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Abstract:



There are few dietary assessment tools that are scientifically developed and freely available online. The Commonwealth Scientific and Industrial Research Organisation (CSIRO) Healthy Diet Score survey asks questions about the quantity, quality, and variety of foods consumed. On completion, individuals receive a personalised Diet Score—reflecting their overall compliance with the Australian Dietary Guidelines. Over 145,000 Australians have completed the survey since it was launched in May 2015. The average Diet Score was 58.8 out of a possible 100 (SD = 12.9). Women scored higher than men; older adults higher than younger adults; and normal weight adults higher than obese adults. It was most common to receive feedback about discretionary foods (73.8% of the sample), followed by dairy foods (55.5%) and healthy fats (47.0%). Results suggest that Australians’ diets are not consistent with the recommendations in the guidelines. The combination of using technology and providing the tool free of charge has attracted a lot of traffic to the website, providing valuable insights into what Australians’ report to be eating. The use of technology has also enhanced the user experience, with individuals receiving immediate and personalised feedback. This survey tool will be useful to monitor population diet quality and understand the degree to Australians’ diets comply with dietary guidelines.
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1. Introduction


Measuring dietary intake in large population groups can be difficult when time and resources are limited. Traditional methods of assessment may have a high participant burden, and also take time for researchers to manage the data entry and conduct the analysis. Adapting traditional methods to incorporate technology is one way researchers have tried to reduce the burden of measuring dietary intake. Most technology assisted methods reduce the time and costs associated with data collection by automating some aspects of the data collection, coding, and analysis. Removing the face to face element of traditional methods may also allow for a larger sample of individuals to be assessed. However, this application of technology does not usually overcome the measurement biases commonly associated with assessing dietary intake. Technology is also being used to develop new methods which may address some of these biases, such as using photography to capture intake instead of self-report [1], or physiological measurements as a proxy to intake [2]. However, these applications are generally not ready for use in large population studies.



There are some examples of where traditional methods have been transferred online and made available to researchers and the general public to assess dietary intake. One example is the Automated Self-Administered 24-h recall (ASA-24), which is an automated, self-administered 24-h recall available in the USA [3], and is currently being adapted and validated for use in the Australian population. The online platform removes the role of an interviewer in a 24-h recall, and the system provides prompts and cues to assist individuals’ in reporting all food and beverages consumed on a day, or across multiple days. By tradition, the primary output from these recalls is nutrient intake, although more recently with the use of an online platform and advances in statistical methods, multiple recalls are being administered more frequently and used to estimate usual food consumption [4].



Food frequency questionnaires (FFQs) also collect information about usual or habitual intake of a selection of foods. They are often designed to be self-administered, accommodate larger samples, and are well suited to an online delivery. The length of FFQs can vary depending on the researcher’s focus. Longer FFQs aim to capture the total food and nutrient intake but shorter versions tend only to characterise intakes of one, or a few, nutrients or food groups. The validation of FFQs has traditionally been in relation to energy and nutrient intakes but not food intake [5,6]. A recent review of short FFQs and questions to measure food intake in children and adolescents identified 30 tools that had undergone scientific validation. Only six of these short tools measured a wide range of food groups [7]. The challenge remains whether short questionnaires can be used to capture intake of a range of foods, total diet, diet quality, and/or whole dietary patterns.



The Australian Dietary Guidelines provide information on the types and amounts of food to eat from a range of food groups, and a dietary pattern to promote health and wellbeing. In recent years, the interest in methods to assess whole diet and eating patterns has increased as a way to monitor population intakes, and compare population intakes against such food based dietary guidelines. The Short Food Survey, is a short questionnaire which assesses intake of all five core food groups, beverages, discretionary choices, food choices, and variety, allowing for compliance with the Australian Dietary Guidelines to be estimated as a diet quality score [8]. The survey has been validated against 24 h recalls in adults [9] and children [10], and found to provide a reliable and adequate estimate of overall diet quality. Given the lack of scientifically developed tools available online [7], there was an opportunity to provide the Short Food Survey to Australians to assess their own dietary intake, and for researchers to find out how Australians’ diets comply with dietary guidelines. Conducting national nutrition surveys is a big financial undertaking, and as such it was almost 20 years between surveys in Australian adults [11,12]. We envisaged that a freely available tool would attract a large audience to complete the survey, and have the potential to provide a unique and contemporary insight into what Australians are eating. This information would be most useful to fill the gap in the intervals between national surveys. In May 2015, the Commonwealth Scientific and Industrial Research Organisation (CSIRO) Healthy Diet Score survey was launched online. This paper describes the reach and user experience of the survey, and summarises how compliant Australians self-reported diets are with the Australian Dietary Guidelines.




2. Materials and Methods


The CSIRO Healthy Diet Score was developed in partnership by the Commonwealth Scientific and Industrial Research Organisation (CSIRO) and SP Health Co. (Sydney, Australia)—an Australian business who deliver online health solutions. The CSIRO Healthy Diet Score survey is an extension of the Short Food Survey which was developed by CSIRO and the University of South Australia [9,10]. The Short Food Survey is a series of 38 short questions which were purposefully compiled to allow for the calculation of a Dietary Guideline Index score [13], referred to here as “Diet Score”. The Short Food Survey has undergone validation in a sample of Australian adults [9] and separately for parents reporting children’s intake [10], and been shown to provide a valid estimate of overall diet quality.



The Australian Dietary Guidelines provide Australians with specific advice on the quantities of core and discretionary (noncore) food and beverages to consume on a daily basis, based on their age and gender [14]. To reflect these guidelines as best as possible, the Diet Score scoring system assesses the quantity, quality, and variety of foods consumed. A detailed description of the questions and scoring algorithm are published elsewhere [9,10,13]. Briefly, for the quantity components individuals report their usual intake, in serves, per day, week or month, from which serves per day is calculated. The scoring algorithm compares the daily amount of fruit, vegetables, breads and cereals, meat and alternatives, dairy and dairy substitutes, and discretionary foods to age and gender specific recommendations. For the quality components, the frequency of wholegrains consumption, reduced fat dairy consumption, frequency of trimming meat, fat type of spreads used, and water consumption (as a proportion of total fluids) are assessed. The variety of foods consumed within each core food group is also scored. Each component of diet quality is calculated as a score out of 10, except for discretionary foods which is out of 20 points. Achievement of a maximum score indicates that an individual’s intake met the recommendation (i.e., had an optimal intake). Minimum scores were generally assigned to zero intakes, and in between scores were allocated as a proportion of the recommendation. All components are summed to give an overall Diet Score out of 100, where an individual’s Diet Score reflects their overall compliance with the Australian Dietary Guidelines, and a higher score reflects greater compliance with guidelines and higher diet quality. To aid interpretation and comparison of scores between these components, we have expressed the component scores (originally out of 10, except for discretionary foods which was out of 20) as a score out of 100 in the tables and description of results.



The CSIRO Healthy Diet Score survey contains the 38 questions asking about the frequency and amounts of different foods consumed, food choices, and variety—the same as the Short Food Survey. In addition, the CSIRO Healthy Diet Score survey contained coloured images of example foods included in each question. The portion size of the images were selected to be as realistic as possible, however were not intended to be exact serve sizes in all instances (Figure 1). The survey was programed into a readily available survey platform. On completion, individuals receive an immediate Diet Score on completion of the survey, as well as three personalized suggestions for areas to improve.


Figure 1. Screenshots of questions from the Commonwealth Scientific and Industrial Research Organisation (CSIRO) Healthy Diet Score survey. Examples of questions about the frequency and quantity of (a) Core foods and (b) Discretionary foods.
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The CSIRO Healthy Diet Score survey is freely available to all Australians at the website www.csirodietscore.com, and through the CSIRO (http://www.csiro.au) and Total Wellbeing Diet (https://www.totalwellbeingdiet.com/) websites.



The CSIRO Healthy Diet Score survey is currently a live website, meaning data collection is continuous and ongoing. The survey went live on the 21 May 2015 and CSIRO and SP Health coordinated four media releases: (i) a small scale media on 21 May associated with the launch; (ii) a major release about the first results of the survey conducted on 10 August 2015; (iii) a second small scale release marking one year since launch; and (iv) a second major release of findings on 26 September 2016. The two major releases received national television, print, and radio coverage across a range of free to air television channels (e.g., news and current affairs programs), Australian print newspapers and internet stories, and local and national radio programs. The peaks in visitation to the survey corresponded with these publicity campaigns (Figure 2). This paper describes data collected from individuals who completed the survey from when it went live on the 21 May 2015 through to the 17 October 2016. During this period, the survey was commenced 190,667 times. Duplicates were identified using an ID variable (n = 9046) and individuals’ first attempt of completing the survey was included in the present analysis. Of the 181,621 surveys by unique users, 34,323 surveys were only partially completed, leaving 147,298 complete surveys. Outliers were identified and removed based on extreme age (less than 18 and older than 100 years removed), Body Mass Index (less than 13 and greater than 97 removed), height (less than 1m and greater than 3 m), and weight (less than 13 kg and greater than 250 kg). In total 1323 surveys were removed based on the above criteria, leaving 145,975 surveys for analysis (76.6% of those that commenced the survey, Figure 3). According to the summary statistics provided by the survey platform, the highest drop off between pages of the survey was 4% between page 2 about fruit and page 3 about vegetables. The drop between the remaining pages was 0%–2%, and there was no pattern to this drop off.


Figure 2. Number of people who have started the CSIRO Healthy Diet Score survey from (i) launch (21 May 2015) to current (17 October 2016) with key peaks in visitation at (ii and iv) the key media releases and (iii) average daily visitation highlighted.
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Figure 3. Data management and data cleaning of submitted surveys.
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Descriptive analysis (means, standard deviations, and frequencies) were used to describe the sample included in the analysis, and their scores on each component of the Diet Score as well as the Diet Score overall. Due to the large sample size, discussion of results favoured the most meaningful differences (considered to be a difference of 5% or more between groups), as opposed to a statistically significant difference. This study was approved by the CSIRO Health and Medical Human Research Ethics Committee Low Risk Review Panel (LR 29/2016).




3. Results


3.1. Sample Characteristics


The majority of the sample was female (71%), with a relatively even distribution across the 18–30, 31–50, 51–70 years age groups (30.5%, 36.0%, 30.2% respectively, Table 1). Almost half the sample (48.2%) reported a height and weight that placed them in the normal weight category, 30.4% were overweight and 18.9% obese. The largest proportion of respondents resided in Victoria (30.8%), followed by New South Wales (27.2%) and Queensland (14.5%). There were a wide range of occupations reported by individuals. The most common occupations were management/finance (12.8%), education/research (12.4%), student (11.2%), and retired (10.6%).



Table 1. Characteristics of the CSIRO Healthy Diet Score Survey Sample and Summary Diet Scores by Demographic Characteristic (n = 145,975).







	

	

	
Sample Characteristics

	
Diet Score




	

	
Count (n)

	
% of Total

	
Mean

	
SD






	
Gender

	
Male

	
42,385

	
29.0%

	
56.2

	
13.1




	
Female

	
103,590

	
71.0%

	
59.9

	
12.6




	
Age group

	
18–30 years

	
44,534

	
30.5%

	
57.3

	
13.2




	
31–50 years

	
52,599

	
36.0%

	
57.3

	
12.6




	
51–70 years

	
44,096

	
30.2%

	
61.8

	
12.2




	
71+ years

	
4746

	
3.3%

	
63.1

	
11.7




	
Weight status

	
Underweight

	
3685

	
2.5%

	
59.6

	
14.4




	
Normal weight

	
70,205

	
48.2%

	
60.5

	
12.6




	
Overweight

	
44,376

	
30.4%

	
58.1

	
12.5




	
Obese

	
27,517

	
18.9%

	
55.7

	
13.2




	
State of residence

	
New South Wales

	
39,313

	
27.2%

	
59.2

	
12.8




	
Queensland

	
20,988

	
14.5%

	
58.2

	
13.1




	
Australian Capital Territory

	
6047

	
4.2%

	
59.7

	
12.4




	
Northern Territory

	
1197

	
0.8%

	
58.3

	
12.7




	
Tasmania

	
4418

	
3.1%

	
57.6

	
13.1




	
Victoria

	
44,558

	
30.8%

	
59.0

	
12.8




	
Western Australia

	
13,415

	
9.3%

	
58.2

	
12.6




	
South Australia

	
14,631

	
10.1%

	
58.7

	
12.9




	
Occupation

	
Retired

	
15,238

	
10.6%

	
62.8

	
12.0




	
Administration

	
13,645

	
9.5%

	
57.8

	
12.7




	
Student

	
16,152

	
11.2%

	
58.4

	
13.2




	
Health industry

	
13,799

	
9.6%

	
61.9

	
12.3




	
Education/Research

	
17,896

	
12.4%

	
59.9

	
12.1




	
Science/Programming

	
8728

	
6.1%

	
57.2

	
12.6




	
Homemaker

	
6398

	
4.4%

	
59.1

	
13.0




	
Management/Finance

	
18,394

	
12.8%

	
58.0

	
12.3




	
Sales/Marketing/PR

	
7723

	
5.4%

	
56.4

	
12.8




	
Customer and Food Service

	
6028

	
4.2%

	
55.4

	
13.8




	
Media/Arts

	
3187

	
2.2%

	
58.2

	
12.3




	
Construction Industry

	
2860

	
2.0%

	
54.2

	
13.4




	
Unemployed

	
2118

	
1.5%

	
54.1

	
15.0




	
Other

	
11,807

	
8.2%

	
58.0

	
13.1











3.2. Variation in the Diet Score within the Sample


The average Diet Score was 58.8 out of a possible 100 (SD = 12.8). Women reported a higher Diet Score than men (59.9 (SD = 12.6) vs. 56.2 (13.1)) and older adults reported a higher Diet Score than younger adults (Table 1). There was a stepwise decrease in Diet Score with increasing weight status. Normal weight adults scored 60.5 (12.6), compared to overweight and obese adults who scored 58.1 (SD = 12.5) and 55.7 (SD = 13.2), respectively (Table 1). Obese men had the lowest Diet Score (M = 52.6, SD = 13.2) and normal weight women the highest score (M = 61.3, SD = 12.3) of all gender/weight status groups.



There was little variation between Australian states, with only 2.2 points separating the highest (the Australian Capital Territory) and lowest (Tasmania) states. Over half the sample resided in New South Wales (27.2%) and Victoria (30.8%) and the average score for these states were among the highest at 59.2 (SD = 12.8) and 59.0 (SD = 12.8), respectively (Table 1).



There was significantly more variation in average Diet Score by occupation. Adults working in the health industry (M = 61.9, SD = 12.3) and those who were retired (M = 62.8, SD = 12.0) reported the highest scores; whereas construction workers (M = 54.2, SD = 13.4) and those who were unemployed (M = 54.1, SD = 15.0) reported the lowest Diet Scores.




3.3. How do Australian Diets Compare to the Australian Dietary Guidelines?


An average Diet Score of 58.8 (SD = 12.9), suggests that many areas of the diets of this sample were not consistent with the Australian Dietary Guidelines. The highest component score was for fluid, meaning that most people were reporting to consume more water than sugar-sweetened beverages. The average component scores for vegetables and meat and alternatives were similar (about 70 out of 100, Table 2). However, there were gender differences in these score, and in particular for vegetables and discretionary foods. The average vegetable score for women was 74.0 (SD = 27.8), which was almost 17% higher than the average male score of 61.6 (SD = 29.6). In keeping with this, women scored 20% better than men for discretionary foods, but for both groups scores were poor and lowest of all component scores (M = 25.8 for men and M = 32.0 for women). Overall, women scored higher than men on all food group components, except breads and cereals (Table 2).



Table 2. CSIRO Healthy Diet Score and Food Group Components Scores by Gender and for the Total Sample (n = 145,975).







	
Component Scores (out of 100) *

	
Male

	
Female

	
Total






	

	
Mean

	
SD

	
Mean

	
SD

	
Mean

	
SD




	
Diet Score

	
56.2

	
13.1

	
59.9

	
12.6

	
58.8

	
12.9




	
Food Group Component Scores

	

	

	

	

	

	




	
 Fluids

	
88.7

	
18.4

	
93.6

	
14.0

	
92.2

	
15.5




	
 Vegetables

	
61.6

	
29.6

	
74.0

	
27.8

	
70.4

	
28.9




	
 Meat and alternatives

	
68.3

	
26.1

	
70.9

	
25.3

	
70.2

	
25.6




	
 Fruit

	
65.9

	
36.8

	
68.7

	
35.2

	
67.9

	
35.7




	
 Variety

	
64.4

	
13.3

	
65.0

	
13.0

	
64.9

	
13.1




	
 Breads and cereals

	
62.2

	
24.6

	
60.9

	
24.4

	
61.3

	
24.4




	
 Healthy fats

	
50.9

	
28.7

	
54.1

	
26.7

	
53.1

	
27.3




	
 Dairy and substitutes

	
47.8

	
25.5

	
48.0

	
26.5

	
47.9

	
26.2




	
 Discretionary foods

	
25.8

	
31.0

	
32.0

	
32.3

	
30.2

	
32.1








* Component scores are expressed as a score out of 100 for ease of comparison between components.









3.4. User Feedback


At the completion of the Survey, users receive immediate feedback on the three poorest performing areas of their diet. Almost three-quarters of the sample received feedback about their overconsumption of discretionary foods, meaning for 73.8% of the population discretionary foods was in their bottom three scores (Table 3). Dairy foods (55.5% of the sample) and healthy fats (47% of the sample) were the other two most commonly received feedback messages. Receiving feedback about discretionary foods was more common in men than women (76.8% vs. 72.5%), as was feedback about under consumption of vegetables (32.8% vs. 20.6%). Women were more likely than men to receive feedback about their consumption of breads and cereals (29.6% vs. 23.0%), dairy foods and their substitutes (57.2% vs. 51.3%), healthy fats (47.7% vs. 45.3%), and variety (15.0% and 11.4%, Table 3).



Table 3. Frequency of User Feedback by Food Group and Gender (n = 145,975).







	
Food Group Component

	
Male

	
Female

	
Total




	
%

	
%

	
%






	
Discretionary foods

	
76.8

	
72.5

	
73.8




	
Dairy and substitutes

	
51.3

	
57.2

	
55.5




	
Healthy fats

	
45.3

	
47.7

	
47.0




	
Fruit

	
33.1

	
32.5

	
32.7




	
Breads and cereals

	
23.0

	
29.6

	
27.7




	
Vegetables

	
32.8

	
20.6

	
24.2




	
Meat and alternatives

	
22.4

	
22.6

	
22.7




	
Variety

	
11.4

	
15.0

	
14.0




	
Fluids

	
3.9

	
1.9

	
2.5












4. Discussion


This study found that the average Diet Score for a sample of over 145,000 Australians was 59 out of 100, meaning that, at large, Australians self-reported diets are not consistent with the recommendations in the Australian Dietary Guidelines. While women scored better than men, the poorest performing areas for all adults were discretionary foods, dairy foods, and healthy fats. The overconsumption of discretionary foods is problematic for a number of reasons. Firstly, discretionary foods are energy dense, and overconsumption of these foods can lead to overconsumption of energy and weight gain [14]. Secondly, discretionary foods, which are high in saturated fat, salt, and sugar but low in essential nutrients, can displace nutrient-dense core foods—meaning the overall nutritional adequacy of the diet may be compromised.



It is well established that women have healthier dietary patterns than men [15,16], and here we found that women scored better than men on nearly all aspects of diet quality, but in particular vegetables and discretionary foods. On average women scored 17%–20% better on these two dietary components. Vegetables are a key marker of a healthy diet [17,18] and the focus of leading public health nutrition messages globally [14,19,20,21]. Discretionary foods traditionally have not received the same attention, but given they account for about 35% of total energy intake [22] and in the light of the current rates of obesity, an alternative approach to address healthy eating may be through starting from a message of eating less discretionary foods [23].



It is assumed, but not always the case in survey data, that overweight and obese individuals consume more energy and have poorer diets than adults of a normal weight. Using short questions delivered in an online format, we found overweight and obese adults reported lower Diet Scores than normal weight adults. It is unusual to see this finding in large nutrition surveys within Australia [11] and internationally [24]. The inability of traditional surveys to show increases in energy intake with weight status is often associated with potential underreporting of intake, and the likelihood that underreporting is more frequent and of a greater magnitude in obese individuals [25,26,27]. It has been estimated that Australian adults may under report their energy intake by up to 20% [11], and this is more likely due to an under reporting of unhealthy discretionary foods. Misreporting of intake can be the result of issues associated with recall—that is remembering what and how much you consumed; or social bias—that is adjusting what you report to eat because you think you might be judged [28]. The anonymity of online completion may remove some of this perceived judgement, resulting in a reported intake closer to true intake. In addition, the presence of pictures to assist the recall of foods in this survey may also have partially addressed some of misreporting, but we cannot know the extent to which each of these have helped. Also, there will still be some degree of error associated with individuals’ ability to aggregate intake into groupings as a result of the style of questioning used in this survey tool. Like all dietary assessment methods, we will continue to refine the methods used to minimize bias and develop a tool which estimates food intake as accurately as is possible.



The context in which one lives and works can impact on health and health outcomes [29,30]. While we found little variation in Diet Score by Australian state of residence, there were interesting patterns in Diet Score by occupation. Adults working in the health industry and those who were retired scored between 62 and 63 out of 100, compared to construction workers and those who were unemployed who score 54 out of 100—which was 5 points lower than the Australian average. Occupation, like income, has been used as a proxy for socioeconomic status, and poorer dietary intake and health outcomes [31] have been associated with lower socioeconomic status. Variation in nutrition knowledge, beliefs and food skills might also differ between groups of different occupations, which may also explain some of these differences in intake. Tailored workplace based nutrition interventions can address some of the challenges faced by people in different workplaces such as access to healthy food on site or on the road and are largely unexplored. These may be an effective approach to reaching population groups who are known to be at greater risk of poor intake.



The media releases for the Survey received national coverage, and attracted a lot of traffic to the website, resulting in Australia’s largest ever survey of dietary intake. The sample analysed here was about 15 times larger than the National Nutrition Survey conducted as part of the 2011–2012 Australian Health Survey [15], however the media attention was not able to attract a nationally representative population—which is a key feature of the sophisticated sampling techniques used in national surveys [11]. The National Nutrition Survey also applies a population weighting to data to allow statements about the intake of the Australian population to be made. There is potential to apply population weighting to CSIRO Healthy Diet Score survey sample in future analyses. As is commonly observed with health related surveys, the majority of the current sample were women (71% compared to 51% within the Australian population) [32]. In addition, our sample had a higher proportion of young adults than the Australian population (18–30 years: ~30% vs. ~19% nationally) [32]. Normal weight adults made up the greatest proportion of our sample, but still almost 50% of adults in this survey were overweight or obese (compared to 63% nationally) [15]. While there were a range of occupations represented in our sample, the distribution may have also influenced the overall results.



Given our finding that obese adults had poorer diet quality than normal weight adults, and the overweight and obese adults were underrepresented relative to national estimates, it is likely that the overall Diet Score of all Australians would actually be lower than what has been reported here. Regardless, we found that at a national level compliance with dietary guidelines is poor. To close this gap, there is a need for nutrition promotion, practical support, and even tailoring of nutrition education initiative to specific groups to improve the overall dietary intake of the Australian population.



This project also demonstrates that readily available survey tools are suitable for use when collecting data from large samples and their automated downloads make it easy to extract large datasets. Interestingly, despite the advances in technology and the ubiquitous nature of computers and electronic devices, a recent review of short dietary assessment tools found only four tools were administered via a computer—the majority were still administered in a paper format [7]. A second advantage of the online environment is the cost effectiveness of scalability. Once established, there is little to no additional cost associated with collecting large amounts of data. Conversely, traditional methods of dietary assessment are resource intensive and each administration generally takes time, which equates to money. Data cleaning becomes an important process for large, online surveys. We removed partially completed surveys; duplicate administrations for the same user; and excluded surveys based on erroneous age, BMI, height, and weight values. Time associated with data analysis is generally constant regardless of the amount of data collected, so overall online delivery of dietary assessment tools is a cost effectiveness mechanism.



The online environment was an asset in this study, allowing individuals to receive their Diet Score and personalized feedback immediately on completion of the survey. This type of feedback, at a food group level, is not always possible with traditional approaches to dietary assessment or even with short FFQ type surveys delivered in traditional ways. We are unsure of how this feedback changed dietary behavior, however this is an opportunity for future research. Another area for future research is to define a ‘good’ score. The average Diet Score of the highest quintile (top 20%) of this sample was about 75, which might be a benchmark for a ‘good’ score, but we cannot substantiate this with health outcomes, other that weight status. A recent examination of diet quality using the Australian Health Survey data reported higher diet quality was associated with lower odds ratio of hypertension in Australian men but not women [16]. More longitudinal research is need to establish whether diet quality, in this case Diet Score, predicts health and risk of disease.



There are other Australian diet quality indexes which have been developed primarily for research purposes that can be applied to FFQ [33] and 24-h recall data [8] or state-based health surveys [34]. There are also two Australian online FFQs which have been validated to provide estimates of usual nutrient intake [35,36,37,38], and one of these also offers immediate analysis of results and comparisons with food-based recommendations [37]. However there is a cost associated with using both of these online surveys, and only one, the Australian Eating Score, is available to individuals interested in evaluating their own diet [37]. The advantage of making the Diet Score survey freely available is that we have reached an unprecedented number of individuals, as well as a national audience. However, this may also be considered a limitation as it attracts motivated, health interested individuals. Regardless, this survey has provided some interesting insights about the food intake of many Australians, and will continue to provide these insights on a more regular basis than the National health and nutrition surveys are able to.




5. Conclusions


This paper describes the implementation and delivery of an online survey to estimate compliance with the Australian Dietary Guidelines through the CSIRO Healthy Diet Score. In approximately 18 months, 145,000 Australians have completed the survey and provided valuable insights into the food intake of the Australian population. The use of technology has enhanced the reach and also the user experience of completing a dietary assessment tool, where users receive an immediate Diet Score and feedback on three areas they could improve. This tool has the potential to increase individuals’ awareness of their own diet quality, and quantify the disconnect between what they eat and what the recommendations suggest they should eat. Over time, as more Australians complete the survey, the data will be useful to monitor population diet quality and understand the degree to which the population’s diet complies with the Australian Dietary Guidelines.







Acknowledgments


The Short Food Survey and Dietary Guideline Index scoring algorithm was developed by Gilly Hendrie from CSIRO and Rebecca Golley from The University of South Australia. CSIRO worked in partnership with SP Health Co. to develop the CSIRO Healthy Diet Score online survey and the media releases for the launch of this survey.




Author Contributions


G.A.H. and R.K.G. developed the questions and scoring algorithm used in the survey. G.A.H. conceived and designed the manuscript. G.A.H. and M.N. were involved in refining the survey tool for online delivery. G.A.H. and D.B. were responsible for data management, cleaning, and analysis of data. G.A.H. wrote the first draft of the manuscript. All authors provided critical review and approved the manuscript for publication.




Conflicts of Interest


The authors declare no conflict of interest.




References


	1. 
Khanna, N.; Boushey, C.J.; Kerr, D.; Okos, M.; Ebert, D.S.; Delp, E.J. An overview of the Technology Assisted Dietary Assessment project at Purdue University. ISM 2010, 290–295. Available online: https://www.ncbi.nlm.nih.gov/pubmed/22020443 (accessed on 14 November 2016). [Google Scholar]

	2. 
Hedrick, V.E.; Dietrich, A.M.; Estabrooks, P.A.; Savla, J.; Serrano, E.; Davy, B.M. Dietary biomarkers: Advances, limitations and future directions. Nutr. J. 2012, 11, 109. [Google Scholar] [CrossRef] [PubMed]

	3. 
Subar, A.F.; Kirkpatrick, S.I.; Mittl, B.; Zimmerman, T.P.; Thompson, F.E.; Bingley, C.; Willis, G.; Islam, N.G.; Baranowski, T.; McNutt, S.; et al. The automated self-administered 24-hour dietary recall (ASA24): A resource for researchers, clinicans and educators from the National Cancer Institute. J. Acad. Nutr. Diet. 2012, 112, 1134–1137. [Google Scholar] [CrossRef] [PubMed]

	4. 
Tooze, J.A.; Midthune, D.; Dodd, K.W.; Freedman, L.S.; Krebs-Smith, S.M.; Subar, A.F.; Guenther, P.M.; Carroll, R.J.; Kipnis, V. A new method for estimating the usual intake of episodically-consumed foods with application to their distribution. J. Am. Diet. Assoc. 2006, 106, 1575–1587. [Google Scholar] [CrossRef] [PubMed]

	5. 
Cade, J.E.; Burley, V.J.; Warm, D.L.; Thompson, R.L.; Margetts, B.M. Food-frequency questionnaires: A review of their design, validation and utilisation. Nutr. Res. Rev. 2004, 17, 5–22. [Google Scholar] [CrossRef] [PubMed]

	6. 
Burrows, T.L.; Martin, R.J.; Collins, C.E. A systematic review of the validity of dietary assessment methods in children when compared with the method of doubly labeled water. J. Am. Diet. Assoc. 2010, 110, 1501–1510. [Google Scholar] [CrossRef] [PubMed]

	7. 
Golley, R.K.; Bell, L.K.; Hendrie, G.A.; Rangan, A.M.; Spence, A.; McNaughton, S.A.; Carpenter, L.; Allman-Farinelli, M.; de Silva, A.; Gill, T.; et al. Validity of short food questionnaire items to measure intake in children and adolescents: A systematic review. J. Hum. Nutr. Diet. 2016. [Google Scholar] [CrossRef] [PubMed]

	8. 
Golley, R.K.; Hendrie, G.A. The Dietary Guidelines Index for Children and Adolescents: What is the impact of the new dietary guidelines? Nutr. Diet. 2014. [Google Scholar] [CrossRef]

	9. 
Hendrie, G.A.; Rebuli, M.A.; Golley, R.K. Reliability and relative validity of a diet index score for adults derived from a self-reported short food survey. Nutr. Diet. 2016. [Google Scholar] [CrossRef]

	10. 
Hendrie, G.A.; Viner-Smith, B.; Golley, R.K. The reliability and relative validity of a diet index score for 4–11 years old children derived from a parent reported short food survey. Public Health Nutr. 2013, 17, 1486–1497. [Google Scholar] [CrossRef] [PubMed]

	11. 
Australian Bureau of Statistics. 4363.0.55.001 Australian Health Survey: Users’ Guide, 2011–13. Available online: http://www.abs.gov.au/ausstats/abs@.nsf/mf/4363.0.55.001 (accessed on 14 November 2016).

	12. 
Australian Bureau of Statistics; Department of Health and Family Services. National Nutrition Survey Selected Highlights Australia 1995; Cat No. 4802.0; Australian Bureau of Statistics: Canberra, Australia, 1997.

	13. 
Golley, R.K.; Hendrie, G.A.; McNaughton, S.A. Scores on the Dietary Guideline Index for Children and Adolescents are associated with nutrient intake and socio-economic position but not adiposity. J. Nutr. 2011, 141, 1340–1347. [Google Scholar] [CrossRef] [PubMed]

	14. 
National Health & Medical Research Council; Department of Health and Ageing. Eat for Health. Australian Dietary Guidelines: Educators Guide; Commonwealth of Australia: Canberra, Australia, 2013. [Google Scholar]

	15. 
Australian Bureau of Statistics. 4364.0.55.001 Australian Health Survey: Nutrition First Results—Food and Nutrients, 2014–2015. Available online: http://www.abs.gov.au/ausstats/abs@.nsf/Lookup/4364.0.55.007main+features12011-12 (accessed on 14 November 2016).

	16. 
Livingstone, K.M.; McNaughton, S.A. Diet quality is associated with obesity and hypertension in Australian adults: A cross sectional study. BMC Public Health 2016, 16, 1037. [Google Scholar] [CrossRef] [PubMed]

	17. 
Boeing, H.; Bechthold, A.; Bub, A.; Ellinger, S.; Haller, D.; Kroke, A.; Leschik-Bonnet, E.; Müller, M.J.; Oberritter, H.; Schulze, M.; et al. Critical review: Vegetables and fruit in the prevention of chronic diseases. Eur. J. Nutr. 2012, 51, 637–663. [Google Scholar] [CrossRef] [PubMed]

	18. 
World Health Organisation; Food and Agriculture Organization of the United Nations. Diet, Nutrition and the Prevention of Chronic Diseases; World Health Organization: Geneva, Switzerland, 2003. [Google Scholar]

	19. 
Department of Health and Ageing Go for 2 & 5 Campaign. Available online: http://www.gofor2and5.com.au/ (accessed on 14 November 2016).

	20. 
National Health Service ‘5 A day’ Live Well. Available online: http://www.nhs.uk/livewell/5aday/pages/5adayhome.aspx (accessed on 14 November 2016).

	21. 
U.S. Department of Health and Human Services. Available online: http://www.fruitsandveggiesmorematters.org/ (accessed on 14 November 2016).

	22. 
Australian Bureau of Statistics. 4364.0.55.012 Australian Health Survey: Consumption of Food Groups from the Australian Dietary Guidelines, 2011–12. Available online: http://www.abs.gov.au/ausstats/abs@.nsf/Lookup/4364.0.55.012main+features12011-12 (accessed on 14 November 2016).

	23. 
Grieger, J.A.; Wycherley, T.P.; Johnson, B.J.; Golley, R.K. Discrete strategies to reduce intake of discretionary food choices: A scoping review. Int. J. Behav. Nutr. Phys. Act. 2016, 13. [Google Scholar] [CrossRef] [PubMed]

	24. 
Archer, E.; Hand, G.A.; Blair, S.N. Validity of U.S. Nutritional Surveillance: National Health and Nutrition Examination Survey Caloric Energy Intake Data, 1971–2010. PLoS ONE 2013, 8, e76632. [Google Scholar] [CrossRef]

	25. 
Briefel, R.R.; Sempos, C.T.; McDowell, M.A.; Chien, S.; Alaimo, K. Dietary methods research in the third National Health and Nutrition Examination Survey: Underreporting of energy intake. Am. J. Clin. Nutr. 1997, 65, 1203S–1209S. [Google Scholar] [PubMed]

	26. 
Johansson, G.; Wikman, A.; Ahren, A.; Hallmans, G.; Johansson, I. Underreporting of energy intake in repeated 24-hour recalls related to gender, age, weight status, day of interview, educational level, reported food intake, smoking habits and area of living. Public Health Nutr. 2001, 4, 919–927. [Google Scholar] [CrossRef] [PubMed]

	27. 
Macdiarmid, J.; Blundell, J. Assessing dietary intake: Who, what and why of under-reporting. Nutr. Res. Rev. 1998, 11, 231–253. [Google Scholar] [CrossRef] [PubMed]

	28. 
Herbert, J.R.; Clemow, L.; Pbert, L.; Ockene, I.S.; Ockene, J.K. Social Desirability Bias in Dietary Self-Report May Compromise the Validity of Dietary Intake Measures. Int. J. Epidemiol. 1995, 24, 389–398. [Google Scholar] [CrossRef]

	29. 
Ding, D.; Do, A.; Schmidt, H.M.; Bauman, A.E. A Widening Gap? Changes in Multiple Lifestyle Risk Behaviours by Socioeconomic Status in New South Wales, Australia, 2002–2012. PLoS ONE 2015, 10, e0135338. [Google Scholar] [CrossRef] [PubMed]

	30. 
Ball, K.; Lamb, K.E.; Costa, C.; Cutumisu, N.; Ellaway, A.; Kamphuis, C.B.; Mentz, G.; Pearce, J.; Santana, P.; Santos, R.; et al. Neighbourhood socioeconomic disadvantage and fruit and vegetable consumption: A seven countries comparison. Int. J. Behav. Nutr. Phys. Act. 2015, 12, 68. [Google Scholar] [CrossRef] [PubMed]

	31. 
Ali, M.K.; Bhaskarapillai, B.; Shivashankar, R.; Mohan, D.; Fatmi, Z.A.; Pradeepa, R.; Masood Kadir, M.; Mohan, V.; Tandon, N.; Narayan, K.M.; et al. Socioeconomic status and cardiovascular risk in urban South Asia: The CARRS Study. Eur. J. Prev. Cardiol. 2016, 23, 408–419. [Google Scholar] [CrossRef] [PubMed]

	32. 
Australian Bureau of Statistics 2011 Census QuickStats. Available online: http://www.abs.gov.au/websitedbs/censushome.nsf/home/quickstats (accessed on 14 November 2016).

	33. 
McNaughton, S.A.; Ball, K.; Crawford, D.; Mishra, G.D. An index of diet and eating patterns is a valid measure of diet quality in an Australian population. J. Nutr. 2008, 138, 86–93. [Google Scholar] [PubMed]

	34. 
Daly, A.M.; Pollard, C.M.; Kerr, D.A.; Binns, C.W.; Phillips, M. Using short dietary questions to develop indicators of dietary behaviour for use in surveys exploring attitudinal and/or behavioural aspects of dietary choices. Nutrients 2015, 7, 6330–6345. [Google Scholar] [CrossRef] [PubMed]

	35. 
Hebden, L.; Kostan, E.; O’Leary, F.; Hodge, A.; Allman-Farinelli, M. Validity and reproducibility of a food frequency questionnaire as a measure of recent dietary intake in young adults. PLoS ONE 2013, 8, e75156. [Google Scholar] [CrossRef] [PubMed]

	36. 
Cancer Council Victoria Dietary Questionnaire for Epidemiological Studies. Available online: http://www.cancervic.org.au/research/epidemiology/nutritional_assessment_services (accessed on 14 November 2016).

	37. 
The University of Newcastle Australian Eating Survey. Available online: http://newcastleinnovation.com.au/AES/ (accessed on 14 November 2016).

	38. 
Collins, C.E.; Burrows, T.L.; Rollo, M.E.; Boggess, M.M.; Watson, J.F.; Guest, M.; Duncanson, K.; Pezdirc, K.; Hutchesson, M.J. The comparative validity and reproducibility of a diet quality index for adults: The Australian Recommended Food Score. Nutrients 2015, 7, 785–798. [Google Scholar] [CrossRef] [PubMed]



















© 2017 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC-BY) license (http://creativecommons.org/licenses/by/4.0/).







nav.xhtml


  nutrients-09-00047


  
    		
      nutrients-09-00047
    


  




  





media/file6.jpg
Duplicates
5%

Partially completed
surveys
18%

Outliers |
1%

7 Complete surveys for
3 analysis
76%





media/file2.png
6. How often do you usually eat starchy vegetables? *

Starchy vegetables include potatoes, corn, sweet potato, taro, cassava and legumes (e.g. baked beans, chickpeas and lentils). DO
NOT include hot chips.

) eachday

) each week
each month

D ldon't eat starchy vegetables

7. In total, how many serves of starchy vegetables (NOT including hot chips) do you usually eat in the timeframe selected above?*
1 serve of starchy vegetables =
¢ Y% medium potato/sweet potato/cassava/taro
¢ % cup mashed potato (hot chips NOT included)
e % cup baked beans, cooked dried or canned beans, peas or lentils
e % cup or % cob of sweet corn

Your answer can be in whole or half serves (e.g. 1, 1.5, 2, etc)

0.5 serves 14 serves or more

Serves of starchy vegetables

8. How often do you usually eat salad vegetables? *
Salad vegetables include lettuce, cucumber, tomato etc.

©) eachday
) eachweek
each month

) don't eat salad vegetables

(a)





media/file7.png
Duplicates
5%

Partially completed
surveys
18%

Outliers
1%

pa————

Complete surveys for
analysis
76%






media/file1.jpg
1. Howoften doyou usually ea savoury snackssuch s crisps,pretels o plainfivoured crackers?

£ % g

52 ntoalbow many serves o savoury snacks such s i, prtals ol lavoured crackers doyou syt the iefame
seected sowr

< snackiaepcke of s

« gty racersorpetzls

Your s canbeinwhole o hllerves (e 1. 15,2t

53 Howatendoyoussually have sweet Bt shes St

Inclodebethhane o dboug.
(b)






media/file5.png
40,000 (iv) Media release:

Highest daily peak:
35,000
26th Sept = 34,831
30,000
25,000
20,000
(i) Launch: 26th May = 14,536
15,000
(ii) Media release:
10,000 10th Aug = 14,382
5000
J \ l (iii) Average daily visitation: 37 LN\A
O P i G- P P P
NN\ T\ TN TN T\ TN TN T R\ BN B BN BN N T N -





media/file3.png
51. How often do you usually eat savoury snacks such as crisps, pretzels or plain/flavoured crackers? *

©) eachday
© eachweek
©) each month

© don't eat any of the foods listed above

52. In total, how many serves of savoury snacks such as crisps, pretzels or plain/flavoured crackers do you usually eat in the timeframe
selected above?*
1serve=
e ¥ snack size packet of crisps
e 30g of salty crackers or pretzels

Your answer can be in whole or half serves (e.g. 1, 1.5, 2, etc)

05serves (NI 14 serves or more
Serves of savoury snacks

/, £6 /A i o, 3 Y

53. How often do you usually have sweet biscuits/cakes/buns/ UE
Include both home-made and bought.

© eachday

© eachweek
© each month

) don't eat any of the foods listed above

(b)





media/file4.jpg
40,000 (iv) Media release:
Highest daily peak:

000 26th Sept = 34831

30,000
25,000

20,000
() Launch: 26th May = 14,536
15000

(i) Media rlease:
10000 10th Aug =14.382
5000
(i) Average daily visitat
o

& F PSS ® b
RGeS ;ie’ vﬁ,ﬁ e*‘wvv“”,»‘”.ff
»






media/file8.png





media/file0.jpg
& Homatendo sty ctsrchyvpesics?
S et e pttoe o e oo, r, s s e e ears, ks .00

NoTicinehot i

710 ttahowmany servesf tarchy vegeaes NOT o ot i) oo sl i the inelame slctdsbone?™
Tsrveof sarchyvegeaes -
"+ Simedumpaato et ptstokssavarae
+ cpmashedpotatoha chigs NOT nchdd)

© Scwpedbesn cooedhdor cameden, pss ot
« Scparicabolsweetcom

Yo v conbeinwholo bl erves e 11,2t

e ——————————
e o sy e

& Howofendoyouusuay at sl vegetatis?
Sadvegtaio ke et comber tomsto

L8R §

(a)





