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Abstract 
Despite surf lifesavers being national icons of good health and good nutrition, 

surprisingly little factual information is known about the nutritional status of this 

unique aquatic fellowship. 

The purpose of this study was to investigate the nutritional intake and nutritional 

knowledge of three distinct groups of Australian surf lifesavers. 

Weighed food diaries are commonly used to assess the nutritional intake of athletes 

but this method has the disadvantage of a heavy respondent burden. Individuals 

being investigated must be literate and highly motivated to keep accurate records of 

food and drinks consumed. Food frequency questionnaires (FFQ) offer an 

alternative assessment method to weighed food records as they are relatively quick 

and easy to complete and do not require a high level of literacy. A secondary 

purpose of this study was to compare seven-day weighed food diaries with a FFQ 

that had already been validated for use with an older mixed gender population. 

The nutrient intakes of 60 members of Surf Lifesaving Australia were measured. 

Nineteen, who were professional lifeguards completed a FFQ. Thirty lifesavers and 

11 surf ironmen each completed the FFQ, a seven-day weighed food diary and a 

nutritional knowledge questionnaire consisting of 15 multiple choice questions. 

There were significant differences between the three groups in age and activity with 

ironmen being significantly younger (mean age 22.9yrs) and significantly more 

physically active (mean 134minslday) than either lifesavers (mean age, 31.3yrs, 

mean activity 46minlday) or lifeguards (mean age 35.8yrs, mean activity 65minlday). 

There were no significant differences in these parameters between lifesavers and 

lifeguards. 

The seven-day food diary revealed significant differences in nutrient intake between 

lifesavers and ironmen. Lifesavers consumed 1 1,807kJ, 125g protein (1.6glkg) and 

327g carbohydrate (4.Oglkg) while ironmen consumed 14,69lkJ, 1519 protein 

(1.9glkg) and 4629 carbohydrate (5.6glkg). Lifesavers and lronmen exceeded the 

RDls for all vitamins and minerals measured. 



The seven day food diary demonstrated significant differences between the 

lifesavers and ironmen in energy, protein, fat, carbohydrate, alcohol, thiamin, niacin, 

calcium and iron. When the nutrient analysis data set for the FFQ was checked this 

method of dietary assessment was found to be unreliable as greater than 20 per 

cent of subjects were identified as being under-reporters. 

Lifesavers and ironmen both had good scores on the nutritional knowledge 

questionnaire and were able to identify groups of foods as being rich sources of fat, 

fibre, protein and iron. lronmen were better able to answer questions specifically 

related to sport nutrition. All three groups meet the current recommendations for 

daily physical activity. Lifesavers and lronmen meet the current recommendations 

for, protein, fibre, vitamin and mineral intake and consume alcohol at levels within 

the current health guidelines. lronmen have the highest carbohydrate intake which 

meets the current general health recommendations but consume less than the 

current special recommendations of sport nutritionists while lifesavers consume only 

44% of energy as carbohydrate. These results suggest that while the both 

lifesavers and ironmen consume a relatively healthy diet only the surf ironmen could 

possibly be considered nutritional icons. 
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Chapter 1 .O 

Introduction 

1 .I  lntroduction 

The research aims were to assess the nutritional intake of a range of Australian surf 

lifesavers. Despite the high profile of surf lifesaving locally and internationally, 

research into this group is extremely rare. There is little evidence in the scientific 

literature of studies investigating the nutritional intake, dietary practices and 

nutritional knowledge of professional and volunteer surf rescuers and competitors. 

In compiling this literature review all reputable databases were searched including 

Medline, CINAHL, PubMed, Sport Discus. In addition, references listed as citations 

were collected and reviewed and source data were used whenever possible. No 

studies addressing the nutrient intake of professional or volunteer surf.lifesavers 

could be located. 

Life savers have long been recognised as icons, symbolising the internationally held 

image of the "Bronzed Aussie" as an example of peak physical fitness, good health 

and well-being (Rosen, 1982). 

The 59,740km of Australian coastline is surrounded by ocean with almost three- 

quarters of the 17.8 million inhabitants living within 200 to 300 kilometres of the 

coast (Australian Bureau of Statistics, 2000). Access to the beach is convenient for 

most Australians. Large numbers of local, national and international tourists 

continue to increase surf beach usage. 

Australians know, respect and rely on lifesavers for their strength, fitness, courage, 

and surf and rescue skills. The presence of lifesavers lends a sense of security and 

safety to those enjoying the beach and surf. Records indicate that surf lifesavers 

have been responsible for the rescue of more than 12,000 swimmers in Australia in 



the 199811 999 season (Surf Life Saving Australia, 1999). Lifesavers are seen as an 

integral part of the Australian "Beach Culture" and represent some of the best 

Australian attributes - fitness, courage, mateship, and love of the outdoors. As a 

result of these perceived stereotypes lifesavers are used extensively by food 

companies in their advertising campaigns. Lifesavers' image sells the product while 

the same advertising maintains a high profile for the Surf Life Saving Australia 

(SLSA) movement. This high profile is reflected in the SLSA membership, which 

was in excess of 17,000 for the year 199912000 and in having approximately 7000 

competitors at national tlles (SLSA, 2000). This is the largest annual sporting event 

in Australia. 

1.2 Surf life saving history 

At the turn of the last century, swimming in the sea was a unique experience. The 

increasing number of people bathing in these unfamiliar surf conditions and the 

potential dangers associated with this surf environment led to the development of 

surf lifesaving in Australia (Maxwell, 1949). 

The New South Wales Surf Bathing Association formed in 1907, after the 

legalisation of daylight surfing in 1903 led to an increase in popularity of surfing as a 

recreational and sporting pastime (Peters & White, 1993). This, in turn,.led to an 

increase in mishaps, and consequentiy, small groups of strong experienced 

swimmers joined forces to form Life Saving Bodies to assist those less competent 

bathers who increasingly found themselves in danger (SLSA, 1992). These small 

groups became the first surf lifesaving clubs with the aim of "maintaining and 

improving" surf lifesaving conditions on all public beaches in New South Wales 

(Bruce, 1992). Surf life saving was introduced to Queensland at Coolangatta Beach 

in 1909 (Winders, 1970). All the states joined together in 1922 to become the Surf 

Life Saving Association of Australia (Galton, 1984), which is currently known as Surf 

Life Saving Australia (SLSA). 

I .3 Organisation and membership 

Since its origins in the first decades of this century, surf life saving has become a 

popular sport, and has continued to develop as an organisation concerned with 

beach patrol and rescue (Pearson, 1979). Membership currently numbers 



approximately 98,000 nationalb, throughout 256 clubs (SLSA, 2000). Age and 

gender details for the 199912000 season are indicated in Table 1-01. 

Table 1-01: SLSA membership 199912000. 

Active Active Cadet Award Junior Other Grand 

Senior reserve Total 
.-.- 

Male 12,278 1,900 2,328 988 20,335 21,774 59,603 
Female 5,379 298 1,789 810 17,608 11,861 37,745 
Total 17,813 2,198 4,148 1,803 38,165 33,800 97,927 

There are six categories of membership. Details of the membership categories are 

as follows: 

1. Active senior: 

Active seniors are 18 - 30 year olds who generally must accrue 25 patrol hours 

each season, particularly if they wish to compete in surf lifesaving events. 

2. Active Reserve: 

For those who have been active members for eight years. They may patrol but are 

under no obliga.tion to do so. 

3. Cadet: 

Members who are 15-1 8 years of age and are eligible to patrol club beaches. 

4. Award: 

Members who are 30 years of age or older, possess a lifesaving award, but do not 

patrol. 

5. Junior membership: 

Junior members are under 15 years of age. This includes "nippers" the 

developmental lifesaving programme for seven to thirteen year olds. Being less 

than fifteen years of age Juniors are ineligible to patrol. 

6: Other: 

This category includes those who have attained life membership, long service or 

have received some other honour. 



It is evident from Tablel-01 that the membership base is not predominantly 

patrolling surf lifesavers. This data from the SLSAs 2000 Annual Report indicates 

that only 25 percent are active patrolling members (ie. Active Senior, Active 

Reserve, or Cadets). 

The basic requirement for active patrol members is the Bronze Medallion. All surf 

life saving members are eligible for this award at fifteen years of age, having 

completed theoretical aspects of surf awareness, surf patrol and surf rescue 

procedures and practical surf and rescue skills. Knowledge of first aid and 

resuscitation are also required. In Australia, 6,236 people gained their Bronze 

Medallion in the 199912000 season (SLSA, 2000). Cadets are eligible for the Surf 

Life Saving Certificate and may perform patrol duties under supervision. Each year 

volunteer surf lifesavers holding a Bronze Medallion must demonstrate their skills by 

completing a proficiency examination to maintain status as an active member and 

be eligible for patrol. This examination involves both theoretical and practical 

principles previously covered in the Bronze Medallion award and is usually held at 

the beginning of each patrol season. 

In Queensland, membership for 1999 was 24,340 in its 57 clubs (Surf Lifesaving 

Queensland, 2000). These clubs are organised into six branches controlled by the 

Queensland State Centre and service the coastal areas from Rainbow Bay on the 

New South Wales / Queensland border to Port Douglas in the far north of the state. 

1.4 Competition 

Competition is an integral part of the surf lifesaving movement and is encouraged in 

all membership categories. In 1994, competition extended to Masters and 

International events. Surf Life Saving Queensland (SLSQ) (1995) sees competition 

as having two principle functions: first as a means of improving and maintaining the 

fitness levels, and surf and rescue skills of its members; second, to provide a means 

of promoting the movement through the media. As the SLSA and its State bodies 

rely on volunteers for membership, increasing the profile of the organisation helps 

recruitment and fundraising. 

There are seven main categories of competition which simulate the skills required 

for surf rescue: surf swimming, ski paddling, board paddling, beach-sprinting and 



team events (rescue and resuscitation, march past, surfboat race, belt race, first-aid 

and inshore rescue boat [IRB]). 

1.5 Differences between surf lifesavers, ironmen and lifeguards 

4.5.1 Surf lifesavers 

The SLSA motto is "Vigilence and Service". A surf lifesaver is a volunteer, whose 

brief is to minimise danger and prevent loss of life or injury in the aquatic and beach 

environment. The patrolling surf lifesaver is an integral part of a broader 

surveillance network which includes helicopters, fixed wing aircraft, off shore and in 

shore rescue boats, jet skis, jet rescue boats and four wheel drive vehicles (SLSQ, 

1993). 

For most parts of Queensland the patrol season lasts eight months, extending from 

September until the end of April (SLSQ, 1993). During this time volunteer SLSA 

members patrol beaches on week-ends, public holidays, and school holidays. 

Some clubs in the northern part of the state operate throughout the year. Cooler 

southern states have shorter seasons: in Tasmania for example, clubs patrol from 

November until March. Thus the level of commitment is somewhat dependent upon 

seasonal variations within each state. 

Commonly, on Gold Coast beaches, patrols operate from 0800 hours until 1700 

hours in two shifts of four and a half-hours. These patrols set the flags, monitor surf 

conditions, provide beach surveillance and undertake rescues as required. The 

aims of beach patrols are "prevention", "recognition" and "rescue" (SLSQ, 1993). 

Becoming a patrolling surf lifesaver requires a minimum age of fifteen years (as of 

September 30), possession of a current surf Bronze Medallion and membership of a 

surf lifesaving club. 

1.5.2 Surf ironmen 

From within SLSA's ranks of competitive lifesavers has developed a subgroup of 

elite athletes - the professional ironmen. lronmen events include a combination of 

surf swimming, beach running, board paddling and surf ski paddling. To date, there 



are three major sponsors of the professional circuit: Kellogg's, Uncle Toby's and, in 

latter years, Devondale has sponsored the ironwoman competition. Kellogg's 

supports an lronman Series conducted by SLSA (Cooper,I 992), while Uncle Toby's 

sponsors an lronman competition which is conducted independent of SLSA. The 

only time lronmen from each series meet and compete against each other is at the 

SLSA National Championships each year. Both professional series have now 

diversified to include sprint and endurance races and timed split events. All 

professional ironmen are current members of a surf club and most continue to 

perform beach patrols. 

The ironmen events have attracted international competitiors and receive extensive 

media coverage. As a result of their image as icons of good health, good nutrition 

and supreme physical fitness lronmen have also become media personalities as the 

"face" of food company advertising campaigns as well as appearing in international 

television series and sought after by celebrities for "photo shoots". 

1.5.3 Surf lifeguards 

While volunteer surf lifesavers patrol during the life saving season on weekends, 

school holidays and public holidays, beach and surf surveillance is still required 

outside these times. The professional lifeguards fill this role. These are employees 

of Local or Shire Councils, or in some instances, contract staff of SLSA (SLSQ, 

1993). Volunteer lifesavers work without pay during their leisure hours while, for 

lifeguards, lifesaving is an occupation with the usual benefits of a salary, annual 

leave, sick leave, medical coverage, superannuation and long service benefits 

(McVan, 1 994). 

The Gold Coast City Council (GCCC) employs the largest contingent of professional 

lifeguards in Australia with a staff of 27 full time employees and 20 permanent 

reserves who work for approximately eight to ten months each year (Gold Coast City 

Council, 2000). This is supplemented with a further 58 seasonal lifeguards during 

the peak summer season. The role of the GCCC professional lifeguards is to 

provide beach and surf surveillance of the Gold Coast's 22 beaches on a full time 

basis during the winter months (May - August), and midweek during the summer 

months. While active lifesavers are required to patrol for periods up to five hours, 

lifeguards are on duty for eight hours per day, five days per week. 



While professional lifeguards on the Gold Coast function independently of SLSA, 

most are also members of life saving clubs. To maintain employment, fitness levels 

of the GCCC professional lifeguards are assessed every six months. On these 

occasions lifeguards must complete a combined 750m surf swim, 1600m beach run 

and 750m board paddle in under 26 minutes. The fastest lifeguard will complete the 

course in approximately eighteen minutes. 

1.6 Nutrition of lifesavers 

A significant amount of research has been undertaken into the nutritional status and 

requirements of swimmers (Berning, Troup, VanHandel, Daniels and Daniels, 1991; 

Grandjean, 1989; Trappe, Gastaldelli, Jozsi, Troup, and Wolfe, 1997; Lukaski, 

Siders, Hoverson and Gallagher, 1996; Taimura, Sugahara, Lee and Matsumoto, 

1997), runners (Clement and Asmundsen,l982; Niekamp and Baer,1995; Tanaka, 

Tanaka, and Landis,1995) and paddlers (Simonsen, Sherman, Lamb, Dernbach, 

Doyle and Strauss, 1990; Garcia-Roves, Fernandez, Rodriguez, Perez-Landaluce, 

and Patterson, 2000). The nutritional requirements for these sports are well 

documented (Costill, Sherman, Fink, Moresh and Witten, 1981; Costill, 1988; 

Bjorntorp, 1991 ; Fallowfield and Williams, 1993; Clarkson and Haymes, 1994; 

Fogelholm, 1995; Williams, 1995; Sherman, 1995; Coyle, 1995; Lemon, 1998; 

Jacobs and Sherman, 1999; Horowitz and Klein, 2000; Wolfe, 2000). 

The unique nature of surf life saving has attracted little interest from researchers. In 

contrast, the increasing popularity of triathlons, also a multi-skill sport, has drawn 

interest from the scientific community (Burke and Read, 1987; Marquart, Wu, 

lzurieta & Bazzare, 1987; Gray, Matheson and McKenzie, 1995; Frentsos and Baer, 

1997). Investigating the nutritional intake, knowledge and requirements of the three 

groups within the life saving movement may contribute to improved understanding of 

the requirements for lifesavers as athletes and community servants. Despite the 

vast membership and high involvement in competition, little information is available 

regarding the nutritional status, eating habits and nutritional knowledge of this 

diverse group of active Australians. Observation would also suggest that little 

provision is made to ensure adequate nutrition is available at competition sites 

during the competition season. 

Maintaining nutritional status is a daily requirement made more difficult by the 

unpredictable nature of the work involved in surf life saving. Needing to run, swim 



andlor paddle soon after eating a meal suggests attention should be paid not onlyto 

the nutritional quality of the food and fluid consumed, but also to the quantity and 

timing of intake (Burke, 2000). 

Some of the ironman events are endurance events. Lifesaving competitions are 

generally half a day, all day or weekend events, with many competitors involved in a 

variety of events with little predictability in the time interval between events. Unique 

to the sport of life saving is the fact that members are totally at the mercy of the 

elements - not only temperature and humidity, but also beach and surf conditions. 

In addition, the physical demands on lifesavers and lifeguards in their community 

service are unpredidable in timing, intensity and duration. 

Negotiating difficult conditions to effect a rescue or in competition, places heavy 

physical demands on the lifesaver, lifeguard or ironman. For example, at the1996 

Australian Surf Life Saving National Championships, heavy seas resulted in all surf 

competitions requiring prolonged, extreme, physical efforts to complete events. In 

addition to this, the more routine aspects of life saving such as surveillance and 

monitoring (both surf conditions and bathers' abilities) require concentration over 

prolonged periods. Considering the nature and duration of patrols, nutritional status 

and nutritional requirements are an issue of importance. Ensuring adequate 

glycogen stores and hydration to support the physical workload of rescue or 

competition is vital (Costill and Miller, 1980). It is essential to maintain concentration 

and prevent or delay fatigue. In the case of lifesavers or lifeguards, sub-optimal 

conditioning may prove fatal for both the lifesaver and the one being rescued. 

Environmental factors during patrol or competition influence hydration and 

consequently fluid requirements. Fluid loss, even at two percent, may be sufficient 

to impair concentration and judgement (Costill and Miller, 1980, Armstrong, Costill, 

and Fink, 1985, Sawka; 1992, American College of Sports Medicine, 1996). All 

lifesavers, whether volunteer, competitive or professional must understand the 

importance of maintaining hydration throughout patrol and/or competition for peak 

physical performance. 

Fitness, skill and optimal nutritional status of all three groups within the SLSA 

movement are essential components for them to effectively fulfil their role in 

protecting the public in the aquatk environment. 



Chapter 2 

2. I Nutritional assessment 

The aim of assessing nutritional intake in athletes is to determine whether nutritional 

intake is sufficient to meet the extra demands of training and to identify athletes at 

risk or suspected to be at risk (Deakin, 2000). Nutritional studies aim to assess the 

usual dietary intake of selected nutrients, foodstuffs or other dietary factors for 

individuals or population groups (Marks, Smith, Harvey, Stickney, Webb and 

Heywood, 1993). To date there is no available information regarding the nutritional 

status, requirements and/or knowledge of lifesavers, professional ironmen or 

professional lifeguards. Therefore it would be beneficial to investigate all three 

types of lifesavers to determine whether or not their public image as the epitome of 

good health, good nutrition and physical fitness and the nutritional "icon" status 

suggested in food advertising is deserved. 

Any dietary assessment protocol designed to assess nutrient intakes is composed of 

four parts: the measurement of food consumption; the calculation of the nutrient 

content of food eaten; the assessment of absorbed intakes; and the evaluation of 

nutrient intakes in relation to recommendations (Gibson, 1993). There are both 

qualitative and quantitative methods for assessing food consumption and nutrient 

intake (Gibson, 1993). The method of data collection used must reliably measure 

the variable being investigated. If it is imprecise, incomplete, insufficient or 

inaccurate, the use of the data will be compromised and may lead to 

misinterpretation (Anderson, 1988). Choice of method should be influenced by the 

objectives of the study, the population to be studied and the type of nutritional 

information required (Sabry, 1988). The problems associated with trying to assess 

the nutritional status of an athlete, or indeed any individual or population, are many 

(Buzzard and Sievert, 1994; Tarasuk and Beaton, 1992; Sempos, Looker and 

Johnson, 1991 ; Beaton, 1982; Lamb and Kearney,l999). Error is inherently 

associated with methods of assessment, analysis of collected data, and conclusions 

drawn from this analysis. The dietary data collection methodology employed and 



the subjects studied will determine the type and magnitude of the error (Beaton, 

1994). 

2.2 Reproducibility and validity 

Validity is the degree to which a method measures what it is intended to measure 

(Block, 1982) while reproducibility is the repeatability; the ability of the instrument to 

give the same values on two or more occasions (those values however may be 

erroneous). True validity, however, is almost impossible to measure. In practice, 

one can only achieve relative or comparative validity and reproducibility (Baghurst 

and Baghurst, 1981). 

No method of assessing dietary intake is perfect. Therefore, validation studies 

compare one method with another "superior" method with errors in each method 

being as independent as possible. Food records, because they do not depend on 

memory and allow direct assessment of portion sizes, represent the best 

comparison methods, with multiple 24 hour recalls as the second choice (Howarth, 

1990). 

Methods of estimating energy expenditure either performed in the laboratory or 

calculated using prediction equations also provide an independent measure of the 

validity of various dietary assessment methods. Methods such as indirect 

calorimetry, direct calorimetry, and latterly, the doubly labelled water technique 

(DLW) provide information about energy expenditure. 

The use of the doubly labelled water (DLW) technique to measure energy 

expenditure has provided a tool for determining free living energy expenditure, and 

thus, has become a valuable instrument in validating the various methods of dietary 

assessment (Speakman, 1998; Coward,I 988; IDECG Working group, 1990). 

Goldberg, Black, Jebb, Cole, Murgatroyd, Coward and Prentice (1991) used 

fundamental principles of energy physiology to define minimum cut-off limits for 

energy intake. These cut-offs identify minimum plausible levels of energy 

expenditure expressed as a multiple of basal metabolic rate (BMR) and test whether 

reported energy intakes are a plausible measure of the food consumed during the 

actual measurement period. 



2.3 Methods of dietary a s s e s s m e n t  

Dietary data may be collected either retrospectively or prospectively. Retrospective 

methods include 24-hour food recall, diet histories and food frequency 

questionnaires (FFQ). Prospective methods include food records of various lengths, 

weighed food records and observed weighed records (Willett, 1990). 

Each method of dietary assessment has its advantages and disadvantages. 

Regardless of the method selected, the period of time over which data are collected 

is important due to individual variation in usual intake from day to day. Food intake 

for individuals may vary midweek to weekends, day to day, seasonally (Marr & 

Heady, 1986; Larkin, Metzner and Guire, 1991) and, for athletes, from competitive 

season to off-season and from training diet to competition diet. A source of error 

common to all methods of data collection (except weighed records) is estimation of 

portion size. The use of food models, photographs and/or household measures 

helps increase accuracy (Pietinen, Hartman, Haapa, Rasanen, Haapakoski, 

Palmgren, Virtamo, and Huttunen, 1988a; Kircaldy-Hargreaves, Lynch, and Santor, 

1980). 

Weighed food intake addresses the problem of inaccuracy in estimating portion 

sizes, but may influence the subjects' usual eating pattern and is time consuming 

(Kretsch, Fong, and Green, 1999; Goris, Westerterp-Plantenga, and Westerterp, 

2000). Problems arise with identifying the ingredients and determining their weights 

in composite dishes such as quiche or casserole. Difficulty arises also when 

subjects have meals away from home (Marr, 1971). Retrospective dietary 

assessment methods rely on memory that also contributes to error in obtaining 

precise quantitative estimates of past dietary intakes. Errors of omission (failure to 

report foods that were eaten), commission (reporting foods that were not eaten), 

other factors such as current diet and, as previously mentioned, inaccurate reporting 

of estimates of amounts and kinds of foods influence the accuracy of dietary 

assessment (Dwyer, Krall and Coleman 1987; Kubena, 2000; Kristal, Andrilla, 

Hoepsell, Diehr, and Cheadle, 1998). 



23. I 24-hour recall 

This retrospective method of dietary assessment provides information on the 

subjects' intake during the preceding day. This method is used in large studies such 

as National Health and Nutrition Examination Surveys (NHANES) (Carroll, Abraham 

and Dresser, 1983; Abraham, Carroll, Dresser and Johnson, 1979) and the Multiple 

Risk Factor Intervention Trial (MRFIT) (Tillotsen, Gorder and Kassim, 1981). 

However, the major flaw is that this method relies on memory and represents a 

single day's intake. Depending upon the sample size, this method is adequate for 

population studies, but unsatisfactory for determining the nutritional intake of an 

individual (Karvetti and Knuts, 1985). A modification of the 24-hour recall: the 

multiple-pass 24-hr recall, was recently used in the 1999-2000 NHANES. Trained 

interviewers first collect a quick list of foods then review this list four times to add 

details of time/meal/place, forgotten foods, food details and a final review (McNutt, 

Hall, Cranston, Soto and Hults, 2000). For information on an individual's usual 

intake, multiple recalls over time are required (Todd Hudes and Calloway, 1983). 

Advantages of using the 24-Hour Recall include low cost, relative ease and speed of 

use, high compliance and the unimportance of literacy levels of subjects. 

Disadvantages include its total reliance on memory, errors in estimating portion size 

and omission of foods infrequently consumed. Subjects also tend to over-estimate 

low intakes and under-estimate high intakes and some individuals report what they 

perceive they should have been eating instead of what they actually ate (Dwyer, 

Krall and Coleman, 1987). 

Karvetti and Knutts (1985) validated a 24 hour recall with observed intake of foods 

of 140 working age people, as observed by trained dietitians, during the day, at 

regular meals, served cafeteria style. The mean nutrient intakes of the study group 

did not differ significantly from the obsewed intakes. However, this study also 

identified omissions, additions and mis-identifications as major sources of error, and 

showed that comfflon food items were easier to recall than less frequently 

consumed food items or side dishes. Common food items were easy to recall and 

less frequently consumed foods or side dishes were often forgotten. The moderate 

group level validity implied that the 24-hr recall could be used to assess means and 

trends in food and nutrient intakes. 



Most accurate recalled intakes were by women and those in the 35-44 year age 

group. The least accurate 24-hour recalls were by the younger age groups (less 

than 35 years). These researchers attributed the poor level of comparability in the 

youngest group to, in part, lack of interest in the study and the higher level of 

comparability in the 35-44 year age group and women in particular, to women being 

more practised than men at estimating portion sizes. Karvetti and Knutts (1985) 

results are consistent with the findings of Todd, Hudes and Calloway (1983). Todd 

et al. (1983) studied 18 graduate students living in campus residence. These 

students kept either a weighed food diary which was recorded on a small tape 

recorder or an estimated food diary using household measures and recorded in a 

notebook. The group was divided into two and each group used one method for a 

consecutive five-day period then used the alternative method for the following five 

days. This procedure was followed for 30 days and two 24-hr recalls were also 

obtained over the 30-day period. They concluded that a single day recall did not 

give an accurate assessment for that day nor the 30 day mean for an individual but 

did a reasonable estimate (within 15%) of the usual intake of the group. Analysis of 

data indicated no consistent bias in the 24-hour recall estimate, like Karvetti and 

Knutts (1985) some subjects over-estimated usual intakes and some under- 

estimated them. 

There is general agreement among researchers that 24-hour recalls are an effective 

method of assessing the mean nutrient intake of groups, but for determining an 

individual's usual intake, multiple 24-hour recalls are required or alternative dietary 

assessment methods should be used. Further study is needed to determine the 

appropriate number of replicate 24-hour recalls required for accurate assessment of 

an individual's mean nutrient intake. 

2.3.2 Food frequency questionnaires 

The rationale for developing food frequency questionnaires (FFQs) is to provide 

information about the average long-term diet (over weeks, months or even years) 

rather than intake over a few days. There are two main components in FFQs: a food 

list, and a frequency of use section (Witschi, 1990). 

FFQs provide information that is qualitative, semi-quantitative or quantitative. 

Information on frequency of consumption of selected food items during a specific 



time period only is supplied in qualitative FFQs. Semi-quantitative questionnaires 

require information on serving size of some, but not all items, or, subjects indicate 

the frequency with which a specified amount of each food or drink is consumed 

(Gibson, 1993). A sample semi-quantitative FFQ appears in Appendix 1. 

Quantitative questionnaires elicit information on quantities consumed for all items 

using food models, photographs, or asking respondents to make comparisons with 

specified standard serving sizes (Howarth, 1990). FFQs, like 24-hour recalls, are 

retrospective, relying on memory, and are subject to error in estimating sewing sizes 

and in interpreting questions (Kushi, 1994,). Debate continues about dietary 

assessment methodology and its usefulness (Bingham, Gill, Welch, Day, Cassidy, 

Khaw, Sneyd, Key, Roe, and Day, 1994; Dwyer and Coleman, 1997; Kubena, 

2000). The validity and reliability of the FFQ method has been of particular concern 

(Block, 1982; Pietinen et al, 1998b). Advantages of using FFQs include: high 

response rate, comparatively low respondent burden, administration by non- 

professionals or self-administered, being relatively inexpensive, ease and speed of 

administration, assessment of usual food intake and generation of standardised 

results (Howarth, 1990; Gibson, 1993). FFQ may vary in the format and time period 

over which information is required: respondents may be asked to indicate frequency 

of consumption of selected foods over preceding weeks (Krall & Dwyer, 1987), 

months (Marks, unpublished manuscript, Nambour Project: Validity of the dietary 

assessment instrument, 1995), or years (Willett, 1990). 

The questionnaire design must consider the objective: measurement of a few 

specific foods or nutrients required or a comprehensive assessment of dietary intake 

required. It is important to include in the food list those items that provide the most 

information. Fatigue and boredom in completing long questionnaires may impair 

concentration and accuracy (Witschi, 1990). Response formats with a number of 

multiple choice options (eight to ten) produces a scale with sufficient details at the 

high frequency end. Stefanik and Trulson (1 962) created 10 categories so that the 

range of intake within a category was no more than twofold: never, once a month or 

less, two to three times per month, once per week, two to four times per week, five 

to seven times per week, over one and less than two times per day, two to three 

times per day, four to six times per day and over six times per day. 

Krall and Dwyer (1987) validated a one-week FFQ with a three-day food diary 

recorded while subjects were residents in a metabolic research facility. All subjects 

received the same foods, amounts of which were weighed unobtrusively in the 



research kitchen. Any participants requiring additional kilojoules were provided a 

glucose polymer beverage to maintain energy balance. Results indicated the FFQ 

significantly underestimated mean intakes of all nutrients analysed compared with 

mean nutrient intake obtained by food diaries and the actual daily intake. In 

contrast, Willett, Reynolds, Cottrell-Hoehner, Sampson and Browne (1 987) validated 

a semi-quantitative FFQ with a one-year diet record. Twelve male and 15 female 

volunteers aged between 20 to 54 years of age completed dailyfood records for 365 

days. Subjects were supplied with measuring cups, spoons and food scales. The 

study used a FFQ comprising 116 food items, which was administered 18-months 

after the food diaries had been completed. They found that mean nutrient values 

measured by FFQ were similar to those obtained by recording dietary intake over a 

one-year period. Crawford, Obarzanek, Morrison and Sabry (1994) used 

unobtrusive observation by trained observers to validate 24-hr recall, three-day food 

record and a five-day FFQ. Sixty girls aged nine and ten years were observed at 

lunchtime in the school lunchroom. The girls were divided into three groups and 

their intake assessed by one of the three methods, results were then compared to 

their observed intake. They found the three-day food record to be a more accurate 

means of assessing nutrient intake than a five-day food frequency questionnaire or 

a 24-hour recall. 

Complexity of the instrument used, for example the number of food items and the 

quantities described, may affect the accuracy of the results obtained from the FFQ. 

Willett et al(1987) used a FFQ comprising 1 16 food items whereas the FFQ used by 

Crawford et al (1 994) and designed for children used 42 food items. This instrument 

may be more appropriate for long term studies where exposure over time to foods is 

required rather than precise intake of any specific meal (Witschi, 1990). Willett et al 

(1987), compared the FFQ with a one year weighed record while both Krall and 

Dwyer (1987) and Crawford et al (1994), were able to compare FFQ with both food 

diaries and unobtrusively observed andlor pre and post measured actual intakes. 

However, mean nutrient intake as obtained by food diary compared very closely with 

observed/actual intake. 

Marks (1 995) validated the FFQ for the Nambour Skin and Eye Disease prevention 

Trial (Nambour trial) with 12 days of weighed food records (WR) for a randomly 

selected sub-sample of the study population over a 12-month period. He found 

information estimated by the FFQ to be systematically higher than estimated by 12 



WR. However, when data were stratified by gender, the results indicated that for 

males, only 6 of the 22 nutrients were significantly greater for the FFQ. 

Hansson, Galanti and Bergstrom (2000) investigated the reproducibility of a food 

frequency questionnaire used to assess past dietary habits (one to five years prior to 

the interview and those subjects older than 21 years were also asked to indicate 

changes since adolescence, if any, in consumption of the foods listed). Subjects 

were asked to complete identical questionnaires one year apart. This group found 

that the assessment of dietary habits and the estimate of nutrient intake relative to a 

one to five year earlier point in time were fairly reproducible. The reproducibility 

found some variations in subgroups in gender, age and education. Micronutrients 

had a higher reproducibility among men and macronutrients and energy were more 

reproducible among women. Older age groups were more reproducible perhaps 

due to less variability in their dietary choices compared with younger subjects. Such 

variations have also been found by other researchers (Pietinen et a1,1988b; Pisani, 

Faggioano, Krogh, Palli, Vineis and Berrino,l997). Wheeler, Rutishauser and 

O'Dea (1 995) compared two different FFQs with 12 days of weighed records (WR) 

spread over a year. In this study 90 males and 117 females completed one of two 

FFQs (either meal based or list based) eight to 12 weeks after completing the last 

food diary. Results indicated that regardless of the FFQ used agreement with the 

WR was poor to moderate at an individual level with agreement with the WR 

significantly better for males. 

2.3.3 Weighed food records 

One would think that the most accurate means of assessing nutrientlfood intake is 

by measuring and recording all foods and drinks as they are consumed (Willett et al, 

1987; Krall and Dwyer, 1987; Todd , Hudes and Calloway, 1983; Karvetti and 

Knutts, 1985). This method of dietary assessment has been used to investigate the 

diet of 63 randomly chosen cross-section of British adults (Bingham, McNeil and 

Cummings, 1981). While in theory this seems to be the most accurate method, it 

too is subject to some difficulties and inaccuracies. Such recording places a 

significant burden on the subject and requires the subject to be literate and highly 

motivated (Beal, 1967; Gersovitz, Madden and Smiciklas-Wright, 1978). It is also 

open to error as the act of recording raises awareness of food and may interfere 

with the subject's eating patterns (Kretsch, Fong and Green, 1999). 



Mertz, Tsui, Judd, Reiser, Hallfrisch, Morris, Steele and Lashley (1991), compared 

mean nutrient intake obtained by analysis of weighed food records of well trained 

respondents with eating pre-weighed, prepared diets. This investigation found 

weighed food records under-reported nutrient intakes in the order of eighteen per 

cent with age, sex or weight of participants having no significant influence on the 

relative error of reporting. This result supports that of Livingstone, Prentice, Strain, 

Coward, Black, Barker and McKenna (1990). Here, one week's weighed records 

were compared with the measurement of energy expenditure determined by doubly- 

labelled water. The under-reporting of nutrient intake in this study averaged 20 per 

cent. Ashton, Marks, Battistutta, and Green (1996) investigated under-reporting in 

two methods of dietary assessment. Six two-day weighed records over one year 

were compared to a FFQ. Under-reporting was deemed to have occurred in those 

subjects whose energy intake in either assessment method was less than 95% of 

their calculated BMR. They concluded that females were more likely to under-report 

in the WR while males with a higher body weight were more likely to under-report in 

the FFQ. 

Further, Schoeller (1990) in a review of nine studies where the doubly-labelled water 

method was used to validate a variety of self-reported dietary intakes, found that the 

self-reported intakes tended to be lower than expenditure and consequently were 

often under-estimations of true habitual energy intake. The 37% under-reporting in 

30 obese men was investigated by Goris, Westerterp-Plantenga and Westerterp 

(2000) who found that under-reporting was a combination of 26% under-eating and 

12% under-recording. 

Cook, Pryer and Shelty (2000) used four-day weighed records for investigating the 

nature and prevalence of low energy reporting in their study of 2060 British adults 

aged over 65years. This group found that regardless of gender, low energy 

reporters were more likely to be obese. As well as the methodology being a factor 

in under-reporting these subjects were reluctant to report consumption of unhealthy 

foods. Krebs-Smith, Graubard, Kahle, Subar, Cleveland and Ballard-Barbash 

(2000) investigated low energy reporters versus others and found that low energy 

reporters were more likely to be female, older age groups and those who exercise 

less frequently. 

Another factor influencing the accuracy of food records is the number of days of 

recorded intake required to estimate mean nutrient intakes of individuals and 



groups. Measuring a single day's consumption of a given nutrient may not be 

representative of that individual's average consumption. "Within-person" variation 

may be considerable. Variation in daily intake may be more significant for some 

nutrients than for others (Marr and Heady, 1986). Lambe, Kearney, Leclercq, Zunft, 

Henauw, Lamberg-Allardt and Dunne (2000) looked at the influence of duration on 

estimates of food intakes using estimated food records of varied design from five 

participating centres (948 subjects) in the European Union. Subjects were required 

to keep food records for fourteen days with field workers checking for clarity and 

completeness every 2 to 4 days. This group found a downward trend in intake 

perhaps due to quality of data recording as the survey progressed. An earlier 

investigation by Gersovitz et al (1 978) also found that data quality decreased as the 

survey duration increased. 

Bastiotis, Welsh, Cronin, Kelsay and Mertz (1987), used the statistical theory of 

confidence intervals to calculate the number of days of foDd intake records required 

to estimate true average food energy and nutrient intakes with a defined level of 

precision. Larkin, Metzner and Guire (1991) implemented four three-day food 

diaries and four 24-hour recalls over a one year period to determine whether 

randomly selected days or consecutive days more closely estimated mean energy 

and nutrient intake of the sixteen days. Results indicated that the random sample of 

three days provided slightly closer estimates of the 16-day averages of energy and 

nutrient intake than did the consecutive day sample. However, consecutive days 

are more convenient and cost-effective. 

Thus it can be seen that when investigating mean nutrient intake, consideration 

must be given to choice of methodology. While weighed food records remove the 

inaccuracy of assessing portion size and are considered to be the most accurate 

method for data collection at an individual level (Bingham, Nelson, Paul, Haraldottir, 

Loken and van Staveren, 1988). There is evidence that this method under- 

estimates intake (Schoeller, 1990). Care must be taken to select the correct number 

of days to accurately reflect mean intake (Basiotis et al, 1987), and to thoroughly 

train participants in measuring and recording all intake over the designated period. 

2.4 Nutritional knowledge 

Athletes have always sought ways to improve their performance. A result of this 

desire for the "winning edge" is increased susceptibility to misinformation and half- 



truths regarding nutrition and diet. Therefore, an understanding of what athletes and 

coaches know about nutrition provides an insight into establishing effective methods 

of nutritional education for athletes, their coaches and their carers. Douglas and 

Douglas (1984) found that high school athletes did not know a great deal about 

nutrition. The mean score for nutritional knowledge for the 940 athletes questioned 

was 55% with females having significantly higher scores than males. However, 

higher nutritional knowledge did not result in higher food practice scores. In this 

study the quality of the subjects' diets were assessed in relation to conformity to the 

U.S. four food group system as described in the USDA "Food for Fitness - A Daily 

Food Guide". While females had greater nutritional knowledge, male athletes had 

higher food practice scores. Female athletes did not appear to utilise their nutrition 

knowledge in making food choices. The better food practice scores of young male 

athletes are more likely attributable to the fact that they eat more and so are more 

likely to consume the recommended number of servings of each of the four food 

groups than to nutrition knowledge. 

Shepherd and Stockley (1987) also found little relationship between nutritional 

knowledge and food consumption in relation to consumption of foods contributing 

highly to fat in the diet of United Kingdom residents. In an earlier study Perron and 

Endres (1985) had found a similar result. An investigation of the knowledge, 

attitudes and dietary practices of female athletes determined that neither nutritional 

knowledge nor attitudes greatly influenced the food choices of the subjects. While 

these subjects were generally knowledgeable about geneml nutrition, they were less 

knowledgeable about nutrition for the athlete. Barr (1987) also found that female 

students (both varsity athletes and students not on teams) scored better on general 

nutritional knowledge statements than on statements related to nutrition and activity. 

However, the total score for both groups was poor. 

The nutritional knowledge score of 75 male athletes, members of college football, 

track and baseball teams, was determined by Shoaf, Mc Clellan and Biskovich 

(1986) to be less than 50% for all three teams. This was despite 28 percent of the 

basketball team and 22 percent of the football team having undertaken college level 

nutrition. In fact, the correct answers of these two teams (44.7% and 40.2% 

respectively), were slightly less than the track team (45.6% correct answers), none 

of whom had taken college nutrition. Most of the athletes investigated believed that 

nutrition can influence performance. Few felt they were up to date on nutrition, yet, 

over 50% believed their nutritional knowledge to be adequate. 



Several researchers found a relationship between nutritional knowledge and the 

type of sport (Barr, 1986; Douglas and Douglas, 1984) and also between nutritional 

knowledge and level of physical activity (Barr, 1987). Harrison, Hopkins, McFarlane 

and Worsley, (1991), in comparing elite with non-elite athletes found that elite 

athletes scored higher in the nutrition knowledge questionnaire than did non-elite 

athletes. 

2.5 Recommended dietary intakes and recommended intakes 
for athletes. 

In Australia, concerns regarding individuals' nutritional status are more to do with 

over consumption than under-nutrition. Although there are individuals and groups 

within our population who are malnourished or are at risk of malnutrition, the basic 

food supply available for consumption is adequate to meet the nutritional needs of 

Australians, as described by the National Health and Medical Research Council 

(N.H. and M.R.C.) Recommended Dietary Intakes (RDls) for use in Australia 

(Truswell, 1990a). The choices made from the proliferation of fresh, processed, 

mixed or prepared foods determine whether an individual's diet will be nutritious and 

healthy (NH & MRC, 1992a). 

The RDls have been devised based on available scientific evidence indicating safe 

and adequate levels of nutrients set to meet the theoretical needs of 97.5 percent of 

the population (Truswell, 1990b). However, RDls " are recommendations for 

average daily amounts of nutrients that population groups should consume over a 

period of time" (National Research Council, 1989). While the RDls are a widely 

used standard for evaluating the adequacy of an individual's diet it should be 

remembered that there may be large variations in individual requirements and 

differences in the nutrient requirements of individuals are unknown. This review will 

highlight the RDls for the macronutrients and a complete table of RDls for 

Australians appears-in Appendix 2. 

Since the middle of last century the Australian Government has been conducting 

surveys to determine what Australians eat. When macronutrients are expressed as 

a percentage of energy, the mean intake for men is approximately 17, 32, 45, and 

five per cent of the total energy for protein, fat, carbohydrate, and alcohol 

respectively. For females the contribution to total energy is 17,33,47, and three per 



cent for protein, fat carbohydrate and alcohol respectively (National Nutrition Survey, 

1995). Nutrition is one of the factors that influence athletic performance. Good 

nutrition can optimize the body's capacity for exercise by reducing fatigue and 

injuries, and speeding recovery from both (McMurray & Anderson, 1994). In 

addition, good nutrition benefits the general health of the athlete. The RDls do not 

consider the specific requirements of an athlete. A specific set of RDls for athletes 

does not exist, but research has provided insight into the required modifications to 

the RDls. 

Methods to estimate adult energy expenditure include both laboratory techniques 

and prediction equations. Indirect calorimetry can be used to measure the rate of 

oxygen consumption and carbon dioxide production from which energy expenditure 

can be determined (Westerterp, 1993). One limitation of indirect calorimetry is 

restriction of movement as the subject is either confined to a metabolic chamber or 

gases are collected via a hood, mask or mouthpiece. Doubly-labelled water can 

also be used to determine energy expenditure. Water labelled with two stable 

isotopes is consumed and subsequently urine is collected and the isotope 

elimination rates are measured. The difference in the elimination rates of the 

deuterium and the labelled oxygen is used to determine carbon dioxide production. 

While this method allows freedom of movement, it is very expensive, there is greater 

potential for error and both intra- and inter-individual variability is high (Speakman, 

1998). 

Estimates of adult energy requirements from estimates of energy expenditure used 

by the NH & MRC (Truswell, 1990a) are based on the basal metabolic rate (BMR) 

which is predicted from indirect calorimetry or from the equations in Appendix 3. 

Daily energy expenditure is calculated by multiplying the BMR by a given activity 

factor and any extra energy requirements (e.g. for growth, pregnancy and lactation) 

are added on. For high fibre diets (intakes greater than 30glday) a 5% increase 

should be allowed in the estimate of energy requirement to correct for the 

metabolisable (available) energy content of the diet to be eaten (Warwick, 1989). 

For people engaged in physical activity the increased energy requirements are 

affected by intensity, duration, frequency and type of activity involved. Combining 



the factorial method based on BMR with estimating energy expenditure, despite the 

limitations of both these methods, does provide useful information for estimating 

daily energy requirements (Deakin, 1994). 

Traditionally, Australians, like most western cultures, eat a diet rich in protein, 

particularly animal protein. The NH & MRC proposed that the Australian adult RDI 

for protein be based on the value of 0.75glkglday and that protein requirement no 

longer be linked to energy intake (Dreosti, 1989). Data from the Australian Bureau 

of Statistics indicate an unadjusted supply of protein in foodstuffs in Australia for 

1985-86 of 99glpersonlday which represents I .41 glkg for a 70kg person (ABS, 

1986). The National Nutrition Survey (1995) revealed a mean protein intake of 

127.79. and 11 5.2gl day for males in 19 - 24 and 25 - 44 year age groups 

respectively. This corresponds to a mean protein intake of I.Gg/kg body weight in 

the 19 - 24 year age group and 1.4glkg in the 25 - 44 year age group. Thus, most 

Australian males eat more protein than is recommended. 

There is consensus among many researchers (Meredith, Zackin, Frontera,and 

Evans, 1989; Tarnopolsky, MacDougall and Atkinson,l988; Lemon,1998; Lemon, 

Dolny, and Yarasheski, 1997) recommending that the increased protein 

requirements for exercise can be met by an intake of 1.2 - 1.6 g I kg /day and 1.2 - 

1.7 g 1 kg I day for endurance athletes and strength athletes respectively. Athletes 

who participate in sport at a recreational level or in sports where skill requirements 

outweigh energy expenditure may not have significant changes to protein 

metabolism or protein requirements (Butterfield and Calloway,1984; El-Khoury, 

Forsland and Olsson,1997). For this group protein requirements may be met by the 

RDI. 

2.5.3 Fat 

The recommendations of the National Heart Foundation in its position statement on 

dietary fats are that saturated fatty acids and trans fatty acids, together be no more 

than eight percent of the total energy (National Heart Foundation, 1999). This is 

consistent with other national and scientific bodies (American Heart Association, 

1996; US National Research Council, 1989; US Department of Health and Human 

Services, 1990; Health and Welfare Canada, 1990; NZ Department of Health, 1991). 



Mean fat intake of Australian males aged 19 - 24 years and 25 - 44 years in 1995 

was of the order of 119.lg and 105.6g respectively. This represents 32.9 and 32.8 

per cent of the total energyfor Australian males in the 19 - 24 year and 25 - 44 year 

age groups respectively (National Nutrition Survey, 1995). In the same year the 

mean contribution of saturated (SFA), monounsaturated (MUFA) and 

polyunsaturated (PUFA) fat for the different age groups was 48.4g, 43.9g and 17g 

respectively for 19 - 24 year old males and 42.29, 38.7g and 15.6g respectively for 

the males aged 25 -44years. When expressed as a percentage of total energy 

intakes these figures represent an intake of approximately 13.2, 12 and 4.6 per cent 

for SFAs, MUFAs and PUFAs respectively. 

It is also important that an appropriate infake of essential fatty acids be consumed to 

prevent nutritional deficiencies. The National Heart Foundation in its " Review of the 

relationship between dietary fat and cardiovascular disease" (1 999) recommends an 

increase in consumption of n-6 PUFAs from the current Australian intake of 

approximately five per cent to ten per cent with a reduction in SFA to less than ten 

percent. Evidence also indicates that replacing SFA with MUFAs lowers both total 

and LDL cholesterol. Data from the National Nutrition Survey (1995) indicate that 

Australian males ate more SFA and less PUFAs than recommended and increasing 

MUFA to fifteen per cent of the total energy is consistent with the ~mer ican Heart 

Association recommendations (American Heart Association, 1996). 

Both the American and Canadian Dietetic Associations (2000) in their joint position 

paper recommend that athletes aim to maintain fat intake at less than 30 percent of 

total daily energy. Economos, Bortz and Nelson (1993) recommend that athletes 

with very high energy requirements should include up to 30 percent total daily 

energy intake as fat to help reduce the actual volume of food required. 

2.5.4 Carbohydrate 

The Commonweatth Department of Health and Family Services (1998) in their 

"Australian Guide to Healthy Eating" recommends that carbohydrate be the primary 

fuel source for the general population. It recommends that at least 50 per cent of 

the total daily energy should be supplied by carbohydrate. The mean intake of 



carbohydrate for Australian males in 1995 was 375.9 and 316.8 g per day in the 19 

- 24 and 25 - 44 year age groups respectively (National Nutrition Survey, 1995). 

When expressed as a percentage of total energy this represents 46.9 % for 19 - 24 

year old males and 45 % for 25 - 44 year old males (National Nutrition Survey, 

1995). Evidence to suggest that high carbohydrate diets improve athletic 

performance has been available since the work of Christensen and Hansen in 1939 

(Costill and Miller, 1980). Many workers have confirmed and extended these initial 

findings (Costill and Miller, 1980; Coyle, Coggan and Hemment, 1986; Anderson, 

Bergman and Nethery, 1994). 

Carbohydrate is stored in the body as circulating glucose and as glycogen in the 

liver and muscle. The stored energy available from carbohydrate is approximately 5 

MJ for the average person. Muscle constitutes the major glycogen store with 

approximately 4 MJ, while the liver holds approximately 0.7 MJ and circulating blood 

glucose contains 0.3 MJ (Sherman, 1995). While carbohydrate is not the only 

available fuel source, it appears to be used preferentially when exercise intensity is 

greater than 65% V02,, (Sherman, 1995). Moderate intensity exercise (60-75% 

VO2,,) is the intensity accepted as being appropriate for those performing aerobic 

exercise to develop fitness (Coyle, 1995). At 65-85% V02,, fatigue occurs as 

muscle glycogen levels deplete and, the time to fatigue is in direct proportion to the 

initial muscle glycogen concentration (Sherman, 1995). 

Fatigue may be delayed by the consumption of carbohydrate during exercise. 

Exercising muscles appear to utilize blood glucose for energy late in exercise and 

consuming carbohydrate during exercise supports blood glucose levels (Coyle, 

1995). Early in exercise, muscle glycogen supplies most of the carbohydrate used. 

However, the contribution of muscle glycogen reduces as exercise continues and 

more energy is derived from blood glucose. Glycogen stores replenish most rapidly 

in the first few hours post-exercise. Increased permeability to glucose of the muscle 

cell membrane and increased insulin sensitivity as well as the activation of glycogen 

synthase all contribute to increased glycogen recovery. Carbohydrate feeding, by 

increasing blood glucose and insulin levels further accentuates glycogen storage 

(Ivy, 1991). Therefore it is recommended that 0.7-1 .Oglkg body weight of 

carbohydrate be consumed every two hours in the first few hours of recovery if 

further exercise is to be undertaken within a 24 hour period (Costill, 1988 ). 



Investigations by Costill and his co-workers (1 981) on carbohydrate utilization during 

exercise show that a high carbohydrate intake enables more rapidlcomplete 

replenishment of glycogen stores between successive training sessions. As a result 

of these investigations, Sherman and Wimer (1991) recommend a diet where 60 to 

70% of dietary energy be supplied by carbohydrate for athletes who regularly train at 

moderate intensity. This corresponds to approximately 7 to 10 g 1 kg body weight 

(Costill, 1988). 

2.5.5 Alcohol 

The Commonwealth Department of Health and Community Services (1993) 

recommended for safe and responsible levels of intake, that men should not exceed 

four standard drinks (409 absolute alcohol) per day on a regular basis and women 

should not exceed two standard drinks per day regularly. In 1998-99 Australians 

drank 7.51 litres of alcohol - a decrease of fourteen per cent since 1988-89 

(Australian Bureau of Statistics, 2000). The National Nutrition Survey (1995) 

revealed a mean intake of pure alcohol for males of 3.1 and 4.7 g per day for the 19 

- 24 and 25 - 44 year age groups respectively. Targets for improving the health of 

Australians include decreasing the contribution of alcohol to the total energy of the 

Australian food supply from a contribution of six percent to five percent (Dietary 

Guidelines for Australians, 1992). 

The American College of Sports Medicine (1982) advises that the effect of alcohol 

consumed prior to exercise is to negatively affect abilities such as balance, reaction 

time, accuracy, hand-eye coordination and gross motor skills. In addition, strength, 

power, cardiovascular endurance and local muscular endurance may decrease and 

body temperature regulation may be impaired. During exercise recovery, a popular 

time for consuming alcohol, especially for those participating in team sports (Burke 

and Read, 1987), alcohol interferes with muscle glycogen synthesis and 

exacerbates dehydration. The vasodilatory effect may increase bleeding and 

swelling resulting in' increased recovery time and rehabilitation from injury (Burke, 

2000). 

2.5.6 Fluid 

While an adult can survive for many weeks without food depending upon their body 

fat stores, a regular intake of water is essential. This is because the body does not 



have sufficient water conservation processes and nor is water stored as such in the 

body. The body is in water balance in healthy individuals, with insensible losses 

from skin, lungs and faeces as well as that excreted via the kidneys matching input 

from foods, drinks and that produced from oxidative metabolism (Jones, 1997). It is 

difficult to predict fluid requirements in a population due to the enormous variety in 

physical activity and more broadly, in environmental conditions, however, a well 

accepted guideline is two litres per day for sedentary adults (Guyton, 1991) 

Physical activity increases the body's requirement for fluid as the resultant increase 

in heat production, is dissipated, in part, via the skin as sweat. 

Even in cold environments fluid losses can be substantial, as increased breathing 

results in higher insensible losses from the respiratory tract and inhaled cold air is 

heated and humidified as it passes along the respiratory tract (Murray, 2000). In 

warm environments the amount of sweat produced is closely related to the rate of 

energy expenditure, temperature and humidity. Exercise-induced sweating that 

results in fluid losses of even two per cent of body weight or less place heavy 

demands on both cardiovascular and thermoregulatory systems and adversely 

affect exercise performance (Montain and Coyle, 1992; Walsh, Noakes, Hawley and 

Dennis, 1994). In investigating physiological function with fluid ingestion sufficient to 

replace 20%, 50% or 80% of sweat loss during two hours of training in the heat, 

Montain and Coyle (1992) concluded that optimal rate of fluid intake is that which 

most closely matches fluid loss. 

Murray (1996) recommends that athletes measure changes in body weight pre- and 

post-training and competition, to give an idea of sweat losses, from which can be 

developed individual fuid replacement regimens. Rehrer (1 996) Horswill(1998), and 

Terrados and Maughan (1995) have reviewed many of the factors that can affect 

hydration, such as fluid intake, gastric emptying and intestinal absorption. The 

sensation of thirst, while not in itself a good indicator of fluid requirements, 

influences fluid intake. There is a delay between the occurrence of fluid deficit and 

the onset of thirst, such that in exercise, the sensation of thirst may occur too late for 

consumption of fluid to avoid the adverse effect on performance. 

Water immersion also affects fluid intake. This is particularly relevant for members of 

the lifesaving movement both on patrol and in competition, as there is a suppression 

of thirst associated with the water immersion that occurs in sports such as 

swimming. Colour, flavour, smell and temperature of fluids all affect fluid intake. 



Those factors which affect gastric emptying include carbohydrate concentration and 

volume of fluid consumed as well as the type of carbohydrate and the temperature 

of the liquid. In addition, dehydration and strenuous exercise may both delay gastric 

emptying. Cyclical hormonal changes and factors such as mental stress and 

anxiety also affect gastric emptying. The carbohydrate and electrolyte concentration 

will affect intestinal absorption (Rehrer, 1996). The American Dietetic Association 

and Canadian Dietetic Association (2000) recommend fluid consumption at least two 

hours before exertion of at least two cups followed by another two cups 15 to 20 

minutes before activity. They further recommend approximately 120 to 180ml every 

15 minutes of cool water or rehydration beverage throughout exercise in hot and 

humid environments. 

2.5.7 Fibre 

Noakes, Clifton and McMurchie (1999) in their review of the role of diet in 

cardiovascular health report that there is scientific evidence to support increasing 

both soluble and insoluble fibre intakes from foods. The mean daily fibre intake for 

all Australians is 23g (ABS, 1995) while the Commonwealth Department of 

Community Services and Health (1 987) set a target for 2000 of 30g fibre per day. In 

1995, Australian males aged 19 - 44 years consumed approximately 26g fibre per 

day (National Nutrition Survey, 1995). This is consistent with the ~meri'can Heart 

Association (1996) recommenda~on of 25-30g per day. Topping and Bird (1999) 

have reviewed the relationship between fibre intake and gastrointestinal function 

and also report that there is sufficient scientific evidence to support a higher fibre 

intake in maintaining gastro-intestinal health. 

2.5.8 Vifamins and minerals 

Vitamins and minerals play a vital role in the body's metabolic processes. Several 

researchers have investigated the effect of physical activity on vitamin and mineral 

requirements, 

van der Beek (1991) considered that increasing metabolic activity might increase 

turnover of some 6 vitamins. Wood, Gijsbers, Goode, Davis, Mulholland and Breen 

(1980), however, could show no decrease in work capacity during 5 weeks on a 

thiamin depleted diet nor did Soares, Satyanarayna and Bamji (1993) find changes 

in muscular efficiency during moderate-intensity exercise after seven weeks of a 



riboflavin restricted diet. Supplementation with either thiamin or riboflavin has not 

improved functional capacity in athletes (Telford, Cathchpole, Deakin, Hahn, and 

Plank, 1992; Fogelholm, Ruokonen, Laasko, Vuorimaa, and Himberg, 1993). 

The importance of iron in endurance performance is well documented (Dufaux, 

Hoegerath, Streitberger, Hollmann, and Assmann, 1981; Newhouse and Clement, 

1988; Telford, Cunningham, Deakin, and Kerr, 1993; Fogelholm,l995) as is the 

relationship between calcium, exercise, and bone health (Abrams, Grusak, Struff, 

and O'Brien,1997; Bailey,I 997, Nordin and Heaney,l990, Cumming, 1990). 

However, there is limited data available on the effect of marginal deficiency or 

supplementation of other minerals. Weller, Bachert and Meinck (1998) did not 

improve physical performance with three weeks of magnesium supplementation nor 

did Telford et al (1992) when providing a supplement containing several minerals 

and trace elements. While exercise may increase the requirement for some 

vitamins and minerals, this increased requirement can be met with the 

recommended high carbohydrate, moderate protein, low fat diet. There is some 

evidence that athletes engaged in intensive, prolonged training may benefit from 

higher intakes of some vitamins such as Vitamin C (Johnston, Swan, and Corte, 

1999). 

2.6 Summary 

There has been a considerable body of research into the nutritional requirements of 

athletes in general, as well as investigations into the nutritional needs specific to 

individual sports. The nature, duration and intensity of the work and training of 

lifesavers, ironmen and lifeguards is such that sub-optimal nutritional status 

potentially may be life-threatening. Research has been conducted on the nutritional 

status and nutritional requirements for associated sports such as running, 

swimming, paddling and multi-sport disciplines such as triathlons. No scientific 

investigations into the sport/occupation of surf life saving have been made regarding 

the nutritional implications for its members. Scientific research has provided insight 

into the energy and nutrient requirements for athletes based on the intensity, 

duration and nature of the activity. There are guidelines for appropriate amounts to 

be consumed and the timing of intake to ensure optimal performance. 



Athletes often have poor nutritional knowledge, specifically in regards to nutrition 

and activity. The type of sport and level of activity influences nutritional knowledge. 

There is little relationship between nutritional knowledge and food consumption 

patterns. 

Determining the mean nutritional intake of a group presents some difficulties. All 

methods of dietary assessment contain some measure of inaccuracy. Current 

methods of dietary assessment are either restrospective or prospective. 

Retrospective methods are relatively easy to implement but rely on memory and 

estimation of portion sizes. Prospective methods do not rely heavily on memory but 

require a high level of involvement by the subject and may result in the subject 

modifying the diet to facilitate the testing method. Choosing the most appropriate 

method depends upon identifying what nutrients are to be measured; what time 

period is required; the level of motivation or interest of the group to be studied and 

their literacy; the number of subjects to be investigated and their geographic and 

demographic spread. 

The message from the scientific community is filtering through to athletes, coaches 

and parents very slowly so that a wide chasm still exists between what is known by 

the scientific community and what is known and practised by the athletic community. 

Care needs to be taken to ensure that results of nutritional investigations are 

provided to athletes, coaches and the governing bodies of sports in order for them to 

maximise performance with sound nutritional practises. 



Chapter 3 

Methods and Materials 

3.1 Subjects 

Three groups of lifesavers were investigated: professional lifeguards, active 

volunteer lifesavers and professional ironmen. A total of 60 male subjects 

participated in this study. All were tested during the surf lifesaving season between 

September and April and for ironmen before the national titles which marks the end 

of their competitive season. 

The subjects included in the study were residing in southeastern Queensland: Gold 

Coast, Brisbane or me Sunshine Coast. 

Lifeguards were all currently employed by the Gold Coast City Council. While these 

lifeguards function independenfy of Surf Lifesaving Queensland and are employed 

by the local council, they work in close association with the various surf lifesaving 

clubs along the Gold Coast beaches, patrolling from Seaworld at the northern end to 

Rainbow Beach at the Queensland-New South Wales border. 

The lifesavers studied were all members of Surf Lifesaving Queensland. 

Iron men were contracted to either the Uncle Toby's or Kellogg's lronmen Series. 

Approval was obtained from the Griffith University Ethics Committee to conduct all 
parts of this survey. 

All subjects gave written informed consent. 



3.1.1 Lifesavers 

At the time of the investigation there were almost 1400 active patrolling volunteer 

lifesavers in the South East Queensland region who were members of the South 

Coast or Point Danger branches of Surf Lifesaving Queensland (SLSQ). 

Permission was granted by SLSQ to conduct the investigation. This organisation 

also provided a complete membership list of active patrolling adult ( I 8  yrs and older) 

male volunteer lifesavers. 

Criteria for inclusion in the study included being an active, patrolling volunteer 

lifesaver and a member of one of the Gold Coast surf lifesaving clubs. Subjects also 

had to be accessible by telephone. 

Lifesavers were selected randomly from the SLSQ membership list of active, 

patrolling lifesavers from the South Coast or Point danger branches. Each lifesaver 

was allocated a number from one to 1396. Random number tables were used to 

randomly select a sub group of members. Starting with the first name randomly 

selected these members were then contacted by telephone and invited to 

participate. A sample size of 30 was decided representing approximately two 

percent of the Gold Coast region lifesaving pool. 

The required sample size of 30 was recruited after 67 prospective subjects were 

contacted by telephone and nvited to participate. 

The 30 lifesavers in the study completed a seven- day food diary. Twenty-eight of 

these also completed the food frequency questionnaire and 26 completed the 

nutritional knowledge questionnaire. 

3.1.2 Surf lronmen: 

There are two separate professional ironmen competitions running during the 

summer season, both of which are sponsored by food companies. At the end of 

each season a number of competitors, depending upon their performance, are 

offered a financial contract for the next season. Other ironmen must compete 

against each other in a series of selection trials at the start of the next season to 

secure a contract for that season. The ironmen who were contracted to a 

competition were eligible to participate in this study. Both Uncle Toby's and 

Kellogg's each offer up to 20 contracts annually. 



The lists of contracted ironmen were obtained from Uncle Toby's and Kellogg's at 

the start of the season. Those lronmen based on the Gold or Sunshine Coasts were 

then contacted and asked to participate in the study. A total of 27 ironmen were 

contacted and all agreed to participate in the study. However eight did not complete 

any parts of the study and eight completed some parts but did not adequately 

complete the seven-day food diary and so were excluded. 

3.1.3 Lifeguards 

Nineteen Lifeguards were interviewed over a four- week period in spring, at the start 

of the surfing season. The investigation was conducted at the northern and southern 

branch lifeguard headquartersduring working hours. 

At the time of the study there were 23 lifeguards employed by the Gold Coast City 

Council. Four lifeguards were unavailable for interview as they were out of the state 

during the interview period. 

Lifeguards completed a FFQ and a nutritional knowledge questionnaire. 

3.2 Estimating nutrient intake 

The initial pilot study was done on 19 lifeguards and included a FFQ and 25 true- 

false and short answer questions on nutritional knowledge and practice. 

The energy and nutrient intakes of the lifesavers and ironmen were determined 

using a weighed seven day food diary and the FFQ. The dietary diary is also used 

to validate the FFQ in young exercising men. This FFQ was designed to assess the 

nutrient intake of subjects in a community in which the age range was 25 to 65 years 

with a preponderance of subjects being female and in the upper age groups. 

3.2.1 Weighed food diary 

Lifeguards were highly compliant and enthusiastic in completing the FFQ and the 

nutritional knowledge questionnaire. In addition, members of the Surf Lifesaving 

Association were considered to be a very motivated group. Because of this interest 

and enthusiasm it was considered that a higher burden of compliance could be 

placed on the next and main group of subjects. Therefore, a weighed food diary 

was chosen as an appropriate tool for assessing nutrient intake. Weighed food 



diaries are considered to be a most accurate means of assessing food intake but 

require a high degree of commitment and literacy from the subject (Bingham, 

Nelson, Haraldsdottir, Loken, van Staveren, 1988). The seven-day food diary was 

selected as an appropriate time span as it provides sufficient days to estimate true 

average intake for groups for energy, protein, fat, carbohydrate, sodium, iron, 

riboflavin, niacin, potassium and phosphorus (Basiotis et al, 1987). 

Subjects were provided with a set of digital food scales (Soehnle) and instructed in 

their proper use. Subjects were provided with a food diary with written instructions 

for recording the food intake data (Appendix 4). Guidelines were given for recording 

details of composite dishes and meals purchased and eaten away from home. To 

familiarise subjects with the level of detail required, where possible a 24hr recall was 

implemented to highlight the precision required in recording. The food diary also 

included space for recording daily physical activity: type, duration and intensity. 

When the scales and food diary were delivered, the preferred methods of recording 

food intake and physical activity were also explained. 

3.2.2 Food frequency questionnaire 

The FFQ chosen was one developed at the Queensland Institute for Medical 

Research (QIMR). It has been validated against 12 days of weighed food records 

over a twelve-month period. It was found to be not significantly different from the 

weighed food diaries in males for estimating energy, protein, carbohydrate, alcohol, 

fibre, thiamin, riboflavin, niacin, calcium, iron and zinc (Marks, 1995). 

The FFQ chosen requires respondents to indicate frequency of consumption of a 

specific quantity of 129 food items on a nine point scale from zero to more than four 

times per day. Comprehensive verbal and written instructions were provided at the 

initial interview for correct use of this tool. The FFQ appears in Appendix 1. 

3.3 Nutritional knowledge questionnaire 

A nutritional knowledge questionnaire was developed to test knowledge of important 

nutritional concepts and to determine whether subjects could translate these 

nutritional concepts into food choices (Appendix 5). The nutritional domain concepts 

tested were nutrient sources, nutrient requirements, sports nutrition, nutrient 



functions and weight management. The questions were devised to determine 

whether subjects 

could correctly identify groups of foods which are known to be rich sources of 

specific nutrients 

were aware of the current accepted recommendations for nutrient composition 

for optimal athletic performance 

were aware of sound weight management practices 

were aware of the role of vitamins 

In practice athletes often can talk confidently about the role of specific nutrients but 

have little knowledge of the dietary sources of these same nutrients (Harrison, 

Hopkins, MacFarlane, Worsley, 1991 ). Several already validated nutritional 

knowledge questionnaires provided guidelines for the inclusion of specific questions 

(Barr,1986; Douglas and Douglas, 1984; Soper, Carpenter and Shannon, 1992; 

Hawkes and Nowak, 1998; Harrison, Hopkins, MacFarlane and Worsley, 1991). 

The nutritional knowledge questionnaire was devised as a multiple choice tool. 

Subjects were asked to select the best of four possible answers for each of fifteen 

questions: 

seven questions focussed on identifying which groups of foods were good 

sources of a particular nuvient 

three questions related to diet and athletic performance 

three questions related to the role of vitamins in the diet 

one question asked subjects to identify sound weight management practice 

one question related to the importance of choosing a variety of foods 

(Commonwealth Department of Health and Community Services, 1993). 

This nutritional knowledge questionnaire was validated using 44 university students. 

The nutritional knowledge questionnaire was administered to the students on two 

occasions: before commencing a semester long general nutrition subject of 26 hours 

of lectures and 15 hours of laboratory work and again at the end of the semester. 

There was a significant difference (p<0.001) between pre- and post- test mean 

scores. 

Prior to undertaking the semester long nutrition course six per cent of the 44 

students achieved a score higher than 85 per cent correct answers (>12115) while 

50 per cent of the students obtained this result after the nutrition course. 

A score of correct answers higher than 12/15 was identified as representing 

excellent knowledge. 



3.4 The Interview 

3.4.1 Lifeguards 

Explanations for completion of the Food Frequency Questionnaire (FFQ) were given 

to Lifeguards in groups of three or four. Lifeguards were requested to complete the 

questionnaire immediately. Each lifeguard was interviewd in the same manner as 

for lifesavers and ironmen detailed below. In this initial pilot study with lifeguards 

they also completed a nutritional knowledge questionnaire. However this 

questionnaire was later comprehensively revised as a number of subjects found 

some of the questions to be ambiguous. For subsequent groups the revised 

nutritional knowledge questionnaire was administered (Appendix 5). All lifeguards 

were interviewed by the Dietitian-Nutritionist conducting the study. 

3.4.2 Lifesavers and lronmen 

Each subject was interviewed personally by either an experienced Dietitian- 

Nutritionist or a fourth year Nutrition and Dietetics student who had been trained for 

the task. lnterviewers were familiarized with the use of food weighing scales, in 

particular the required protocol of using the tare function to systematically weigh 

foods as they were added to the plate. Prior to interviewing subjects Interviewers 

completed the food frequency questionnaire and were provided with a protocol for 

explaining how to complete the FFQ. Interviewers were trained to not offer any 

assistance to subjects in completing the nutritional knowledge questionnaire. 

Anthropometric and lifestyle data were obtained using a standardized format of 

questions ( Appendix 7). The fourth year Nutrition and Dietetics student assisted in 

delivering and collecting the survey packages to four of the 30 lifesavers. The 

Dietitian- Nutritionist conducting the study interviewed all ironmen and the remaining 

26 lifesavers. 

Subjects were interviewed at their home, surf club, swimming pool orworkplace. 

Each subject was provided with a survey package including: a set of "Soehnle" 

digital food weighing scales, accurate to one gram, a 7day food diary, a nutrition 

knowledge questionnaire and a food frequency questionnaire. 

At this time personal details were recorded. These included age, occupation, self- 

reported weight and height, who in the household cooked and shopped and whether 

there were any current factors influencing their food intake. Subjects were also 



asked to describe their usual daily or weekly exercise patterns including type, 

duration and intensity and to describe any other regular physical activity. Instruction 

was given on recording the seven day weighed food diary. 

Use of the scales was demonstrated. Subjects were shown how to place their own 

plate or bowl on the balance, tare the scales and record the weight of each food as it 

was added to the plate, remembering to tare the scales before adding another food. 

Subjects were also reminded to weigh any uneaten remains of foods and to subtract 

that from the recorded amount. It was reinforced that the subjects should record 

food and drink as it is eaten and, if possible, recipes for composite dishes. For food 

or drink purchased and consumed away from the home where weighing or 

measuring was not possible, subjects were asked to describe as fully as possible 

the nature of the meal, cooking techniques used, the size of the menu items as 

either dimensions (ie 10cm square of lasagne), cup, or spoon measures. 

At the bottom of each day's food diary page, subjects were asked to record the type, 

duration and heart rate or self perceived intensity for all physical activity undertaken 

that day. 

Where possible, a 24-hour recall was conducted. The four-stage protocol described 

by Gibson (1993) was used in conducting the 24-hour recall. Interviewers used a 

standardized interview, which had been practiced prior to conducting any interviews. 

This provided subjects with a further understanding of the accuracy required for 

keeping the food diary. In some circumstances, for example, where the subject was 

interviewed at work, it was not appropriate to implement a 24-hr recall. The 24-hour 

recall was not analyzed and was not included in the results or discussion. The 24- 

hour recall was used as another tool to familiarize the subject with the degree of 

detail required in completing seven-day food diary. 

Instructions were given for completing the FFQ. The need to consider usual intake 

over the preceding six months was reinforced and subjects were reminded to 

consider the amount of food or drink stated in making their decision on the 

frequency of consumption. An example was shown of how to fill out the FFQ. 

Subjects were also asked to complete the new 15-question multiple choice 

nutritional knowledge questionnaire by circling the most correct answer for each 

question. 



Arrangements were made for collecting the survey package. On collecting the 

completed surveys, subjects were asked to provide more detailed explanafjons of 

any entries if necessary. Those subjects who had failed to complete any of the 

three instruments were asked to do so and arrangements were made to return to 

collect the completed sections. Where the surveys were not collected personally by 

the Dietitian-Nutritionist conducting the study, the subjects were telephoned, if 

necessary, to clarify any details. 

Table 3-01 : Subject participation 

Seven- day weighed Food frequency Nutritional knowledge 

food diary questionnaire questionnaire 

Lifeguards (n=19) 0 19 19 ( discarded) 

Lifesavers (n=30) 30 28 26 

lronmen (n= l l )  11 11 7 

3.5 Data analysis 

3.5.1 Dietary analvsis: Nutrients 

3.5.1 .I Seven-day food diary 

Food diaries were analysed for nutrient intake using computerised food analysis 

program (Foodworks 2.10, Xyris software, Brisbane). The database was Ausnut 

(Ausnut, 1999). The Foodworks program's standard serving sizes or "unspecified 

serve" were used where information was inadequate. Where recipes were not 

included in some food diaries for composite dishes, the appropriate dish was chosen 

from the Ausnut database if available or a recipe was entered and this recipe was 

used thereafter to represent that dish. 

There is intrinsic error associated with all methods of measuring nutrient intake. 

These include: variations in freshness, cooking times and techniques and also in the 



place of growth, production or manufacture. While the Foodworks data set contains 

some 4000 foods, it is not complete. At times, similar foods need to be substituted. 

Such substitutions were consistent for all analyses. These substitutions, 

assumptions and variations all contribute to the calculated intake being different 

from actual intake. 

A mean daily nutrient intake was obtained for all subjects. 

3.5.1.2 Food frequency questionnaire 

The responses to the FFQ were coded and all coding decisions for open-ended 

questions were checked. Another person checked all data entered and any 

discrepancies were resolved by reference to the original forms. Calculations of 

estimated daily nutrient intake were done using software designed for batch 

processing of the questionnaire data and based on the NUTTAB 90 food 

composition data (Marks, 1995). 

3.5.2 Exercise 

Data on exercise for each subject was obtained from records kept during the seven- 

day food diary and/or from the interview when subjects gave an estimate of their 

usual training and activity programme. 

The mean daily minutes of activity for the lifesavers and ironmen who recorded daily 

activity were determined using the data supplied in the seven-day food diary. Mean 

daily minutes of activity for lifeguards and those lifesavers and ironmen who didn't 

record daily activity were estimated from data obtained during their interviews. 

3.5.3 Anthropometrics 

Body mass index was calculated from height and weight data. 

BMI = Wt (kg) / Ht2 (m) Wt = Weight (kilograms); Ht = Height (metres) 

3.5.4 Nutritional knowledqe questionnaire 

The number of correct answers for each subject was determined and the mean 

calculated for each group. The correct response rate of both lifesavers and ironmen 

was determined for each question. 



Nutritional Knowledge in relation to the questionnaire was rated on individual scores 

as follows: 

< 50% poor nutritional knowledge 

50 - 64% satisfactory nutritional knowledge 

65 -84% good nutritional knowledge 

> 85% excellent nutritional knowledge 

The nutritional knowledge questionnaire was scored by assigning one point for each 

correct answer and zero for an incorrect answer. Where a question was unanswered 

a score of zero was assigned. The raw scores were then converted to percentages. 

Thus it was possible to have the following percentage correct answers: 0 %, 7%, 

13%, 20%, 27%, 33%, 40%, 47%, 53%, 60%, 67%, 73%, 80%, 87%, 93% and 

100%. Those subjects who were unable to answer more than 50% of the questions 

correctly were identified as having poor nutritional knowledge. Subjects who scored 

higher than 85 per cent (1211 5) were considered to have excellent nutritional 

knowledge. 

This test was validated using 44 university students. A paired T test was used to 

identify any significant differences in knowledge before and after studying a 

semester long general nutrition subject. 

3.5.5 Enerq y expenditure 

The estimated energy expenditure was determined for those subjects who kept 

exercise records using the protocol of Warwick (1989) (Appendix 3). Assumptions 

were made of the minutes of "sitting busy" or "sitting quiet" and "engaging in on-foot 

activities" each day depending upon the subject's occupation and social situation. 

An assumption was made of 480 minutes of sleep per day for each subject. 

For lifeguards and those lifesavers and ironmen who did not record daily physical 

exercise, the Schofield equation was used to calculate Basal Metabolic rate (BMR) 

(Schofield and James, 1985). Estimated energy expenditure was then calculated 

using BMR with activity factors (FAOnnJHOIUNU, 1985), (Appendix 3). 



3.5.6 Recommended Dietary Intakes 

3.5.6.1 Protein 

Recommended intake for protein was calculated based on the Australian RDI of 

0.75glkg body weight (Dreosti, 1989). Accepted requirements for athlete's range 

from 0.75 - 1.7glkg body weight (Lemon and Mullin, 1980; Lemon, 1998; 

Tarnopolsky, 2000). Protein requirements for subjects were calculated based on the 

type, intensity and duration of mean daily physical activity. The mean protein 

requirement for each group was determined using the mean weight, type and 

duration of mean daily physical activity. 

3.5.6.2 Fat 

While there is no specific RDI for fat, organisations such as the National Heart 

Foundation and the American Heart Association recommend that fat intake should 

be less than 30% total energy (National Heart Foundation, 1999; American Heart 

Association, 1996). These same recommendations apply to athletes (American 

Dietetic Association and Canadian Dietetic Association, 1995). In addition, it is 

further recommended that saturated fat contribute no more than eight percent of the 

total energy and that mono-unsaturated fat contribute up to fifteen percent of the 

total energy intake (NHF, 1999). 

The percentage of energy supplied by fat was determined for each subject and the 

mean calculated for each group. The contribution of each of saturated, mono- 

unsaturated and polyunsaturated fat as a percentage of total energy was also 

calculated for each subject and the mean determined for each group. 

3.5.6.3 Carbohydrate 

There is no RDI set for carbohydrate. The Dietary Guidelines for Australians 

recommend that 50% total energy be supplied by carbohydrate (Commonwealth 

Department of Health and Family services, 1998). The percentage of energy 

supplied by carbohydrate was calculated for each subject and the mean for each 

group determined. 



Carbohydrate requirements increase with energy expenditure. The carbohydrate 

requirements for physical activity range from five to ten glkg body weight depending 

upon the nature, duration and intensity of the activity (Costill, 1988; Sherman and 

Wimer 1991 ; Fallowfield and Williams, 1993; Coyle, 1995). 

Carbohydrate intake was calculated in glkg of body weight for each subject and the 

mean was determined for each group. 

3.5.6.4 Vitamins and minerals 

3.5.6.4.1 Vitamin A 

The RDI for Vitamin A is 750ug retinol equivalents per day (Rutishauser, 1990a). 

3.5.6.4.2 Thiamin, Riboflavin and Niacin 

The RDI of thiamin for males (1 9 to 64yrs) is I .I mg. This RDI is calculated for the 

reference man at O.lmg11000kJ according to the recommended levels of energy 

supply (Wood, 1990). 

The individual RDI for each subject was calculated for his energy intake-based on 

this amount of O.lmg/1000kJ. 

The mean RDI was determined using the mean energy intake for each group. 

In the same way, the RDI for individual subjects and for the mean of each group 

were calculated for Riboflavin and Niacin using 0.1 5 mgl1000kJ and 1.6mgl1 000kJ 

respectively (Rutishauser, 1990b; Dreosti, 1990a). 

3.5.6.4.3 Vitamin C. 

The RDI for Vitamin C in males is 40mglday (Read, 1990). 

Studies have shown a positive effect of vitamin C supplementation on upper 

respiratory tract infections (Hemlia, 1995). Other studies suggest that individuals 

who exercise may require at least 100mg Vitamin C per day to maintain normal 



Vitamin C status and protect the body from exercise induced oxidant damage (Keith, 

1997). 

There are no established recommendations for increasing Vitamin C intake beyond 

the RDI. 

3.5.6.4.4 Magnesium 

The RDI for magnesium in Australia is 320mg. This figure is based on a 

recommended intake of 4.5 mg 1 kg body weight1 day (Dreosti, 1990b). The RDI for 

each individual was derived using this equation and the RDI for the mean was 

calculated using the mean body weight for each group. The actual intake for each 

individual and the mean intake for each group were then compared to the calculated 

RDI. 

3.5.6.4.5 Calcium 

The RDI for calcium is 800mg (Nordin, 1990). 

3.5.6.4.6 Iron 

The RDI for males (1 9 - 64 yrs) is 7mg (Roeser, 1990). 

3.5.6.4.7 Zinc 

The RDI for males (1 9 - 64yrs) is 12 - 16 mg (Dreosti, 1990c) 

3.6 Statistical methods 

All statistical measures were performed using the computerised SPSS statistical 

package (SPSS, 1998). Mean and standard deviations were determined for all 

variables of interest. 

All data were tested for normality by the Kolmogrov-Smirnov test, prior to analysis. 

Data from the Nutritional Knowledge Questionnaire were distributed normally but 

were too small for Student's t-test. Therefore the Mann-Whitney U test was used to 

compare the groups. The comparisons between all groups for nutrients measured 



using the food frequency questionnaire were made by ANOVA, with the Bonferroni 

test used for post hoc comparisons. 

Nutrients that were not distributed normally were compared with the Kruskal-Wallis 

H test and Mann-Whitney U test for post hoc comparisons. Correlations between 

total energy, age and activity were made using Spearman's correlation coefficient. 

Paired T tests were used to validate the nutritional knowledge questionnaire. 

Significance was accepted at p 5 0.05. 



Chapter 4 

4.1 Anthropometry and lifestyle 

Table 4-01: Responsibility for food choice and preparation. 

Social situation LS (n=29) IM (n=l I) LG (n=19) 

Lives alone, cooks, shops for self 3 2 4 

Shared accomodation, cooks, shops for 3 2 1 

self 

Shared accomodation, no cooking or 0 0 1 

shopping 

Shared accomodation, shared cooking 4 5 0 

and shopping 

Wifelpartner: self cooks, shops 0 0 1 

Wife1 partner: both cook and shop 7 1 9 

Wife1 partner: wifelpartner cooks, shops 6 0 2 

Lives with parents, parents cook 6 1 1 

Table 4-01 describes the social situation and food purchase and preparation 

patterns for the three groups. While 68% and 66% respectively of lifesavers (LS) 

and lifeguards (LG) live in a family situation with a wife, partner or parents, 82% of 

ironmen (IM) live either alone or in a shared situation with responsibility for both 

cooking and shopping. 



Table 4-02: Exercise and anthropometric characteristics of the subjects (Mean 

+ SD). - 

LS (n=29) IM (n=10) LG (n=19) 

Age ( ~ r s )  31.3 2 8.5 22.gab 2 3.1 35.8 + 10.4 

Weight (kg) 80.4 2 11.9 80.4 2 3.3 81.4 + 5.5 

Height ( cm) 180.4 2 6.6 184.2 2 5.2 177.9 5 6.5 

BMI 24.6 2 2.5 23.7 5 1.3 25.8 + 2.3 

Exercise (minld) 46 2 32 I 34ab 2 49 65 + 43 

a = significantly different from lifesavers 

b = significantly different from lifeguards 

Table 4-02 indicates that ironmen are significantly younger than both the lifesavers 

(LS) (p=0.005) and the lifeguards (p=0.001) and significantly more physically active 

than both the lifesavers (p=0.001) and lifeguards (p=0.001). 

Do these differences explain the differences in activity and energy consumption? 

Not according to these results. 

Spearman analyses showed no significant correlations between age and energy 

intake or activity and energy intake. 

There were no significant differences in age or activity between lifesavers and 

lifeguards. 

4.2 Comparison of dietary assessment methods 

Not all of the subjects had completed both the food frequency questionnaire and the 

seven-day food diary, therefore, the nutrient analyses of those subjects who had 

completed both tools (lifesavers and ironmen) were combined to facilitate 

comparison of the methods (n=39). There were significant differences between the 

two methods for fat, %fat, %mono, %poly, %sat, %alcohol, water, niacin and 

Vitamin A. However, when appropriate cut-offs were applied to the data set using 

the protocol described by Goldberg, Black, Jebb, Cole, Murgatroyd, Coward and 

Prentice (1991) results from the Food Frequency Questionnaire were found to be 

unreliable for two reasons: 

1 Method: seven of the 28 (25 %) lifesavers were identified as under 

reporting their usual intake, while two ironmen (eighteen percent) were 



identified as under-reporting ( Goldberg, Black, Jebb, Cole, Murgatroyd, 

Coward and prentice, 1991 ). 

2 Database: the database used to assess the nutritional content of the food 

frequency questionnaire contains international values for the nutritional 

content of some foods and therefore does not reflect the actual composition 

of Australian foods, particularly with respect to fat content. Nuttab 91 

underestimates energy values as it does not reflect the contribution to 

energy from fibre nor does it account for the fortification of breakfast cereals 

with iron and so does not reflect the true contribution of iron. 

Consequently the FFQ will be not be used quantitatively. It will be used qualitatively 

to further strengthen the data collected from the seven day food diary as it was used 

to check food intake and food group patterns. 

4.3 Mean nutrient intakes. 

4.3.1 Mean nutrient intakes by seven-day food diary 

Table 4-03: Energy and nutrient intakes by seven day food diary (Mean + SD). 

Nutrient LS I M 
-. 

Energy (kJ) 11807+2515 14691*+ 2401 

Protein (g) 125 2 32 151*-f- 25 

Fat (g) 102 + 24 119534 

Carbohydrate (g) 327 + 81 462' 5 89 

Alcohol (g) 1 5 2  12 I * +  2 

Water (g) 3228 5950 2699 + 591 

Fibre (g) 31 2 1 2  39 + 7 

Thiamin (mg) 2.5 4 0.99 4.0'2 1.6 

Riboflavin (mg) 3.2 2 1.3 4.2 + 1.7 

Niacin Equivalents (mg) 58 + 16 70'2 16 

Vitamin C (mg) 1852 89 249 + 139 

Vitamin A (mg) 1314 2 972 1372 + 533 

Magnesium (mg) 4185 133 483'4 79 

Calcium (mg) 1111 5404 1408' 4 342 

Iron (mg) 18 + 6 24' 4 4 

Zinc (mg) 1 6 5 5  1 8 2 4  
----r- = s~gnificantly different 



Table 4-03 indicates that there were significant differences between ironmen and 

lifesavers for energy intake (p=0.002), protein (p=0.022), carbohydrate (p<0.001), 

alcohol (p<0.001), thiamin (p=0.001), niacin (p=0.037), calcium (p=0.039) and iron 

(p=0.003). Fibre approached significance at p=0.054. 

4.3.3 Distribution of fat and energy by seven-day food diary 

Table 4-04: Distribution of fat and energy intake by seven-day food diary 

(Mean per cent + SD). 

Nutrient LS SD I M SD 

( n=30) ( n=11) 

Protein 18 2 18 2 

Fat 32 4 30 5 

Carbohydrate 44 5 50* 6 

Alcohol 4.0 2.7 0.2. 0.4 

Polyunsaturated (% total fat) 16 6 17 4 

Monounsaturated (%total fat) 39 3 38 3 

Saturated (% total fat) 45 8 45 6 

Polyunsaturated (O/O total kJ) 4 2 5 1 

Monounsaturated. (% total kJ) 12 2 11 2 

Saturated (% total kJ) 13 3 12 3 

'= significant difference 

When nutrients are expressed as a percentage of total energy there is a significant 

difference between lifesavers and ironmen for carbohydrate content (p=0.001) and 

alcohol content (p<0.001). lronmen have a significantly higher proportion of energy 

from carbohydrate and lifesavers have a significantly higher proportion of energy 

from alcohol (Table 4-04). There were no other significant differences. 



4.4 Mean nutrient intakes compared with current RDls, health 
and sport nutrition recommendations. 

4.4.1 Estimated energy expenditure 

Table 4-05: Estimated energy expenditure (EEE) (Mean +SD). 

LS (n=24) IM (n=8) LG ( n=17) 

Energy (kJ) 1232922185 14324 _+ 2403 ' 13154_+2096 

Estimated energy expenditures (EEE) for lifesavers and ironmen were calculated 

from records kept of daily exercise. EEE for lifeguards were calculated using the 

Schofield equation (Schofield, 1985) to determine BMR which was then multiplied by 

an activity factor based on recall of their usual exercise patterns (FAOIWHOIUNU, 

1985) (Table 4-02). Comparison of the EEE for the two groups (Table 4-05) with the 

actual energy intakes of lifesavers and ironmen (Table 4-03) shows that mean 

energy intake for lifesavers and ironmen was within 10% of EEE . Fifty-nine per 

cent of lifesavers (1 7) had actual energy intakes within 20% EEE and of these 31 % 

(9) were within 10% estimated energy expenditure. Sixty-four per cent of ironmen 

had actual energy intakes within 20% of the estimated energy expendigre and of 

these 360h (4) were within 10% (Table 4-03). 

4.4.2 Protein and carbohvdrate intakes 

Table 4-06: lntake of protein and carbohydrate per kilogram of body weight by 

seven-day food diary (Mean + SD). 

Nutrient Intake Rec. Intake Intake Rec. Intake 

Protein (gkg) 1.63 0.4 1.2 1.9' + 0.4 1.6 

Carbohydrate (glkg) 4.0 5 0.9 5 5.6' + 1.2 8 

' = significant difference 

There is a significant difference between lifesavers and ironmen when protein and 

carbohydrate are expressed as grams per kilogram of body weight (Table 4-06). 

lronmen consume significantly more protein (p=0.029) and carbohydrate (p<0.001). 



When compared with the current recommendations (Rec. Intake) for protein intake 

for physical activity, both ironmen and lifesavers consume an adequate amount of 

protein for their respective levels of activity (Tarnopolsky, 2000). However, neither 

group meets the recommended intake (Rec. Intake) of carbohydrate required for 

their respective levels of physical activity (Walberg-Rankin, 1995). 

Table 4-07: Comparison of protein intake by seven-day diary with 

recommendations for specific activity levels. 

Mean Intake (g) Recommended Intake 

for Activity Level (g) 

Lifesavers 125 96 (1.2gkg) 

lronmen 151 129 (1 .Gg/kg) 

Table 4-07 shows that all lifesavers and ironmen exceeded the RDI for protein when 

expressed as glkg body weight. 

Fourteen percent (4) of lifesavers consumed less than the recommendations of 1.2 

- 1.6g 1 kg for the increased requirements for physical activity. All ironmen met the 

recommendations for physical activity. One ironman reported consuming a protein 

supplement in the form of a drink. No lifesavers recorded protein supprements in 

the seven-day food diaries. 

Table 4-08: Comparison of carbohydrate intake by seven-day food diary with 

current recommendations for specific activity levels. 

Mean lntake Recommended Recommended lntake For Physical 

(9) Intake (g) Activity (g) 

LS 327 347 400 (5g/kg) 

I M 462 439 640 ( 8glkg) 

Table 4-08 compares the mean intake of carbohydrate with the required amount to 

provide 50% of energy as carbohydrate (Recommended Intake) and the amount 

required for their particular levels of physical activity. Eighty-six per cent of 

lifesavers (25) consumed less than the recommended 50% energy as carbohydrate 



and 83% (24) consurrled less than Sglkg body weight. Thirty per cent (3) of ironmen 

consumed less than 5glkg. 

4.4.3 Fat 

Fat intake of lifesavers and ironmen respectively is 102g and 11 9g per day (Table 4- 

03). In order to achieve the NHF guidelines of less than 30% energyas fat lifesavers 

would need to consume 92g or less and ironmen, 1169. Australian males of similar 

age to lifesavers and ironmen currently consume 105g and 11 29 respectively (NNS, 

1995). 

Table 4-09: Comparison of mean contribution of fat to energy intake with 

current health recommendations. 

Mean Intake ('10 total Recommended Current Aus. 

energy intake) Aus. Intake (%) Intake (%) 

Nutrient LS I M 

Sat 13 13 < 8 12.7 

Mono 12 11 < I  5 (USA) 11.8 

Poly 4 5 10 5' 

Total fat 32 30 <30 32.5 

Table 4-09 indicates that both lifesavers and ironmen have fat ratios similar to those 

of similarly aged males in the Australian population. The per centage of energy as 

saturated fat is higher than the current health recommendations, while 

polyunsaturated fat makes insufficient contribution to the mean daily intake. Sixty 

per cent (18) of lifesavers and 45% (5) of ironmen consumed in excess of the 

recommended 30% of energy as fat. Seven per cent (2) of lifesavers consumed 

less than 8% of energy as saturated fat. Three per cent (1) of lifesavers consumed 

10% of energy as polyunsaturated fat. Seventy per cent (21) of lifesavers 

consumed mono-unsaturated fats between 10 and 15% of energy; 20% (6) 

consumed less than 10% of energy as mono-unsaturated fat and 10% (3) consumed 

mono-unsaturated fat in excess of 15% of energy. Nine per cent (1) of ironmen 

consumed less than the recommended eight per cent of energy.as saturated fat. No 

ironmen consumed polyunsaturated fat at the recommended level of eight to ten per 

cent of energy. Thirty-six per cent (4) of ironmen consumed mono-unsaturated fat 



between 10 -1 5% of energy. Fifty-five per cent (6) consumed less than 10%of 

energy as polyunsaturated fat while nine per cent (1) consumed more than 15% of 

energy as polyunsaturated fat. 

4.4.4 Fibre 

Lifesavers and ironmen consumed 31 and 39g respectively per day (Table 4-03). 

Thirty per cent (18) of lifesavers and nine per cent (1) of ironman consumed less 

than the Better Health Commission (1987) target for 2000 of 30g fibre per day. 

Three per cent (1) of lifesavers exceeded the upper recommended limit of 60g per 

day (Table 4-03). 

4.4.5 Alcohol 

Both lifesavers and ironmen consumed less than the NNS (1995) intake of 18.4g per 

day. Sixty percent (18) lifesavers consumed less than the current mean Australian 

male intake and all consumed less than the recommended maximum daily limit of 

40g (Dietary Guidelines for Australians, 1993). The mean intake (Table 4-03) 

represents 1.5 standard drinks. Mean alcohol intake for ironmen was Iglday (Table 

4-03). Thirty per cent (3) of ironmen consumed alcohol and all of these in amounts 

less than the equivalent of 1 standard drink (1 0g) per day. 

4.4.6 Vitamins and Minerals 

Table 4-10: Comparison of vitamin intake by seven-day diary with RDls. 

LS IM 

Vitamins (mg) Mean Calculated Mean Calculated 

RDI RDI 

Thiamin 2.5 1.2 4 1.5 

Riboflavin 3.2 1.7 4.2 2.2 

Niacin 59 19 70 24 

Vitamin C 185 40 249 40 

For both groups, lifesavers and ironmen the mean intake met the NH&MRC RDI and 

the calculated RDI (for thiamin, riboflavin and niacin) for all vitamins measured 

(Table 4-10). All individuals in both groups met their own calculated RDI for thiamin. 



Three per cent (1) of lifesavers consumed less than the NH&MRC RDI for thiamin. 

Nine per cent (3) of lifesavers consumed less than the NH&MRC RDI for riboflavin. 

However, when the individual RDls were calculated for this nutrient, only three per 

cent (1) of lifesavers consumed below the RDI. All lifesavers met both the 

NH&MRC and the calculated RDI for niacin. Three per cent (1) of lifesavers 

consumed less than the RDI for Vitamin C by 7.5%. 

All ironmen met both the calculated and the NH&MRC RDls for all B vitamins 

measured and for Vitamin C. 

Table 4-1 1 : Comparison of minerals with RDls 

- 

LS I M 

Minerals (mg) Mean RDI Mean RDI 

Calcium 11 11 800 1408 800 

Magnesium 41 8 362 483 362 

Iron 18 7 24 7 

Zinc 16 12 18 12 

The mean intakes for all minerals exceeded the RDls for both lifesavers and 

ironmen (Table 4-1 I )  and for lifeguards. Thirty per cent (9) of lifesavers consumed 

below the RDI for calcium however of these only 3% ( I )  consumed less than two 

thirds of the RDI. All ironmen exceeded the RDI for calcium. 

Thirty per cent (9) of lifesavers consumed less than the NH&MRC RDI for 

magnesium with three per cent (1) less than two thirds. Forty-three percent (13) of 

lifesavers consumed less than their own calculated RDI for magnesium, and, of 

these, six percent (2) consumed less than two thirds of the individual measure for 

this mineral. All ironmen met the NH&MRC RDI for magnesium. However nine 

percent ( I )  consumed less than the calculated RDI but were well above two thirds of 

the calculated recommended intake. 

All lifesavers and ironmen met the RDI for iron. 

Thirteen per cent (4) lifesavers consumed less than the RDI for zinc but all of these 

were within two thirds of the RDI. All ironmen exceeded the RDI for zinc. 



4.5 Nutritional Knowledge 

Table 4-12: Nutritional knowledge questionnaire 

LS (n=26) IM (n=7) 
% correct % correct 

Mean Score 73 67 
Q.l  62 2 9 
Q.2 7 3 86 
Q.3 96 57 
Q .4 58 57 
Q.5 73 86 
Q.6 96 100 
Q.7 50 29 
Q.8 81 86 
Q.9 92 86 
Q.10 85 7 1 
Q . l l  12 0 
Q.12 77 57 
Q.13 85 57 
Q.14 38 57 
Q.15 88 100 

There is no significant difference in nutritional knowledge scores between lifesavers 

and ironmen (Mann-Whitney U test) (Table 4-12). Eight per cent (2) of lifesavers 

and 29% (2) of lronmen had poor knowledge, scoring less than 50% on the 

nutritional knowledge questionnaire. Nineteen percent (5) of lifesavers and 14% (1) 

of lronmen had limited knowledge, scoring 60% or less. Fifty-eight percent (15) of 

lifesavers and 43% (3) of ironmen had good nutritional 65-84%. Fifteen percent (4) 

of lifesavers had excellent nutritional knowledge scoring higher than 85% on the 

nutritional knowledge questionnaire. 

lronmen had the best correct response rate for questions 6 and 15 (100% correct 

response) and for questions 2,5,8,and 9 (86% correct response), while lifesavers 

had the highest correct response rate on questions 3 and 6 (96% correct response) 

and questions 9 and 15 (92% and 88% respectively, correct response). 

The poorest correct response rates for ironmen were for question I l(zero correct 

responses) 1 and 7 (29% correct response for each) while questions 11 and 14 had 



the poorest correct response rate for lifesavers (12% and 38% respectively correct 

response). 



Chapter 5 

Discussion 

5.1 Discussion 

Surf Lifesaving Australia is an enormous organisation with membership in the tens 

of thousands (SLSA ,2000). These members represent all categories of physical 

activity from the occasional recreational athlete to the professional elite athlete. The 

organisation also spans all age groups from seven-year old nippers to 60-year and 

older senior athletes who no longer patrol but still compete nationally and 

internationalty in the Masters competitions. Surf lifesavers are held in high esteem 

by the food industry and the public alike, as icons of good nutrition and good health. 

Their image adorns breakfast cereal packaging yet little data has been published on 

the nutritional intake, practices or knowledge of this diverse group. The varied 

membership of SLSA offers a unique opportunity to investigate many aspects of diet 

and activity. This study investigates the nutritional intake of three groups within the 

surf lifesaving movement: lifesavers, ironmen and lifeguards, in order to 'determine 

the nutritional practices of an important group of Australians and whether the image 

of the surf lifesaver as a nutritional icon is deserved. 

Weighed records of varying lengths have been previously used to assess the 

nutritional intake of other groups of athletes (Economos, Bortz and Nelson, 1993) 

and are regarded as the most accurate method of dietary assessment (Bingham et 

al, 1988). Two methods (seven-day weighed food diary and food frequency 

questionnaire) were used to evaluate the nutrient intake of lifesavers and ironmen 

while the food frequency questionnaire alone provided information on the nutrient 

intake of lifeguards. 

Selection of the 30 lifesavers (>two per cent of the population) was random. The 

lifeguards included in the study represented 83 % of the entire population and the 

eleven ironmen represent more than 25% of the Australia-wide population and 47% 

of the local ironmen population. Therefore these results are felt to be generalisable 



of the whole populatjon for each group. Those who completed were no different 

from those who failed to complete the data collection. 

While weighed food records may be considered the "Gold Standard" in dietary 

assessment methodology, there are some limitations of the method which were 

mentioned in Chapter 2. One of the limitations for this study was that it was difficult 

to get the subjects to complete the diary adequately even though these were an 

interested and motivated group of athletes. In the case of ironmen, the competition 

season involves frequent travel that has an impact on dietary intake but also 

increases the perceived difficulties of the ironmen in keeping the seven-day food 

diary. Therefore, to maximize participation, efforts were made to keep the survey 

period to those times of the year when the ironmen where in heavy training and/or 

competition and at their Queensland base for a consecutive seven-day period. 

Lambe et al (2000) and Gersovitz et al (1978) both suggest that data quality 

decreases as survey duration increases. 

Even with telephone calls every one to two days to review progress in this study of 

nutrient intake it could be seen in some diaries that the quality of recording of intake 

decreased in the latter days of the survey period. This was particularly noticeable in 

those subjects who were responsible for their own food shopping and preparation. 

As a result, long discussion and probing questions were necessary to adequately 

complete some food diaries. All of the ironmen and 73% (22 subjects) of the 

lifesavers required additional probing in order to obtain accurate food records. 

Providing food scales and demonstration of their use helped resolve the issue of 

inaccuracies in determining portion size. Because of its ease and speed of 

implementation, using a food frequency questionnaire is a relatively simple 

alternative for reducing respondent burden, although design and analysis of such a 

tool is no simple task (Cameron and van Staveren, 1988). As with other studies 

FFQs yield inaccurate estimates of intake of some foods (Feskanich et al, 1993, 

Pietinen et al, 1988b). While this particular FFQ was designed to assess the 

nutrient intake of an older, more sedentary group of men and women (Marks, 1995), 

there would be benefit in having a tool which is easy to implement to assess the 

nutrient intake of a younger, more active group of men. 

After applying the appropriate cut-offs (Goldberg,Blad<, Jebb, Cole, Murgatroyd, 

Coward and Prentice, 1991) the number of lifesavers and ironmen identified as 



being under-reporters rendered this particular FFQ unusable. In contrast, when 

applying the appropriate cut-offs to the detailed seven-day weighed food diary only 

two lifesavers were identified as being under-reporters. No ironmen were identified 

as being under-reporters. 

The seven-day food diary revealed statistically significant differences between the 

two groups for energy, protein, carbohydrate, alcohol, fibre, thiamin, niacin, 

magnesium, calcium, iron, per cent carbohydrate and alcohol and glkg body weight 

of protein and carbohydrate. 

SLSA has a membership of active, patrolling, male, lifesavers of more than 14,000 

Australia-wide of which 25% are based in Queensland. SLSA provides beach and 

surf surveillance and assistance for locals and visitors throughout the year. In 

addition, lifesaving competitions such as the National Surf Lifesaving 

Championships, Masters Surf Lifesaving Championships, Interstate Championships, 

World Surf Lifesaving Championships, the National Surf League and the lronman 

and lronwoman competitions attract both national and international attention and 

participation. The surf lifesaving culture is part of the Australian national identity to 

the extent that surf lifesaving displays are part of the Australian celebrations for the 

Centenary of Federation in 2001. Surf lifesavers attract fame and accolades for 

their public service, their skills and physical fitness. They are regarded as icons of 

good health and good nutrition, at least the cereal manufacturing companies would 

have us so believe. This belief poses the question are lifesavers really icons of 

good nutrition? What do they actually eat and does their food intake meet the RDls 

and the dietary recommendations of organisations such as the Commonwealth 

Department of Health and Family Services, The National Heart Foundation and 

Nutrition Australia? 

The mean dietary intake of lifesavers meets or exceeds the RDls (Appendix 2), for 

all nutrients assessed: protein, thiamin, riboflavin, niacin equivalents, vitamins A and 

C, magnesium, calcium, iron and zinc. Australian men of similar age consume 

similar intakes of these nutrients (NNS, 1995) (Appendix 6). However, the lifesavers 

consume slightly more Vitamin C, magnesium and calcium than their counterparts in 

the Australian male population. Forty percent of lifesavers consume less than the 

RDI for up to four nutrients and ten percent consume less than two-thirds of the RDI 

for one or two nutrients. The RDls exceed the requirements of practically all healthy 



persons. Those who consume less than two-thirds of the RDI have been identified 

as being at nutritional risk (Stuff, Garza, Smith, Nichols and Montandon, 1983). 

Several nutrients such as fat, fibre, alcohol and carbohydrate do not have a 

Recommended Dietary Intake (RDI). Lifesavers consume 33% total energy as fat 

which slightly exceeds the N H and MRC (1992) recommendation of 30°h or less of 

total energy as fat. However, the intake of lifesavers is consistent with that of 

similarly aged Australian males (NNS, 1995). In 1999 the National Heart 

Foundation (NHF) in it's review of the relationship between dietary fat and 

cardiovascular disease concluded that there was little evidence to support a 

recommendation for total fat intake as a percentage of energy but rather evidence 

supported replacing some saturated fats with unsaturated fats. The 

recommendations were for saturated fats not to exceed eight percent of the total 

energy and that the ratio of polyunsaturated fats to saturated be greater than one. 

Lifesavers do not meet these recommendations. Saturated and polyunsaturated 

fats contribute 14% and 5% of total energy respectively (Table 4-03). Saturated fat 

is almost twice and polyunsaturated fat is half the recommended intake. From a 

dietary perspective lifesavers would reduce the risk of cardiovascular disease by 

modifying their fat intake to meet the recommendations of the NHF. Australian 

males of similar age in the NNS (1 995) have saturated and polyunsaturated profiles 

similar to the lifesavers. The American Heart Association (1 996) recommends a 

monounsaturated fat intake in the range of 10 -15%. This is consistent with the 

amount currently consumed by lifesavers and by similarly aged Australian males 

(NNS, 1995). Therefore replacing just under half the saturated fat with 

polyunsaturated fat would be a health promoting dietary modification for both 

lifesavers and the similarly aged Australian male population. 

While the NHF (1995) had little evidence to support a recommendation for total fat 

intake in relation to cardiovascular disease, there is a relationship between fat intake 

and obesity (Miller, Linderman, Wallace and Niederpruem, 1990). Mean weight for 

lifesavers is 80.4kcJ and BMI is 24.6 (Table 4-02) while for the similarly aged 

Australian males of the NNS (1995) weight and BMI is 81 .?kg and 26.5 respectively. 

Data from the NNS (1995) indicates that BMI increases with age, at least until age 

64. Limiting fat intake to better manage weight gain would be a prudent dietary 

manipulation for lifesavers. 



Lifesavers consume 44% of total energy as carbohydrate. This is similar to the 

carbohydrate intake of Australian males of matching age (NNS, 1995) but less than 

the 50% total energy encouraged by Commonwealth Department of Health and 

Family Services (1 998) and the 55% encouraged by the American Heart Association 

(1996). In addition to the contribution that a higher carbohydrate intake (from fruits, 

vegetables, grains and legumes) makes to vitamin, mineral and fibre intake, 

maintaining a moderate fat and protein intake requires more of the energy to be 

supplied by carbohydrate. Sport nutritionists also recommend higher carbohydrate 

intakes for improved athletic performance (Grandjean, 1993, Maughan, Horton, 

1993). 

The recommendations for alcohol consumption for males in "The Dietary Guidelines 

for Australians" are for less than four standard alcoholic drinks per day (40g alcohol) 

(Commonwealth Department of Health and Community Services, 1993). Lifesavers 

consume fewer than two standard alcoholic drinks per day. They have an alcohol 

intake similar to that of the Australian males of similar age (NNS, 1995) and the 

recreational, competitive male triathletes investigated by Worme, Doubt, Singh, 

Ryan. Moses, and Deuster (1990). Ridker and his co-workers (1994) found that 

modest alcohol intake of one to two alcoholic drinks per day may reduce total 

mortality. 

Mean intake for fibre exceeded the Better Health Commission year 2000 target of 

30g per day (Commonwealth Department of Community Services and Health, 

1987). This recommendation is consistent with that of the American Heart 

Association (1 996) of 25 to 30glday. The fibre intake of lifesavers at 31g, is higher 

than that of the similarly aged Australian males NNS (1995). Fibre affects satiety 

and the health benefits of an increased fibre intake are significant: protection against 

some gastro-intestinal tract disorders and coronary artery disease (Anderson, Smith, 

Gustafsonl994; Baghurst, Baghurst, and Record,1996; Van Horn, 1997) and both 

lifesavers and ironmen include appropriateamounts of fibre. 

The mean fluid intake of lifesavers exceeded by 30% the two litres generally 

accepted as being a desirable level of fluid intake to maintain fluid balance in 

healthy people. Seven percent consumed less than 2 litres. There have been 

educational messages on the value of proper hydration for lifesavers in the last 

decade that is most practically expressed by the compulsory availability of water for 

members on active patrol. 



Mean energy intake was approximately 11,800kJ which corresponds closely to the 

mean energy intake of similarly aged Australian males (NNS, 1995). The energy 

intakes of lifesavers also correspond to the intake of recreational triathletes (Worme 

et a1,1990). In this investigation Worme and co-workers studied 50 male and 21 

female recreational triathletes competing in an amateur triathlon and found the 

males to have an intake of 11,591 kJ from a three-day food diary. However, these 

athletes had a mean daily training time of approximately 90 minutes which is double 

that of the lifesavers (table 4-02) and a lower BMI at 23.7. The estimated energy 

expendibre for lifesavers (determined from records of activity) was approximately 

12,000kJ as was the calculated daily energy expenditure of the male triathletes. 

If we regard the RDls as a measure of dietary health, lifesavers, as a group do eat 

healthily. It is interesting to note, however, that the mean intake for this group 

corresponds to the mean intake of the Australian male populatjon (19 -64yrs) for 

protein, fat, carbohydrate, vitamin A, iron and zinc (NNS, 1995) (Appendix 6). 

Lifesavers ate slightly more fibre, calcium and Vitamin C than Australian males in 

the same age group. 

Lifeguards are professional lifesavers who are recruited from the volunteers of Surf 

Lifesaving Australia. They are older with a mean age of 36 years (table 4-2). 

lronmen are the elite sportsmen of the surf lifesaving movement. They are younger 

and train longer than lifesavers and lifeguards and have superior cardiovascular 

fitness (Gulbin, Fell and Gaffney, 1996). 

Mean intakes for lronmen exceed the RDI for all measured nutrients (Appendix 2). 

While the mean intake for fat and carbohydrate meets the recommended levels, 

36% ate slightly more than 30% energy as fat and slightly less than 50% energy as 

carbohydrate. 

lronmen consume significantly more energy, carbohydrate, fibre, thiamin, riboflavin, 

vitamin C, magnesium, calcium, iron and zinc and signiticantly less alcohol than 

lifesavers (Table 4-03). In addition, they consume more of these nutrients and also 

niacin and drink less alcohol than Australian men of similar age (NNS, 1995) 

(Appendix 6). While their mean intake of fat is similar to Australian males of similar 



age (NNS, 1995). While their mean contribution of fat to energy (table 4-04) more 

closely resembles the recommendations of the N H and MRC (1992). 

Mean fluid intake is just over two and a half litres per day. Considering that the 

competition season spans the summer months and mean daily training is over two 

hours ironmen are at risk of training and perhaps competing in a hypo-hydrated 

state. 

Neither ironmen nor lifesavers meet the NHF (1999) recommendation of less than 

8% total energy as saturated fat, eight to 10 % as polyunsaturated and up to 15% 

energy as mono-unsaturated fat. These ratios correspond to those reported for 

males of a similar age (NNS, 1995) (Appendix 6). 

Thus it would seem that both lifesavers and ironmen consume a healthy diet to meet 

the RDls and achieve the recommended intake for alcohol and fibre. In addition, 

ironmen eat more healthily than similarly aged ~ustralian males (NNS, 1995) and 

lifesavers with a contribution to energy of carbohydrate and fat more in keeping with 

the current recommendations of the Commonwealth Department of Health and 

Community Services (1 998). However, neither lifesavers nor ironmen achieve the 

NHF (1999) recommendations for contribution to total energy of the three types of 

fat. 

There is epidemiological evidence to support a modest consumption of alcohol for 

good health (Ridker, Vaughan, Stampfer, Glynn,and Hennekens, 1994) and 

lifesavers consume alcohol in quantities within this category. Alcohol companies are 

major sponsors of both SLSQ and SLSA. Lifesavers have alcohol intakes 

consistent with current recommendations for good health (Commonwealth 

Department of Health and Family Services, 1993). Alcohol's impact on athletic 

performance has also been investigated, particularly failure of athletes to follow 

sound post-exercise recovery practices (O'Brien, 1993). Alcohol is a potent 

vasodilator, and as' such there is some evidence that it may impede repair by 

increasing swelling around damaged tissues. Vasodilation also can increase 

hypothermia as it accelerates heat loss in ocean swims. The level of consumption 

reported by the lifesavers of less than two standard drinks per day is not likely to 

have negative effects on athletic performance provided the consumption does not 

occur immediately before or during exercise. Best recovery practices for optimal 



athletic performance include attending to fluid and carbohydrate needs for recovery 

before consuming alcohol post-exercise (Burke and Maughan, 2000). 

In dietary terms lifesavers are no healthier than similarly aged Australian males 

NNS, 1995). lronmen eat slightly more healthily than lifesavers and the Australian 

male population. Eating less total fat and more carbohydrate than the general 

Australian male population of similar age makes their nutrient intake closer to the 

Dietary Guidelines for Australians (1 993). However, even ironmen have not yet 

achieved the target for saturated fat intake recommended to confer protection 

against the development of atherosclerosis. Of course other aspects of their 

lifestyle such as high exercise levels may afford substantial health benefits (Gulbin 

et al, 1996). 

The two study groups can be roughly ranked in terms of the health of their diet. 

Results from this investigation indicate that the Australian surf lifesaver, who 

exercise for 45 minutes daily have a nutrient intake similar to that of similarly aged 

Australian males. Ironmen, as professional athletes, have nutrient intakes more 

consistent with the recommendations of sport nutritionists (American Dietetic 

Association and Canadian Dietetic Association, 1995). Intuitively, professional 

experience would suggest that Lifeguards, whose occupation includes regular and 

intermittent athletic involvement also have nutrient intakes more consistent with the 

general Australian population than the requirements of athletes. In ranking the two 

groups, ironmen have a slightly healthier diet than lifesavers. 

It is generally agreed that there are different nutritional requirements for athletes in 

training than for their sedentary counterparts (Costill and Miller, 1980; WilIiams,I 995; 

Beard and Tobin, 2000; Weaver, 2000; Manore, 2000; Lukaski, 2000). 

The majority of research on diet and athletic performance has focussed on 

macronutrient requirements. At this stage there is little evidence to indicate 

increased requirements for micronutrients beyond what is supplied with increased 

energy intake (Fogelholm, 2000, Telford et al, 1992). 

Each of the groups consume vitamins and minerals in excess of the RDI and would 

not be considered at risk from marginal intake. 



Each of the groups consume sufficient protein to support the demands of physical 

activity. 

There is some question about the appropriate amount of carbohydrate that should 

be consumed by men involved in physical training. A commonly accepted 

recommendation is seven to ten grams per kilogram of body weight (Hargreaves, 

1991 ; Coyle, 1995; Walberg-Rankin, 1995). However, the actual level of exercise is 

critical in these recommendations. They are designed for men training at 70% of 

their V02 ,,,. or higher. At this level carbohydrate provides the main energy source. 

Much recreational training and some portions of all endurance training are done at 

levels lower than 70% V02,,. where fat rather than carbohydrate is the main source 

of energy (Coyle,1995). If the initial assumption of training at 70% VOz,,,. or higher 

is accepted, then none of the surf lifesaving groups eat sufficient carbohydrate for 

their activity levels. 

Other researchers have found varying results in the carbohydrate intake of a variety 

of athletes. Frentsos and Baer (1997) investigated four male and two female elite 

triathletes training approximately 90 minutes per day, often in two sessions. They 

found carbohydrate intake to be 4gIkg body weight which is approximately half the 

recommended intake for the level of activity and about the same as lifesavers 

consume. Conversely, Burke and Read (1 987) investigated the dietary practices of 

25 elite male triathletes and found the contribution of carbohydrate and fat to energy 

intake to be 59.5% (9gIkg) and 27% respectively which meets the sports nutrition 

guidelines for endurance performance. Mean protein intake for this group was 2glkg. 

Worme et al. (1990) also investigated triathletes but chose those competing at a 

recreational level. This group of 50 male recreational triathletes also .trained for 

approximately 90 minutes per day and analysis of their three-day food diaries 

indicated a carbohydrate and protein intake of 5.lglkg and 1.4glkg per day 

respectively. 

In another study Burke, Gollan and Read (1991) compared the intakes of four 

groups of Australian male elite athletes. One of the groups were the triathletes 

studied previously by Burke and Read (1987) while the other three groups were elite 

marathon runners, footballers and weightlifters. The 19 marathon runners 

consumed a mean intake of 7.6g carbohydrate 1 kg body weight but this was 

deemed insufficient for maximum glycogen replenishment. Footballers and 

weightlifters consumed considerably less carbohydrate at 4.5 and 4.8glkg 



respectively of total energy. The runners, footballers and weightlifters consumed 2, 

1.5 and 1.9 g protein / kg body weight respectively. Economos, Bortz and Nelson 

(1 993) reviewed 22 dietary intake studies where food diaries of varying duration had 

been used to assess nutritional intake and found the range of carbohydrate intake 

for training of elite athletes to be 5.3 to 11.5glkg. Surf Ironmen, the elite athletes of 

this study, fall within this range for carbohydrate intake. 

Garcia-Roves et al (2000) investigated the nutritional status of flatwater paddlers 

during high volume training and found their energy, protein, carbohydrate and fat 

intake of the males to be 21.5MJ, 2.2glkg 7.5glkg and 39% respectively. Niekamp 

and Baer (1995) investigating male cross-country runners found the protein and 

carbohydrate intake to be 1.56glkg and 7.5glkg. 

Compared with recreational triathletes lifesavers consume less carbohydrate but 

similar amounts of protein. Australian surf ironmen consume more carbohydrate 

than footballers and weightlifters but less than triathletes, long-distance runners and 

flatwater paddlers. 

Athletes, especially competitive athletes are often seeking a competitive edge, 

whether it is from a particular training programme, ergogenic aid or specific dietary 

practices. Having an accurate nutrition knowledge might be essential for translating 

nutrition messages into wise dietary choices (Sapp and Jensen, 1997) Athletes 

often speak knowledgeably about nutrition and nutritional concepts without 

necessarily understanding these concepts. To investigate lifesavers and ironmen's 

knowledge of specific nutritional concepts and food sources of specific nutrients a 

nutritional knowledge questionnaire was devised comprising 15 multiple choice 

questions (Appendix 5). 

Both lifesavers and ironmen possess good nutritional knowledge. These groups 

scored of 73% and 67% respectively on the questionnaire developed for the study. 

There were no statistical differences between the two groups. This is in contrast to 

the work of Harrison et al. (1991) which found that elite athletes had higher 

nutritional knowledge than recreational athletes. Both groups of athletes had a 

higher correct response rate than the athletes in the investigations of Shoaf, 

McClellan and Birskovich (1986) and Douglas and Douglas (1984). Shoaf and his 

co-workers administered 25 multiple choice questions to male college athletes and 

found that all scored less than 50 %, while Douglas and Douglas found a 56% 



correct response rate from 51 swimmers in a larger investigation of the nutritional 

knowledge of high school athletes. Douglas and Douglas asked 33 factual and 

conceptual questions on nutrition and 15 true-false statements dealing with common 

misconceptions about food and nutrition. 

Lifesavers and ironmen showed good knowledge about alcohol, sound weight 

management and the importance of including a variety of foods in the diet. Results 

varied from poor to excellent in the ability to identify groups of foods as good 

sources of specific nutrients. Lifesavers were better than ironmen at identifying 

which groups of foods were good sources of carbohydrate, polyunsaturated fat and 

iron and which group of foods contained the lowest fibre content. Ironmen, however, 

had a better response rate at identifying which group of foods were highest in fat. 

lronmen also had a better response rate in answering the three sport nutrition 

questions. Of the two questions pertaining to vitamins, both groups had poor 

response rates to the reason for daily replenishment of B vitamins, while lifesavers 

and ironmen had excellent and good response accuracy, respectively on the 

function of vitamins. The good nutritional knowledge exhibited by both lifesavers 

and ironmen is consistent with their relatively healthy diet and lifestyle. 



5.2 Conclusions 

This study investigates the nutritional consumption and nutritional knowledge of a 

sub-group of physically active Australians. Surf lifesavers, whether volunteer 

lifesavers, professional ironmen or professional lifeguards are a well-known and 

well-respected sub-group of physically active Australians yet little is known about 

their nutritional practices or knowledge. This study assessed a particular FFQ and 

found that the FFQ resulted in a high proportion of under-reporting in this group. 

Therefore, its general use with physically active young men is not recommended. 

This investigation shows that lifesavers and ironmen have good nutritional 

knowledge; they understand some important nutritional concepts and can identify 

foods that are rich sources of particular nutrients. 

Members of the surf lifesaving movement are portrayed by the food industry as 

national icons, epitomising optimal nutrition. Their nutritional health has been 

assumed rather than established by objective assessment. This study suggests that 

lifesavers and lifeguards have nutritional health equivalent to that of other members 

of the general Australian male population. Surf ironmen do generally meet the 

broad population recommendations for good health but as elite athletes, their 

carbohydrate intake is less than recommended for their level of endurance training. 

If athletes are to be considered as nutritional icons - role models of exceptional 

nutritional health to which the population can aspire - then surf ironmen are 

appropriate examples of good nutritional intake. However, other athletes such as 

marathon runners and triathletes are similarly good examples. 



Appendix 1 

Food Frequency Questionnaire 



THE NUTRITIONAL STATUS AND 
NUTRITIONAL KNOWLEDGE OF 

LIFESAVERS, LIFEGUARDS AND IRON MEN 
STUDY. 

FOOD FREQUENCY 
QUESTIONNAIRE. 

This questionnaire was developed by the Queensland 
institute of Medical Research and forms part of a study being 
undertaken by Rhonda Anderson , Dr. Philip Gaffney and the 
Griffith University School of Health Science. 

The following questionnaire will estimate the types and 
amounts of foods that you have eaten over the past 6 months 
If you have any queries, please contact 

Rhonda Anderson: Ph. (07) 5539 4484 
Paging Service: Ph. 5570 7000, 

Pager No. 48672 

THANKYOU FOR YOUR CO-OPERATION. 

FOR OFFICE USE ONLY. 
NAME: 
ID. 
DATE OF COMPLETION: 



WE WOULD LIKE TO ASK YOU WHICH FOODS YOU EAT, AND HOW MUCH YOU EAT OF EACH. 

On the next page you will see a list of foods with an amount written next to each food. For each food' we would like you 
to indicate with a tick how often, on average, you have eaten the given amount over the last six months. This may 
vary from never to four or more times as much as the given amount per day. 

To help get you started, here are some examples of what we mean. If you can take a few minutes to work through 
these examples, you will quickly get the idea. 

EXAMPLE ?: How often do you drink 250 ml(8oz) of whole milk? 

If you drink a 250 ml glass of whole milk every day, on average (including milk you use on cereal, or in tea or coffee), 
you would place a tick in the 1 per day column, like this: 

If you drink twice this amount, that is a total of about two 80z. glasses of whole milk every day, you would place a tick 
in the 2-3 per day column, like this: 

Whole Milk 250 ml (802.) glass 

/ 
Whole Milk 250 ml (802.) glass ) 1 I 1 I I I I d  I I 
EXAMPLE 2: How often do you eat 112 cup of green beans? 

I 

Number of times used this amount over last 6 mths 

If you eat 112 cup of green beans every 2 weeks, on average, you would place a tick in the 1-3 per month column, like 
this: 

N 
e 
v 
e 
r 

If you eat 7 cup of green beans a week, on average, this is the same as eating 112 cup of green beans 2 times a week, 
so you would place a tick in the 2-4 per week column, like this: 

- 
Number of times used this amount over last 6 mths 

/ 
Green Beans 112 cup I I I I d  I I I I 

Less 
than 
1 

per 
mYh 

N 
e 
v 
e 
r 

If there are any foods that you never eat, please place a tick in the NEVER column. Do not leave it blank. 

5-6 

per 
week 

1-3 

per 
m'th 

Green Beans 112 cup 1 I 

I . /  

1 

per 

day 

/ 

Less 
than 
1 

per 

1 

per 
week 

5-6 

per 
week 

2-4 

per 
week 

2-3 

per 

day 

m'th 

1-3 

per 
m'th 

4+ 

per 
day 

4 

1 

per 

day 

1 

per 
week 

2-4 

per 
week 

2-3 

per 

day 

4+ 

per 
day 



Q 1 Now, please look at the list of foods below. For each food listed indicate with a tick how often, on average, you 
have eaten this food, in the given amount, during the past year. Please try to think carefully about each food, 
and try not to leave any blank lines. 

ID- 1 ----- 
I Number of times used this amount over last 6 mths I 

DAIRY FOODS 

Foods 
I" 

Amount r 

Low fat milk 250 rnl (802.) glass 

Ice. cream 112 ,cup 1 
-- 

Yoghurt, Ravlplain 1 small carton 1 
Yoghurt, :iiiw:fat, flavlplain 1 small carton I 

I 

Cottage or ricotta cheese 112 cup 

other. .=Geese. I 'slice ..or 
eig. Coon' 30 -g . . ( I  oi;) .sewing. . . 

Margarine, added to food or bread: I 
~xclude use in cooking 1 teasp. I 
Butter, added to food or bread: 
Exclude use in cooking 1 teasp. 

- 
Less 
than 
1 
Per 
m'th 

Q 2 What form of margarine do you use most often for spreading on bread, adding to vegetables etc? (Exclude use 
in cooking) (Circle one) 

1. Cooking margarine 4. Low fat margarine 
2. Table margarine 5. Do not use margarine 
3. Polyunsaturated margarine 

What brand do you use most often? 18 -- 

Q 3 What form of butter do you use most often for spreading on bread, adding to vegetables etc? (Exclude use in 
cooking) (Circle one) 

1. Ordinary butter 4. Dairy blend, reduced fat 
2. Reduced fat butter 5. Do not use butter 
3. Dairy blend, regular 

Q 4 Do you usually add butter or margarine to your cooked vegetables before you eat them? (Circle one) 

1. Yes 2. No 



Q 5 

SMSONAL FRUITS 
Please indicate how often on average you e a t  these  
fruits when they a r e  in season.  

Foods Amount 
I I 

Fresh peaches, apricots, plums 
or  nectarines I medium 

Fresh grapes small bunch (about 20) 

Fresh s t r a ~ b e ~ e s  1-12 cup 

Other fresh berries 112 cup 

Fresh cantaloupe or rockmelon 114 melon 

I 

Fresh mangoes 1 medium 

Fresh paw-paw I slice 

Fresh pineapple 1 slice 

Watermelon 1 siice 

Avocado 112 avocado 

OTHER FRUITS 

Fresh apple or pear I medium 

Fresh orange I medium 

Fresh grapefruit 112 

Fresh banana 1 medium 

Prunes 112 cup 

Dried apricots 4 - 5 halves 

Dried peaches 4 - 5 halves 

Other dried fruits I tblsp. 

Canned apricots or peaches 112 cup 

Other canned fruit 112 cup 

Less 
than 
1 

per 
m'th 

N 
e 
v 
e 
r 

1-3 
per 
m'th 

1 
per 
week 

2-4 
per 
week 

4+ 
per  
day 

J 

2-3 
per 
day 

5-6 
per  
w e e  
k 

1 
per 
day 



Q 6 

SEASONAL VEGETABLES 

vegetables when they are in season.) 

OTHER VEGETABLES (fresh, frozen or 
canned) 

Foods Amount 

Potato, boiled or  mashed 1 medium, 112 cup  

Potato, baked 1 medium 

Hot chips 1 cup 

Pumpkin, boiled or mashed 1 med. piece, 112 cup 

Pumpkin, baked I medium piece 

Sweet potato 112 cup 

P e a s  112 cup 

Green beans 112 cup 

Cabbage 112 cup 

Brussel sprouts 3-5 fresh or  frozen 

carrots 1 medium whole or  112 cup  cooked 

Sweet corn 1 cob or  112 cup  frozen or  canned 

Eggplant, zucchini or  squash 112 cup 

Mushrooms 6-7 small 

Tomatoes 1 medium 

Lettuce 2 medium leaves 

Coleslaw 112 cup 

Celery 10cm (4 inch) stick 

Bean sprouts 112 cup 

Baked beans 112 cup 

Soybeans 112 cup 

Other beans o r  lentils 112 cup 

N 
e 
v 
e 
r 

1-3 
per 
m'th 

Less 
than 
1 
per 
m'th 

1 
per 
week 

2 4  
per 
week 

5-6 
per 
wee 
k 

1 
per 
day 

2-3 
per 
day 

4c 
per 
day 



Q 7 

MEATS, FISH B EGGS 

Ham, beef, pork or lamb in sandwich 

Sausage rot1 

Processed meats 
e.g. Devon, Chicken roll 1 piece or slice 

Frankfurt, saveloy I large or 3 small 

Boiled or poached egg I 

Fried egg 1 

Scrambled egg or omelette I (with 1 egg) 

Tuna canned in oil I12 cup 

Tuna, salmon canned in water 112 cup 

Sardines 112 cup 

Other fish (e.g. fried, baked) 1 small fillet 

Other seafood e.g. prawns, crabs 
scallops a s  a main dish 112 cup 



Q 8 

BRWD, CEREALS, STARCHES 

Q9 What kind of breakfast cereal do you use most often (e.g. Toasted Muesli, Kellogg's Corn Flakes) 

Please specify type(s) and brand(s): 

I 

Scone, pikglet' 1 scone, 3 pikelets 

Brown rice 1 cup (cooked) 

White 'rice I. cup :{cooked) 
. . 

Pasta e.g. spaghetti, noodles, etc. 1 cup 

crispbread, cracker;. etc. 1 

. . 



Other low calorie soft drink e.g. Tresca 1 can 

Coke, Pepsi or other cola 1 can 

Other soft drink, e.g. Lemonade 1 can 

Cordial 1 glass 

Coffee I cup 

Decaf Coffee 1 cup 

Tea (not herbal teas) 1 cup 
I 

1-3 
p ~ r  
m th 

Less 
than 
1 

per 
m'th 

Herbal tea 1 cup 

BEVERAGES WITH ALCOHOL 

Amount 

Beer (ordinary or heaw) 1 stubbie. can 

Beer (low alcohol) 1 stubbie, can 

Red Wine 1 wine glass 

N 
e 
v 
e 
r 

1 
per 
week 

White Wine or Champagne I wine glass 

Sherry or Port 112 wine glass 

Spirits (e.g. whiskey, gin) 1 drink or nip 

2-4 
per 
week 

5-6 
per 
wee 
k 

4+ 
per 
day 

1 
per 
day 

2-3 
per 
day 



Q 11 

coated 

Chocolate 4-5 small squares 

Loliies 

4+ 
per 
day 

OTHER FOODS 

Foods /,mount 

Pizza 2 slices 

Oliveslgherkinslpickled vegs 113 cup 

Cream soup 1 cup 

Oil and vinegar dressing, e.g. French 1 tblsp. 

Mayonnaise or other creamy 
salad dressing 1 tblsp. 

t 

N 
e 
v 
e 
r 

1-3 
per 
m'th 

Less 
than 
1 
per 
m'th 

1 
per 
day 

5-6 
per 
wee  
k 

1 
per 
wee 
k k  

2-3 
per 
day 

2-4 
per 
wee 



Q 12 Are there any other foods not listed above that you usually eat at least once per week? 

Q 13 How many teaspoons of sugar altogether do you add to your Food and drink each day? (Include sugar added 
to your tea, coffee, cereal, fruit etc.) 

Total teasp 

Q 14 What do you do with the visible fat on your meat? (Circle one) 

1. Eat most of it 
2. Eat some of it 

3. Eat as little as possible 
4. Don't eat meat 

Q 15 What type of cooking oil is used most often in you home? (e.3. olive, sunflower) 

Please specify type or brand' 

Q 16 What kind of fat is used most often in your home for frying or roasting meat or vegetables? 

I. Butter 5. Table margarine 
2. Lard 6. Vegetable oil 
3. Cooking margarine 7. Other, please specify 
4. Polyunsaturated margarine 

/polyunsat. table margarine 8. None 186 - 

Q 17 How often do you eat food that is fried at home? (Include any foods cooked in a pan or on a hot plate e.g. pan 
frying or dry frying) (Circle one) 

1. Less than once per week 4. Daily 
2. 1 - 3 times per week 5. 2 or more times per day 
3. 4 - 6 times per week 

Q 18 HOW often do you eat take-away that is fried food e.g. Chips, battered foods, chicken fried fish? (Circle one) 

1. Less than once a week 3. 4 - 6 times per week 
2. 1 - 3 times per week 4. Daily 



Q 19 Db you take vitamin pills (or liquid)? :Circle One) 

1. Yes 2. No 

If YES, do you regularly (in most weeks) take any of the vitamins listed below? 

1. Yes 2. No 

If YES, please look at the bottle to help answer the foliowing: 

Q 20 Do you take other dietary supplements or minerals? (Circle one) 

Name of 
Vitamin 

Multi-vitamin 

Vitamin A 
retinol 

Beta - carotene 

Vitamin C 

Vitamin E 

1. Yes 2. No 

If YES, please specify for each supplement, the type, number or amount taken and how often taken. 

Brand Name Used for 
how many 

years 

Name of 
Supplement or 

Mineral 

(a> 

(b) 

( 4  

No. of pills, 
capsules or 
teaspoons 

Per day 

Brand Name 

Strength in 
mg or other 
units - see 

bottles 

Used for 
how many 

years 

Amount 
taken 

per day 

If applicable 
strength 

In rng or 
other units 
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Current N H & M R C 

Recommended Dietary Intakes 

for Use in Australia 

Truswell, 1990, Australian Professional Publications. Sydney. P I 4  
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Estimations of Energy 

Expenditure 

Predicting food energy requirements from estimates of energy 

expenditure. P.M. Warwick. (1 989). Australian Journal of 

Nutrition and Dietetics 46 S3, S9, S14. 
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Seven-Day Food Diary 



TRITIONAL STATUS A 
TRITIONAL OWLEDGE OF LIFESAVERS, 

AND IRON MEN S 

N DAY FOOD DIARY 

This diary foms part of a study being undertaken by Rhonda Anderson , 
Dr. Philip Gafhey and the Griffith University School of Health 
Science. 

The following diary aims to estimate the amount and type of food you 
eat over a one week period. Record in the diary all of the food and dnnk 
(including water) that you consume during this week. Eat and drink as 
you norrnally would as if no record were being kept. Fill in the diary 
whilst eating or as soon as possible afterwards so that n o t h g  is 
forgotten. If you have left the diary elsewhere jot down what you ate 
and add it to the diary when you get home. 

If you have any queries, please contact 

Rhonda Anderson: Ph. (07) 5539 4484 
Paging Service: Ph. 5570 7000, 

Pager No. 48672 

THANKYOU FOR YOUR CO-OPERATION. 

FOR OFFICE USE ONLY. 
NAME: 
ID. 
DATE OF COMPLETION: 



1/ Record the day of the week and the date at the top of each page. 

2/ Record all of the foods and s eaten in the diary provided. 
Include all snacks, pickles, condiments and alcohol etc. Remember to 
record all foods and dnnks which were consumed away from home. 
If any vitamin and mineral supplements are used, record the amount 
taken and the brand and label information. 

31 Start each day on a new page. If a day is longer than one page 
continue on to the next page, but start the subsequent day on a new page. 

41 Record each item of a composite dish on a new line, e.g. a turkey 
sandwich would be recorded as turkey, butter and bread, each on a 
separate line. 

51 Fully describe the food/drink e.g. blade steak (tri d of fat) instead 
of just writing meat. 

61 Record how the food was cooked e.g. grilled, roasted. 

71 When eating a dish made of several ingredients e.g. casserole, record 
the ingredients on a separate page (on the notes page at the end of the 
diary). Also give the approximate proportion of ingredients and the total 
number of servings per recipe. 



DATE 
SmJEGT NAME 

DAY OF 7?HE TVEEK 
DAY NO. 

I' I I I I I 

EXERCISE I PHYSICAL ACTIVITY 1 TRAINING (TYPE, DUMTION & INTENSITY) 



NOTES 
( These pages are for recording the ingredients, ingredient 
proportions and sewing size of composite dishes such as 
easseaoiles, stiPfries etc.) 



Appendix 5 

Nutritional Knowledge 

Questionnaire 



IONAL STATUS A 
OWLEDGE OF LIFESAVERS, 
AND IRON MEN ST 

NUTRITIONAL OWLEDGE 

This quesitonnaire forms part of a study being undertaken by Rhonda 
Anderson, Dr. Philip Gaffney and the Griffith University School of 
Health Science. 

The aim of this questionnaire is to assess knowledge relating to food, 
diet and nutritiondl issues. 

If you have any queries, please contact 

Rhonda Anderson: Ph. (07) 5539 4484 
Paging Service: Ph. 5570 7000, 

Pager No. 48672 

THANKYOU FOR YOUR CO-OPERATION. 

FOR OFFICE USE ONLY. 
NAME: 
ID. 
DATE OF COMPLETION: 



QUESTIONS 

1. In which of the groups below are all the foods a rich source of carbohydrate? 

a) bread, orange juice, soft drink, spaghetti 
b) avocado, beer, eggs, banana 
c) cheese, potato, rice, pineapple 
d) fish, dried apricots, cordial, peanuts 

2.  In which of the groups below are all the foods high in fat ? 

a) peanut butter, corn chips, banana, chocolate 
b) apple pie, cream, cheese, lollies, egg 
c) boiled potato, avocado, bacon, peanuts 
d) butter, margarine, sour cream, oil 

3. Which group of cereals below contains the fibre? 

a) Cornflakes & Rice Bubbles 
b) Weeties and Shredded Wheat 
c) Weetbix and Sultana Bran 
d) Vitabrits and Rolled Oats 

4. In which group below are all the foods high in protein ? 

a) cheese, potato, spinach, egs 
b) avocado, beef steak, skim milk, chocolate 
c) fish, prawns, lamb, tofu 
d) baked beans, egg whites, peas, orange juice 

5 .  Athletes benefit from having a diet which is highest in :- 

a) Protein 
b) Fat 
c) Carbohydrate 
d) Alcohol 



6. Which of the following drinks has the highest percentage alcohol ? 

a) Red wine 
b) Whiskey 
c) Beer (full strength) 
d) White wine 

7 .  Which of the following foods is highest in polyunsaturated fat? 

a) liver 
b) Meadow Lea margarine 
c) Western Star butter 
d) coconut oil 
e) banana 

8. John Smith is a Iifesaver of average weight and height. He does li$t .exercise only 
and his diet is appropriate for his low exercise pattern. John decides to train for a 
marathon race to be held in eight months time. He should aim to increase his food 
intake - particularly foods rich in :- 

a) protein only 
b) carbohydrate and protein 
c) fat and carbohydrate 
d) protein and fat 

9. We should eat a wide variety of foods because :- 

a) No one food contains all the nutrients required for good health 
b) Today's food supply has poor nutritional value 
c) It is too boring to eat the same foods all the time 
d) Vitamins and minerals are found in a few select foods 
e) Visual variety stimulates appropriate balanced nutrient intake 

10. We need vitamins because :- 

a) They maintain blood pressure and cholesterol within the normal range 
b) They are a major source of energy in the diet 
c) They are important for weight control 
d) They have a role in all the body's metabolic processes 
e) They give us energy and stop us feeling tired 



1 1. We should eat foods containing B vitamins each day because :- 

a) They maintain bone and teeth strength 
b) They are essential for calcium absorption 
c) Deficiency results in cardiac disease 
d) They are a major source of energy in the diet 
e) They are readily excreted in urine 

12. The food below containing the highest amount of iron is :- 

a) Whole milk 
b) Rump steak 
c) Broccoli 
d) Bananas 
e) Pumpkin seeds 

13. Today it is possible to buy beers with different alcohol content. 
The percentage alcohol in fix11 strength, mid strength and light beer is :- 

14. Which of the following is known to enhance athletic performance ? 

a) Thiamine (Vitamin B 1) 
b) Iodine 
c) Caffeine 
d) Monounsaturated fatty acids 
e) Sodium chloride 

15. Jim Bums is a 24 year old lifesaver who is on patrol regularly. He is overweight 
and his coach has told him to lose 7 kilograms. The best way for Jim to do this is:. 

a) To replace all meals with a protein drink 
b) To cut out all the fat in his diet until he loses weight and then eat normally 
c) Eat very small amounts of food and do 2 hours of strenous exercise every day 
d) Fast, with supplements of vegetable juices until weisht is lost 
e) Eat a reduced fat, high carbohydrate diet and exercise every day 



Appendix 6 

National Nutrition Suwey 

Australian Bureau of Statistics. 1995. 
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