone disease and deformities inndidia.
J. Pediatr. 1998, 65(3), 37381. doi:10.1007/BF02761130

TesfayeB.; Sinclair, K.; Wuehler, S.E.; Moges, T.; {Reqil, L.M.; Dickin, K.L. Applying
international guidelines for calcium supplementation to prever¢gempsia: simulation of
recommended dosages suggests risk of excess intake in EtBigi@aPubl. HIthNutr.

2018, 22(3), 53i1541. doi: 10.1017/S1368980018002562

Tewodros Rango, Julia Kravchenko, Behailu Atlaw, Peter G. McCornick, Marc Jeuland, Brittany
Merola, Avner Vengosh. 201&round water quality and its health impact: An assessment
of dental fluoross in rural inhabitants of the Main Ethiopian Rfiblished: April 2012.

Tezera F, Whiting SJ, and S Gebremedhin (2017) dietary calcium intake and sunlight exposure
among children agedB3 months in dale woreda, southern ethiopEAND17(3) 2017

Thache TD, Ighogboja S, Fischer PRickets without vitamin D deficiency in Nigerian
children.Ambulatory Child Healtt1997;3:56 64.

Toyoda A and Taira T (2000) A new method for treating fluorine wastewater to reduce sludge
and running costs. IEEE Transacti@mmsSemiconductor Manufacturing; 13(3): 3G59.

Tressaud A and Haufe G (2008) Fluorine and Health: Molecular Imaging, Biomedical Materials
and Pharmaceuticals. Elsevier, Hungary,-389

Trochim, W. M. K. (2006). Research Methods: The Concise Knowledge B&smic Dog
Publishing.

Trochim, W. M., & Donnelly, J. P. (2006). Research Methods: The Concise Knowledge Base.
Cengage Learning.

Uday, S.; Hogler, W. Spot the silent sufferers: A call for clinical diagnostic criteria for solar and
nutritional osteomalaa. J. Steroid Biochem. Mol. Biol. 2019, 188, 1¥46. doi:
10.1016/j.jsbmb.2019.01.004. Epub 2019 Jan 14. PMID: 30654108.

UK-DoH (1994) Dietary reference values for food energy and nutrients for the United Kingdom.
Report of the Panel on Dietary RefereMadues of the Committee on Medical Aspects of
Food Policy, Department of Health. London, UK.

UNICEF, 2015 http://www.unicef.org/esaro/5440 eth2015_drilling.html

Upadhyaya, D., & MishrgA. (2009). Defluoridation of water using neem activated carbon.
Desalination, 249(1), 42425.

149


http://www.unicef.org/esaro/5440_eth2015_drilling.html

Vasant, R.A.; Amaravadi, V.R.L.N. A multigrain protein enriched diet mitigates fluoride
toxicity. J. Food Sci. Technol. 2013, 50(3), 5284. doi: 10.1007/s131/-011-0367-3.

Wang, L. F., Feng, L. C., & Yu, F. (2008). Clinical analysis of 24 cases of osteoporosis caused
by fluoride. China Trop Med, 8(10), 18@B68.

Warren, J. J., & Levy, S. M. (2003). Current and future role of fluoride in nutrition. Dental
Clinics, 47(4), 713 32.

Whitford GM (1997) Determinants and mechanisms of enamel fluorosis. Ciba Foundation
Symposium. 205: 22841.

Whitford, G. M. (2013). The metabolism and toxicity of fluoride. Monographs in Oral Science,
22, 7689. doi:10.1159/00034664

WHO (2002) Environmental Health Criteria 227, Fluorides, World Health Organization, Geneva.

WHO (2003. Fluoride in DrinkingyVater, Background Document for Preparation of WHO
Guidelines for DrinkingWater Quality. Geneva, World Health Organization.

WHO (2004) Fluoride in DrinkinggVater, Background Document for Development of WHO
Guidelines for Drinkingwater Quality. Pp, IL5.

WHO (2006) Multicentre Growth Reference Study Group. WHO Motor Development Study:
windows of achievement for six gross motewvdlopment milestones.Acta Paediatr2006;
450: 86 95.

WHO (2008) Guidelines for drinking/ater quality. 3rd ed., incorporating the first and second
addenda. Volume 1 Recommendatioiarld Health Organization, Geneva, 2008
https://www.who.int/water_sanitath_health/publications/gdwq3rev/en/

WHO (2011) Guidelines for Drinkinwater Quality 4 ed., Geneva, 9873

WHO Regional Office for Africa. (2004). National strategy for oral health in Ethiopia-2004
2017.

Wondwosen, T., & Belayneh, A. (2020). Healthpiats of fluoride exposure and mitigation
strategies in Ethiopia: A review. Health Policy and Planning , 35(5}6@922
https://doi.org/10.1093/heapol/czaa025

Wondwossen, F.; Astrgm, A.N.; Bjorvatn, lRardsen, A. Socialemographic and behavioural
correlates of severe dental fluorosrd. J. Paediatr. Dent2006,16(2), 95103.

150


https://doi.org/10.1093/heapol/czaa025

Wondwossen, F.; Astrom, A.N.; Bjorvatn, K.; Bardsen, A. The relationship between dental
caries and dental fluorosis in aredth moderate and highfluoride drinking water in
Ethiopia.Commun. Dent. Oral Epidemic&004 32, 337344.

Wong, M. C. M., Clarkson, J., & Glenny, A. M. (2010). Cochrane reviews on the benefits/risks
of fluoride toothpastes. Journal of Dental Resea868), 916916.

World Health Organization. (2002). Guidelines for DrinkMter Quality. World Health
Organization.

Wu H, Gozdzik A, Barta JL, Wagner D, Cole DE, Vieth R, Parra E, Whiting S. (2009) The
development and evaluation of a food frequency tip@saire used in assessing vitamin D
intake in a sample of healthy young Canadian adults of diverse andagirires?9, 255
261

Yan, L.; Prentice, A.; Dibba, B.; Jarjou, L.M.A.; Stirling, D.M.; Fairweathait, S. The effect
of long-term calcium supgimentation on indices of iron, zinc and magnesium status in
lactating Gambian womer. J. Nutr.1996 76, 821 831.

Zerabruk S, Chandravanshi BS and Zewge F (2010) Fluoride in black and green tea (camellia
sinensis) infusions in Ethiopia: measurement gafdty evaluation. Bull. Chem. Soc.

Ethiop., 24(3): 327338

Zhao, L., & Zhang, Z. (2018). Fluorosis in China: Epidemiology, environmental exposure, and
health effects. Environmental Science and Pollution Research , 25(11); 1139
https://doi.org/10.1007/s11358 814534

Zhu, K., Prince, R. L., & Calcium Excretion Study Group. (2015). Calcium and bone. Clinical
Biochemist Reviews, 36(2), 5%4.

Zohouri FV, RuggGunn AJ (2000). Sources of digtduoride intake in four years old children
residing in low, medium and high fluoride areas in Iran. International Journal of Food
Science and Nutrition. 51: 34326.

151


https://doi.org/10.1007/s11356-018-1453-4

9. Appendices

Annex | : English versionQuestionnaires 24hr Dietary Recall and FFQ usedor

I nterviewing
IDENTIFICATION
01 Date /Month/Year of 02 Name of
Interview: interviewer:
03 Got/Village: 04 Kebele::
05 Mot her s Name 06 Mot her 6s Age ]
07 Chil dés Name: |08 Sex of the childb1l Male 2 Female
09 Age of child in months : 10 Chil ddés Date of Q4
(Check using vaccination card if th / /
child is 618 months old)

SECTION-I: Sociceconomic and demographic characteristics

InstructionsAs k t he question as written. Please,
youbre instructed to do so. | f yazaordingly.dMrite u
a ring on the given answer by the respondent.

. Males
101 | Family size (individuals living in the householq 2. Females

. Males
102 | Number of under five children . Females

Below 5 years
57 10 years

11 to 15 years
Above 15 years

103 | Year of residency in this area

. llliterate

. Elementary school (Grad& 18")

. Secondary school (Grad& 912")

. College/University (Abovei? grade)
99. Other (Specify)

104 | Your educational background

WNPRPOAMWNPR NRNR
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0. lliterate

105 |Husbandds educat i on all. Elementaryschool (Grad&18™)

2. Secondary school (Grad® 912")

3. College/University (Above1? grade)
98. Husband was died

99. Other (Speoy)

1. Married
106 | Marital status 2. Divorced
3. Widowed
99. Other (Specify)

Farmer

Government employed
Private employed
Petty trader
None/Housewife

9. Other (Specify)

107 | Your main occupation

aswnNPR

O

Farmer

Government employed
Private employed
Petty trader

None

9. Other (Specify)

108 | Your husband main occupation

a s wnNPR

O

Farming

Animal husbandry
Daily laborer

Petty trader
Government employed
9. Other (Specify)

109 | Main source of income of the household

a s wnhpeE

O

1. Below 500birr
210 | Average monthly incme of the household in | 2. 501-1000 birr
birr 3. 10011500 birr
4. 15022000 birr
5. Above 2000 birr
SECTION 28 Drinking water, Personal hygiene and Environmental sanitation
1. Piped water
201 1 \what is themain source of drinking water fo| 2. Water from an open well
members of your household? 3. Covered well/ borieole
(Do not read options aloud. Record only on| 4. Surface water (spring, river/stream,
option). pond/lake)

153




5. Rainwater
99. Other (Specify)

202 | How many hours does it take to bring wate| 1. Below an hour
on foot from the source? 2. Above an hour
(Ask this question 3. Dondét know
have pipe and/or open well waterusoe in
their living compound).
1. Closed container/ Jerry can
203 | How do you store your drinking water? 2. Open container/ Bucket
99. Other (Specify)
204 Dc_J y(_Ju treat your water in any way before 0. No& Skip to Q206
drinking?
1. Yes
205 | i yes:what do you usually do to the water t{ 1. Strain It Through Cloth
make it safer to drink? 2. Boll
: : 3. Add Bleach eg. wina agar
(Probe: Anything else? . :
Mark all that apply by recording the numbel 4 \C/:Vgirfp:olzslil:g)r (Ceramic, Sand,
in the corresponding answer box). 99. Other (Specify)
206 | Is the water used for drinking and preparing 0. No, it is the same
food from same or different source? 1. Yes, itis different
207 | Is the water used for drinking and 2. No, itis the same
hygiene/bathing from same or different 0. Yes, it is different
source?
208 When do you wash your hands? 0. Not washing at all
: : 1. Before food peparation
2
(Probe: Any other time~ | 2. Before feeding child
Mark all that apply by recording the numbe| 3. After defecation/ visiting the toilet
in the corresponding answer box). 4. After attending to child who has
defecated/soiled
0. None
209 Usually what you use to wash your hands 1. Soa
. - p
with water?
2. Detergent
(Record only one optio®lease observe the| 3. Ash
cleaning agent, if possible 4. Mud/sand
99. Other (Specify)
0. No toiletd bush, field
210

What kind of toilet facility does your

1. Flush toilet /septic tank
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household use? 2. Traditional Pit latrine

(Record only one observation) 3. Latrine with fiade
99. Other (Specify)
211 | Do you receive education about 0. No, I di dnot

fluoride/fluorosis fromth& e be |l e 6 s | 1. Yes, I do
HEW and/or any health professional?

212 If yes to Q211what education do you receiv 1. About fluoride source of food and
about fluoride/ fluorosisProbe: Anything beverage types.
Ise? .
else 2. About the toxic effects of excess
(Mark all that apply by circling the fluoride intake
number in the corresponding response
alternatives. More than one response is 3. About measures to be taken to lessen
possible). mitigate the toxic effect of fluoride
4. Consumption of calcium and/or vitami
C rich foods to mitigate the toxic
effects of excess fluoride
99. Other (Specify)
0. No
213 | Is there any means/measure taken to 1. Yes
lessen the fluoride content of your 21 donét know

o o _
drinking water source* If yes, please mention

: 0. No
214 | Does your household have any mosquito 1. Yes
nets that can be used while sleeping? '
215 | Did you sleep under the mosquito net 0. No
last night? 1. Yes
SECTION 38 Women obstetric history
301 Number of gravidity
302 Number of parity
303 History of miscarriage 0. No
1. Yes
304 History of stillbirth 0. No
1. Yes
305 Did you give a child with any kind of birth 0. No
defect? 1. Yes
306 If yes to Q 305, mention the kind of birth 1 Paralyses of extremities
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defect you had.

(More than one response is possible. Please

donot read the altern

response from the list of options giyen

Spinal bifida
Hydrocephalus
Missed body parts)

O
Qw~Now

. Other (Specify)

Presence of extra body pés)

SECTION 48 24hr dietary recall

Instruction: Now | would like to ask you about foods that you may have had yesterday during
day or the night. Please also include foods consumed outside your Bisngou eat (Name the
food) yesterday during the day or nigliRead each item aloud and record responses before

moving to the next item).

Food item/group Response
401 Maize, bread, sorghum, teff, wheat, barley, 0. No
rice, noodles/indomi, porridge, or other foods | 1. Yes
made from cereals?
402 Pumpkin, carrotssquash, or sweet potatoes 0. No
that are yellow or orange inside? 1. Yes
403 White potatoes, sweet potato, kocho/bulla, 0. No
white yams, cassava, or other foods made 1. Yes
from roots/tubers?
404 | Any dark green leafy vegetables (eg. kale)? 0. No
1. Yes
405 Ripe mangoes, papaya, or other orange 0. No
colored fruits? 1. Yes
406 | Any other vegetables? 0. No
1. Yes
407 | Any other fruits? For@xample Avocado 0. No
1. Yes
408 | Any foods made from beans, peas, lentils, or | 0. No
nuts? 1. Yes
409 | Cheese or tier food made from milk (eg. 0. No
yogurt)? 1. Yes
410 Eggs? Any kind of egg 0. No
1. Yes
411 Liver, kidney, heart or other organ meat 0. No
1. Yes
412 | Any meat, such as beef, pork, lamb, goat, 0. No
chicken? 1. Yes
413 Fish? Any kind of fish 0. No
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1.Yes

414 | Other fats or oils (eg. vegetable oil, ghee, 0. No
sheno, kibe) or foods made with them? 1. Yes

415 | Sugar and other sugary products (eg. 0. No
chocolates, sweets, candies, soda) 1. Yes

416 | Any other semsolid, solid, or soft/mashed 0. No
foods that have not mentioned? 1. Yes

SECTION 5aFood frequency on calcium and/or vitamin C rich food
consumption

Instruction & Put(&) mark if the women consume the food items based on the given frequenc
consumption.

Food
item

Once More than Once
a day once a day a week

More than
once a wek

Once in
a month

Never
eaten

Milk

Yogurts

Millet

Kale

Fruit

(Banana)

Non-Kal

vegetables

e

Moringa

leaf
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Annex Il : Amharic version Questionnaires 24hr Dietary recall and FFQ used for
I nterviewing

gscP yjhs

yGH '3 T Np 3yPSH K
o7 3GGU Zgc Al

Sidc ¢gbadbE ¢37
uznog UZPc HDz nu

7 F o
GrindP 6pc gijse0 y

01 jhDS obLHAYyc $P: |02 ohys O«x: __

03 RZ/ngn: __ 04 $yh:

05 oyQexk® ] 06 oyaQc Unk: __

07 0g~0 Okx: _ _ 08 0g20 ADJa 1 1 Pn

09 0g»0 Unk yin: __ 10 g2 0 0bil gGycoa $P_
(368 In 90GO g2P 11 |
05c¢cVYc znn yKoc J N o.«x__

5qT 1aKgynOQ Ospj] O zJsO¢

ijif NJoz] sUdP uyb2E7 ijnNc DADBSesos obhoaNan il
YPpP] ©62d7 e YyPHeH 0] 0oaAyc ZO #HDz ydeAc |j
jTO HDz yKsyVY JijTs5baaUPn kHR Y3 ¢gj] OFET 6

€
Nc¢ DzEgHos o

1 ien _ ]
101 yanOUP akn §$& kP jgl ni?202. o6¢ _ _ |
1 irea
102 35U0ic¢c yoe o0GO OPc Pl e uvg(Q2 6¢ ]
5. 350ij¢c yoe
103 ydg UzYW/ I Np/$uh gkP Jgl |6 35100U0ijc
pbn/ pneg 7. 31150ijj ¢
8. 315Uij¢ yHDz
0. JTBKNE
104 0ydac ockgnc GNe 1. UPG|l G&«E 3d41)
2. QQBIVG&QI(%MT)
3. shi/ 30Znob (3121
99. h#H 39 DFgd__
0. JTBHBKN
105 QUYc ockgnc GNe 1. UPG|] @@&Né 51qlT )
2. GQBIVG&@1($MT)
3. shi/ 30Znob (3121
98. yyp4d ¢ 9g«k
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Annex Il : Hallebignaversion (local languagég Questionnaires 24hr Dietary recall

and FFQ used for Interviewing
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Annex IV: English version Consent form for Volunteer Womento Consume ESP

This is a study being conducted by a PhD student: Demmelash Mulualem Zewdie at Hawassa
University. The local study coordinator and data collectors are being paid to conduct thi
research study. You are invited to take part in this research study because you livkebeiais

Your participation is voluntary. It is up to you to decide whether or not you wish to take part. If
you decide to participate, you are still free to wihw at any time and without giving any
reasons for your decision. Pl ease take ti me
carefully. You can ask the study staff to explain any information that you do not clearly
understand. You may ask as maquestions as you need. Please feel free to discuss this with
your family, friends before you decide.

WHAT DOES THE STUDY INVOLVE?

You will be asked to answer different questions about you. Questions from questionnaires will
be read to you in your languagg&ome questions ask about the living standard of the household.
Other questions concern the safety and acceptability of providing eggshell powder for you. You
may refuse to answer questions that you are uncomfortable with. This will take around 30
minutes.

Hemoglobin levels give a broad picture of health, as it tells us whether there is dietary deficiency
or underlying illness. You will be asked to have blood taken from your vein and by finger prick
to assess the serum iron, zinc, hemoglobin levels ahant@aria at the beginning and end of the
study. The blood will be collected in a sterile cuvette that will be disposed of after measurement.
No further tests will be done on the blood.

We will collect a urine sample from you at the beginning and enthefstudy to measure

fluoride. Only a small amount is needed and collection will be arranged at the health center/post.
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At the beginning of the study, a dentist will assess your teeth. And also a physiotherapist (health
professional) will assess your htyi to move and ask questions about some symptoms related to
excess fluoride ingestion.

WHAT HAPPENS IF | DECIDE TO WITHDRAW?

You can stop participating at any time without penalty, and without having to provide any
explanation for doing so. We will i@h any data collected up to the point of your withdrawal
from the study.

WHAT HAPPENS IF SOMETHING GOES WRONG?

1 That in the event of an adverse event, the research participant should seek immediate
attention. There is a study coordinator available to amintind you will get the
appropriate health care at the nearby health facility free of charge.

1 These services will be provided at no cost to the research participant.

1 You are not waiving any legal rights to seek compensation for damages by signing

WHAT WIL L THE STUDY COST ME?
There are no costs associated with this study.
WILL MY PARTICIPATION BE KEPT CONFIDENTIAL?
Your personal information will only be used for the purpose of the study. You will not be
personally identified in the study report. Your inf@tion will be coded so that your identity is
not disclosed.
PARTICIPANT CONSENT TO PARTICIPATE
U | have read (or someone has read to me) the information in this consent form.
U lunderstand the purpose and procedures and the possible risks and betnefissuafy.

U 1 was given sufficient time to think about it.
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i

i

| had the opportunity to ask questions and have received satisfactory answers.
| am free to withdraw from this study at any time for any reason and the decision to stop
taking part will not affecmy future medical care.
| agree to follow the study doctor's instructions and will tell the study doctor at once if |
feel | have had any unexpected or unusual symptoms.
| give permission for the use and disclosure of myideatified personal health
information collected for the research purposes described in this form.

| understand that by signing this document | do not waive any of my legal rights.

| will be given a signed and dated copy of this consent form.

| agree to participate in this study:

Printed name of participant: Signature Date

Printed name of person obtaining consent: Signature Date
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Annex V: Amharic version Consent form for Volunteer Womento Consume ESP
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Annex VI: Conversion Factors usedfor Dietary Calcium Intake Calculation

The assumption used during daily calcium intake calculation using conversion bstedson
the frequency of calcium rich food consumption (FFQ):

Food mg/100g Notes
MILK 89 Fresh cow's milk
YOGURT 147 Canadian FCT value
MILLET 353 Black, flour
KALE 215.9 Kale + Salt+ Water: Boilec
FRUIT 8 Banana

Non-Kale Vegetables:
VEG 12 Mixed
MORINGA 440 Leaves
Amount
consumed Serving size
MILK 1 cup =200 mL = 200¢
YOGURT 1 cup = 200 mL = 200¢
MILLET One Injera/bread baked from Mitt black flour = 32g
KALE Two table spoonful boiled kale = 100g
FRUIT Two medium sized bananas = 100g
VEG Two table spoonful noKale Vegetables: Mixed = 100g
MORINGA Half tablespoon Morniga leaves powder = 25¢g

Freqguency to daily using

factors:

> 1 per day = assunix

1 per day =1x

> 1 per week = assume 3.5 per week =

3.5/7 =0.%

1 per week =

0.1

| per month = 1/30 €.03%

never= 0x
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Annex VI |: Dental Fluorosis Assessmen€h ec k| i st based on Deanbos

(To be completed by qualified dentist)
Kebele

Mot h e Nabne : Age: years

Instruction : Circle the appropriate dental fluorosis rating

S.
No Clinical assessment Dental Fluorosis rating score/Category
1 Dental fluorosis rating 1. Normal (0)
score/category of th@omen (Enamel represents the usual translucent type
structure)

2. Questionable (1)
(Enamel disclosedight aberrations)
3. Very Mild (2)

(Opague white areas covering 25% of the tooth

surface)
4. Mild (3)
(White areas covering 25%%0% of the tooth

surface)

5. Moderate (4)

(All surfaces affected and some browning)
6. Severe (5)

(Widespread bnon stains and pitting)
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Note for the assessofdental fluorosis examinel:

Normal: Enamel represents the usual translucent semivitriform type of structure. The surface is
smooth, glossy, and uslly of a pale creamy white color.
Questionable The enamel discloses slight aberrations from the translucency of normal enamel,
ranging from a few white flecks to occasional white spots. This classification is utilized
in those instances where a defirdiagnosis of the mildest form of fluorosis is not
warranted and a classification of O6nor mal o
Very mild: Small opaque, paper white areas scattered irregularly over the tooth but not
involving as much as25% of the tooth surface. Frequémtlyded in this classification
are teeth showing no more than abdi2 inm of white opacity at the tip of the summit of
the cusps of the bicuspids or second molars.
Mild : White opaque areas in the enamel of the teeth are more extensive but do notisvolve
much as 50% of the tooth.
Moderate: All enamel surfaces of the teeth are affected, and the surfaces subject to attrition,
show wear. Brown stain is frequently a disfiguring feature.
Severe I ncludes teeth formerly wdraes.sG fAleld earsa nen
are affected and hypoplasia is so marked that the general form of the tooth may be
affected. The major diagnostic sign of this classification is discrete or confluent pitting.

Brown stains are widespread and teeth often presemta@dedlike appearance.
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Annex VI11: Skeletal and NonSkeletal Fluorosis Level Assessmenth@cklist

Section I. Skeletal fluorosis level assessment
(To be completed by physiotherapist or trained nurse or other health care professionals)

Kebele

Mot h e Naie :

Age:

years.

Instruction : Write (1) if able to perform the exercise @)(f unable to perform the exercise for each, separately.

S. | Signs of skeletal fluorosis Response
No | (Based on physical exercise) 1=Yes;0=No | Notes
1 Cannot bend body and touch floor or {(&xercise A)
2 Cannot stretch and fold arms to touch back of head
(Exercise B)
3 Cannot touch chest with ch{xercise C)

Section Il: Non-skeletal fluorosis symptomdevel assessment

Instruction : Write (1) if symptoms present o0 if the symptoms not present for each, separately.

S.
No

Response

Non-skeletal fluorosis symptoms

0

No 1=Yes

Notes

Feel lower back pain

Feel leg pain, joints

Feel arm pain, joints

Feel tingling sensation in the hands and feet

Feel neck pain with movement

Feel muscle weakness

Feel loss of appetite

Have nausea

©| O N| O g &~ W N B~

Have abdominal pain

=
o

Have bloating in stomach

[EEN
[EEN

Experience polydipsia (excessive thirst)

[EEN
N

Experience polyuria (excess urine volume)

[EEN
w

Experience constipation
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Note for the assessor:

Physical exercises used to identify skeletal fluorosis and tolerable léwé risk:

6 P £
_1 |’II "; \ .' "~.I"
i"l [ \L Y
|f .}'I | f;"] "x-“*-h.a
L A 28 R C

. v

III I'
8 e
\Q e b Toksable kwl ofrsk
¢ LT - .
""..____- i /.r ‘l‘

0

Notice: -

Fluoride toxicity manifestation (Exercises):

A = Unable to bend without folding knees

B = Unable stretch hands, fold arms and touch back of head
C = Unable to bend neetouching chest with chin not possible
Normal health individual (Exercise):

D = Can bend body and touch the floor/toes

E = Can stretch hands, fold arms and touch back of head

F = Can touch chest with chin
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Annex IX: Checklist usedto Assesssafety and Acceptability of ESP

Supplementation

Instruction: Most of these gestions should not be prompted; so do not read from the list but ask
as an open question unless you are told to read out loud.

Kebele: HH ID: Womands _Name:
S. | Questions and filters Coding categories Remarks
No
1 | Are you consuming the ESP since the lasttin 1. Yes | f 00
2. No skip to
Q12
2 | Where do you get the eggshells used to prepg 1. My home
the ESP? 2. Neighbors
3. Restaurants
(Multiple responses are possible) 4. Other (Specify)
3 How frequent you consume the ESP? 1. Always (daily)
2. Often (>2times a week)
3. Sometimes (once a week)
4. Dondét know
5. Other (Specify)
4 | How much ESP you are consuming at a time| 1. Half of a bottle cap
2. Onebottle cap
(Write if she used any household utensil 3. Two bottle caps
4. Dond6ét Kknow
5. Other (Specify)
5 [You are consuming 0 E|1l Itisgoodformy health
What i s your opini on|2 [wanttocontinuetoconsume
3. I don 6 tonsumenittanyinare
(Multiple responses are possible) 4.1 didndét notice a
5. Other (Specify)
6 | Whom else consuming the ESP? 1. Only myself
2. My husband
3. My children
4. My neighbors /relatives
5. Other (Specify)
7 | What were the positive effects after consumiy 1. Make me healthy (no pains)
i EFSO 2. No abdominal discomforts
Do not read from the list BUT ask as an oper| 3. No positive effects
guestion and probe bj|4 Dondt know
el seo! 5. Other (Specify)
(Multiple responses are possible)
8 | What werethe negative effects after consumif Joint pains

AESPO

Do not read from the list BUT ask as an oper

Nausea and vomiting
. Constipation, bloating and gas

wh e
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the reasons why she stopped econsg the
ESP.

(E. g. if her reason
ask her the reasons
eggshells).

(Write all her responses for each probed
guestion separately)

guestion and pr obe b|4. Nonegative effects
el seo! 5. Donbt know
6. Other (Specify)
(Multiple responses are possible)
9 | What barriers you faced while consuming thg 0. No barrier at all
AESPO? 1. Unavailability of the eggshells
2. Lack of time to prepare the ESP
(Multiple responses are possible) 3. Difficult to remember consumirigSP
4. Causes neg@e effects
5. Other (Specify)
10 | What are the supports and/or motivators that 1. Make me healthy (absence of pains,
hel ped you to consum cramps, discomforts)
2.1 didndét expe(probe n
(Multiple responses are possible) which one)
3. Support from others (HEWSs, HDAs,
Neighbors, husband etc)
4. The ESP consumption project
5. Other (Specify)
11 ([Pl ease show me any r
collected eggshells or the cup you stored the
AESPO you have in yo
(Describe what you observe)
12 | When is the last time you stopped consuming0. Dondét (never) con
the ESP? 1. When the provision interrupted
2. After consuming for2-3 weeks
(Do not read from the list BUT circle the 3. After consuming for 3 months
appropriate option for her response) 4. Few days (a week) ago
5. Other (Specify)
13 | Why you stopped consuming the ESP?
(Write all reasons she provides)
14 | Ask at least three questions by probing base
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15

What do you suggest or what support you ne
to contnue consuming (including your
families) the ESP?

(Ask this particular question for all women
whether consuming the ESP or not and write
all responses)
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Annex X: Population Size and Number of Hhuseholdsin the Study Area

Summarythe totaland target population, and the number of households available in the study

kebeles at the time of the study.

Population of

Pair of Study Stud Distance Population, | Populationof children of 618 Number of
Clusters (pairs Clustyer Kebeld from Alaba | 2017 (2009| children of <2 | mths of age household Remark
of control and town’" E.C) mths of age (obtained from
intervention) (estimation) family folder)
Pair 1 Guba | Guba 15 5475 284 154
685
Lay Arsho | 10 5444 282 147
678
Pair 2 Arsho | Tach 11 6241 323 i
Arsho
850
Mirab
Gortancho 12 5017 260 -
621

# All the kebeles are more than 20km far from each other, they don't have common market and located in different
direction from the woreda capital, Halaba

Saurces: Woreda (kebele) administrative office, health center and health post
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Annex XI: Profiles of Individuals Involved during Fieldwork

Profiles of individualsrfame qualification and role of individual$ired in eggsheltalcium
project for data antiological samples collection.

S. | Name Profession Role Remark
No (qulaification)
1 Dr. Getahun Habitamu Dentist (DMD) Dental fluorosis exam Owner of
2 Mr. Shewaneh Alemu Physiotherapist (BSc| Skeletal and noskeletal florosis private
MSc) assessment special
clinic
3 Mr. Nasir Hussen Laboratory tech. Blood, urine, stool samples collection,
4 | Miss. Mskerem Teshome| Laboratory tech. Hemoglobin and malaria testing, Work in IG
5 Miss. Keyriya Hussen Clinical nurse Centrifuging the blood and separating the|
6 Miss. Meliha Abdela Clinical nurse serum, labeling, etc in intervention kebele
7 Mr. Addis Negussie Laboratory tech. Blood, urine, stool samples collection,
8 Mr. Mohammed Sirbela | Laboratory tech. Hemoglobin and malaria testing, Work in CG
9 Mr. Mundino Woticha Clinical nurse Centrifuging the blood and separating the
10 | Mr. Abebe Awol Clinical nurse seum, labeling, etc in control kebele
11 | Mr. Eshetu Lukas Nutritionist (BSc) Co-ordination, monitoring, translation, etc
12 | Mr. Alemayehu Misganu | Public health (BSc) | Co-ordination, monitoring, translation, etc
13 | Mr. Sultan Kedir 12" grade completed| Data collectors (Interviesbased data
14 | Mr. Abdi Sunkamo to BSc in civil collection sing questionnaires)
15 | Mr. Nigus Kassa engineering (who
16 | Mr. Behredin Kedir were noremployed
17 | Mr. Abdilkdir Seid and local in Hallaba)
18 | Mr. Nesradin Awole
19 | Miss. Amarech Hussen Community mobilization, c@rdination, etc
20 | Miss. Haysha Abate Health extension
21 | Miss. Sadiya Mahidilo | workers
22 | Miss. Ayura Bashir
23 | Miss. Mihiret T/Mariam
24 | Mr. Hussen Kajela
25 | Mr. Zewdneh Shanka Mr.| HU- Van driver
26 | Getachew Zewdie Travel research assistants from Hawassa
Hallaba during data and blood colien
27 | Mr. Tamirate Shigute Minibus driver Shuttle service for data collectors and
research groups from Halaba to kebeles
28 | Mr. Zeyinu Sume Motor-bicyclist Motor bike service for community
mobilization within the kebeles.
29 | Mr. Anteneh Omer MSc Research assistant (PhD student)
30 | Mr. Demmelash Mulualen MSc Research assistant (PhD student)

DMD =Dental Medical Doctor;lG = Intervention group/kebeleZG = Control group/kebeleHU = Hawassa
University
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Annex XI |: Ethical Clearancel etters

75\ ) HAWASSA UNIVERSITY

3% - COLLEGE OF MEDICINE AND
i~/ HEALTH SCIENCES
Institutional Review Board

UPA L7L0CAL:

VRI°STST M5 AL70 hA B
PI°CI°C Ny-9°70C 19° 7%,
nee:

Ref. No: IRB/019/10
Date: 12/12/2017

Name of Researcher(s): Demmelash Mulualem Zewdie, Antenel Omer Ali, Susan J Whiting, Eskindir Loha,

Marian Kjellevold and Bernt Lindtjiorn

Topic of Proposal: Effects of egg and eggshell calcium consumption in improving nutritional status and

mitigation of dental and skeletal fluorosis among children and mothers in Ethiopian Rift Valley

Dear researcher(s).

The Institutional Review Board (IRB) at the College of Medicine and Health Sciences of Hawassa University has
undertaken a scientific, conflict of interest and ethics review of the aforementioned research protocol and endorsed it

for implementation.

Note that regarding the eggshell study. only the experimental aspect involving supplementation of eggshell powder
to 20-25 volunteer women is approved. No other study or sub-study related to eggshell such as nutrition education
and promotion about eggshell use and its benefits, assessment of community knowledge. attitude and practice about

eggshell, etc can be conducted as part of this study.

This approval will be valid for a one year period as of its issuance (12" Dec 2017). If the study takes more than one

year, renewal of the approval should be sought.

If any amendment is made to this protocol after this approvai is given, then the amended version of the protocol

should be approved by our IRB before its imple

Yours faithfully,

S/VA

Ayalew Astatkie (PhD),

Institutional Review Board Chairperson.

P — i
B +046 820 92 90 Fax + 046 2208755
< 1560 Hawassa
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UNIVERSITY OF Biomedical Research Ethics Board (Bio-REB)

SASKATCHEWAN  Certificate of Approval

PRINCIPAL INVESTIGATOR DEPARTMENT Bio #
Susan J. Whiting Nutrition and Dietetics 17-150

INSTITUTION(S) WHERE RESEARCH WILL BE CARRIED QUT
Hawassa University Ethiopia

STUDENT RESEARCHER(S)
Demmelash Mulualem, Anteneh Omer

FUNDER(S)
GRAND CHALLENGES CANADA
TITLE
Using Eggshell Calcium to Mitigate Fluorosis in Ethiopia
ORIGINAL REVIEW DATE APPROVED ON APPROVAL OF EXPIRY DATE
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Control Group Consent Form Version 3 July
24,2017

Substudy | Consent Form for Control Group
Version 2 May 31, 2017

Substudy Consent Form for Treatment Group
Version 2 July 25,2017

Questionnaire la submitted 24-May-2017
Questicnnaire 1b,c - Food Frequency
submitted 24-May-2017

Questionnaire 2 - Child Iliness Report
submitted 24-May-2017

Questionnaire 3: Infant Feeding and
Knowledge, Attitude and Practice Questions
on Eggs and Eggshell submitted 24-May-
2017

Questionnaire 4a - Dean's Index to be
completed by qualified dentist submitted 24-
May-2017

Questionnaire 4b - Skeletal and non-skeletal
symptoms submitted 24-May-2017

Delegated Review [ Full Board Meeting O
IRB 1 Registration #00001471 [] IRB 2 Registration #00008358 [] Not Applicable [X]
CERTIFICATION

The University of Saskatchewan Biomedical Research Ethics Board (Bio-REB) has reviewed the above-named research study. The
study was found to be acceptable on scientific and ethical grounds. The principal investigator has the responsibility for any other
administrative or regulatory approvals that may pertain to this research study, and for ensuring that the authorized research is carried
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TJtit, toote

Ildiko Badea, Vice-Chair
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Annex Xl 11: SamplePhotos Taken during this ResearchWork

Consent was obtained from all individuals to use their phelased tahis research work

ik %

Sample photosduring ESP preparation
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Samplephotosduringdental examination
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Samplephotosduring skeletalflurosis examination
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Samplephotosduringblood and une specimercollection
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Annex XIV: Supplementary Result Tables

Supplementary Table I : Predictors of fluorosis symptoms (Gasintestinal complaints) among
mothers: logistic regression moddklabadistrict, South Ethiopian Rift Valley, 2018

Variable Category Gastro-intestinal COR (95%CI)* AOR (95%Cl)
(n=270) complaintsindex
No Yes
Number (%)  Number (%
Age (year) Mean (SD) 29.5 (4.2) 0.95(0.89,1.01) 0.95(0.88, 1.01)
Education Unable to read ant 82 (59.0) 57 (41.0) 1.1 (0.69, 1.84) 1.2 (0.72, 2.01)
write
Abletoread anc 81 (61.8) 50 (38.2) 1
write

Occupation No job 64 (634) 37 (36.6) 1
Have job 99 (58.6) 70 (41.4) 1.2 (0.74, 2.03) 1.2 (0.72, 2.04)

Parity O 4 i 92 (59.0) 64 (41.0) 1
> 4 live births 71 (62.3) 43(37.7) 1.2 (0.70, 1.89) 1.1 (0.65, 1.91)

Family size o 40 (56.3) 31 (437) 1
(parents and >5 123(61.8) 76 (38.2) 1.3(0.72, 2.17) 1.3(0.73, 2.33)

children)

Diet diversity O 5 foo 99 (60.7) 64 (39.3) 0.96 (0.59,1.58) 1.0(0.61,1.70)

> 5 food groups 64 (59.8) 43 (40.2) 1
Dietary O 400m 84(60.9) 54 (39.1) 1.1 (0.64 1.70) 1.0 (0.58, 1.74)

calcium >400mg/day 79 (59.8) 53 (40.2) 1

Residency O 10 56 (65.1) 30 (34.9) 1
>10years 107(58.2) 77 (41.8) 1.3(0.79, 2.29) 1.5 (0.84, 2.58)

In thebivariatelogistic regression, some of variables were significant ptedi atP < 0.2.
*There was no statistical significant association observed for any of the variable$ .85.
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Supplementary Table Il : Predictors of dental fluorosis among mothers: Logistic regression

modd, Halabadistrict, South Ethiopian Rift Valley, 2018

Variable Category Dental fluorosis® COR (95%Cl)” AOR (95%CI) "
(n=270) Absent Present
Number (%)  Number (%)
Age (year) Mean (SD) 29.5 (4.2) 1.0 (0.96, 1.07) 1.0 (0.96, 1.08)
Education Unable toread ani 57 (41.0) 82 (59.0) 1.3 (0.77, 2.03) 1.2 (0.73, 1.99)
write
Abletoread anc 61 (46.6) 70 (53.4) 1
write
Occupation No job 37 (36.6) 64 (63.4) 1
Have job 81 (47.9) 88 (52.1) 1.6 (0.96, 2.64) 1.6 (0.95, 2.68)
Parity O lige births 65 (41.7) 91 (58.3) 1
> 4 live births 53 (46.5) 61 (53.5) 1.2 (0.75, 1. 98) 1.3(0.78, 2.02)
Family size O 32 (45.1) 39 (54.9) 1
(parents and >5 86 (43.2) 113 (56.8) 1.1 (0.63, 1.86) 1.0 (0.78, 2.27)
children)
Diet diversity O 5ddroups 72 (44.2) 91 (55.8) 1.1 (0.64,1.72) 1.0 (0.60, 1.66)
> 5 food groups 46 (43.0) 61 (57.0) 1
Dietary O 400m 61(44.2 77 (55.8) 1.0 (0.64, 1.69) 1.3(0.76, 2.24)
calcium > 400mg/day 57 (43.2) 75 (56.8) 1
Residency O 10 40 (465) 46 (53.5) 1
>10years 78 (42.4) 106 (57.6) 1.2 (0.71, 1.98) 1.2 (0.68, 2.26)
*Dental flurosiswaa bsent 6 if the teeth were examined as nor mal

examined as very mild, mild, moderate or severe dentaiobis.
*In the bivariate logistic regression, some of variables were significant predictors at P < 0.2.
*There was no statistical significant association observed for any of the variables at P >0.05.
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Ew o

Abstract: Dietary calcium binds Fluoride (F), thus preventing excess F absorption. We aimed to
assess the efficacy of supplementing calcium-containing Eggshell Powder (ESP) on F absorption
using urine F excretion and on fluoresis symptoms. In total, 82 women (41 Intervention Group, 1G;
41 Control Group, CG) were recruited; overall, 39 in each group completed the trial. Morning spot
urine was collected before (baseline, BL) and after (endline, EL) the intervention that was 6-months
daily supplementation with 2.4 g ESP (providing ~1000 mg of calcium). Dental, skeletal, and non-
skeletal fluorosis assessments was carried out at BL and, except for dental, at EL. Relative risk (RR)
and linear generalized estimating equation were used to compare outcomes between groups. At BL,
urinary F excretion in the IG and CG groups was similar, ~10 mg/L. At EL, urinary F excretion in IG
women was six-fold lower (f = —6.1 (95% CI: —7.1, —5.1)) compared to CG. The risk of developing
skeletal and non-skeletal fluorosis were significantly (p < 0.001) reduced in the intervention group. A
significant reduction in urinary F excretion and reduction in many fluorosis symptoms were observed
among women supplemented with calcium-containing ESF, thus providing evidence for using this
dietary calcium source for mitigation of fluorosis. Clinical trials registration: NCT03355222.

Keywords: calcium; fluoride; fluorosis; women; Ethiopia; Rift Valley; eggshell; dental

1. Introduction

Worldwide, 50 million people suffer from fluorosis, which affects not only teeth, but
also bones, joints, gut, and brain functions [1]. In Ethiopia, where defluoridation requires
costly infrastructure, more than 14 million individuals, mainly in the Rift Valley, are affected
by fluorosis [2-5]. Research suggests that the adverse effects of fluoride (F) can be reversed
or lessened by providing sufficient food intake of protein, calcium (Ca), anti-oxidants, and
vitamin D [6-8]. Of these, Ca is the most studied by ecological studies [8—11]. However,
there have been no intervention studies of Ca to mitigate fluorosis at the community level
in Ethiopia.

Only a few studies have provided evidence of a reduction in F absorption with
dietary Ca supplementation. A total of two animal studies [12,13] examined aspects of
the mechanism and dose-responsiveness of Ca intake to reduce urinary F. A small human
trial of 10 per group [14] found decreased urinary F excretion. Ca binds with F forming
calcium-fluoride, which is insoluble in the gastrointestinal tract, preventing absorption
(measured as a fall in urinary F) and therefore reducing the extent of F exposure. In this
way it is postulated that the adverse effects of F are decreased and /or do not worsen with
Ca intake.

We therefore hypothesized that supplementation of an age-old, sustainable and low
cost source of Ca, i.e., eggshell, as a dietary Ca source [15] would mitigate the toxic effects
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Abstract: Fluorosis is a major public health problem in the Rift Valley of Ethiopia. Low calcium
(Ca) intake may worsen fluorosis symptoms. We assessed the occurrence of fluorosis symptoms
among women living in high-fluoride (F) communities in South Ethiopia and their associations with
dietary Ca intake. Women (1 = 270) from two villages provided clinical and questionnaire data.
Dental fluorosis examination was done using Dean’s Index, and skeletal and non-skeletal fluorosis
assessment was carried out using physical tests and clinical symptoms. Daily Ca intake was estimated
by a food frequency questionnaire. Food, drinking water and beverage samples were analyzed for
F level. Many subjects (56.3%) exhibited dental fluorosis. One-third of the women were unable
to perform the physical exercises indicative of skeletal fluorosis; about half had >2 symptoms of
skeletal f non-cskeletal fluorosis. The average F level in drinldng water SOUrces was ~3 mg!L. The F
content in staple food samples varied from 0.8-13.6 mg/kg. Average Ca intake was 406 = 97 mg/day.
Women having <400 mg/day Ca intake had ~3 times greater odds of developing skeletal rigidity with
joint pains [AOR = 2.8, 95%CL 1.6, 5.0] and muscular weakness [AOR = 2.9, 95%Cl: 1.3, 6.3] compared
to those with higher intakes. No association of calcium intake was seen with dental fluorosis. As low
dietary Ca intake was associated with symptoms related to skeletal and non-skeletal fluorosis, this
warrants nutritional intervention on calcium intakes in this setting.

Keywords: calcium intake; fluoride; dental fluorosis; skeletal fluorosis; non-skeletal fluorosis;
Ethiopian Rift Valley

1. Introduction

Drinking water sources in the Rift Valley of Ethiopia contain fluoride (F) levels exceed-
ing the World Health Organization (WHOQO) limit of 1.5 mg/L [1,2]. As a consequence, many
people living in the region are severely affected by fluorosis [2—8]. In serious cases, dental
fluorosis is manifested as brown mottling of the enamel and results in overall yellowing of
the teeth with erosion of the enamel [2,8]. Skeletal fluorosis occurs when there is a high
degree of bone brittleness due to excess deposition of F in bone that leads to osteosclero-
sis [3,6,9-12]. Non-skeletal fluorosis includes muscle weakness manifestations, such as
stiffness of the back and neck muscles and pain leading to inability to carry out routine
domestic activities [2,9].

Fluorosis is a major public health concern particularly for developing countries in-
cluding Ethiopia, as the infrastructure needed to remove the excess F ions is lacking or not
widely accepted [13,14]. It can affect both children and adults [13]. Over 85% of Ethiopians
living in the Rift Valley have been exposed to excess levels of F intake [7,15,16]. Although
drinking water is the dominant pathway of F exposure in Ethiopian Rift Valley areas, food
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Abstract

Many people living in the Rift Valley of Ethiopia are severely affected by fluorosis as the
drinking water sources contain fluoride levels exceeding the World Health Organizaitoof

1.5mg/L. Dietary Ca intake in many areas of Ethiopia is well below the recommended dietary
all owance. Fl uoride exposure may be an added
where there is low Ca intake. Thus, the aim of this study wasésssafety and acceptability of
calciumcontaining eggshell powder supplementation in the Phase Il clinical trial. HEighty
women (41 Intervention Group; 41 Control Group) were recruited for the Phase 1l clinical trial;
39 in each group completed théalr For the purpose of safety and acceptability assessment,
serum iron and zinc were measured using blood levels, prior to and after the @aotaming

ESP supplementation among the study subjects. Occurrence of side effects such as nausea,
vomiting, constipation, and abdominal bloating and gas related to excess calcium intake in the
Phase Il trial were assessed using checklists on a monthly period. Descriptive statistics, bivariate
and multivariable logistic regression, paired and two independentiesmattpsts were used to
analyze and compare outcomes between groups. Overaljuamner (~25%) of the women
complained most of the symptoms related to excess calcium intake from the second through the
fourth month of the supplementation period albeaideareasing trend was observed until the end

of the sixth month supplementation peridthe serum zinc level of women in the intervention
group was similarR = 0.17) compared with the control women. But women in the IG had
statistically significantly lowe(by ~2 0 %) s er um i-rO@nh(950eCl HH4,-0[L)p =
compared to women in the CG after the calcitontaining ESP supplementatidhe calcium
containing eggshell powder supplementation was generally acceptedolexlted and did not

pose significahrisks to the health of participants.

Keywords: Calcium, Eggshell powder, Side effecssfety, Acceptability, Iron, Zinc, Women.

Clinical trials registration number NCT03355222
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1. Introduction
Excessive intake of fluoride (F) is accompanied by a characteristic sequein@ngés in teeth,
bone and periarticular tissuetetal, skeletal and neskeletal fluorosis(Dean, 1934; Erdal and
Buchanan, 2005; WHO, 2006; Rangoal, 2012) Calcium (Ca)oinds with fluoride forming an
insoluble calcium fluoride in the gastrointesti tract, preventing absorption and therefore
reducing the extent of fluoride exposure and its adverse effdetstgand Shah, 2013; Kebede
et al.,2016b; Mulualenet al.,2021). However, reversing or lessening the adverse effects of F by
providing adeqate dietary or supplemental Ca might be problematic related to excess intake
calcium and deficiencies of other micronutrients, particularly divalent trace minerals such as iron

and zinc, which might be affected by a high calcium intake.

Calcium plays a cet r a | role in a wide r andte ammessentighe bod
nutrient for all age groups including women of cHiearing age (IOM, 2011)he tolerable

daily dietary upper intake level (UL) for calcium is set at 2500 mg for adi@lisrough 50 years

of agewhich is more than twice the recommended daily allowance (RDA, 1000 mg/day) for this
age group(lOM, 2011) Calcium intakes above the UL are considered to increase the risk of
adverse effects including hypercalcemia, vascular and tssfue calcification, renal stone
formation, interactions with zinc and iron absorpti@awsonHugheset al, 1986;Jacksonret

al., 2006; Murshed and McKee, 2010; I0M, 201INatural food sources of calcium are primarily dairy
foods and green leafy veigdles. When intake is not sufficient, calcium may be prescribed as a
dietary supplement often consumed in the form of pills of calcium salts including carbonate,
phosphate, citrate, and citratealate (Weaver and Peacock, 20X@3lcium supplement intake
also has long been associated with other side effects including constipation and gas étackson
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al., 2006; Princeet al., 2006), which varies greatly from person to person and dose of the

calcium supplement.

In Ethiopia, ironand zinc are among the fouram micronutrients that have high public health
significance (FMoH, 2008; NNP I, 2016k al ci umdés i nteraction with
has been considered a potential risk related to high calcium intakes. However, sesuits
inconclusive KcKennaet al., 1997; llich-Ernst et al, 1998; Abrams, 2001; Harris, 2002;
Mglgaardet al., 2005; Gaitaret al., 2011). Nevertheless it was deemed important to consider
whether a calcium supplement would affect markers of iron and zinc status as well-as side
effeds related to excess intake of calciuhimerefore, this study aimed to assess the safety and
acceptability of a calciursontaining ESP supplement in the Phase Il trial (Muluaggnal.,

2021) that was conducted to meada@sorptiorand fluorosis symptosin an area of Ethiopia

known for endemic fluorosis
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2. Methods
2.1. Study design
This safety study was carried out as part of the Phase Il clinical trial which tested efficacy of
calciumcontaining ESP supplementation on urinary fluoride excretion and fissgsiptoms

compared to no supplementation (Mulualem et al., 2021).

2.2. Setting and participant recruitment
The study participants in the trial were women who were permanent residents in high fluorosis
area(Mulualemet al.,2021)located in the main Rift Veey of South Ethiopia. The participants
were recruited in March 2018 (i.e. after the cresstional survey). The trial subjects were
randomly selected among all eligible women who had participated in thesacssnal survey
(Mulualem et al., 2022). Thus, all women who participated in the calckgontaining ESP
supplementation trial were in this safety study. The participant eligibility criteria and methods of

selection were described elsewhere (Muluaggral.,2021).

2.3. Sample size in the trial
In thetrial, the minimum sample size of 82 women (41 for each arm) was estimated to detect the
effect of calciumcontaining ESP supplementation on fluoride excretion and fluorosis symptoms

using power (17 ) of 80% at 95% tw«sided confidence level (Mulualeet al.,2021).

2.4. Supplementation in the trial
The supplement given in the trial (Mulualest al., 2021) was calciurcontaining eggshell
powder (ESP) at a daily base. In that trial the study participants were supplemented half cap of
ESP weighing ~800 mg ke times a day which was equivalent to ~1000 mg of elemental
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calcium (Mulualenet al.,2021) The period of supplementation was frofApril 2018 to 3@’

September 2018 (for six consecutive six months) with weekly follow up and supervision.

2.5. Outcome vaiables
For the purpose of this safety assessment, the primary outcome measures were serum iron and
zinc as measured using blood levels, prior to and after the catootaining ESP
supplementation among the study subjects. Occurrence of side effecessumiisea, vomiting,
constipation and abdominal bloating and gas related to excess calcium intake in trial were

assessed as secondary outcome measures.

2.6. Data Collection and Measurements
2.6.1. Habitual Dietary Calcium Intake

The usual dietary calcium intake obmen in both groups at baseline in March and at the end of
the trial was assessed. A structured food frequency questionnaire that asked daily and weekly
frequencies of consumption of specific calctach foods common in this district was used.
Portion siz estimation was made using bowls and plates available in the household of each
woman to help them visualize and serve the amount of each food consumed. These frequencies
were converted to daily dietary calcium intakes, as we previously described (Muleiabdm

2022), using published values for calcium content.

2.6.2. Assessment of Side Effects related to Excess Calcium Intake in Trial
A checklist was developed to assess the occurrence of possible side effects related te calcium

containing ESP consumption ithe trial. The list of the sideffects was extracted from
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literatures Jacksoret al., 2006; Princeet al., 2006;10M, 2011). The assessment was done at
baseline (March 2018) and endline (October 2018) in both groups, and every month only on
women in thetreatment group until the trial ended. The clinical symptoms assessed for side
effects of excess calcium intake were nausea or vomiting, loss of appetite, constipation,
abdominal pain and belching (excess gas). The women in the control group were setdsses

these symptoms at the monthly base.

2.6.3. Hemoglobin (Hematocrit) and Malaria Testing

At baseline in March and end of the trial in October 2018, a drop of blood (finger prick) was
taken from all women in both groups prior to and after the suppletitantto analyze
hemoglobin (and hematocrit) immediately in the field using HemoSth&OLD Hemoglobin
Screening Meter, APEX BIOTECHNOLOGY CORP, No.7, Li Hsin Rd. V, Hsinchu Science
Park Hsinchu, Taiwan, R.O.C. The HemoSMAGOLD Hemoglobin Screening Met uses
HemoSmart! GOLD Hemoglobin Test Strips designed specifically for use with fresh capillary
whole blood taken from a fingertip and a venous whole blood to test both hemoglobin and
hematocrit simultaneously. Disposable blood lancet, alcohol and swmexes used to collect
capillary blood by finger pricking which was done after thoroughly cleaning the finger tip with

alcohol and swab.

While we assessed hemoglobin, malaria testing was done for all women in both groups at
baseline and end of the intertim. The women appreciated this additional health information
and it provided information about anemia status. The same finger prick which was done for

hemoglobin testing was used. The malaria test was done immediately in the field using Rapid
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Diagnostic Test (RDT) kit (a one Step Rapid Test for Malaria (Pf/Pv Ag), MERISCREEN

Malaria Pf/Pv Ag, Meril Diagnostic Pvt, Ltd, India.

2.6.4. Venous Blood Specimen Collection and Analysis
A sample of 10 mL venous blood was collected from all trial women at baselineh(K2@i8)
and at the end of ther@onth trial by qualified laboratory technologists. This was collected to
analyze for serum iron, zinc and calcium levels. The blood samples were collected at the local
health center. After taking the blood sample, the sfst covered by a baraid to protect from
infection. The samples were collected into serum tubes lacking coagulant (Vacutainer tubes).
The tubes were stored in an ice box for 30 minutes, and then centrifuged at room temperature for
10 minutes at 2000 x @VHO, 2011). The serum was transferred to plastic trace mineral vials
and stored at20°C in the Hawassa University, Nutrition and Food Science Laboratory until it
was transported to Ethiopian Public Health Institute for analysis. There, serum iron and zin
were analyzed using Avarian Spectr A&lame Atomic Absorption Spectrometry, Shimadzu.
Disposable 10 mL syringes, alcohol and swabs, trance miineealgloves and polyethene

pipettes were used to collect blood specimens.

2.7. Data Processing and Analysis
All data were double entered into EpiData version 3.1 (Odense, Denmark) and then exported into
IBM SPSS version 25 (Chicago, IL, USA) for analysis. Continuous data were checked for
normality using Kolmogorossmirnov and ShapiraVilk Tests of Normality. The fi-square
(X?) test was used to compare baseline characteristics and clinical symptoms between the

intervention and control groups. Paired and independent samfasts twere used, for each
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group, to compute the Owit hdomtifuoua outtomé badablese e n 6
Motherageand parity, family size (number of children, parents and relatives living together in

the household), year of residence in the area, diet diversity, dietary calcium intake and malaria
status of womemvere includedn the multivariate analysis of GEE mod€hen, the multivariate

linear regression analysis was carried out and beta coefficient at 95% confidence interval (Cl)
reported.Complete case analyses were done for each statistical test at baseline and endline as

there were only four dropouts (two women in each arm).

2.8. Ethical Clearance

Ethics approvals were obtained from Hawassa University College of Medicine and Health
Science, University of SaskatchewBiomedical Research EthicSaskatoon, Canadaetters of
support were also obtained from Regional Health Office, Zonal Health Desk and District Health
Offices. Confidentiality of personal information has been kept. After the purpose and methods of

the study were fully explained, and their right to refuse wata@ed, informed verbal and

written consents were obtained from all study participants prior to their participation in the study.

3. Results

3.1.SocieDemographic and Economic Characteristics
The mean (£SD) age of women in completed years was 29.6 ye8r8. Most (93.6%) of the
women were married and had an average of fourdom children. More than half of the
women were illiterate (56.4%) and had no job (53.8%) outside their household. The average
number of family members (parents, children andtrets) living together in same household

was approximately 7 = 2, in which at least two of them were children under five years old.

204



Overall, there was no significant difference in common baseline characteristics of study subjects

between the two groups &ible 1).

Table 1: Baseline characteristics of study participantsl@abadistrict, southern Ethiopian
Rift Valley, 2018

Characteristics IG (n=39) CG (n=39) P-value

Age Mean (SD) 29.9 (3.9) 30.5 (3.8) 0.368

Diet diversity score Mean (D) 5.1 (1.99) 4.7 (1.96) 0.459

N (%) N (%)

Educational status llliterate 24 (61.5) 20 (51.3) 0.361
Literate 15 (38.5) 19 (48.7)

Main occupation No outside job 22 (56.4) 20 (51.3) 0.650
Outside job 17 (43.6) 19 (48.7)

Main source ofricome Agricultural 35 (89.7) 34 (87.2) 0.723
Non-agricultural 4 (10.3) 5(12.8)

Average monthly income <1000 ETB 31 (79.5) 34 (87.2) 0.362
O 100C 8(20.5) 5 (12.8)

Diet diversity score O 5 foo 24(615) 27 (69.2) 0.475
> 5 food goups 15 (38.5) 12 (30.8)

Parity O 4 1i  21(53.8) 20 (51.3) 0.821
> 4 live births 18 (46.2) 19 (48.7)

Family size o) 5 m 10(25.6) 13 (33.3) 0.456
>5 members 29 (74.4) 26 (66.7)

Residency <l10years 12 (30.8) 9(23.1) 0.444
O Oyears 27 (69.2) 30 (76.9)

ETB = Ethiopian Birr; IG = Intervention Group; CG = Control Group
For values with mean (SD) comparison was done using independent samples t test; for
prevalence values, comparison was done usingsGbare test.
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3.2.Calcium Intake prior to and after Supplementation in Comparison with the
Recommended Intake and Relative to Upper Intake Level

Overall, the average daily dietary calcium intake of women in both groups was below the
recommended adequate intake (<1000mg/day), ~ 403sn@icgeble 2). Theindependent two
samples test showed nasignificant differences in mean dietary calcium intake between the
treatment and control arms at baseline {865 (76),P = 0.516§ and endline (t = 0.10 (76, =

0.922 assessments. The dailietary calcium intake of the women in the intervention group was
increased with 960mg calcium using the daily supplementation of catouataining eggshell

powder (ESP). With this supplementation, all the women in the intervention group fulfilled the
reommended daily calcium intake. None of t he

upper intake level (Table 2).

Table 2: Comparison of daily calcium intake of women with the recommended intake and
relative to upper intake level lHalabadistrict, soulhern Ethiopian Rift Valley, 2018

Intervention Control
Categories of daily dietary Ca intake Baseline (39) Endline (39) Baseline (39) Endline (39)
N (%) N (%) N (%) N (%)
Adequate intake (1000mg/day) 0 0 0
Below the recommendation (<1000mg/day)  39(100) 39 (100) 39 (100) 39 (100)
Above the UL (O 2500r0 0 0 0
Mean (xSD) 394 + 120 409 + 93 412 + 129 407 + 84
Ca from daily ESP supplementation (mg/day) 0 960 0 0
Total intake (average + supplement) (mg/day) 274-514 1276- 1462 283-541 323-491
Total intake relative to adeate intake (mg/day) 4861 726 276- 462 459-717 509- 677

Total intake relative to UL (mg/da$)

Ca = CalciumUL = Upper intake Level

“The womeno6s total dail y calcium intake was below the a
The wo medaibysalcium intake was above the adequate intake witpithis range

"Althewo mends t ot aihtakes did fotyexceeddd thé upper intake level
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3.3.Side Effects (Symptoms) related to Excess Calcium Intake in the Phase Il Trial
At baseline, abut half (50%) of the women in both groups were complaining all of the
symptoms related to excess calcium intake. These symptoms were sitnila@g) in women
between the intervention and control group both in the unadjusted and adjusted analyses. Three
of the symptoms (loss of appetite, abdominal pain and nausea or vomiting) were significantly
decreased only in the treatment group compared with the control group at the end of the trial

(Table 3).

Table 3: Comparison of symptoms related to excess caigntake in women between the two
arms prior to and after supplementatiomimabadistrict, Ethiopian Rift Valley, 2018

IG (n=39) CG (n=39)  Unadjusted Adjusted®
Period Symptoms N (%) N (%) OR (95%CI) OR (95%Cl)  P-value’
Have nausea or vomiting Yes 21(53.8) 19(48.7) 0.81(0.34,1.98) 0.81(0.32,2.05) 0.657
No 18(46.2) 20 (51.3) 1 1
Feel loss of appetite Yes 14(35.9) 12(30.8) 0.79(0.31, 2.04) 0.70(0.25,1.94) 0.488
No 25(64.1) 27 (69.2) 1 1
é) Have abdomial pain Yes 22(56.4) 24(61.5 1.24(0.50,3.05) 1.16(0.46,2.91) 0.753
g No 17(43.6) 15(38.5) 1 1
Have belching (excess gas Yes 7 (17.9) 8 (20.5) 1.18(0.38, 3.65) 1.18(0.38,3.74) 0.773
No 32(82.1) 31(79.5) 1 1
Experience constipation Yes 31(79.5) 34(87.2) 1.76(0.52,5.94) 2.05(0.54,7.79) 0.291
No 8(20.5) 5(12.8) 1 1
Have nausea or vomiting Yes 5(12.8) 21 (53.8) 0.13(0.04, 0.39) 0.08 (0.02, 0.31) <0.001
No 34(87.2) 18(46.2) 1 1
Feel loss of appetite Yes 4(10.3) 17 (43.6) 0.15(0.05, 0.50) 0.15 (0.04, 0.51) 0.003
E No 35(89.7) 22(56.4) 1 1
? Have abdominal pain Yes 8(20.5) 27 (69.2) 0.12(0.04, 0.32) 0.10(0.03, 0.31) <0.001
. No 31(79.5) 12(30.8) 1 1
Have belching (excess gas Yes 7 (17.9) 9(23.1) 0.73(0.24,2.20) 0.75(0.24, 2.33) 0.617
No 32(82.1) 30(76.9) 1 1
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Experience constipation Yes 10(25.6) 13(33.3) 0.69(0.26,1.84) 0.65(0.23,1.79) 0.404
No 29 (74.4) 26 (66.7) 1 1

IG = Intervention Group; CG = Control Group
*P-Values are for the adjusted OR
£Adjusted for age, parity, family size, year of residence, diet diversity and dietary calcium intake

Moreover, in the treatment group, about half (48.7%) of the women experienced constipation at
the end of the third montlsupplementation. Overall, omparter (~25%) of the women

complained most of the symptoms related to excess calcium intake from the second through the
fourth month of the supplementation period. However, these symptoms showed a decreasing

trend until the ed of the sixth month supplementation period (Figure 1).

100 -
90 -
80 +
70 +
60 1 == EXperience constipatior
50 4 —Have belching (excess ga
40 - Have abdominal pair
30 - \ - Feel loss of appetite
20 + \ == Have nausea or vomiting
10 - §
0
MonthO | Monthl | Month 2 | Month 3 | Month 4 | Month 5 | Month 6
(BL) (EL)

Percentage (%) of study subjects complained with sympt

Figure 1. Symptoms related to excess calcium intake through the course of supplementation
period
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3.4.Hemoglobin (Hematocrit) and Malaria Test Results
The average hemoglobin (hetoerit) level of women was similar, ~13.6g/dL (41.2%) at
baseline and endline assessment. There was no significant differgnee f 1.29 (95% CI-
0.25, 1.14)] in mean hemoglobin level of mothers between the treatment and controatgroup
baseline.Postintervention, the independent two sampldsst also did not show significant
difference fr=76)= 0.24 €0.48, 0.60) in mean hemoglobin level between the two groups (Table
4). In addition, he overall prevalence of anemia (Hgb <12.5g/dL) ameamen was 15.4% at
baseline assessment. This was statistically remained unchanged (P&arsor83, P=0.362)
after the six months calcimeontaining ESP supplementation.
Malaria tests were done at baseline and end of the trial using RDT in both gbugoall,
malaria positive results were observed on 7 (9.0%) and 9 (11.5%) women at baseline and endline
tests respectively (Table 4)

Table 4 Comparison of malaria and hemoglobin (hematocrit) test results of women between
the two groupsn Halabadistrict, Ethiopian Rift Valley, 2018

IG (n=39) CG (n=39) Unadjusted Adjusted P-value®

Test results N (%) N (%) OR (95%CiI) OR (95%Cl)

Baseliné

Malaria positive Yes 4(103) 3(7.7) 1.4 (0. 29, 6.58) 1.1(0.20, 6.38) 0.899
No 35(89.7) 36(92.3) 1

Anemia (Hgb <12.5 g/dL) Yes 5(12.8) 7(17.9)  0.67 (0.19, 2.34) 0.29 (0.05, 1.70) 0.171
No 34(87.2) 32(821) 1

Hemoglobin (g/dL) Mean+SD 13.7+15 133+1.6 tgese=1.29(95%Ck0.25, 1.14)  0.20%

Hematocrit (%) Mean +SD 41.7+4.8 40.0+4.8 tgw76= 1.54(95%CF0.49, 3.86) 0.127

Endline®

Malaria positive Yes 3(7.7)  6(15.4)  0.46 (0.11, 1.98) 0.39 (0.07, 2.18) 0.282
No 36(92.3) 33(84.6) 1

Anemia (Hgb <12.5 g/dL)  Yes 5(12.8) 8(20.5)  0.57 0.17, 1.93) 0.55 (0.13, 2.26) 0.404
No 34(87.2) 31(795) 1

Hemoglobin (g/dL) Mean +SD 13.8+1.2 13.7212 tger= 0.24(95%CH0.48, 0.60)  0.814

Hematocrit (%) Mean+SD 41.6+3.6 41.4+3.7 tge7e= 0.31(95%CE1.38, 1.89) 0.758

£Adjusted for age, parity, family size, diet diversity, and baseline hemoglobin (hematcorit) or malaria
status, iron and zinc levels
Ap-Values are for the adjusted?;)¥P-values were computed using independent samples t test
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3.5.Biochemical Outcome Measures: Hmoglobin (Hematocrit), Serum Iron and
Zinc Levels prior to and after ESP Supplementation in both Groups

At endline,there were no significant differencd®>0.05) in all biochemical outcome measures

of women in both groups compared with their baselinesorements (Table 5)The GEE
analysis also revealed similar hemoglobin, hematocrit and zinc levels of women in the
intervention group compared with the control women. But after the calowntaining ESP
supplementation, women in the intervention group Btatistically significantly lower (by
~20%) serum i-r0@In(95eCl ©.14,-01)bcompared to women in the control

group(Table 5)

Table 5: Comparison of biochemical levels of women between the treatment and control arms
prior and after the supplementationHalabadistrict, Ethiopian Rift Valley, 2018

Measurements Baseline Endline Within mean Beta coefficient ~ P-value’
Mean (95%CI)  Mean (95%Cl)  difference (95%CI)*  (Wald 95%Cl)*
(n=39) (n =39)
Hemoglobin (gdL)
Treatment 13.7 (13.2,14.2) 13.8(13.4,14.2) -0.1 (0.7, 0.5) -0.4 ¢1.3,0.5) 0.402
Control 13.3(12.8,13.8) 13.8(13.4,14.2) -0.5(1.2,0.2) 1
Hematocrit (%)
Treatment 41.7 (40.1, 43.2) 41.6 (40.5, 42.8) 0.1 (1.9, 2.0) -1.4(-4.2, 1.3) 0.311
Control 40.0 (38.4,41.5) 41.4 (40.2,42.6) -1.4(3.5,0.7) 1
Iron (mg/L)
Treatment 0.82 (0.7, 0.9) 0.72 (0.6, 0.8) 0.1 ¢0.1,0.2) -0.21 ¢€0.4,-0.1)  0.036
Control 0.61 (0.5, 0.7) 0.73 (0.6, 0.8) -0.1 (0.3,0.1) 1
Zinc (mg/L)
Treatment 1.96 (1.7, 2.2) 1.87 (1.7, 2.0) 0.1 ¢0.2,0.3) 0.23(0.56,1.87) 0.171
Control 2.33(2.2,2.5) 2.0(1.8,2.2) 0.3 (0.1, 0.6) 1
"The 6withinoé mean difference of endline from baseline

#Statisticdiy significant difference observed Bk0.05

*Beta coefficient at 95% Wald confidence interval ®adalue analyzed using GEE linear modéémoglobin,
hematocrit, serum iron and zinc were adjusted for age, parity, family size, residency, diet dilietsity,calcium
intake and malaria status.
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4. Discussion
The safety assessment through foHopr and monitoring checklists revealed no significant
alterations in the reported side effects prior and after supplementation of catmsaming
eggshell powderamong women. Furthermore, the calciaontaining eggshell powder
supplementation was generally accepted by the study participants. Previous studies have
demonstrated the safety of calcium supplementation in various populations ésmit2018;
Jones ad Wang, 2019). Consistent with these findings, our research found that calcium
containing eggshell powder supplementation was -teédrated among participants, with no

reports of serious adverse effects or safety concerns.

Calcium supplement intake hig been associated with other side effects such as constipation,
abdominal bloating and gas (Jackstral.,2006; Princest al.,2006), which varies greatly from
person to person and dose of the calcium supplement. Likewisequanter of the women
complained most of the symptoms (such as loss of appetite, abdominal pain, nausea or vomiting)
related to excess calcium intake from the second through the fourth month of the
supplementation period albeit these symptoms showed a decreasing trend umd tifetres

supplementation period.

Calcium interaction with other essential micronutrients such as iron and zinc in the diet has been
considered a potential risk related to high calcium intakes, albeit it is important to consider the
habitual dietary calam intake prior to provide the calcium supplement. There have been
concerns related to the effects of calcium supplements on iron absorption based -terrmehort

study reporting that calcium supplements inhibit iron absorption by 28 to 55% depending on the
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dose, type of salt used, time of supplementation and the presence in the food of hethern non
iron (Cooket al.,1991). Moreover, an earlier study had measured the effect of calcium carbonate
and hydroxyapatite on wheleody retention of iron and zinc @meported significant reduction

of iron retention in the treatment groups compared with the placebo (control) grouE(Histh

et al, 1998). Similarly,women in the current intervention group had statistically significantly
lower (by ~20%) serum iron el at the end of calciuroontaining ESP supplementation

compared to women in the control group.

In contrast, other shoeterm absorption studies with consumption of IG®DO mg/day
supplemental calcium for 1226 weeks had no impact on iron status @loknd Dawson
Hughes, 1992; Minihane and Fairweatf@it, 1998). Another earlier placebo controlled
randomized trials suggested that calcium intakes of 1,500 to 1,700 mg/day did not interfere with
zinc (McKennaet al., 1997) or iron (llichErnst et al, 1998) absorption. Earlier and recent
studies also show no effect on iron status of prolonged calcium supplementation taken at the
same time or separate of meals (M&ral., 1996; Kalkwarf and Harrast, 1998; Abrams, 2001;
Harris, 2002; Mglgaar@t al., 2006; Gaitanet al, 2011). Moreover, calcium interaction with
other essential micronutrients such as zinc in the diet has been considered a potential risk related
to high calcium intakes. However, different earlier studies assessing the effect of calcium on
zinc absorption or zinc balance seem to indicate that supplemental calcium have no effect
(Lonnerdalet al., 1984; DawsofHugheset al., 1986; Spenceret al., 1984; McKennaet al.,

1997).
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While our study provided promising evidence of the safety an@paaibility of calcium
containing eggshell powder supplementation among women, several limitations should be
acknowledged. Firstly, the sample size was relatively small, limiting the generalizability of the
findings. Future studies with larger and more tieeparticipant cohorts are needed to confirm
the acceptability of supplementation across different populations and settings. Additionally,
individual adherence to the supplementation protocol would vary, influenced by factors such as
taste preferences, ltwral beliefs, and logistical challenges. Qualitative assessments of
acceptability and adherence may provide valuable insights into the barriers and facilitators of

supplementation uptake in reabrld settings.
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5. Conclusion
In conclusion, safety and agatability assessments conducted as part of the Phase Il clinical trial
(Mulualemet al.,2021) indicated that calcitgontaining eggshell powder supplementation was
well-tolerated and did not pose significant risks to the health of participants. Thistlesrd
research findings (Omeat al., 2019) also suggested that calckeontaining eggshell powder
supplementation was generally acceptable among women in the Ethiopian Rift Valley. However,
the study recognizes the importance of cultural relevance arnedxtoal factors in shaping the
safety and acceptability of calcidvoontaining eggshell powder supplementation intervention.
Tailoring supplementation programs to the local context, addressing cultural beliefs and
preferences, and involving community stasdelers might be additional key factors contributing

to the success of the supplementation intervention.
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WILL EGGSHELL CALCIUM CONSUMPTION DECREASE BODY FLUORIDE LOAD
AND MITIGATE DENTAL AND SKELETAL FLUOROSIS AMONG MOTHERS IN
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BACKGROUND AND OBJECTIVES:

Fluorosis affects teeth, bones, joints, and brain functions. Diets rich in calcium may
reduce the severity of fluorosis by binding fluoride thereby prevent its absorption. With
the promotion of eggs and chickens to rural farmers, eggshells are available as
sustainable and low cost source of calcium (2000 mg/egg).The aim of the study will be to
assess the effects of eggshell calcium consumption on body fluoride load and mitigation
of dental and skeletal fluorosis among mothers in Ethiopian rift valley.

METHODS:

At baseline, 41 mothers at the intervention site and 41 at the control site have been
assessed, as well as all mothers (n= 135) of under 2 children at each site underwent
examination for fluorosis by dentist and physiotherapist. The intervention is six months
supplementation of 2.5g eggshell powder/day in three divided doses. Blood, urine, food
and water samples were collected from study mothers and sent to Ethiopian Public
Health Institute for analyses.

RESULTS:

The mean dietary diversity score of mothers computed using ten food groups was
approximately 5 + 2, with no significant difference (P=0.572) between the two groups.
Dietary calcium intake was low. Prevalence of anemia (Hgb <12.5g/dL) was 18.3%.
More than half (56.3%) of the mothers had mild to severe dental fluorosis; those with
moderate and severe dental fluorosis was 68 (25.2%) and 25 (9.3%) respectively. The
overall prevalence of skeletal fluorosis among all mothers was 34.4% using a score of 16
signs and symptoms. Majority of the mothers feel lower back pain (70.7%), some had
neck pain with movement (46.3%) and abdominal pain (48.5%). There were no
significant (P>0.05) differences in most signs and symptoms of fluorosis among mothers
between the two sites.

CONCLUSIONS:

These suggest the need for innovative approaches to mitigate the toxic effects of excess
fluoride in Ethiopian rift valley.

Key words: Eggshell powder, Fluorosis, Mothers.

-147-

219



220
























