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Summary This study was done to develop a Food Frequency Questionnaire (FFQ) for
assessing calcium intake in Vietnamese based on data from the National Nutrition Survey in
2000. From the data, a total of 36 calcium-rich food items were selected for the FFQ by
ranking food items according to their contribution to the population intake of nutrients. The
FFQ was validated in 140 postmenopausal women by comparing estimates of calcium
intake from the FFQ with those from multi-pass 24 h recalls. The results showed that the
Pearson correlation coefficient between the 2 methods was 0.84 (p<<0.001), and that the
weighted kappa value was 0.44. Cross-classification analysis indicated that 82.1% of sub-
jects were classified into the same or adjacent quartile by both methods. No subject was
grossly misclassified by the FFQ. There is no significant difference of calcium intake between
the 2 methods (by paired t test, p>0.05). A reproducibility study also presented good corre-
lation between 2 administrations of the FFQ, with Pearson correlation coefficient being 0.93
{(p<<0.001) and weighted kappa value being 0.67. In conclusion, this FFQ is useful and reli-
able for estimating calcium intake in population-based epidemiological studies in postmeno-
pausal Vietnamese women.
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In recent years, considerable evidence has emerged
with respect to the effects of dietary calcium on bone
health (1). There is increasing emphasis on the need for
lifelong adequate calcium intake in both males and
females (2). Optimal calcium intake is necessary not
only for maximization of peak bone mass during youth,
but also for minimization of bone loss later in life (3).
Low calcium intake has been considered as a risk factor
for osteoporosis (4, 5). Thus, identifying suitable meth-
ods to assess calcium intake of people has been high-
lighted. Consequently, there is a need for developing
cost-effective methods of estimating calcium intake that
is practical for large-scale epidemiologic studies on
osteoporosis (3, 6). Of methods that could be used for
the dietary assessment, the Food Frequency Question-
naire (FFQ) appears to be simple, reliable, and quite
convenient for assessing calcium intake. It has been
designed and validated for use in some populations (7—
15).

In Vietnam, the prevalence of osteoporosis in women
aged 20 and above was 9%, relatively high compared to
surrounding countries (16). To date, there was a FFQ
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developed and validated in Vietnamese for assessing
various nutrients, including calcium, but it comprises
more than 100 food items (17). Hence, a simpler FFQ
for estimating the calcium intake among Vietnamese
people is necessary for epidemiological studies on
osteoporosis. Thus, the purpose of this study was to
develop and validate the first simple FFQ to assess cal-
cium intake in postmenopausal Vietnamese women,
the population at high risk for osteoporosis.

MATERIALS AND METHODS

Development of FFQ. The calcium-specific FFQ used
in the present study was developed on the basis of data
from the Vietnamese National Nutrition Survey in
2000, in which calcium intake was assessed from 24 h
recall combined with a weighed record method. In the
survey, investigators weighed and recorded all food
items consumed, measuring them as raw materials
before cooking. In some cases where foods could not be
weighed before cooking, the weights of raw materials
were calculated by both investigators and subjects,
using a recall method and food samples (18). Dietary
intake of 4,080 adults who were living in the Red River
Delta collected in the National Nutrition Survey was
used as data for developing the FFQ. A total of 231 dif-
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ferent food codes were counted from such people. All
food codes were grouped into 146 conceptually similar
food items. The percent of calcium content which was
contributed by each food item was determined, and
foods were ranked in order of their contribution. The
cumulative percentage contribution was computed.
Using the method of Block et al. (19), the rank of 36
food items contributing cumulatively to 90% of the
total calcium intake of 4,080 subjects was drawn to
develop the food list for the new FFQ.

Based also on the dietary intake of 4,080 such peo-
ple, the average portion size was estimated for each food
item in the FFQ. The actual portion size will be asked,
whether the size was half as much, the same, 1.5 times
larger, or twice the average portion size. We use a pho-
tograph album of common foods and some kinds of
spoon and bowls for the FFQ interview to improve the
accuracy of a subject’s recall. Food frequency in the FFQ
was classified into 10 categories: never, less than once
per month, 1-3 times per month, 1-2 times per week,
3—4 times per week, 5-6 times per week, once per day,
2-3 times per day, 4-5 times per day, and more than 6
times per day.

Calcium intake from each food item was estimated by
the following formula:

Calcium intake

=portion size in gramsXreported consumption
frequency (converted to times per day)X calcium
content per gram.

The total calcium intake of each subject was the sum
of calcium intake from all food items in the FFQ.

Test-retest reliability and validation study. The study
was approved by the Research and Ethical Committee of
the Vietnamese National Institute of Nutrition, and was
conducted in Hai Duong province in April 2004.

A total of 140 postmenopausal women aged from 50
to 70y and free of a history of fracture or diseases
affecting bone metabolism were selected and invited to
participate in the study.

The test-retest reliability of the FFQ was assessed by
comparing the results obtained from the first testing of
the FFQ (FFQ1) with those obtained from the second
testing of the FFQ (FFQ2) in the same subjects 10d
later.

Calcium intake from the FFQ was validated by refer-
ring to that from 24 h recalls as standard value (20).
Three non-consecutive 24 h recalls were conducted
during the period between first and second administra-
tion of the FFQ in the same subjects, covering two week-
days and one weekend day. Participants were requested
to recall the type and amount of any food consumed
during the previous day in chronological order, i.e. from
the time they woke up in the morning to the same time
the following day. To improve the accuracy of food
descriptions, a full-size photograph album of common
food and standard household measures (bowls, cups,
spoons) were used during interviews to define appropri-
ate amounts. The mean values of calcium intake from
three 24 h recalls were used as reference values to com-
pare with results from the FFQ.

All subjects gave informed consent before participat-
ing in the study. They were asked to maintain their
usual diets during the study period.

Statistical analysis. Calcium intake was computed
separately for the FFQ and 24 h recalls, and only then
were comparisons done. The database for the calcium
content estimate was represented by the Vietnamese
food composition table (21).

Calcium intake by both the FFQ and the 24 h recalls
were normally distributed. Pearson’s correlation analy-
sis was performed to compare the calcium intake
between FFQ1 versus 24 h recalls, and FFQ1 versus
FFQ2. Student’s paired t test was also used to compare
mean calcium intake between the 2 methods.

Cross-classification analysis was carried out to iden-
tify the proportion of subjects correctly classified (into
the same or adjacent quartiles) and grossly misclassified

Table 1. Contribution of 36 food items included in the
FFQ to calcium intake. (Data was drawn from the
National Nutrition Survey in 2000)

o Cumulative
. Contribution .
Food item (%) contribution
(%)

1. Small crab 33.80 33.80
2. Ordinary polished rice 16.18 49.98
3. Water spinach 12.99 62.98
4. Small shrimp 4.27 67.25
5. Fish sauce 4.20 71.45
6. Sauropus 3.53 74.98
7. Mussel 2.23 77.21
8. Helix 1.66 78.87
9. Jute potherb 1.60 80.47
10. Vinespinach 1.12 81.59
11. Amaranth 1.01 82.60
12. Major carb 0.86 83.46
13. Soy milk 0.84 84.30
14. Tofu 0.78 85.08
15. Sesame 0.69 85.77
16. Peanut 0.42 86.19
17. Rice noodle 0.42 86.61
18. Clam 0.38 86.99
19. Duck egg 0.37 87.36
20. Pork medium fat 0.33 87.69
21. Mustard greens 0.31 88.00
22. Glutinous rice 0.26 88.25
23. Vermicelli 0.25 88.50
24. Sugar apple 0.24 88.75
25. Cow milk 0.21 88.96
26. Milk powder 0.17 89.13
27. Chicken egg 0.15 89.27
28. Scad 0.15 89.42
29. Orange 0.14 89.55
30. Bread 0.11 89.67
31. Pork lean 0.09 89.75
32. Tamarind leaves 0.08 89.83
33. Pork leg 0.07 89.90
34. Chicken meat 0.06 89.96
35. Beef 0.02 89.98
36. Pork ribs 0.02 90.01
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Table 2.
intake from FFQs and 24 h recalls.

KHAN NC et al.

Pearson correlation coefficient, percentage of subjects classified into the same and opposite quartiles of calcium

Pearson Percentage of subjects classified in
correlation Kw
coefficient Same or adjacent quartiles Opposite quartile
FFQ1 versus 24 h recalls 0.84 82.1 0.0 0.44
FFQ1 versus FFQ2 0.93 85.7 0.0 0.67

(lowest quartile for one method and highest quartile for
the other) by the FFQ. Quartiles were determined from
each method’s own calcium distribution. A weighted
kappa statistic was used to evaluate how well the FFQ
method could categorize individuals into quartiles of
calcium distribution when compared with the 24h
recalls categorization (22).

All statistical analyses were performed with the SPSS
software for Windows version 10.0 (SPSS, Chicago,
USA).

RESULTS

The rank of food items drawn from the data of the
Vietnamese National Nutrition Survey in 2000 for
developing the food list in the FFQ is shown in Table 1.

Of the food items, small crabs account for a consider-
able percentage of contribution (33.8%) to the calcium
intake of the population in the Red River Delta. Rice, a
main part of Vietnamese meals, contributed 16.1%. Itis
worth noting that dairy products (cow milk and milk
powder) contributed only 0.38%. In the validation
study, the mean calcium intake obtained from the FFQ
(FFQ1) and 24 h recalls were 345=116 mg/d and
358+99 mg/d, respectively. There is no significant dif-
ference between calcium intakes derived from the two
methods (p>0.05 by Student’s paired t test). As shown
in Table 2, the Pearson correlation coefficient was 0.84
(p<0.001), 82.1% subjects were correctly classified
into the same or adjacent quartiles, no subject was
grossly misclassified by FFQ, and the weighted kappa
value was 0.44.

The test-retest reliability study done to compare cal-
cium intake from FFQ2 versus FFQ1 indicated that the
Pearson correlation coefficient was 0.93 (p<<0.001),
85.7% subjects were correctly classified into the same
or adjacent quartiles, no subject was grossly misclassi-
fied by FFQ, and the weighted kappa value was 0.67
(Table 2).

DISCUSSION

Calcium intake has a considerable influence on skele-
tal health (1), and its adequate intake from food is of
major importance for preventing osteoporosis and
reducing fracture risk (2). Because osteoporosis has
serious consequences and affects the individual as well
as the family and the community (23), a recommenda-
tion was made for developing cost-effective methods to
identify those with insufficient calcium intake (3). To
date, the FFQ method has been considered as the most
convenient and feasible one for this purpose and it has

been validated for use in many populations (7, 15).

Taking all this information into consideration, and
because Vietnamese are facing a relatively high preva-
lence of osteoporosis compared to nearby countries
(16), we developed and validated the FFQ for assessing
calcium intake for postmenopausal Vietnamese women
in epidemiological studies.

Our findings indicated that total of 36 food items can
reach a 90% cumulative contribution of calcium intake
of the population living in the Red River Delta. It was
similar to the picture of the nearest areas where num-
ber of food items was 38 in Southern Vietnam (17) and
was 35 in China (24). Differentiating from China (13)
where the highest contribution percentages of calcium
intake were derived from vegetables (37.5%) and dairy
products (17.3%), our results revealed that small crabs
account for a considerable percentage of contribution
(33.8%), followed by rice (16.1%). This phenomenon is
likely due to food sources and eating habits in Vietnam-
ese people. Small crabs contribute a considerable
amount of calcium intake, but it is a matter of fact that
in our situation nowadays, the small crab is not very
often consumed by people (not every day). Ordinary
rice is the second contributor to calcium intake but the
consumption trend seems to be falling. These indicated
that the calcium source from daily food intake is limited
and that the increased risk of osteoporosis may be
explained by looking at the dietary intake aspect. Inten-
sive nutrition education programs should be imple-
mented in future to improve intake of potential foods
which contribute high calcium content at affordable
cost such as small crabs and small shrimp. However, in
the context of modernizing in Vietnam, cheese and
other kinds of dairy products should be added to the
FFQ when the dietary pattern changes.

In the validation study, there was no significant dif-
ference in the mean calcium intake derived from the
FFQ and the reference method (p>0.05 by paired ¢ test).
This finding was similar to results from earlier studies
(7-11). The Pearson correlation coefficient of 0.84
obtained between the two methods was higher than the
range reported previously (r=0.5-0.8) in some studies
(8, 11, 12, 14) but lower than that of 0.9 presented in
Italian women (10).

The FFQ showed a reasonable ability to classify indi-
viduals into quartile of calcium intake, with 82.1% of
subjects being correctly classified into the same or adja-
cent quartiles, and no subject being grossly misclassi-
fied. These results are similar to those assessed from pre-
vious FFQs (12, 15, 25), but are still worse than the
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others where correct classification varies from 92.9 to
95.2% (8, 26). It is worth mentioning that no subject
was grossly misclassified by the FFQ, while the propor-
tion was 0-3.4% in other studies (8, 12, 25, 26). In this
study, the weighted kappa value was 0.44, higher than
that in the earlier trial in Southern Vietnam (17).

Our current validation study met levels suggested by
Masson et al. (27) that using a correlation coefficient
above 0.5, more than 50% of subjects correctly classi-
fied and less than 10% subjects grossly misclassified
into thirds, and a weighted kappa value above 0.4 are
desirable in epidemiological studies.

In the test-retest reliability study, we chose the rea-
sonable time interval of 10 d to avoid errors from inter-
viewers as well as a subject’s recall (17, 28). Our study
showed a good reproducibility of the FFQ, with the Pear-
son’s correlation coefficient being 0.93 (p<<0.001) and
the weighted kappa value being 0.67. Previous publica-
tions with the same interval time between 2 adminis-
trations of the FFQ revealed lower correlation coeffi-
cients which vary from 0.66-0.73 (13, 17) to 0.90
(29).

This study has several potential weaknesses. First,
using a 24 h recall method as reference tool may not be
the best for validation purposes. However, multiple 24 h
recalls may provide valid assessments of an individual’s
usual intake (19). In addition, this method is considered
the most suitable to get population means and distribu-
tion for subjects with reasonable accuracy, especially
when combined with visual aids for estimating portion
size (30). Furthermore, our 24 h recall method was well
validated with a weighting method in the same North-
ern area of Vietnam (31). With our relatively large sam-
ple size, we believe that inter-individual variability in
daily calcium intake would be decreased. Virtually all
previous studies used the 24 h recall method as a refer-
ence tool against calcium FFQs in some population (9,
15, 26). The second weakness is that we could not vali-
date the new FFQ in 4 seasons. Nevertheless, it has been
reported that there was not much seasonal variation
occurs in the intake of calcium (32, 33). Moreover, in
Vietnam, the main sources of calcium rich food, such as
small crabs and small shrimp, are available throughout
the 4 seasons. Therefore, we believe that our new FFQ
can be acceptable for use in all seasons.

In conclusion, this study suggests that the new FFQ
can be fruitfully used in epidemiological studies in post-
menopausal women in Vietnam due to its validity,
reproducibility and feasibility for a large-scale popula-
tion. It also can be applied to regions surrounding Viet-
nam which have a similar environment, food sources
and food habits, with good consideration of validation
and modifying some kind of dairy products, depending
on dietary patterns in the regions.
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APPENDIX. FFQ to estimate the Ca intake in postmenopausal Vietnamese women.
Reference Ac:ual portion size ‘comp.)ared Number (?f portions whic'h subje.:ct
Food item portion size o reference portion size consumes in 1 of 4 following periods Never eats
(8) Smaller | Equal Bigger 1d 1wk 1 mo 6 mo
1. Small crab 50 |
2. Ordinary polished rice 110
3. Water spina(fh 65
4, Small shrimp 50
5. Fish sauce 5 i
6. Sauropus 30
7. Mussel 80
8. Helix 75
9. Jute potherb 20
10. Vinespinach 30
11. Amaranth 30
12. Major carb 100 i
13. Soy mﬂk 250
14. Tofu 50
15. Sesame 10
16. Peanut 50
17. Rice noodle 150
18. Clam 50
19. Duck egg 48
20. Pork medium fat 100 1
21. Mustard greens 30 B
22. Glutinous rice 120
23. Vermicelli 50
24. Sugar apple 150
25. Cow milk 200 /
26. Milk powder 10
27. Chicken egg 30
28. Scad 100
29. Orange 150 o
30. Bread 120 ’
31. Pork lean 75
32. Tamarind leaves 20
33. Pork leg 75
34. Chicken meat 120
35. Beef 50 )
36. Pork ribs 40 o
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