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Abstract  72 

Background: There are limited validated tools available for the assessment of dietary intake in 73 

pediatric populations. This report describes a comparative validation study of selected fatty acid 74 

intakes in children assessed by food frequency questionnaire (FFQ), compared to erythrocyte 75 

membrane fatty acids.  76 

Methods: Forty-six overweight and 47 healthy weight children aged 5-12 years (mean ± SD, 9.1 ± 77 

1.3years, body mass index 20.5 ± 4.0) were recruited; dietary fatty acid intakes assessed by parent 78 

report using a 135-item semi-quantitative FFQ, were compared with selected child erythrocyte 79 

membrane fatty acids assessed from fasting samples using gas chromatography. Spearman’s rank 80 

correlation coefficients were calculated between fatty acid intake estimates (% of energy) and 81 

erythrocyte membrane concentrations (%mol/mol).   82 

Results: Significant correlations were found between dietary and erythrocyte eicosapentanoic acid 83 

(EPA) concentration (r=0.24, P<0.05) with a statistical trend for total omega three (∑n-3) fatty acids 84 

(r=0.22, P=0.06) and linoleic acid (r= 0.32, P 0.07) in the healthy weight children only.  85 

Conclusion: Parental report of selected child fatty acid intakes using an FFQ can be used to provide an 86 

estimate of child intake of EPA, but further work is required to quantify this relationship for other fatty 87 

acids and in other populations.  88 

 89 

Introduction 90 

Long chain polyunsaturated fatty acids (PUFAs) including n-3 and n-6 are associated with a variety of 91 

health benefits, particularly cardiovascular health (1). Parent n-3 (ALA) and n-6 (18:2) PUFAs cannot 92 

be synthesized endogenously, therefore, are exclusively of exogenous origin (2). In contrast, 93 
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monounsaturated fatty acids (MUFA) and saturated fatty acids (SFA’s) can be synthesized and thus are 94 

not suitable as biomarkers in dietary validation studies. Measurement and evaluation of the dietary 95 

intakes of children is essential to allow exploration of diet: disease relationships and to identify food 96 

patterns that optimize health outcomes. Validation of a dietary intake assessment tool evaluates its 97 

accuracy and precision and whether results arising from its use are reproducible or representative of 98 

usual intakes (3, 4).   99 

The Australian Child and Adolescent Eating Survey (ACAES) has previously been evaluated in 100 

children for validity and reliability (5) (6). Repeat FFQ’s were compared with multiple 24 hour recalls 101 

in children 10-16 years (5) and parental report of child fruit and vegetable intake using plasma 102 

carotenoids (6). Erythrocyte membrane fatty acids are nutritional biomarkers which have been shown 103 

to reflect dietary intakes of specific fatty acids consumed in the previous few months in adults and 104 

children (7-11). There are limited studies that have assessed a comprehensive range of dietary fatty 105 

acid intakes in children (12-14), and even fewer have compared them to red blood cell (RBC) fatty 106 

acid biomarkers. Previous studies in children have largely involved participants with metabolic 107 

abnormalities or with existing medical conditions  (15, 16) or have used plasma fatty acids as the 108 

comparator, or have employed dietary methods which may not represent habitual or usual dietary 109 

intakes, such as 24hr food recalls (17, 18) that do not reflect similar time periods to the chosen 110 

biomarker. Alternatively food frequency questionnaires may have been used which were originally 111 

developed for adults and not specifically for use with children (11, 16, 19, 20). The increased 112 

prevalence of childhood overweight and obesity internationally (21), coupled with research suggesting 113 

that child food intake patterns track through to adulthood (22), has led to an increased interest in 114 

exploring the dietary intakes of children (23). Emerging literature suggests that the fatty acid 115 

composition of ingested fatty acids is associated with the increased prevalence of obesity (24-26). This 116 

makes the assessment of a child’s fat intake of high interest, as early detection of high risk dietary 117 

behaviors could aid in the development of targeted dietary interventions and early prevention of 118 

chronic disease. 119 

The aim of this study was to examine the comparative validity of the Australian Child and Adolescent 120 

Eating survey (ACAES) FFQ in assessing essential fatty acid intakes by comparison of estimated 121 

dietary fatty acids with erythrocyte membrane fatty acids.  122 

 123 

Methods 124 
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Subjects   125 

Participants for this analysis were recruited as two independent groups  126 

1. A group of 46 overweight (n=23) and obese (n=23) children, aged 5-12 years from the Hunter 127 

Illawarra Kids Challenge Using Parent Support (HIKCUPS) study (27) who had their baseline dietary 128 

and blood samples assessed for fatty acid composition (28% of total HIKCUPS sample). Children 129 

were selected if the child had a baseline blood collection, their parents had been randomized to receive 130 

the nutrition intervention and parents indicated that their children were not taking vitamin 131 

supplements. Methods of the HIKCUPS study are published elsewhere (27). 132 

2. Forty-seven children from the healthy weight category defined by sex specific BMI z scores (28) 133 

and not taking vitamin supplements were recruited from a similar age range and the same geographic 134 

location (Hunter Region, NSW, Australia, population approximately 550 000) as children from the 135 

HIKCUPS study. Parents  had previously participated in a primary school nutrition study and had 136 

agreed to being re-contacted about future research studies (29). Parents were invited to participate in 137 

the current study to be controls and undergo the same dietary assessments and data collection and 138 

children were only included if written parental consent as well as child assent was provided.  All 139 

participants from both groups were recruited during April 2005 and July 2006. All children attended a 140 

morning assessment session with their parent or care giver for data collection. These sessions were 141 

held at the University of Newcastle and a variety of measures were collected as described below. 142 

Ethics approval was obtained from The University of Newcastle Human Research Ethics Committee.  143 

 144 

Anthropometry  145 

Subjects were weighed in light clothing to the nearest 100g with Tanita HD646 scales (Tanita 146 

Corporation, IL) (6). Height was measured using the stretch stature method to the nearest 0.1cm with 147 

PE87 portable stadiometers (Mentone Educational Centre, Victoria, Australia) (6). Waist 148 

circumferences were measured at the level of the midpoint between the lower costal border and the 149 

iliac crest with non-extensible steel tape measures (6).  Procedures for anthropometric measures were 150 

performed as per the International Society for the Advancement of Kinanthropometry (ISAK) (30). 151 

Two measures were taken with a third being collected if there was large a discrepancy between the 152 

previous two (6). Body Mass Index (BMI) was calculated (kg/m2) and a computer program was used 153 

to calculate BMI z-scores using the LMS methods (31).   154 

 155 
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Dietary Assessment 156 

Dietary Intake was reported for children by parents or main care givers using the ACAES, a 135 item 157 

semi-quantitative food frequency questionnaire (FFQ) with a reporting period of the previous 6 158 

months. There were specific food items for major sources of omega 3 fatty acids including 159 

eicosapentanoic acid (EPA) and docasohexaenoic acid (DHA): fish, seafood, nuts, eggs and meat (32). 160 

Portion sizes for individual food items were accessed from the Australian Bureau of Statistics (ABS) 161 

and unpublished data from the 1995 Australian National Nutrition Survey(33) or the “natural” serving 162 

size for common items such as a slice of bread. The frequency options ranged from ‘never’ to ‘≥4 163 

times per day’ but varied depending on the food item.  164 

Analysis of the FFQ was performed using the Australian AusNut 1999 database (All Foods) Revision 165 

17 and AusFoods (Brands) Revision 5, both of which were accessed through FoodWorks version 166 

4.00.1158, 2005  (Xyris Software, Brisbane, Queensland, Australia) (34). This analysis produced mean 167 

daily intakes of energy, macro- and micronutrients. An additional analysis was undertaken using the 168 

FoodWorks Fatty Acid Compositional database 2001 (35) to estimate all individual mean daily fatty 169 

acid intakes (Table 1a)  including EPA and DHA, total  SFA, MUFA, PUFA,  total (n-3) and very long 170 

chain n-3 (VLCn-3) fatty acids.  171 

  172 

Blood Sampling & Biochemical Analysis 173 

Blood samples were collected from subjects after an overnight fast by trained phlebotomists in EDTA-174 

coated tubes, with approximately 5ml of blood collected.  An accredited pathology service (National 175 

Association of Testing Authorities, Australia) firstly analyzed the samples via standard automated 176 

techniques for blood lipids including: total cholesterol and cholesterol fractions, triacylglycerol, insulin 177 

and C-reactive protein. The samples were then centrifuged to separate plasma from erythrocytes. 178 

Aliquots of erythrocyte samples were frozen within 2 hours to -80ºC. Samples were thawed within 6 179 

months and erythrocyte pellets were washed 10 times with cold buffer (50mM Tris-HCL,pH7.5, 180 

containing 5mM EDTA and 1mM dithiothreitol), vortexed and centrifuged at 8500xG at 4°C for 10 181 

minutes.  After discarding the supernatant the erythrocyte pellet was lyzed four times with cold 182 

deionised water, vortexed, centrifuged and stored at -70° until analysis.  183 

A comprehensive range of erythrocyte membrane fatty acids (Table 1a)  were analyzed by gas 184 

chromatography (GC) based on the methods of Lepage and Roy (1986) (36). Two ml of 185 

methanol/toluene (4:1, by vol) was mixed with C19:0 (0.2mg/mL) and BHT (0.12g/L), added to the 186 
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erythrocyte pellet and vortexed. Whilst vortexing the sample, 200µL acetyl chloride was added drop-187 

wise to methylate the fatty acids, followed by heating to 100°C for one hour. Samples were allowed to 188 

cool, and the reaction was stopped by the addition of 5mL of 6% K2CO3 and vortexed. The samples 189 

were centrifuged at 3000xG at 4°C for 10 minutes to separate the layers. The upper layer containing 190 

toluene and fatty acid methyl esters was transferred to a 2mL glass vial, crimp sealed with a teflon 191 

lined cap ready for GC analysis. GC analysis was performed with a 30m x 0.25mm (DB-225) fused 192 

carbon-silica column coated with cyanopropylphenyl (J & W Scientific, Folsom, CA, USA). The 193 

injector and dejector ports were set at 250°C and the oven temperature at 170°C for two minutes, 194 

increased by 10°C/min to 190°C, held for one minute then increased by 3°C/min up to 220°C which 195 

was maintained and run for 30 minutes. The injection volume used was 3µL and a split ratio of 10:1. A 196 

Hewlett Packard 6890 Series Gas Chromatograph with Chemstations version A.04.02 was used in the 197 

analysis. The GC was outfitted with a flame ionization detector, auto-sampler and auto-detector. The 198 

fatty acid methyl ester peaks in the samples were identified by comparing their retention times with 199 

those of a standard mixture of fatty acid methyl esters. The coefficient of variation for RBC fatty acid 200 

analysis is less than 6%. 201 

Statistical Analysis 202 

Energy intakes were assessed to identify subjects with extreme, implausible energy intakes (>16080 203 

kJ/d and <5354 kJ/d (4)). Subjects with implausible energy intakes (n= 5), those without enough blood 204 

for fatty acid analysis (n= 11) and incomplete dietary data (n=2) were excluded from the analysis, with 205 

a total of 75 subjects included. Data was assessed for normality with the majority of dietary fatty acid 206 

intake and erythrocyte fatty acid distributions not normally distributed, thus non-parametric tests were 207 

used. Differences between groups and gender were assessed with Kruskal-Wallis tests. Any difference 208 

between groups was further tested using the all pairs Tukey Kramer HSD test. Spearman’s rank 209 

correlation coefficients were calculated between the dietary fat intakes (both as grams /day and % 210 

daily energy intake) and erythrocyte concentrations (%mol/mol) for selected fatty acids. Correlations 211 

were assessed as poor (<0.2), moderate (0.2-0.6) or strong (>0.6) (37). Multivariate linear regression 212 

models were used with a backward stepwise approach to investigate the contribution of individual 213 

variables. The model included the potential confounding variables (energy intake, gender, age and as a 214 

measure of weight status either weight or BMI). Estimates for total n-3 group erythrocyte fatty acids 215 

were calculated by summing values of ά linoleic acid (C18:3n-3), EPA (C20:5n-3), DPA (C22:5n-3) and DHA 216 
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(C22:6n-3). Statistical analysis was completed using SPSS version 15 (SPSS Inc, Chicago, IL, USA). P 217 

values <0.05 were considered significant.  218 

 219 

Results and Discussion 220 

A total of 75 subjects (53% boys) were included in current analysis. There were no significant 221 

differences between anthropometric and metabolic characteristics of boys and girls and results were 222 

pooled (Table 1). Dietary intakes and dietary fatty acids are summarized in Table 1 and 1a, and 223 

demonstrate that children derived approximately 28% of energy from fat, with 12% from SFA, 10% 224 

MUFA and 3% PUFA. Of the total dietary PUFA intake the greatest proportion was from n-6 fatty 225 

acids, which is similar to other recent reports in children (38, 39). Seafood, including fresh and canned 226 

fish, was the major dietary source of omega 3 fatty acids. For EPA, moderate correlations were found 227 

between dietary EPA intake (%total energy intake) and erythrocyte membrane concentration, r= 0.24 228 

(P =0.04) (Figure 1a) and for total n-3 intake (%total energy intake) and erythrocyte membrane 229 

concentration, r=0.22 (P= 0.06) (Figure 1b). The EPA values for some of the participants were indeed 230 

close to zero. There were no other significant correlations between dietary intake and erythrocyte 231 

membrane fatty acids for any other fatty acids analyzed (Table 1a). Results from the multivariate 232 

regression demonstrated that none of the confounding variables (energy intake, gender, age, absolute 233 

weight or BMI) were statistically significant (P>0.05) when examining the relationship between 234 

dietary intake and RBC fatty acid concentrations (%mol/mol). Specifically the relationships with EPA 235 

and total n-3 did not change. 236 

 237 

In the sub-group categorized as obese, dietary intake of total n-3 (%total energy intake) and 238 

erythrocyte fatty acids were significantly and positively correlated, r= 0.66 (P=0.006). A trend was 239 

observed between linoleic acid (%total energy intake) and erythrocyte fatty acids in those of a healthy 240 

weight, r=0.32 (P= 0.07).  Unlike a recent study in young children (14), no trends were seen for DHA 241 

(22:6n-3), possibly due to the low estimated dietary DHA intakes (0.06 ± 0.05 g/day), total n-6 fatty 242 

acids (6.53± 2.52 g/day) and total n-3 (0.74 ±0.28 g/day) with large standard deviations noted in 243 

intakes and total intakes below the suggested Australian and international target dietary intakes for 244 

children (40). Australian recommendations advocate 12-20 g/day or 6-10% energy from total n-6 and 245 

0.16-0.43 g/day or 0.08-0.22% energy from LC n-3 (41, 42). Few studies have undertaken a 246 

comparative fatty acid intake validation of the essential fatty acids, examining the relationship between 247 
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intakes estimated from a food frequency questionnaire with erythrocyte membrane fatty acids within a 248 

pediatric population. Correlations were mostly low to moderate but strong for total n-3 fatty acids and 249 

were statistically significant. This demonstrates that the ACAES FFQ can provide an estimate of EPA 250 

intakes with promising results for n-3 and LA intakes, with further validation studies required in larger 251 

and more diverse populations. In this study correlations were found for EPA but not DHA. The 252 

correlation between dietary EPA intake and RBC EPA concentrations potentially reflects dietary 253 

intakes of ALA (0.73 ± 0.29g/ day), which is de-saturated and elongated to EPA, whereas there is 254 

little/ no  further conversion of EPA to DHA 255 

It has been reported that strong correlation coefficients cannot be expected for biomarkers of dietary 256 

fatty acid intake (2), because erythrocyte fatty acid concentrations are influenced by individual 257 

variation in absorption and metabolism of fatty acids and factors affecting metabolic efficiency, 258 

including obesity (2).   259 

 260 

A limitation of estimating dietary fatty acids intakes includes the fatty acid composition database used 261 

to estimate intakes from the FFQ. Food composition and types available do change over time but fatty 262 

acid compositions databases are limited in both the number of foods they contain that have been 263 

analyzed and the frequency with which they are updated, even though the current study utilized a fatty 264 

acid database which has >1000 Australian foods (35).  In the current study dietary intakes were 265 

assessed using an FFQ which are associated with a respondent bias when investigating the association 266 

between dietary and RBC fatty acids  (Okuda et al 2009). In the current study the correlations of all 267 

subjects may be overestimated because the conditions of overweight/obesity are more prevalent than in 268 

the general population. Given these limitations, the proxy  parental reports obtained from the ACAES 269 

still demonstrated a moderate correlation with total n-3 intake and with EPA intake using erythrocyte 270 

fatty acid concentrations as the biomarker. However, the weight status of some children in the study 271 

may have influenced the degree of under-reporting, which has been shown to be greater in children 272 

and adults who are overweight and obese (2, 43). While some statistically significant correlations were 273 

shown for Australian children 5-12yrs , the current work should be undertaken in other ethnically 274 

diverse  and socio economic populations which merits further investigation due to differences in 275 

dietary habits. 276 

 277 
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The ACAES FFQ retrospectively measured dietary intake over the previous six month period. In 278 

contrast, erythrocyte membranes fatty acid concentrations may reflect dietary intake over a shorter 279 

period of time (44) (45). In a study examining incorporation of n-3 fatty acids into various tissue 280 

samples, the EPA levels in erythrocyte membranes were shown to reflect dietary EPA intakes over the 281 

previous couple of months (46). The difference in the reference period for the FFQ and the biomarker 282 

may have reduced correlations if dietary intake had changed in the three month period prior to the 283 

blood sample collection (7). While a more suitable biomarker of usual fat intake, such as adipose 284 

tissue, is able to capture dietary intake over a longer time period, obtaining a specimen from children, 285 

it is not likely to be realistic, but could be explored in future validation studies with adults (44). The 286 

FFQ asks questions about fish intake but does not distinguish between oily and non-oily fish and did 287 

not include foods enriched with n-3 fatty acids such as breads, eggs margarine and milk, which are 288 

now commonly available. Even though seafood, omega-3 enriched eggs and meat contain n-3 PUFAs, 289 

in Australian children oily fish have been identified as the major source of LC n-3 fatty acids (32) 290 

 291 

Conclusions 292 

Biochemical measurement of specific nutrients can be used to evaluate the degree to which reported 293 

dietary intakes can be believed as being representative of usual intake. This study reports the 294 

comparative validation of a child-specific FFQ against erythrocyte membrane fatty acids. Weak to 295 

moderate, but statistically significant correlations were found between parent reported intakes and 296 

objectively measured  EPA, n-3 and LA membrane fatty acids. Further studies are required to establish 297 

the validity across a broader spectrum of fatty acids and in more diverse populations.  298 

 299 

 300 

 301 

 302 

 303 

 304 

305 
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 416 
Figure 1a: Correlation between dietary intake of EPA (20:5n-3), as a percentage of total energy intake, 417 
and red blood cell membrane as %mol/mol for n= 75 children, (r =0.24, P=0.04). Lines represent the 418 
mean and 95% confidence interval 419 
 420 
 421 

 422 
 423 
Figure 1b: Correlation between dietary intake of total omega 3 (n-3) as a percentage of total energy 424 
intake, and red blood cell membrane as %mol/mol for n= 75 children, (r =0.22, P=0.06). Lines 425 
represent the mean and 95% confidence interval 426 
 427 
 428 
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