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Karina Afif Merhi      for         Master of Science 

Major: Nutrition 

 

Title: Urinary Sodium and Potassium status of Lebanese School Aged Children 

 

Sodium (Na) and potassium (K) are major cations in the human body. These 

electrolytes are responsible for nerve communication and maintenance of total body 

volume, acid-base balance, and normal cell function. Over consumption of sodium is an 

worldwide epidemic and it has been linked to increase in hypertension and other 

comorbidities in adulthood.  

Primary hypertension is one of the most important risk factor for cardiovascular 

disease and probably has its onset in the first decades of life. It has been documented in 

high-income countries as well as in the MENA region the over consumption of sodium 

in early and later life stages. However, no data is available for Na and K status in 

Lebanese children. 

Using a multi-stage cluster sampling at district, school and class levels, a sample 

size of 1403 school aged 6-10 year old children was selected. Personal information, 

anthropometric measurements and non-fasting urine samples were collected. Na, K and 

Creatinine (Cr) urine content were analyzed. 

Na and K values did not differ (P-value> 0.05) between boys and girls. The 

ratios of Na and K to creatinine (Cr) were 23.9±15.5mM/mM (4.8±3.1 mg/mg) and 

11.4±5.8mM/mM (3.97±2.01 mg/mg), respectively, and showed differences (P-value< 

0.001) between age groups. The Na/K ratio was 2.36±1.67mM/mM (1.39±0.98 mg/mg) 

and higher than the recommended intakes. The estimated mean Na intake was 

125.8±31.5mM/d (2893.8±726.1mg/d) (7.4±1.8 g NaCl/d) and exceeded the upper limit 
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of intake in almost all children. Estimated K intake was 38.6±8.2mM/d (1509.8±321.1 

mg/d) and all children failed to meet the recommended daily K intake. 

About 50% of children exceeded the recommended daily upper intake for Na, 

while the majority was below adequate intake of K. This unfavorable Na/K ratio is 

indicative of potentially negative health effects at later stages in life. Interventions 

aimed at reducing salt intake and increasing consumption of fruits and vegetables are 

warranted.  
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CHAPTER I 

	  

INTRODUCTION 

Sodium (Na) and potassium (K) are major cations in the human body and are 

essential for growth and development of children. Na the principal electrolyte in the 

extracellular fluid, while K is most abundant in the intracellular space. These electrolytes 

are responsible for nerve communication, maintenance of total body volume (Na-K pump), 

acid-base balance, and normal cell function. Observational and interventional studies have 

found a positive association between excessive sodium intake and increased risk of 

cardiovascular diseases (Law, M. et al. 1991), hypertension (Cutler, et al. 1997), kidney 

problems (Swift, et al. 2005) and non-communicable diseases (NCDs) (Martini, et al. 

2000). 

Sodium has been pointed out for years to be overly consumed by many countries 

throughout the globe. The INTERSALT (1987) was a worldwide study accessing Na 

consumption and showed that China had the highest sodium excretion followed by Japan. 

Intake in men was also above recommended levels in Countries like Canada, Columbia, 

Hungary, India, Bassiano (Italy), Poland, Portugal and the Republic of Korea. Years later 

the INTERMAP study (2003) found similar results for sodium excretion in China. Sodium 

consumption has also been found to be excessive for both genders in the US, Japan, United 

Kingdom.  

As for children, data on sodium intakes are limited. Results from the NHANES 

(2003–2008) study indicated that US children aged 8–18 years consume about the same 

average amount of sodium per day as adults (3400 mg/d) (He, F.J. and MacGregor, G.A., 
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2009). Review studies from different parts of the globe indicate that average sodium 

intakes among children and adolescents exceed nutritional necessities (Brown, I.J., et al. 

2009). However, it is known that increased potassium consumption is beneficial in a way 

that it can mitigate the negative effects of elevated sodium consumption on blood pressure 

(Whelton et al, 1997). 

Hypertension is a global burden, which has been associated with renal and 

cardiovascular disease, the latter being the leading cause of death in developed and many 

developing countries. (Magriplis, E. et al., 2011) In children, the relationship between 

blood pressure and urinary excretion of electrolytes has been insufficiently studied. (Martin, 

A.M. et al., 2002) In fact, high sodium and low potassium intake at young age is linked 

with high blood pressure; this relation is established from early years and may remain 

through adulthood. (Falkner, B. and Michel, S., 1997)  

There are several methods for measuring sodium and potassium intake. The ‘gold 

standard’ method is 24-hour urinary sodium excretion since dietary records tend to 

underestimate actual sodium consumption. (Xu, J. et al., 2014) Studies were done on 

reliability of spot urine analysis and showed that sodium/creatinine for predicting daily 

excretion is strongly correlated with 24-hour sodium excretion; therefore, it is convenient 

for a national study. (Mann, S.J and Gerber, L.M., 2010) (Ogura, M. et al., 2012) 

According to a study conducted in Lebanon, 34.6% of the population is at risk of 

developing cardiovascular disease. This number is predicted to grow since our dietary 

patterns are shifting towards the Western dietary patterns. (Naja, et al. 2013) There are no 

data that assess electrolyte excretion and sodium intake in the population. Thus, the 

purpose of this research is to investigate status of Lebanese children to identify if they are 
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following the world trend of having a high sodium and low potassium intake in order to 

inform public health interventions.  
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CHAPTER II 

LITERATURE REVIEW 

The following chapter contains information about the minerals referent to this 

study; sodium (Na) and potassium (K). A detailed description of their function, sources, 

absorption, balance and homeostasis and recommendations.To finalize this chapter, the 

importance of the study for the Lebanese population and evidence that validates the use of 

spot urine samples as a method of assessment of mineral intake in children. 

A. Sodium 

Sodium is an essential mineral in the human body that promotes growth and 

development. It is the most abundant cation in the extracellular fluid (ECF), containing 

95% of total body sodium. (Institute of Medicine, 2005) 

1.  Functions 

It functions in order to maintain plasma and ECF volume, oncotic pressure, acid-

base balance, as well as muscle and nerve activity. In addition, it is also required for the 

generation of transmembranegradients, that enable energy dependent uptake of nutrients by 

the cell of intestinal mucosa and renal tubules.(Holbrook, JT. et al. 1984).Changes in either 

intracellular or extracellular electrolyte concentrations can have a major impact on body 

functions(Mahan, L. K., &Escott-Strump, S., 2008). It is important to mention that all the 

sodium functions are interdependent with potassium, and the balance between these two 

minerals is essential in all stages of life. (Scientific Advisory Committee on Nutrition, 

2003) 
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2. Sources 

Sodium is found naturally in a variety of foods, such as milk, meat and 

shellfish.The cation sodium and the anion chloride are normally found in most foods 

together as sodium chloride, also namedas salt. (CDC, 2011)Sodium can also be found in a 

variety of forms in processed food; like sodium bicarbonate, monosodium glutamate and 

other food additives, such as sodium phosphate, sodium carbonate, and sodium benzoate. 

Still, the major form of dietary sodium is sodium chloride (Dietary Reference Intakes, 

2005) 

Salt has numerous uses in the food industry. The main reasons for addition of salt in 

food manufacture are for flavor, texture and preservation. ((Scientific Advisory Committee 

on Nutrition, 2003) 

High amounts of sodium are also found in many condiments (e.g. soy and fish 

sauces) (WU Leung, et al. 1972). Salt added at the table and during cooking provides only 

a small proportion of the total sodium consumption, while most sodium comes from salt 

added during food processing. (US department of Agriculture, 2010) Since sodium is 

hidden in many foods that are consumed daily by the population, it is harder to obtain an 

accurate estimation of the intake by food frequency questionnaire alone. 

Table 1. Approximate amount of sodium content in various food groups 
 

Food group Sodium content  
mg/100g 

Table salt, baking soda, baking powder 38,000 
Bouillon cubes, powdered broths, soups, gravies 20,000 
Soy sauce 7,000 
Snack foods (e.g. pretzel, cheese puffs, popcorn) 1,500 
Bacon  1,500 
Sauces and spreads 1,200 
Cheese, hard 800 
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Processed vegetables 600 
Butter/margarine 500 
Cheese, soft 400 
Processed fish 400 
Cereals and cereal products (e.g. bread, breakfast 
cereals, biscuits, cakes, pastries) 

250 

Fish, raw or frozen 100 
Eggs 80 
Milk and cream 50 
Vegetables, fresh or frozen 10 
Fruits, fresh or frozen 5 
Sources: (USDA, 2011) (FAO, 2011) 

 

3. Absorption and excretion 

 Absorption of sodium is very effective in healthy human body, being almost 100% of 

it is absorbed during digestion. (Holbrook, et al. 1984) It is absorbed in the intestine and 

carried to the kidneys, which it will be filtered and returned to blood stream in order to 

maintain normal levels (Mahan, L. K., &Escott-Strump, S., 2008) (figure 1). Sodium is 

maintained outside of the cell via the Na+/K+-ATPase pump (Dietary Reference Intakes, 

2005). Around 95% of normal body volume is excreted through urine, the rest of the loss is 

through feces and sweat. Under conditions of extreme heat and intense physical activity 

that result in high sweat production, sodium losses in sweat are increased and significant; 

nonetheless, most individuals can replace the necessary sodium through food consumption, 

without dietary alterations, supplements or specially formulated products (Sawaka, et al 

2007). 
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Figure 1: Na absorption in the intestine and exchange with K to enter the bloodstream. 

(Ginsburg, J.M., et al) 

4. Balance and Homeostasis 

Sodium homeostasis is obtained by renal excretion. However, intakes beyond the 

body’s capacity can increase sodium content and lead to water retention. When blood 

sodium levels rise, the thirst receptors in the hypothalamus stimulate thirst sensation. 

Ingestion of fluids normalizes sodium levels. (Mahan, L. K., &Escott-Strump, S., 2008) 

Chronic high intake of sodium creates irreversible changes in the body’s adaptive 

thresholds, furthermore causing tissue damage and development of higher blood pressure. 

(Scientific Advisory Committee on Nutrition, 2003) 

In table 2, several systems and hormones involved in sodium balance in the body 

are summarized by function. 

Table 2. Mechanisms involved in Na homeostasis 
 

Angiotensin II A powerful vasoconstrictor that regulates the proximal tubule 
of the nephron to promote sodium retention and stimulate the 
release of aldosterone from the adrenal cortex. 
(Cappuccio et al., 1985; Weinberger et al., 1993) 

Aldosterone Promotes the renal reabsorption of sodium in the distal tubule 
of the nephron by mineralocorticoid receptor-mediated 
exchange for hydrogen and potassium ions 
(Valtin and Schafer, 1995) 
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Sympathetic 
nervous system 
(SNS) 

Variations in 3 main mechanisms: 
1. renal medullary blood flow 
2. release of renin 
3. direct effects on the renal tubules 

SNS is activated during sodium depletion in order to and 
suppressed during sodium excess, (Luft et al., 1979) 

 
5. Reference intake 

Sodium requirements are similar for adults and children of 1 year and older, since 

the maturation of the kidneys by the age of 12 months is very similar to adults (Seikaly and 

Arant, 1992). Thus even young children have the ability to conserve sodium in case of low 

levels of dietary sodium. (Dietary Reference Intake, 2005) 

Although the minimum intake level necessary for proper bodily function is not well 

determined, it is estimated to be as little as 200–500 mg Na/day (He FJ, et al. 2009). Data 

from around the world suggest that the population average sodium consumption is well 

above the minimal physiological needs, and in many countries is above the value 

recommended by WHO/ FAO of 2g Na/day (equivalent to 5 g salt/day) (Brown, et al. 

2009). 

Concerns have been raised that low levels of sodium intake adversely affect blood 

lipids, insulin resistance, and cardiovascular disease risk. However, at the level of the AI, 

the preponderance of evidence does not support this argument. (Dietary Reference Intakes, 

2005) 

Table 3. Recommendations for Na consumption from different sources. 
 
Source Age group Gender Sodium 
American heart 
association 
(AHA) 

4-8 
 
 
9-13 

Male: 
Female 
 
Male 
Female 

<1900mg 
<1900mg 
 
<2200mg 
<2200mg 
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Reference 
nutrient intakes 
(RNI), agreed 
by COMA 

4-6 
 
7-10 

Both 
 
 
 

700mg 
 
1200mg 

WHO  Both <2000mg/d 
DRI 4-8 

 
 
9-13 

Both 1.2g 
(53mmol)/day 
1.5g 
(65mmol)/day 

Source: (WHO, 2012) (Scientific Advisory Committee on Nutrition, 2003) (IOM, 2005) 
 

Institute of Medicine stated the upper limit intake for sodium to be 1.9g/d (83mM/d) for 

children aged from 4-8 years and 2.2g Na/d (95mM/d) for children from 9-13 years old. 

For this study, DRIs will be used as a reference for adequate intake. 

6. Sodium relation to Hypertension 

One of the major risk factor for cardiovascular disease is hypertension. Elevated 

systolic blood pressure (>115 mmHg) is estimated to contribute to 49% of all coronary 

heart disease and 62% of all stroke. (Mackay, J. et al., 2004) Therefore, the burden of 

morbidity and mortality from hypertension and related NCDs is one of the most alarming 

public health problems around the globe. Blood pressure during childhood has a significant 

association with blood pressure and cardiovascular disease in in adulthood. (Chen, X. and 

Wang, Y., 2008) It is extremely important to address this issue during childhood in order to 

prevent complications later in life. 

There are two clinical classifications of hypertension. Primary (essential) 

hypertension is of unknown cause and is responsible for at least 90% of cases. In secondary 

hypertension a recognized medical condition, such as kidney disease, can be ascertained. 

Intakes exceeding requirements must be excreted in order to maintain the sodium 

content of the body. However, there is an upper limit to the rate at which sodium can be 
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lost from the body. Intakes beyond this point cause an increase in sodium content, which in 

turn causes water to be retained. Short-term adjustments may not be manifested; however, 

if the extent to which the intake exceeds the capacity for excretion is large, or maintained 

for long periods of time, there are then irreversible changes in the adaptive thresholds, 

which lead ultimately to tissue damage (Folkow, 1982).  

  One of the manifestations of excessive sodium consumption is increased blood 

pressure, whereas lower sodium consumption appears to decrease blood pressure in adults 

(WHO, 2003). A number of recent high-quality systematic reviews of randomized- 

controlled trials (RCTs) have concluded that decreased sodium intake relative to usual or 

higher intake results in lowered blood pressure in adults with or without hypertension (He, 

F.J. and MacGregor, G.A., 2004) (Dietary Guidelines Advisory Committee, 2010) 

7. Prevalence  

Sodium intake has been studied since the early years in the 1960’s by Louis Dahl, 

that showed a positive linear relationship between prevalence of hypertensionand mean 

sodium intake across five populations. Dahl’s observations were later expanded by other 

authors. Successively, the INTERSALT Study provided standardized estimates of sodium 

intakes from 52 population samples in 32 countries based on data from 24-h urinary 

collections. (Brown, I.J, et al., 2009) The highest mean 24-hour urinary sodium excretion 

ranged from 260 mmol/d (6.0 g) in men and 230 mmol/d (5.3 g/d) in women in China and 

to 1 mmol/d (23 mg/d) among the Yanomamo Indians of Brazil. The INTERMAP Study 

provided standardized data on sodium intakes and 24-hour urinary sodium excretion in 

different countries around the world in the 1990s and similar results were found. (Elliot, P. 

and Brown, I., 2006) 
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Fewer data are available on sodium intake in children and young people than in 

adults, and these are mainly limited to the developed nations of Europe and North 

America.Highest mean dietary sodium intake was reported for Danish boys (14–19 years), 

mean intake 191mmol/ day, and Chinese boys and girls (12–16 years) from rural Shanxi, 

mean intake 174.4 mmol/day.Dietary intake was 4140 mmol/day among boys from 

Belgium, Hungary, Netherlands, Spain, USAand black boys and girls from Chicago and 

Tennessee, USA. (WHO, 2012) 

Although strong evidence was established for the negative effects of salt 

consumption on blood pressure and cardiovascular disease, not all countries adopted 

strategies for decreasing sodium consumption. Thus, some individuals are often unaware of 

the detrimental effect of salt on health and in developed countries, the majority of salt 

consumed is hidden in processed foods. 

In Lebanon, NCDs have been pointed out to be the leading cause of mortality by 

47% (WHO, 2004), since prevalence of hypertension and cardiovascular diseases are 

correspondingly high (Tohme, et al. 2005). Therefore; the importance of implementing 

public health strategies during childhood in order to prevent future development of diseases. 

B. Potassium   

Potassium (K), the major cation of intracellular fluid and present in small amounts 

in extracellular fluids, is an essential electrolyte for growth and development of 

children. The normal serum potassium concentration is 3.5 to 5 mEq/L. 
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1. Function 

It plays an important role in the regulation of body fluids, acid-base balance, and 

osmotic equilibrium through the Na-K pump activity. Potassium concentrations also 

determine together membrane potentials in nerves and muscles, promote cellular growth, 

and regulate active transport of molecules across cell membranes.Adequate intakes of K 

have been reported to protect against CVDs. Moreover, Na/K ratios determine CVDs risks 

as reported by Cook et al, 2009.Potassium is an essential nutrient needed for maintenance 

of total body fluid volume, acid and electrolyte balance, and normal cell function (Young, 

2001).  

2. Absorption and Homeostasis 

Potassium is readily absorbed from the small intestine. Approximately 80-90% in 

normal cases, of ingested potassium is excreted through urine, the remainder is lost in the 

feces. The kidneys maintain normal serum levels through their ability to filter, resorb, and 

excrete potassium under the influence of aldosterone.  Potassium losses in sweat is 

increased under conditions of extreme heat and intense physical activity. However; the 

body can acclimate and potassium losses through sweat are reduced rapidly. Most 

individuals can replace needed potassium through food consumption without the need for 

supplements or any special products (Fukumoto et al, 1988).  

3. Sources 

Potassium is commonly found in a variety of unrefined foods, especially fruits and 

vegetables, fresh meat and dairy products, whereas food processing reduces the amount of 

potassium in many food products. Thus a diet high in processed food and low in fruits and 

vegetables is often lacking in potassium (Webster et al, 2010).  
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Table 4. Foods that contain potassium and their approximate potassium content 
 

Food group  Approximate 
potassium content 
(mg/100g fresh weight) 

Examples 

Beans and peas 1300 Cowpeas, pigeon peas, lima 
beans, African yam beans 

Nuts  600 Hazelnuts, walnuts, cashew 
nuts, brazil nuts 

Green vegetables 550 Spinach, cabbage, parsley 
Root vegetables 200 Carrots, onions, beetroot 
Other vegetables 300 Tomatoes, cucumbers, 

pumpkins 
Fruits  300 Bananas, papayas, dates 

 
Note: the information in this table is based on approximate calculations of the 

average potassium content from an example of foods within each group from food 

composition databases from around the globe. The potassium content varies within the 

food groups. Thus, the information provided can be used only for approximate 

comparisons of various food groups, and should not be used to estimate daily intake.  

4. Potassium and NCDs 

Hypertension and cardiovascular diseases has been associated with low potassium 

consumption, and increasing the intake levels could have protective actions against these 

conditions (WHO, 2003). Several meta-analysis that included many cohort studies showed 

an inverse relationship between potassium intake and risk of stroke and hypertension 

(D’Elia et al, 2011, Geleijnse&Grobbee, 2003, Whelton et al, 1997). These results urged 

the need to intervene by public health sectors aiming at increasing potassium intake from 

food. Also, increasing potassium consumption from food is safe in population. The body 

can adapt and excrete efficiently excess potassium via the urine when the levels consumed 

exceeds the needs (Young, 2001). Although high potassium consumption as high as 400 

mmol/day for several weeks and 115 mmol/ day for up to one year, has shown in 

intervention trials no adverse effects (Siani et al, 1991). However, extremely high 
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potassium intake from supplements is reported to cause acute toxicity but not from food 

(EFSA panel on Dietetic Products NaA, 2005). 

5. Blood pressure in children 

The WHO conducted a systemic review on the effect of increased potassium intake 

on blood pressure, blood lipids, catecholamine levels and other potential adverse effects in 

children (WHO, 2012). Only four studies in children reporting on blood pressure met the 

inclusion criteria for the review, and none of these reported on blood lipids, catecholamine 

levels or other adverse effects. Studies included a total of 326 boys and girls averaging 13 

years of age. The potassium intake values in the lower groups averaged 57mmol/day, 

compared with 95mmol/day in the increased potassium groups. Another study included 

children aged 5-17 years of age at baseline and followed them for 7 years. These all studies 

showed that increased potassium intake affected a non-significant decreases in systolic and 

diastolic blood pressure. A beneficial effect of increased potassium on blood pressure over 

time; potassium intake was inversely related to the rate of increase in blood pressure over a 

7-year period. 

There were few high quality randomized controlled trials testing the effect of 

increased potassium intake on blood pressure and potential adverse effects in children. 

Therefore, in generating the guideline for children, the data from the systematic review 

conducted in adults were used as part of the evidence base for estimating the effect of 

increased potassium on health outcomes in children (WHO, 2012). Renal function is fully 

developed in early childhood; thus, it was considered acceptable to use information from 

adults to infer the effect of potassium intake on blood pressure in children. The evidence 
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from studies conducted in adults was downgraded from high to moderate in quality of 

indirectness (i.e. the use of a proxy population for the target population).  

6. Potential adverse effects  

Potential adverse effects from increased potassium intake includes changes in blood 

lipids: increased total cholesterol, low density lipoprotein (LDL) cholesterol and 

triglyceride; decreased high density lipoprotein (HDL) cholesterol); changes in renal 

function; increases in catecholamine’s levels; and other milder side effects like dizziness, 

headache, and muscle pain. Increased potassium levels causes decreased blood volume 

resulting in activating the sympathetic nervous system; hence, release in adrenaline and 

noradrenaline. The changes in blood lipid concentrations are due to low blood volume. The 

effect of increased potassium consumption for more than four weeks was addressed in the 

systematic review that considered the effect of potassium on blood pressure (WHO, 2012). 

The meta-analysis of three trials reported that total concentration of cholesterol showed that 

increased potassium intake relative to lower potassium intake resulted in a non-significant 

decrease in total cholesterol. Only one study reported LDL concentration with a result of 

non-significant decrease of LDL. A meta-analysis of two studies with two comparisons 

reporting HDL and triglyceride concentrations also showed non-significant decreases in 

those parameters with increased potassium consumption. Another meta-analysis of several 

studies as an indication of renal function suggested that with increased potassium intake; 

no effect was detected with apparently normal renal function. No minor side-effects were 

reported with high potassium intake. (Rabelink et al, 1990; Siani et al, 1991). 
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7. Recommendations and Remarks 

The WHO recommends an increase in potassium intake from food for reduction of 

blood pressure and risk of cardiovascular disease, stroke and coronary heart disease in 

adults. The WHO suggests a potassium intake of at least 90mmol/day (3510mg/day) for 

adults.  

The WHO suggests an increase in potassium intake from food to control blood 

pressure in children. The recommended potassium intake of at least 90mmol/day should be 

adjusted downward for children, based on the energy requirements of children relative to 

those of adults.  

For these above recommendations, “adults” includes all individuals ≥ 16 years of 

age; “children” includes all individuals 2-15 years of age. 

The recommendation for children does not address the recommended period of 

exclusive breastfeeding (0-6 months) or the period of complementary feeding with 

continued breastfeeding (6-24 months). These recommendations apply to all individuals, 

with or without hypertension (including pregnant and lactating women) except for those 

with impaired urinary potassium excretion. 

These recommendations do not address the optimal ratio of sodium to potassium; 

however, if this guideline and the WHO guideline on sodium consumption are achieved, 

the molar ratio of sodium to potassium would be approximately one to one. To maintain 

this molar ratio at higher levels of sodium consumption, the recommended level of intake 

of ≥90mmol/day potassium should be increased. 
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These recommendations complement the WHO guideline on sodium consumption 

and should not be interpreted to replace that guideline. Public health interventions should 

aim to increase potassium intake through foods and to simultaneously reduce sodium 

intake.  

The recommended level intake of ≥ 90mmol/day is a conditional recommendation 

for adults because there is limited evidence regarding the precise level that will result in 

maximum health benefits. The recommendation is informed by moderate and high-quality 

evidence that consuming potassium at ≥ 90mmol/day will provide a health benefit. 

However, the recommendation recognizes that the value may change if there are additional 

high quality trials that determine the precise level of potassium intake that achieves the 

most favorable reduction in blood pressure and risk of cardiovascular disease, stroke and 

coronary heart disease, without a negative effect on other health outcomes such as blood 

lipids and catecholamine levels. 

The recommendation to increase potassium intake in children is conditional, 

because few studies in children have considered the effects of increased potassium on 

blood pressure, blood lipids, catecholamine levels, and other possible adverse effects. The 

recommendation is based on a limited amount of low quality direct evidence from children, 

and moderate quality indirect evidence from adults. An adjustment in intake, based on 

energy requirement, is recommended because the relatively high energy intake on a per 

body-weight basis during periods of rapid growth implies a risk that the recommended 

level of potassium intake may be too low if adjustments to the adult recommended value 

are made on a per body-weight basis. Every country should determine the requirement of 

various age categories of the pediatric population relative to adults 20-50 years of age, to 

adjust the recommended minimum intake value of 90mmol/day. If country-specific data are 
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not available, data from another country with similar population demographics and dietary 

habits can be used to make this adjustment.  

These recommendations recognize that non-acclimated individuals engaged in 

intense physical activities(especially at high temperatures) for extended periods of time, 

resulting in the production of large volumes of sweat, should consume higher levels of 

potassium to replace losses in sweat. It is sufficient to replace such losses through food 

without the need for supplemented food or beverages.  

It is recommended that potassium be consumed through food. Because of the safety 

of consumption of increased potassium via food, no upper limit has been considered.  

The adequate intake level for potassium for adults and children is as follows in 

Table 5. No upper limit has been set. Potassium intake is inadequate in a large number of 

Americans, perhaps as many as 50% of adults. The reason for the poor potassium intakes 

simply inadequate intake of fruits and vegetables (Mahan, L. K., & Escott-Stump, S., 2004). 

No data on potassium consumption level in Lebanese population. 

Table 5. Dietary Reference Intake recommended for individuals 
 

Life stage group Potassium (g/day) 
1-3 year 3 
4-8 year 3.8 
9-13 year 4.5 
19-50 year 4.7 
 

8. Prevalence 

Worldwide data suggest that the population average potassium consumption in 

many countries is below 70-80mmol/ day, the value recommended by the 2002 Joint World 

Health Organization/ Food and Agriculture Organization of the United Nations 
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(WHO/FAO) Expert Consultation (WHO, 2003). Few countries report an average 

consumption of 90mmol/day, which is recommended in countries such as Belgium, Mexico, 

Spain and the United Kingdom of Great Britain and Northern Ireland (Bourges et al, 2004). 

A consumption of 120mmol/day was not reported in any population, however, it is 

recommended in Canada, Bulgaria, the Republic of Korea and the United States of 

America (van Mierlo et al, 2010). Usually women consistently have lower levels of 

potassium intake than men, but both groups commonly consume a level that is below 

current recommendations. 

C. Interaction in the Human Body 

Sodium and potassium share similar functions in the body (Oberleithner et al, 2009). 

As sodium consumption rises, increased potassium consumption is beneficial in a way that 

it can mitigate the negative effects of elevated sodium consumption on blood pressure 

(Whelton et al, 1997). Studies have shown that the ratio of the two nutrients plays an 

important factor in cardiovascular disease and mortality. There is evidence that decreased 

sodium intake in combination with increased potassium intake can be effective in reducing 

blood pressure, cardiovascular mortality and medical expenses. (Cook et al, 2009, Yang et 

al, 2011). 

A subgroup analysis of the randomized controlled trials was taken to explore whether 

different levels of sodium intake influence the effect of potassium on blood pressure. Only 

one study had a mean sodium intake level of < 2g/day, and it found a non-significant 

decrease on systolic blood pressure with increased potassium intake, but conclusions 

should not be drawn from such limited evidence. In the 15 studies with a mean sodium 

intake of 2-4g/day, increased potassium intake decreased systolic blood pressure. In the 
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five studies with a mean sodium intake of > 4g/day, increased potassium intake decreased 

systolic blood pressure. Although the difference in the effect estimates was not statistically 

significant, the results suggest that potassium may be more effective in reducing blood 

pressure at higher sodium consumption levels, which is consistent with previous findings 

(Whelton et al, 1997). There was still a significant benefit of increased potassium intake on 

blood pressure when populations consumed 2-4g/day of sodium, increased potassium 

intake should benefit most countries (Brown et al, 2009).   

This study will help assess the sodium and potassium intake of the Lebanese population, 

while targeting children in order to inform public health interventions to prevent the growth 

of this epidemic, provide the basis for public health initiatives to reduce sodium intakes and 

the related burden of cardiovascular and other diseases. 
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CHAPTER III 

MATERIAL AND METHODS 

 

This chapter describes the study. Details about the number of subjects, participant 

characteristics, sampling method, and field information are presented. Laboratory work and 

sample analyses are also outlined. In addition, this section includes a part dedicated for 

statistical analysis and definition of statistical variables. 

A. Study Population 

A cross- sectional study was carried out between March 2013 and January 2014 using a 

cluster sampling method. The study aimed to obtain a representative sample of Lebanese 6-

10 year old school children. A list of elementary schools in Lebanon was obtained from the 

Ministry of Education and Higher Education (MEHE). The list contained all the schools 

with specifications (name, number of students enrolled at elementary school, district and 

type of school whether it is private, public, private free). This list was used to recruit 

children in proportion to their population size in each district. 

Out of thirty-six schools contacted, only twenty six responded and hence children were 

recruited from the latter schools. The number of children obtained was proportionate to the 

number of children in the school. The schools were distributed all over Lebanon and 

chosen from its eight districts (North, Akkar, Bekaa, Baalbeck/ Hermel, South, Nabatiyyeh, 

Mount Lebanon, and Beirut) according to the population load in each district. One 

thousand four hundred and three (1403) healthy children (781 males and 622 females) of 

ages 6 to 10 were selected to reach a representative sample. Even though the acceptance 
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rate was fairly good (72.2%), the distribution was unbalanced. In private, private free and 

public the response rate was 72%, 33% and 94% respectively. 

Subject recruitment was done by directly approaching schools in coordination with the 

Ministry of Education and Higher Education (MEHE). Healthy children aged 6-10 years 

were included in the study and were asked not to modify their diet or their physical activity. 

Children receiving any medical treatments or having acute or chronic illness were not 

included in the study. Participants’ parents and researchers signed consent (appendix I and 

II) and children signed the assent forms(appendix III and IV) respectively prior to data 

collection.  

The study protocol was approved by the Institutional Review Board of the American 

University of Beirut. 

B. Sampling Selection (Gorstein et al., 2007) 

In order to get high precision of representation, the probability proportionate to size 

(PPS) method was adopted.  

First, the sample size was determined using the following formula: 

n=1.96𝑥. 96𝑥𝑝(1− 𝑝)(𝐷𝐸𝐹𝐹)/𝑑𝑥𝑑 

n: sample size 

p: estimate of the expected proportion, “if the expected proportion p of an indicator is not 

known, usually the value of 0.5 (or 50%) is used because it produces the largest sample 

size”. 
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d: desired level of absolute precision, the confidence interval is set at 95%; thus the 

acceptable range of error is 5%, making d=0.05. 

DEFF: a design effect of 4 was used as sample size required for cluster surveys larger than 

the required for surveys using random sampling. 

Following this formula, the sample size was found to be 1537. 

Then to determine the cluster number (schools), we used: 

nS= 𝑛/µS x pp. 

nS: total number of schools to sample in a survey. 

n: total sample size for the number of individuals, being 1537. 

µS: average number of students per school. 

pp: proportion of population in target group. 

Thus, our calculations revealed a total number of schools of 36. 

Multi-stage cluster sampling was also used at the District level, school level and class 

level. Number of schools required per district was calculated proportional to total number 

of schools per district.  

The types of schools in each district were determined regarding the proportional 

distribution of schools in this particular district. The table below illustrates the number and 

the type of schools needed in each district. 

The schools are as follows: 17 public, 13 private, and 6 private free. 
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Within each district, schools were selected using simple random selection from a 

school listing.  

To determine the number of students to enroll in the study from each school, the 

number of students in Grades 1 till 5 in the selected schools were compared to the total 

number of students in these classes in Lebanon (12000 students). Then, from each school, 

random sampling was done. 

Table 6. Types and Numbers of Schools Needed in Each District. 

District  School No. Public Private free Private  
Akkar 5 3 1 1 
Baalbeck/Hermel 3 1 1 1 
Beirut 3 1 - 2 
Bekaa 3 2 - 1 
Mount Lebanon 5 1 1 3 
Nabatiyyeh 4 2 1 1 
North 8 4 1 3 
South 5 3 1 1 

 

C. Procedures  

1. School contact 

First a letter was sent to the Director of Guidance and Counselling in the MEHE to 

notify all the public schools about this project. Whereas the private and private free schools 

were directly contacted by the researchers. On the first visit, an official letter and a consent 

forms were given to all the directors of the chosen schools and they were sent home with 

students to obtain consent. Visit two was carried out after getting the schools’ permission 

and the approval of children’s parents by showing the return of the signed consent forms.  

2. Codes and Labels 
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A code of three digits were given one related to the district, the second to the school and 

the last to the student number. The school’s code was represented by the letter referring to 

its district and the second digit refers to the number of the student.  

 

3. Materials of collection 

 All the supplies and equipment are listed in table 7. 

Table 7. 
 
Items Equipment/ Supplies 
General supplies Personal Information Sheet 

Assent Forms 
Clip Boards* 
Pens * 
2 Permanent Markers 
Stickers  
Field Manual 
Disposable surgical gloves* 
2 hand sanitizers 
Stapler and Staples 

Specimens collection Disposable urine cups 
Sealable plastic bags* 
4 ice packs 
2 portable coolers 

Anthropometry 2 Digital calibrated scales 
1 portable Stadiometer 

Laboratory Screw-capped tubes for urine storage * 
(2,15,50 mL) 
Disposable Pipette* (for transferring urine 
from cups to tubes) 
Tube Racks* 
Large Scotch Tape (for labelling) 
Biohazard Bags* 

*the list of needed utensils was adapted from “Gorstein, J.,Sullivan,K., 
Parvanta,I.,&Begin,F. (2007). Sample size calculations Indications and methods for cross 
sectional surveys of vitamin and mineral status of populations (pp. 28-37). The 
Micronutrient Initiative (Ottawa) and the Centers for Disease Control and Prevention 
(Atlanta)”. 
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D. Data Collection 

Students’ demographic information (name, student ID number, age, and class), 

anthropometric measurements (weight and height) and urine samples were collected by the 

researchers in charge of this study. 

1. Anthropometric Measurements 

Weight was measured using Tania scale (±0.1Kg) in light indoor clothing. Height 

was measured using a Shorrboard portable stadiometer (± 0.1cm) received from UNICEF. 

Children kept their footwear on so 1 cm was omitted from their measured height if wearing 

tennis shoes and 2 cm if wearing winter boots. Then BMI was calculated according to the 

following formula weight/height2 and expressed in Kg/m2. 

 

2. Nutritional Status 

Following the WHO criteria that is based on BMI for age z-scores growth charts (2007) 

for 5-19 year old boys and girls (found in appendix V and VI), percentiles and BMI 

classifications were calculated.  Children were divided into five categories according to 

BMI for age: 

-‐ Severe thinness for a BMI below the 3rd percentile 

-‐ Thinness for a BMI for age between the 3rd and the 15th percentile. 

-‐ Normal for a BMI between the 15th and the 85th percentile 

-‐ Overweight for a BMI between 85th and the 97th percentile 

-‐ Obese for a BMI above the 97th percentile 

 

3. Urine collection and storage 
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Each participant was informed by the researchers about the study and urine collection 

procedure followed by signing the assent form. Urine samples were collected in non-

fasting state between 9 AM and 1 PM and stored in chemical urine cups on ice racks in 

portable coolers. In the laboratory, these samples were stored in the freezers at -20∘C till 

the day of analysis. 

 

4. Biochemical Measurements  

On the analysis day, samples were defrosted in the fridge overnight. Then urine 

samples were homogenized using vortex and then centrifuged for 10 minutes at a speed of 

3500RPM at 20∘C using EPPENDROFF Centrifuge 5810R. Sodium (Na), Potassium (K), 

and Creatinine (Crea), were analysed via Vitros 350 analyzer (Ortho Clinical Diagnostics, 

Johnson and Johnson, 50-100 Holmers Farm Way, High Wycombe, Buckinghamshire, HP 

12 4DP, United Kingdom) in the NFSC department (AUB, Beirut, Lebanon). The values 

are reported in mg/dl and then converted from mg to mmol was done by dividing the 

values by molecular weights of the analysed variables (Na, K, and Crea). Also Spot urine 

Na (SUNa), K(SUK), and Cr (SUCr) were measured. 

a. Sodium and Potassium 

Sodium and potassium concentrations were measured by direct potentiometry using 

VITROS 350 analyzer. 

b. Creatinine 

Test type: two-point rate 

Creatinine diffuses to the reagent layer, where it is hydrolyzed to creatinine in the rate 

determining step. The creatine is converted to sarcosine and urea by 

creatineamidinohydrolase. The sarcosine, in the presence of sarcosine oxidase, is oxidized 
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to glycine, formaldehyde, and hydrogen peroxide. The final reaction involves the 

peroxidase-catalyzed oxidation of a leuco dye to produce a colored product. Following 

addition of the sample, the slide is incubated. During the initial reaction phase, endogenous 

creatine in the sample is oxidized. The resulting change in reflection density is measured at 

2 times points. The difference in reflection density is proportional to the concentration of 

Crea present in the sample. 

 

5. Quality Control 

Pooled urine specimens that were collected from three healthy subjects aged 25 

years old females. These samples were mixed and divided into aliquots in small volumes to 

show consistent and systematic results. These urine samples were used as quality control 

(QC) to determine the coefficient of variance (cv) within the runs (table 8). For each 30 

tests analyzed, a QC was also analyzed for all the variables (Na, K, Crea), having on 

average 3 QC per run. The dispersions (cv) between and within the runs were at worse 

1.23% and 2.22%respectively, showing relevant and persistent results indicating a credible 

and reliable method of assessment. 

 

Table 8.Quality Control’s Coefficient of Variance. 
 
Test  Within Runs CV (%) 
Na 1.23% 
K 2.22% 
Crea 1.77 

 

6. Mineral to Creatinine Ratio 

Mineral results are expressed in ratio to Crea as Na/Crea, K/Crea. 
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7. Predictive Values 

Predictive values of total Crea excretion per 24 h were calculated in mmol/d and converted 

into mg/d based on the Remer, Neubert, &Maser-Gluth equation (2002): 

log𝑦 = 0.0102𝑥 − 0.6854 

(y:24 h Crea expressed in mmol/d; x: height expressed in cm). 

This was based on data from 3-18 year old children in which height was highly correlated 

with Crea Excretion (R2 =0.87 and P<0.0001). Predicted 24-h Na (Pred 24h Na) and K 

(Pred 24h K) excretions were then calculated using the following equations: 

Pred 24h Na=!"#$
!"#$

𝑥  𝑃𝑟𝑒𝑑  24ℎ  𝐶𝑟  𝑎𝑛𝑑 

Pred 24hK= !"#
!"#$

𝑥  𝑃𝑟𝑒𝑑  24ℎ  𝐶𝑟 

The predicted values were corrected according to the Tanaka equation as follows: 

Corrected 24h Na = 21.98 x Pred 24h Na0.392= Estimated Na intake 

Corrected 24h K = 7.59 x Pred 24h K0.431= Estimated K intake 

The corrected 24h Na and K excretion were assumed to reflect 24-hour Na and K intakes, 

respectively.  

Salt equivalents were calculated by dividing Na concentrations (in mg) by 390. 

E. Statistics 

1. Data Entry 

 Paper forms were used to collect data. The personal information for each subject 

was typed out on the Statistical Package for the Social Sciences (SPSS) 21. The 
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biochemical results were entered primarily on Microsoft Office Excel 2007 and the copied 

on SPSS. Data entries were done in double process to minimize error occurrence. Data 

cleaning was the applied to identify any possible mistake and correct them instantly. 

2. Statistical Analysis 

Statistical significance was set at P-value <0.05. Results are presented as means and 

standard deviation (SD). Frequencies and descriptive statistics were performed for the 

different variables. Data were stratified by gender and/or by 5 age groups (6-6.9y, 7-7.9y, 

8-8.9y, and 10-10.9y). Also age was classified in two categories based on the 

recommendations of the Institute of Medicine (6 to 8.9 years in one age category and 9 and 

10 years in another). Two sample t-test was used to analyse differences by gender and one 

way ANOVA to evaluate differences among age groups. Subgroup analysis and differences 

among age groups were analysed using Fisher’s test. Three subjects (outliers) were 

excluded based on the Anderson-Darling normality test. 

F. Definition of Variables  

Collected data were organized in both SPSS (version 21) and Excel sheets. Variables of 

interest including personal information, anthropometric, demographic, and biochemical 

data were drawn. The variables used in the statistical analysis and their description are 

presented in appendix VII. 

School types: The Lebanese population benefits from the availability of three different 

types of schools. The percentages of public, private and private free schools are the 

following: 47%, 37% and 13% (CERD, 2009-2010), indicating a disproportionate 

distribution all over Lebanon. The remaining 3% are designated to the Palestinian refugees 

in Lebanon, thus they do not meet our inclusion criteria. Based on this distribution, the 
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majority of our clusters were selected from public schools. Private free schools are free of 

charge targeting people with varied socio-economic status of families whose children are 

enrolled in private free schools depend upon the social level of the school that is 

determined by sponsor-ship and funds. Public schools in Lebanon, especially in the 

primary classes are designated for people who do not afford private school fees. 

Districts: Since 2003, according to the “Centre de Resources sur le development local” 

(Localiban, 2009), Lebanon has been divided into 8 districts (Akkar, Baalbeck/Hermel, 

Beirut, Bekaa, Mount Lebanon, Nbatiyeh, North, and South) instead of 6 (North included 

Akkar and Bekaa included Baalbeck/Hermel). Our data was collected and entered as 

described above, considering the codes of the new 8 districts. However, even recent data 

describing the demographic structure of the Lebanese population takes into consideration 

the old district divisions. Thus, the results in this study were reported following both 

distributions. 
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CHAPTER IV 

RESULTS 

 

This chapter presents the outcome of the study. The results are divided in different 

sections. The sections describe baseline characteristics, sex, age, schools, and districts 

related differences as well as urinary mineral excretions in ratios and their reference values. 

The Na and K urinary excretion in 24h, presented in the following page, is estimated for 

the whole population, as described in the previous chapter. 

A. Baseline Characteristics 

A total of 1403 children were recruited aged between 6 and 10 years old (781 boys, 

622 girls). They were divided into 5 age groups (6-7, 7-8, 8-9, 9-10 and 10-11). The mean 

weight and the mean height of the recruited children were 28.3±7.9 kg and 127.0±9.7 cm, 

respectively. The mean BMI was 17.25±2.74kg/m2. Based on the WHO cutoffs, the 

following table 9 presents the nutritional status of our sample. 

Table 9. Nutritional Status of Elementary School Lebanese Children (6-10 years old) 
Nutritional Status Sample (n) Percentage (%) 
Sever Thinness 9 0.6 
Thinness 76 5.4 
Normal 911 65.0 
Overweight 225 16.0 
Obese 182 13.0 

 

As pointed in Table 9, only 6%	  of	  our	  population	  was	  underweight.	  This	  fact	  

reduces	  malnutrition	  related	  biases	  in	  relation	  of	  sodium	  intake. 
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Figure 2: Nutritional Status of Elementary School Lebanese Children (6-10 years old) 

Our subject detailed information of the data split by age group and gender is found 

in table 10. 

Table 10. Anthropometric Characteristics of Elementary School Lebanese Children (6-10 
years old) 
Age (years) Sample  Weight (kg) Height (cm) BMI (kg/m2) 

Gender n    
6-7 M 208 22.7±4.3 117.1±5.8 16.4±2.1 

F 122 22.2±4.1 116.4±5.4 16.3±2.0 
T 330 22.5±4.2 116.9±5.7 16.4±2.1 

7-8 M 194 26.7±4.9 124.6±6.0 17.1±2.3 
F 154 26.6±5.4 124.2±5.8 17.1±2.3 
T 348 26.6±2.3 124.4±5.9 17.1±2.3 

8-9 M 156 28.6±6.1 128.3±5.6 17.3±2.6 

F 147 28.0±6.2 128.1±6.3 16.9±2.5 
T 303 28.3±6.1 128.2±6.0 17.1±2.5 

9-10 M 113 31.7±7.4 132.9±6.0 17.8±3.1 
F 101 30.8±6.5 132.4±6.6 17.4±2.6 
T 214 31.2±7.0 132.7±6.3 17.6±2.9 

10-11 M 110 36.6±9.7 139.2±6.5 18.7±4.0 
F 98 38.1±9.7 141.3±8.3 18.9±3.4 
T 208 37.3±9.7 140.1±7.5 18.8±3.7 

Total M 781 28.1±7.7 126.6±9.4 17.3±2.8 
F 622 28.2±8.1 127.6±10.1 17.2±2.7 
T 1403 28.3±7.9 127.0±9.7 17.3±2.7 

All the values in the table are represented as mean±SD.  
M, F, and T refer respectively to Male, Female, and Total. 

Underweight	   Normal	   Overweight	  &	  
Obese	  

6%	  

65%	  

29%	  

Nutritional	  Status	  of	  Population	  
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In table 11;there was no sex related statistical significant differences for weight. 

However, a significant difference in height between girls and boys was found with a P 

value of 0.049, with girls being taller by 1 cm. this difference lost its significance when it 

was presented as BMI. When the sample was divided by age, the differences of their height, 

weight, and BMI were highly significant.  

Table 11. Sex Related Difference of Anthropometric Characteristics of Elementary School 
Lebanese Children (6-10 years old) 

Variable Boys (781) Girls (622) p-value 
Weight 28.1±7.7 28.6±8.1 0.291 
Height 126.6±9.4 127.6±10.1 0.049 
BMI 17.3±2.8 17.2±2.7 0.714 

All values are reported as mean±SD. 
The number presented between brackets is the sample size. 
t-test is used comparing genders and significance is set at p<0.05. 
 

Age group significant differences from 6 to 10 years old for weight and height was 

shown in table 12 as for BMI, 2 age categories (8-9 and 9-10) were considered similar. 

District distribution and schools were depending strongly on response rate. Mount Lebanon, 

for instance, was underrepresented and was directly related to low response rate of this 

district private schools. Table 13 represents population distribution according to school 

type. 

Table 12.Age Related Difference of Anthropometric Characteristics of Elementary School 
Lebanese Children (6-10 years old) 

Age (years) Anthropometric Characteristics 
Height (cm) Weight (kg) BMI (kg/m2) 

6-7 116.9±5.7a 22.5±4.2a 16.4±2.1a 
7-8 124.4±5.9b 26.6±5.1b 17.1±2.3b 
8-9 128.2±6.0c 28.3±6.1c 17.1±2.5c 
9-10 132.7±6.3d 31.2±7.0d 17.6±2.9c 
10-11 140.1±7.5e 37.3±9.7e 18.8±3.7d 
p-value <0.001 <0.001 <0.001 

All values are reported as mean±SD. 
One way ANOVA is used to detect baseline characteristics significant differences between 
age groups. Significance is set at p<0.05. 
The subgroup analysis is performed using Fisher Method. Categories not sharing the same 
letter are significantly different. 
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The following table 14 and table 15 show our sample repartitions in districts and 

schools comparing them to the percentages all over Lebanon. 

Table 13. Selected Schools Repartitions 
 

School Types Clusters  
(n) 

Percentage  
(%) 

Response Rate  
(%) 

Percentages in Lebanon  
(%)  

Public 16 61.5 94.1 47 
Private 8 30.8 72.7 37 
Private Free 2 7.7 33.3 13 
Total 26 100 72.2 97* 

*The remaining 3% is for UNRWA schools (excluded criteria). 
Central Administration for Statistics, Ministry of Social Affairs,UNDP (2004-2005).  

 

Table 14. Selected Elementary School Lebanese Pupils (6-10 years old) from Each District 
District Sample (n) Percentage (%) 
Akar 155 11.0 
Beirut 230 16.4 
Bekaa 168 12.0 
Hermel 53 3.8 
Mount Lebanon 160 11.4 
North 247 17.6 
Nabatiyeh 206 14.7 
South 184 13.1 

 
Table 15.Selected Elementary School Lebanese Pupils (6-10 years old) from Each District 
(Old Districts Distributions) 

District Sample (n) Percentage 
(%) 

Lebanese Population load* 

Beirut 230 16.4 10.4 
Bekaa 221 15.8 12.5 
Mount Lebanon 160 11.4 40.0 
North 402 28.6 20.5 
Nabatiyeh 206 14.7 5.9 
South 184 13.1 10.7 

*Central Administration for Statistics, Ministry of Social Affairs,UNDP (2004-2005).  

B. Biochemical Measurements 

1. Ratios 

The mean Na/Crea for the total population was 23.91±11.45 mM/d and K/Crea ratio was 

15.52±5.73 mM/d (table 16). Differences found between sexes are also shown in table 1, 
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however no significant difference was spotted. Correlations between Na/Crea, K/Crea and 

Na/K ratio are shown in table 17. Significant negative correlation appeared between Na/K 

ratio and K/Crea ratio. 

Table 16. Na and K Excretions in Ratio to Crea of Elementary School Lebanese Children 
(6-10 years old) 
Minerals Ratios 
(mg/mg) 

Total  Boys (777) Girls (619) p-value 

Na/Crea 23.9±11.4 23.7±15.4 24.0±15.5 0.727 
K/Crea 15.5±5.7 11.3±5.7 11.6±5.7 0.309 
All values are reported as mean±SD. 
The number presented between brackets defines the sample size. 
t-test is used comparing genders. Significance is set at p<0.05 for the difference between 
genders.  
 
Table 17. Na and K Ratios Correlation Matrix 
 Na/Crea K/Crea Na:K 
Na/Crea  0.416** 0.568** 
K/Crea 0.416**  -0.325** 
Na:K 0.568** -0.325**  
Pearson correlation * p < 0.05; ** p < 0.01; *** p < 0.001. 

2. Predicted 24-hr excretions  

As mentioned previously, 24-hr excretions were estimated for both electrolytes.  Table 

18 based on the differences in height, total creatinine excretion was found to be different 

between genders, being girls with higher values. No significant difference was detected 

between sexes. Correlations between 24-hr mineral excretion and crea are shown in table 

19. All are positively correlated. 

Table 18. Predicted 24-h Na, K and Crea Excretions of Elementary School Lebanese 
Children (6-10 years old) 
Predicted 

24-h 
Excretions 

Total Boys (777) Girls (619) p-value 
mg/d mg/d  

Na 2220.1±1417.7 2193.8±1442.5 2253.0±1386.4 0.438 
K 1822.3±899.8 1783.0±898.8 1871.7±899.4 0.067 

Crea 473.8±113.3 468±107 481±120 0.03 
All values are reported as mean±SD. 
The number presented between brackets is the sample size. 
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t-test is used comparing genders and significance is set at p<0.05 for the difference 
between genders.  
 

Table 19.Predictive 24-h Minerals and Creatinine Excretions Correlations 
 Na K  Creatinine 
Na   0.384**  0.102** 
K  0.384**  0.215** 
Creatinine 0.102** 0.215**  
Pearson correlation * p < 0.05; ** p < 0.01; *** p < 0.001. 

In table 20, salt equivalent compared to intake is expressed in g/d, with no 

significant differences between genders. 

Table 20. Salt intake of Elementary School Lebanese Children (6-10 years old) 
 Total  Boys (777) Girls (619) p-value 
Salt equivalent 5.6±3.63 5.6±3.6 5.7±3.5 0.43 
All values are reported as mean±SD. 
The number presented between brackets defines the sample size. 
t-test is used comparing genders. Significance is set at p<0.05 for the difference between 
genders. 
 

3. Age related differences 

In table 21, samples were divided into 2 groups according to recommendations. First 

being children aged 5-8 years and second children aged 9-13 years. Table 5 shows 

significant decrease was shown in the second age group. The same trend is observed for K 

in table 22. Na:K ratio was not significantly different between ages (table 23). 

Table 21. Age Related Differences of Na Excretions of Elementary School Lebanese 
Children (6-10 years old) 
Age (yrs) Samples (n) Na/Crea (mM/d) Predictions of daily Na excretion 

mM/d 
6-8 979 25.6±16.1 94.9±60.1 
9-10 421 19.9±13.3 100.2±65.0 
p-value   <0.001 0.142 
All values are reported as mean±SD.  
T-test is used to detect Na excretions differences between age groups. Significance is set at 
p<0.05. 
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Table 22. Age Related Differences of K excretion of Elementary School Lebanese Children 
(6-10 years old) 
Age (yrs) Samples (n) K/Cr (mM/mM) Predictions of daily K excretion 

mM/d 
6-8 979 12.0±5.8 94.9±60.1 
9-10 421 9.9±5.2 100.2±65.0 
p-value   0.0001 0.0001 
All values are reported as mean±SD. T-test is used to detect K excretions differences 
between age groups. Significance is set at p<0.05 

 

Table 23. Age Related Differences of Na:K ratio in Elementary School Lebanese Children 
(6-10 years old) 
Age (yrs) Samples (n) Na:K (mM/d) 

5-8 979 2.3±1.6 
9-13 421 2.2±1.6 
p-value   0.403 
All values are reported as mean±SD.  
T-test is used to detect K excretions differences between age groups. Significance is set at 
p<0.05. 
 

Population distribution for predicted Na excretion is visibly illustrated in Figure 3.   

 

Figure 3. Population distribution for predicted 24h Na excretion (mg/d) 
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Figures 4 represents age group of 4-8 years and figure 5 represents group of 9-13 

years. Both illustrate the distribution for Na consumption in the population comparing with 

the recommended adequate intake and upper limit intakes, blue and red lines respectively. 

 

Figure 4. Population Distribution of Predicted 24h Na excretion of Elementary School 
Lebanese Children (4-8 years old) 

 

 

Figure 5. Population Distribution of Predicted 24h Na excretion of Elementary School 
Lebanese Children (9-13 years old) 
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Population distribution for predicted K excretion is visibly illustrated in Figure 6. 

Figures 7 and 8 represent population distribution of the two different age group in 

comparison to recommended intake by the blue line.   

 

 

Figure 6. Population distribution for K. 

 

 

Figure 7. Population Distribution of Predicted 24h K excretion of Elementary School 
Lebanese Children (4-8 years old) 
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Figure 8. Population Distribution of Predicted 24h K excretion of Elementary School 
Lebanese Children (9-13 years old) 

 

4.  Schools  

After comparing mineral excretion between different school types (table 24), a 

significant difference was found only for K/crea ratio. Furthermore, when comparing 24-h 

excretion (table 25) of both Na and K were found to be significantly different between 

private free schools. 

Table 24. Na and K Excretions in Ratio to Crea  in Different School Types in Lebanon 
School Type Na/Crea K/Crea 
Public (666) 24.2± 16.0 11.4±5.7a 
Private (509) 23.9±14.5 10.7±5.1b 
Private Free (220) 23.0±15.9 13.1±6.6c 
p-value 0.617 <0.001 
All values are reported as mean±SD (mM/d). 
One way ANOVA is used to detect districts differences between age groups. Significance 
is set at p<0.05. The subgroup analysis is performed using Fisher Method. Categories not 
sharing the same letter are significantly different. 
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Table 25. Predictions of 24-h Na and K Excretions in Different School Types in Lebanon 
School Type Predicted 24-h Na 

excretion 
Predicted 24-h K 
excretion 

Public (666) 2229.3±1472.7a 1806.5±894.8a 
Private (509) 2307.2±1400.4a 1776.3±866.3a 
Private Free (220) 1991.8±1261.6b 1991.8±975.3b 
p-value 0.02 0.018 
All values are reported as mean±SD (mg/d). 
One way ANOVA is used to detect districts differences between age groups. Significance 
is set at p<0.05. The subgroup analysis is performed using Fisher Method. Categories not 
sharing the same letter are significantly different. 
 
 
5. Districts 

Student mineral excretion was distinct when expressed in ratios to Crea as well as 

when 24-h excretion was estimated. Tables 26 and 27 stated in detail Na and K excretion in 

different districts appeared to be significantly different.  

Table 26. Na and K Excretions in Ratio to Crea in the Lebanese Districts 
District Na/Crea K/Crea 
Akar (154) 26.8±17.5ab 12.2±2.2ab 
Beirut (228) 27.2±17.3a 10.4±5.4d 
Bekaa (167) 22.8±12.7c 11.2±5.3bcd 
Hermel (53) 31.1±16.1a 12.9±6.1ab 
Mount Lebanon (160) 22.5±13.4c 10.9±5.3cd 
North (246) 23.7±16.2bc 11.5±5.4bc 
Nabatiye (204) 24.0±15.7bc 13.1±6.9a 
South (184) 17.4±10.8d 10.1±5.2d 
p-value <0.001 <0.001 
All values are reported as mean±SD (mM/d). 
The number presented between brackets is the sample size. 
One way ANOVA is used to detect districts differences between age groups. Significance 
is set at p<0.05. The subgroup analysis is performed using Fisher Method. Categories not 
sharing the same letter are significantly different. 
 
 
Table 27. Predictions of 24-h Na and K Excretions in the Lebanese Districts 
District Predicted 24-h Na 

excretion 
Predicted 24-h K 
excretion 

Akar (154) 2219.8±1541.3bc 1725.1±834.2bc 
Beirut (228) 2424.1±1580.4ab 1580.1±778.5c 
Bekaa (167) 2391.8±1299.0ab 2000.8±922.5a 
Hermel (53) 2817.7±1479.8a 1999.4±983.1ab 
Mount Lebanon (160) 2227.4±1376.5bc 1828.9±933.3ab 



43	  
	  

North (246) 2179.0±1524.8bc 1825.1±842.8ab 
Nabatiye (204) 2056.8±1230.6cd 1934.8±947.4ab 
South (184) 1868.3±1144.8d 1855.9±976.5ab 
p-value <0.001 <0.001 
All values are reported as mean±SD (mg/d). 
The number presented between brackets is the sample size. 
One way ANOVA is used to detect districts differences between age groups. Significance 
is set at p<0.05. 
The subgroup analysis is performed using Fisher Method. Categories not sharing the same 
letter are significantly different. 
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CHAPTER V 

DISCUSSION 

 
In Lebanon, there are limited studies about the nutritional status of children. 

Paediatric nutrition seems to be limited in the focus on body fluid (plasma and urine) 

biomarkers and restricted to anthropometric measurements only. In the past years, the 

studies were focused on the Lebanese children’s anthropometric status. It was revealed in 

these studies the impact of the Westernized food among the Lebanese children and the 

changes in the lifestyle (mothers not cooking, low physical activity, etc.). These factors led 

to the increase in the percentages of overweight and obesity among Lebanese children.  

A study showed that the percentage of overweight and obese children aged 3-19 

years old was 23.4%; with children below 10 years rating less than adolescents. (Sibae et 

al, 2003). Another study showed that the prevalence of overweight among 6-9 years old 

children had noticeably increases from 26% in 1997 to 30.9% in 2009. (Nasreddine et al, 

2009). Our study showed the same percentage of overweight and obese males (31%) and 

lower percentage of overweight and obese females (26.5%). The percentage of overweight 

and obese children in Lebanese elementary schools was 29% as shown in figure 2.This 

validates our baseline characteristics of our sample in this study.  

Estimated daily Crea excretions of the age group of 6-10 years old varied from 

367±50 to 637±112 with a mean of 16.99±2.1 mg/kg/d; which is similar to other findings 

presented in table33. In mid-childhood, the average Crea Excretion is 18 mg/kg/d, which is 

closer to our mean Crea finding. (Ghazali&Barrat, 1974). This comparison also validates 

our sample population. 
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Table 28.Total Creatinine Excretions in Different Studies 
Country (Study) Sample Size Age Mean±SD 
   mg/d 
Ohio, USA (31) 74 9 639±120 
Boston, USA (32) 35 1-12 500±200 
England (68) 100 8-10 688/593 
Germany (84) 160 6 396 (3.50 mmol/d) 
 147 7 452 (4.00 mmol/d) 
 141 8 517 (4.57 mmol/d) 
 144 9 517 (4.57 mmol/d) 
 118 10 661 (5.84 mmol/d) 
Lebanon (our study) All All 474±113 
 330 6-7 367±50 
 348 7-8 438±61 
 303 8-9 479±69 
 214 9-10 532±80 
 208 10-11 637±112 

 

Our urine samples in this study were collected in non-fasting state between 9 am 

and 1 pm. The weather was moderate in temperature (fall and spring). When the conditions 

are stable and the weather is temperate, losses of Na and K in sweat is not considered and 

urine is the major excretion route. Urinary Na excretion accounts for 95-98% of total Na 

intake (Bates et al., 1997).  So 24-hour urinary Na collection is the best method to assess 

dietary Na intake (Elliott &Brown, 2009; Bates et al., 1997). K in urine reflects 77-90% of 

the intake; but still 24-hour urinary K is the reliable way to measure dietary K intake 

(Institute of Medicine, 2005; Gibson, 2005; Holbrook et al, 1984). Without adjusting for 

non-urinary losses, usually urinary Na and K excretion matches approximately the dietary 

intake. In population setting that targets mainly children, like our study, it is very difficult 

to collect urine over 24 hour (Tanaka et al, 2002). In such cases, 24-hour Na and K 

excretion is calculated using spot urine Na/Cr and K/ Cr ratios. Such method reveal 

reasonable approximations especially when urine is collected between 8 am and 4 pm. 
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(Kawasaki et al., 1993) However; in our study, the estimation of Na and K intakes were 

based on the equation of Tanaka et al. (2002) since it is relevant to collecting urine in non-

fasting conditions and this was reported to be more strongly correlated with methods for 

the determination of population intake (Brown et al, 2013; Mente et al, 2014). The Pred 

24h Cr used in the equation was based on the data from the study of Remer et al. (2002) in 

which children’s height is highly correlated with 24h Cr excretion (R2=0.87 and P-value 

<0.0001) ( Remer et al., 2002). The Cr results in our study were comparable to the findings 

in other studies which further support to Remer’s procedure (Remer et al, 2002; Manz et al, 

1999). In figure 9, studies from different countries are represented to be compared to our 

results. This shows the trend of high sodium intake throughout the world. 

Figure 9. 

	  

 

Salt consumption has been increasing dramatically all over the world reaching 

epidemic levels. All published data has revealed that Na consumed by population has 

exceeded physiological needs (Elliott & Brown, 2007).  In children population the Na 

consumption is considered to be more than the recommended (1.2 g or 53 mM/d for 4 to 8 
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year old children and 1.5g or 65 mM/d for older children), exceeding the UL of intake 

(1.9g or 83 mM/d for 4 to 8 year old children and 4.5g or 115 mM/d for older children) 

(Institute of Medicine, 2005). 

 Cardiovascular diseases especially hypertension is the leading cause of morbidity 

and mortality in Lebanon as well as all over the world. This led all studies based on 

population to reduce salt/Na intake to decrease the potential risk factor of CVDs and 

hypertension. All interventions were implemented to reduce salt in adult population, 

however; salt reduction in early childhood is shown to give long term benefits since food 

preferences and dietary habits in childhood influence lifetime food patterns. It was revealed 

in childhood that high Na intake along with low K intake plays an independent risk factor 

for chronic diseases in adulthood (Kelishadi et al., 2013; Grimes et al, 2012). 

 Despite all the projects implemented to reduce Na consumption, it still remain high 

(Powles et al, 2013). Lebanese children in our study consumed an average of 

2893.85±726.12 mg/d of Na which is 2 to 2.5 fold the AI and 1509.83±321.16 mg/d of K, 

about third the AI. Thus Na intake in almost all children exceeded the UL and K intake was 

below the recommendations. The low K intake observed in Lebanese schoolchildren is 

surprising because fruits are grown locally and found throughout the year with affordable 

prices. It is alarming because low K has serious side effects like electrolyte imbalance. Low 

K also aggravates the harmful effects of high Na intake. 

The consumption of Na and K did not differ between boys and girls and our result 

was supported by Safarinejad (2003) which also studied Na/Cr and K/Cr ratios. In other 

studies it was revealed that boys were consuming more Na, but this was due to high energy 

intake because when corrected for energy, these differences were no longer significant 

(Geleijnse et al, 1990; Maldonado-Martin et al., 2002; Remer et al, 2002; Safarinejad et al, 
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2003).  

 Age group differences for Na and K intake was also seen in our study. Older 

children were expected to have higher Na and K consumption due to higher energy intake. 

However; our results showed that older children consumed only more K. This may be 

related to high K preferences like eating more chocolate, fruits, and fruit juices when 

children get older. 

In Lebanon it is not reported in literature assessing Na and K intake via urine. 

However, estimated Na intake using urine analysis was close to that obtained from dietary 

data at 3.13g/d among Lebanese adults (Powless et al, 2013). According to a study carried 

out by Nasreddine and colleagues, knowledge and attitude were two aspects that play role 

in high Na intake in Lebanon. Less than half of subjects considered salt intake to be of 

concern to health, only 22.6% of subjects knew that processed foods contributes to greater 

source of Na in the diet, and 38.6% managed to lower sodium in their diet. (Nasreddine et 

al, 2014). Consequently, in our study urinary Na/K ratio was four times higher than the 

ratio (0.546mM/mM) calculated from the recommended intakes and almost double the ratio 

(~1mM/mM) suggested by the WHO (WHO, 2003). This ratio was recognized to be high 

in most populations announcing an alarming health concern worldwide.  (Maldonado-

Martin, 2002; Hoffmann & Cubeddu, 2009; Laatikainen et al, 2006). The scarcity of the 

Lebanese awareness of the hazardous health effects of high Na consumption is 

accompanied also to dietary factors observed from the high Na/K ratio in our present study. 

A study done by in 2011 revealed that the Mediterranean diet, which is a traditional diet 

adopted by the Lebanese population, is somehow high in Na (Magriplis et al, 2011). 

However, the Lebanese population has adopted the Western diet, as most other population, 

which is considerably high in Na. in our study, it was recognized that the average Na intake 
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by our sample was 2893.85±726.12mg/d, which is close to the diet of the Americans 

(3271mg/d) and the Canadian (3412mg/d). This proves more the high impact of the 

Western diet on the Lebanese population (Cordain et al, 2005; Fischer et al, 2009).  

It is well documented that Na from diet varies amongst different populations. 

Processed food for instance contribute to 75% of total Na intake with bread, cereals, and 

grains accounting for 19.5% of Na in a typical American diet (Anderson et al., 2010; James 

et al., 1987, Cordain et al, 2005; Mattes &Donnelly,1991). Studies have shown that the 

Lebanese diet show similar sources, which adds up to the traditional Mediterranean diet 

that is also high in Na. (Almedawar et al., 2015). Lebanon is a country known to harvest 

fruits, vegetables, and legumes throughout the year with affordable cost. This draws the 

belief that the Lebanese population has adequate intake of K, which was not supported by 

the findings of the present work.  

Still this study has some limitations that should be considered for future similar 

studies. First is the detection limit of the method used. Second, the selective response rate 

had a great negative impact. Even though the total acceptance of participation of schools 

was fairly good, the proportions between private and public schools were imbalanced. 

Since the MEHE contacted the public schools so we had higher response rate for these 

schools. Whereas, we did not ha a higher response rate from the private schools (10 only 

out of 19 participated). Therefore, Mount Lebanon district should be selected in future 

similar studies; in addition to private schools all over Lebanon. 
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CHAPTER VI 

CONCLUSION 

 

 Our children population appears to have poor dietary habits by consuming high Na 

and low K intakes, predisposing the Lebanese children to the development of NCDs later in 

life. Higher measures and policies should be developed and implemented by policy makers, 

media, and food industries to cut down Na levels in foods. Some alternatives include 

severe policies in schools cafeterias and markets to sell baked goods, use less sodium in the 

recipes and cheeses, have seasonal fruits available at the school, give basic nutritional 

lessons for children, improve labeling of goods that are high in sodium to be standing out 

in the tag also to focus on our traditional. 

This study emphasize the need for such policies along with awareness campaigns to 

spread the knowledge about the importance of reducing salt intake and increasing the 

consumption of fruits and vegetables.  Schools should be the first targeted institution for 

such awareness campaigns to start cutting down Na in early years of life, accompanied 

with eating more fruits and vegetables. Childhood is a critical period and hence it is the 

right stage to start with where at this stage children start developing their food preferences 

and eating habits. 
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APPENDIX I 

ARABIC CONSENT FORM 

م حالة االیيودد في االبولل عند االأططفالل في لبنانن: تقیيیيعنواانن االبحث  

.االجامعة االأمریيكیية في بیيرووتت /قسم االتغذیية ووعلم االطعامم /: دد. عمر عبیيدإإسم االباحث  

.االجامعة االأمریيكیية في بیيرووتت /دد. ھھھهلا غطاسس/ قسم االتغذیية ووعلم االطعامماالباحثیين االمساعدیين:   

دداارریين شاتیيلامنسقي االبحث:   

–كیية في بیيرووتت٬، شاررعع االحمراا٬، بیيرووتت : االجامعة االأمیيراالعنواانن      350000-01 لبنانن 

: االمدااررسس االخاصة وو االرسمیية من كل لبنانن.مكانن إإجرااء االبحث  

 

االمشارركة ببحث علمي سیيجرىى من  االشرعيھھھهذاا بیيانن مواافقة للسماحح لإبنك أأوو إإبنتك بما أأنك االوصي 
االكافي لقرااءةة االمعلوماتت االتالیية بتأنن  قبل االجامعة االأمیيریيكیية في بیيرووتت.  االرجاء أأنن تأخذ(يي) االوقت

قبل أأنن تقررر(يي) إإذذاا كنت تریيد(یين) االسماحح لإبنك أأوو إإبنتك االمشارركة أأمم لا.  بإمكانك ططلب إإیيضاحاتت أأوو 
معلوماتت إإضافیية عن أأيي شيء مذكورر في ھھھهذهه االإستماررةة أأوو عن ھھھهذهه االدررااسة ككل من ططبیيبك. مشارركة 

وصي شرعي فقة على االمشارركة٬، سوفف یيطلب من حضرتك كإإبنك/إإبنتك غیير إإلزاامیية. أأذذاا تمت االمواا
على توقیيع ھھھهذاا االبیيانن وو سوفف تحصل على نسخة لك من ھھھهذاا االبیيانن.  

 

االیيودد ھھھهو معدنن أأساسي وو لھه ددوورر مھهم ااذذ یيساعد في االنمو االذھھھهني عند االأططفالل. اانن : ) ھھھهدفف ھھھهذاا االبحثأأ
لبنانن معلوماتت عن نسبة نقص ھھھهذاا نقص االیيودد ھھھهو ووااقع صحي یيھهددد االأططفالل في االعالم وو لا توجد في 

من  1995االمعدنن وو غیيرھھھها من االمعاددنن االاساسیية. مع أأنن لبنانن ااتبع برنامجا لتدعیيم االملح بالیيودد سنة 
ھھھهدفف ھھھهذهه االدررااسة ھھھهو قیياسس نسبة االیيودد عند االاططفالل االذیين تترااووحح أأعماررھھھهم بیين اانن قبل ووززااررةة االصحة.  

5- یيم وو بالتالي االتأكد من أأنن كمیية االیيودد االمستعملة في سنوااتت وو ذذلك لضمانن نجاحح برنامج االتدع 10
بحث ھھھهو تحدیيد االمناططق االتي تعاني من نقص في االیيودد في لبنانن.إإنن ھھھهدفف .إإنن ھھھهدفف اال االتدعیيم ھھھهي كافیية
.أأططرووحة ووستنشر في صحیيفة ططبیية وومن االممكن تقدیيمھها في االمؤتمرااتت االأكاددیيمیية االبحث  

 

ااختیيارر االمشارركیين قي االدررااسة عن ططریيق االاتصالل ستتم عملیية بب)ووصف االإجرااءااتت وواالمشرووعع:
االمباشر بمدیير االمدررسة االتي تم ااختیياررھھھها.  سوفف یيعطى االأططفالل االذیين تم ااختیياررھھھهم من كل مدررسة بیيانن 
ططلب مواافقة للمشارركة في ھھھهذاا االبحث وو ااستماررةة لاعطاؤؤھھھها للأھھھهل أأ, االوصي االشرعي. بعد االمواافقة من 

فف یيطلب منھهم االتوقیيع على االبیيانن وو ملئ االاستماررةة وو ااررجاعھها مع قبل االأھھھهل ااوو االوصي االشرعي سو
االطفل االى االمدررسة. وو من ثم سوفف یيتم ااختیيارر ھھھهؤلاء االأططفالل لجمع عیيناتت من االبولل االمطلوبب لھهذاا 

االفلورراایيد وو االفسفورر وو االیيودد٬،االبوتاسیيومم٬،االصوددیيومم٬،وواالبحث. سوفف یيتم جمع عیيناتت االبولل لقیياسس نسبة
في االبولل. وو من خلالل االاستماررااتت االتي تم ملؤھھھها من قبل االأھھھهل أأ,  االكریياتنیين یيزیيومم وواالكالسیيومم وو االمغن
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االوصي االشرعي سوفف یيتم قیياسس نسبة ااستعمالل االملح االمعالج بالیيودد. ھھھهذهه االاستماررااتت تتضمن اایيضا 
معلوماتت عن االوضع االاجتماعي وو االاقتصادديي لعائلة االطفل.  

للطعامم  متابعة تناوولھهمم للمشارركة في ھھھهذاا االبحث سوفف یيطلب من االاشخاصص االذیين تم ااختیياررھھھه
ساعة من  24وومماررسة نشاطط بدني بشكل ططبیيعي خلالل مدةة االدررااسة ووتفاددىى االنشاططاتت االكثیيفة قبل 

بدء االدررااسة. سوفف یيطلب من االأشخاصص االذیين یيعانونن من أأمرااضض مزمنة معیينة عدمم االمشارركة في 
سنوااتت. 10وو االل 5لا تترااووحح أأعماررھھھهم بیين االل ھھھهذاا االبحث. كما سیيتم ااستبعادد االاأأططفالل االذیين  

سیيتوجھه االباحثونن االى االمدااررسس حیيث سوفف یيتم قیياسس االوززنن وو االطولل لكل ططفل٬، وو االحصولل على 
في  االاستماررةة االتي تم ملؤھھھها من قبل االاھھھهل أأوو االوصي االشرعي٬، وو االحصولل على عیيناتت من االبولل

 1500لوبب مشارركتھهم في ھھھهذاا االبحث ھھھهو عبوااتت مخصصة. ھھھهذهه ددررااسة عشواائیية وو عددد االاططفالل االمط
سنوااتت من أأجل ااكمالل ھھھهذهه االدررااسة. 10وو االل 5تلمیيذ تترااووحح أأعماررھھھهم ما بیين االل  

 

:إإنن االوقت االمقدرر لانھهاء االبحث ھھھهو تقریيبا سنة. مطلوبب ززیياررةة موقع االدررااسة مرتیين (مرةة جج)االمدةة
ددقیيقة  تقریيباً. 30للحصولل على مواافقة االمشارركة وو مرةة لاجرااء االبحث .مدةة كلّ ززیياررةة   

یيمكن لطفلك االانسحابب من االبحث في أأيي ووقت. إإنن أأررددتت من ططفلك االتوقف عن االمشارركة٬، ما من 
عقوبة تفرضض علیيك أأوو على ططفلك وولن تخسر أأيي من االفواائد االتي تملكھها ووقراارركك لن یيؤثر على أأيي 

علاقة مستقبلیية لك أأوو لطفلك مع االجامعة االأمریيكیية في بیيرووتت.  

 

مشارركة ططفلك في ھھھهذهه االدررااسةلا تتضمن أأیية مخاططر جسدیية أأوو لمضایيقاتت وواالفواائد: دد)االمخاططر وواا
أأيي أأجر لھهذهه االدررااسة٬، وو لكن ااھھھهمیية أأنت أأوو ططفلك نفسیية أأكثر من مخاططر االحیياةة االیيومیية.لن تتقاضى 

ھھھهذهه االدررااسة تكمن عندما یيتحددد نسبة نقص االیيودد عند االاططفالل٬، سوفف یيحد من مشكلة ططمورر 
كما أأنن االنتائج االتي سوفف یيتم االحصولل علیيھها ستمكننا من معرفة وو اایيجادد ططرقق  الل.االنموعند االاططف

سیيتم االاخبارر عن تنائج ھھھهذاا االبحث في . 1995لتغیيیير براامج تدعیيم االملح بالیيودد االتي تستعمل منذ عامم 
.نھهایية االدررااسة  

 

لمعرفاتت االأخرىى سوفف تبذلل االجھهودد لتأمیين سریية االمعلوماتت االتي تتعلق بإبنك٬، إإسمك ووااهه)االسریية: 
لن تكونن معلقة مع أأجوبتك لضمانن االسریية. جمیيع االمعلوماتت وواالمدووناتت ستحفظ في غرفة مغلقة أأوو 

حاسوبب لدیيھه ررمز سريي. االوصولل إإلى االمعلوماتت مسموحٌح فقط للباحث االأساسي وواالباحثیين االذیين 
 یيعملونن مباشرةةً على االدررااسة. جمیيع االمعلوماتت ستدمر بشكل مسؤوولل من بعد االوقت

االمطلوبب .سیيحافظ على سریيتك في جمیيع االمعلوماتت االمكتوبة وواالمنشوررةة عن نتائج ھھھهذاا االبحث. لن 
یيستعمل إإسمك أأوو أأيي معلومة متعلقة بھهویيتك في تقارریيرنا أأوو مقالاتنا االمنشوررةة.  

من االممكن أأنن توجد ظظرووفف حیيث یيجب نشر معلوماتك االسریية. مثلاً یيمكن للمعلوماتت االشخصیية 
وو االمؤسسیية في االجامعة االأمریيكیية في بیيرووتت إإنن ططلُبت  كك أأنن تعطى لمجلس االمرااجعةاالمتعلقة باشتراا

مكتب حمایية االبحث  للجانن االأخلاقق االمھهنیية االمستقلة٬، وومفتشیين من االلإددااررااتت االحكومیية االمنظمة٬،
وو االإنساني للولایياتت االمتحدةة أأوو أأيي ووكالة تنظیيمیية فدرراالیية أأوو ددوولیية أأخرىى٬، أأوو ررااعي االبحث٬، إإنن ووجد أأ
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أأيي ووكالة تسند االبحث. بعد اانتھهاء االبحث سوفف یيتم حفظ االمعلوماتت من قبل االباحث االمسؤوولل في مكانن 
سنوااتت بعدھھھها تتلف بمسؤوولیية. 3اامن وو سريي لمدةة   

 

لیيس ھھھهناكك أأیية تكالیيف مطلوبة منك أأنن تدفعھها وولن تتقاضى أأيي أأجر لھهذهه االحافزةة:  / وو)االتعویيض
كلفة موقف االسیياررةة االخ. االدررااسة٬، وولن تتقاضى أأجر االتنقل أأوو   

 

ما من تغطیية لحصولل االحوااددثث االغیير متوقعة٬، في حالل لم تكن زز)االدفع للإصاباتت ذذااتت صلة بالبحث: 
ھھھهناكك تغطیية من قبل تأمیين صحي أأ, ضمانن ااجتماعي. إإنن تعرضت إإلى إإصابة جرااء االبحث٬، أأوو لأيي 

مقسم  350000 (01)بیيد االاتصالل بالدكتورر عمر عیيرجى  سؤاالل عن االإصاباتت االمتعلقة بالبحث٬،
4440 ،٬oo01@aub.edu.lbemail:  

 

حح)أأسئلة وومعلوماتت االاتصالل  

) لأيي أأسئلة أأوو أأيي مخاووفف حولل االبحث٬، یيمكنك االاتصالل بالدكتورر عمر عبیيد٬، قسم االتغذیية ووعلم ١۱
٬، 4440مقسم  350000 (01)لبنانن   االطعامم االجامعة االأمریيكیية في بیيرووتت٬، شاررعع االقاھھھهرةة٬، بیيرووتت٬،

oo01@aub.edu.lbemail: .  

) لأيي أأسئلة أأوو أأيي مخاووفف حولل حقك كمشارركك في ھھھهذاا االبحث یيمكنك االاتصالل بالمكتب االتالي في ٢۲
االمؤسسیية  مجلس االمرااجعةاالجامعة االأمریيكیية في بیيرووتت:  

تت٬، شاررعع االقاھھھهرةة٬، بیيرووتت٬، لبنانن االجامعة االأمریيكیية في بیيروو  5445مقسم  350000 (01) أأوو    

5440 ،٬email:irb@aub.edu.lb 

 

حح)حقوقق االمشارركیين:  

مشارركة إإبنك أأ, إإبنتك في ھھھهذاا االبحث ططوعیية. یيمكن لابنك أأوو اابنتك مغاددررةة االبحث في أأيي ووقت من ددوونن 
لمشارركة لن یيؤثر بأيي شكل ممكن على علاقتك بالجامعة االأمریيكیية في أأيي عقوبة. إإنن قراارركك بعدمم اا

بیيرووتت.  

إإذذاا ااخترتت االسماحح لطفلك االاشترااكك في ھھھهذهه االدررااسة٬، یيمكنك ووقف ااشترااكھه فى ااىى ووقت بدوونن عقوبة ااوو 
فقداانن االاستحقاقاتت. بتوقیيع ھھھهذاا االبیيانن, لن تتخلى عن ااىى حقوقق قانونیية أأوو شخصیية ااذذاا قمت أأنت أأوو 

لمشارركة فى ھھھهذهه االدررااسة.ططفلك با  

مجلس االمرااجعة االمؤسسیية في االجامعة االأمریيكیية في بیيرووتت االمسؤوولة عن االابحاثث االتي تتعلق بالبشر 
قد قامت باستعرااضض ھھھهذاا االمشرووعع االبحثى,وو ووجدتت أأنھه مقبولل حسب االقضاء االلبناني وو االلواائح 

ریيكیية لھها سیياساتت تھهدفف االى حمایية حقوقق االفیيدرراالیية في االولایياتت االمتحدةة االأمریيكیية . إإنن االجامعة االام
.ووررفاھھھهیية  االمشارركیين فى االبحث  
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ھھھهل لدیيك أأيي أأسئلة حولل االمعلوماتت االوااررددةة أأعلاهه؟ ھھھهل ترغب في االمشارركة في ھھھهذهه االدررااسة؟  

 

االاتصالل في االمستقبل:  

ھھھهل ترغب في االاتصالل بك للمشارركة في أأبحاثث أأخرىى في االمستقبل؟  نعم ____  لا ____  

لباحث االحق االكامل بایيقافف أأيي مشارركك عن متابعة مشارركتھه في ھھھهذاا االبحث.ملاحظة: ل  

مواافقة االمشتركك:  

جیيز االمواافقة لابني أأوو ٬، حراا مختارراا٬، أأووبناء علیيھه فأننيلقد قرأأتت ااستماررةة االقبولل ھھھهذهه ووفھهمت مضمونھها. 
.وواافق أأنن یيشارركك فیيھه أأ اابنتي تحت ووصیيتي إإجرااء ھھھهذاا االبحث وو  

نونیية عند اامضائي لھهذاا االبیيانن كما أأنني سأستلم نسخة من ھھھهذاا االبیيانن.لن أأتخلى عن أأیية حقوقق قا  

توقیيع _________________االتارریيخ ______________االمشترككإإسم   

االمشتركك_____________  

للمواافقة من أأجل  االإسم االمطبوعع للشخص االمأذذوونن  

_________________________االشخص:  

_____________االعلاقة بالشخص: ____________________  

للمواافقة:_________________ االتارریيخ:______________ إإمضاء االشخص االمأذذوونن  

 

توثیيق االمواافقة:  

 

االإسم االمطبوعع للشخص االذيي یيطلب االمواافقة:______________________  

 إإمضاء االشخص االذيي یيطلب االمواافقة:___________________________

_ االتارریيخ وو االوقت:_________________  

 

االباحثونن:  

لقد شرحت كل االتفاصیيل االتي تتعلق بھهذاا االبحث لأھھھهل االطفل االمشارركك أأوو للوصي االشرعي قبل 
االحصولل على اامضاء االأخیير. لا یيوجد فرااغاتت في ھھھهذهه االوثیيقةزز وو قد تم ااعطاء نسخة  لأھھھهل االطفل 

االمشارركك أأوو للوصي االشرعي.  

للمواافقة من أأجل  لإسم االمطبوعع للشخص االمأذذوونن  
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_________________________خص:االش  

للمواافقة:_________________  إإمضاء االشخص االمأذذوونن  

االتارریيخ وواالوقت:______________  
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APPENDIX II 

ENGLISH CONSENT FORM 

Permission for Child to Participate in Research AUB  

Study Title: The assessment of urinary iodine status of children in Lebanon Principal 
Investigator: Dr. Omar Obeid/ Faculty of Agricultural and Food Sciences/ Department 
of Nutrition and Food Science/ American University of Beirut Co-Investigator: Dr. 
HalaGhattas/ Faculty of Agricultural and Food Sciences/ Department of Nutrition and 
Food Science/ American University of Beirut Researchers: DareenShatila/ Address : 
American University Beirut, Cairo Street, Hamra, Beirut – Lebanon/01 – 
350000 Where the study will be conducted: Schools all over Lebanon (private and 
governmental schools)  

This is a permission form for your child/child for whom you are legal guardian to 
participate in a research study. It contains important information about this study 
and what to expect if you decide to permit your child/child for whom you are legal 
guardian to participate.  

Your child’s participation is voluntary. Please consider the information carefully 
before you decide to allow your child to participate. If you decide to permit 
participation, you will be asked to sign this form and will receive a copy of the 
form.  

A. Purpose of the Research Study: Iodine is an essential trace mineral that plays an 
important physiological role in the body. In Lebanon, endemic goiter was previously 
reported to be a serious public health problem with the greatest incidence occurring in 
the high mountain valleys. Currently, Lebanon is still identified as a country with mild 
to moderate iodine deficiency. Salt iodination was partially initiated in 1992 and was 
implemented in the year 1995 in a uniform manner by the Ministry of Health. No 
comprehensive study was conducted to determine urinary iodine status of 
schoolchildren since the introduction of salt iodination (1992-1995). Therefore it is 
essential to conduct a study in order to determine the iodine status in children. This 
would be of importance to determine the success of the salt iodization program and to 
determine whether the level of iodination is sufficient. Recent data regarding iodine 
status exists for Lebanon is lacking. Thus, the objectives of the following study are to: 
assess the prevalence of IDD and ascertain the extent and severity of the problem and 
identify high-risk areas.  

B. Project/Procedures Description: Subjects’ recruitment will be done by direct 
approaching to the school director. The selected children from each school will be given 
consent forms and questionnaires to share it with their parents for approval and filling 
the questionnaire once approved. Children of signed consent forms will be recruited 
afterwards to collect the urine samples needed for this research. Urine samples will be 
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collected for the measurement of urinary iodine, sodium, potassium fluoride, 
phosphorus, magnesium, calcium and creatinine concentrations. The assessment of 
iodine status will include concurrent assessment of household use of iodized salt 
through surveys that will be filled by parents. These surveys will also include 
information regarding the socioeconomic status of the participants.  

In this study subjects will be asked to maintain their regular dietary and physical 
activity habits during the entire study course, as well as any unusual strenuous exercise 
24 hours prior to the study. Exclusion criteria include: any significant medical diseases 
and subjects out of the age range (5-10years). Researchers will go to schools where: 
anthropometric measurements (height, weight) will be taken, a socio-demographic 
questionnaire will be collected after being filled from the children’s parents or legal 
guardian and a sample of urine will be collected in special tubes. This study is a 
randomized study and a total of 1500 schoolchildren (age between 5 to 10 years) would 
be required; from 35 schools recruited randomly from all over Lebanon; for its 
completion.  

C. Duration: The estimated time to complete this study is approximately one year. The 
researchers will have to visit the allocated schools spread all over Lebanon. Only two 
visits will be needed one for asking for the parents’ or legal guardian’s permission for 
participation in this study and one to undergo the study. The duration of each visit will 
be approximately 30 minutes.  

Your child may leave the study at any time. If you decide to stop your child’s 
participation in the study, there will be no penalty to you, or your child and you will not 
lose any benefits to which you are otherwise entitled. Your decision will not affect your 
future relationship, or that of your child, with AUB.  

D. Risks, Discomforts and Benefits: Your child participation in this study does not 
involve any physical risk or emotional risk to you beyond the risks of daily life.  

You or your child will receive no direct benefits from participating in this research; 
however, when the prevalence of IDD is detected, growth retardation can be prevented. 
Moreover, the results obtained are interesting in increasing our knowledge and in the 
modification of the fortification method used since 1995. This significant new finding 
will be conveyed to subjects.  

E. Confidentiality: Efforts will be made to keep your child’s study-related information 
confidential. All data from this study will be maintained in a secure locked drawer in a 
locked office or on a password protected computer. Data will only be reported in the 
aggregate. No names of individual children will be disclosed in any reports or 
presentations of this research. However, there may be circumstances where this 
information must be released. For example, personal information regarding your child’s 
participation in this study may be disclosed if required by law. Also, your child’s 
research data may be reviewed by the following groups (as applicable to the research). 

• U.S. Office for Human Research Protections or other federal, state, or international 
regulatory agencies, required;  
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• The AUB Institutional Review Board or Office of Human Research Protections;   

• The sponsor, if any, or agency supporting the study.  After the conclusion of the 
study, the Principal Investigator will retain all original study data in a secure 
location for at least three years to meet institutional archiving requirements. 
After this period, data will be responsibly destroyed.  F. 
Compensation/Incentive: No costs have to be paid by you. There will neither 
be anticipated expenses for participating and costs for transportation, parking etc 
will not be reimbursed.  G. Payment for Research-related Injury: In case of 
any adverse event as a result of the study, there will be no compensation to 
cover such expenses, in case it is not covered by a third party or governmental 
insurance.  If you are injured as result of participating in this study or for 
questions about a study- related injury, you may contact Dr. Omar Obeid at 
01/355555-ext 4440 or send him an email at oo01@aub.edu.lb.  H. Contact 
Information and Questions: 1) If you have any questions or concerns about 
the research you may contact: Dr. Omar Obeid, 01/355555-ext 4440; 
oo01@aub.edu.lb. 2) If you have any questions, concerns or complaints about 
your rights as a participant in this research, you can contact the following office 
at AUB: Social & Behavioral Sciences Institutional Review Board: 
irb@aub.edu.lb, 00961 1 350000-ext 5440 or 5445  I. Participant Rights: You 
may refuse to allow your child to participate in this study without penalty or loss 
of benefits to which you are otherwise entitled. If you are a student or employee 
at AUB, your decision about whether or not you allow your child to participate 
in this research will not affect your grades or employment status. If you choose 
to allow your child to participate in the study, you may discontinue his/her 
participation at any time without penalty or loss of benefits. By signing this form, 
you do not give up any personal legal rights you or your child may have as a 
participant in this study. The Institutional Review Board responsible for human 
subjects’ research at AUB has reviewed this research project and found it to be 
acceptable, according to applicable Lebanese and U.S. federal regulations and 
AUB policies designed to protect the rights and welfare of participants in 
research.  Do you have any questions about the above information? Do you 
wish your child to participate in this study?  J. Future Contact  Would you 
like to be contacted for future research? Yes ______ No ________ Please notify 
that the investigator has the right to end subject’s participation in this study.   

Participant Consent:  

Signing the consent form I have read (or someone has read to me) this form and I am 
aware that I am being asked to give permission for my minor child (or child under my 
guardianship) to participate in a research study. I have had the opportunity to ask 
questions and have had them answered to my satisfaction. I voluntarily agree to give 
permission for my child/child under my guardianship to participate in this study.  

I am not giving up any legal rights by signing this form. I will be given a copy of this 
form.  
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––––––––––––––––––– Printed name of subject  

__________________________________________________________ Printed name 
of person authorized to give permission for minor subject/participant  

________________________________________________________________ 
Signature of person authorized to give permission for minor subject/participant (when 
applicable)  

__________________ ______________ AM/PM Relationship to the subject Date and 
time  

Investigator/Research Staff  

I have explained the research to the parent or legal guardian of the child 
subject/participant before requesting the signature(s) above. There are no blanks in this 
document. A copy of this form has been given to the parent/legal guardian of the child 
participant/subject.  

_______________________________ 
Printed name of person obtaining permission obtaining permission  

_____________ AM/PM Date and time  

___________________________ Signature of person  
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APPENDIX III 

ARABIC ASSENT FORM 

: تقیيیيم حالة االیيودد في االبولل عند االأططفالل في لبناننعنواانن االبحث  

.االجامعة االأمریيكیية في بیيرووتت /قسم االتغذیية ووعلم االطعامم /: دد. عمر عبیيدإإسم االباحث  

.االجامعة االأمریيكیية في بیيرووتت /سم االتغذیية ووعلم االطعاممدد. ھھھهلا غطاسس/ قاالباحثیين االمساعدیين:   

دداارریين شاتیيلامنسقي االبحث:   

االمطلوبب منك ھھھهو مشارركتك في ھھھهذهه االدررااسة االبحثیية. ھھھهذهه االأبحاثث تجريي عاددةة لایيجادد ططرقق جدیيدةة 
وو فعالة لمعالجة االناسس أأوو لفھهم بطریيقة أأفضل كیيف یيفكر االأططفالل في بعض االاشیياء أأوو كیيف 

الل وو االرااشدیين في بعض االاووقاتت.یيتصرفف االاططف  

ھھھهذاا االبیيانن سوفف یيخبركك أأكثر عن ھھھهذهه االدررااسة لمساعدتك في تحدیيد ما ااذذاا كنت تودد االمشارركة .  

یيرجى ططرحح أأيي أأسئلة قبل أأنن تقررر. بإمكانك أأنن تفكر وو تناقش االموضوعع مع أأھھھهلك أأوو أأصدقائك قبل 
أأنن تقررر.  

رركة في ھھھهذهه االدررااسة.وو ااذذاا قلت "نعم" یيمكنك أأنن من االممكن أأنن تقولل "لا" في حالل كنت لا تودد االمشا
تغیير ررأأیيك وو تنسحب من ھھھهذهه االدررااسة في أأيي ووقت وو ددوونن مشاكل.  

ااذذاا قرررتت أأنن تكونن في ھھھهذهه االدررااسة٬، یيجب أأنن تحصل على مواافقة من شخص ررااشد ( عاددةة من 
االاھھھهل) كي تشارركك.  

1- عن ماذذاا تدوورر حولل ھھھهذهه االدررااسة؟   

دد ووھھھهو معدنن مھهم من ااجل نمو االاططفالل. یيتوااجد االیيودد في االمأكولاتت ھھھهذهه االدررااسة ھھھهي عن معدنن االیيو 
االبحریية وو یيضافف االى االملح. سوفف نقومم بقیياسھه في االبولل لنتأكد أأنن جمیيع االاططفالل یيحصلونن علیيھه 

.بشكل كافف وو بالتالي یينمونن بشكل ططبیيعي  

2- ماذذاا سأفعل ااذذاا كنت مشارركا في ھھھهذهه االدررااسة؟   

لى مواافقة االاھھھهل ااوولا وو من ثم ااعطاء عیينة من االبولل في ھھھهذاا ااذذاا كنت ستشارركك یيجب االحصولل ع
االانبوبب االمخصص وو سنأخذ ططولك ووووززنك.  

3- كم من االوقت سوفف أأكونن في ھھھهذهه االدررااسة؟   

سوفف نقومم بزیياررتكم مرتیين. االمرةة االاوولى لتوززیيع بیيانن االمواافقة . فورر االحصولل على مواافقة 
ددقیيقة فقط. 30ستغرقق مشارركتكم سوفف نقومم بالزیياررةة االثانیية االتي ست  

4- ھھھهل بإمكاني االتوقف عن مشارركتي في ھھھهذهه االدررااسة؟   
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بإمكانك االتوقف عن االمشارركة في أأيي ووقت. ااذذاا كانن ھھھهناكك تجاووززااتت یيمكنك االتوقف عن ااكمالل ھھھهذهه 
االدررااسة في أأيي ووقت وو لكن علیيك لزوومم مقعدكك حتى نھهایية ووقت االبحث.  

5- مشارركا في ھھھهذاا االبحث؟ ما ھھھهي االمخاططر االتي قد ااتعرضض لھها ااذذاا كنت   

لا توجد أأیية مخاططر قد تتعرضض لھها.  

6- ما ھھھهي االامورر االجیيدةة االتي ستحصل من جرااء مشارركتي في ھھھهذاا االبحث؟  

ھھھهناكك االعدیيد من االامورر االجیيدةة منھها اانك ستساعدنا كثیيراا باعطائنا معلوماتت مھهمة لمساعدةة 
أأصدقائك االذیين لا یينمونن بشكل جیيد.  

7- نني شارركت في ھھھهذهه االدررااسة؟ھھھهل ساحصل على أأيي شئ لا  

كلا لن تحصل علي اايي شئ.  

8- مع من یيمكنني االتحدثث عن ھھھهذهه االدررااسة؟   

لأيي أأسئلة حولل االبحث٬، یيمكنك االاتصالل بالباحثیين٬، أأھھھهلك٬، وو ااساتذتك.   

للحصولل على أأیية معلوماتت مع أأشخاصص لا علاقة لھهم في ھھھهذاا االبحث یيرجى االاتصالل بالمكتب 
االمؤسسیية  مجلس االمرااجعةیية في بیيرووتت:االتالي في االجامعة االأمریيك  

أأوو  5445مقسم  350000 (01)االجامعة االأمریيكیية في بیيرووتت٬، شاررعع االقاھھھهرةة٬، بیيرووتت٬، لبنانن   

5440 ،٬irb@aub.edu.lbemail:  

 

االباحثونن:  

لحصولل على اامضاء االأخیير. لقد شرحت كل االتفاصیيل االتي تتعلق بھهذاا االبحث  للطفل االمشارركك قبل اا
لا یيوجد فرااغاتت في ھھھهذهه االوثیيقة. وو قد تم ااعطاء نسخة  لأھھھهل االطفل االمشارركك أأوو للوصي االشرعي.  

 

للمواافقة من أأجل  االإسم االمطبوعع للشخص االمأذذوونن
_________________________االشخص:  

 

للمواافقة:_________________ االتارریيخ وو  إإمضاء االشخص االمأذذوونن
االوقت:______________
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APPENDIX IV 

ENGLISH ASSENT FORM 

Child Assent Form  

Study Title: The assessment of urinary iodine status of children in Lebanon Principal 
Investigator: Dr. Omar Obeid/ Faculty of Agricultural and Food Sciences/ Department 
of Nutrition and Food Science/ American University of Beirut Co-Investigator: Dr. 
HalaGhattas/ Faculty of Agricultural and Food Sciences/ Department of Nutrition and 
Food Science/ American University of Beirut Researchers: DareenShatila 

•    You are being asked to be in a research study. Studies are done to 
find better ways to treat people or to better understand how kids think about 
things or how kids and adults may behave at different times.   

•    This form will tell you about the study to help you decide whether or 
not you want to participate.   

•    You should ask any questions you have before making up your mind. 
You can think about it and discuss it with your family or friends before you 
decide.   

•    It is okay to say “No” if you don’t want to be in the study. If you say 
“Yes” you can change your mind and quit being in the study at any time 
without getting in trouble.   

•    If you decide you want to be in the study, an adult (usually a parent) 
will also need to give permission for you to be in the study.   

1. What is this study about?  

This study is about iodine, a mineral needed for all children to grow. Iodine is mainly 
derived from marine sources and is added to salt. We want to measure its level in the 
urine to check if children are getting enough of this mineral and are growing properly.  

2. What will I need to do if I am in this study?  

If you want to be in this study, you need to take your parent’s permission first, and then 
fill this tube with urine, and then we will take your height and weight.  

3. How long will I be in the study?  

We will visit you two times, the first time to distribute the consent forms to ask for your 
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parents’ permission. Once we get your parents’ permission we will come for the second 
visit and be with you for 30 minutes only.  

4. Can I stop being in the study?  

You may stop being in the study at any time. If there are limitations, such as you may 
discontinue completing the test/survey at any time, but you must remain at your desk in 
this room until the survey period ends.  

93  

5. What bad things might happen to me if I am in the study?  

No health risks will happen to you.  

6. What good things might happen to me if I am in the study?  

The good things is that you will help us a lot in providing good information needed to 
help your friends who are not growing well.  

7. Will I be given anything for being in this study?  

No you will not be given any reward.  

8. Who can I talk to about the study? For questions about the study you may contact 
us the researchers, your parents, and your teachers.  

To discuss other study-related questions with someone who is not part of the research 
team, you may contact the AUB Institution Review Board at 961-1-350000 or 
oo01@aub.edu.lb  

Signing the assent form  

Investigator/Research Staff  

I have explained the research to the participant before requesting the signature above. 
There are no blanks in this document. A copy of this form has been given to the 
participant or his/her representative.  

 

Printed name of person obtaining assent  

 

Signature of person obtaining assent  

AM/PM Date	  and	  Time 
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APPENDIX V 

GROWTH CHART BMI FOR AGE-BOYS 
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APPENDIX VI 

GROWTH CHART BMI FOR AGE-GIRLS 
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APPENDIX VII 

DEFINITION OF STATISTICAL VARIABLES 

Name of variable Description 
Student ID Continuous variable  
School Type 1: Public 

2: Private  
3: Private Free 

District 1: Akkar 
2: Beirut 
3: Bekaa 
4: Hermel 
5: Mount Lebanon  
6: North 
7: Nabatiyeh 
8: South 

Gender 1: Male  
2: Female 

Age (years) Continuous variable 
Class 1: Grade 1 

2: Grade 2 
3: Grade 3 
4: Grade 4 
5: Grade5 

Height (cm) Continuous variable 
Weight (kg) Continuous variable  
BMI (kg/m2) Continuous variable calculated from weight and height  
Percentile Continuous variable obtained from the WHO growth charts 
Nutritional Status 1: Sever Thinness 

2: Thinness 
3: Normal 
4: Overweight 
5: Obese 

Creatinine(mg/dl) Continuous variables measured using Vitros 350 
Predicted 
Creatinine(mg/d) 

Continuous variable calculated as suggested by Remer, 
Neubert, & Maser-Gluth (2002) 

Ca (mg/dl) Continuous variables measured using Vitros 350 
Mg (mg/dl) Continuous variables measured using Vitros 350 
P (mg/dl) Continuous variables measured using Vitros 350 
Ca/Crea (mg/mg) Continuous variable calculated from Ca/Crea 
Mg/Crea (mg/mg) Continuous variable calculated from Mg/Crea 
P/Crea (mg/mg) Continuous variable calculated from P/Crea 
Predicted 24 h Ca Continuous variable calculated from the cross multiplication 
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excretion (mg/d) using the predicted creatinine values: !"×!"#$%&'#$  !"  !!"#$#
!"

1 
 
1 
 

] Weight (kg) Continuous variable  

BMI (kg/m2) Continuous variable calculated from weight and height 

Percentile Continuous variable obtained from WHO growth charts 

Nutritional Status 1- Severe Thinness 

2- Thinness 

3- Normal 

4- Overweight 

5- Obese 

Creatinine (mg/dl) Continuous variable measured using Vitros 350 

Predicted 24hr creatinine 

(mg/dl) 

Continuous variable calculated as suggested by Remer, 

Neubert, & Maser-Gluth (2002) 

Na (mM/dl) Continuous variable measured using Vitros 350 

K (mM/dl) Continuous variable measured using Vitros 350 

Na:K (mM/dl) Continuous variable measured from Na/K 

Predicted 24hr Na 

excretion 

Continuous variable calculated from the cross multiplication 

using the predicted creatinine values: 

𝑁𝑎  𝑥  𝑃𝑟𝑒𝑑𝑖𝑐𝑡𝑒𝑑  24ℎ  𝐶𝑟
𝐶𝑟  

Predicted 24hr K 

excretion 

Continuous variable calculated from the cross multiplication 

using the predicted creatinine values: 

𝐾  𝑥  𝑃𝑟𝑒𝑑𝑖𝑐𝑡𝑒𝑑  24ℎ  𝐶𝑟
𝐶𝑟  



68	  
	  

BIBLIOGRAPHY 

Alpert, J. (2011). US sodium intake higher than dietary guidelines recommends. 
Cardiology Today, P 12. 

 
American College of Sports Medicine, Sawka MN, Burke LM et al. American College of 
Sports Medicine position stand. Exercise and fluid replacement. Medicine and Science in 
Sports Exercise, 2007, 39(2):377-390. 

 
Bourges H, Casaneuva E, Rosando J. Recomendaciones de ingestion de nutrimentos para 
la pablacion Mexicana. Base fisiologicas. Vitaminas e nutrimentos inorganicos. Editorial 
MedicaPanamericana, 2004. 

 
Brown IJ, Tzoulaki I, Candeis V et al. Salt intake around the world: implications for 
public health. Int J Epidemiol, 2009, 38(3):791-813. 

 
Brown, I., Tzoulaki, I.,Candeias V., & Elliott, P. (2009). Salt intakes around the world: 
implications for public health. International Journal of Epidemiology: 1–23. 

 
Cashel K, English R, Lewis J. Composition of foods Australia. Canberra, Nutrition 
Section, Department of Community Services and Health, 1989. 

 
Centers for Disease Control and Prevention (CDC). (2014). Sodium: Q&A. www.cdc.gov. 

 
Centers of Disease Control and Prevention. Vital Signs: Food categories contributing the 
most to sodium consumption – United States, 2007 – 2008. Morbidity and Mortality 
Weekly, 2011. 

 
Chent, Y., Lee, A., Chen, C., Chesney, R., Stapleton, B., & Roy, S. (1994). Urinary 
mineral excretion among normal Taiwanese children. Pediatric Nephrology, 8:36-39  

 

Cobb, L. K., Appel, L. J., MD, Anderson, C. A. (2012)
. 
Strategies to Reduce Dietary 

Sodium Intake. Prevention (L Sperling, Section Editor), 14:425–434.  
 

Cogswell, M. (2012). Vital Signs: Food Categories Contributing the Most to Sodium 
Consumption — United States, 2007–2008. Morbidity and Mortality Weekly Report, Vol. 
61. 

 
Connor, S. L.,  Connor, W. E., Henry, H., Sexton, G., & Keenan, E. J. (1984). The effects 
of familial relationships, age, body weight, and diet on blood pressure and the 24 hour 
urinary excretion of sodium, potassium, and creatinine in men, women, and children of 
randomly selected families. Circulation, 70:76-85  

 



69	  
	  

Cook NR, Obarzanek E, Culter JA et al. Joint effects of sodium and potassium intake on 
subsequent cardiovascular disease: The trials of Hypertension Prevention follow-up 
study. Arch Intern Med, 2009, 169(1): 132-140. 

  
D’Elia L, Barba G, Cappuccio FP et al. Potassium intake, stroke, and cardiovascular 
disease a meta-analysis of prospective studies. Journal of the American College of 
Cardiology, 2011, 57 (10):1210-1219 

 
EFSA Panel on Dietetic Products NaA. Opinion of the Scientific Panel on Dietetic 
products, nutrition and allergies (NDA) related to the tolerable upper intake level of 
sodium (Request EFSA-Q-2003-018). The European Food Safety Authority Journal, 
2005, 193:1-19. 

 
Elliott, P. & Brown, I. (2007). SODIUM INTAKES AROUND THE WORLD. WHO, 
WB 424. 

 
Expert Group on Vitamins and Minerals. Revised review of potassium.2002. 

 
Falkner, B.,  &  Michel, S. (1970).  Blood pressure response to sodium in children and 
adolescents. American Journal of clinical nutrition, 65, 618S-621S. 

 
FAO. (2011). INFOODS food composition database for biodiversity, version 1.1. Rome, 
Food and Agricultural Organization of the United Nations (FAO). 

 
FAO. (2011). INFOODS food composition database for biodiversity, version 1.1. Rome, 
Food and Agricultural Organization of the United Nations (FAO). 

 
Food composition databases for European member countries, 2012. 

 
Fukumoto T, Tanaka T, Fujoka H et al. Differences in composition of sweat induced by 
thermal exposure and by running exercise. ClinCardiol, 1988, 11(10):707-709. 

 
Geleijnse JM, Kok FJ, Grobbee DE. (2003). Blood pressure response to changes in 
sodium and potassium intake: a metaregression analysis of randomized trials. Journal of 
Human Hypertension, 17(7):471-480. 

 
Geleijnse,J. M., Grobbee,D. E., &Hofman, A. (1990).  Sodium and potassium intake and 
blood pressure change in childhood. BMJ, vol 300, 899-902. 

 
Grimes, C. A., Riddell, L. J., Campbell, K. J. &Nowson, C. A. (2012). Dietary salt intake 
assessed by 24 h urinary sodium excretion in Australian schoolchildren aged 5–13 years. 
Public Health Nutrition: 16(10), 1789–1795.  

 
He, F. &MacGregor, G. (2009) A comprehensive review on salt and health and current 
experience of worldwide salt reduction programmes. Journal of Human Hypertension, 23, 
363–384. 



70	  
	  

 
Hoge Gezondheidsraad. (2009). Voedingsaabevelingenvoor Belgie. Herzeining. 

 
Holbrook. JT, Patterson. KY, Bodner. JE, et al. (1984). Sodium and Potassium intake and 
balance in adults consuming self-selected diets. American Journal of Clinical Nutrition, 
40(4). 

 
Ingestas Dieteticas De Referencia (IDR) (2010). Para la Poblacion Espanola (dietary 
reference intake (DRI) for the Spanish population). Federacion Espanola de Sociedades 
de Nutricon, Alimentacion y Dietetica (FESNAD). 

 
Intersalt Cooperative Research Group. (1988). Intersalt: an international study of 
electrolyte excretion and blood pressure. Results for 24 hour urinary sodium and 
potassium excretion. BMJ, 297(6644):319-328. 

 
J.M. Ginsburg, A. Costoff. Gastrointestinal Physiology. En Essentials of Human 
Physiology. Thomas M. Nosek Ed. Medical College of Georgia. 
http://www.lib.mcg.edu/edu/eshuphysio/program/default.htm  

 
Joint WHO/FAO Expert Consultation. (2003). Diet, Nutrition and the Prevention 
of ���Chronic Diseases. WHO, 1-149. 

 
Kristbjornsdottir, O. K., Halldorsson, T. I., Thorsdottir, I., &Gunnarsdottir, I. (2012). 
Association between 24-hour urine sodium and potassium excretion and diet quality in 
six-year-old children: a cross sectional study. Nutrition Journal, 11:94. 

 
Magriplis, E., Farajian, P., Pounis, G., Risvas, G.,  Panagiotakos, D., &Zampelas, D. 
( 2011). High sodium intake of children through ‘hidden’ food sources and its association 
with the Mediterranean diet: the ��� GRECO study. Journal of Hypertension, 29:1069–1076. 

 
Mahan, L. K., &Escott-Strump, S. (2008). Krause’s food, nutrition and diet therapy.  

 
Martin, A., Matarin, L., Extremera, B.,  Oyonarte, C., Granados, M., Garcia, F., 
Hernandez, J., Gutierrez, J.,Bonilla, A., Martin, J. & Martinez, A. (2002). Blood pressure 
and urinary excretion of electrolytes in Spanish schoolchildren. Journal of Human 
Hypertension, 16, 473–478. 

 
Micheli, E.T. & Rosa, A. A. (2003). Estimation of sodium intake by urinary excretion 
and dietary records in children and adolescents from Porto Alegre, Brazil: a comparison 
of two methods. Nutrition Research, 23, 1477–1487.  
 
Michelle Mann, M., Waz, W., Poupoulos, J., Kadle, R., Korn, A., Vaughan, R. 
&Borowitz, D. (2012). Urinary Sodium to Creatinine Ratio in Healthy Infants. Clinical 
Pediatrics ���, 51(9) 852–855. 

 



71	  
	  

Ministry of Health &Welfare, Korean Nutrition Society, Korean Food and Drug 
Administration. (2010). Dietary reference intakes for Koreans. 1st revision. Ministry of 
Health & Welfare. 

 
Ministry of Health. (2005). Physiological normative requirement (DRI) for nutrition of 
the population. State Gazette, ordinate No.23, 63. 

 
Naja, F.,  Nasreddine, L., .Itani, L., Adra, N., Sibai, A. M. &Hwalla, N. (2003). 
Association between dietary patterns and the risk of metabolic syndrome among 
Lebanese adults. European journal of Nutrition, 52:97–105.  

 
Naja, F.,  Nasreddine, L., Itani, L., Chamieh, M. C., Adra, N., Sibai, A. M. &Hwalla, N. 
(2011). Dietary patterns and their association with obesity and sociodemographic factors 
in a national sample of Lebanese adults. Public Health Nutrition: 14(9), 1570–1578 

 
Nasreddine, L., Hwalla, N., Sibai, A., Hamze, M. & Parent-Massin, D. (2005).  Food 
consumption patterns in an adult urban population in Beirut, Lebanon. Public Health 
Nutrition: 9(2), 194–203. 

 
Oberleithner H, Callies C, Kusche-Vihorg K et al. (2009). Potassium softens vascular 
endothelium and increases nitric oxide release. Proc Nat AcadSci USA, 106(8): 2829-
2834. 

 
Rabelink TJ, Koomans HA, Hene RJ et al. (1990) Early and late adjustment to potassium 
loading in humans. Kidney Int, 38(5): 942-947. 

 
Robertson, J. S. (1984) Water sodium, urinary electrolytes, and blood pressure in 
adolescents. Journal of Epidemiology and Community health, 38, 186-194. 

 
Safarinejad, M. R. (2002) Urinary mineral excretion in healthy Iranian children. Pediatric 
Nephrology, 18:140–144. 

 
Sawka, M.N., Burke, L. M., et al. (2007). American college of sports medicine position 
stand. Exercise and Fluid replacement. Medicine and Science in Sports Exercise, 39(2). 

 
Scientific Advisory Committee on Nutrition. (2003). Salt and Health. The Stationery 
Office. 
  
Siani A, Strazzullo P, Giacco A et al. (1991). Increasing the dietary potassium intake 
reduces the need for antihypertensive medication. Ann Intern Med, 115(10):753-759. 

 
Stamler J, Elliott P, Dennis B et al,. (2003) INTERMAP: background, aims, design, 
methods, and descriptive statistics (non dietary). Journal of Human Hypertension, 
17(9):591-608. 
 
Taib, M. (2011). Minerals Yearbook. USGS, 52.1-52.3. 



72	  
	  

TIAM N., Zhang Z., Loustalot F., Yang Q., &Cogswell, M. (2013). Sodium and 
potassium intakes among US infants and preschool children, 2003–2010.  American 
Journal of Clinical Nutrition, 98:1113–22. 

 
U.S. Department of Agriculture & U.S. Department of Health and Human Services. 
(2010). Dietary Guidelines for Americans. 7th Edition, Washington, DC: U.S.  

 
United states Department of Agriculture. (2011). USDA national nutrient database for 
standard reference. 
 
Van Mierlo LA, Greyling A, Zock PL et al. (2010) Suboptimal potassium intake and 
potential impact on population blood pressure. Arch Intern Med, 170(16):1501-1502 

 
Webster JL, Dunford EK, Neal BC. (2010) A systematic survey of the sodium contents of 
processed foods. Am J ClinNutr, 91(2):413-420. 

 
Webster, L., Dunford, E. & Neal, B. (2010) A systematic survey of the sodium contents 
of processed foods. Am J ClinNutr 91:413–20. 

 
WheltonPK,He J, Culter JA et al. (1997). Effects of oral potassium on blood pressure. 
Meta-analysis of randomized controlled clinical trials. Journal of the American Medical 
Association, 227(20):1624-1632 

 
WHO. (2003). Diet, nutrition and prevention of chronic disease. Report of a joint 
WHO/FAO Expert Consultation. Geneva, World Health Organization. 

 
WHO. (2003). Diet, nutrition and the prevention of chronic disease. Report of a Joint 
WHO/FAO Expert Consultation. Geneva, World Health Organization (WHO). 

 
WHO. (2012) Effect of Increased potassium intake on blood pressure and potential 
adverse effects in children. Geneva, World Health Organization (WHO). 

 
WHO. (2012). Effect of increased potassium intake on blood pressure, renal function, 
blood lipids and other potential adverse effects. Geneva, World Health Organization 
(WHO). 

 
Wu Leung W, Butrum R, Chang F et al. (1972). Food composition table for use in East 
Asia. Rome and Washington, D.C., FAO and US Department of Health, Education, and 
Welfare. 

 
Wu Leung W. (1968). Food composition table for use in Africa. Rome and Bethesda, 
MD, FAO and US Department of Health, Education, and Welfare. 

 
Wu Leung, W., Butrum, R., Chang, F., et al. (1972). Food composition table for use in 
East Asia. Rome and Washington, D.C., FAO and US department of Health, Education, 
and Welfare. 



73	  
	  

 
Yang Q, Liu T, Kuklina EV et al. (2011). Sodium and potassium intake and mortality 
among US adults: prospective data from the Third National Health and Nutrition 
Examination Survey. Arch Intern Med, 171(13):1183-1191. 

 
Yang, Q., Liu, T., Kuklina, E., Flanders, D., Hong, H., Gillespie, C.,  MS; Chang, M., 
Gwinn, M., Dowling, N., Khoury, M. & Hu, F. (2011). Sodium and Potassium Intake and 
Mortality Among US Adults. Arch intern med, vol 171, 13.  

 
Young DB. (2001). Role of potassium in preventive cardiovascular medicine. Boston, 
Kluwer Academic Publishers. 

 
Tohme R, Jurjus A, & Estephan A (2005). The prevalence of hypertension and its 
association with other cardiovascular disease risk factors in a representative sample of the 
lebanese population. J Hum Hypertens19, 861-868. 

 
World Health Organization. (2014). Noncommunicable Diseases (NCD) Coutry Profiles, 
Lebanon, retrieved from http://www.who.int/nmh/countries/lbn_en.pdf?ua=1, on 
20/02/2014.  

 
Panel on Dietary Reference Intakes for Electrolytes and Water, Standing Committee on 
the Scientific Evaluation of Dietary Reference Intakes. (2004) Dietary Reference Intakes 
for Water, Potassium, Sodium, Chloride, and Sulfate. 

 
Remer, T., Neubert, A., & Maser-Gluth, C. (2002). Anthropometry-based reference 
values for 24-h urinary creatinine excretion during growth and their use in endocrine and 
nutritional research. The American Journal of Clinical Nutrition, 75(3), 561-569.  
 


