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Abstract

Obijective. To assess the reproducibility and validity of a
116 item semi-quantitative food frequency questionnaire
(FFQ), designed to assess the relation between dietary
intake and chronic diseases. Material and methods. To
test the reproducibility of the FFQ questionnaire, the FFQ
was administered twice to 134 women residing in Mexico
City at an interval of approximately one year; to assess
the validity we compared results obtained by the FFQs
with those obtained by four 4-day 24-hour recalls at three
month intervals.Validity and reproducibility were evaluated
using regression analysis and Pearson and intraclass
correlation coefficients of log-e and calorie-adjusted nutrient
scores. Results. Mean values for intake of most nutrients
assessed by the two food frequency questionnaires were
similar. However, means for the 24-hr recall were significantly
lower. Intraclass correlation coefficients for nutrient intakes,
assessed by guestionnaires, administered one year apart,
ranged from 0.38 for cholesterol to 0.54 for crude fiber.
Correlation coefficients between energy-adjusted nutrient
intakes, measured by diet recalls, and the first FFQ ranged
from 0.12 for polyunsaturated fatty acids to 0.67 for
saturated fatty acids. Regression coefficients between
24-hr recall and FFQ,s were all significant were significant
for all nutrients, except for polyunsaturated fat, folic acid,
vitamin E and Zinc. Conclusions. These data indicate that
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Resumen

Obijetivo. Evaluar la reproducibilidad y validez de un cues-
tionario semicuantitativo de frecuencia de consumo de ali-
mentos, para ser utilizado en estudios epidemioldgicos sobre
enfermedades crénicas. Material y métodos. Para evaluar
la reproducibilidad del cuestionario de frecuencia de con-
sumo se comparo el resultado obtenido al aplicar la encuesta
a 134 mujeres en dos tiempos separados por 12 meses.
Para evaluar la validez del cuestionario, comparamos los
resultados obtenidos a partir de su aplicacion, con el pro-
medio de 16 recordatorios de 24-horas, los cuales se obtu-
vieron en el transcurso de 12 meses. Para estimar la validez
utilizamos modelos de regresion y correlacion de Pearson.
Para evaluar la reproducibilidad estimamos la correlacion
intraclase entre los cuestionarios de frecuencia de consumo.
Resultados. Las ingestas promedio diarias estimadas por
los cuestionarios de frecuencia de consumo fueron similares.
Sin embargo, las medias estimadas mediante los recorda-
torios de 24 horas fueron significativamente menores. Las
correlaciones intraclase entre los cuestionarios de frecuencia
de consumo aplicados 12 meses aparte, variaron entre 0.38
para colesterol y 0.54 para fibra cruda. Las correlaciones
ajustadas por calorias entre el primer cuestionario y la media
de los recordatorios variaron entre 0.12 para acidos grasos
polinsaturados y 0.67 para acidos grasos saturados. En el
analisis de regresion observamos asociaciones estadistica-
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this semi-quantitative FFQ is reproducible and provides a
useful estimate by which to categorize individuals by level
of past nutrient intake. However, its application outside
Mexico City or in different age and gender populations will
require additional modifications and validation efforts.

Key words: questionnaire/validity; diet; women; epidem-
iology; Mexico

mente significativas para casi todos los nutrientes, excepto
para grasas polinsaturadas, acido folico, vitamina E y zinc.
Conclusiones. Los resultados indican que el cuestionario
es (til para evaluar la ingesta dietética. Sin embargo, su uti-
lizacion en poblaciones con diferente estructura de edad y
género o ubicacién geogréfica requerira de acciones adicio-
nales para garantizar su validez y reproducibilidad.

Palabras clave: cuestionario/validez; dieta; mujeres; epide-
miologia; México

E xposure assessment is a critical issue in epidemi-
ological studies. The value of any research find-
ing depends largely on the validity of the information
used to measure exposure. For studies relating the
effect of food consumption and chronic disorders, food
frequency questionnaires (FFQs) have been widely
used because they allow the evaluation of individual
dietary intake for large populations at low cost. FFQs
are designed to measure dietary intake over an extend-
ed period of time, such as months or years. The under-
lying assumption of the FFQ approach is that the
measurement of long term dietary exposures is more
relevant to chronic diseases. Therefore, in this context
it is better to rely on less precise estimates of usual di-
etary intake than on rather precise estimates of short-
term intake, which may not adequately reflect
exposure.! Consequently, it is expected that the infor-
mation derived from FFQs will not reflect current di-
etary intake as accurately, but instead will be more valid
to rank individuals by levels of their past nutrient
intake.” FFQs are based on a list of foods and ques-
tions regarding how often these foods are eaten. There-
fore, in order to provide a reasonable estimation of
intake, the food items included in the questionnaire
need to be selected carefully, using methods that would
yield a list of foods that will reflect the food consump-
tion patterns and choices of the population under
study.

We therefore conducted a study to assess the va-
lidity and reproducibility of an FFQ to be used in fu-
ture epidemiological studies, to assess nutritional risk
factors of chronic diseases among women who live in
Mexico City.

Material and methods

Development of the food frequency
questionnaire

The FFQ was developed using the methodology pro-
posed by Willett et al.> We identified food items by tab-
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ulating the results of a dietary survey carried out in
1983 by the National Institute of Nutrition on a ran-
dom sample of 240 low to medium income families
in Mexico City.* Data collected in this survey includ-
ed both 24-hour dietary recalls and home visits to
weigh and measure the food items actually consu-
med. Using, stepwise linear regression, the foods
which were the best predictors of each nutrient of in-
terest were identified. We then compiled all the foods
identified using this methodology. In a second step
we identified important foods that may have not been
reported by the population who participated in the sur-
vey carried out by the National Institute of Nutrition.
For this purpose, a group of Mexican dietitians and
nutritionists were invited to participate and were asked
to identify relevant food items that may have not been
identified with the stepwise linear regression approach.
A final format that included 85 food items was then
pilot-tested using a convenient sample of women of
medium to low socioeconomic status, living in Mexico
City. The final instrument was composed of a ma-
trix listing 116 food items and 10 frequencies of con-
sumption. The consumption frequencies were: 6 or
more per day, 4-5 per day, 2-3 per day, 1 per day, 5-6
per week, 2-4 per week, 1 per week, 2-3 per month, 1
per month or less and never. (Copy of the question-
naire is abailable from author M. Hernandez-Avila).

Estimation of nutrient scores

For each food item, the nutrient content per average
unit (specified serving size: slice, glass, or natural unit)
was compiled. Nutritional composition of each food
included in the questionnaire was derived from the US
Department of Agriculture (USDA) food composition
tables* and, when necessary, complemented by the
nutrient data base developed by the National Institute
of Nutrition.? Daily dietary nutrient intakes for study
participants were estimated as follows: for each food
anutrient score was calculated using the food nutrient
content taken from the food table, adjusted to the spec-
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ified portion size of the questionnaire. We then multi-
plied this score by the weight corresponding to the fre-
quency of use. The weights used were: 6 for reported
frequencies of 6 or more per day; 4.5 for 4-5 per day;
2.5 for 2-3 per day; 1 for 1 per day; 0.8 for 5-5 per week;
0.43 for 2-4 per week, 0.08 for 2-3 per month and 0.016
for 1 per month or less. Then the product of frequen-
cies times the nutrient scores were summed, produc-
ing scores for overall food items, to obtain a total
nutrient score.

Portion sizes were estimated by “natural” units
or standard quantities where possible. To account for
the seasonal availability of some foods, the question-
naire had a section on the frequency of consumption
of these foods during the season (e. g. mangos, mam-
mey).

The data from the 16 24-hour dietary recalls were
coded in a specifically-made data entry program. We
calculated the specific nutrient content of the reported
portion size and estimated a daily nutrient intake for
each day.

Study population

We randomly selected an age-stratified sample of 527
women residing in Tlalpan, the southern district of
Mexico City. Among them, 211 agreed to participate.
A final sample of 134 women completed the study. The
main reason for non-participation was the inability to
comply with the complete study protocol. All study
participants signed an informed consent and complet-
ed the study. Over a one-year period, we obtained four
4-day 24-hour recalls, corresponding to 16 days of diet
recall in batches of 4 days, representing all seasons in
Mexico. Interviewers visited each participating wom-
en at her home and recorded the type and quantity of
food (using local cooking utensils) they had consumed
during the previous 24-h. We arranged visitation of
each subject on different days of the week (including
Saturdays and Sundays) to account for differences in
daily dietary habits. At baseline, women completed an
FFQ applied by a trained dietitian and provided blood
samples three and nine months later. At the end of the
study, the women completed a second FFQ. Results
from the blood sample analyses are described else-
where.*

* Romieu Y, Parra S, Hernandez-Avila J, Madrigal H, Willett W,
Hernéndez-Avila M. Questionnaire assessment of antioxidants
retinol intakes in Mexican women. Unpublished paper.
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Statistical analysis

All items consumed, by frequency and quantity, in ei-
ther the FFQ or the 24-hour recalls were coded and
transformed to daily nutrients with the use of a food-
composition database, developed to accommodate
the characteristics of the Mexican diet. We used food
composition tables provided by the National Institute
of Nutrition® and completed these tables with nutri-
tion composition tables from the USDA* and other
published sources and personal communications from
laboratories and manufacturers.

For the calculation of correlations, we used loga-
rithmic transformation for all nutrient values and blood
levels to reduce skewedness. We calculated energy-
adjusted nutrients as the residual of each nutrient re-
gressed on caloric intake.® We calculated intraclass
correlation coefficients to assess the reproducibility of
the FFQ.” To assess the validity of nutrient values,
derived from the first and second FFQ, we used re-
gression analysis and Pearson correlation coefficients
and compared them with the mean of the 16 24-hour
recalls. To take into account within-person variation,
we used within- and between-person components of
variation for the 24-hour recalls to “deattenuate” the
Pearson correlation coefficients.® All analyses were con-
ducted using STATA statistical software.’

Results

Mean daily intakes of nutrients estimated by the FFQ
and the average of 16 24-hour recalls for the 134 wom-
en included in the validation analysis, are presented
in Table I. The questionnaire measurements of total
energy intake were higher than the intake assessed by
diet recalls. Intake of most nutrients was slightly high-
er when measured by the FFQs compared with diet
recalls, particularly for retinol. However the absolute
values of nutrient intake, estimated by the second FFQ,
were quite comparable to the estimate using diet re-
calls, with the questionnaire estimates showing a high-
er standard deviation . Eighty one percent of the mean
values for macro and micronutrients, apart from vita-
mins, measured by questionnaire were within 15 per-
cent of the 24-hr recall values. For vitamins, 82% of
mean intake values measured by questionnaire were
within 25 percent of the diet record values.

To obtain a measure of the existing within-subject
variability, we computed intraclass correlations for
unadjusted and energy-adjusted daily nutrients using
the average intake, measured by each of the 4-day diet
recalls. Alpha-carotene was the nutrient with the low-
est correlation coefficient (intraclass r= 0.09) followed
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Table 1
MEANS AND STANDARD DEVIATIONS OF DAILY NUTRIENT INTAKE ESTIMATED BY SIXTEEN 24 HOUR RECALLS

QUESTIONNAIRES AND FROM TWO FOOD FREQUENCY QUESTIONNAIRES

Nutrient 24-hr recalls SD FFQ, SD FFQ, SD

Calorie (Kcal) 1802 3932 2200 784.3 1960 646.7
Carbohydrates (g) 253.7 60.2 338.9 126.8 304.1 110.7
Protein (g) 60.8 129 76.4 24.8 69.3 216
Animal protein (g) 339 105 36.9 155 36.9 15.5
Total fat (g) 63.8 18.1 60.9 243 70.8 314
Animal fat (g) 339 105 36.9 155 32.0 1258
Saturated fat (g) 18.2 53 20.8 9.1 172 6.8
Monosaturated fat (g) 19.8 6.00 19.8 8.13 16.5 5.76
Polyunsaturated fat (g) 16.0 6.2 75 25 8.3 30
Cholesterol (mg) 2495 89.4 357.7 212.2 2955 165
Fiber crude (g) 45 14 6.4 23 5.9 22
Retinol (UI) 664.8 279.2 809.2 4452 990.0 559.4
Carotenoid (Ul) 3122 2611 3626 2320 3260 1784
Alfacarotene (mg) 185.3 291.2 1444 125.8 156.7 152.8
Betacarotene (mg) 1079 849.5 1257 812.2 1165 724.6
Vitamin B, (mg) 117 0.25 1.81 072 161 0.63
Vitamin B, (mg) 1.17 0.28 1.64 0.61 143 0.45
Vitamin B (mg) 3.14 1.66 5.13 3.08 4.60 2.83
Vitamin B , (mg) 196.4 70.0 33481 128.14 290.5 111.8
Vitamin C (mg) 70.7 42.7 1134 779 84.6 57.7
Vitamin D (mg) 136.4 76.13 189.5 106.7 155.5 96.13
Vitamin E (TE) 6.83 2.4 3.59 12 4.10 16
Calcium (mg) 761.3 2159 1116 4316 1004 370.6
Iron (mg) 10.9 27 143 49 13.1 28
Magnesium (mg) 265.3 67.6 354.8 1224 3243 109.7
Phosphorous (mg) 1172.2 307.1 1584 561.8 1470 499.1
Potassium (mg) 1760 5413 2358.5 902.5 2020.2 676.5
Zinc (mg) 7.4 19 8.2 25 76 2.1

24-hr recalls= mean of 16 24 hours recalls
SD= standard deviation

FFQ,= first food frequency questionnaire
FFQ,= second food frequency questionnaire

by beta-carotene (intraclass r= 0.12), whereas the high-
est intraclass correlation was observed for carbohy-
drate (r=0.34) and calcium (r= 0.31). Energy-adjusted
coefficients were similar. The reproducibility of the
questionnaire was assessed by means of estimating
correlation between nutrient scores, measured with the
same instrument twice (Table II). Pearson correlation
coefficients between unadjusted nutrient intake from
the FFQ, spaced one-year apart, ranged from 0.43 for
Alpha-carotene to 0.60 for monounsaturated fatty ac-
ids. Adjustment of the nutrient intake for total energy
intake tended to decrease these correlations slightly,
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especially for total proteins, cholesterol, Vitamin B1 and
polyunsaturated fatty acids (Table II).

To assess the validity of the questionnaire, we
calculated the unadjusted and energy-adjusted Pear-
son correlation coefficients between the average of the
16 24-hour recalls and the first and second administra-
tion of the FFQ (Table II). Crude unadjusted correla-
tion between the first questionnaire and diet recalls
ranged from 0.13 for Folic acid to 0.52 for magnesium.
Average correlation coefficients of 0.40 or higher were
noted for total caloric intake, carbohydrate, protein,
total fat, animal fat, saturated, monosaturated, and
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Table Il
PEARSON CORREATIONS BETWEEN SEMIQUANTITATIVE FOOD FREQUENCY QUESTIONNAIRES AND THE AVERAGE OF THE
SIXTEEN 24 HOUR RECALLS AND INTRACLASS CORRELATIONS BETWEEN THE TWO FFQS CALCULATED FOR UNADJUSTED
AND ENERGY-ADJUSTED NUTRIENTS'

FFQ, VS 24-hr recalls®

FFQ, VS 24-h recalls? FFQ,VS FFQ%

Nutrient Unadjusted Ajusted De-atttenuated? Unadjusted Ajusted De atttenuated! Unadjusted Ajusted
Calorie 0.50 051 0.50 0.52 0.57
Carbohydrates 051 0.49 0.52 0.56 0.57 0.56 0.
Protein 0.42 021 0.29 0.43 0.23 0.32 0.57 0.37
Animal Protein 0.35 0.37 0.44 0.40 0.52 0.58 0.53 0.39
Total Fat 0.50 0.45 0.52 0.47 0.58 0.63 0.60 0.47
Animal Fat 0.43 045 0.55 0.48 0.56 0.61 0.54 0.45
Saturated Fat 0.46 0.51 0.65 0.50 0.67 0.71 0.57 047
Monosaturated Fat 0.49 0.46 0.53 0.47 0.60 0.65 0.60 0.44
Polyunsaturated Fat 0.42 0.07 012 043 0.18 021 0.59 0.38
Cholesterol 0.27 0.23 0.30 0.50 0.48 0.56 0.47 0.38
Crude Fiber 0.47 0.46 0.51 0.56 0.60 0.40 0.47 0.54
Retinol 0.37 0.29 0.35 0.47 0.42 0.49 0.50 043
Carotenoid 0.40 042 0.44 0.44 0.45 0.48 0.46 0.50
Alfacarotene 0.30 0.28 0.36 031 0.30 0.38 043 0.44
Betacarotene 0.30 031 0.36 0.40 0.40 0.47 0.46 0.48
Vitamin B, 0.44 0.40 0.43 0.42 0.27 0.32 0.52 0.25
Vitamin B, 0.37 0.37 0.43 0.43 0.48 0.51 0.57 0.50
Vitamin By 0.34 0.24 031 0.45 0.27 0.31 0.44 033
Vitamin B , 0.14 0.19 0.23 0.19 0.25 0.29 0.56 051
Folic Acid 0.13 0.08 0.15 0.24 0.16 0.22 0.50 0.47
Vitamin C 0.38 0.40 0.48 0.41 0.44 0.49 0.46 0.50
Vitamin D 0.38 0.37 0.48 0.41 0.36 0.43 0.46 0.50
Vitamin E 0.39 0.15 0.22 0.27 0.05 0.12 0.47 0.35
Calcium 0.50 0.48 0.53 0.61 0.55 0.60 0.43 0.32
Iron 0.35 0.25 0.32 0.39 0.27 0.36 0.59 0.52
Magnesium 0.52 0.48 0.56 0.57 0.52 0.56 0.45 0.40
Potassium 0.42 0.49 0.52 0.45 0.42 0.45 0.54 0.49
Zinc 0.31 0.28 0.25 0.26 0.22 0.29 0.51 0.50

All nutrients were log-e transformed

24-hr recalls= mean of 16 24 hours recalls
FFQ,= first food frequency questionnaire
FFQ,= second food frequency questionnaire

§ p value < 0.01 for correlation >= 0.19; p value < 0.05 for correlation >= 0.16
t The energy-adjusted correlation between dietary methods use the residuals from regressing each nutrient on the total calories
1 The de-attenuated correlation coefficient is calculated using the ratio of the within-to between-person variance measured from the 24-hr recalls. The

formula for this corrected correlation is:

r adjusted=r V (1+A/n) where A is the ratio of within - and - between person variances for the 24 -hour recalls and nx is number of replicates

polyunsaturated fatty acids, fiber, thiamin, riboflavin,
vitamin B6, vitamin C, vitamin D, calcium, magne-
sium, and potassium. Adjustment for total energy in-
take modified these estimates only slightly, except for
polyunsaturated fatty acids, for which a substantial de-
crease was observed. There was no clear difference
between the correlations of the 24-hour recalls with the
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first and second FFQ. However correlations between
the second FFQ and the mean of the 24-hr recalls was
higher.

The “deattenuated “ coefficients represent the cor-
relation between nutrient intake, estimated from the
FFQ and the average intake of the four 4-day diet re-
calls after taking into account the effect of within-per-
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Table 111
REGRESSION ANALYSIS BETWEEN SEMIQUANTITATIVE FOOD FREQUENCY QUESTIONNAIRES
AND THE AVERAGE OF THE SIXTEEN 24 HOUR RECALLS.

Nutrient FFQ, VS 24-hr recalls® FFQ, VS 24-hr recalls®

b SE p b SE p
Calorie 0.317 0.053 0.0001 0.317 0.053 0.0001
Carbohydrates 0.480 0.100 0.0001 0.491 0.085 0.0001
Protein 0.209 0.093 0.0268 0.259 0.101 0.0122
Animal protein 0.352 0.085 0.0001 0.501 0.079 0.0001
Total fat 0.383 0.072 0.0001 0.424 0.057 0.0001
Animal fat 0.379 0.072 0.0001 0.430 0.061 0.0001
Saturated fat 0.435 0.070 0.0001 0.493 0.052 0.0001
Monosaturated fat 0.401 0.074 0.0001 0.490 0.063 0.0001
Polyunsaturated fat 0.162 0.215 0.4529 0.416 0.221 0.0624
Cholesterol 0.152 0.061 0.0149 0.325 0.056 0.0001
Crude fiber 0.423 0.078 0.0001 0.477 0.068 0.0001
Retinol 0.259 0.082 0.0022 0.329 0.067 0.0001
Carotenoid 0.554 0.113 0.0001 0.581 0.109 0.0001
Alfacarotene 0.420 0.125 0.0011 0.513 0.126 0.0001
Betacarotene 0.353 0.102 0.0008 0.465 0.100 0.0001
Vitamin B, 0.282 0.061 0.0001 0.198 0.067 0.0040
Vitamin B, 0.263 0.063 0.0001 0.341 0.059 0.0001
Vitamin B, 0.147 0.058 0.0129 0.220 0.073 0.0032
Vitamin B, 0.151 0.073 0.0404 0.198 0.073 0.0077
Folic Acid 0.075 0.094 0.4282 0.175 0.101 0.0859
Vitamin C 0.333 0.072 0.0001 0.348 0.068 0.0001
Vitamin D 0.395 0.094 0.0001 0.349 0.087 0.0001
Vitamin E 0.166 0.104 0.1130 0.056 0.106 0.5937
Calcium 0.376 0.066 0.0001 0.520 0.076 0.0001
Iron 0.235 0.088 0.0086 0.295 0.102 0.0047
Magnesium 0.457 0.079 0.0001 0.535 0.082 0.0001
Potassium 0.295 0.061 0.0001 0.333 0.065 0.0001
Zinc 0.281 0.106 0.0097 0.212 0.132 0.1121
All variables were log-e transformed and calorie adjusted
24-hr recalls= mean of 16 24 hours recalls b= regression coeffcient
FFQ,= first food frequency questionnaire SE= standard error of the regression coefficient
FFQ,= second food frequency questionnaire p= value for the regression coeffcient
son variation in the diet record data.® These coefficients
ranged from 0.65 for saturated fatty acids to 0.12 for D|SCUSS|0n

polyunsaturated fatty acids for the first FFQ and from
0.63 for total fat to 0.21 for polyunsaturated fatty acids
for the second FFQ.

Calorie adjusted regression coefficients between
the FFQ’s and the mean of the 24-hr recalls are pre-
sented in table IIl. Most nutrients showed a significant
association. The coefficients between the first FFQ and
the 24-hr recalls, ranged from 0.147 to 0.55 for Vitamin
B6 and Carotenois, respectively. For the second FFQ,
the regression coeffcientes ranged between 0.056 for
Vitamin E and 0.581 for retinol.
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We developed and evaluated the performance of a
116-item FFQ by comparing daily nutrient intake, ob-
tained from this instrument, with those derived from
four 4-day 24-hour recalls. Correlations assessed by
dietary records, after correcting for within-person vari-
ation, averaged 0.45 for the macronutrients and 0.41
for the micronutrients. Energy-adjusted intraclass cor-
relations were not systematically higher than unadjust-
ed values, as observed in studies conducted in Spain™
and Greece." This could be due to the fact that although
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energy adjustment removes nutrient variation due to
variation in energy intake, it also reduces the range of
between-person variance, which may decrease the cor-
relation.? Reported correlations between the nutrient
intakes estimated by FFQ and the “gold standard” es-
timates (obtained by dietary records or repeated 24-
hour recalls) vary between studies.'” 17 Although
differences in study populations and in the magnitude
of the within and between-person variation in diets
among these populations preclude a valid comparison
of results across studies,' our estimates are, in general,
similar to those reported in other studies among wom-
en.>!"% The study that reported higher correlation co-
efficients'® was conducted among knowledgeable
professionals suchasnurses or motivated volunteers."”
Our validation study included women from the gen-
eral population, of low to medium income with an
average of 7 years of formal education. Although
trained interviewers applied the FFQ and it is a simple
form to complete, this is not the case for the 24-hour
recall methodology. To obtain complete information
regarding food consumption during the day prior to
the interview, we had to rely on the diligence of the
participants to accurately recall foods and portion siz-
es. It is likely that errors in this procedure may have
attenuated the observed correlations in our study.
Correction of energy-adjusted correlations im-
proved the estimates because of the high within-per-
son variation in the nutrient intakes in our study
population, related in part to the change in the avail-
ability of food across the seasons (in particular for fruits
and vegetables). This is corroborated by the low intra-
class correlation between nutrient intake scores mea-
sured by the four 4-day diet recalls, compared to that
reported in other studies.>!**31¢ For micronutrients the
intraclass correlation was on average 0.19, and for
macronutrients 0.27. Correlation coefficients between
diet recalls and FFQs were only slightly higher for the
first FFQ and there is no clear explanation for this ob-
servation. If we consider that a correlation of 0.40
between the FFQ and the dietary recalls is indicative
of good agreement, our questionnaire provides rea-
sonable estimates of intake for 52% of the nutrients
evaluated, including carbohydrate, animal protein,
animal fat, saturated and monounsaturated fat, fiber,
carotenoids, vitamin C, calcium, iron, magnesium, po-
tassium, and phosphorous. Nutrients like polyunsat-
urated fat, cholesterol, vitamin E and folic acid were
not well estimated by the FFQ, although the reproduc-
ibility data for these nutrients was not bad. We can not
exclude errors due to incomplete nutrient databases
or large within person variation, especially for choles-
terol and vitamin E. However, the current format of
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the questionnaire is not recommended for studies in-
terested in evaluating this nutrients.

Instead of asking participants about the portion
size consumed for each food, we chose a pre-deter-
mined portion size for each food item in the question-
naire. For example the questionnaire asks how often a
glass of milk is consumed. We chose this approach be-
cause most of the variation in food intake is determined
by the frequency of consumption rather than by the
portion size."? Several investigators have reported
that questions regarding portion sizes add little to the
information collected. Other investigators have report-
ed that the use of food models did not significantly
improve the correlations between FFQs and dietary
records.'” However, there are no data published for ur-
ban population in Mexico City regarding portion size,
therefore errors in estimation of the portion size may
be an additional source of random error in our study.

A source of misclassification that may explain
some of the low correlations found, for example for
cholesterol, may be that the Mexican diet includes a
variety of composite dishes and the FFQ provided only
a few options of such dishes. This could have also af-
fected the correlation observed between the FFQ and
the diet recalls. However, given that we asked for most
individual foods, it is likely that these dishes were re-
ported by participants and therefore were considered
in the FFQ. Finally, one of the major limitations we
encountered in this study was the lack of adequate
nutrient composition in databases for Mexican foods.
As previously mentioned, we used food composition
tables provided by the National Institute of Nutrition®
and completed these tables with nutrition composition
tables from the US.* However for some tropical fruits
and vegetables, we were not able to obtain informa-
tion for all nutrients. For example pumpkin flower (flor
de calabaza) was frequently consumed, and we were
unable to obtain its food composition. This error would
be similar for both methods and would generate a sub-
estimation of the real intakes, and would result in a
subestimation of the concordance between methods.

We estimate that this study provides the first steps
for the development of a FFQ questionnaire that could
be used in different studies to provide comparable data.
A true validation procedure of a dietary assessment
method is essentially impossible, as there is no abso-
lute gold standard for measuring dietary intake, which
limits the ability of our results to be generalized. To
obtain a complete list of foods, we tabulated a previ-
ous survey, obtained qualitative information from ex-
perts in the field, and pilot tested the questionnaire.
We believe that the food list of which the question-
naire is composed provides an adequate representa-
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tion of the foods regularly consumed in Mexico City.
Our results may also be influenced by the incomplete-
ness of food composition tables. To help rectify this
problem, we used an international source and comple-
mented the information, when needed, with published
food composition tables, specific for Mexican foods.
Our questionnaire was designed to assess long-term
exposure to different nutrients in order to study their
potential role as risk factors for chronic diseases. Our
results suggest that our FFQ questionnaire work rela-
tively well, for women of medium to low socioeco-
nomic status, living in Mexico City. The questionnaire
validated in this study provides a cost-effective meth-
od to obtain information regarding dietary intake.
However, its use in other geographical areas or popu-
lations with a different gender or age structure will
require additional development and validation efforts.
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