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Abstract

The objectives o f this study were to 1) to determine dietary intakes o f  arachidonic acid 

(AA) and docosahexaenoic acid (DHA) in healthy children: 2) to supplement children 

(who consumed low intakes o f DHA). with a nutritionally complete dietary formula 

containing AA and DHA: 3) to evaluate AA and DHA fatty acid status in the blood and 

visual perception. Children. 4-7 years o f age. living in central Alberta. Canada, who 

consumed low intakes o f DHA were recruited in a controlled, double blind study and 

assigned randomly into two groups: the experimental group was provided with a formula 

containing AA (20-30 mg/day) and DHA (14-21 mg/day) (long chain polyunsaturated 

fatty acid group (LCP group)) and the control group was provided with the same formula 

without AA and DHA. There was a general trend toward a higher level o f AA and DHA 

content (RBC phospholipid and plasma phospholipids) in LCP group compared to control 

group at 7 months. This study is the first to show that daily supplementation with AA 

and DHA for a period o f 7 months improved visual perception in children who w'ere 

previously identified to have low dietary intakes o f DHA.
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1

Chapter 1- General Introduction

1.1 Introduction

Long chain polyunsaturated fatty acids (LCP). particularly arachidonic acid (AA) 

and docosahexaenoic acid (DHA) are important in infant growth and development 

(Clandinin et al. 1981). These fatty acids are major components o f the membranes o f the 

brain and retina (Sastry 1985: Tinoco 1982). Supplementing infant formulas with both 

AA and DHA or DHA alone, has shown improvement in vision and brain development in 

both preterm (Birch et al. 1992: Clandinin et al. 2005) and term infants (Agostoni et al. 

1995: Birch et al. 2002). Infant formulas in North America now contain AA and DHA 

(Health Canada 2002: U.S. Food and Drug Administration 2002). Many other countries 

such as Europe. Middle East. South America. Australia. Japan. Thailand, and some other 

Asian countries, already have LCP added to many o f their preterm and term formulas 

(Fleith and Clandinin unpublished).

Although the rate o f growth slows, the brain and eye continue to develop 

throughout childhood (Chugani 1998; Dobbing 1972: Oyster 1999). However, there is 

limited research investigating vision and brain development beyond 2 years o f age. This 

literature review will investigate the role o f AA and DHA in retinal and brain 

development, current dietary intake o f these fatty acids in children, and provide an 

understanding o f the importance o f LCP in childhood.
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1.2 Omega 6 and Omega 3 Fatty Acids

1.2.1 Nomenclature

There are two families o f polyunsaturated fatty acids (PUFA): omega 6  and 

omega 3 fatty acids. Fatty acids are named using four common systems: two 

abbreviations (n-designation. A-designation). systematic name, and trivial name. For the 

n-designation (also known as the omega (co) end o f the chain), the carbon numbering 

starts from the methyl end of the fatty acid. This reference system indicates the total 

number o f carbons atoms in the chain, the number of double bonds, and the position or 

carbon atom number of the first double bond in the chain. For example with 18:2n6 or 

18:2co6. there are 18 total carbon atoms in the chain, there are two double bonds, and the 

carbon atom number of the first double bond in the chain denoted from the methyl end is 

6  (Table 1.1). In the A-designation. this system indicates the total number o f carbon 

atoms, the total number o f double bonds, and the superscripted numbers after the delta 

system indicate the position o f the carbon atoms numbered from the carboxyl end at 

which the double bond begins. For example. 18:2A9' l2. denotes that there are 18 carbon 

atoms in total, there are two double bonds, at the 9 and 12 position, counting from the 

carboxyl end. Another type o f system is the systematic name, which follows the 

nomenclature from the International Union of Pure and Applied Chemistry (IUPAC-IUB 

Commission on Biochemical Nomenclature 1974). This system modifies the name o f the 

straight chain hydrocarbon and has the same number o f carbon atoms. Using the 

hydrocarbon name, it removes the final -e . and replaces it with a -o ic  followed by the 

word acid. The trivial (common name) is typically derived from the common source o f 

the compound or the source from which it was first isolated and gives no clues to the
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structure, and must be memorized if one chooses to use this method o f naming a fatty 

acid (Berdanier 2000).

13  Essential Fatty Acids and Metabolic Pathways

PUFA. particularly linoleic acid (18:2n-6. LA) and linolenic acid (18:3n3. ALA), 

are considered precursors o f longer chain omega 6  and omega 3 fatty acids (Connor and 

Neuringer 1988). The 'parent' PUFA are known as essential fatty acids (EFA) and are 

necessary in the diet as they cannot be synthesized in humans. Burr and Burr (1929:

1930) were one o f the first to describe that fats were essential to the diet through the 

investigation o f a fat-free diet in rats. When fat is excluded in the diet, a deficiency 

disease develops which in rats results in an early death, unless they are given a curative 

dose o f fat (Burr and Burr 1929: 1930).

Symptoms o f EFA deficiency include growth retardation (Caldwell et al. 1972: 

Evans et al. 1934a. b). impaired reproduction (Evans et al. 1934a. b). kidney damage 

(Holman 1968). skin (Hansen et al. 1958: T-W-Fiennes et al. 1973) and hair 

abnormalities (Caldwell et al. 1972; T-W-Fiennes et al. 1973). impaired immune function 

(Caldwell et al. 1972). premature death (Evans et al. 1934a. b). fatty liver (Holman 1968). 

degenerative changes in the lung. (Uauy et al. 1989). and increased metabolic rate (Uauv 

et al. 1989).
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Table 1.1 S tructure and Name of Fatty Acids

Structure/ Form ula

Abbreviation systems
n-designation 
(or co-designation)

A-designation Systematic Name 
(IUPAC)

Trivial Name

c h 3 ( c h 2 ) jC H = c h c h 2 c m = c h (c i i 2 )7C o o h 18:2n6(18:2\v6) 18:2 A9 ' 12 9,12-
Octadecadienoic

Linoleic

CH3 CH2 (CH=CHCH2 )j(CH2)7COOH 18:3n3
(18:3co3)

18:3A9-’215 9,12,15-
Octadecatrienoic

Linolenic

CH3 (CH2 )4 (CM=CHCH2 )4 (CH2)2COOH 20:4n6
(20:4co6)

20:4A5-8 I I U 5,8,11,14-
lEicosatelraenoic

Arachidonic

CH3 (CH2 CH=CH)5 (CH2)3COOM 20:5n3
(20:5co3)

20:5A5 - 8 " 1 4 1 7 5,8,11.14,17-
Eicosapentaenoic

Timnodonic or 
Eicosapentaenoic

CH3 (CH2 CH=CH)6 (C112)2COOI 1 22:6n3
(22:6to3)

2 2 :6 A•4•7 • , 0 - I •, • , 6 • I9 4,7,10,13,16,19-
Docosahexaneoic

Cervonic or 
Docosahexaneoic

Adapted from King (1996)
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More specifically, symptoms o f ALA deficiency include impaired visual acuity 

(Connor et al. 1991; Neuringer et al. 1986; Neuringer et al. 1984), abnormal 

electroretinogram (Connor et al. 1991; Neuringer et al. 1986). polydispia (Connor et al. 

1991; Reisbick et al. 1990). learning impairment (Lamptey and Walker 1976; Yamamto 

et al. 1988). neurological abnormalities (Holman et al. 1982). growth retardation (Bjerve 

et al. 1988). and dermatitis (Bjerve et al. 1987a; Bjerve et al. 1989; Bjerve et al. 1987b).

Mammals are unable to make these EFA as they lack the enzymes required to 

insert double bonds at carbon atoms beyond carbon 9 position (Rivers et al. 1975). These 

enzymes can be found in plant chloroplasts and are capable o f converting non-essential 

fats, such as oleic acid, into EFA including LA. which is then convened to ALA (Leaf 

and Weber 1988). Once LA (18:2A9' l2) and ALA (18:3A9' l2‘ ' ')  are ingested in the d ie t 

humans are able to metabolize into longer chain polyunsaturated fatty acids (LCP) using 

desaturation and elongation reactions. The fatty acid chains are elongated by the 

enzymatic addition o f 2  carbon atoms at the carboxylic end o f  the chain, and metabolites 

such as arachidonic acid (AA) from LA. and docosahexaenoic acid (DHA) from ALA is 

formed (Figure 1.2). For a number o f years, it was assumed that the final steps o f  the 

synthesis o f DHA and docosapentaenoic acid n- 6  involved the desaturation at the position 

4 by the microsomal acyl-CoA dependent desaturase o f 22:5n-3 to 22;6n-3 and 22;4n6 to 

22;5n3 (Ferdinandusse et al. 2001; Sprecher et al. 1995). However, several studies have 

shown that the endoplasmic reticulum does not contain the A4 desaturase (Mohammed et 

al. 1995; Voss et al. 1991; Wang and Anderston 1993) and it is now established that the 

synthesis o f DHA and docosapentaenoic acid n- 6  (C22;5n-6) involves partial p-oxidation 

in the peroxisomes (Sprecher et al. 1995).
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When there is an EFA deficiency, eicosatrienoic acid (20:3n9) will be formed 

from oleic acid (18:1 n9) (Mead 1968). Since humans are capable o f introducing double 

bonds in the omega 9 position, omega 9 fatty acids are considered non essential and can 

be synthesized from other metabolic sources including saturated fats, carbohydrates or 

ketones (Decsi et al. 1995). This thesis will focus on AA and DHA.

Diet

C18:2n-6

▼

C18:3n-6

<
▼

C20:3n6

▼
C20:4n6

<

C22:4n6

C24:4n6

<
▼

C24:5n-6
*
i

▼

C24:5n-6

A6 Desaturase

Elonuase

A5 Desaturase

Elonaase

Elonaase

A6 Desaturase

Partial P-oxidation* 4
▼

C22:5n-6

Figure 1.2 Essential Fatty Acid Metabolism

Adapted from Innis (1994)

C18:3n-3

►
▼

C18:4n-4

► ^

C20:4n-3

►
▼

C20:5n3

►
▼

C22:5n-3

► ▼

C24:5n-3

C24:6n-3
I
t▼

C24:6n-3

►
▼

C22:6n-3

Endoplasmic
reticulum

Peroxisomes
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7

1.4 Dietary Sources

LA is the most common PUFA in the Western diet and can be found in most 

seeds and oils o f plants such as com. safflower. soybean, cottonseed, sunflower seed, and 

peanut oil (U.S. Department o f Agriculture 1998). ALA can be found in green leafy 

vegetables, linseed, soybean, walnuts, flaxeed. canola. and other seed oils (U.S. 

Department o f Agriculture 1998). Dietary sources o f AA and DHA include fish, 

shellfish, liver, poultry, eggs, beef and pork (Exler and Weihrauch 1976.1977; U.S. 

Department o f Agriculture 1998). Higher levels o f DHA are found in fatty fish such as 

mackerel, salmon, herring. The location and time o f year o f capture, as well as the way 

fish is prepared, can all affect the content o f n-3 in fish and seafood (Exler and 

Weihrauch 1976. 1977; Hepburn 1986; Schmidt e ta l. 2001; Soriguer et al. 1997).

1.5 Eicosanoids: Fatty Acid Derivatives

The LCP derived from the n- 6  and n-3 EFA. are precursors o f eicosanoids. These 

are metabolites o f 2 0  carbon fatty acids that consist of prostaglandins, prostacyclins, 

thromboxanes, and leukotrienes as reviewed by Calder (2001) and Leaf and Weber 

(1988). When LA is metabolized into eicosatrienoic acid, it serves as a precursor for the 

prostaglandins 1 series and the leukotrienes 3 series, where as AA is a precursors o f 

series 2 prostanoids (prostaglandin and thromboxane) and 4 series leukotrienes (Calder 

2001). When ALA is metabolized into eicosapentaenoic acid (EPA) it forms both the 

prostaglandin 3 series and leukotriene 5 series (Calder 2001).

Many of the prostaglandins and thromboxanes have antagonistic effects, and 

different potency levels in the human body. Thromboxanes derived from AA. such as
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TXAo can affect vasoconstriction/platelet aggregation, whereas TXA3 derived from EPA 

performs the same function but at a much lower potency level (Calder 2001). 

Leukotrienes. specifically LTBj (derived from EPA) is 10 fold less potent as a neutrophil 

chemottractant than LTB4 (derived from AA). and therefore can be considered less 

inflammatory' (Calder 2001). Eicosanoids derived from AA (2 series) tend be to 

proinflammatory. proaggregating. vasoconstriction action, and exhibit 

immunosuppressive properties, whereas the 3 series derived from EPA tend to be 

antinflammatory. antiaggregating. vasodilatory. antiarythmic action, and 

immunomodulating properties (Leaf and Weber 1988).

1.6 Excess Essential Fatty Acids

Under oxidative stress. PUFA can be attacked by free radicals and oxidized lipid 

peroxides which can result in increased oxidative damage and involvement in many 

human diseases such as atherosclerosis (Halliwell and Chirico 1993). As a result diets 

rich in PUFA have increased requirements o f vitamin E (Basu and Dickerson 1996). 

Vitamin E is an antioxidant and helps stabilize free radicals that can be extremely 

damaging to the body (McDowell 2000: Sokol 1988).

Large intakes o f omega 3 may also result in decreased platelet aggregation, 

increased bleeding time, shift in eicosanoid metabolism (inhibition o f AA. replaced by 

EPA- resulting in the generation o f prostacyclins and thromboxanes), 

immunosuppression (Eritsland 2000: Simopoulos 1991). and changes in myelin 

configuration and function (Friedman 1980).
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1.7 Balance Between Omega 6 and Omega 3 Fatty Acids

The balance o f omega 6  and omega 3 fatty acids is dependent on its parent 

precursors. LA and ALA as these fatty acids compete with oleic acid for binding to the 

microsomal enzyme system which allows for the further desaturation and chain 

elongation (Decsi et al. 1995). The competitive inhibition between the two series o f fatty 

acids for the A6  and A5 is dependent on the absolute amounts o f LA and ALA and can be 

observed in both animal and human studies (Emken et al. 1994: Mohrhauer and Holman 

1963: Salem et al. 1999). When rats were fed dietary linolenate at levels equal or 

exceeding linoleate. Mohrhauer and Holman (1963) found that linolenate competitively- 

inhibited the conversion of linoleate. The number o f double bonds in the fatty acid, that 

is linolenic>linoleic>oleic acid, determines the affinity of the fatty acids to the converting 

enzyme (Mohrhauer and Holman 1963).

Animal studies and human feeding studies provide evidence that supplementing 

LA lead to increases in AA in rat plasma membrane phospholipids (Field et al. 1989). 

whereas supplementing ALA leads to limited or no increase in DHA plasma 

phospholipids (Clandinin et al. 1997: Layne et al. 1996). Field et al. (1989) 

supplemented Sprague-Dawley rats with high fat diets (20% wt/wt) for 6  weeks, by 

increasing the ratio o f polyunsaturated/saturated fatty acid ranging from 0.14 to 1.80.

This was achieved by increasing LA in the diet (10.7 to 55.9 % wt/wt). while maintaining 

ALA content to ensure adequate intake o f omega 3 fatty acids (Field et al. 1989). 

Increasing LA content in the diet lead to increase in AA fatty acyl composition of 

adipocyte plasma membrane phospholipids (%wt/wt) in a dose dependent manner (Field 

et al. 1989). Supplementation with fish oil (35 mg EPA+DHA/kg body weight/day) in
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human adults for 3 months lead to increases in DHA content o f total plasma 

phospholipids compared to when the same subjects were provided with olive oil (35 mg 

LA/kg body weight/dav) or linseed oil (35 mg ALA/kg body weight/day) treatments 

(Layne et al. 1996). Linseed oil. a source o f ALA was not effective in increasing DHA 

plasma phospholipid levels (Layne et al. 1996). Clandinin et al. (1997) supplemented 

preterm infants with one o f four formulas containing increasing AA and DHA ranging 

from 0-1.1% (wt/wt o f  total fatty acids) AA and 0-0.75% (wtAvt o f  total fatty acids)

DHA. while another group was provided with human milk. Providing formula containing 

increasing levels o f AA and DHA resulted in a clear dose response in AA and DHA in 

total plasma phospholipids (Clandinin et al. 1997). Plasma levels o f  AA and DHA 

declined in infants not fed AA and DHA (Clandinin et al. 1997)

Stable isotope studies confirm that providing ALA leads to limited or no increases 

in DHA plasma phospholipids (Burdge et al. 2002: Hussein et al. 2005). To investigate 

the conversion o f ALA to the n-3 LCP. adult men were administered [U'-’C] ALA orally 

with their habitual diet (Burdge et al. 2002). This study showed that the principal 

products o f desaturation o f elongation of ALA were EPA and DPA. however there was 

no evidence o f increased L'C enrichment in DHA (Burdge et al. 2002). Similarly, other 

stable isotope studies, where ALA is labeled in human adults show relatively low 

conversion of ALA to EPA and DPA. and limited DHA synthesis (Emken et al. 1994; 

Hussein et al. 2005; Pawlosky et al. 2001: Salem et al. 1999: Vermunt et al. 1999: 

Vermunt et al. 2000). When subjects were provided with EPA+DHA in the diet. ALA 

conversion was down-regulated but was not up-regulated by increased ALA consumption 

(Burdge et al. 2003). Increased ALA intake was associated with increases in EPA and

R eproduced  with permission of the copyright owner. Further reproduction prohibited without permission.



11

DPA concentrations but there was no significant effect on DHA concentrations, whereas 

increased EPA+DHA consumption was associated with lower cumulative concentrations 

o f labeled EPA and DPA, but not DHA (Burdge et al. 2003). This suggests that 

increased ALA consumption maybe useful means for increasing synthesis o f EPA and 

DPA but not DHA.

The ratio of omega 6 to omega 3 fatty acids are important to consider as 

competition between these two classes o f PUPA can have an affect on the eicosanoids 

produced as reviewed in Simopoulos (1991). That is. EPA (omega 3 family) compete 

with AA (omega 6 family) for the production o f their respective eicosanoids (Simopoulos 

1991). When rats were fed increasing levels o f 18:3n3 in the diet, the elongated, 

desaturated, metabolites o f the n-6 series decreased, as the n-3 series increased, as a result 

o f the competitive inhibition o f 18:3n3 over 18:2n6 for A6 desaturase. leading to a 

decrease in the prostaglandin 2 series, and decreased levels o f  AA (Marshall and 

Johnston 1982). In review articles looking at the ratio o f omega 6 to omega 3. 

Simopoulos (2003; 1991) reports that when humans ingest fish or fish oil. the EPA and 

DHA from the diet partially replaces n-6 fatty acids such as AA. this increase o f omega 3 

affects the production o f various prostaglandins (decreased PGEi). thromboxanes 

(decreased TXAi a potent platelet aggregator and vasoconstrictor), and leukotrienes 

(decreased LTB4. an inducer o f inflammation and powerful inducer o f leukocyte 

chemotaxis and adherence). A diet rich in omega 6 fatty acids shifts the physiological 

state to one that is prothrombotic and proaggregatory. with increased blood viscosity, 

vasospasm, and vasoconstriction and decreases in bleeding time (Simopoulos 2003).
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Thus, a balance o f omega 3 and omega 6 fatty acids are important homeostasis and 

normal development (Simopoulos 2003).

1.8 Current Recommendations and Nutrient Intakes of Polyunsaturated Fatty 

Acids

In North America, adequate intakes (Al) o f LA and ALA. 10 g/day and 0.9 g/day 

respectively, have been recommended for children between 4-8 years o f  age (Institute of 

Medicine 2002). The acceptable macronutrient distribution ranges (AMDR). for n-6 

PUFA are between 5-10% (LA) and n-3 PUFA are 0.6-1.2% (ALA. of which 10% can 

come from LCP) for children 4-18 years o f age (Institute o f Medicine 2002). In the 

current Western diet, the ratio o f omega 6:omega 3 have been estimated to be between 

10:1 to 20-25:1 (Kris-Htherton et al. 2000: Simopoulos 1991).

1.8.1 Nutrient Intakes of LA and ALA

O f the published data available on the intakes o f LA and ALA in children, the 

data is relatively consistent between studies. Jonnalagadda et al. (1995) determined fatty 

acid intake using data from a 1987-1988 US Nationwide Food Consumption Survey from 

a three day period (one 24 hour recall, and 2-day food record). The estimated intake of 

children 6-11 years o f age was reported to be 11±0.2 g/ day and 1±0.02 g/day 

(Jonnalagadda et al. 1995). This was similar to the LA and ALA intakes reported by 

Allison et al. (1999). who also estimated fat intakes from a national survey (1989-1991 

US Continuing Survey o f Food Intakes o f Individuals) from a three-day period (24 hour 

recall and 2-day food record), and found that children 3 years and older had intakes of
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12.8±0.21 g/day and 1.2±0.02g/day respectively. Finnish preschool children 4-7 years o f 

age. had LA and ALA intakes o f  9.7±4.1 g/day and 1.3±0.6 g/day respectively, using 3- 

day food records (Ylonen et al. 1996). Results were similar to that reported by Innis et al. 

(2004) who found that in Canadian children 3-5 years o f age. using a food frequency 

questionnaire, had intakes o f 9.39±0.63 g/day for LA and 1.72±0.17 g/day for ALA. In 

Australian children, reported intakes o f LA and ALA (using a 24-hour recall) were 7.5 

g/day and 0.81 g/day for children 4-7 years o f age (Meyer et al. 2003).

1.8.2 Nutrient Intakes of AA and DHA

Few studies report AA and DHA intake in either children or adults. O f these 

studies, the data reported varies. Meyer et al. (2003) reported that AA and DHA intakes 

in Australian children (aged 4-7. n=799) was 22 mg/day and 47 mg/day using a 24-hour 

dietary intake record. They also reported that in Australian adults (>19 years o f  age. 

n=10 851). mean and median AA intake was 52 mg/dav and 24 mg/dav. and for DHA 

mean and median intake for DHA was 106 mg/day and 15 mg/day. Higher intakes were 

observed in a study done by Jonnalagadda et al. (1995). where fatty acid intake was 

determined using data from 1987-1988 US Nationwide Food Consumption Survey from a 

three day period (one 24 hour recall, and 2-day food record). Intake o f children aged 6- 

11 was 100±0 mg/day for 18:4+AA and 100±0 mg/day for 20:5+DHA. Similar results 

were found by Allison et al. (1999). who estimated fatty acid intake from the 1989-1991 

US Continuing Survey o f Food Intakes o f Individuals from a three-day period (24 hour 

recall and 2-day food record). Allison et al. (1999) reported that fatty acid intake for 

those 3 years and older was 100±10 mg/day for 18:4+AA and 100± 10 g/day for
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20:5+DHA. Innis et al.(2004) reported AA (226±17 mg/day) and DHA (96±14 mg/day) 

intakes in 3-5 year old Canadian children using a food frequency questionnaire.

Raper et al. (1992) investigated annual per capita food use data in the US food 

supply and found that the DHA levels have increased from 69 to 78 mg/capita/day 

between 1935-1939 and 1985 and was the result o f increased use o f canned tuna, 

gamefish. and poultry. Kris-Etherton (2000) estimated that DHA per capita 

disappearance from fish in the United States was 0.25 g/day and worldwide the average 

was 0.23 g/day.

Geographic location where nutrient assessments were completed is likely one o f 

the reasons why wide variability o f AA and DHA intake are reported. Many of the 

nutrient assessments were national surveys (Allison et al. 1999: Jonnalagadda et al. 1995: 

Meyer et al. 2003) which provide the mean intakes o f AA and DHA for all subjects in the 

population. Although it is important to have an idea o f the intakes o f AA and DHA 

consumed by a population, it does not identify groups in the population that have lower 

intakes o f these fatty acids. In the study by Innis et al.(2004). DHA intake was expected 

be to higher than the present study, as the preschool children studied were from the 

Vancouver Costal Health Authority Region. British Columbia. Canada, an area where 

seafood is readily available.

The food assessment method used to assess AA and DHA intake may be another 

reason why wide variability o f AA and DHA intake are reported. Allison et al. (1999) 

and Jonnalagadda et al. (1995) collected food intake over a three day period (one 24 hour 

recall, and 2-day food record). Using a 7-day weighted food record maybe considered a 

more precise method available for estimating usual food and/or nutrient intakes of
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individuals, assuming respondents do not change their usual eating pattern (Gibson 

1990). However this method would not have been feasible due to the large number of 

participants in the studies conducted by Allison et al. (1999) and Jonnalagadda et al. 

(1995). A 24-hour recall method was used by Meyer et al. (2003) however a single day 

is not representative o f  the usual fat consumption o f an individual (Block 1982: 

Pekkarinen 1970). Food frequency questionnaires provide an inferior quantitative 

estimate o f intake as this method does not usually define information on a specific food 

items consumed such as exact portion sizes, food preparation methods, brand name, and 

packaging information (Allison et al. 1999; Briefel et al. 1992: Sempos 1992). Innis et 

al. (2004) used a food frequency questionnaire, and considered this limitation and 

collected data on specific foods (e.g. frequency food was eaten, portion sizes, brand name 

or place o f purchase, method o f preparation, use o f  fat-reduced foods, types o f 

margarines, shortenings, and other fats and oils), therefore. AA and DHA nutrient 

estimates are likely to be representative o f  the preschool children studied. Raper et 

al.( 1992) and Kris-Etherton (2000). used per capita food use data or per capita 

disappearance data to estimate DHA intakes, however, this method overstates actual 

consumption as it does not account for spoilage and waste, and is not a direct measure o f 

the quantity o f food actually consumed (Economic Research Service United States 

Department o f  Agriculture 2004).
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1.9 Omega 6 and 3 Essentiality

1.9.1 Importance of AA and DHA: Retinal and Neuro Development

Long chain polyunsaturated fatty acids (LCP). specifically arachidonic acid 

(20:4n-6. AA) and docosahexaneoic acid (22:6n-3. DHA) play an important role in infant 

growth and development (Clandinin et al. 1981). These fatty acids are major components 

o f the membranes o f the brain and retina (Sastry 1985: Tinoco 1982). During infant 

development, there is rapid accretion o f AA and DHA during the last trimester of 

gestation (Clandinin et al. 1980). Infants bom prematurely are deprived o f some o f this 

in utero accretion o f AA and DHA unless they are fed AA and DHA (Clandinin et al. 

1982). When preterm infants were supplemented with DHA. there was improvement in 

visual acuity (Birch et al. 1992; Carlson et al. 1993) and speed of information processing 

(Carlson and Werkman 1996; Werkman and Carlson 1996) was observ ed. In a recent 

double-blind multi-centre study, feeding preterm infants (n=361) formula containing AA 

and DHA for 118 weeks resulted in enhanced growth and higher Baylev mental and 

psychomotor development scores than control infants that were provided with an 

unsupplemented formulas (Clandinin et al. 2005). In term infants. AA and DHA have 

also been shown to improve vision (Birch et al. 2002; Birch et al. 1998; Hoffman et al. 

2003). and brain development (Agostoni et al. 1995; Birch et al. 2000; Birch et al. 2002).

Evidence from animal studies support that DHA is essential: when developing 

monkeys were fed diets deficient in a-linolenic acid (18:3 n-3. ALA), an essential fatty 

acid and precursor o f DHA. this resulted in decreased DHA levels in the retina and 

cerebral cortex and impaired visual acuity and neuronal development (Neuringer et al.

1986; Neuringer et al. 1984). There is limited research investigating vision and brain
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development beyond 2 years o f age. even though neurological growth continues into 

childhood.

1.9.2 Synthesis of AA and DHA

There is unequivocal evidence that support LA and ALA are essential in the diet 

o f mammals, including humans who lack the ability to insert double bonds at the n-3 and 

n-6 position o f a fatty acid. These EFA. (LA and ALA) are necessary for the desaturation 

and elongation of these fatty acids to their metabolites. AA and DHA.

Using radiochemical assay. Poisson et al. (1993) confirmed that A6 and A5 

desaturase activities was present in human liver o f neonates. Similarly De Gomez Dumm 

and Brenner (1975) confirmed that desaturase activities were present in human adult liver 

microsomes. Using fetal pigs (a model analogous to the human for accretion o f lipid in 

the brain (Purvis et al. 1982). Purvis et al. (1983) found that the fetal liver and brain have 

the ability to elongate and desaturate EFA to their long chain homologues. Synthesis 

rates o f chain elongation-desaturation products in the brain was the greatest during the 

newborn period, whereas the metabolic function in the liver was greatest in the postnatal 

stages o f life (Purvis et al. 1983). Furthermore, a significant increase in the A5 

desaturase activity resulting in increases in synthesis o f C20 and C22 homologues o f 

EFA was observed during the last half o f gestation (Clandinin et al. 1985). In an in vitro 

study. Moore et al. (1991) found that astrocytes (not neurons) were capable o f producing 

AA and DHA from its precursor essential fatty acids, these LCP are then released within 

the brain for uptake and sequestration by neurons.
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Recent studies using stable isotope have suggested that preterm and term infants 

have the ability to convert LA to AA. and ALA to DHA (Camielli et al. 1996; Salem et 

al. 1996: Sauerwald et al. 1996; Szitanyi et al. 1999). However, controversy still exists to 

whether the contribution of de novo synthesis o f these LCP from their dietary precursors 

is sufficient to support the levels necessary' for whole body utilization in a growing infant.

1.93 AA and DHA Intakes (mg/kg)

The intakes o f AA and DHA can be compared to the intakes by infants consuming 

mothers milk to infants consuming AA and DHA containing formulas. To estimate AA 

and DHA (mg/kg) intake in infants, the following assumptions can be made: energy 

requirement o f the infant is 100-120 kcal/kg and human milk provides -55%  o f calories 

from fat. Using the AA and DHA levels in human milk reported earlier (Clandinin et al. 

1997). infant intake level o f AA range from 33-40 mg/kg and DHA intake range from 

18.3-22 mg/kg. Using the AA and DHA levels provided in infant formula (for example: 

Enfamil A+ (Canadian brand) or Enfamil ® Lipil ® with Iron (US brand) (Mead-Johnson 

Nutritionals. Evansville. IN)), with assumed energy requirements of an infant is 100-120 

kcal/kg. infant intake level o f AA ranged from 34-41.2 mg/kg and DHA level ranged 

from 17.1-20.6 mg/kg. Innis et al. (2004). found that in children 3-5 years o f age 

(assumed w'eight of a child is 16 kg) AA and DHA intake is 14 mg/day and 6.0 mg/dav 

respectively.

The grey matter o f the brain, where DHA accumulates in large amounts during 

growth and development (Sastry 1985; Sinclair and Crawford 1972). continuously 

increases from birth through 5 years o f age (Levitt 2003). A child's brain weighs 90% of
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the adult value by five years of age. and reaches the full weight of an adult brain at 10-12 

years o f age (Paus et al. 2001). Synaptogenesis. a period o f growth spurts in the brain, 

peaks at eight months and reaches adult values by 11 years (Garey 1984; Garey 1983; 

Huttenlocher et al. 1982).

Although the rate o f growth slows, the brain and eye continue to develop 

throughout childhood (Chugani 1998; Dobbing 1972; Oyster 1999). thus insufficient 

supply of AA and DHA may have a negative impact on the retinal and neuronal 

development in children during the early years o f life. Omega-3 and omega-6 fatty acids 

are necessary for development in both preterm and term infants and the nutritional 

importance o f these fatty acids may extend to childhood. However, no studies have 

investigated AA and DHA supplementation in children beyond 2 years o f  age.

This thesis will determine the dietary' intakes o f AA and DHA by children, then 

supplement those children (who consume low' intakes o f  DHA) with AA and DHA to 

determine if the supplementation will increase blood lipid levels and improve visual 

perception in children over a period o f 7 months.

1.10 Other Nutrients of Importance: Vitamin E, Iron, and Vitamin A

1.10.1 Vitamin E

Alpha-tocopherol. the active form of vitamin E. is an important antioxidant that 

prevents peroxidation o f polyunsaturated fatty acids (Dreyfus and Geel 1981). Under 

oxidative stress. PUFA can be attacked by free radicals and oxidized lipid peroxides 

which can result in increased oxidative damage and may be involved in many human 

diseases including atherosclerosis (Halliwell and Chirico 1993). As a result, those
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consuming diets rich in PUFA have increased requirements o f vitamin E intake (Basu 

and Dickerson 1996). Vitamin E is an antioxidant and helps stabilize free radicals are 

potentially damaging to the body (McDowell 2000; Sokol 1988). In humans, prolonged 

deficiency in vitamin E can result in neurological dysfunction, thus confirming that this 

vitamin necessary for maintenance and integrity o f the human nervous system and 

skeletal muscle (Sokol 1988). In animals, vitamin E deficiency also leads to the 

degeneration o f the nervous system and skeletal muscle and has been shown to result in 

poor learning ability and poor memory retention after oxidative stress in young rats 

(Fukui et al. 2001; Sokol 1988). Both young animals (Bourre et al. 1988). and newborn 

infants. (Friedman 1980) are sensitive to vitamin E deficiency. In infants, especially low 

birth weight infants (LBW) are bom with insufficient stores o f vitamin E. contributed to 

by low amount o f fat deposits in which the vitamin is stored (Friedman 1980). The 

plasma vitamin E concentration o f a newborn infant is one third that o f adults, and even 

lower in the LBW infant (Friedman 1980). Since the LBW infant has limited capacity to 

absorb fat and fat soluble vitamins, compared to a full term infant when the infant is 

provided with a formula containing PUFA. the dietary' requirement for vitamin E 

increases with the increasing amount o f dietary PUFA supplied (Friedman 1980).

10.1.2 Iron

Iron is important micronutrient in children, as iron deficiency during key 

developmental stages has a negative impact on long-term development and behavior as 

reviewed in Grantham-McGregor and Ani (1999) and Beard and Connor (2003).
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Iron deficiency also influences fatty acid metabolism. Stearoyl Coenzyme A 

(CoA) desaturase is an enzyme that converts palmitic acid (16:0) to palmitoleic acid 

(16:1 n-7) and stearic acid (18:0) to oleic acid (18:1 n-9) (Strittmatter et al. 1974). The 

Stearoyl CoA desaturase enzyme complex consists o f NADH cytochrome B5 reductase, 

cytochrome B5. lipids and the terminal desaturase enzyme is a non-heme iron protein 

(Strittmatter et al. 1974). As in the stearoyl CoA desaturase. one atom o f iron per 

molecule o f enzyme is present in each terminal protein o f the A6 desaturase complex. 

(Okayasu et al. 1981). which catalyzes the initial step in the metabolism o f the CoA 

derivatives of LA and ALA to LCP (Cunnane and McAdoo 1987). Presence o f iron 

deficiency affects the synthesis o f activity o f  A6 desaturase since it is present in every 

end protein o f the A6 desaturase enzyme complex (Okayasu et al. 1981).

Animal and human studies support that iron depletion influences activity or 

synthesis o f  the A6 desaturase enzyme thus altering EFA metabolism and tissue 

composition. When young male rats were fed a fat-free low iron diet, decrease in the 

relative levels o f 16:1 to 16:0 and 18:1 to 18:0 in the lipids of tissues were related to 

decreases in stearoyl CoA desaturase activity (Rao et al. 1980). Similarly, rats fed a 

moderately low intake o f iron resulted in impaired EFA metabolism and altered EFA 

composition o f plasma, erythrocytes, and liver lipids (Cunnane and McAdoo 1987). 

Oloyede et al. (1992) showed that low iron status aggravated signs o f EFA deficiency 

resulting in decreases in growth, brain weight, and altered brain and lipid fatty acid 

composition in rats. Similarly, protein-energy malnourished children who were severely 

anemic were also EFA deficient (Chen and Dickerman 1985). In children 6-11 years of 

age. iron intervention o f 15 weeks lead to an increase in the percentage o f total n-3 fatty
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acids in the erythrocyte membranes (phosphatidylcholine and phosphatidylethanolamine) 

in the iron deficient group comparable to the levels in the control group (Smuts et al. 

1995).

10.13 Vitamin A

Vitamin A is important in the visual process o f the retina, and is necessary for 

night vision and colour perception as reviewed in Basu and Dickerson (1996). 

Deficiencies in vitamin A may be related with abnormalities in iron metabolism (Mejia et 

al. 1979). and an association o f low' hemoglobin and low plasma iron with low plasma 

retinol has been reported in children (Mejia et al. 1977). Short term supplementation of 

vitamin A for a period o f 2 weeks in children with symptoms o f conjunctival xerosis 

(vitamin A deficiency), lead to an increase in retinol, retinol-binding protein, 

hemoglobin, hematocrit serum iron, and saturation o f transferrin compared to the 

unsupplemented group (Bloem et al. 1990). Similarly, xerophthalmic children were 

supplemented with vitamin A. which led to increases in plasma ferritin, moderate 

increase in plasma transthyretin, and an increase in hemoglobin in children w'ith low 

baseline hemoglobin (Semba et al. 1992). These studies suggest that vitamin A 

deficiency may impair utilization o f iron, therefore, supplementing vitamin A in those 

deficient in vitamin A. may improve the hematological indicators o f  iron status (Bloem et 

al. 1990: Semba et al. 1992). When anemic children where supplemented with both 

vitamin A and iron, there was an improvement in hematological and iron nutrition 

indicators (including total iron binding capacity and serum ferritin) compared to children 

who were only supplemented with either vitamin A or iron (Mejia and Chew' 1988).
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This thesis will determine the dietary intakes o f AA and DHA in children. Since 

vitamin E. iron, and vitamin A are important in normal development and growth, these 

nutrients will also be assessed in the children to ensure that these nutrients meet the 

recommended estimated average requirements (EAR suggested by the Institute o f 

Medicine (2000:2001).

This chapter has focused on the role o f AA and DHA in retinal and brain 

development, current dietary intake of these fatty acids in children, and provided an 

understanding o f the importance o f LCP in childhood.
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Chapter 2- Research Plan 

2.1 Rationale

Arachidonic acid (AA) and docosahexaenoic acid (DHA) are important in infant 

growth and development and can be found in the membranes o f  the retina and the brain. 

Infants fed AA and DHA show improvement in visual and brain development. The grey 

matter o f the brain, where DHA accumulates in large amounts during growth and 

development, continuously increases from birth through 5 years o f age. Synaptogenesis. 

a period o f growth spurts in the brain, peaks at eight months and reaches adult values by 

11 years o f age. Although the rate o f growth slows, the brain and eye continue to 

develop throughout childhood. There is little research investigating the intake o f 

supplementation o f with AA and DHA beyond 2 years o f age.

It is also important to investigate levels o f AA and DHA in the child's diet, as low 

levels o f  these long chain polyunsaturated fatty acids could have a negative impact on 

retinal and neuronal development in children. Insufficiency in nutrients such as vitamin 

A. vitamin E. and iron may also have a negative impact on normal growth and 

development thus, it is important to assess the levels o f AA. DHA. vitamin A. vitamin E. 

and iron in the diets o f children.

2.2 Research Objectives

1. To determine the dietary' intakes o f AA. DHA. vitamin A. vitamin E. and iron in 

children living in central Alberta, who geographically are not close to a marine 

environment and would not be expected to have high intakes o f fish or seafood.
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2. To compare dietary intakes o f AA and DHA o f the children studied with A A and 

DHA intakes o f infants fed human breast milk and infant formulas containing AA 

and DHA.

3. To supplement children identified to consume low intakes o f DHA. with AA and 

DHA to determine if supplementation will increase essential fatty acid status and 

improve visual perception in children for a period of 7 months.

23  Hypotheses

It is hypothesized that:

1. Many o f the children studied in central Alberta will consume diets low in DHA.

2. Supplementing children identified to consume low intakes o f  DHA. with AA and 

DHA will lead to an increase in AA and DHA in red blood cell phospholipids and 

plasma phospholipids, and an improvement o f  visual perception compared to 

children who are not supplemented with AA and DHA

2.4 Chapter Format

Chapter 3: Tests hypothesis 1 and fulfills objective 1 and 2.

This chapter assesses the nutrient intakes o f  DHA. AA. vitamin A. vitamin E. and iron in

the current diets o f  4-7 year old children.
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Chapter 4: Tests hypothesis 3 and fulfills objective 3.

This chapter investigates the supplementation o f DHA and AA in children 5-7 years o f 

age and determines the effect on essential fatty acid status and visual perception.

Chapter 5 provides a general summary, overall conclusions and future research.
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Chapter 3- Assessment of Docosahexaenoic acid, Arachidonic acid, Vitamin A, 

Vitamin E, and Iron Nutrient Intakes in 4-7 year old Children

3.1 Introduction

Long chain polyunsaturated fatty acids (LCP). specifically arachidonic acid (20:4 

n-6. AA) and docosahexaenoic acid (22:6 n-3. DHA). are important in infant growth and 

development (Clandinin et al. 1981). These fatty acids are major components o f 

membranes o f the brain and retina (Sastry 1985: Tinoco 1982). During infant 

development, there is rapid accretion of AA and DHA during the last trimester of 

gestation (Clandinin et al. 1980). Infants bom prematurely are deprived o f some o f this 

in utero accretion o f AA and DHA unless they are fed AA and DHA (Clandinin et al. 

1982). When preterm infants are supplemented with DHA. there is improvement in 

visual acuity (Birch et al. 1992: Carlson et al. 1993) and speed o f  information processing 

(Carlson and Werkman 1996: Werkman and Carlson 1996) was observed. In a recent 

double-blind multi-centre study, feeding preterm infants (n=361) formula containing AA 

and DHA for 118 weeks resulted in enhanced growth and higher Bayley mental and 

psychomotor development scores than control infants that were provided with 

unsupplemented formulas (Clandinin et al. 2005). In term infants. AA and DHA have 

also been shown to improve vision (Birch et al. 2002: Birch et al. 1998; Hoffman et al. 

2003). and brain development (Agostoni et al. 1995; Birch et al. 2000: Birch et al. 2002).

The grey matter o f the brain, where DHA accumulates in large amounts during 

growth and development (Sastry 1985: Sinclair and Crawford 1972). continuously 

increases from birth through 5 years of age (Levitt 2003). Although the rate o f growth
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slows, the brain and eye continue to develop throughout childhood (Chugani 1998; 

Dobbing 1972; Oyster 1999). therefore low levels o f AA and DHA availability may have 

a negative impact on the retinal and neuronal cellular development in children during the 

early years o f life. N-3 and n-6 fatty acids are necessary for development in both preterm 

and term infants and the nutritional importance o f these fatty acids may extend into 

childhood.

Vitamin A. vitamin E. and iron are also important in normal development and 

growth. Vitamin A is vital in the visual process o f the retina (Basu and Dickerson 1996). 

and a-tocopherol. the active form o f vitamin E. is an important antioxidant that prevents 

peroxidation o f polyunsaturated fatty acids (Dreyfus and Geel 1981). Prolonged deficit 

o f vitamin E can result in neurological dysfunction (Sokol 1988). Iron deficiency during 

key developmental stages has a negative impact on long-term development and behavior 

in children (Grantham-McGregor and Ani 1999).

Dietary sources o f AA and DHA include fish, shellfish, liver, poultry, eggs, beef 

and pork (U.S. Department o f Agriculture 1998). Higher levels o f DHA are found in 

fatty fish such as mackerel, salmon, and herring.

Geographically children in this study are not living close to a marine environment 

and would not be expected to have high intakes o f  fish or seafood. It was hypothesized 

that the diets o f  children studied contain low intakes o f DHA. The purpose o f this study 

was to determine the intake of AA. DHA. vitamin A. vitamin E. and iron in the current 

diets o f children between 4-7 years o f age using a 3-day food record. Relationship 

between income level and gender on DHA and AA intake was also determined.
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3.2 Methods

3.2.1 Subjects

The Human Ethics Review Committee o f the Faculty o f Agriculture. Forestry and 

Home Economics. University o f Alberta. Canada approved the study protocol. Principals 

and teachers in 8 primary schools in central Alberta agreed to participate. Information 

pamphlets were given to teachers o f children in kindergarten and grade 1 to take home to 

their parents. No financial incentives were used to encourage participation. Inclusion 

criteria included male and female children (including siblings) between the ages o f 4-7 

from both low and higher income families, children with no metabolic abnormalities (e.g. 

diabetes), written consent from parents on behalf o f their child, and at least one parent 

committed to attending the meetings writh the researcher. Children with any chronic 

illness other than asthma or those with acute illness at the time o f the study were not 

recruited. From May 2001- June 2002. a total o f 91 subjects enrolled in the study. Age. 

gender, medical information, and parental income was recorded. Low- income cut off for 

a family o f 3-4 persons living in this region was defined as those with total family income 

o f less than $25 000 before taxes (Income Statistics Division 2004). Families with higher 

incomes were defined as those with a total family income greater than $40 000 before 

taxes. Children received a storybook as a token o f appreciation after completion o f the 

study. Parents were also given a copy o f Canada's Food Guide to Healthy eating and 

were given the opportunity to ask the dietitian questions regarding the diet o f their child.
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3.2.2 Dietary Assessment

An initial visit was arranged with the parents where the dietitian outlined the 

project, reviewed participant responsibilities, obtained informed written consent (parents 

on behalf o f  their child), subject information, and medical history o f the child. Parents 

were instructed to document all food and drink consumed by their child on a daily basis 

for a period o f 3 consecutive days (two weekdays and one weekend day). Food records 

were analyzed using the USDA Nutrient Database for Standard Reference. Release 12 

(U.S. Department o f Agriculture 1998) in Food Processor 11. version 7.30 (1999. Esha 

Research. Salem Oregon). AA and DHA values for specific local foods of uncertain fat 

composition were determined by laboratory' analysis (for example artic char, chicken 

nuggets, fish sticks, fish rings) and entered into the nutrient database. The quality and 

quantity o f  fat (particularly AA and DHA). as well as iron, vitamin A. and vitamin E 

consumed by the children w'as determined. To maintain consistent data analysis, all food 

records were manually checked and coded by one dietitian who also performed the diet 

history interview.

3.2.3 Fatty Acid Analysis of Specific Foods

Fat from a sample o f the specific food items was extracted using the modified 

Folch procedure (1957). Using thin layer chromatography (TLC). total lipids were 

separated as described in Clandinin et al. (1997). samples were methylated (Morrison and 

Smith 1964) using 14% (wt/wt) boron trifluoride in methanol and C l 7:0 was added as an 

internal standard. Using gas-lipid chromatography (GLC). fatty-acid methyl esters were 

separated and identified (Clandinin et al. 1997). Fatty acid content was calculated from 

the internal standard added.
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3.2.4 Statistical Analysis

Data was analyzed using the Statistical Analysis System (SAS) for Windows 

(SAS Institute Version 8.2. Cary NC. USA). Variables are expressed as mean± standard 

deviation. Mean and standard deviation was calculated for nutrient intakes measured by 

the 3-day food records for all subjects. One-way analysis o f variance was used to 

examine differences between gender or between income groups for nutrient intakes (data 

not displayed). P <0.05 was considered significant. Nutrient intake values were rounded 

to two significant figures. Energy, carbohydrate, vitamin A. phosphorus, potassium, and 

sodium intake was rounded to three significant figures.

3 3  Results 

33.1 Subjects

A total o f 91 subjects enrolled in the study, o f which 78 subjects (M=39. F=39) 

completed. The mean age o f subjects was 5.8±0.8 years (range 4.1 -7.9 years). Ten 

families (12.8%) were in the low income group. 60 families (76.9%) have incomes >$40 

000. and 8 families (10.3%) had incomes between >$25 000 and <$40 000.

33.2  Dietary Assessment 

Macronutrient, Vitamin and Mineral Intake

The daily nutrient intake was estimated from 3-day food records from all children 

(Table 3-1). Macronutrient (protein, carbohydrate, and fat) intake met the acceptable 

macronutrient distribution ranges outlined by the Institute o f Medicine (2002). Vitamin 

A, vitamin E. and iron intakes met the estimated average requirements (EAR) for the
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children in the study, therefore, none o f the children were at risk for inadequate intakes of 

these nutrients. In 76 o f 78 subjects, fiber intakes (13±4.5 g/day) in this age group was 

lower than the recommended adequate intake (Al) for 4-8 year olds (25 g/day) suggested 

by the Institute o f Medicine (2002). This was not surprising as fibre intakes in the 

present study were consistent with those found in the Nationwide Food Consumption 

Surveys in children in the US. who reported that children 2-5 years and 6-11 years had 

intakes o f 12 g/day and 14 g/day respectively (Saldanha 1995). Fibre intakes in the 

children studied met fibre recommendations suggested in the US: age (years) + 5 g/day of 

fibre (Dwyer 1995: Williams et al. 1995).

Table 3.1 Average Daily Nutrient Intake for Children Aged 4-7 Assessed by 3-day 

Food Records

Nutrients per day
All subjects 

(n=78)
X ±(SD)

Calories (kcal) 
Protein (g)

1760(440)

Carbohydrate (g) 
% of total kcal

% of total kcal 
Protein (g )/1000 kcal

61(17)
14(2.4)
35(6.0)

245(71)
56(6.0)

Carbohydrate (g )/1000 kcal 139(15)

Saturated fat (g) 
% of total kcal

Fat (g)
% of total kcal 
Fat (g)/1000 kcal

Monosaturated fat (g) 
% of total kcal 

Polyunsaturated fat (g)

Cholesterol (mg)

% of total kcal 
Fiber (g)

63(17) 
33(4.5) 
36(5.0) 
23(7.9) 
12(2.4) 
22(6.1) 
12(2.3) 

9.8(3.6) 
5.1 (1.6) 
13(4.5) 

190(86)
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Average intake o f vitamins and minerals (Table 3-2) met the recommended EAR and 

Al for this age group (Institute o f Medicine 1997: 1998; 2000: 2001; 2004). In 64 o f 78 

subjects, linoleic acid (LA) intake was lower in study subjects (7.4±3.3 g/day) compared 

to the Al for LA (lOg/day) for those children 4-8 years of age (Table 3-3) (Institute of 

Medicine 2002). In 56 o f 78 subjects. ALA (linolenic acid) intake was also lower 

(0.71 ±0.5 g/day) compared to the Al for ALA (0.9 g/day) for children 4-8 years o f age 

( Institute o f Medicine 2002). The omega 6 (g) to omega 3 (g) ratio was 10:1.

Table 3.2 Average Daily Vitamin and Mineral Intake for Children Aged 4-7 

Assessed by 3-day Food Records

Vitamin and minerals per day
All subjects 

(n=78)
X ± (SD)

Vitamin A (IU)
Vitamin A (RE) 
Thiamin B1 (mg) 
Riboflavin B2 (mg) 
Niacin B3 (mg)
Niacin B3-NE (mg) 
Vitamin B6 (mg) 
Vitamin B12 (meg) 
Vitamin C (mg) 
Vitamin D (IU)
Vitamin D (meg) 
Vitamin E (mg)
Folate (meg) 
Pantothenic acid (mg) 
Calcium (mg)
Copper (mg)
Iron (mg)
Magnesium (mg) 
Manganese (mg) 
Phosphorus (mg) 
Selium (meg)
Sodium (mg)
Zinc (mg)__________

7080(3990)
1290(670)

1.7(0.7) 
2.1 (0 .8 ) 

19(7.4) 
25(7.2)
1.7 (0.7) 
5.4(11) 
150(140) 
290(170)

5(2.8)
9.5(5.9)

280(140)
4.6(3.0)
900(360)

0.94(0.5)
12(3.8)

200(77)
2.7 (4.0) 

1030(370)
67(21.1)

2580(822)
10.5(18.8)
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Table 3 3  Average Daily Fatty Acid Intake for Children Aged 4-7 Assessed by 3-day 

Food Records

AA and DHA Intake

Mean AA and DHA intake was 57±35 mg/day and 37±63 mg/day respectively. 

The distribution o f AA intake was extensive, and spread out compared to that observed 

for DHA (Figure 3-1). Approximately 74% o f the subjects (58 o f 78) had DHA intakes < 

30 mg/day (Figure 3-2). Median intake for AA and DHA was 51 mg/day and 17 mg/day 

respectively. AA and DHA intake calculated as an average o f the 3-day intake ranged 

from 1.2-180 mg/day and 0-350 mg/day respectively. AA and DHA intake ranged from 

0-380 mg/day and 0-991 mg/day respectively when intakes were calculated per day. 

which show a large intra (within person) and inter (between person) variation.

Fatty acid intakes per day
All subjects 

(n=78)
X ± (SD)

Palmitic acid 16:0 (g)
Stearic acid 18:0 (g)
Oleic acid 18:1 (g)
Linoleic acid 18:2 (g)
Linolenic acid 18:3 (g) 
Arachidonic acid 20:4 (mg) 
Eicosapentaenoic acid 20:5 (mg) 
Docosahexaenoic acid 22:6 (mg) 
Omega 3 (g)
Omega 6 (g)_________________

9.5(4.0) 
4.7(1.9) 
18(5.9) 

7.4(3.3) 
0.71(0.5) 

57(35) 
17(36) 
37(63) 

0.75(0.5) 
7.4(3.3)
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0-10 11-20 21-30 31-40 41-50 51-60 61-70 71-80 81-90 91-100 > 101-180

AA intake (mg/day)

Figure 3.1 Distribution of AA Intake (mg/day) Assessed by 3-dav Food Records for 

Children Aged 4-7

Caption: AA intake (mg/day) was expressed in 10 mg/dav increments and the number o f 

children in each 10 mg/day increment is displayed in the bar graph.
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DHA intake (mg/day)

Figure 3.2 Distribution of DHA Intake (mg/day) Assessed by 3-day Food Records 

for Children Aged 4-7

Caption: DHA intake (mg/day) was expressed in 10 mg/day increments and the number 

o f children in each 10 mg/day increment is displayed in the bar graph. Approximately 

74% o f subjects (58 o f 78) had DHA intakes <30 mg/day.
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Gender and Income Comparison.

Nutrient intake (macronutrient. vitamin, minerals, and fatty acids) was not 

significantly different between males and females. When nutrient intakes were 

determined for the low income group compared with higher income group, all nutrients 

met the recommended EAR and Al and were not significantly different between the two 

groups except for AA (P<0.05). AA intake was significantly higher in the lower income 

group (78.7±33.9 g/day) than in the higher income group (53.3±33.6 g/day), which was 

likely due to a higher consumption of eggs.

3.4 Discussion

In the present study, children. 4-7 years o f age. met the EAR levels suggested by 

the Institute o f Medicine for vitamin A. vitamin E. and iron, which indicates that the 

children were at low risk o f having inadequacies o f these specific nutrients (2000: 2001). 

Mean intake o f AA and DHA in children was estimated to be 57 mg/day and 37 mg/day 

using a 3-day food record. This present study found that AA intake was higher in 

families having a low income (<$25 000) compared to families having an income 

>$40 000. whereas DHA intake was not different between the two income groups.

3.4.1 Macronutrient, Vitamin and Mineral Intakes

Children achieved nutrient intakes for macronutrients, vitamins and minerals 

recommended for the acceptable macronutrient distribution ranges. EAR and Al by the 

Institute o f Medicine (1997: 1998:2000:2001:2002: 2004) (Table 3-1 and Table 3-2).

In particular, vitamin A. vitamin E. and iron intakes met the EAR levels, which indicates
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that the children studied were not at risk o f having inadequacies o f these nutrients due to 

dietary intake.

3.4.2 Food Assessment Method used to Assess AA and DHA Intakes

The food assessment method used to assess AA and DHA intake may be another 

reason why wide variability of AA and DHA intake was observed. In the present study, 

diet vvas assessed using a 3-day unweighed food record. Use a 7-day weighted food 

record maybe considered a more precise method available for estimating usual food 

and/or nutrient intakes o f individuals, so long as respondents do not change their usual 

eating pattern (Gibson 1990). This method was considered to be too much o f a burden to 

parents participating in the present study and would have resulted in problems with 

compliance completion rates. Dierks and Morse (1965). estimated nutrient intakes in 

preschool children using 3-day food records and report a 95% completion rate. The 

present study had a completion rate o f 86%. The method used in the current study is 

similar to the method used by Allison et al. (1999) and Jonnalagadda et al. (1995) where 

food intake was collected over a three day period (one 24 hour recall, and 2-day food 

record). Although a 7-day weighted food record would be beneficial to use in the studies 

conducted by Allison et al. (1999) and Jonnalagadda et al. (1995). it would not have been 

feasible due to the number o f participants in these studies. A 24-hour recall method was 

used by Meyer et al. (2003) however a single day is not representative o f the usual fat 

consumption o f  an individual (Block 1982: Pekkarinen 1970). Food frequency 

questionnaires provide an inferior quantitative estimate o f intake as this method does not 

usually define information on a specific food items consumed, exact portion sizes
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consumed, food preparation methods, brand name and packaging information (Allison et 

al. 1999; Briefel et al. 1992; Sempos 1992). Innis et al. (2004) used a food frequency 

questionnaire, and considered this limitation and collected data on specific foods (e.g. 

frequency food was eaten, portion sizes, brand name or place of purchase, method of 

preparation, use o f fat-reduced foods, types o f margarines, shortenings, and other fats and 

oils), therefore. AA and DHA nutrient estimates are likely to be representative o f the 

preschool children studied. Raper et al.(1992) and Kris-Etherton (2000). used per capita 

food use data or per capita disappearance data to estimate DHA intakes, however, this 

method overstates actual consumption as it does not account for spoilage and waste, and 

is not a direct measure o f the quantity o f food actually consumed (Economic Research 

Service 2004).

3.43 Intakes of AA and DHA

Few studies report AA and DHA intake in either children or adults. O f these 

studies, the data reported varies. For instance, in Australian children (aged 4-7 years. 

n=799). AA and DHA intake was 22 mg/day and 47 mg/dav respectively, thus AA 

intakes from the present study was slightly higher (57 mg/day), whereas the DHA intakes 

were slightly lower (37 mg/day) (Table 3-3) than the intakes estimated from the National 

Nutritional Survey (Meyer et al. 2003). The same study also investigated the AA and 

DHA intake in Australian adults (>19 years o f age. n=l 0 851) and found that AA intakes 

were similar to the AA intakes found in the present study, however DHA intakes were 69 

mg/day higher than the DHA intakes in the present study. Meyer et al. (2003) also 

reported the median intakes o f AA and DHA in adults to be 24 mg/day and 15 mg/day
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respectively. Median levels o f AA from Meyer et al. (2003) was half the value from the 

present study, while their DHA median value was consistent to the findings in the present 

study. However, it would have been beneficial to compare median values for children in 

the targeted age group.

Other research studies have reported higher AA and DHA intakes than those 

estimated in the present study. Jonnalagadda et al. (1995) estimated fatty acid intake o f 

children (aged 6-11. n=992) determined from data using 1987-1988 US Nationwide Food 

Consumption Survey and found that intake o f 18:4+AA was 100±0 mg/day and for 

20:5+DHA was 100±0 mg/day. Similar results were found by Allison et al. (1999). who 

estimated fatty acid intake from the 1989-1991 US Continuing Survey o f Food Intakes of 

Individuals (n=l 1 258). Fatty acid intake for those individuals 3 years o f age and older 

was 100±10 mg/dav for 18:4+AA and 100±10 mg/day for 20:5+DHA. In a study done 

by Innis et al.(2004). Canadian children 3-5 years o f  age. had higher AA (226±17 

mg/day) and DHA (96±14 mg/day) intakes than in the present study. Raper et al. (1992) 

investigated annual per capita food use data in the US food supply and found that the 

DHA levels have increased from 69 to 78 mg/capita/day between 1935-1939 and 1985 

and was the result o f increased use o f canned tuna, gamefish. and poultry. Using per 

capita disappearance data o f fish. Kris-Etherton (2000) estimated DHA intakes in the 

United States as 0.25 g/day and worldwide as 0.23 g/day.

The geographic location where nutrient assessments were completed is one o f the 

reasons why wide variability o f AA and DHA intake was observed. Many o f the nutrient 

assessments were national surveys (Allison et al. 1999; Jonnalagadda et al. 1995; Meyer 

et al. 2003) which provide the mean intakes o f AA and DHA for all subjects in the study.
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Although it is important to have an idea of the intakes of AA and DHA consumed by a 

population, it may not indicate areas that may have lower intakes o f these fatty acids. In 

the study by Innis et al.(2004). DHA intake was expected be to higher than the present 

study, as the preschool children studied were from the Vancouver Costal Health 

Authority Region. British Columbia. Canada, an area where seafood is readily available.

It is important to compare the median values o f AA and DHA. as it represents the middle 

o f a distribution and maybe more informative. In the present study, the median and mean 

intake o f AA are similar, however, the median DHA intake is approximately half o f  the 

mean intake for DHA.

3.4.4 Inter and Intra Variation in AA and DHA Intakes

The distribution (Figure 3-1 and Figure 3-2) and range o f A A and DHA intake 

(over the 3-days and per day basis) is evidence o f inter and intra variation o f  AA and 

DHA intakes in the children studied. Since dietary sources rich in AA and DHA (e.g. 

fatty fish and seafood), are not consumed on a daily basis, it was expected that the levels 

would vary widely day to day. Low dietary levels of AA and DHA observed in the 

present study, accompanied by the varied day to day intakes o f these fatty acids are o f 

concern because these fatty acids are essential for normal infant growth and development 

(Clandinin et al. 2005). The rate o f LCP synthesis from precursors has not been explored 

in children. Since the brain and eye continue to develop throughout childhood (Chugani 

1998: Dobbing 1972: Oyster 1999). it is likely that AA and DHA intake is important in 

children.
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3.4.5 AA and DHA Intakes Compared to Infant Values

AA and DHA intake in the children studied (Table 3-3) is lower than the intake of 

AA and DHA in infants consuming mother's milk or formulas containing AA and DHA. 

To estimate AA and DHA (mg/kg body weight/day) intake in infants, the following 

assumptions can be made: energy requirement o f the infant is 100-120 kcal/kg body 

weight/day. human milk provides ~55% of calories from fat. Using the AA and DHA 

levels in human milk reported earlier (Clandinin et al. 1997). infant intake level o f AA 

range from 33-40 mg/kg body weight/day and DHA intake range from 18.3-22 mg/kg 

body weight/day. Using the AA and DHA levels provided in infant formula (for 

example: Enfamil A+ (Canadian brand) or Enfamil ® Lipil ® with Iron (US brand) 

(Mead-Johnson Nutritionals. Evansville. IN)), with assumed energy requirements o f an 

infant is 100-120 kcal/kg. infant intake level o f AA ranged from 34-41.2 mg/kg body 

weight/day and DHA level ranged from 17.1-20.6 mg/kg body weight/day.

In the present study, if  the assumed weight o f the child. 4-7 years o f  age is 25 kg. 

mean AA and DHA intake observed provides approximately 2.3 mg/kg body weight/day 

of AA and 1.5 mg/kg body weight/day of DHA respectively. The intakes in the present 

study are lower than the AA and DHA intake observed in Innis et al. (2004). where 

children 3-5 years o f  age (assumed weight of a child is 16 kg), mean AA and DHA intake 

was 14 mg/kg body weight/day and 6.0 mg/kg/body weight day respectively.

Many o f  the children in the present study have low intake o f LA and ALA. that is 

82% and 72% respectively did not meet the Al suggested for LA and ALA (Institute o f 

Medicine 2002). LA and ALA are essential fatty acids, and are necessary' for the 

desaturation and elongation to their metabolites. AA and DHA. The amount o f AA and
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DHA synthesized from LA and ALA. along with low dietary intake o f AA and DHA. 

may not be sufficient to support the AA and DHA levels necessary for vision and brain 

development in the growing child.

The current level o f AA and DHA provided by the diet o f the children in the 

present study is approximately 1/15 the amount o f A A and 1/12 the amount o f DHA that 

is available to infants fed human milk or formulas containing AA and DHA. An 

increased intake o f AA and DHA may be necessary to support retinal and neuronal 

cellular development since the brain and the eye continue to develop throughout 

childhood.

3.4.6 Income Comparison

The present study is the first study that compared AA and DHA nutrient intake in 

children to parental income status. The data in this study showed that AA intake w’as 

significantly higher in the low income group, than the higher income group, which was 

due to the increased consumption o f eggs. DHA intakes did not differ significantly 

between income groups. The findings in the present study also showed that DHA intake 

was not different between low and higher income groups.

3.5 Conclusion

The present study showed that diets o f  Canadian children aged 4-7. who 

geographically do not live near a marine environment have dietary levels o f AA and 

DHA that are low compared to the few other studies that have previously investigated 

dietary fat intake in children (Allison et al. 1999; Innis et al. 2004: Jonnalagadda et al.
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1995: Meyer et al. 2003). The current level o f AA and DHA provided by the diet o f the 

children is approximately 1/15 the amount o f AA and 1/12 the amount o f DHA that is 

available to infants fed human milk or formulas containing AA and DHA. An increased 

intake o f AA and DHA may be necessary to support retinal and neuronal cellular 

development since the brain and the eye continue to develop throughout childhood.
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Chapter 4- Consuming a nutritionally complete supplement containing AA and 

DHA for 7 months improves visual perception in children 5-7 years of age

4.1 Introduction

Essential fatty acids, linoleic acid (C18:2n-6. LA) and linolenic acid (C18:3n-3. 

ALA) are precursors o f long chain polyunsaturated fatty acids (LCP). arachidonic acid 

(20:4n-6. AA) and docosahexaenoic acid (22:6n-3. DHA). These LCP are major 

components o f the membranes o f the brain and retina (Sastry 1985: Tinoco 1982) and 

play an important role in infant growth and development (Clandinin et al. 1981). During 

the third trimester, rapid synthesis o f  the brain occurs with marked accretion o f AA and 

DHA (Clandinin et al. 1980). however, preterm infants are deprived o f some o f this in 

utero accretion (Clandinin et al. 1982). When preterm infants are supplemented with 

DHA. there is improvement in visual acuity (Birch et al. 1992; Carlson et al. 1993) and 

speed o f information processing was observed (Carlson and Werkman 1996: Werkman 

and Carlson 1996). In a recent double-blind multi-centre study, feeding preterm infants 

(n=361) formula containing AA and DHA for 118 weeks resulted in enhanced growth 

and higher Bavley mental and psychomotor development scores than control infants who 

were provided with formulas without AA and DHA (Clandinin et al. 2005). Studies in 

term infants have showTi an improvement in vision (Birch et al. 2002: Birch et al. 1998: 

Hoffman et al. 2003) and brain development (Agostoni et al. 1995) for infants given 

formulas containing AA and DHA.

The grey matter o f the brain, where DHA accumulates in large amounts during 

growth and development (Innis 2003). continuously increases from birth through 5 years
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o f age (Levitt 2003). Although the rate o f growth slows, both brain and eye development 

continues throughout childhood (Chugani 1998: Dobbing 1972: Oyster 1999). A child’s 

brain weighs 90% of the adult value by age o f five, and reaches the full weight o f  an 

adult brain at 10-12 years o f age (Paus et al. 2001). Synaptogenesis (period o f growth 

spurts in the brain) peaks at eight months and reaches adult values by 11 years (Garey 

1984: Garey 1983: Huttenlocher et al. 1982). Studies have not investigated the role o f 

AA and DHA in functions o f the developmental process in children beyond 2 years o f 

age.

Dietary sources o f AA and DHA are found mainly in fish, shellfish, liver, poultry, 

beef. pork, and eggs (U.S. Department o f Agriculture 1998). Higher DHA levels are 

found in fatty fish such as mackerel, herring, and salmon. Children that were 

geographically not close to a marine environment consumed low levels o f  DHA. with 

74% o f the children surveyed having intakes o f  <30mg/day (Lien and Clandinin 

unpublished). In the present study, children ages 5-7 years, w'ho consume low intakes o f 

DHA. were provided with either a dietary supplement containing AA and DHA or the 

same supplement without AA and DHA. for a period o f 7 months. It is hypothesized that 

supplementing children for a period o f 7 months with AA (20-30 mg/day) and DHA (14- 

21 mg/day) will lead to increase in AA and DHA in phospholipids in red blood cells and 

plasma phospholipid, and that increased AA and DHA intake will improve visual 

perception compared to children who are not supplemented with AA and DHA.
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4.2 Methods

4.2.1 Subjects

The Human Research Ethics Boards o f the Faculty o f Agriculture. Forestry and 

Home Economics, and the Faculty o f Medicine at the University o f Alberta approved the 

study protocol. Healthy school aged children living in the central Alberta. Canada, who 

had participated in the a previous study to assess nutrient intakes o f AA. DHA. vitamin 

A. vitamin E. and iron in children 4-7 years o f age (Chapter 3). were considered for the 

present study. DHA intake was assessed in 91 subjects using 3-day food records 

(Chapter 3). From May 30. 2001 to July 15.2002. subjects in with DHA intakes o f less 

than 78.0 mg/dav were contacted and recruited for the present study (n=37). A food 

frequency questionnaire completed in the initial assessment and used to verify low DHA 

intakes reported in the 3-day food records.

4.2.2 Inclusion and Exclusion Criteria

Healthy male and female children including siblings between the ages o f 4-7. who 

consumed a level o f  DHA intake less than 78.0 mg/day were recruited (Chapter 3). 

Informed written consent from parents on behalf o f their child was obtained. Exclusion 

criteria included the presence o f a chronic illness (other than asthma) or metabolic 

disease, milk aversion or intolerance to milk proteins or lactose, consumption o f fish oil 

supplements for more than 4 weeks within the past 6 months, and participation in any 

other clinical study.
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4.2.3 Study Design

The study design consisted o f a controlled, randomized, double blind study. Age. 

sex. subject information, and a medical history was recorded. All routine immunizations, 

vitamins and mineral supplements consumed, and use o f prescription medications or 

therapies were recorded.

To ensure normal vision all children completed an ophthalmic examination at the 

Ophthalmology Clinic at the University o f Alberta at baseline (0 months) and at the 

completion o f  the study (7 months). Weight and height, neurological assessment. 4-day 

food records, and food frequency questionnaires was conducted at 0 and 7 months. Food 

records were also collected during the 3rd month. Blood samples were collected by 

fingerprick by a phlebotomist at 0 months and a venous blood sample was collected at 7 

months.

Parents were given a supply of 100 sachets of the assigned supplement. 

Compliance was evaluated based on planning a schedule in a monthly calendar provided 

to the parents. One sticker per sachet was placed in a calendar when consumed. Thus 

normally two to three stickers per day would be visible on the calendar. Parents also 

completed a health diary on a monthly basis. Parents were instructed to provide one 

sachet per day to their child and then progress to 2-3 sachets per day. Parents could 

contact the study coordinator at any time.

Monthly visits were arranged with the parent and study coordinator. At this visit 

sachets remaining were counted, parents were provided with more sachets for the 

following month, calendars and health diaries were collected, checked, and new calendars
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and health diaries were distributed. Compliance was assessed by asking parents 

questions monthly such as if  their child liked the formula (positive, negative, or neutral), 

and if their child tolerated the beverage, if their child was taking 2-3 sachets per day. if  

their child had regular bowel movements, and if  their child had been ill during the past 

month. There were two highlighted dates on the monthly calendar where children were 

given prizes (e.g. pens, pencils, craft kits, kites, erasers).

Parents were repeatedly counseled on the importance o f ensuring their child 

consumed two to three sachets per day. Some children were unable to meet a minimum 

intake o f two sachets per day required. The study completion date was calculated based 

on the total number o f sachets that would have been achieved if the child had consumed 

at least two sachets per day. or 420 packets (e.g. 2 sachets/day x 30 days/month x 7 

months). For children who ingested only 1-1.5 packets per day. the final completion date 

was determined based on achieving an intake goal o f 420 packets. Four subjects 

remained in the study for up to 8 weeks more than the estimated 7 months, one subject up 

to 12 weeks more, and one subject that remained in the study for up to 16 weeks more 

than the estimated 7 months. The study endpoint will be referred to as 7 months 

throughout this paper.

4.2.4 Dietary Formula

Subjects received one o f two nutritionally complete formulas. The formula 

provided was PromilIM a cow's milk-based vanilla flavoured nutritionally complete 

formula (Wyeth Nutritionals Incorporated. Philadelphia. PA). The control formula 

(control group) did not contain AA and DHA. The experimental supplement (LCP
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group) PromilGold™ was the same product, containing AA and DHA. The fatty acid 

content o f the control formula consisted o f the following per sachet (200 mL serving):

130 mg C8:0. 122 mg C l0:0. 720 mg C l2:0. 324 mg C l4:0. 1.58 g C l6:0. 324 mg 

C l8:0.21.6 mg C 20:0 .14.4 mg C22:0, 3.24 g total saturated fat. 7.20 mg C l6:1. 2.66 g 

C l8:1. 14.4 mg C20:1.2.69 g total monounsaturated fat. 1.17 g C l8:2.108 mg C l8:3. 

and 1.28 g total polyunsaturated fat (Appendix A. Table A .l). The fatty acid content of 

the LCP supplement consisted o f the following per sachet (200 mL serving): 84.0 mg 

C8:0. 72.8 m gC 10:0 .521 m gC 12:0 .241 m gC 14 :0 .1 .14gC 16 :0 .245 m gC18:0. 16.8 

mg C 20 :0 .11.2 mg C 22:0.5.60 mg C 24:0.2.34 g total saturated fat. 11.2 mg C l6:1.2.00 

g C l8:1. 11.2 mg C20:l. 2.02 g total monounsaturated fat. 1.09 g C l8:2. 123 mg C l8:3.

10.4 mg C20:4. 7.00 mg C22:6. and 1.23 g total polyunsaturated fat (Appendix A. Table 

A .l). The nutrient composition o f control and LCP formula consisted o f the following 

per sachet: 134 kcal energy. 4.40 g protein. 16.4 g carbohydrate. 13.1 g 80% lactose. 3.28 

g 20% sucrose. 5.60 g fat. 500 IU vitamin A. 85.0 IU vitamin D. 2.20 IU vitamin E. 13.4 

meg vitamin K. 200 meg vitamin B l. 300 meg vitamin B2. 120 meg vitamin B 6 .0.400 

meg vitamin B 12.0.800 mg niacin. 16.0 meg folic acid. 600 meg pantothenic acid. 4.00 

meg biotin. 18.0 mg vitamin C. 20.0 mg choline. 230 mg calcium. 130 mg phosphorus.

17.0 mg magnesium. 2.40 mg iron. 1.00 mg zinc. 20.0 meg manganese. 80.0 meg copper.

26.0 meg iodine. 70.0 mg sodium. 200 mg potassium. 150 mg chloride, and 2.80 meg 

selenium (Appendix B. Table B .l). Both formulas were packaged as one sachet per 

individual serving. Parents were required to reconstitute the formula by adding 

approximately 180 mL o f drinking water to the powdered formula in a shaker cup
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supplied with lid. and to provide at least two. preferably three 200 mL servings o f the 

formula to their child daily until the end of the study.

During the study, some children (n=8) complained about the taste o f the formula. 

To retain subjects, alternate ways to consume the formula were developed. Parents could 

change the flavour by adding strawberry or chocolate syrup to the formula. 

Standardarized recipes were developed so that one sachet would be present in one 

serving. A sachet could be added to yogurt, ice cream, hot chocolate, instant pudding, 

frozen treats, oatmeal, muffins, brownies, cookies, and pancakes. A few parents (LCP 

group n= l. Control group n=2) were provided with the supplement in the form o f muffins 

and/or cookies on a monthly basis.

4.2.5 Randomization

During the clinical study, the study site was blinded to the dietary formula 

consumed by each child. Formula assignments were uncoded when the study was 

completed. Children were randomized to receive one o f the two possible dietary 

formulas on the day o f their first ophthalmic exam. Each o f the two formulas were further 

masked by two colour/alphabet codes, for a total o f four possible assignments for each 

subject. A randomization schedule was developed by Wyeth Nutritionals Incorporated 

and provided in sealed envelopes to the study site in advance o f recruitment.

4.2.6 Growth

Height and weight was measured at the start and end o f the study. Weight and 

height was measured using a sliding weight scale/combination height rod. Height and
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weight was assessed three times, the mean o f the height and weight was recorded. Body 

mass index (BMI) was calculated based on height and weight obtained at 0 and 7 months.

4.2.7 Diet Assessment

Parents were instructed by the dietitian to document all food and drink consumed 

by their child on a daily basis for a period o f four consecutive days (three weekdays and 

one weekend day). Food records were analyzed using the USDA Nutrient Database for 

Standard Reference. Release 12 (U.S. Department o f Agriculture 1998) in Food 

Processor 11. version 7.30 (1999. Esha Research. Salem Oregon). AA and DHA values 

for some local foods were analyzed in the laboratory' (e.g. artic char, chicken nuggets, 

fish sticks, fish rings) and entered into the nutrient database. Quality and quantity o f fat 

(particularly AA and DHA). macronutrients, vitamins and minerals consumed by the 

children was determined. The 4-day food record was collected at 0 .3 . and 7 months of 

the study. Intake from formula packets was included in the food record for the 4-day 

food record at 3 and 7 months. Thus for months 3 and 7. in the LCP group, the food 

record data has been separated into intake that contains LCP supplement and intake that 

excludes the LCP supplement. This allows determination o f the intake of macronutrients, 

energy, and o f AA and DHA in the LCP group from food sources other than that 

provided by the supplement, as well as assessment o f the total amount of AA and DHA 

consumed from food sources and the supplement provided.

The child's usual food intake pattern was also assessed using a  49-item food 

frequency questionnaire collected at 0 and 7 months (See Appendix C for sample Food 

Frequency Questionnaire). Questions regarding the consumption o f certain fish.
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seafood/shellfish, liver, egg yolks, chicken, turkey or other poultry on a monthly and/or 

weekly basis were recorded. During diet interviews, food models were used to help 

parents visualize food portions consumed by their child. To maintain consistency in data 

analysis, the food records and food frequency questionnaires were manually checked and 

coded by one dietitian who also performed all diet interviews.

4.2.8 Visual Function Assessment

A complete ophthalmic exam was performed on all children to ensure normal 

visual status o f all children before and after supplementation. It is important to determine 

if a change in the neurological development score was the result o f changes in LCP status 

and not abnormal vision. Five age appropriate visual tests for visual acuity, stereo acuity, 

colour vision, cyclo refraction, and strabismus were conducted (See Appendix D. Figure 

D.l to Figure D.4). Visual acuity (the minimum discrimination o f an object at a fixed 

distance) was determined using the HOVT chart (Hedin et al. 1980). This chart consists 

o f four random letters (HOVT) o f different sizes, and was placed 10 feet away, while the 

child was required to read off the letters while one eye was covered. Left and right eyes 

were tested separately, and the final score o f  correct letters read out o f 44 was recorded. 

The Lang test was used to measure stereo acuity (depth perception) (Lang 1983). This 

test consists o f random dots, where an image can be found within the random dots and 

can only be seen if the child has stereo viewing. A yes or no response was recorded. 

Colour vision (the ability o f the child to distinguish between different colours) was 

assessed using Ishihara pseudoisochromatic plates. The plates have multicolour dots 

which form numbers when the same hue and saturation o f colour is present (Lakowski
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1965). Individuals who are colour blind are unable to detect certain numbers or may see 

different numbers than subjects who are not colour blind. A modified test was used 

where only eight plates (with single digit numbers) were shown to the child, instead of 

using plates that had two digits. Left and right eyes were tested and a score out o f 8 was 

recorded for each eye. Cyclo refraction (shape o f the eye) was determined for each child. 

Prior to this test, it was necessary use dilating drops or cycloplegics to paralyze the focus 

mechanism o f the eye to help prevent accommodation, thus allowing for accurate 

measurement o f the sphere or curve o f both the left and right eye. The prism cover test 

was used to determine if a child had strabismus (cross-eyed). One eye would be covered 

with a paddle, and if  the uncovered eye shifted or moved, then a prism was used to 

determine the angle o f movement in the eye. This was recorded at both near (reading 

distance) and at a  distance (20 feet or 6 metres). After the ophthalmic exams, if  a child 

needed prescription glasses, these were obtained prior to entry in the study. Two children 

required prescription glasses at baseline. Once prescription lenses were obtained, both 

children were rescheduled to complete the ophthalmic exams again before they were 

accepted into the study.

4.2.9 Neurological Assessment

Visual perception was assessed using the Test o f Visual Perceptual Skills (non- 

motor)-Revised (TVPS-R) (Gardner 1996). Visual perception is the ability o f the brain to 

comprehend and interpret, or give meaning to what the eyes see. and to express the 

meaning verbally or motorically (Gardner 1996). This is a standardized test developed 

for children 4 years through 12 years, and measures visual perceptual skills using seven 

subtests: visual discrimination (identification and matching o f similar forms): visual
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memory (immediate recall o f a single form); visual spatial-relationships (identification o f 

the correct direction of forms); visual form-constancy (identification of a form, whether it 

is a different size, rotated, reversed, or hidden in or among other forms); visual 

sequential-memory (immediate recall o f a number o f forms in a series); visual figure- 

ground (finding a form that is hidden among other forms); visual closure (determination 

o f a whole form from incomplete parts o f the form) (See Appendix E. Figure E. 1). For 

each subtest, there are 16 items (from 0- all failed to 16- all correct). Correct responses 

yielded a 'raw score' that is translated into scaled scores, and into a median visual 

perceptual age. The psychologist contacted parents and arranged to conduct both the 

baseline and endpoint assessments at the child's home to ensure a comfortable 

environment for the child.

4.2.10 Health Diary

Parents were provided with a health diary to record when their child was ill. 

length o f days the illness persisted, symptoms, name o f disease or condition (if known), 

and whether any prescription medications/over the counter medication was taken 

throughout the study period. All vitamin and mineral supplements taken were 

documented, and any adverse events were recorded throughout the study period.

4.2.11 Fatty Acid Analysis

Fingerpricks (—100 uL o f blood) were performed on the children at 0 months and 

collected into a microtainer tube containing heparin, and venous blood samples (-2.5 mL 

o f blood) were drawn into a green top Vacutainer tube containing heparin at 7 months.
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All samples were taken by a phlebotomist in an outpatient clinic and placed on ice for 

transport back to the laboratory for analysis.

Sterile supplies were obtained from Fisher Scientific (Edmonton. Alberta). All 

blood samples were immediately centrifuged at 3000 rpm for 10 minutes (Jouan CR 422 

Canbera Packard. Missisauga. Ontario) at room temperature (20°C). Plasma was drawn 

off from samples and stored in eppendorf tubes and saved at -70°C for later lipid 

analysis. Red blood cells (RBC) were also drawn off for immediate lipid analysis.

Lipids were extracted from 50 uL o f plasma (Folch et al. 1957). using a total o f 2 

mL choloroform methanol (2:1 vol/vol). Lipids were extracted from 50 uL o f red blood 

cells using both the Rose and modified Folch procedure (Folch et al. 1957; Rose and 

Oklander 1965). Lipids from sample o f local food items were extracted using the 

modified Folch procedure (1957). Total phospholipids, cholesteryl esters, and 

triacylglycerol were separated by thin layer chromatography (TLC) (Clandinin et al.

1997) and samples were methylated (Morrison and Smith 1964) using 14% (wt/wt) boron 

trifluoride in methanol. Cl 7:0 was added as an internal standard. Fatty-acid methyl 

esters were separated by gas-liquid chromatography (GLC) (Clandinin et al. 1997). and 

retention times o f each of the fatty acid methyl ester sample was compared with those of 

a fatty acid methyl ester standard (NU-CHEK PREP. Inc) containing 32 known fatty acid 

methyl esters. Fatty acid content was calculated from the internal standard added.

4.2.12 Sample Size

There is limited data quantifying plasma DHA levels in children thus sample size 

was estimated using normal, healthy control children (n=8) approximately 8 years o f age
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living in a similar area from a previous study (Clandinin et al. 1995). Based on the mean 

and standard deviation values for the DHA content in the total plasma phospholipids of 

control subjects at pre and post supplementation, final sample size per group for a two 

tailed test (1-(5=0.90. a=0.05) was 8. and sample size per group for a one tailed test (1- 

(5=0.90. a=0.05) was 7 (Bausell and Li 2002). In the present study, a sample size o f 12 

per group was considered to be adequate. A total o f 37 subjects were recruited in the 

present study. 20 subjects in the LCP group, and 17 subjects in the control group to allow 

for drop outs.

4.2.13 Statistical Analysis

Data was analyzed using the Statistical Analysis System (SAS) for Windows 

(SAS Institute Version 8.2. Cary NC. USA). Parameters measured were expressed as 

mean± standard deviation. Mean and standard deviation was calculated for age. weight, 

height. BMI. nutrient intake, vision parameters, individual fatty acids (AA and DHA in 

plasma and RBC phospholipids) for all subjects. Two-way analysis o f variance 

(ANOVA) was used to test for effect o f treatment, time (0 and 7 months), and any 

interactions with age. weight, height. BMI. nutrient intakes, vision parameters, and 

individual fatty acids (AA and DHA in plasma and RBC phospholipids). Within each 

treatment group, t tests were used to compare the effect over time (0 and 7 months) in 

individual fatty acids (AA and DHA in plasma and RBC phospholipids).

A three-way ANOVA was used to test for the effect o f treatment, on DHA intakes 

assessed by food records and food frequency questionnaire, time (0 and 7 months), and 

any interactions between treatment. DHA intakes (assessed by food records and food
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frequency questionnaire), and time. Repeated measures ANOVA was used to assess the 

effect o f time (0 .3 . 7 months), treatment, and interactions on nutrient intakes. 

Nonparametric Wilcoxon Rank-Sum test (Mann Whitney t test) was used to test the 

effect o f treatment on the TVPS-R test parameters (visual perceptual skills subsets, sum 

of scaled scores, and median visual perceptual age). Wilcoxon signed rank test was used 

to assess the effect of time (0 and 7 months) within each treatment group for TVPS-R test 

parameters (visual perceptual skills subsets, sum of scaled scores and median visual 

perceptual age). P values <0.05 were considered significant. DHA intake (mg/day) at 7 

months and median visual perceptual age (months) was compared as a multivariate 

analysis using the linear discriminate function procedure in S-plus for Windows 

Professional Edition (Version 6.2.1. Seattle. Washington. USA) and was plotted 

graphically. The equation for the discriminate function was obtained by solving the 

pooled covariance matrix o f the two variables (DHA intake and median visual perceptual 

age) and the mean difference vectors between the two groups using linear programming 

(SAS Institute Version 8.2. Cary NC. USA).

Fatty acid content o f the supplement was rounded to three significant figures, 

means and ranges were rounded to three significant figures. Standard deviations were 

rounded to either three significant figures (nutrient, vitamin and mineral intakes) or to 

one decimal place.
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4 3  Results

43.1 Subjects

In a previous study (Chapter 3). 63 out o f the 78 subjects met inclusion criteria to 

participate in the present study. A total o f 37 subjects were recruited, o f which 26 (F=I2. 

M=14; LCP=12. controI=14) completed the entire study protocol (70% completion rate). 

Eleven children dropped out (LCP group=8. control=3). Eight children did not comply 

with the protocol, one child did not like the taste o f the supplement, and two children 

dropped out due to both non compliance and dislike o f the supplement. Mean age o f all 

children was determined from the date the first blood/ophthalmic test was preformed as 

6.5±0.8 years (range 4.5-7.6 years). Age o f the subjects in the supplemented group 

(n=12) was 6.3±0.8 years and age in control group (n=14) was 6.6±0.7 years. There was 

no significant difference in age between the two treatment groups.

43.2 Formula Intake

Treatment groups had similar mean total intake o f sachets (Control group: 

555±73.3 and LCP group: 499±69.1) and mean total days on study period (Control 

group: 228±28.5 days. LCP group 248±39.7 days), which allows for comparability 

between both treatment groups. Total amount o f AA and DHA consumed from the 

supplement by the LCP group during the course o f the study from the supplement was 

5.19±0.7 g o f AA and 3.49±0.5 g o f DHA.
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4.3.3 Growth

Treatment did not affect the growth patterns (weight, height. BMI) o f children 

(Table 4.1). There was a significant increase in weight, height, and BMI in all children 

over time, as can be expected as children are growing at this age. Gender was not a 

significant factor in the analysis and interaction between treatment groups (LCP and 

Control group) and collection time (0 and 7 months) was not significant.

Table 4.1 Weight, Height, and Body Mass Index of Subjects in Control and LCP 

Groups at 0 and 7 months

Significant effects2 
Control LCP (P values, Pr>F)

0 months 7 months 0 months 7 months Main effects
Test groups_____________(n=14) (n=14) (n=l2) (n=12) Treatment Collection time
Weight (kg) 24.5 (2.6)1 28.4(2.9) 23.5(4.4) 26.6(5.8) NS <0.0001
Height (cm) 120(5.2) 125(4.3) 118(6.9) 123(6.3) NS <0.0001
Body mass index (kg/m2) 16.9(1.8) 18.2(1.9) 16.7(2.5) 17.6(3.2) NS_______ <0.0001
V alues represent mean ± (standard deviation)
2When tested as a main effect, gender was not a significant factor in the analysis; there were no 
significant interactions.

43.4 Diet Assessment 

Food Records

Daily nutrient intake was estimated from 4-day food records from control and 

LCP group at 0 .3 . and 7 months (Table 4.2). Macronutrient (protein, carbohydrate, and 

fat) intake met the acceptable macronutrient distribution ranges (AMDR) suggested by 

the Institute o f Medicine (2002). Fat intakes were between 25-35% o f energy, 

carbohydrate was between 45-65% o f energy, and protein intakes were 10-30% of 

energy, for all children specified by the AMDR for those 4-18 years o f age (Institute of
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Medicine 2002). A total o f 10 o f 14 subjects in the control group reduced their food 

intake over time when consuming the control supplement to compensate for the 

additional calories provided by the control supplement. Half o f the subjects (6 o f 12) in 

the LCP group reduced their food intake while consuming the LCP supplement to 

compensate for the additional calories provided by the LCP supplement. O f the 

remaining 6 subjects in the LCP group. 5 subjects increased their food intake while 

consuming the LCP supplement, and 1 subject maintained his level o f food intake. Using 

repeated measures ANOVA to assess the effect o f treatment and time (0. 3 and 7 

months), consumption o f either formula (control and LCP packets) resulted in an increase 

in total energy intake over time in both treatment groups. However, when caloric intake 

was assessed on a per body weight basis at 0 and 7 months, there were no significant 

differences between treatment groups or over time. Fiber intake in this age group was 

lower than the recommended adequate intake (Al) for 4-8 year olds (25 g/day) (Institute 

o f  Medicine 2002).

Average intake o f vitamin and minerals (Table 4.2) met the recommended 

estimated average requirement (EAR) and AL for this age group (Institute o f Medicine 

1997: 1998: 2000: 2001:2004). Consuming the supplement significantly increased 

intakes o f calories, protein, fat. riboflavin, vitamin D. vitamin E. pantothenic acid, 

calcium, iron, magnesium, phosphorus, selenium, and zinc over time. When nutrients 

were assessed per body weight basis over time, vitamin D and calcium was significantly 

increased over time.

Consumption o f the supplement in both control and LCP group increased intake 

o f palmitic acid, oleic acid. LA, ALA. AA. and overall omega 3 and omega 6 intake over
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time (Table 4.3). In 24 o f the total 26 subjects at 0 months the LA intake was lower than 

the AI for LA (10 g/day) for children 4-8 years o f age (Institute o f Medicine 2002). Post 

supplementation at 7 months improved LA status in 10 subjects, therefore 13 o f the total 

26 subjects had lower LA intake compared to the AI for LA (Institute o f Medicine 2002). 

In 19 o f the total 26 subjects at 0 months ALA intake was lower than the AI for ALA (0.9 

g/day) for children 4-8 o f age (Institute o f Medicine 2002). Post supplementation at 7 

months improved ALA status in 4 subjects, therefore 14 of the total 26 subjects that had 

lower ALA intakes compared to the AI for ALA (Institute o f Medicine 2002).
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Table 4.2 Daily Nutrient, Vitamin and Mineral Intake from Food Consumption 

Assessed Using 4-day Food Record at 0 and 7 Months of Subjects in Control and 

LCP groups1

Nutrients per day

All children
0 months

(n=26)

Control
7 months

(n=14)

LCP
7 months

(n=12)

Significant effects
(P values, Pr>F)3,4

Main effects
Collection 

Treatment time
Calories (kcal) 1790 (415)2 2010(260) 1970(393) NS >0.01
Protein (g) 58.0(13.8) 66.8(14.0) 68.2(26.8) NS >0.01

% of total kcal 13.1(1.9) 13.2(1.5) 13.6(3.2) NS NS
Protein (g )/1000
kcal 32.7(4.8) 33.1(3.6) 34.1(8.1) NS NS

Carbohydrate (g) 252(69.8) 268(35.1) 256(55.8) NS NS
% of total kcal 56.4(6.3) 53.6(6.4) 52.7(9.8) NS <0.05
Carbohydrate
(g)/1000 kcal 141 (15.7) 134(15.9) 132(24.4) NS <0.0001

Fat (g) 64.6(16.3) 76.8(16.8) 77.3(23.8) NS <0.01
% of total kcal 32.5(4.6) 34.2(4.9) 35.0(6.4) NS NS
Fat (g )/1000 kcal 32.5(4.6) 38(5.4) 38.9(7.2) NS NS

Fiber (g) 12.2(3.4) 11.3(2.5) 10.9(4.2) NS NS
Cholesterol (mg) 184(91.5) 163(68.1) 236(197) NS NS
Vitamin A (IU) 6500(4610) 7160(4380) 7440(5570) NS NS
Vitamin A (RE) 957(465) 863(404) 961(537) NS NS
Thiamin B1 (mg) 1.58(0.7) 1.7 (0.3) 1.64(0.4) NS NS
Riboflavin B2 (mg) 1.70(0.8) 2.01 (0.2) 1.84(0.5) NS <0.05
Niacin B3 (mg) 20.1(7.1) 17.5(5.1) 17.0(5.9) NS NS
Niacin B3-NE (mg) 24.6(6.8) 22.4(6.2) 22.1(8.7) NS NS
Vitamin B6 (mg) 1.71(1.0) 1.56(0.3) 1.30(0.4) <0.05 NS
Vitamin B12 (meg) 3.23(2.4) 3.21(1.8) 3.33(1.4) NS NS
Vitamin C (mg) 120(93.1) 116(32.6) 87.3(34.1) NS NS
Vitamin D (IU) 270(141) 379(78.1) 390(123) NS <0.001
Vitamin D (meg) 5.33(1.9) 9.46(2.0) 9.54(3.2) NS <0.0001
Vitamin E (IU) 9.65(8.9) 11.1(1.5) 10.8(2.7) NS NS
Vitamin E (mg) 7.03(3.8) 10.7(3.3) 8.80(2.3) NS <0.001
Folate (meg) 281 (91.1) 242(46.5) 240(75.8) NS <0.05
Pantothenic acid (mg) 4.35(3.7) 3.77(0.5) 3.63(1.2) NS NS
Calcium (mg) 873(263) 1310(311) 1270(287) NS <0.0001
Copper (mg) 0.968(0.4) 0.886(0.2) 0.873(0.2) NS NS
Iron (mg) 13.7(5.0) 17(3.2) 15.0(3.5) <0.05 <0.001
Magnesium (mg) 178(57.4) 202(28.2) 177(33.2) <0.01 <0.05
Manganese (meg) 2.21 (0.8) 1.77(0.5) 1.88(0.7) NS <0.05
Phosphorus (mg) 869(279) 1110(149) 1050(309) NS <0.01
Selenium (meg) 57.6(17.2) 62.8(14.7) 63.5(19.6) NS <0.05
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Sodium (mg) 2860(703) 2790(603) 2870(779) NS NS
Zinc (mg)_____________8.18(2.9) 9.48(2.4) 8.47(3.1) <0.05_______ NS
Vood records were taken at 0, 3, and 7 months for all subjects. Supplement packets were 
consumed at 3 and 7 months and were recorded in the 4-day food records as part of the diet. 
Food records at 3 months were not significantly different from food records at 0 and 7 months. 
Values represent mean ± (standard deviation)
V/hen tested as a main effect, gender as not a significant factor in the analysis, except in fiber, 
manganese and sodium. There were no significant interactions, except for fiber and manganese 
where both gender and supplement was significant at P < 0.05.
4Nutrients were also assessed on a per body weight basis at 0 and 7 months using a two-way 
ANOVA. There were no significant differences between treatment groups when nutrients were 
assessed on a per body weight basis. Nutrients that were significantly different over time at 
P<0.05 include vitamin B6, %fat of total kcal, and fat/1000 kcal. Nutrients that were significantly 
different overtime at P<0.01 include % protein of total kcal, protein/1000 kcal, fiber, niacin B3, 
niacin B3-NE, folate, calcium, and manganese. Nutrients that were significantly different over 
time at P<0.0001 include % carbohydrate of total kcal, carbohydrate/1000 kcal vitamin D (meg) 
<0.0001. There were no significant interactions between treatment groups (control and LCP 
group) and time (0 and 7 months).
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Table 4.3 Daily Fatty Acid Intake from Food Consumption Assessed using 4-day Food Record at 0 and 7 Months of Subjects 

in Control and LCP groups1

All children Control
LCP (excluding AA and DHA 

supplement)
Significant effects 
(P values, Pr>F)3,4

0 months 7 months 7 months Main effects
Fatty acid per day (n=26) (n=14) (n=12) Treatment Collection time
Palmitic acid (16:0) (g) 9.6 (2.9) 13.3(3.9) 11.8(4.9) NS <0.01
Stearic acid (18:0) (g) 4.80(1.4) 5.34(1.9) 5.23(2.3) NS NS
Oleic acid (18:1) (g) 17.3(4.1) 24.5(6.0) 22.0(9.94) NS <0.01
Linoleic acid (18:2) (g) 6.5 (2.9) 9.92(2.1) 8.12(1.9) NS <0.0001
Linolenic acid (18:3) (g) 0.697(0.3) 0.965(0.2) 0.831 (0.3) NS <0.0001
Arachidonic acid (20:4) (mg) 49.7(39.2) 67.4(46.2) 78.8(78.9) NS <0.05
Eicosapentaenoic acid (20:5) (mg) 23.1(41.0) 4.81 (5.9) 7.84(10.2) NS <0.05
Docosahexaenoic acid (22:6) (mg) 36.2(42.7) 16.4(13.8) 26.6(23.9) NS NS
Omega 3 (g) 0.746(0.3) 0.985(0.2) 0.864 (0.3) NS <0.001
Omega 6 (g) 6.38(2.9) 9.87(2.1) 7.85(1.8) NS <0.0001

Fatty acid per day All children Control
LCP (including AA and DHA 

supplement)
Significant effects 
(P values, Pr>F)3 5

Arachidonic acid (20:4) (mg) 49.7(39.2) 67.4(46.2) 102(34.3) NS <0.01
Docosahexaenoic acid (22:6) (mg) 36.2(42.7) 16.4(13.8)* 42.2(25.0)* NS NS
Omega 3 (g) 0.746(0.3) 0.985(0.2) 0.880(0.3) NS <0.001
Omega 6 (g) 6.38(2.9) 9.87(2.1) 7.87(1.8) NS <0.001

’Food records were taken at 0, 3, 7 months for all subjects. Supplement packets were consumed at 3 and 7 months and were recorded in the 4- 
day food records as part of the diet. Food records at 3 months were not significantly different from food records at 0 and 7 months.
Values represent mean ± (standard deviation)
V/hen tested as a main effect, gender as not a significant factor in the analysis. There were no significant interactions.
4Nutrients were also assessed on a per body weight basis at 0 and 7 months using a two-way ANOVA. There were no significant differences 
between treatment groups when nutrients were assessed on a per body weight basis. Nutrients that were significantly different over time at 
P<0.05 include LA and omega 6 (LCP excluding AA and DHA supplement). There were no significant interactions between treatment groups 
(control and LCP group) and time (0 and 7 months).
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sNutrients were also assessed on a per body weight basis at 0 and 7 months using a two-way ANOVA. There were no significant differences 
between treatment groups when nutrients were assessed on a per body weight basis. AA (P<0.01) and omega 6 (0.05) was significantly different 
over time (LCP including AA and DHA supplement). There were no significant interactions between treatment groups (control and LCP group) 
and time (0 and 7 months).
* Treatment groups were assessed using T-Test at 7 months. The LCP group (including AA and DHA supplement) had a higher intake of DHA at 
7 months (P<0.01) compared to the control group at 7 months.

oosO



AA intake from the diet was not different between treatment groups (control and 

LCP group), however AA intake from the diet increased over time (0 .3 . 7 months)

(Table 4.3). DHA intake from the diet was not different between treatment groups 

(control and LCP group) or over time (0. 3. 7 months). Median intake o f AA for the 

control group was 53.9 mg/day. 48.2 mg/day. 71.9 mg/day and DHA was 14.4 mg/day.

14.5 mg/day and 14.6 mg/day at 0. 3. and 7 month respectively. Median intake of AA for 

the LCP group (not including AA and DHA from the supplement) was 40.9 mg/day. 59.2 

mg/day. 55.3 mg/dav. and for DHA was 23.7 mg/day. 14.7 mg/day and 20.3 mg/dav 

respectively. Median intake of AA for the LCP group (including the AA and DHA 

supplement) was 82.8 mg/day. 78.7 mg/day and for DHA was 32.2 mg/day. 36.9 mg/day 

at 3 and 7 months respectively.

AA intake from food consumption alone (excluding formula) ranged from 3.2- 

356 mg/day in the control group and 7.24-354 mg/day in the LCP when intakes were 

calculated per day using the 4-day food record over the 7 month period. DHA intake 

from food consumption alone (excluding formula) ranged from 0-377 mg/day in control 

subjects and 0-403 mg/day in LCP subjects when intakes were calculated per day using 

the 4-day food record over the 7 month period. The range of A A and DHA intake (per 

day basis using 4-day food record) is evidence o f intra and inter individual variation in 

DHA and AA intake in both the control and LCP group (Figure 4.1 and Figure 4.2).

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



91

350 ♦  0  month- Control 
group325 ■

300 • 

275 ■

x  7 month- Control 
group

250 -

225 ■
A % 2 0 0 -

—  1 7 5 - o
3  1 5 0 -

<  1 2 5 -
<

100 -  

7 5 -

50 ■

25 -

0 1 2 3 4  5 6  7 8 9 10 11 12 13 14 Mean

Individual Subjects

350 i

325 - a 0 month- LCP
300 - group

2 7 5 - *  •  7  month- LCP

250 ■ group

£  2 2 5 -

% 200 - «

B  ~  175 - •

1  1 5 0 -

<  125 -

<  1 0 0 - •

7 5 - •  •  a •
•  .

50 • ,  ■ a  "
•  *

25 ■ »  K *  
•  •  •

0
0 1 2 3 4  5  6 7 8  9 10 11 12 13 Mean

Individual Subjects

Figure 4.1 Mean Individual Intakes of AA (mg/day) from Food Consumption 

Assessed by 4-day Food Records at 0 and 7 months in Control (A) and LCP subjects 

(B)

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



92

175 n
♦  0 month- Control 

group
150-

x  7 month- Control 
group125-

5  1 0 0 -o>
7 5 -

5 0 -

2 5 -

1 2 3 4  5 6  7 8 9 10 11 12 13 14 Mean

Individual Subjects

« 0 month- LCP 
group

•  7 month- LCP 
group

175

150-

_  125- 

<s
2  100 -  
G)
E
<  7 5 -
Xo

5 0 -

2 5 -

7  8  9  10  11 12  13  M ean4

Individual Subjects

Figure 4JZ Mean Individual Intakes of DHA (mg/day) from Food Consumption 

Assessed by 4-day Food Records at 0 and 7 months in Control (A) and LCP subjects 

(B)

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



93

DHA Intakes Assessed by Food Frequency Questionnaire

DHA intake (mg/day) assessed using a food frequency questionnaire includes 

DHA from food sources only and does not take into account DHA intake from the 

supplement for the LCP group. DHA intake (mg/day) when assessed with food 

frequency questionnaire alone was not significantly different between treatment groups, 

however DHA intake significantly decreased over time (Table 4.4). A wide range o f 

DHA intake (mg/day) was observed using the food frequency questionnaire at 0 and 7 

months in the both treatment groups.
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Table 4.4 Comparison of Docosahexaenoic Acid Intake Determined from 4-day Food Record and Food Frequency 

Questionnaire at 0 and 7 Months in Control and LCP subjects'

Food Frequency Questionnaire 

Control LCP

0 months 7 months 0 months 7 months

Variables (n=14) (n=14) (n=12) (n=12)

Food record
LCP (excluding AA Significant effects (P values, 

Control and DHA supplement) Pr>F) Main effects3
Control vs. LCP (excluding AA 

and DHA supplement)
0 months 7 months 0 months 7 months

Food
assessment Collection 

(n=14) (n=14) (n=12) (n=12) Treatment methods time
DHA
intake
(mg/day) 26.7 (14.5)2 23.8(13.3) 47.4(36.8) 31.4(18.1)
Range of
DHA
intake
(mg/day) 12.4-58.7 8.77-58.0 7.29-117 2.99-68.2

32.4(40.2) 16.4(13.8) 40.7(46.9) 26.6(23.9) NS NS <0.05 

2.06-146 0.00-43.1 0.00-129 0.690-68.2
DHA intake for food frequency questionnaire and 4-day food records include intake records taken at both 0 and 7 months. 

Values represent mean ± (standard deviation)
V/hen tested as a main effect, gender was not a significant factor in the analysis; there were no significant interactions
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Comparison of DHA Intakes Assessed by Food Frequency Questionnaire and

Food Record

The DHA intakes (mg/day) assessed from both food frequency questionnaire and 

food record, at 0 and 7 months in control and LCP group are reported (Table 4.4). DHA 

intakes assessed by the food record at month 7 excludes the AA and DHA from the 

supplement, allowing for determination o f DHA intake in the LCP group from food 

sources other than that provided by the supplement. This allows for comparison of DHA 

intake in food sources only (other than that provided by the supplement), between food 

frequency questionnaires and food records at 0 and 7 months (Table 4.4).

There is a wide range o f DHA intakes (mg/day) reported from both food 

assessment methods (food record and food frequency questionnaire), and there is 

agreement between these two food assessment methods (P=NS). It appears that 

providing the supplement is associated with a reduction in the intake o f DHA containing 

foods from both the control and LCP group over time (P<0.05).

4.3.5 Visual Function Assessments

The HOVT test in both the left eye (control: 0 months 42.6±1.6. 7 months

43.1 ±2.2: LCP: 0 months 42.7±2.2.7 months 42.4±2.5) and the right eye (control: 0 

months 42.6±1.6. 7 months 43.0±2.1; LCP: 0 months 42.2±3.3. 7 months 42.3±2.2) was 

not different between treatment groups or over the 7 months. The colour test in both the 

left eye (control: 0 and 7 months 7.64±1.1: LCP: 0 and 7 months 8 .0 0 ± 0 .0 ) and the right 

eye (control: 0 months 7.64±1.1.7 months 7.50±1.3: LCP: 0 months 8.00±0.0; 7 months 

7.92±0.3) was not different between treatment groups or over the 7 months. Cyclo
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refraction in both the left eye (control: 0 months 0.723±0.8.7 months 0.464±0.6; LCP: 0 

months 1.41±1.9, 7 months 1.26±1.7) and the right eye was not different between 

treatment groups (control: 0 months 0.741 ±0.8. 7 months 0.420±0.6; LCP: 0 months 

1.22±1.5.7 months 1.03±1.2). There were no differences in cyclo refraction over the 7 

months in the left eye: however, there was a decrease in cyclo refraction in the right eye 

over the 7 months over time (P<0.05). Stereo acuity and the prism test was not different 

between the two treatment groups or over the 7 months.

4.3.6 Neurological Assessment

Using nonparametric Wilicoxon Rank-Sum. TVPS-R parameters (7 subsets 

include: visual discrimination, visual memory, visual spatial-relationships. visual form- 

constancy. visual sequential memory, visual figure-ground, visual closure), scaled scores, 

and median visual perceptual age was not different between treatment groups (data not 

shown). When TVPS-R subsets were assessed within the control group, visual sequential 

memory ( 1  o f 7 subsets) increased over the 7 months. When TVPS-R subsets were 

assessed within the LCP group, visual discrimination, visual spatial relationships, and 

visual figure group (3 o f 7 subsets) increased over the 7 months. Overall TVPS-R scaled 

scores and median visual perceptual age within the LCP group also increased over time 

(Table 4.5).

When DHA intake (mg/day) at 7 month was plotted against median visual 

perceptual age (months) using linear discriminate analysis (a multivariate procedure), an 

equation was derived to separate subjects in the two treatment groups. The equation can 

be used to predict which group an individual may belong to based on DHA intake and
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median visual perceptual age. The line, derived from the linear discriminate analysis, 

separates the two groups, that is the Control and LCP group. Only two subjects in the 

control group are found above the derived line, and five subjects from the LCP group are 

found below the derived line (Figure 4.3). suggesting that the treatment resulted in two 

groupings o f responses.

Table 4.5 Mean and Standard Deviation of Variables from the TVPS-R at 0 and 7 

Months Comparisons of Subjects in Control and LCP groups

Variables

Control group 
(n=14)

0 months 7 months

*P value

Collection
time

LCP group 
(n=12)

0 months 7 months

*P value

Collection
time

1. Visual discrimination 8.86 (3.6)1 10.1 (4.5) NS 10.8(3.2) 12.3(3.1) <0.05
2. Visual memory
3. Visual spatial-

8.86(3.6) 10.4(2.2) NS 10.5(2.4) 11.8(2.2) NS

relationships 10.1(5.4) 11.4(5.7) NS 12.2 (3.2) 13.9(2.3) <0.05
4. Visual form-constancy
5. Visual sequential-

8.29(3.2) 9.57(4.1) NS 8.50(2.6) 9.75(3.3) NS

memory 5.29(3.3) 8.86(4.8) <0.05 7.17(5.2) 8.33 (6.0) NS
6. Visual figure-ground 7.93(4.1) 9.64(4.1) NS 9.17(4.4) 13.0(2.3) <0.05
7. Visual closure 5.29(3.8) 6.86(4.1) NS 7.25 (2.9) 9.08(4.1) NS

Sum of scaled scores 
Median visual

59.6(16.6) 67.4(22.1) NS 76.3(17.3) 82.1 (18.6) <0.05

perceptual age (months) 
Median visual

75.2(23.0) 91.9(37.2) NS 85.6(24.0) 112(37.0) <0.01

perceptual age (years) 6.27(1.91) 7.65(3.10) NS 7.13(2.00) 9.33(3.08) <0.01

Caption: Nonparametric statistics, specifically the Wilicoxon signed rank test was used 

to assess the effect o f time (0 and 7 months) within each treatment group (Control and 

LCP group) for the TVPS-R test parameters (visual perceptual skills subsets, sum of 

scaled scores, and median visual perceptual age).
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Figure 4 3  Total DHA Intake (mg/day) plotted versus Median Visual Perceptual 

Age (months) at 7 months

Caption: Total DHA intake (from food sources and supplement) was plotted against 

median visual perceptual age at 7 months. Using linear discriminate function, an 

equation was derived which can be used to predict which group an individual may belong 

to based on DHA intake and median visual perceptual age. The line separates the two 

treatment groups and shows that there is an effect o f treatment, as the control and LCP 

group are distributed differently.
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43.7 Individual Fatty Acids (AA and DHA in plasma phospholipids and

RBC phospholipids)

AA (%wt/wt) in the red blood cell (RBC) phospholipid (control 0 months 

7.6±2.6. 7 months 6.8±2.6: LCP 0 months 8.1±2.4. 7 months 8.3±2.8) and DHA 

(%wt/wt) in the RBC phospholipid (control 0 months 2.9±2.5. 7 months 1.8±0.9: LCP 0 

months 2.8±2.0. 7 months 2.1±1.2) was not different between the two treatment groups 

when compared by ANOVA. The mean AA level (ug/mL) in the plasma phospholipid 

fraction (control 0 months 61.6±14.4. 7 months 57.1±17.2; LCP 0 months 61.8±12.9. 7 

months 68.6±24.5) and mean DHA level (ug/mL) in the plasma phosholipid fraction 

(control 0 months 16.7±5.1. 7 months 13.8±4.4: LCP 0 months 16.4±3.1. 7 months 

16.2±5.1) was not different between the two treatment groups or over time when 

compared by ANOVA. Using a T-test both AA (%wt/wt) in the RBC phospholipid and 

DHA (%wtAvt) in the RBC phospholipid was not significantly different within treatment 

groups (control and LCP) over time. AA level (ug/mL) in the plasma phospholipid 

fraction and DHA level (ug/mL) in the plasma phospholipid fraction was not significantly 

different within treatment groups (control and LCP) when assessed over time using a T- 

test. When AA and DHA content in the RBC phospholipid and the plasma phospholipids 

was plotted for all subjects, there was a general trend toward a higher level o f AA and 

DHA in the LCP group compared to the control group at 7 months (Figure 4.4 and Figure
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Figure 4.4 AA (A) and DHA (B) level (ug/mL) in Plasma Phospholipids in Control 

and LCP Subjects at 7 months

Caption: The bars on the mean denote the standard deviation for the control group and 

LCP group.
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LCP group.
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4.3.7 Health Diary

The incidence o f colds, flu, headaches, sore throat, and cough, was not different 

between children in either group. Consuming the supplement did not result in any 

serious adverse events and was tolerated during the study period.

4.4 Discussion

To our knowledge there are no studies that have supplemented healthy children 

with AA and DHA to assess the effect on essential fatty acid status and visual perception. 

In the present study. 5-7 year old children (range 4.5-7.6 years), previously determined to 

consume low intakes o f DHA were provided with a  nutritionally complete dietary' 

supplement containing AA and DHA for a period o f 7 months. Supplementation with 

AA and DHA. showed a trend towards increased essential fatty acids (AA and DHA 

content o f phospholipids RBC and plasma phospholipids) and improvement in visual 

perception.

4.4.1 Diet Assessment

Macronutrient, Vitamin and Mineral Intakes

Both LCP and control groups achieved nutrient intakes for macronutrients, 

vitamins and minerals recommended for the AMDR. EAR and AI by the Institute o f 

Medicine (1997; 1998:2000; 2001: 2002; 2004) (Table 4.2). Vitamin A. vitamin E. and 

iron intakes met the EAR levels which indicates that the children studied were not at risk 

o f having inadequacies o f these nutrients, and any effect on vision or visual perception 

may be the result o f taking the formula.
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Providing a nutritionally complete dietary supplement to both the control and 

LCP group did not increase overall energy intake o f the children during the 7 month 

study (Table 4.2) when assessed on a per body weight basis. Majority o f  the children 

reduced their food intake while consuming the dietary supplement to compensate for the 

additional calories provided by the dietary supplement, therefore taking the dietary 

supplement will not likely cause unhealthy weight gain in children since the supplement 

did not increase overall energy intakes.

Dietary supplementation with the nutritionally complete formula, lead to increase 

in LA and ALA status over the 7 months in all children. Although there was an 

improvement in the intake o f LA and ALA post supplementation. 50% and 53% o f all 

children studied have intake lower than the AI for LA and ALA respectively. Recent 

stable isotope studies have suggested that preterm and term infants (Camielli et al. 1996: 

Salem et al. 1996: Sauerwald et al. 1996; Szitanyi et al. 1999). and human adults (Burdge 

et al. 2003: Burdge et al. 2002: Salem et al. 1999) have low ability to convert LA to AA 

and ALA to DHA. The extent to which de novo synthesis of these LCP are sufficient to 

support the needs o f the growing child has not been investigated. Stable isotope studies 

have shown that in human adults there is limited conversion of ALA to DHA (Emken et 

al. 1994: Hussein et al. 2005). When preterm infants were fed formulas without AA and 

DHA. plasma levels o f AA and DHA in the phospholipid fractions declined (Clandinin et 

al. 1997).
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Food Assessment Method used to Assess AA and DHA Intake

The food assessment method used to assess AA and DHA intake contributed to 

the wide variability o f AA and DHA intake that was observed. In the present study, diet 

was assessed using a 4-day unweighed food record. Use o f a 7-day weighted food record 

may be considered a more precise method for estimating usual food and/or nutrient 

intakes o f individuals, as long as respondents do not change their usual eating pattern 

(Gibson 1990). This method was considered to be too much o f a burden to parents 

participating in the present study and could have resulted in problems with compliance 

and completion rates. Subjects in the present study were recruited from a previous study, 

where nutrient intakes o f AA. DHA. vitamin A. vitamin E. and iron were assessed using 

a 3 -day unweighed food record (Lien and Clandinin unpublished). Parents were familiar 

with using a 3 -day unweighed food record, therefore the inclusion o f an additional day 

(4-day food record) for the present study would provide further information on usual food 

and nutrient intakes o f their child.

In the present study, a food frequency questionnaire was also used to assess DHA 

intake in the same children. Both the food record and the food frequency questionnaire in 

the present study showed agreement when assessing DHA intakes, and showed that 

providing a supplement to the children, resulted in reduced intake o f DHA containing 

foods in all children. Food frequency questionnaires provide an inferior quantitative 

estimate o f intake as this method does not usually define information on a specific food 

item consumed, exact portion sizes consumed, food preparation methods, brand name and 

packaging information (Allison et al. 1999; Briefel et al. 1992; Sempos 1992). In the 

present study and in a study by Innis et al. (2004) who assessed AA and DHA intake
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using a food frequency questionnaire, these limitations were considered and data was 

collected on specific foods (e.g. frequency food was eaten, portion sizes, method of 

preparation, and brand name).

AA and DHA Intakes

Dietary' assessment o f DHA intake using both 4-day food records and food 

frequency questionnaires confirmed that current dietary- intake o f DHA was low and 

ranged widely (Table 4.3 and Table 4.4). This was expected as foods containing rich 

sources o f DHA such as fatty fish are not consumed on a daily basis by the children 

studied, therefore intra and inter subject variation in AA and DHA intakes exists (Figure 

4.1 and 4.2). This is the first study to show that consumption o f  2-3 sachets/day resulted 

in decreased intakes o f DHA containing foods over time in both treatment groups when 

assessed by both food records and food frequency questionnaires. This was an 

unexpected outcome that complicates interpretation o f findings, as it appears that dietary' 

habits may change as a result o f consuming the supplement. Supplementation also 

resulted in increased AA intake over time in both treatment groups, but was not 

significantly different between treatment groups when assessed using ANOVA.

Fewr studies report AA and DHA intake in children. O f these studies, the data 

reported varies (Allison et al. 1999: Innis et al. 2004: Jonnalagadda et al. 1995; Meyer et 

al. 2003). In Australian children. 4-7 years o f  age (n=799). AA intakes were lower (22 

mg/day) while DHA intakes were higher (47 mg/day) than the AA and DHA intakes 

reported in the present study. In US children. 6-11 years o f age (Jonnalagadda et al.

1995) and children 3 years o f age and older (Allison et al. 1999) estimated higher 

18:4+AA (100 ±0.01 mg/day) and 20:5+DHA (100 ±0.01 mg/day) intake than the AA
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and DHA intakes assessed in the present study. Similarly. Innis et al. (2004) reported 

higher levels o f AA (226±17 mg/day) and DHA (96±14 mg/day) intake in 3-5 year old 

Canadian children.

The geographic location where the food assessments were completed is one of the 

reasons why wide variability o f  AA and DHA intake was observed. Many o f the nutrient 

assessments were national surveys (Allison et al. 1999; Jonnalagadda et al. 1995: Meyer 

et al. 2003) which provide the mean intakes o f AA and DHA for all subjects in the study. 

Although it is important to estimate intakes o f AA and DHA intake consumed by a 

population, it may not indicate areas or subject groups that have lower intake o f these 

fatty acids. DHA intakes assessed in preschool children living in the Vancouver Costal 

Health Authority Region. British Columbia. Canada are expected to have higher intakes 

o f DHA than those reported in the present study, as seafood is readily available in the 

area (Innis et al. 2004).

4.4.2 Visual Function Assessments

Complete ophthalmic exams were required to assess visual status in all the 

children prior to supplementation. The visual assessments confirmed that 

supplementation did not have an adverse effect on vision and was an important safety 

parameter. Previous studies done on infants and toddlers in relation to DHA intakes 

alone (Williams et al. 2001). or DHA and AA intakes (Agostoni et al. 1997; Agostoni et 

al. 1995) have assessed either vision or neurological aspects, but have not combined both 

these measures. When assessing neurological development it is important to determine if
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the score derived is the result o f poor LCP status or poor vision if the subject cannot 

clearly see the ob ject they are to identify, as both o f these factors are intertwined.

4.43 Neurological Assessment

In the present study, the TVPS-R test showed that when LCP subjects were given a 

daily dose o f  AA and DHA in addition to their dietary' intake, there was improvement in 

the neurological assessment from 0 to 7 months (Table 4.5). Hard et al. (2000) showed 

that in preterm children, who are often deprived o f AA and DHA in utero. visual 

perceptual problems where prevalent compared with control subjects when assessed at 

5.1-9.3 years o f age by TVPS-R assessment. Early nutrition intervention is important, as 

this is a critical time and can have long lasting consequences on visual perception later in 

childhood. In the present study, when DHA intake (mg/day) was compared u'ith median 

visual perceptual age (months), the control and LCP groups are distributed differently. 

Level o f  DHA intake had an apparent effect on the median visual perceptual age derived 

(Figure 4.3).

Visual discrimination (one o f the subsets o f TVPS-R) is similar to the Vernier 

acuity, which is defined as the ability to detect small changes in alignment or position 

(Neuringer and Jeffrey 2003). In infancy, behavioural methods (such as forced 

preferential looking which requires an infant to discriminate between two patterns) or 

visual evoked potentials are used to assess Vernier acuity as reviewed by Neuringer and 

Jeffrey (2003). These two methods are used in a preverbal child and are an indirect 

measure o f vision as tested by letter recognition. Visual spatial-relationships (one of the 

subsets o f TVPS-R) is similar to grating acuity, which is defined as spatial threshold for
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resolving dark and light stripes (Neuringer and Jeffrey 2003). Grating acuity is assessed 

in infancy using forced preferential looking (preference o f the infant for looking at a 

high-contrast patterns to determine the smallest stripes that evoke a detectable response) 

and sweep visual evoked potential similar to those used to assess Vernier acuity 

(Neuringer and Jeffrey 2003).

4.4.4 Individual Fatty Acids (AA and DHA in plasma phospholipids and 

RBC phospholipids)

AA and DHA levels in the RBC phospholipid and the plasma was plotted for all 

subjects showed a general trend toward a higher level o f AA and DHA in the LCPUFA 

group compared to the control group at 7 months, however this was not significantly 

different between treatment groups when assessed using ANOVA (Figure 4.4 and Figure 

4.5). AA and DHA is incorporated to where it is needed in the body, therefore an 

increased level o f AA and DHA may not be present in the plasma until all the body needs 

o f AA and DHA are satisfied. When assessing fatty acid status in blood lipids, it is 

important to quantitatively assess the absolute value o f AA and DHA content in the 

plasma phospholipids (ug/mL) and not just the relative % wt/wt o f AA and DHA in the 

RBC.

Clandinin et al. (1995). showed that in pediatric subjects, who were located 

geographically in similar area to subjects in the present study, had plasma phospholipid 

DHA values (5.9± 4.0 ug/mL). lower than many control subjects in the present study. 

Supplementation with fish oil (35 mg n-3 fatty acids/ kg body weight for 4 weeks) 

increased the plasma DHA values by approximately 2.5 fold, indicating that the level of
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DHA supplemented was effective in increasing plasma DHA levels (Clandinin et al. 

1995).

Clandinin et al. (1997) supplemented preterm infants with one o f four formulas 

containing increasing levels of AA and DHA ranging from 0 to 1.1% AA and 0 to 0.75% 

DHA. while another group was provided with human milk. Providing formula containing 

increasing levels o f AA and DHA resulted in a clear dose response in the AA and DHA 

in plasma phospholipids (Clandinin et al. 1997). Plasma levels o f AA and DHA declined 

in infants not fed AA and DHA indicating that infants have limited ability synthesize AA 

and DHA from its dietary precursors (Clandinin et al. 1997). In the present study, 

children supplemented with LCP. had AA and DHA levels similar to plasma 

phospholipids AA and DHA levels in preterm infants fed LCP formula containing 0.32% 

AA and 0.24% DHA or human breast milk (0.54% AA and 0.30% DHA) (Clandinin et 

al. 1997).

4.5 Conclusion

There is limited research investigating vision and brain development beyond 2 

years o f age even though neurological growth continues throughout childhood. The 

present study is the first to describe the effect o f providing a nutritionally complete 

dietary supplement containing AA and DHA to healthy children 5-7 years o f  age. who 

were previously identified to consume low levels o f DHA (Chapter 3). Supplementing 

children with AA and DHA for 7 months improved visual perception. Furthermore, 

children that were supplemented with LCP. had AA and DHA levels similar to plasma 

phospholipids AA and DHA levels in preterm infants fed LCP formula containing 0.32%
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AA and 0.24% DHA or human breast milk (0.54% AA and 0.30% DHA). These results 

suggest that children should consume specific foods that contain AA and DHA as the 

level o f  both these fatty acids may have a positive impact on visual perception.
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Chapter 5- Final Summary Discussion and Conclusions

5.1 General Summary

Dietary intake o f AA. DHA. vitamin A. vitamin E. and iron by children living in 

central Alberta, was assessed using a 3-day food record (Objective 1). The dietary 

intakes o f AA and DHA assessed in Objective 1 have been expressed in relation to body 

weight (mg/kg) and compared with AA and DHA intakes (mg/kg) o f  infants fed human 

breast milk and infant formulas containing AA and DHA (Objective 2). Children, who 

have been identified to consume low intakes o f DHA. were supplemented with AA and 

DHA to determine if the supplement will increase essential fatty acid status and improve 

visual perception in children for a period o f 7 months (Objective 3).

Hypothesis 1

It was hypothesized that children (4-7 vears o f age) living in central Alberta will consume
\.

diets low in DHA. Results obtained from 3-day food records confirm that children 

studied in central Alberta consume diets that are low in DHA (74% o f subjects had DHA 

intakes o f <30 mg/day) (Chapter 3).

Hypothesis 2

It was hypothesized that supplementing children who have been identified to consume 

low intakes o f DHA. with a nutritionally complete dietary supplement containing with 

AA and DHA. will lead to an increase in individual fatty acids (AA and DHA in plasma 

and red blood cell phospholipids), and an improvement o f visual perception compared to
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children who are not supplemented with AA and DHA for a period o f 7 months. Results 

showed that daily supplementation o f AA and DHA in children for a period of 7 months 

increased AA phospholipids in the plasma over 7 months within the LCPUFA group, 

whereas DHA phospholipids in the RBC decreased over 7 months within the control 

group (Chapter 4). Supplementation o f  healthy 5-7 year old children, who were 

previously identified to consume low dietary intakes o f DHA. also showed an 

improvement in visual perception compared to children that were not supplemented with 

AA and DHA (Chapter 4).

5.2 Conclusions

The main contributions o f this thesis are as follows:

1. Children. 4-7 years o f  age. living in central Alberta consume diets that are low 

in DHA.

2. Children living in central Alberta consumed lower levels o f AA (2.28 mg/kg) 

and DHA (1.48 mg/kg) compared to infants fed human breast milk (AA 33-

178 mg/kg: DHA 18-99 mg/kg) or infants fed formula containing AA (154- 

185 mg/kg) and DHA (77.2-92.6 mg/kg)

3. Healthy 5-7 year old children, who were previously identified to consume low 

dietary intakes o f  DHA. when provided with a nutritionally complete dietary 

supplement containing AA (20-30 mg/day) and DHA (14-21 mg/day) showed 

an improvement in visual perception.
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4. Providing a nutritionally complete dietary formula (2-3 sachets/per day) lead 

to a decreased food consumption of DHA containing foods in all subjects over 

7 months.

5. Providing a nutritionally complete dietary formula (2-3 sachets/per day) lead 

to a significant increase in AA containing foods in all subjects over 7 months.

6. Providing a nutritionally complete dietary formula containing AA and DHA. 

showed a general trend toward a higher level of AA and DHA in the RBC 

phospholipid and the plasma phospholipids within the LCPUFA group 

compared to the control group at 7 months.

7. Providing a nutritionally complete dietary supplement to both the Control and 

LCPUFA group did not increase overall energy intake o f the children during 

the 7 month study when assessed on a per body weight basis.

5 3  Overall Conclusion, Limitations and Future Research

53.1 Study 1

The first study (Chapter 3). investigated the nutrient intakes of AA. DHA. 

Vitamin A. Vitamin E. and Iron in children 4-7 years o f age. The significance o f the 

results from the first study is that children, who geographically do not live near a marine 

environment, have low' intake o f AA and DHA when assessed using a 3-day food record. 

Another contribution from the first study is that AA and DHA intakes were expressed in 

relation to body weight (mg/kg) and compared with infants fed human breast milk and 

infant formulas containing AA and DHA. In the first study, children had considerably 

lower AA and DHA intakes than in infants fed human breast milk and infant formulas
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containing AA and DHA. Since brain and eye neural development continues throughout 

childhood, low intake o f AA and DHA may have a negative impact on retinal and 

neuronal development. Future research is necessary to investigate if supplementing 

children with low intakes o f DHA can improve vision and brain development, which 

leads to the research conducted in the second study.

A limitation o f the first study is use o f a 3-day unweighed food record. Use of a 

7-day food record maybe considered a more precise method of estimating usual food 

and/or nutrient intakes o f individuals, so long as respondents do not change their usual 

eating pattern (Gibson 1990). This method was considered to be too much o f a burden to 

parents participating in the present study and would have resulted in problems with 

compliance and completion rates.

53.2 Study 2

In the second study (Chapter 4) children, who were previously identified to 

consume low intakes o f DHA (Chapter 3). were provided with a nutritionally complete 

dietary supplementing containing AA (20-30 mg/day) and DHA (14-21 mg/day) and 

essential fatty acids status and visual perception was evaluated. The significance o f the 

results in the second study is that providing children, who previously consumed low 

intake o f DHA. showed an improvement in visual perception, and a general trend towards 

a higher level of AA and DHA in the RBC phospholipid and the plasma phospholipids 

within the LCPUFA group compared to the control group at 7 months.

Providing a nutritionally complete dietary supplement to both the control and 

LCPUFA group did not increase overall energy intake o f the children during the 7 month 

study when assessed on a per body weight basis. Majority o f the children reduced their
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food intake while consuming the dietary supplement to compensate for the additional 

calories provided by the dietary' supplement, therefore taking the dietary supplement will 

not likely cause unhealthy weight gain in children since the supplement did not increase 

overall energy intakes.

There are some limitations o f the second study including the dose o f AA and 

DHA supplemented to the children, and the length o f time children were supplemented. 

Providing a dose o f 20-30 mg/dav of AA and 14-21 mg/day DHA. showed a consistent 

trend o f higher individual fatty acids (AA and DHA in plasma and red blood cell 

phospholipids), however, the results were not significant between the LCPUFA and the 

control group. Children who had DHA intakes o f less than 78 mg/day in the first study 

were recruited in the second study, o f which 34 o f 37 children had DHA intakes less than 

30 mg/day. Therefore providing the children with a supplement that contained AA and 

DHA. would increase the current DHA intake level by at least 50% in the majority o f the 

children. An unexpected outcome o f the second study, which has complicated findings, 

is that all subjects decreased intake o f DHA containing foods (50% decrease in control 

group and 35% decrease in the LCPUFA group). Supplementing a higher dose o f AA 

and DHA might also compensate for any decrease in the consumption o f DHA 

containing foods and may further increase individual fatty acid levels (AA and DHA in 

plasma and red blood cell phospholipids) in the LCPUFA group compared to the Control 

group. For instance, a dose calculated per body weight basis, such as 35 mg/day n-3 

which have been used in another study (Clandinin et al. 1995) or providing a dose o f AA 

and DHA provided to infants fed human breast milk (AA 33-178 mg/day; DHA 18-99 

mg/kg) are reasonable target doses for future studies.
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In the second study, children were provided with a nutritionally complete milk- 

based dietary supplement with AA and DHA (LCPUFA group) and without AA and 

DHA (control group). The formula was packaged in a sachet (dry powder form), where 

parents were required to reconstitute the formula with the addition o f water. Although it 

would have been beneficial to supplement a higher dose o f AA and DHA to the child, 

there are few products in the market that are available. The purpose o f  providing a 

supplement in a beverage was to deliver AA and DHA in a nutritionally balanced food 

format (not a pill format), that children would enjoy, that may be useful in school-based 

lunch programs.

The length o f time the children spent in the study is another possible limitation.

In the present study, children 5-7 years o f age were supplemented with LCPUFA for a 

period of 7 months. Eye and brain development continue in childhood (Chugani 1998: 

Dobbing 1972: Oyster 1999). and svnaptogenesis (a period o f growth spurts in the brain), 

peaks at eight months and reaches adult values by 11 years (Garey 1984: Garey 1983; 

Huttenlocher et al. 1982). Therefore, supplementing children for up to 11 years o f age 

may result in further benefits in neurological function and is a reasonable target for future 

studies.

In the second study, both treatment groups (control and LCP) were required to 

consume a nutritionally complete dietary supplement. It would have been beneficial to 

have a third group that did not undergo any dietary intervention. This would provide a 

greater understanding to why intake o f DHA containing foods decreased over time (does 

this naturally occur in the diet o f children over time or was it the result o f taking a dietary 

supplement). More research is needed to determine if  supplementing children with a
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higher dose o f AA and DHA (calculated on a per body weight basis) or a longer duration, 

results in further benefits in neurological function.
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Appendix A

Table A.1 Fatty Acid Profile Content of Control and LCP Supplement Per Sachet 
Serving1

Control'' LCP*
Per sachet (1 serving) Per sachet (1 serving)

Fatty acid mg per 200 mL mg per 200 mL
Saturated

Caprylic C8:0 129.6 84.0
Capric C10:0 122.4 72.8
Laurie C12:0 720 521
Myristic C14:0 324 241
Palmitic C16:0 1584 1142
Stearic C18:0 324 246
Arachidic C20:0 21.6 16.8
Behenic C22:0 14.4 11.2
Lignoceric C24.0 - 5.60

Total Saturated 3240 2340
Monounsaturated

Palmitoleic C16:1 7.20 11.2
Oleic C18:1 2664 1999.2
Eicosanic C20:1 14.4 11.2

Total monounsaturated 2685.6 2021.6
Polyunsaturated

Linoleic C18:2n-6 1166.4 1086.4
LinolenicC18:3n-3 108 123.2
Arachidonic C20:4n-6 - 10.4
Docosahexaenoic C22:6n-3 - 7.00

Total polyunsaturated 1274.4 1227
1One sachet serving = 200 mL
2Control supplement (no LCP)
3LCP supplement (with LCP)
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Appendix B

Table B.l Nutrient Composition of Control and LCP Supplement Fed

Nutrients

Per 1 sachet (200 mL 
serving)

Energy (kcal) 134
Protein (g) 4.40
Carbohydrate (g) 16.4

80% lactose (g) 13.1
20% sucrose (g) 3.28

Fat (g) 5.60
Vitamin A (IU) 500
Vitamin D (IU) 85.0
Vitamin E (IU) 2.20
Vitamin K (meg) 13.4
Vitamin B1 (meg) 200
Vitamin B2 meg) 300
Vitamin B6 (meg) 120
Vitamin B12 (meg) 0.400
Niacin (mg) 0.800
Folic Acid (meg) 16.0
Pantothenic acid (meg) 600
Biotin (meg) 4.00
Vitamin C (mg) 18.0
Choline (mg) 20.0
Calcium (mg) 230
Phosphorus (mg) 130
Magnesium (mg) 17.0
Iron (mg) 2.40
Zinc (mg) 1.00
Manganese (meg) 20.0
Copper (meg) 80.0
Iodine (meg) 26.0
Sodium (mg) 70.0
Potassium (mg) 200
Chloride (mg) 150
Selenium (meg) 2.80
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Appendix C

Food Frequency Questionnaire

Estimate your usual consumption o f the following foods. Use the food model forms to help 
estimate portion size.

1. How many 3oz servings o f the following fish does your child eat monthly?

a) bluefish:  d) herring:___________  g) sardines:_____
b) bluefin tuna:  e) mackerel:__________  h) salmon:______
c) cisco. f) Pollock:___________  i) whitefish:____

smoked:________

2. How many 3 oz servings o f  the following fish/shellfish does your child eat monthly?

a) bass: f) mussels: k) snapper:
b) catfish: g) perch: I) sole:
c) drumfish: h) redfish: m) swordfish:
d) flounder: i) rockfish: n) trout:
e) grouper: j) shark: o) tuna, canned

(1 cup):.

3. How many 3 oz servings o f  the following fish/shellfish does your child eat monthly?

a) carp: g) fish patties/ 1) pampano:
b) clams: squares: m) pike:
c) cod: h) haddock: n) scallops:
d) crab: i) lobster: o) shrimp:
e) crayfish: j) mullet: p) sturgeon:
f) fish sticks: k) oysters:

4. List other fish/shellfish consumed not on the above list (list amount the number o f 3 
oz servings o f  the fish/shellfish consumed monthly)

Name o f fish/shellfish:______________________________
Number o f 3 oz. Servings o f  fish/shellfish consumed monthly:

5. How many 3 oz servings o f  liver (chicken, turkey, beef) does your child eat monthly?
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6. How many egg volks does your child eat weekly (including eggs yolks used in 
cooking)?____________________________

7. What type o f eggs do you consume (e.g. omega-3 enriched eggs, regular eggs from 
supermarket, farm bought eggs)?______________________________

8. How many 3 oz servings o f chicken, turkev or other poultry (not including livers) does 
your child eat weekly?___________________________
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Appendix D
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Figure D.l Sample HOVT chart Used to Assess Visual Acuity in Children (Hedin et 

al. 1980)

Caption: Visual acuity (the minimum discrimination o f an object at a fixed distance) was 

determined using the HOVT chart) (Hedin et al. 1980). This chart consists o f four 

random letters (HOVT) o f different sizes, and was placed 10 feet away, while the child 

was required to read o ff the letters while one eye was covered. Left and right eyes were 

tested separately, and the final score o f correct letters read out o f 44 was recorded.
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Figure D.2 Sample Lang Test Used to Assess Stereo Acuity in Children (Lang 1983)

Caption: The Lang test was used to measure stereo acuity (depth perception) (Lang 

1983). This test consists o f  random dots, where an image can be found within the random 

dots and can only be seen if  the child has stereo viewing. A yes or no response was 

recorded.
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Figure D.3 Sample Ishihara Pseudoisochromatic Plate Used to Assess Colour Vision 

in Children (Lakowski 1965)

Caption: Colour vision (the ability o f the child to distinguish between different colours) 

was assessed using Ishihara pseudoisochromatic plates (Lakow’ski 1965). The plates have 

multicolour dots which form numbers when the same hue and saturation o f colour is 

present. Individuals who are colour blind are unable to detect certain numbers or may see 

different numbers than subjects who are not colour blind. A modified test was used 

where only eight plates (with single digit numbers) were shown to the child, instead o f 

using plates that had two digits. Left and right eyes were tested and a score out o f  8 w'as 

recorded for each eye.
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Figure D.4 Prism Cover Test was Used to Assess Strabismus

Caption: The prism cover test was used to determine if a child had strabismus (cross­

eyed). One eye would be covered with a paddle, and if  the uncovered eye shifted or 

moved, then a prism was used to determine the angle o f movement in the eye. This was 

recorded at both near (reading distance) and at a distance (20 feet or 6 metres).
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Appendix E
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Figure E.1 Sample Graphical Representation of Each of the 7 Subsets in the Test of 

Visual Perceptual Skills (non-motor)-Revised (TVPS-R) (Gardner 1996).
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Caption: The Test o f Visual Perceptual Skills (non-motor)-Revised (TVPS-R) is a 

standardized test developed for children 4 years through 12 years, and measures visual 

perceptual skills using seven subtests: visual discrimination (identification and matching 

of similar forms): visual memory (immediate recall o f a single form): visual spatial- 

relationships (identification o f the correct direction o f  forms): visual form-constancy 

(identification o f a form, whether it is a different size, rotated, reversed, or hidden in or 

among other forms): visual sequential-memory (immediate recall o f a number o f forms in 

a series): visual figure-ground (finding a form that is hidden among other forms): visual 

closure (determination o f a whole form from incomplete parts o f the form).
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