The semi-quantitative food-frequency questionnaire
(FFQ) is the primary dietary assessment method used in
epidemiological studies'. Results from such studies can be
interpreted with greater confidence if the questionnaire
has a quantified validity; i.e. the ability of the ques-
tionnaire to measure what it is intended to measure. To
assess the true validity of an FFQ would require measuring
with high accuracy the usual self-selected diet of free-
living individuals over several months, which is not
feasible. Therefore, researchers assess relative validity by
comparing the FFQ with an alternative dietary assessment
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Abstract

Objective: To compare different statistical methods for assessing the relative validity of
a self-administered, 150-item, semi-quantitative food-frequency questionnaire (FFQ)
with 4-day weighed diet records (WR).

Design: Subjects completed the Scottish Collaborative Group FFQ and carried out a 4-
day WR. Relative agreement between the FFQ and WR for energy-adjusted nutrient
intakes was assessed by Pearson and Spearman rank correlation coefficients, the
percentages of subjects classified into the same and opposite thirds of intake, and
Cohen’s weighted kappa.

Subjects: Forty-one men, mean age 36 (range 21-56) years, and 40 women, mean age
33 (range 19-58) years, recruited from different locations in Aberdeen, Scotland.
Results: Spearman correlation coefficients tended to be lower than Pearson
correlation coefficients, and were above 0.5 for 10 of the 27 nutrients in men and
17 of the 27 nutrients in women. For nutrients with Spearman correlation coefficients
above 0.5, the percentage of subjects correctly classified into thirds ranged from 39 to
78%, and weighted kappa values ranged from 0.23 to 0.66.

Conclusions: Both Spearman correlation coefficients and weighted kappa values are
useful in assessing the relative validity of estimates of nutrient intake by FFQs.
Spearman correlation coefficients above 0.5, more than 50% of subjects correctly
classified and less than 10% of subjects grossly misclassified into thirds, and weighted
kappa values above 0.4 are recommended for nutrients of interest in epidemiological
studies.
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FFQs must be able to rank individuals along the
distribution of intake, so that individuals with low intakes
can be separated from those with high intakes. Therefore,
obtaining absolute nutrient intakes is not necessary. As
long as FFQs can rank individuals, relative risk estimates

The usual method of assessing agreement in ranking
between an FFQ and a reference method is to calculate
Pearson correlation coefficients for log.-transformed data
or Spearman rank correlation coefficients for data that are
not normally distributed. It is also common to classify

method with its own limitations.

In epidemiological studies, the odds ratio or relative risk
of disease in relation to nutrient intake is the most
common measure of association presented. Consequently,
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subjects into categories (usually thirds, fourths or fifths) of
intake by the FFQ and the reference method, and to
calculate the percentage of subjects correctly classified
into the same category and grossly misclassified into the
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opposite category. However, there is no consensus in the
literature on the best statistical method for assessing the
validity of dietary assessment tools. The correlation
coefficient as a measure of absolute agreement was
criticised by Bland and Altman®, but as FFQs are designed
to rank individuals rather than to assess their absolute level
of intake this objection does not apply. Herbert and Miller
argued that one should assume that intakes obtained by
different methods are related, and that the test of
significance of the correlation coefficient should be the
departure from perfect agreement rather than from no
agreement”. Burema et al.’ argued that the correlation
coefficient is preferable to cross-classification since the
latter requires more than one value and can be inferred
from the correlation coefficient if a bivariate normal
distribution of intake is assumed.

With cross-classification, the percentages misclassified
clearly illustrate the likely impact of measurement error;
however, the percentage of agreement will include
agreement that can be accounted for by chance. Cohen’s
weighted kappa statistic is a summary measure of cross-
classification that allows for the agreement expected by
chance and has the added advantage over the kappa
statistic in that it allows for the degree of misclassification®.
However, weighted kappa is still dependent on the
number of categories used. Due to the lack of agreement
on the best way of presenting results from validation
studies™’, it is necessary to use more than one statistical
method in order to give credence to the results®.

This study aimed to assess the relative validity of the
Scottish Collaborative Group (SCG) FFQ, which was
developed to provide a general tool for dietary assessment
in the UK that would be applicable across a wide age
range and be able to estimate total energy, macro- and
micronutrient intakes. The SCG FFQ was compared with a
4-day weighed diet record (WR) and four statistical
methods were used to assess the agreement in ranking:
(1 the Pearson correlation coefficient, (2) the Spearman
rank correlation coefficient, (3) the percentage of subjects
classified into same and opposite thirds of intake and
(4) Cohen’s weighted kappa. The results from these four
methods are presented simultaneously in order to
illustrate the merits and limitations of each method, and
the usefulness of applying a combination of statistical
methods when assessing relative validity.

Subjects and methods

Subjects

Subjects were recruited from different locations in
Aberdeen, and included men who had recently partici-
pated in a population-based study of coronary heart
disease risk factors, women attending a Family Planning
Clinic, and men and women recruited from a variety
of public sector workplaces (police, fire and ambulance
stations, regional council, hospital and university).
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Forty-three men and 52 women (aged 19—-58 years) agreed
to take part, and 41 men, mean age 36 (standard deviation
(SD) 9.8) years and 40 women, mean age 33 (SD 9.6) years
completed the study. The mean body mass index was
26.1kgm™? (range 18.9-34.2kgm™?) in men and
25.1kgm™? (range 17.7-40.3kgm™?) in women. The
study was approved by the Research Ethics Committee of
Grampian Health Board and the University of Aberdeen,
and all subjects gave written informed consent before
taking part.

Food-frequency questionnaire

The SCG FFQ was developed from the FFQ used in the
Scottish Heart Health Study and Monitoring Trends and
Determinants in Cardiovascular Disease (MONICA)
study”, which in turn was loosely based on the Medical
Research Council Caerphilly questionnaire designed for
use in studies of ischaemic heart disease'®. The SCG FFQ
has since been developed and employed in a range of
epidemiological studies.

All subjects completed version 6.31 of the 150-item,
semi-quantitative, SCG FFQ. Subjects were asked to
specify the frequency of consumption of each food in
the last 2—3 months as ‘rarely or never’, ‘once or twice a
month’, or 1, 2, 3, 4, 5, 6 or 7 days per week, and to give
information on the amount consumed by specifying how
many measures per day they consumed of each food.
A ‘measure’ was designed to be a small portion so that a
single standard portion of a food would often be
2 measures. A colour photograph depicting examples of
food measures accompanied the FFQ. The subjects were
given the FFQ to complete at home, and all entries were
checked with the subject around a week later, after the WR
had been completed.

The FFQ data were scanned and verified using Teleform
version 7 (Cardiff Software, Vista, CA, USA) and were
processed using the Oracle Relational Database Manage-
ment System (version 7). Average daily nutrient intakes
were calculated using the UK National Nutrient Databank,
which is based on McCance & Widdowson’s The
Composition of Foods (fifth edition)'' and related
supplements'*~2°. The Royal Society of Chemistry/Crown
copyright material from the Nutrient Databank and
McCance & Widdowson's The Composition of Foods is
used with the permission of The Royal Society of
Chemistry and the Controller of Her Majesty’s Stationery
Office and with the agreement of the Minister of
Agriculture, Fisheries and Food.

Weigbed diet record

Subjects were asked to record the description and weight
of all the food and drink they consumed over a period of
4 days, including three weekdays and one weekend day,
starting several days (range — 9 to +9 days) before or after
completing the FFQ. Subjects were provided with a set of
scales accurate to £2¢g and a food diary with which to
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record their food descriptions and weights. Half way
through the weighed record, the subjects were contacted
by telephone to ensure that they were having no problems
recording their food intake. Each entry in the food diary
was checked with the subject to ensure that all foods were
sufficiently described. Each food was given a code from
the food tables'~?° and these codes and the weights
consumed were entered into the Diet5 program (Univa-
tion Ltd, Aberdeen, UK), which calculated the average
daily nutrient intakes.

Analysis

Nutrient intakes from dietary supplements were not
included in any of the analyses. The Wilcoxon signed rank
test was performed to test if the daily nutrient intakes were
statistically significantly different between the methods.

Relative agreement between methods was assessed
using correlation coefficients and cross-classification.
Before calculating the Pearson correlation coefficient, the
distribution of each nutrient intake was checked for
normality. The nutrient intakes with a positively skewed
distribution were loge-transformed. Alcohol intakes of 0 g
were replaced with values of 0.1 g before log, transform-
ation. Energy-adjusted nutrient intakes were calculated as
the residuals from the regression of nutrient intake as the
dependent variable on energy as the independent
variable?'.

Log. transformation did not normalise all nutrient intake
distributions. Skewness values greater than 1, indicating
distributions that differ significantly from normal
distributions, were found for intakes of alcohol, retinol,
thiamin and iron in both sexes, for fat, saturated fatty acids
(SFA), monounsaturated fatty acids (MUFA), folate, vitamin
E, vitamin By and niacin equivalents in women, and for
energy and vitamin By, in men. Since the assumption of a
normal distribution does not hold true for these nutrients,
the Pearson correlation may give misleading results.
Therefore, the non-parametric Spearman rank correlation
coefficient was also calculated for energy-adjusted nutrient
intakes. Ninety-five per cent confidence intervals (95% CI)
for the correlation coefficients were calculated.

The ability of the FFQ to categorise subjects into equal
thirds of energy-adjusted nutrient intake was assessed by
calculating the percentages of subjects categorised into the
same third and the extreme opposite third of intake by the
FFQ and WR. The weighted kappa statistic (K,)** was
calculated for each nutrient from the observed and
expected proportions on the 3 X 3 table of frequencies
using the formula:

KW _ PO(W) - Pe(w)
1- Pe(w)

where Po is the observed proportion of agreement
and Pe is the expected proportion of agreement by
chance. The weightings used were 1 for complete
agreement — i.e. subjects classified into the same third
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by the FFQ and WR; 0.5 for partial disagreement — i.e.
subjects differing by one category; and 0 for complete
disagreement — i.e. subjects differing by two categories.
Values of kappa over 0.80 indicate very good agreement,
between 0.61 and 0.80 good agreement, 0.41-0.60
moderate agreement, 0.21-0.40 fair agreement and
<0.20 poor agreement™?,

Ratios of energy intake to estimated basal metabolic rate
(EI/BMR)* were calculated and compared with the cut-
offs of 1.14 for the FFQ and 1.06 for the WR, based on 95%
CI**, to identify low energy reporting and therefore WRs
that could not be representative of usual intake.

All analyses were carried out with the Statistical Package
for the Social Sciences (SPSS) version 9.0 (SPSS, Inc.,
Chicago, IL, USA).

Results

For the 41 men and 40 women who completed the study,
the mean ratios of EI/BMR by the FFQ were 1.56 (range
0.54-2.52) and 1.70 (range 0.98—2.84), respectively. Mean
ratios by the WR were 1.32 (range 0.66-2.26) in men and
1.32 (range 0.73-2.09) in women. Twelve men and 10
women had EI/BMR values below the cut-offs, indicating
low energy recording: of these, three men and three
women reported being on a weight-reducing diet.

Absolute agreement

Table 1 shows the daily nutrient intakes from the FFQ and
WR, and the relative differences in intakes between the
two methods for all subjects. Intakes were significantly
higher (P < 0.05) with the FFQ than with the WR for most
nutrients, although the two methods gave similar intakes
for fat (% of energy) and polyunsaturated fatty acids
(PUFA) (% of energy) in both sexes, and for PUFA (g) in
men. Alcohol had a median relative difference between
the FFQ and WR of zero in men, and a negative difference
in women. However, alcohol had wide interquartile
ranges of differences, with large differences in median
intakes between the methods. The largest median relative
differences between the methods were for vitamin B,
retinol and sugars in men, and for calcium, zinc, non-
starch polysaccharides (NSP) and retinol in women.

Relative agreement

Tables 2 and 3 show, for men and women respectively,
the Pearson and Spearman correlation coefficients
calculated for each energy-adjusted nutrient intake.
Pearson correlation coefficients tended to be higher than
Spearman correlation coefficients, with Pearson corre-
lation coefficients above 0.5 for 18 nutrients in men and
23 nutrients in women, whereas Spearman correlation
coefficients were above 0.5 for 10 nutrients in men and
17 nutrients in women. Both Pearson and Spearman
correlation coefficients were above 0.5 for SFA, NSP,
alcohol, riboflavin, folate, iron, magnesium, potassium
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Table 2 Pearson r and Spearman rs correlation coefficients, percentages of subjects classified into the same and opposite

thirds of intake, and weighted kappa (Ky,) in 41 men

Percentage
Pearsont Spearmant classified in
Opposite

Nutrient r (95% Cl) (95% Cl) Same third third Kw

Energy 0.35* (0.04, 0.59) 0.24 (—0.01, 0.51) 34 12 0.12
Fat 0.54*** (0.27, 0.72) 0.42** (0.13, 0.65) 44 15 0.21
SFA 0.55*** (0.29, 0.73) 0.59*** (0.34, 0.76) 51 5 0.38
PUFA 0.08 (—0.23, 0.38) -0.07 (—0.24, 0.37) 22 22 -0.14
MUFA 0.33* (0.03, 0.58) 0.36" (0.01, 0.60) 37 10 0.16
Cholesterol 0.53*** (0.26, 0.72) 0.55*** (0.29, 0.73) 51 10 0.34
Protein 0.53*** (0.26, 0.72) 0.25 (—0.01, 0.52) 34 15 0.08
Sugars 0.41* (0.11, 0.64) 0.17 (—=0.15, 0.45) 37 20 0.08
Starch 0.57*** (0.32, 0.75) 0.45** (0.16, 0.66) 46 10 0.29
NSP 0.64*** (0.41, 0.79) 0.65*** (0.43, 0.80) 54 5 0.43
Alcohol 0.83*** (0.70, 0.91) 0.72*** (0.53, 0.84) 61 2 0.53
Retinol —0.49*** (—=0.70, 0.22) -0.13 (—0.36, 0.25) 29 22 —0.03
B-Carotene equivalents 0.16 (—0.16, 0.44) (—0.21, 0.40) 44 22 0.12
Vitamin D 0.51*** (0.24, 0.71) 0.38* (0.07, 0.61) 42 10 0.23
Vitamin E 0.21 (—=0.10, 0.49) 0.23 (—0.08, 0.50) 39 15 0.15
Thiamin 0.83*** (0.70, 0.91) 0.37 (0.07, 0.61) 46 17 0.19
Riboflavin 0.72*** (0.53, 0.84) 0.69*** (0.49, 0.83) 51 2 0.41
Vitamin Bg 0.40** (0.11, 0.63) 0.33* (0.03, 0.58) 51 12 0.32
Vitamin By, 0.24 (—0.08, 0.51) 0.25 (—0.07, 0.52) 51 20 0.23
Vitamin C 0.64*** (0.41, 0.79) 0.48** (0.20, 0.68) 37 12 0.15
Folate 0.56*** (0.31, 0.74) 0.55*** (0.30, 0.74) 46 10 0.29
Niacin equivalents 0.51*** (0.23, 0.70) 0.37* (0.06, 0.60) 54 15 0.30
Iron 0.63*** (0.40, 0.79) 0.60™** (0.36, 0.77) 56 7 0.43
Calcium 0.52*** (0.25, 0.71) 0.49*** (0.21, 0.69) 54 7 0.39
Magnesium 0.61*** (0.37,0.77) 0.66*** (0.45, 0.81) 54 2 0.45
Potassium 0.54*** (0.27,0.72) 0.52*** (0.26, 0.71) 54 5 0.43
Zinc 0.54*** (0.28, 0.73) 0.54*** (0.27,0.72) 39 7 0.23

SFA — saturated fatty acids; PUFA — polyunsaturated fatty acids; MUFA — monounsaturated fatty acids; NSP — non-starch polysaccharides.

1 For loge-transformed, energy-adjusted nutrient intakes.
1 For energy-adjusted nutrient intakes.

* Correlation is significant at the 0.05 level (two-tailed).
**Correlation is significant at the 0.01 level (two-tailed).
***Correlation is significant at the 0.001 level (two-tailed).

and zinc in both sexes, and also for total fat, PUFA, MUFA,
sugars, starch, vitamins E and C and calcium in women,
and for cholesterol in men.

The Pearson correlation coefficient for thiamin was very
high, but after excluding individuals who consumed
Quorn (36.6mg thiamin per 100g'!), the correlation
coefficient decreased from 0.83 to 0.35 in men (2 = 40) and
from 0.84 to 0.12 in women (2 = 37), and was more similar
to the Spearman correlation coefficient. The wide range of
fatintakes in women also increased the Pearson correlation
coefficients for total fat, SFA and MUFA. One woman
consumed very little fat (7.4% of energy by WR or 11.6% of
energy by FFQ), and excluding this individual from the
analysis reduced the Pearson coefficients for total fat, SFA
and MUFA from 0.83, 0.81 and 0.86 to 0.78, 0.64 and 0.78,
respectively. Both thiamin and fat had skewness values
above 1.0; however, relatively large differences between
the Pearson and Spearman correlation coefficients were
also found for some nutrients that had skewness values less
than 1.0, e.g. fat, protein, sugars, starch, vitamin D, vitamin
C and niacin in men, and riboflavin in women.

Spearman correlation coefficients were also calculated
for the 29 men and 30 women who had EI/BMR values
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above the cut-offs, and were found to be similar to those in
all men and women (data not shown). After excluding the
low energy reporters, the largest decrease in the Spearman
correlation coefficient was for energy in both sexes (0.24
to 0.04 in men, and 0.39 to 0.22 in women). The largest
improvements in the Spearman correlation coefficient
were for vitamin D (0.38 to 0.52) in men and SFA (0.71 to
0.84) in women.

In men (Table 2), at least 50% were correctly classified
into the same third of intake for 12 nutrients and 10% or
less were grossly misclassified into the opposite third of
intake for 14 nutrients. For all nutrients, a median of 46% of
men were correctly classified (range 22% for PUFA to 61%
for alcohol), and between 2 and 22% of men (median 10%)
were grossly misclassified. In women (Table 3), at least
50% were correctly classified for 18 nutrients, and not
more than 10% were grossly misclassified for 21 nutrients.
For all nutrients, a median of 55% of women were
correctly classified (range 35% for thiamin to 78% for
magnesium), and 0-30% of women (median 5%) were
grossly misclassified. In general, when more than 10% of
individuals were grossly misclassified, the Spearman
correlation coefficient was less than 0.5, and when more
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Table 3 Pearson r and Spearman rs correlation coefficients, percentages of subjects classified into the same and
opposite thirds of intake, and weighted kappa (K,,) in 40 women

Percentage
Pearsont Spearmant classified in
Opposite

Nutrient r (95% Cl) rs (95% Cl) Same third third Kw

Energy 0.40* (0.11, 0.63) 0.39* (0.09, 0.62) 58 13 0.37
Fat 0.83*** (0.70, 0.91) 0.64*** (0.41, 0.79) 53 8 0.37
SFA 0.81*** (0.67, 0.90) 0.71*** (0.51, 0.84) 65 5 0.54
PUFA 0.68*** (0.47,0.82) 0.58*** (0.32, 0.75) 55 5 0.43
MUFA 0.86*** (0.75, 0.92) 0.66*** (0.44, 0.81) 43 8 0.26
Cholesterol 0.51*** (0.23, 0.71) 0.39* (0.09, 0.62) 35 15 0.09
Protein 0.51*** (0.24, 0.71) 0.43** (0.14, 0.65) 50 5 0.37
Sugars 0.72*** (0.53, 0.84) 0.72*** (0.52, 0.84) 63 3 0.54
Starch 0.55*** (0.29, 0.74) 0.52*** (0.24, 0.71) 45 5 0.32
NSP 0.73*** (0.53, 0.85) 0.76™** (0.59, 0.87) 60 0 0.54
Alcohol 0.70*** (0.50, 0.83) 0.79*** (0.63, 0.88) 60 0 0.54
Retinol 0.37* (0.07, 0.61) 0.34* (0.03, 0.59) 45 15 0.20
B-Carotene equivalents 0.51*** (0.24, 0.71) 0.44** (0.14, 0.66) 40 10 0.20
Vitamin D 0.39* (0.09, 0.62) 0.37* (0.06, 0.61) 48 13 0.26
Vitamin E 0.52*** (0.25,0.72) 0.52*** (0.24, 0.71) 60 5 0.49
Thiamin 0.84*** (0.72, 0.91) —0.04 (—0.28, 0.35) 35 30 —0.08
Riboflavin 0.82*** (0.68, 0.90) 0.69*** (0.48, 0.82) 65 5 0.54
Vitamin Bg 0.55*** (0.29, 0.74) 0.48** (0.20, 0.69) 43 8 0.26
Vitamin By, 0.39* (0.09, 0.62) 0.31 (—0.01, 0.56) 43 13 0.20
Vitamin C 0.68*** (0.47,0.82) 0.59*** (0.34, 0.76) 60 10 0.43
Folate 0.78*** (0.62, 0.88) 0.73*** (0.53, 0.85) 68 3 0.60
Niacin equivalents 0.57*** (0.31, 0.75) 0.43** (0.13, 0.65) 50 5 0.37
Iron 0.64*** (0.41, 0.79) 0.54*** (0.27, 0.73) 58 8 0.43
Calcium 0.78*** (0.63, 0.88) 0.75*** (0.57, 0.86) 70 5 0.60
Magnesium 0.73*** (0.54, 0.85) 0.71*** (0.52, 0.84) 78 8 0.66
Potassium 0.70*** (0.50, 0.83) 0.67*** (0.46, 0.81) 53 3 0.49
Zinc 0.61*** (0.37,0.77) 0.57*** (0.31, 0.75) 55 5 0.43

SFA - saturated fatty acids; PUFA
polysaccharides.

1 For loge-transformed, energy-adjusted nutrient intakes.
1 For energy-adjusted nutrient intakes.

* Correlation is significant at the 0.05 level (two-tailed).

** Correlation is significant at the 0.01 level (two-tailed).
*** Correlation is significant at the 0.001 level (two-tailed).

than 20% of individuals were grossly misclassified, the
Spearman correlation coefficient was less than 0.3 and not
statistically significant.

Weighted kappa values are shown in Tables 2 and 3.
The weighted kappa tended to be higher in women than
in men, ranging from —0.14 (PUFA) to 0.53 (alcohol) in
men, and from —0.08 (thiamin) to 0.66 (magnesium) in
women. The weighted kappa value was above 0.4 for NSP,
alcohol, riboflavin, iron, magnesium and potassium in
both sexes, and also for SFA, PUFA, sugars, vitamins E and
C, folate, calcium and zinc in women.

Discussion

Studies of the validity of FFQs are often difficult to carry
out due to the difficulties of obtaining a sufficiently large
and representative sample of the population(s) to which
the FFQ may be applied, and the lack of a ‘gold standard’
reference method. The subjects for this study were
recruited from a wide range of settings in an attempt to
obtain a broad cross-section of the local population, but
we cannot rule out the possibility that those who
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participated had a greater interest in and awareness of
diet than those who would be included in an epidemio-
logical study of diet and disease using the FFQ alone.
Because of the relatively small number of participants, the
confidence intervals on the measures of association
between the FFQ and WR are wide and should be seen
as only broad indicators of the performance of the FFQ for
individual nutrients. The WR was carried out for four
rather than seven days in an effort to reduce selection bias
in recruitment, although this increases the possibility that
the WR was not representative of longer-term dietary
patterns reported on the FFQ, and therefore complete
agreement between the two methods should not be
expected.

Agreement between FFQ and WR

Brunner et al.>> have suggested that correlations between
FFQs and WRs of ‘about 0.5 for most nutrients and 0.8 for
alcohol’” are ‘good evidence that the FFQ has the ability to
rank individuals’, while Willett suggests that when FFQs
are compared with multiple records of diet, correlation
coefficients may reach 0.6—0.7 but that values of 0.8-0.9
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are ‘unlikely’!. In this study we found Spearman
correlation coefficients in the range 0.5-0.8 for SFA,
NSP, alcohol, riboflavin, folate, iron, magnesium and
potassium in both men and women. Spearman corre-
lation coefficients were also above 0.5 for cholesterol in
men and for PUFA, sugars, vitamin E, vitamin C, calcium
and zinc in women. Correlation coefficients for retinol
and B-carotene equivalents were lower than for other
nutrients, particularly in men, which may reflect high
within-person variation in intake of these nutrients®®. For
these nutrients comparison of the FFQ with the 4-day WR
may underestimate the validity of the FFQ-derived
intakes.

For the majority of nutrients in this study the measures
of agreement were higher for women than men, with
major differences seen for PUFA and sugars. This finding
contrasts with results of a recent study in British civil
servants, which found little difference between men and
women in the agreement between an FFQ and 7-day diet
diaries for 19 nutrients®. One possible reason for the
difference is that the men in this study were less aware of
their habitual diet than women. Another possibility is that
the women in this study were better able to estimate their
portion size than the men. This is supported by the fact
that the results for women in this study are generally better
than those found in two other recent UK studies of FFQs
which do not include a measure of portion size*>?”, while
those for men are similar to the results for men
participating in the Whitehall II study®® (Table 4).
Although Willett®® concluded that ‘available data suggest
that such questions [on portion size] do not add
substantially to the assessment of dietary intake’, a recent
systematic review on portion size estimation found that
measures of agreement between FFQs and the reference
method were highest when subjects were able to estimate
their own portion size®.

Table 4 Spearman correlation coefficients for selected nutrients
from validation studies of other FFQs

Men Women

Brunner Present Brunner Bingham Present

etal®  study etal® etal?”  study
Nutrient (n=453) (n=41) (n=400) (n=127) (n=40)
Total fat 0.42 0.42 0.43 0.55 0.64
SFA 0.52 0.59 0.58 na 0.71
Starch 0.43 0.45 0.35 0.53 0.52
NSP* 0.62 0.65 0.60 0.57 0.76
B-Carotene 0.35 0.11 0.37 0.45 0.44

equivalents

Vitamin E 0.41 0.23 0.33 na 0.52
Vitamin C 0.46 0.48 0.45 0.54 0.59
Folate 0.45 0.55 0.51 na 0.73
Iron 0.58 0.60 0.53 0.43 0.54
Calcium 0.48 0.49 0.44 0.50 0.75

FFQ - food-frequency questionnaire; SFA — saturated fatty acids; NSP —
non-starch polysaccharides; na — not available.

*Englyst method except for Brunner et al.?®, where fibre was calculated
using the Southgate method.
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Comparison of measures of agreement

The data from this study illustrate how different measures
of agreement do not necessarily give the same result.
Pearson correlation coefficients were generally higher
than the corresponding Spearman correlation coefficients,
although the magnitude of the differences between these
correlation coefficients varied between nutrients. The
results suggest that log transformation of the data did not
remove the influence of outlying data points on the
Pearson coefficients, and that the Spearman coefficients
may be more reliable since they use rank order and are
therefore not as sensitive to extreme values as the Pearson
coefficient.

The results also show that the correlation coefficients
and percentages classified into thirds did not always
correspond closely. For example, 54% and 5% of men
were classified into the same and opposite third for both
NSP and potassium while Spearman correlation coeffi-
cients were 0.65 for NSP compared with 0.52 for potassium
(Table 2). However, as the confidence intervals on the
correlation coefficients are relatively wide, some differ-
ences may be due to chance.

The data also show how the percentages correctly and
incorrectly classified do not always correspond closely: for
example, 8% of women were classified in the opposite
third for both vitamin Bg and magnesium, but 43% were
correctly classified for vitamin Bs compared with 78% for
magnesium (Table 3). As cross-classification can group
subjects with widely differing intakes into one category
and subjects with very similar intakes into different
categories if they are close to the cut-off point, agreement
between the two approaches should not be expected,
particularly in studies with small numbers of subjects in
which misclassification of a few subjects can make a large
difference to the percentages.

Weighted kappa values in this study were generally
lower than both Pearson and Spearman correlation
coefficients, suggesting that the levels of acceptability
proposed for correlation coefficients should not be used
for weighted kappa values. The weighted kappa values
did not correspond directly with the correlation coeffi-
cients: for example, in women, the Spearman correlation
coefficients for MUFA and potassium were very similar at
0.66 and 0.67 while the corresponding weighted kappa
values were 0.26 and 0.49. Weighted kappa and cross-
classification values agreed well, e.g. for all nutrients with
weighted kappa values above 0.4, over 50% of subjects
were correctly classified into thirds and less than 10% of
subjects were classified into the opposite third. However,
the same weighted kappa can be obtained for nutrients
with different proportions of subjects in the same/oppo-
site thirds, e.g. in men, Ky =0.12 for energy and
B-carotene equivalents, but the proportions in the
same/opposite third were 34/12 and 44/22, respectively.
Therefore, although weighted kappa is valuable in that it
gives a single value to represent agreement, and adjusts for
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chance agreement and the degree of disagreement, it is
useful to present the weighted kappa value in association
with the percentages, which are intuitively more
meaningful.

Impact of measurement error on studies of
diet—disease relationsbips

Most FFQs are designed for large-scale epidemiological
studies of the association between diet and disease in
which the expected effects of diet on the disease are often
modest. Several authors have explored the impact of
different values for the correlation coefficient between the
surrogate and true dietary exposure in these studies.
Willett*® estimated that if a true relative risk is 2.0, the
observed relative risk will be attenuated to 1.62 if the
correlation between the estimated and true dietary
exposure is 0.7, or to 1.32 if the correlation is 0.4, while
Burley et al. argued that for correlations of below 0.3 or
0.4, attenuation will be so severe that it will be difficult to
detect associations®. McKeown-Eyssen and Tibshirani*
pointed out that measurement error also reduces the
power of the studies and increases the required sample
size. They suggest that the sample size of a case—control
study should be increased by a factor of around 2 if the
correlation between the estimate of nutrient intake and
true intake is 0.7 or a factor of around 6 if the correlation is
0.4, compared with the sample size needed for a study in
which habitual intake is measured without error.
However, the correlations between FFQ-derived intakes
and a reference method such as WR or single estimates of
biomarkers are likely to be underestimates of the
correlation between the FFQ and true intake due to the
fact that the reference methods are not perfect measures of
long-term intake. As a result, for nutrients with correlation
coefficients between FFQ and WR of between 0.4 and 0.7,
these calculations represent ‘worst case’ estimates of the
impact of measurement error.

Recommendations for dietary validation studies
The fact that the measures of agreement differed between
nutrients and between men and women indicates that
there can be no single measure of the validity of a given
FFQ for all subjects and all nutrients. In studies of diet—
disease relationships using FFQs, a measure of validity for
the nutrients of interest in subjects similar to the study
population should always be reported. If the dietary data
are used as a continuous variable the Spearman
correlation coefficient should be given, whereas if the
data are used in categories, the percentages classified into
the same/opposite category and the weighted kappa may
give a more appropriate indicator of performance.

For studies designed to establish the validity of a dietary
assessment tool for a range of future epidemiological
studies, we suggest that both the Spearman rank
correlation coefficients and the percentages classified
into the same/opposite third or fourth of the nutrient
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measures be reported, with the weighted kappa values as
a summary measure of cross-classification. Spearman
correlation coefficients above 0.5, more than 50% of
subjects correctly classified and less than 10% of subjects
grossly misclassified into thirds, and weighted kappa
values above 0.4 are desirable for nutrients of interest if
the possibility of false-negative associations between diet
and disease in epidemiological studies is to be
minimised.
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