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Abstract

This research assessed the relative validity and reproducibility of the Dietary Questionnaire for Epidemiological Studies
(DQESV2) over one month in young adults, given the lack of concise and convenient instruments for assessing recent
dietary intake in this population. Participants were recruited from a large Australian university (N=102; 35% male; age 18—
34 years; body mass index 16-37 kg/m?). Five one-day weighed food records (WFR) were administered over one month
followed by the DQESV2. Estimates for nutrients (energy, protein, total fat, saturated fat, carbohydrate, sugars, dietary fibre,
and alcohol) and fruit and vegetable servings were compared between methods using correlation coefficients, 95% limits of
agreement, and quintile classifications. One week later, a second DQESV2 was completed by n=77 of the participants to
assess reproducibility using intra-class correlations (ICC) and weighted kappa. Comparing methods, all nutrients and fruit
and vegetable servings showed significant positive correlations (P<<0.05) except protein intake in males; over 60% of
participants were within one quintile classification except total fat and dietary fibre intakes in males (55% and 56%,
respectively); and differences in nutrient and food intakes between methods were all within +/—20% of the mean WFR
values except alcohol intake in females. Between first and second administrations of the DQESV2 all ICC coefficients were
positive (P<<0.01) and weighted kappa coefficients ranged from 0.54 for fruit servings (including fruit juice) in males to 0.91
for protein intake in females. Over a one month period, the DQESV2 demonstrated good reproducibility for the studied
nutrients and for fruit and vegetable servings and provided a valid measure of the studied nutrients, except alcohol in
females, and of fruit servings (including fruit juice) in both genders, at the group level in this young adult population.
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Introduction

The food frequency questionnaire (FFQ) is a method of dietary
assessment that measures an individual’s usual consumption of
food items or food groups within a specified time period [1]. They
are commonly used to measure dietary intake in large populations
for epidemiological studies, as they place less burden on the
respondent and are usually less expensive and more easily
administered than other methods of dietary assessment [1,2].
Selection of one of the numerous FFQs available internationally
should be based on whether the questionnaire contains foods
common to the study population demographic and food supply of
the region. In Australia, there are a limited number of FFQs that
are in common use, one being the Cancer Council Victoria
Dietary Questionnaire for Epidemiological Studies (DQESV2) [3].

In the 1980’s the Cancer Council Victoria developed a 121 item
FFQ to measure dietary intake in men and women aged 40 to 69
years, participating in the Melbourne Collaborative Cohort study
[4]. The original FFQ was developed based on the reported food
intakes of 810 healthy volunteers born in Australia, Greece and
Italy in two four day weighed food records [4]. Since then, the
FFQ has been modified to the Dietary Questionnaire for
Epidemiological Studies (DQESV?2), which has 74 food items
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and additional questions to improve the quantification of intake.
The validity of the DQESV2 as a measure of nutrient intake has
been evaluated over the preceding 12 months in women of mean
(SD) age 33 (10) years [5], the preceding one month in adults aged
58 (9) years [6], and compared with biomarkers of dietary n-3 and
n-6 fatty acids in adults aged 40 (6) years [7]. However, validity of
the DQESV2 has yet to be evaluated in younger Australian men
and women (ages 18 to 34 years), a population for which there is a
lack of easily administered questionnaires that may be used to
accurately assess dietary intake.

Compared with older adults, young adults consume the lowest
amount of fruit and vegetables [8], and obtain a higher proportion
of their energy from snack foods, confectionery and sugar-
sweetened beverages [9]. Of particular concern are the dietary
behaviours associated with weight gain during young adulthood
(ages 18 to 34 years), given the high risk for overweight during this
life stage [10]. These include inadequate fruit and vegetable intake
and an excessive intake of high fat takeaways (fast-foods) and
sugar-sweetened beverages [11-13]. Hence, nutrients that are
associated with intakes of these foods such as total energy,
saturated fats, added sugars, dietary fibre and alcohol, as well as
fruit and vegetables as a food group, were of primary interest for
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evaluation in this study. As dietary intakes and food habits will
differ by age, coupled with DQESV2 being designed for an older
population, it was deemed appropriate to examine the relative
validity and reproducibility of the Cancer Council Victoria
DQESV?2 as a measure of intake of the selected nutrients and
foods in young adults.

Methods

Participants

Participants were recruited via student newsletters and adver-
tisements posted around the main university campus during
August, 2011. Prospective participants were screened for the
following exclusion criteria: weight reducing or medical diet;
pregnant; aged <18 or >34 years. Body weight was measured to
nearest 0.1 kg using digital scales in light clothing, without shoes,
having removed accessories e.g. watches, wallets. Standing height
was measured to nearest 0.1 cm using a stadiometer, standing with
a straight spine, gaze forward. All participants were reimbursed for
their participation. This study was conducted according to the
guidelines laid down in the Declaration of Helsinki and all
procedures involving human subjects/patients were approved by
the University of Sydney Human Research Ethics Committee
(approval no. 13746). Written informed consent was obtained
from all participants.

Study Procedure

Weighed Food Records (WFR). The WFR was selected as
the reference method to validate the DQESV2 [1,14]. Subjects
completed five one-day WFR, including three weekdays and two
weekend days. This protocol resulted in a total of 510 one-day
WEFRs for the sample, with representation from each day of the
week (Monday 4%, Tuesday 6%, Wednesday 16%, Thursday
20%, Friday 20%, Saturday 20% and Sunday 14%); that is 34%
of records were from weekends and 66% from weekdays. Each
one-day WFR was completed five days apart over a one month
period, i.e. after the first one-day WFR was completed the second
was completed on the sixth day after the first. Five days of WFR
were selected to provide a measure of usual intake, without being
overly burdensome on participants. Given that our interest was in
overall fruit and vegetable intake rather than specific varieties, and
in macronutrients, five days of WIR is considered sufficient [15].
A blank food and beverage record booklet, scales, and household
measuring cups and spoons were provided to assist in measuring
intake. Detailed instructions were provided on weighing foods and
beverages consumed at home and estimating intake using
household measures when dining out. When subjects ate out,
household measures were converted to gram weights in accor-
dance with the Australian food measures database [16]. Partici-
pants were advised to record detailed descriptions of foods and
beverages (types, amounts, brands, time and location, meal or
snack occasion, cooking methods and recipes used). Mobile phone
text messages were sent to participants on the day prior to each
day of recording as a reminder. A dietitian checked completed
records for errors and omissions, and clarified food/beverage
items with participants if required.

Food frequency questionnaire (DQESV2). The DQESV2
was self-administered two weeks after completing the last one-day
WEFR to minimise the effect of recalling intake on responses. The
semi-quantitative DQESV2 is categorised into three parts: 1) ten
questions about the quantity and type of commonly consumed
items which are used to provide additional detail for some of 74
food frequency items; 2) four questions based on a series of portion
size photos for different food types used to scale intake data; 3) a
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list of 74 food/beverage items categorised under “cereal foods,
sweets and snacks™ (21 items), “dairy products, meat and fish” (15
items), “fruit” (13 items) and “vegetables (including fresh, frozen
and tinned)” (25 items) with ten frequency responses ranging from
“never” to “3 or more times per day”’; followed by three additional
questions to quantify intake of alcoholic beverages. Further detail
on the DQESV2 instrument is provided by Hodge et al. [5]. The
DQESV2 was designed to assess intake over the preceding 12
months, however in this study participants were instructed to
complete the questionnaire based on their intake in the preceding
one month for the purpose of using the questionnaire to measure
recent dietary intake during an intervention trial. For example, the
food frequency section of the DQESV?2 asked participants ‘Over the
last 1 month, on average, how oflen did you eat the following foods?
Participants were not provided with a specific definition of the
number of days in a month. Respondents were also invited to
complete a second DQESV2 one week later, to study the
reproducibility of the questionnaire. A dietitian collected and
checked all questionnaires for errors and missing responses at the
time of administration.
Nutrient analysis. Completed DQESV?2 forms were sent to
Cancer Council Victoria for analyses using specialist software
based on the Australian NUTTAB 1995 food composition
database, which vyielded total daily intakes for the selected
nutrients (fotal energy, protein, total fat, saturated fat, carbohydrate, sugars,
dietary fibre, and alcohol). To ensure comparability, participants’
WEFR were also analysed using the NUTTAB 1995 database in the
nutrient analysis software Foodworks Professional Edition version
6 (Xyris Software, Highgate Hill, Queensland, Australia), from
which, total daily intakes for the selected nutrients were obtained
through an average of the five days of records (WFR Mean).
Fruit and vegetable servings. The gram weight of all fruits,
vegetables and fruit or vegetable juices reported in the DQESV2
and WFR were summed independently. Totals from the WFR
were then divided by five to yield the average daily intake in grams
from the five days of records (WFR Mean). The number of daily
fruit servings and vegetable servings were then calculated
separately for both the DQESV2 and WFR Mean, by dividing
whole fruit by 150 g, whole vegetables by 75 g, and fruit or
vegetables juices by 130.9 grams (ie. 125 mL * 1.046 specific

gravity) [17,18].

Statistical Analysis

All statistical analyses were performed using SPSS (version 19
for Windows, IBM Corporation, Chicago, Illinois, United States),
except weighted kappa statistics which were computed using SAS
version 9.2 (SAS Institute, North Carolina, United States). The
basal metabolic rate (BMR) of study participants was calculated
using Schofield equations based on body weight, age and gender
[19]. Under- and over-reporters were then identified as the top
and bottom 2.5% of the distribution for the ratio of reported
energy intake to BMR (EL.,:BMR). Statistical methods commonly
used in validation studies of FFQs include correlation as well as
measures of agreement such as weighted kappa on quintiles of
intake and the Bland and Altman methods [1,2]. Data on
participants’ intake of nutrients and fruit and vegetable servings
from the WFR Mean and DQESV2, were checked for normality.
Pearson correlation coefficients (or Spearman rank coefficients for
non-normal data) were then computed to measure the direction
and strength of the linear relationship between methods for both
the crude nutrient and fruit and vegetable intakes as well as those
adjusted for energy using the residual method described by Willet
et al. [20]. Correlation coefficients however, only describe the
relationship between methods, and due to between subject
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variations in intake, related to variables such as age and gender,
usually yield significant positive coeflicients. To address this, the
agreement between methods was calculated as the mean and
standard deviation of the difference between methods. Using the
methods proposed by Bland and Altman, the difference between
methods (WFR Mean — DQESV?2) was then plotted against the
average ([WFR Mean+DQESV2]/2), for each nutrient and fruit
and vegetable servings to permit judgement of the degree of
variability in the difference between methods at varying levels of
intake [21]. All variables for the difference between the methods
were checked for normality. The 95% limits of agreement (LOA)
were then calculated as the mean difference * ¢ (-1, 0.025)*SD of
the difference to assess the acceptability of agreement which is
based on clinical judgement of the LOA rather than set thresholds
or cut-points [21]. The regression equation Difference = a+B(Average)
was calculated for each nutrient and fruit and vegetable servings,
with the beta-coefficient (B) value for the slope used to indicate the
degree of over- or under-estimation (agreement or difference) over
the level of intake (average). Quintiles of intake from each method
(WFR Mean and DQESV?2) were calculated for each nutrient and
fruit and vegetable servings, with the agreement between these
quintile classifications compared using the weighted kappa
statistic. To test the reproducibility of the DQESV2, nutrient
and fruit and vegetable servings from the first and second
DQESV2 administrations were compared using intra-class corre-
lations (ICC) and the weighted kappa statistic for quintile
classifications, including 95% confidence intervals, to provide
measures of both consistency and agreement between repeat
administrations [2].

Results

Validity

From a total of 109 participants recruited, 102 (93.6%)
completed the study and were included in the analyses. Of these,
sixty six participants were female (64.7%) and thirty six were male
(35.3%), the mean (SD) age was 23.5 (4.1) years (range 18-34
years) and BMI 23.0 (3.3) kg/m?* (range 16-37 kg/m?). Of the
seven excluded participants, three did not follow the study
protocol, two lost contact and two withdrew. Cut-offs for the top
and bottom 2.5% of the distribution for the El,.,;BMR ratio were
>2.10 and <0.68 for the five-day average of the WFR (WFR
Mean), compared with >2.15 and <0.53 for the DQESV2. A
total of seven participants were outside these cut-offs, ranging from
0.56 to 2.42 in the WFR Mean and 0.41 to 2.25 for the DQESV2.
As the exclusion of these participants from the analysis did not
influence the findings, all participants were included in the
analyses presented. Due to observed differences in validity and
reproducibility findings between genders, the following results are
presented separately for males and females.

Table 1 shows the mean and standard deviation for nutrient
intakes and fruit and vegetable servings from the five-day average
of the WFR (WFR Mean) and the DQESV2 for males and
females, with correlation coefficients for crude and energy adjusted
intakes. Estimates for nutrient intakes from the WIRs were all
higher than those estimated from the DQESV2 among females,
except for alcohol, while most estimates were lower among males.
Among both genders, estimates from the WFRs for fruit servings
and fruit servings including fruit juice were all lower than the
DQESV2, while vegetable servings were all higher (Males 3.1 vs.
1.5; Females 3.8 vs 1.8). All nutrients and fruit and vegetable
servings showed significant correlations between the two dietary
assessment methods (P<0.05), except protein intake in males.
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Table 2 presents results on the agreement between methods
including the mean difference with 95% LOA, difference as a
percentage of the WFR Mean, and coefficients for regression of
the difference on the average. The mean difference was less than
20% of the WFR Mean for all nutrients, except alcohol intake in
females. However, the 95% LOA indicated that at the individual
level, the differences between the methods were quite large. For
example, the DQESV2 under-estimated energy intake at the
group level by 1% in males and 12% in females, however the
DQESV?2 could under-estimate energy intake by as much as
5806 kJ in males or 5370 kJ in females, and over-estimate energy
intake by 6009 kJ in males or 3571 kJ in females, among 95% of
the study population (Table 2). For fruit and vegetable servings,
the mean differences were quite large, such that, at the group level,
the DQESV2 over-estimated fruit servings by 82% in males and
9% in females, or by 28% and 4% respectively when fruit juice
was included, while the DQESV2 under-estimated vegetable
servings by 52% and 53% among males and females, respectively.
Further, at the individual level, i.e. among 95% of the population,
the DQESV?2 could under-estimate vegetable servings by as much
as 4.6 servings in males or 5.2 servings in females (Table 2).

Through visual inspection of the Bland and Altman plots (i.e.
the difference between methods (WFR Mean — DQESV?2) plotted
against the average ([WFR Mean+DQESV2]/2), a tendency
toward poorer agreement in nutrient intakes between methods was
observed with higher levels of intake, i.e. the difference between
the DQESV2 and WFR Mean estimates became larger as nutrient
intake increased. Figures 1 and 2 present the Bland and Altman
plots for total energy and vegetable servings in males and females,
with the regression line equation Difference = a+ff(Average). Larger
beta coefficients indicated poorer agreement with increasing level
of intake (Table 2). Most coeflicients were negative, indicating that
the DQESV2 provided a greater over-estimation of intake at
higher intakes, as found for total energy in males (B=—0.75;
Figure la) and protein (Males B=—0.70; Females = —0.39).
However for vegetable servings, the DQESV2 provided a greater
under-estimation of intake at higher intakes, indicated by the
significant positive coefficients (Males = 0.89; Females = 0.88,
P<0.001), as shown in Table 2 and illustrated in Figures 2a and
2b.

Agreement within DQESV2 quintile classifications in the
nutrients and fruit and vegetable servings is presented in Table 3.
For all nutrients and fruit and vegetable servings, gross misclas-
sification by four quintiles did not occur in more than 3% of the
sample, except for protein intake in males, and over 60% were
within one quintile classification, except for total fat and dietary
fibre intakes in males (55% and 56%, respectively). Weighted
kappa agreement ranged between 0.18 for protein and dietary
fibre intake in males (slight agreement) and 0.54 for fruit servings
in males (moderate agreement [22]).

Reproducibility

A total of 77 participants completed a second DQESV2. These
participants were not statistically different in age, gender or BMI
to those who did not complete a second DQESV2. Table 4
presents the mean daily intakes of all nutrients and fruit and
vegetable servings, with corresponding ICC coeflicients and
weighted kappa coefficients with 95% confidence intervals. All
ICC coeflicients showed significant positive correlations between
the first and second DQESV2 administrations (£<0.01), ranging
from 0.54 for fruit servings (including fruit juice) in males to 0.91
for protein intake in females. Weighted kappa coefficients ranged
from 0.43 (moderate agreement) for dietary fibre in males to 0.74
(substantial agreement) for protein intake in females.
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Discussion

This study aimed to examine the relative validity and
reproducibility of a semi-quantitative food frequency questionnaire
(DQESV2) against five-days weighed food records, over a one
month period in young adults. Comparing the two dietary
assessment methods, all nutrients, fruit servings and vegetable
servings were found to be significantly correlated (P<<0.05), except
protein intake in males. Correlation coefficients reported in this
study were substantially higher than those found in an earlier study
assessing the validity of an Australian FFQ) against food records in
9-16 year old children over a six month period [23]. The limits of
agreement indicated that at an individual level the differences in
estimates produced by the two methods could be very large. Hence
in terms of validity, the DQESV2 did not provide an accurate
estimate for a single individual’s intake, although at the group
level, the DQESV2 estimated intake within +/—20% for all
nutrients studied, except alcohol intake in females, in this
population. Previous validation studies for the DQESV2 have
also reported total energy and macro-nutrients (protein, fat and
carbohydrate) to vary by up to 20% between methods [5,6].
Reported alcohol intake in the DQESV2 was higher than that
reported in the WEFR for both males and females. This appeared to
be due to a lower number of participants reporting no alcohol
intake in their DQESV2, compared with their WFR (22% vs.
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Table 1. Consistency between the five-day average of the weighed food records (WFR Mean) and the food frequency
questionnaire (DQESV2), among males (n=36) and females (n=66).
Nutrient Gender WFR Mean x (sd) DQESV2 x (sd) r r (Energy adjusted)
Energy (kJ) Males 9313.3 (1793.8) 9414.7 (3111.5) 0.40* =
Females 7367.0 (2070.5) 6467.4 (2264.0) 0.47%%* -
Protein (g) Males 105.1 (25.6) 109.8 (39.8) 0.21 0.20
Females 77.0 (22.9) 749 (31.3) 0.56%** 0.56%**
Total fat (g) Males 85.4 (23.7) 91.4 (37.0) 0.35* 0.47**
Females 69.2 (28.1) 59.0 (25.2) 0.52%** 0.49%**
Saturated fat (g) Males 35.1 (12.4) 38.5 (16.7) 0.58*** 0.64***
Females 25.5 (10.4) 223 (10.9) 0.55%** 0.50%**
Carbohydrate (g) Males 237.5 (56.8) 221.6 (74.0) 0.52%* 0.40*
Females 200.0 (61.4) 167.7 (62.9) 0.42%** 0.64%**
Sugars (g) Males 72.9 (25.1) 86.3 (28.5) 0.59%** 0.48%*
Females 80.4 (32.8) 73.5 (29.5) 0.50%** 0.68%**
Dietary fibre (g) Males 23.1 (6.0) 22.3 (8.6) 0.38* 0.47**
Females 244 (9.2) 19.6 (6.2) 0.49%** 0.73%**
Alcohol (g) Males 13.3 (31.7) 15.6 (22.9) 0.76***T 0.78***f
Females 54 (11.9) 7.0 (10.9) 0.70%xx* 0.77%%
Food group
Fruit servings Males 0.7 (0.6) 1.2 (0.9) 0.59%** 0.40*
Females 1.5 (1.1) 1.6 (1.0) 0.58*** 0.69***
Fruit servings (including fruit juice) Males 1.5(1.2) 1.9 (1.0) 0.62%** 0.42*
Females 1.9 (1.2) 2.0 (1.1) 0.56%** 0.68***
Vegetables servings Males 3.1 (1.6) 1.5 (0.8) 0.45%* 0.38*
Females 3.8 (1.9 1.8 (0.9) 0.53%** 0.61%**
*P<0.05.
**P<0.01.
**¥p<0.001.
TSpearman's Rho calculated, as data from both the DQESV2 and WFR Mean did not follow the normal distribution.
doi:10.1371/journal.pone.0075156.t001

51%), which may have been due to the specific days selected for
completing the WFR omitting days when alcohol was consumed
or that DQESV2 responses were based on a “usual’ month rather
than the last month specifically.

Food groups have not previously been reported in validation
studies of the DQESV2. Increasingly it is being recognised that
taking a reductionist nutrient-centric approach to study diet-
disease relationships is less useful than a food-based approach. The
findings of the present study were similar to another Australian
study that used a different FFQ (adapted from that used in the
Nurses” Health Study) in 96 subjects who completed 6 two-day
weighed food records over a one-year period, where fruit and
vegetable intake was shown to be correctly classified to within one
quartile for 79% and 69% of subjects, respectively [24]. However
the FFQ used in that study over-estimated vegetable intake, while
the DQESV2 underestimated intake [24]. Vegetable servings
could be underestimated by as much as 5.2 servings in females or
4.6 servings in males, among 95% of the sample or by almost two
servings at the group level, in this population. Given Australian
national dietary recommendations are to consume at least five
servings of vegetables per day [25], this means a substantial
proportion of subjects meeting these recommendations would not
be classified as such, and hence the DQESV2 should not be used
to compare vegetable intake to national recommendations, among
individuals or groups, in this population. The under-estimation of
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vegetable servings from the DQESV2 may partly be due to the
scaling method used which is based on the short question “How
many different vegetables do you usually eat in a day?” The median
response to this question was 2-3 different vegetables per day,
while the total daily equivalents from the frequency section of the
DQESV2 indicated a mean 4.9 serves of vegetables per day, and
hence for most subjects, vegetable intake would have been scaled
down to the number of different vegetables they reported
consuming daily. There were also a number of vegetables reported
in the WFR that are not assessed by the DQESV2 including
artichoke, asparagus, eggplant, celeriac, parsnip, radish, squash
and corn, the most frequently consumed being corn (n=17;
118 g/person) and eggplant (n=10; 74 g/person), which if
included may have improved estimates from the DQESV2. The
DQESV?2 slightly over-estimated fruit intake at the group level in
males by around half a serving per day, although this over-
estimation was attenuated when fruit juice was included. It is
unlikely that this over-estimation was due to the scaling question
“How many pueces of fresh_fruit do you usually eat per day?”, as the median
response to this question, 1-2 pieces per day, was consistent with
the mean 1.9 total daily equivalent serves of fruit (excluding fruit
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Table 2. Agreement between the five-day average of the weighed food records (WFR Mean) and the food frequency
questionnaire (DQESV2), among males (n=36) and females (n=66).
Difference WFR Mean -

Nutrient Gender DQESV2' x (sd) 95% LOA* % difference® ]

Energy (kJ) Males —101.4 (2912.8) —6008.5-5805.8 =11 —0.75**
Females 899.6 (2238.6) —3570.9-5370.0 12.2 —0.12

Protein (g) Males —4.6 (42.4) —90.7-81.4 —44 —0.70*
Females 2.1 (26.4) —50.6-54.8 2.7 —0.39%*

Total fat (g) Males —6.0 (36.2) —79.5-67.5 —7.0 —0.64%*
Females 10.1 (26.3) —42.4-62.7 147 0.14

Saturated fat (g) Males —3.4 (13.9) —31.5-24.7 —-9.7 —0.37%
Females 3.1 (10.1) —16.9-23.2 123 —0.07

Carbohydrate (g) Males 15.9 (65.5) —116.9-148.7 6.7 —0.34
Females 32.2 (66.9) —101.3-165.7 16.1 —0.04

Sugars (g) Males —13.4 (24.5) —63.1-36.4 —183 —0.16
Females 6.8 (31.1) —55.3-69.0 85 0.14

Dietary fibre (g) Males 0.8 (8.5) -16.4-17.9 33 —0.50*
Females 4.8 (8.2) —11.6-21.2 19.6 0.52%**

Alcohol (g) Males —23(23.9) —50.7-46.1 —-17.2 —0.58/"
Females —1.6 (9.4) —20.3-17.2 —28.9 —-0.14"

Food group

Fruit servings Males —0.6 (0.7) —2.0-09 —82.1 —0.52%*
Females —0.1 (1.0) —2.1-1.8 -89 0.13

Fruit servings (including fruit juice) ~Males —0.4 (1.0) —24-16 —279 0.30
Females —=0.1 (1.1) —2.3-2.1 =343 0.10

Vegetables servings Males 1.6 (1.5) —1.4-46 52.1 0.89%**
Females 2.0 (1.6) —1.2-5.2 52.7 0.88***

*P<0.05.

**P<0.01.

***p<0.001.

Al variables for the difference between methods followed the normal distribution.

*Mean difference * t (n-1, 0.025)*SD difference.

§[(WFR Mean - DQESV2)/WFR Mean]*100%.

"Due to significant heteroscedasticity, co-efficient was calculated on log transformed data for positively skewed distributions with zero values,

LG10(Difference+60) = a+b(LG10(Average+60).

doi:10.1371/journal.pone.0075156.t002

juice) reported in the frequency section of the DQESV2. Worth
noting however was that, similar to vegetables, there were also a
number of fruits that were reported as consumed in the WFRs that
were not included in the DQESV2, such as blueberries,
cranberries, raspberries, cherries, grapes, guava, kiwi fruit, lychees,
passion fruit, plum, prune, quince, and dried fruits. Of these, the
most frequently consumed were kiwi fruit (n=21; 152 g/person),
grapes (n=10; 215 g/person) and blueberries (n=10; 128 g/
person), which if included, may have increased the degree to
which the DQESV2 over-estimated fruit intake.

Reproducibility of the DQESV2 has not been previously
reported. This study found all reproducibility correlation coeffi-
cients to be significant (P<0.01), ranging from 0.54 for fruit
servings (including fruit juice) in males to 0.91 for protein intake in
females. These coefficients are substantially higher than those
found from repeat administration of an FFQ) one year apart on a
sample of Australian women 22 to 79 years of age [26], or five
months apart on a sample of 9-16 year olds [23]. This is
unsurprising given that repeat administrations of the questionnaire
were only one week apart and hence responses to the second
questionnaire may have been biased by recall of responses to the
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Figure 1. Bland and Altman plot: Difference in total energy intake in kilojoules (kJ) from the DQESV2 and WFR Mean, against the

average of the

two methods, among (a) males and (b) females. Horizontal lines represent the mean difference (solid black) and 95% limits of

agreement (dotted lines). Grey line represents the regression line for the equation Difference = a+[(Average).
doi:10.1371/journal.pone.0075156.g001

first. Others have also reported reproducibility coefficients to be for a similar Australian FF(Q) administered to 9-16 year olds [23].
relatively high when questionnaires are repeated one month or less While sensitivity to change was not tested, the DOQESV2 has good

apart [2]. Consistency in reported protein, fat and carbohydrate reproducibility for the foods and nutrients of interest in this
intakes were found to be lower among males than females which population, indicating changes resulting from participation in an
was also demonstrated in an earlier reproducibility study of a intervention research trial would be likely to be detected at the
similar FFQ) administered to college students [27]. Further, group level.

agreement between repeat administrations, as assessed by Cohen’s Weighed food records were used as the ‘gold standard’ method

weighted kappa statistic, was substantially higher than that found for comparison in this study, although this method is also subject
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to reporting bias. Human measurement error may also have
occurred in the WFR when the young adults were asked to
estimate their intake while eating out, although this was necessary
for practical reasons and all estimated intakes were consistently
transformed into gram weights using the current Australian food
measures database [16]. The five one-day WFR were adminis-
tered over one month, followed by a lapse of two weeks before
administration of the DQESV2. While this meant the first one-day
WEFR was not within the one month period assessed by the first

PLOS ONE | www.plosone.org

administration of the DQESV2, four one-day WFR were, and this
permitted a ‘wash out’ period to minimise the effect of recalling
intake on responses to the DQESV2. Similarly, a one week ‘wash
out’ period was used for the second administration of the
DQESV2, and while this omitted the first week of the one month
reference period, this was necessary to minimise the effect of
recalling responses to the first DQESV2 on responses to the
second. Dietary records were completed by participants between
mid August and the end of October 2011, and thus excluded
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important holidays and study vacation periods which may have
affected usual intake. A slightly higher proportion of WFRs were
from weekdays (66%) compared with weekend days (34%),
although it is likely that among young adults, Fridays (upon which
20% of WFRs were conducted) may more closely reflect weekend
dietary patterns rather than weekday patterns. Dietary intake
estimates from the DQESV2 are limited by the use of a 1995
Australian food database, which has since been updated, the most
recent being NUTTAB 2010 [18], although changes are largely in
the number of products analysed and in some micronutrients, as a
result of folate fortification for example, rather than macronutrient
data used in the present study.

As the DQESV2 was not developed for a young adult
population, certain foods consumed by the study participants
were not represented in the DQESV2. These included sweets/
candy, soft drinks, milk alternatives (i.e. almond, oat, rice), cream,
oils, and some bakery items (i.e. doughnuts, English muffins,
crumpets). The DQESV2 asks about butter and margarine
spreads but not oils, and this may be why total fat intake among
females was underestimated in the DQESV2 while estimates for
saturated fats were more comparable between methods. As the
DQESV2 only asks about slices of bread, participants may not
have included other types of breads consumed (e.g. flat breads or
bagels). Further, as the DOQESV2 asks about specific brands of
breakfast cereals, participants might not have included other cereal

PLOS ONE | www.plosone.org

Table 3. Agreement between quintiles of intake from WFR Mean and DQESV2, among males (n=36) and females (n =66).
Weighted
Nutrient Gender Percent (%) allocation by quintile Kappa 95% ClI
Exact Adjacent* +/—2 Quintiles +/—3 Quintiles GM'

Energy (kJ) Males 31 42 19 6 3 0.32 0.11-0.52
Females 26 36 29 9 0 0.24 0.08-0.40

Protein (g) Males 25 36 28 6 6 0.18 —0.05-0.40
Females 50 26 15 8 1 0.47 0.30-0.63

Total fat (g) Males 36 19 31 1 3 0.21 —0.02-0.45
Females 35 29 30 5 1 0.31 0.15-0.47

Saturated fat (g) Males 39 41 14 3 3 0.43 0.22-0.65
Females 26 44 21 8 1 0.27 0.12-0.43

Carbohydrate (g) Males 20 47 22 1 0 0.21 0.00-0.42
Females 24 40 27 9 0 0.24 0.08-0.39

Sugars (g) Males 36 44 14 6 0 0.43 0.24-0.63
Females 30 44 18 8 0 0.35 0.21-0.49

Dietary fibre (g) Males 25 31 36 6 3 0.18 —0.06-0.41
Females 21 47 27 5 0 0.27 0.13-0.42

Alcohol (g) Males 30 53 17 0 0 0.42 0.25-0.59
Females 38 53 5 5 0 0.50 0.39-0.62

Food group

Fruits servings Males 47 33 20 0 0 0.54 0.36-0.72
Females 36 41 20 2 2 043 0.28-0.57

Fruit servings Males 39 33 25 3 0 0.4211 0.21-0.63

(including fruit juice)
Females 36 44 15 5 0 0.4465 0.30-0.59

Vegetables servings Males 33 42 1 11 3 0.3158 0.08-0.55
Females 36 36 17 9 2 0.3511 0.19-0.51

*Disagreement by one quintile.

Gross misclassification, i.e. disagreement by four quintiles.

doi:10.1371/journal.pone.0075156.t003

brands, despite them having similar nutritional content. These
factors might explain why energy, carbohydrate and dietary fibre
intakes were under-estimated by the DQESV2. It is possible the
participants had a self interest in dieting for weight management
(being a young, mostly female population) which could have led to
some of the young adults under-eating during the study, although
this should have been captured in both dietary assessment
methods. Participants were also tertiary education students from
a largely urban area of New South Wales, Australia, and hence
this limits the applicability of validity and reproducibility findings
to young adults outside of this population. Finally, this study only
assessed the specific nutrients energy, protein, total fat, saturated
fat, carbohydrate, sugars, dietary fibre and alcohol as well as fruit
and vegetable servings, which are the focus of our proposed
intervention studies.

One of the strengths of the current study is that five one-day
WIFR were used for comparison which is the gold standard for
measuring dietary intake [1,14]. In addition, measuring equip-
ment, recording booklets and instructions were provided and
explained to participants to facilitate accurate recording. Com-
pleted WFR and DQESV2 were both checked by a Dietitian for
clarification and completion. The study assessed for under-
reporting but found exclusion of these participants did not
significantly change the results. As the study sample were
reimbursed for their participation, the dietary habits and
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awareness might be closer to the general population than if
volunteers were recruited for the study. However, as we recruited
from a University population the subjects may have been more
proficient in completing the DQESV2, compared with less
educated groups.

In summary, the DQESV2 is appropriate for use in this
population group for estimating intake of the studied nutrients,
except alcohol intake among females, and of fruit servings when
fruit juice is included, at the group level over a one month period.
While the agreement between methods was poorer for alcohol
generally, it is not clear which was the better method. The
DQESV2 cannot be recommended for estimating vegetable
servings or for estimating fruit servings at the individual or group
level, unless servings of fruit juice are included, due to the poor
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agreement found between methods. However, the DQESV2
demonstrated good reproducibility for all nutrients studied and for
fruit and vegetable servings among both males and females from
this population. The ability to use the easily-administered
DQESV2 to assess diet in this population will be beneficial,
particularly given the recent availability of an electronic version of
this questionnaire.

Author Contributions

Coordinated data collection: EK. Contributed to study design: EK LH
MAF. Contributed to data analysis: EK LH AH MAF. Contributed to
writing and reviewing the manuscript: EK LH AH MAF. Contributed to
the statistical analysis: FO. Contributed to reviewing the manuscript: FO.

prospective study involving an ethnically diverse cohort. Asia Pac J Clin Nutr 3:
19-31.

. Hodge A, Patterson AJ, Brown W], Ireland P, Giles G (2000) The Anti Cancer
Council of Victoria FFQ; relative validity of nutrient intakes compared with
weighed food records in young to middle-aged women in a study of iron
supplementation. Aust N Z J Public Health 24: 567-583.

6. Xinying PX, Noakes M, Keogh J (2004) Can a food frequency questionnaire be

used to capture dietary intake data in a 4 week clinical intervention trial? Asia

Pac J Clin Nutr 13: 318-323.

o

September 2013 | Volume 8 | Issue 9 | e75156



14.

15.

. Woods RK, Stoney RM, Ireland PD, Bailey MJ, Raven JM, et al. (2002) A valid

food frequency questionnaire for measuring dietary fish intake. Asia Pac J Clin
Nutr 11: 56-61.

. Australian Bureau of Statistics (2012) Australian Health Survey: First Results,

2011-12, cat. no. 4364.0.55.001. Available: http://agencysearch.australia.gov.
au/search/click.cgi?&collection = agencies&url = http%3A %21 % 2Fwww.abs.
gov.au%2Fausstats % 2Fabs%40.nsf% 2FLookup % 2F4364.0.55.00 Imain % 2Bfeat
ures12011-12&auth = 8vCghFkg3orFk10%2BojGiPg&type = FP&profile = abs.
Accessed 2013 Apr 22.

. McLennan W, Podger A (1999) National Nutrition Survey: Selected Highlights

1995. Canberra: Australian Bureau of Statistics.

. Allman-Farinelli MA, Chey T, Bauman AE, Gill T, James WPT (2008) Age,

period and birth cohort effects on prevalence of overweight and obesity in
Australian adults from 1990 to 2000. Eur J Clin Nutr 62: 898-907.

. Duffey KJ, Gordon-Larsen P, Steffen LM, Jacobs DR, Popkin BM (2010)

Drinking caloric beverages increases the risk of adverse cardiometabolic
outcomes in the Coronary Artery Risk Development in Young Adults
(CARDIA) Study. Am J Clin Nutr 92: 954-959.

. Kimmons J, Gillespie C, Seymour J, Serdula M, Blanck HM (2009) Fruit and

vegetable intake among adolescents and adults in the United States: percentage
meeting individualized recommendations. Medscape ] Med 11: 26.

. Pereira MA, Kartashov Al, Ebbeling CB, Van Horn L, Slattery ML, et al. (2005)

Fast-food habits, weight gain, and insulin resistance (the CARDIA study): 15-
year prospective analysis. Lancet 365: 36-42.

Willett W (1998) Nutritional Epidemiology. New York: Oxford University Press.
Cade J, Thompson R, Burley V, Warm D (2002) Development, validation and
utilisation of food-frequency questionnaires - a review. Public Health Nutr 5:
567-587.

. Food Standards Australia New Zealand (2008) AUSNUT 2007— Measures

database. Canberra, AC'T: Food Standards Australia New Zealand.

PLOS ONE | www.plosone.org

10

22.

23.

24.

26.

27.

Measuring Recent Dietary Intake in Young Adults

. Cashel K, Jeffreson S (1994) The core food groups: the scientific basis for

developing nutrition education tools. Canberra, ACT: National Health and

Medical Research Council.

. Food Standards Australia New Zealand (2011) NUTTAB 2010 Australian

Food Composition Tables. Canberra, ACT: Food Standards Australia New
Zealand.

Schofield WN (1985) Predicting basal metabolic rate, new standards and review
of previous work. Hum Nutr Clin Nutr 39C Suppl: 5-41.

. Willett WC, Howe GR, Kushi LH (1997) Adjustment for total energy intake in

epidemiologic studies. Am J Clin Nutr 65: 1220S-1228S; discussion 1229S—
12318S.

. Bland JM, Altman DG (1999) Measuring agreement in method comparison

studies. Stat Methods Med Res 8: 135-160.

Landis JR, Koch GG (1977) The measurement of observer agreement for
categorical data. Biometrics 33: 159-174.

Watson J, Collins C, Sibbritt D, Dibley M, Garg M (2009) Reproducibility and
comparative validity of a food frequency questionnaire for Australian children
and adolescents. Int J Behav Nutr Phys Act 6: 62.

Marks GC, Hughes MC (2006) Relative validity of food intake estimates using a
food frequency questionnaire is associated with sex, age, and other personal
characteristics. J Nutr 136: 459-465.

. National Health and Medical Rescarch Council (2013) Educator Guide.

Canberra, ACT: National Health and Medical Research Council.

Ibiebele TI, Parekh S, Mallitt K, Hughes MC, Rourke PKO, et al. (2009)
Reproducibility of food and nutrient intake estimates using a semi-quantitative
FFQ in Australian adults. Public Health Nutr 12: 2359-2365.

Pedisic Z, Bender DV, Durakovic MM (2008) Construction and reproducibility
of a questionnaire aimed for evaluation of dictary habits in physically active
individuals. Coll Antropol 32: 1069-1077.

September 2013 | Volume 8 | Issue 9 | e75156



