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I BACKGROUND

A) Int ucti

The present report on dietary methodology has been
prepared at the request of the Agency for International Develop-
ment (AID).

For the past 4 years, AID has supported field research
activities including the development of a valid and reliable
method for measuring the food intake of mothers and children.

For reasons that will become clear, the INCAP group selected
the traditional 24 hours recall method and introduced a series
of modifications that substantially improved the method.

Readers interested in other dietary techniques are referred
to the excellent reviews by Marr(l) and more recently by Burk
and Pao (2) for developed countries, and by Flores et. al (3)
and Lechtig et. al (4) for developing countries.

The report begins with a brief history of food consumption
studies in Central America (I.B.). A subsequent section (II)
reviews the specific modifications introduced to improve the
accuracy and validity of the traditional 24 hours recall method.
A latter section (III) discusses the significance of the method-
ological achievements.

Finally, three Appendices are attached :

- The design and objectives of the longitudinal study for
which the method was developed.,

- The detailed results of three studies designed to improve
the accuracy of corn consumption estimations and

- The detailed description of the final 24 hours recall method.

B) Food consumption studies in the Central American isthmus

While studies of family and individual food consumption
were being carried out prior to the 1930's in developed countries,
it was not until the 1950's that similar work began in Central
America, with the founding of INCAP.

INCAP's task was to select and modify the methods used in
developed countries to the Central American situation. For
example, recall dietary surveys in developed countries were
generally collected in clinics or special locals, the interview-
ers were frequently trained nutritionists and the informants were
likely to be well-educated (2).

By the 1950's, the Central American situation was very
different. First, the interviews took place at the informants'
home because of the lack of clinics in most villages.



Furthermore, most populations were illiterate, a problem which
created a barrier in terms of the understanding of the nature

of the study and the possibility of obtaining cooperation in the
recording of specific food quantities. Other behavioral aspects,
such as a wide variation in the type and guantities of ingredients
used in common dishes, precluded the use of standard recipes and
required recipes for each family. Diets also needed to be collect-
ed using various methods at the same time. To avoid altering the
family's eating behaviour, cooked foods were weighed before the
meal, and information about left overs was collected on a later
visit after the meal. It was soon realized that children and a
adults were likely to feed animals during meal times; these
quantities had to be estimated by recall,

There were some advantages to interviewing at home.
Firstly, the informantwas surrounded by her family environment
and the interview was conducted in more a familiar atmosphere.
Secondly, most houses in rural areas are composed of a single
room where food preparation and other household activities are
conducted. Thus the interviewers were able to verify the con-
sumption of the reported food items, to elucidate doubts arising
from identification of specific foods which may be given dif-
ferent names within the same region, and to collect weights and
measures of foods and kitchen utensils for each family.

To Emma Reh and the local nutritionists whom she trained
in the 1950's we owe large amounts of valuable information d=
tailing family consumption behaviour of various countries in the
isthmus. Those initial efforts were aimed not necessarily at
the estimation of energy and nutrient intakes, but at the des-
cription of food consumption patterns,at household food economics
and at the determinants of consumption patterns.

The method used in Central America throughout the 1950's
was the recording of each meal for a period of seven days. The
studies were focused on food consumption of families, and no
specific data were collected for individuals.

At the end of the 50's, and the beginning of the 1960's
INCAP carried out a number of classic field studies on health
and nutrition interventions (5-7). A new method replaced the 7
day recording of family consumption. The new method was a
combination of recording and recall methods; a 3 day determina-
tion of family as well as individual food intake.

In 1965-1967 INCAP conducted national nutrition surveys
for its six member countries. The food consumption component
was ascertained in a subsample of families and children under 5
years of age for a period of 3 days by a conbination of recording
and recall methods (8). However, more simplified methods such
as the 24-hour recall in a clinic and the 24 hour recall at home



were studied in some families (3). The reports of these studies
concluded that the 24~hour recall at home was a reliable estimate
of the mean energy and nutrient intake of the population (3).
Furthermore, in order to ascertain the accuracy of dietary energy
and nutrient estimates made using the Food Composition Tables
(9); a comparison was made with chemical evaluations from mixed
food samples. The conclusion was that results of dietary surveys
in this region whose energy and nutrient intake were determined
by the application of food composition tables, gave accurate
estimations of real energy and nutrient consumption (10). These
findings were subsequently corroborated in another study conduct-
ed in Eastern Guatemala (11).

The applied focus of INCAP's activities in the late 60's
and early 70's demanded the organization of large scale longi-
tudinal field studies where the food consumption component
needed to be measured (12-15). While the objectives of each of
the research projects and the role of the dietary component
within each were different it was agreed at INCAP that the
method selected, while providing accurate consumption estimates,
should not occupy much of the informant's time, nor modify the
families and individual's usual patterns of food consumption,
Furthermore, data should be collected frequently for the same
families and individuals. Thus most of these longitudinal
studies have utilized the recall method at home with variations
in the period to be recalled, 24 or 72 hours, depending on the
specific project.

The results of the validation studies in these projects
pointed out that the 24-hour recall method yielded accurate mean
energy and protein estimates for groups (4, 12), but as demons=-
trated by correlation coefficients, when compared with more
precise methods, the 24-~hour recall method provided poor estimates
of individual intakes on a given day.

Reliability is another facet which is of paramount impor-
tance in dietary studies. The component related to bias intro-
duced by low coverage of surveys as a result of negative fami-
lies or unreliable records is very different in our studies in
the Central American isthmus from that reported from investiga-—
tors of developed nations. INCAP's experience is cross-sectional
and longitudinal studies, where a dietary component has been
measured, can be summarized as follows : In the national nutri-
tion assessment of 1965-1967 it is estimated that losess of data,
as resulting from negative families, was around 1% contributed
mostly by Indian communities in Guatemala. In other countries
such as Costa Rica and Panam§, no families were reported as
"negative", that is unwilling to provide information. More re-



cent studies in Costa Rica (16) have corroborated the 1966 find-
ings in terms of cooperation of families,

Our experience in rural Indian communities in Guatemala. is
that less than 5% of families may be reluctant to cooperate in
providing dietary information. However, once contacts in these
families are made with the head of the household, and more
details are given to him with respect to the objectives of the
study, the percentage of negative families can be reduced
dramatically.

Data rejection due to problems of accuracy is minimal.
Through a weekly data editing procedure in the longitudinal
study described in Appendix A, we detect about 2% of all reports
with consumption values which are out of acceptable energy and
protein ranges. When those cases are analyzed in more detail in
the original forms, they are likely to be reports with low in-
takes as a result of the presence of morbidity episodes or other
similar factors which influence food consumption or/of coding or
punching errors. We can confidently assure that less than 1% of
the reports were discarded due to unreliable information. Thus,
negativism and unreliable reports are of much less significance
for dietary surveys in developing countries than is the case in
U.S.A. and Europe (1,2).

Taking advantage of experience gained over more than 20
years of dietary surveys in the area, INCAP embarked in a field
project in 1976 (see Appendix A) in which the accurate estimate
of energy and protein intake for groups, and individual was a
very relevant component.

This report summarize the strategy used to obtain more
accurate food consumption data in a large scale longitudinal
studies.

IT THE MEASUREMENT OF TOTAL NUTRIENT INTAKE OF INDIVIDUALS

A) Characteristics of the reguired energy and protein
intake data

The research objectives and main hypotheses of the
Patulul Project (see Appendix A) called for basic analyses to
be conducted at the community and not at the individual level.
In spite of this, the research team was requested to measure
treatment effects, primarily at the individual level and second-
arily, at the group level.

The Patulul Project undertook the task of devising a food
consumption survey method which would yield the best possible
measurement of usual total protein and energy intake of individ-
uals and thus, of classes of individuals in a certain time



period, as these measurements were related to weight and height
changes occurring during the same period.

An acceptable measurement was defined as that which would
provide reliable and unbiased estimates during the project
baseline and intervention phases (see Appendix A). The magnitude
of the differences in total nutrient intake between baseline and
intervention phases was 7.6 g of ideal protein and 250 kcals., as
the mean for all age groups studied. Thus, the dietary informa-
tion needed to be valid and should not contained large, systematic
errors attributable to individuals.

The data also needed to be reliable; that is, random error
variance should not explain a significant portion of the total
variance.

The selected method was to be feasible for epidemiological
studies and it should not only yield valid estimates for indiv-
jduals, but in order to tap variations within individuals in
their usual intake pattern over a period of time, several mea-
surement in the same individual were also necessary. From
information available in the literature, it was considered that
higher precision on the individual's intake was likely to be
obtained with more frequent observations in the same individual
rather than with fewer measurements covering longer time periods.

B) Review of existing methods

Three alternative methods were reviewed in order to
determine the one most likely to fullfill the above requirements :
direct weighing, recording and the 24-hour recall method.

The direct weighing and the food recording method were
discarded on 3 grounds. First, only a few evaluations per
individual were possible without using a prohibitively large
number of trained diet survey personnel. A second concern was
the cooperation of families and the likely bias to be introduced
by lack of response from non-cooperative families. Thirdly, in
most studies where those methods have been used, the investiga-
tors have reported important modifications in the usual patterns
of food consumption, as a result of the presence of outsiders,
in the household and/or the weighing of food items (2).

Before 1976, several members of the Patulul Research team
had been engaged in a longitudinal study conducted in Eastern
Guatemala (14, 17) where food intake data and children's growth
information was collected for several years. From that expe-
rience, as well as other available evidence in the literature
(3, 4, 12) it was concluded that the one day recall survey was
sufficiently valid and reliable to estimate mean dietary calorie



and protein intakes for population groups. Although the relia-
bility on one 24-hour recall measurement for estimating individual
intake was low, frequent surveys per person were likely to

provide a reliable estimate of an individual's usual intake.

Thus, the dietary recall survey was left as the most
practical technique available for repeatedly estimating intakes
for large numbers of individuals in long-term nutrition field
studies where estimates of usual intake for individuals and
population groups are frequently required.

The 24-hour method was chosen over longer-term recall
surveys, to reduce memory errors by shortening the lencoth of
the interview.

However, the very simplicity of the 24-hour recall dietary
surven introduces many sources of error and many investigators
are reluctant to utilize the method or to accept conclusions
derived from such data for estimates of dietary intake at the
individual level (18).

C) The selection of the method

The Patulul research team's strategy consisted of improv-
ing a simple and rapid technique for dietary intake evaluation
based on an existing 24-hour recall methodology. We analyzed the
method for those errors which would lead to biased and imprecise
measurements. Modifications were introduced which were expected
substantially to reduce these problems.

Validation exercises confirmed these expectations,
The most critical errors identified in the previous method
were @

1) Memory of the informant

2) Precise weight and measurement for estimation of quantities
of foods

3) Precise estimates of "tortilla weights" *

4) The inclusionh of secondary food items contained in prepar-

ed foods for total food consumption estimates.

The structure of the interview utilized in the previous
longitudinal study has been substantially modified in order to
tackle the first problem. Data on family intake are collected
before information on individuals. The informant, once having
given information for the whole family, is then able to recall
more precisely, the types of foods eaten by individuals.

* A flat cake which is prepared by boiling the corn in lime water

grinding it into a dough, and cooking it on a metal or clay plate.



Furthermore, information gather on portions and recipies,
and included as the fourth type of error listed above, improves
the estimates of food "guantities".

Interviewers are also trained to ask specifically about
consumption of those "foods" frequently overlooked by informants
ie., fruits, coffee, sweets, alcoholic and soft beverages.

They also ask about any food reported for the family but not for
the individual. Finally, a strong emphasis is placed on obtain-
ing data for foods eaten between meals.

The second tvpe of error deals with the application of
meah community measurement values to individuals, ie., spoons,
cups, dishes, glasses, etc. The investigator must estimate the
l'weight of the various foods eaten the previous day so as to
convert such information into energy and nutrient intake data
using food composition tables. The importance of obtaining
accurate weight estimates, particularly for frequently consumed
foods, is therefore obvious.

With the new method, interviewers gather data every three
months on weights and volume of cups, glasses, plates and spoons
used in each household by different members of the family.
Individual family measures, and not mean community values, are-
utilized when data are tabulated for individuals.

Field workers have been provided with sets of spoons, cups,
glasses, and dishes in order to determine, with more precision
and less bias, the real volumes or weights reported for indi-
viduals by each informant. A book is kept in each community on
weights and volumes used in every household and is updated every
three months. Field workers make use of the book when they can-
not determine, with their set of utensils, the ones used by
individuals the previous day. While the task of obtaining data
on weights and capacity of individual specific utensils may be
time consuming in developed nations or in the higher socioeconomic
classes of developing countries, the variety of large and small
spoons, dishes, cups and glasses within families such as those
in coffee plantations is very small.

The third type of error is related to the estimation of
corn consumption. No other food item accounts for more of the
protein and calorie intake than corn in the study area.

It represents from 50% to 60% of the total calories consumed by
adults and older children. This staple is most often consumed
as "tortilla". Thus, the number and weight of the tortillas
consumed had to be determined accurately in the 24-hour recall
dietary surveys.

Two options have generally been utilized in obtaining
tortilla weight estimates for 24-hour recall surveys.



One option is to weigh tortillas at the time of the interview
or on selected occasions and to use these values as proxies

for those consumed the previous day.

The second option is to use a community mean weight which can
be obtained from one or more cross—sectional surveys on some or
all individuals in the study populations.

Both options are fraught with problems. Family-specific
weights, if required at each interview, are clearly impractical
for long-term studies on large numbers of people. The use of
previously determined weights for each specific family, partic-
ularly if the number of occasions on which these were obtained
is small, would not be acceptable if the within-family varia-
tion is large. In rural Guatemala, several factors may account
for this source of variability. In some families, tortillas
-are sometimes made by more than one individual. When there is
not much wood available for cooking or when the tortilla maker
is pressed for time, larger than usual tortillas are made.

In a similar fashion utilizing the village mean as an
estimate for the weight of tortillas of all families, clearly
leads to serious sources of error because the between~family
variance in tortilla weight may be large.

As the usual methodological approaches for estimating tor-
tilla weights were not entirely adequate, efforts were made to
provide better estimates of consumption of this food by
individuals.

Appendix B describes in deétail, the results of 3 studies
aimed at improving the quality of corn consumption estimates.

A summary of these studies is presented below.

Tortilla weights ranged from 19.6 to 94.4 g. The between
family variance in weights was so large as to preclude the use
of village means, while the also large within family variance
suggested that direct weighing of the prior day's tortillas was
necessary.

Variability within the same lot of tortillas, (i.e., with-
in morning tortillas), was low, accounting for only 13.8% of the
between family variance.

Three alternatives were available :

1) To weigh morning and afternoon tortillas the day previous
to each recall,

2) To use specific mean family weights based on 10 measure-
ments of morning and afternoon tortillas every six months.

3) To use models of distinct tortilla sizes that informants

could identify during each household diet survey.



The third alternative was selected for the new method.
More details about the 3 studies and the use of these models is
provided in Appendix B.

The most important improvements in the previous method
are displayed in Table 1. These are designed to reduce syste-
matic and random errors in memory as well as in household weights
and measures. As presented in the next sections these improve~
ments have led to a method significantly superior to that
utilized by our groups in prior studies.

The present method is described in detail in Appendix C.
The information provided to interviewers during the training
and standarization periods, and the supervision and quality
control systems are described in the same section.

D) RESULTS OF STUDIES FOR DETERMINING VALIDITY AND
RELIABILITY

This sectionh contains information related to :

1) The number of surveys necessary to obtain reason-
able estimates of the usual intake of individuals.

2) The accuracy of the method (validity) for ascer-
taining dietary intake, and

3) The performance of repeated measurements of energy
and nutrient intake using the 24-hour recall method
in order to predict nutritional status of mothers
and children as evaluated through commonly used
anthropometric measurements.

l.- Number of surveys and size of variance

The first step in ascertaining bias introduced into the
intake variance observed in groups of individuals, is to have a
clear idea of the expected variance of energy or protein intakes
of healthy groups of individuals in a series of standardized
conditions.

Energy expenditure and nitrogen excretion studies have
demonstrated that, along with a day to day variance within the
same individual, one is likely to find true variability in
individuals of similar sex and age. For example, the coef-
ficient of variation for energy expenditure in healthy individ-
uals included in metabolic studies is around 10% (19):; that is
a standard deviation of around 200 calories for a mean energy
expenditure of 2,000 calories.

The variance in intake found in field studies is generally



Table 1l:

IMPROVEMENTS IN THE HOME DIETARY RECALL SURVEY

PROBLEM

USUAL APPROACH

NEW APPROACH

THE EXPECTED BENEFIT

Memory of the in-
formant

| Ask only open-ended
questions such as: What
did you eat for break-
fast, lunch, dinner and
between meals? - Avoid
direct questioning.

A) Ask first about all
food prepared for the
family.

B) Question directly
about foods not tradi-
tionally thought of as
foods (fruits, sweets,
soft drinks, etc.) or
likely to be forgotten
(tortillas).

C) Ask specifically for
more information whenever
the homemaker neglects
to report consumption of
any food prepared for the
whole family.

D). Question about be-
tween meal snacks.

A) Aids the informant lat
er on in remembering foods
consumed by individuals.

B) Reduction of underre-
porting.

C) Reduction of underre-
porting.

D) Reduction of underre-
porting.

Household weicht
and measures

Utilize mean community
values

Utilize family specific
units of weight and
measures.

Use the actual family-
specific weight of the
tortillas prepared on
the day asked.

Reduction of systematic
(at- the individual) and
random (at the group level)

.error.

0T



11

larger than that observed under metabolic ward conditions be-
cause of factors such as morbidity, varying patterns of physical
activity and difference economic conditions determining purchas-
ing power and food acquisition. These factors increase variance
significantly, especially if only one measurement of dietary
consumption is made in the study population.

Dietary information collected in one evaluation of
children below five years of age in rural Guatemala, where a
combination of the daily recording and recall methods for 3
consecutive days was used, gave a coefficient of variation of
35% for calories and protein (20). The children studied were
from distinct rural regions of Guatemala and the different
socioeconomic level, dietary and morbidity patterns across the
country contributed to the observed level of variability.

During the first months of 1977, a pilot study was carried
out in which six dietary surveys were ocbtained from each
individual at 2 week intervals (21).

It was found that the interindividual variance dropped
initially as the number of surveys used to estimate the intake
of individuals reached four,after which a stable variance was
obtained.

Table 2 shows the mean and standard deviations for calories
and proteins obtained in adults and children of various age
groups when means of repeated measurements of individuals are
utilized.

Comparing data when single surveys are used to those when
four surveys are used per individual, we note for mothers a
reduction of 50% in the standard deviation and a drop in the
coefficient of variation from 34 to 17.5% for calories and from
42 .5% to 22.5% for protein.

Similarly, in men the coefficient of variation for energy
drops from 34% to 24%, in children 48 to 72 months from 40% to
32% and in children 24 to 47 months of age from 37% to 15%.

Figure 1 illustrates the magnitude of the decrease in the
variance of energy intake in mothers when 4 as opposed to one
survey is used to estimate individual intake. The size of the
variance when single ‘evaluationsare used is made to equal 100%.
With two, three and four surveys per individual the variance
drops to 62, 43 and 24% respectively of that obtained for single
surveys, No further decreases in the size of variance are
observed with more than 4 surveys per individual.

Tables 3 and 4 display the results of a second similar
study which contrasted a combination of recording and direct
weighing techniques with the 24-hour recall survey.

The coefficients of variations (CV) for protein and energy
intakes of mothers and children decrease if more than one



Table 2: MEAN AND STANDARD DEVIATIONS OF CALORIES AND PROTEINS IN REPEATED EVALUATIONS
IN THE SAME INDIVIDUALS

¢t

NUMBER OF SURVEYS PER INDIVIDUAL

Age No. of ONE TWO THREE FOUR
Group Cases
Adult Calories 2801 + 1067 2812 + 861 2702 + 6939 2639 + 657
Males 23

Protein 88.8 + 36.4 92.3 + 30.9 86.6 + 24.0 85.2 + 23.1
Adult Calories 1869 + 637 1852 + 501 1860 + 419 1796 + 314
Females 17

Protein 59.7 + 25.4 58.6 + 19.8 58.1 + 14.0 57.0 + 12.8
Children Calories 872 + 320 829 + 374 705 + 127 713 + 105
24-47 6
months Protein 23.2 + 6.8 23.1 + 5.8 19.8 + 4.1 20.2 + 4.5
Children Calories 951 + 390 981 + 362 1036 + 324 1085 + 326
48-72 11
months Protein 27.5 + 11.8 28.2 + 11.6 30.5 + 10.7 31.3 + 10.1
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Table 3: MEANS AND STANDARD DEVIATIONS (X i_S.D.) OF MATERNAL
PROTEIN AND ENERGY INTAKE:
SURVEYS PER INDIVIDUAL AND METHOD

THE EFFECT OF NUMBER OF

g‘;’;‘gi; O g CALORIES PROTEIN
Ezu:iti’lr‘:::ie Recording Recall Recording Recall
1 t1922 + 577 2162 + 592 57.4 + 23.5 62.4 + 18.8
2 1986 + 433 | 2170 + 547 62.1 + 17.1 | 63.8 + 15.0
3 {1960 + 409 2127 + 439 61.7 + 15.3 61.9 + 12.9
4 1958 + 354 2149 + 420 61.3 + 13.2 { 62.7 + 12.3
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Table 4: MEANS AND STANDARD DEVIATIONS (i'i S.D.) OF CHILDREN'S
PROTEIN AND ENERGY INTAKE:
SURVEYS PER INDIVIDUAL AND METHOD

THE EFFECT OF NUMBER OF

gﬂ’;ﬁ:; S°£ ced CALORIES PROTEIN
E:uziti:l:ll::l‘:e Recording Recall Recording Recall
1 945 + 298 995 + 352 25.0 + 10.1 27.5 + 8.5
2 949 + 311 | 945 + 260 27.3 + 11.2 25.4 + 7.2
3 950 + 305 922 + 237 27.6 + 10.2 24.6 + 7.1
4 J959 + 279 916 + 235 28.3 + 9.3 24.6 + 6.8
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evaluation per individual is pooled. This is more obvious in
mothers, as assessed by the recording method, where the C.V. of
30% for single evaluations drops to 17% when individual means
of four diets are used. The differences between methods in
this regard are minor.

The modifications in variance size of protein and energy
by method, when observation in the same individuals are averaged
were also analyzed in another study and results are displayed
for mothers and children in Tables 2 and 3, respectively.
Figures 2 and 3 illustrate the impact of the pooling of several
observations in the size of variance attained. The highest
variance of a single survey obtained for calorie intake of
mothers and children in the 4 separate, weekly validation
studies (see Tables 10 and 11) using the recall, have been given
a value of 100%. They correspond to the second week for mothers
(2182+675) and the first evaluation of children's energy intake
(995+352). The variance of mothers energy intake drops to 66%
when 2 evaluations are pooled, to 43% with three values for each
mother, and to 38%, when four are used. For children, the size
of variance for energy intake drops to 54% when 2 observations
are pooled, 46% for three and 45% for four combined measurements
of energy intake in the same children.

Table 5 displays test-retest correlations for energy and
protein intake of mothers and children. Each individual value
being correlated is the mean of two distinct assessments. For
the recall method the test-retest correlations for energy were
.61 in mothers and .51 in children while, for the recording method,
they were .51 and .68, respectively. The test-retest correla-
tions for protein intake of mothers and children using the 24-
hour recall were .31 in mothers, and .51 in children. For the
recording-direct weighing method, the values obtained were .29
in mothers, and .45 in children. Thus, there are no differences,
by method, in reliability as ascertained by test-retest
correlations.

In conclusion, the 2 studies have demonstrated the likely
impact of several measurements of dietary intake in the same
individual with respect to the reduction of other sources of
bias which may be introduced when aiming to accurately ascertain
the usual pattern of energy and nutrient intake of specific
individuals. If under metabolic conditions energy expenditure
is likely to have a coefficient of wvariation of around 10% in
healthy individuals of the same sex, age group, and level of
physical activity, then in such open communities as those of
rural Guatemala with greater variations in energy expenditure,
socioeconomic and environmental factors, a much greater coef-
ficient of variation of intakes must be expected.
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Table 5: TEST-RETEST CORRELATIONS FOR ENERGY AND PROTEIN INTAKE
WHEN THE VALUES FOR EACH INDIVIDUAL ARE THE MEAN OF TWO
ASSESSMENTS: RECALL AND RECORDING METHODS

MOTHERS CHILDREN
METHQD

Enerqgy Protein | Energy Protein

Recall .61 .31 .41 .51

Recording .51 .29 .68 .45
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2.- Validation of the modified 24-hour recall as a
measurement of dietary intake

This section will address survey validity from one
special angle answering the question : Does the revised 24-hour
recall method accuratelv measure group ahd individuals dietary
intake ? .

The research team undertook two studies to provide an
answer to that question; the first, in 1977, in a sugar cane
plantation 25 kms. from Patulul, and the second one in a coffee
plantation 8 kms. from the same town. The major findings are
described below.

a) First Study

i) Objective and Methods

The study was conducted to estimate, at the group and
individual levels, the validity of the modified method when
compared to a combined recording and weighing methods. The
study also compared the results of the revised method with those
of the 24-hour recall utilized in previous longitudinal studies
at INCAP,

A total of 24 mothers and 18 children were visited and
information on dietary intake was gathered through a combination
of recording and direct weighing methods. The same families
were visited the next day and diets were gathered in half the
group by the traditional 24-hour recall method and in the other
half by the modified method. In the second week all families
were visited again for recording and direct weighing. For
those families who responded to the traditional 24-hour recall
the previous week, information was gathered through the modified
method and viceversa. Information on tortilla consumption, in
the modified method, was tabulated with the weights of the pre-
vious day and the weights obtained from tortilla models.

ii) Results

Tables 6 and 7 display the information on mean calorie
and protein intakes for mothers and children, measured by distinct
dietary methods.

There is generally a close agreement in mean calorie and
protein intakes measured by direct weighing and the traditional
and the modified recall methods (p>0.05). There is a tendency
in the modified recalls, to slightly overestimate protein intakes.
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Table 6: MEAN CALORIC AND PROTEIN INTAKES OF MOTHERS STUDIED BY
DIRECT WEIGHING AND THREE DISTINCT RECALL METHODS

{
' Methods Sa@ple Calories Protein g
Size

Direct weighing 1871 + 470 59.6 + 24.2
Modified recall 20 1942 + 508 63.0 + 25.0
(models)
Direct weighing 1918 + 510 59.4 + 23,1
Modified recall 23 1838 + 490 539.3 + 24.5
(direct weighing '
of tortillas)
Direct weighing 1713 + 498 56.8 + 21.3
0ld recall 23 1644 + 465 57.1 + 22.1
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Table 7: MEAN CALORIC AND PROTEIN INTAKES OF CHILDREN STUDIED BY
DIRECT WEIGHING AND THREE DISTINCT RECALL METHODS

‘éample
Methods Size Calories Protein g
Direct weighing 887 + 352 23.3 + 9.1
Modified recall 16 899 + 345 25.5 + 10.3
(models) -
Direct weighing 863 + 350 22.8 + 8.6
Modified recall i8 847 + 365 27.0 + 10.2

(direct weighing
of tortillas)

Direct weighing 945
014 recall 17 942

360 29.1
385 30.1

10.5
10.9

1+1+
| +1+
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However these differences are not significant (p<0.05).

The o0ld recall methodology's mean values and the results
obtain by the 2 modified recalls are in agreement with those
derived from direct weighing.

Tables 8 and 9 present correlation coefficients between
direct weighing and recall methods. Both modified recalls have
higher correlations for calories with direct weighing than the
traditional method. Correlations for proteins for traditional
and modified are very similar for mothers and much higher in the
modified methods for children. Finally, a correlation for
calories for mothers was computed using the mean intake of two
direct weighing measures and the mean intake of the old and a
modified method (tortilla models), for the same individual.

The value obtained was also high, 0.8l.

iii)Conclusions

The data previously discussed suggest that recall
methods are adequate for estimating protein and calorie intakes
at the group level. Furthermore, the improvements in the tra-
ditional methodology have also produced a more accurate method
for estimating intake at the individual level.

b) Second Study

i) Objective and Methods

The second study explored the possibility for the

error detected in the previous validation exercise being random.

A total of 28 mothers with children ranging from 24 to 60
months of age were studied. The family was visited the first
day, and the family's, mother's and children's diets are gather-
ed by the direct weighing and recording methods. The next day
a different interviewer visited the same family collecting the
previous day's diets for the family, mother, and child, using
the modified 24-hour recall method.

The same procedure was repeated four times with a week be-
tween each measurement thus providing four direct weighing and
recording and four 24-hour recalls for each family member.

ii) Results

Table 10 presents the mean and standard deviation
values for protein and energy from the weekly validations conduct-
ed for mothers. There is a tendency in the recall to over-
estimate the amount of calories consumed.
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Table 8: CORRELATION COEFFICIENTS IN MOTHERS BETWEEN DIRECT
WEIGHING AND THREE DISTINCT RECALL METHODS

Comparisons n Calories Protein

Direct weighing
and old recall 23 .56 .68

Direct weighing
and modified 20 .76 .64
recall

Direct weighing
and modified 23 .84 .70
recall?

(1) Tortilla consumption determined through models.
(2) Tortilla consumption determined through direct weighing.
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Table 9: CORRELATION COEFFICIENTS IN CHILDREN BETWEEN DIRECT
WEIGHING AND THREE -DISTINCT RECALL METHODS

Comparisons n Calories Protein
b

Direct weighing 17 ed5 .42

and old recall

Direct weighing

and modified 16 .76 .70

recall1

Direct weighing

and modified 18 .65 .04

recall

(1) Tortilla consumption determined through models.

(2) Tortilla consumption determined through direct weighing.
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Table 10: ENERGY AND PROTEIN INTAKE (X + S.D.) IN 28 MOTHERS

WHOSE DIETS WERE EVALUATED THROUGH THE RECORDING AND

DIRECT WEIGHING AND THE RECALL METHODS IN FOUR DIF-
FERENT WEEKS

CALORIES PROTEIN (G)
WEEK .
Recording Recall Recording Recall
1 1922 + 577 2162 + 592 57.4 + 23.5 62.4 + 18.8
2 2050 + 504 2182 + 675 66.8 + 22.3 66.0 + 18.3
3 1907 + 589 2081 + 469 60.9 + 26.2 57.0 + 16.1
4 1953 + 484 2173 + 583 60.1 + 18.7 64.8 + 23.1
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This is a consistent pattern across week. The analysis of
variance (ANOVA) controlling for nutrient, method and week
showed that there is a significant difference given by the
method for energy intake of mothers (p£0.05) but not for pro-
teins (p> 0.05). As opposed to the data for mothers, that
displayed in Table 11 for children suggests that the recall
tends to underestimate consumption of energy and of protein.
The ANOVA in children does identify significantdifferencesas a
result of the method for protein (p<& 0.05) but not for energy
(p>0.05).

Again, to determine accuracy of the revised 24-hour re-
call method at the individual level, use was made of the corre-
lation coefficients for each separate assessment conducted
every week by the recording and the recall. Furthermore, as our
project gathered 3 to 4 dietary evaluations of the same subject
in a given period of time, with the idea of pooling several
observations to be related to other indicators of nutritional
status, we have also estimated the correlation coefficient for
pooled evaluations of 1 and 2; 1, 2, and 3; and 1, 2, 3, and 4
weeks. These data for mothers are presented in Table 12.

It is interesting to observe the wide range of correlation coef-
ficient values one can obtain if only an assessment or valida-
tion study is conducted. For example, in the case of women,

and "r" of .33 was obtained in the fourth week, while an "r" of
.63 was determined in the first evaluation. In the case of
children (see Table 13), the variability of correlation coef-
ficients in the 2 methods is even larger, from .24 in the first
evaluation to .72 in the fourth one. However, one aspect is
clear. When several evaluations are pooled, correlation coef-
ficients determining the validity of the method for mothers and
children are always close to or above .59, in terms of energy,
or above .66 in terms of protein. According to the present
analyses, where the above type of validations is considered as

a "true" measurement of the capacity of the method to accurately
measured real intake, at least2 evaluations are necessary to
measure the usual consumption. This is, however, the subject

of further discussion in the next section.

3.- Validation of the 24-hour recall method as a measure-~
ment of nutritional status

Information on the methodological modifications, re-
liability and validity (accuracy)when measuring dietary intake
of the dietary 24-recall method, have been presented in previous
sections. A second approach for determining "validity", that
is, the accuracy of the method for measuring nutritional status
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Table 11: ENERGY AND PROTEIN INTAKE (f'i S.D.) IN 28 CHILDREN
WHOSE DIETS WERE EVALUATED THROUGH THE RECORDING AND
DIRECT WEIGHING, AND THE RECALL METHODS IN FOUR DIF-
FERENT WEEKS

CALORIES PROTEIN (G)
WEEK
Recording Recall Recording Recall
1 945 + 298 995 + 352 25.0 + 10.1 25.7 + 8.5
2 954 + 402 895 + 334 29.6 + 14.5 25.0 + 10.3
3 953 + 414 875 + 304 28.1 + 13.0 22.9 + 8.3
4 985 + 303 916 + 343 30.7 + 14.1 24.6 + 9.6
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Table 12: CORRELATION COEFFICIENTS (r) FOR ENERGY AND PROTEIN

INTAKE OF 28 MOTHERS FOR A COMBINATION OF THE DIRECT

WEIGHING AND THE 24-HOUR RECALL METHOD BY SEPARATE

WEEKS AND AVERAGING SEVERAL WEEKS INTAKE

hEEK ENERGY PROTEIN
1 .63 .70
2 .44 .55
3 .53 .55
4 .33 .35
1 and 2 .66 .68
1,2 and 3 .66 .72
1,2,3 and 4 .74 .72
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Table 13: CORRELATION COEFFICIENTS (r) FOR ENERGY AND PROTEIN

INTAKE OF 28 CHILDREN FOR A COMBINATION OF DIRECT

WEIGHING AND THE 24-HOUR RECALL METHOD BY SEPARATE

WEEKS AND AVERAGING SEVERAL WEEKS INTAKE

FWEEK ENERGY PROTEIN
1 .24 .36
2 .62 .73
3 .55 .62
4 .72 .41
1 and 2 .39 .72
1,2 and 3 .66 .71
1,2,3 and 4 .72 .73
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is describe here.

This section will make use of food intake measurements
and anthropometrical data for mothers and children gathered
during the 24 month baseline period (see Appendix A) in order
to determine whether the modified 24 hour recall method used
in Patulul, measures individual nutritional status.

The main issues to be addressed in this section are :

a) Are dietary intakes modified as expected during preghnancy
and lactation ?

b) Do dietary intakes vary as expected by age of children ?

c) Are dietary intakes related to growth rates ?

a) Dietaryv intakes during pregnancy and lactation

Figure 4 illustrates the modifications observed in
energy intakes of mothers* during pregnancy and lactation.
When mothers are divided by child's sex, Figure 4 shows that
energy intakes during lactation are greater by as much as 300
kcal, per day than during pregnancy; a finding in close agree-
ment with the higher nutritional needs found in lactation
periods. Furthermore, the same figure demonstrates that energy
intake peaks at 3 to 9 months after delivery, the time of maximal
milk production and hence of greater physiological requirements.
The energy intake and breast milk output of lactating mothers
remain stable after the child reaches 12 months of age and no
differences are found related to child's sex. The information
available for protein intakes during pregnancy and lactation
follows the pattern described for energy intake during the same
periods.

The weight changes observed during pregnancy and lactation,
which are shown in Figure 5, mirror the observed changes in
mothers** dietary intake. Weight is lost in the first nine months
after delivery. As noted above, both dietary intake and milk
production reach a maximum at this time, indicating that the
first six to nine months post-—-partum, are a time of great
nutritional stress for the lactating woman.

Sample sizes in Figure 4 for mothers of boys range from 107
to 171 and for mothers of girls from 100 to 162.

** Sample sizes (Figure 5) are 8l and 121 for early and late
pregnancy respectively for mothers of boys and 73 and 115 for
late and early pregnhancy respectively for mothers of girls.
For mothers of boys, sample sizes during lactation range from
139 to 177 and for mothers of girls from 133 to 174.
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FIGURE 4

MATERNAL CALORIC INTAKE DURING PREGNANCY AND LACTATION
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FIGURE 5

MEAN MATERNAL WEIGHT DURING PREGNANCY AND LACTATION
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b) Dietary intake in children

The changes in intake in children* do vary, as expect=
ed, by age and sex as shown in Figure 6. At most ages, intake
for boys is greater than that for in girls, and at 45, 51 and
57 months of age, the differences are statistically significant
(p¢ .0l). Moreover, the method finds that older children
always have greater intakes than younger children and older
boys, eat more than younger ones. These "common sense" patterns
in the dietary data are consistent with expectations.

c) Dietary intakes and _qrowth

We have been successful in modeling the growth data
for children. For example, we show in Table 14, for each six
months period, the pooled estimates of the regression coefficients
in the eight largest groups (i.e. four largest fincas by sex).
Separate estimates of the slopes within each group were made,
tests of homogeneity were then carried out and a pooled estimate
of the slope was finally generated. Furthermore, the regression
coefficients (slopes) have been corrected for differences in
initial size of the child and for variability in the time span
between first and second child size measurements and for dif-
ferences in