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Fig. 5. Average single 24-h urinary sodium excretion, expected daily sodium intake estimated by 24-h urinary excretion, average daily
sodium intake estimated by MCHS-FFQ for those who collected a 24-h urine sample (n=97) and the total population (n = 545).
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Fig. 6. Average single 24-h urinary potassium excretion. the expected potassium intake estimated by 24-h urinary excretion, the average
daily potassium intake estimated by MCHS-FFQ for those who collected a 24-h urine sample (1 =97) and the total population (n=545).

10.5

est N excretion or intake (g/d)

8.4

0
MEN

WOMEN

[0 24-hr urinary excr (n=97) expected intake MCHS-FFQ (n=97) B MCHS-FFQ (n=545)

Fig. 7. Average single 24-h urinary nitrogen output. the expected daily nitrogen intake estimated by 24-h urinary excretion, the average
daily nitrogen intake estimated by MCHS-FFQ for those who collected a 24-h urine sample (n=97) and the total population (n = 545).
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Urinary potassium excretion. Figure 6 shows mean
urinary potassium excretion [62 (+24) mmol/d for men
and 54 (£32) mmol/d for women], the expected potas-
sium intake (72 (£28) mmol/d for men and 63 (£38)
mmol/d for women] and the potassium intake estimate
from MCHS-FFQ [66 (+23) mmol/d for men and 54
(£23) mmol/d for women]. No differences were found
between the potassium intake calculated from the
urinary excretion and that estimated.from the MCHS-
FFQ, for those who collected the urine sample and for
the entire population.

Total nitrogen output and protein intake. The expected
mean nitrogen intake level was 12.9 (+6.2) g/d for men
and 10.4 (£4.6) g/d for women. Figure 7 shows that there
was no difference between the expected nitrogen intake
and the estimates derived from the MCHS-FFQ [13.5
(*4.1) g/d for men and 11.4 (%4.1) g/d for women].

There was no linear relationship between the log-
transformed urinary total nitrogen output and log-
transformed nitrogen intake estimated from the MCHS-
FFQ for the entire study population. However, positive
associations were found when separate analyses were
performed in those who had a nitrogen intake derived
from the MCHS-FFQ below or above the expected
intake derived from the urinary excretion. The log-
transformed urinary nitrogen output was positively and
significantly related to the log-transformed nitrogen
intake from MCHS-FFQ in three of the four separate
analyses. No linear relationship was found in women
whose MCHS-FFQ estimated nitrogen intake was
greater than the expected intake (Figure 8).

Figure 9 shows that individuals who had an MCHS-
FFQ nitrogen intake estimate above the expected value
had a lower total energy and nitrogen intake estimate
compared to their counterparts. These comparisons were
statistically significant for women only.

Ability to predict plasma cholesterol levels. Table 3

shows Pearson’s correlation coefficients for univariate

relationships between plasma cholesterol levels and
nutrient intakes derived from the MCHS-FFQ. Positive
relationships were found between total fat intake or the
percentage energy intake from total fat, as derived from
the MCHS-FFQ, and plasma total or LDL cholesterol
levels in men, but not women. Total energy intake, for
women, and total carbohydrate or the percentage energy
intake from total carbohydrate for men and women pre-
dicted plasma total and LDL cholesterol levels in a
favourable fashion.

Discussion

Characteristics of the MCHS-FFQ

In the course of developing a dietary method for use in
a Melbourne Chinese population, we considered several
dietary methods*'"?! and attempted to adopt and
improve an existing method that would measure indi-
vidual usual intakes in Chinese Australians living in
Melbourne. Additionally, we were interested in a less
expensive method which would take advantage of newer
computer technology.

The CSIRO FREQPAN?® had been used in a large
dietary survey in the state of Victoria, Australia, from
which our study population was drawn. The question-

Table 3. Significant univariate associations between
nutrient intakes and plasma cholesterol variables.

Nutrients r P-value
Total Cholesterol (mmol/l)
MEN
Fat (%kJ) 0.14 0.0178
Carbohydrate (%kJ) -0.16 0.0087
WOMEN
Total energy (kJ/d) -0.14 0.0227
Total carbohydrate (g/d) -0.16 0.0080
HDL-C (mmol/l)
MEN
Alcohol (g/d) 0.20 0.0010
Alcohol (%kJ) 0.23 0.0002
WOMEN
Total energy (kJ/d) 0.13 0.0321
Total fat (g/d) 0.16 0.0067
SFAs (g/d) 0.18 0.0028
MUFAs (g/d) 0.14 0.0209
PUFAs (g/d) 0.14 0.0203
Dietary cholesterol (g/d) 0.13 0.0375
Sodium (mg/d) 0.14 0.0191
Calcium (mg/d) 0.16 0.0065
Phosphorus (mg/d) 0.13 0.0310
Iron (mg/d) 0.14 0.0191
Riboflavin (mg/d) 0.14 0.0195
SFAs (%kJ) 0.18 0.0033
Fat (%kJ) 0.15 0.0156
M/S ratio —-0.13 0.0321
LDL-C (mmol/l)
MEN
" Total fat (g/d) 0.14 0.0209
SAFs (g/d) 0.16 0.0087
MUFAs (g/d) 0.13 0.0316
Fat (%kJ) 0.20 0.0010
Carbohydrate (%kJ) -0.17 0.0057
WOMEN
Total energy (kJ/d) -0.15 0.0116
Total carbohydrate (g/d) —0.18 0.0031
Calcium (mg/d) -0.13 0.0277
Retinol (mg/d) -0.13 0.0285
Retinol equivalents (mg/d) -1.13 0.0298

%kJ, percentage energy intake of; SFAs, saturated fatty
acids; MUFAs, mono-unsaturated fatty acids; PUFAs,
poly-unsaturated fatty acids; M/S ratio, MUFA to SFA
intake ratio.

naire had been tested and developed for computerized
processes. It was suitable for estimation of the assess-
ment of individual usual intakes. For these reasons, the
food frequency questionnaire, rather than any other
dietary intake method, was used.

We have also considered the need to develop a
reference portion so that food intake can be quantified in
amanner that was culturally relevant. The way in which a
Chinese family conducts its meal setting was considered
and the traditional Chinese rice bowl was used as a
reference portion for most foods. Because different type
of foods are usually served in accordance with meal
setting we have used the ‘usual time of the day eaten’ for
internal validity at the interview.

Approaches in validation

Various approaches have been used-to evaluate the
performance of food frequency questionnaires. One
common approach is to compare nutrient intake esti-
mates of individuals in the study, using correlation
coefficients to evaluate the agreement, with those
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Fig. 8. Relationships between nitrogen intake estimates (log-transformed) and single 24-h urinary total nitrogen output (log-transformed)

for individuals with an MCHS-FFQ estimate above or below the expected intake estimate being derived from urinary excretion.
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Fig. 9. Total energy and nitrogen intake estimates by MCHS-FFQ and 24-h urinary total nitrogen for individuals with an MCHS-FFQ
estimate above or below the expected intake estimate being derived from urinary excretion.

derived from an independent standard**'~*, Because
there is no gold standard method for dietary assessment,
.and the nature and/or major sources of error produced by
an alternative dietary method are often.fairly similar to
the one to be validated **-*", the choice of an independ-
ent standard for the validation of a dietary assessment
methodology may therefore introduce a validity problem
initself. Comparisons of group means of intake estimates
are also questionable as a validity exercise. A serious
concern is that such comparisons disregard possible
differences in nutrient intake among individuals and the
same amount of food, or the same nutrient intakes,
across population groups*.

The reproducibility of individual nutrient intakes has
also been widely used to validate a dietary method®®.
This approach differs from previous approaches. in that
research investigators use the same dietary method
repeatedly over a range of time intervals and assess the
agreement in individual nutrient intakes. There is.

however, a fundamental problem in the interpretation of
reproducibility and validity of a dietary method.* As
individual dietary intake is highly variable, a low agree-
ment in estimates between time intervals may simply
reflect changing eating practices of individuals. This is
particularly important in the study of migrant health, as
in our study. Individual dietary change is often con-
sidered a major determinant of changing disease
patterns. We used internal validation so that various
nutrient ‘intake indices® derived from the 220-item food
frequency questionnaire could be assessed.

The need for a comprehensive food and beverage list
Foods and beverages frequently consumed by the
population- were mostly traditional Chinese foods or
foods in abundant supply. On the other hand, traditional
Chinese foods that are less accessible in general food
supply, snacks and non-traditional Chinese foods were
rarely consumed by the Melbourne Chinese (Table 2).
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This implied that the food consumption pattern of
Melbourne Chinese remains traditionally Chinese and
limited to accessible foods. It is equally appropriate to
consider food intake patterns associated with food
acculturation with a shift toward the Australian way of
eating and its related health outcomes. Thus the in-
clusion of foods and beverages rarely consumed by the
study population should not be seen as being redundant
in this particular study.

Macro-nutrient intakes

Where a complete food list is provided, one would
expect to observe a positive relationship between ‘intake
index’ and cither total energy intake or the expected
basal metabolic rate, and positive relationships between
intake index and some macro-nutrients. We observed
increases in major macro-nutrient intake as intake index
increased, except for total carbohydrate intake in men
(Figure 2). Additionally, increases in total energy intake
with intake index were accounted for by intakes in excess
of the expected BMR (Figure 3). In other words,
individuals responding to a higher percentage of foods in
the questionnaire had a higher energy intake which was
independent of BMR. Our result also suggests that the
total energy intake was adequately estimated using the
MCHS-FFQ (Figure 4), so that the minimal energy
requirement is met®,

Sodium and potassium intake estimates

The food frequency questionnaire depends upon
portion-size estimation of quantitative intake. As a result
of this, foods which are not served in standard portion are
likely to be under-estimated®. In this study, a 1 day
sodium intake was estimated from a 24-h urinary sodium
excretion. Urinary sodium excretion over 1 day may not
be representative of a year-long Chinese diet probed by
the food frequency questionnaire. Nevertheless, if the
assumption is made that urinary sodium intake is correct,

it is clear that the food frequency questionnaire would

have under-estimated true sodium intake (Figure 5). The
agreement between potassium intake estimated from a
urinary excretion and the MCHS-FFQ (Figure 6)
suggests that the MCHS-FFQ has the ability to estimate
daily potassium intake similar to that of single 24-h urine
sample. This implied that potassium balance may fluctu-
ate less than sodium balance across a year and/or there is
less problem with unmeasured potassium additions in a
Chinese diet than sodium additions. Sources of added
sodium intake in a Chinese diet are soysauce, salt,
mono-sodium glutamate (MSG) and stock®.

Urinary nitrogen output and protein intake

There was no difference in population mean nitrogen
level estimated from the 24-h urinary nitrogen output
and the MCHS-FFQ (Figure 7). Our results did not
support an intra-individual relationship between esti-
mates derived from the two independent methods for the
entire population (Figure 8). This is probably due to daily
variation in dietary intake and marked daily fluctuations
in daily nitrogen balance. Bingham and Cummings'
showed that single 24-h urine collection can be sub-
stantially in error. In healthy individuals with normal
western diets, an 8-day 24-h urine nitrogen collection
would verify its completeness and a dietary assessment

from 18 days of records or 24-h recalls would minimize
reporting errors from such methods.

When considered separately for those who had a
nitrogen intake estimate by MCHS-FFQ higher or lower
than the expected nitrogen intake, as derived from the
single 24-h urinary nitrogen output, our data confirmed
intra-individual relationships between urinary total
nitrogen output and nitrogen intake estimated by
MCHS-FFQ. In all cases, slopes were attenuated for
both men and women and the linear relationships were
less pronounced in women (Figure 8). This indicates that
the lack of one-to-one relationships between the 24-h
urinary nitrogen output and the MCHS-FFQ estimated
nitrogen intake may depend upon the level of true
protein intake. Individuals with a higher protein intake
have been shown to have a lower urinary nitrogen
output than expected'*-*. This is confirmed in our study,
particularly in women (Figure 9). The gender differences
in the significance levels further suggest that a higher
total energy intake in men, as estimated by MCHS-FFQ,
have resulted in a lower urinary nitrogen output.

In summary, single 24-h urinary nitrogen output is not
appropriate for the individual validation of protein
intake because the steady state condition is rarely
achieved in free-living individuals and large day-to-day
fluctuations in protein intake exist. The single 24-h
urinary nitrogen output, however, provides a good ball-
park figure for the validation of population mean protein
intake in the case where urinary nitrogen does not exceed
the estimate of dietary intake over a short period of-
time'?. The MCHS-FFQ thus gives a reasonable estimate
of the population mean protein intake.

Predictive power of the MCHS-FFQ
One of the most important expectations for a dietary
method is that it should predict outcome variables. A
method cannot be claimed as valid or reliable if it fails to
demonstrate the ability to predict what it is supposed.to.
The emphasis in tackling problems associated with
various dietary methods has been on external validation
against an independent method or on internal reliability
tests over a time**-*". Neither approach has taken into
account the possibility of errors associated either with the
methods themselves or the use of alternative methods to
validate them. The predictive power of a dietary method
has rarely featured, however, in the considerations.
Nutrient estimates derived from the MCHS-FFQ are
capable of predicting health outcomes (Table 3). Al-
though Table 3 shows univariate associations, similar
results were found in the multivariate models®. Positive
relationships between fat intake and plasma cholesterol
and coronary heart disease are well established. To
mention a few. the same predicitve power of dietary fat
intake, particularly saturated fatty acids and the per-
centage energy of fat intake, for 4-year coronary
incidence has been reported in the young Framingham
cohort™ and in the 10-year coronary mortality in
Japanese men living in Hawaii*. Less evidence is
avilable in the cross-sectional studies. A cross-
sectional relationship between fat intake, particularly
saturated fatty acid intake. and plasma cholesterol has
however been reported in a coloured population in South"
Africa™. As cross-sectional relationships are likely to be
attenuated due to cohort effect, such relationships when
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Fig. 10. Cross-sectional vs longitudinal relationships between health outcome and its determinants.

identified would be better appreciated in a longitudinal
study (Figure 10). Thus, the validity of MCHS-FFQ is
appropriate insofar as the predictive power of plasma
cholesterol and other health outcomes is concerned.

In conclusion, the MCHS-FFQ is a simple and valid
method in the assessment of usual food intake in a
representative adult Chinese living in Melbourne.
Australia. The method, when carefully applied, provides
a reasonable estimate of all macro-nutrients and has the
ability to predict the major health outcomes we explored.
The method, however, is not appropriate for estimation
of foods not served in a standard portion or as quanti-
fiable additions. Where such foods or food sources of
nutrient are of importance to the study outcomes, an
alternative or supplementary method will be required
to remove these sources of error.
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