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ABSTRACT

Background. India is currently witnessing a sharp rise in non-
communicable disorders such as obesity, diabetes, hypertension
and cardiovascular diseases. This rise can be related in part to
dietary changes such as increased intake of calories, fat (especially
saturated fat) and cholesterol. A simple, accurate and reproduc-
ible method to measure these nutrients is essential to study the
role of diet in these diseases in epidemiological studies. We aimed
to develop and validate a food frequency questionnaire that
could be used for this purpose.

Methods. Thirty urban north Indian subjects (age 23–64
years, 16 men) belonging to a high socioeconomic group were
studied. The subjects were selected consecutively over a period
of 3 weeks from among those participating in an epidemiological
survey on cardiovascular risk factors in an affluent population. A
102-item food frequency questionnaire was developed to
capture the intake of calories, fat, saturated fat and cholesterol.
The results obtained by the food frequency questionnaire were
compared with a 5-day diet record. To assess the reproducibility
of the food frequency questionnaire, it was re-administered after
3 months to the 23 subjects available.

Results. It took the dietician 20 minutes or less to administer
the questionnaire. There was good correlation between the
nutrient values as calculated by the food frequency questionnaire
and 5-day diet record. The correlation for energy intake was
0.80, and varied between 0.55 and 0.69 for unadjusted intake
of other nutrients. After adjusting for calories, the correlation
varied between 0.45 and 0.68. In general, the food frequency
questionnaire overestimated the energy-adjusted nutrient intake
by 6%–17%. When intake was classified into quartiles, there
was good agreement between the two methods: 43%–100%
for calories; 29%–86% for other nutrients for unadjusted
intake; 29%–71% for nutrients after energy adjustment. On
calculation of intake after re-administration of the food fre-
quency questionnaire, there was a moderate to strong correlation
(energy adjusted r=0.49–0.90) between the two evaluations
for various nutrients.

Conclusion. The food frequency questionnaire developed
for the assessment of nutrient intake in a north Indian population
was easy to administer, showed moderate to good correlation
with the 5-day diet record and was reproducible.
Natl Med J India 2005;18:18:18:18:18:230–5

INTRODUCTION
There has been a sharp rise in the prevalence of obesity, type 2
diabetes, hypertension and cardiovascular disease in the urban
population of India.1–4 In a countrywide survey, the prevalence of
diabetes and coronary heart disease in urban Indian adults was
12.1% and 10%, respectively.3,4 According to WHO, by the year
2010, there are likely to be 25 million individuals in India with
type 2 diabetes and by the year 2025 India will harbour the largest
population of diabetic individuals in the world.5 In addition to type
2 diabetes, there is an increase in the prevalence of related diseases
such as obesity, cardiovascular disease, hypertension and cere-
brovascular accidents.4

Diabetes, obesity, hypertension and hyperlipidaemia are sub-
stantially influenced by dietary factors. Intake of fat, saturated fat
and cholesterol predisposes to these diseases. The recent epidemic
of diabetes and cardiovascular disease in India is related, in large
part, to changes in the eating patterns with higher consumption of
calories, refined sugars and fats.6 Hence, dietary modification
holds promise for the primary prevention of these diseases.7

In epidemiological studies, when assessing the relation of diet
with a disease, an accurate assessment of the dietary intake is
essential. A number of reference methods such as multiple-day
diet recall, food record and diet history have been employed for
dietary assessment.8 Currently, both diet recall and diet record are
commonly used, the former more often than the latter. However,
the time and effort required for administering these limits their
use.9 The semi-quantitative food frequency questionnaire (FFQ)
has emerged as a useful tool to assess diet in epidemiological
surveys because of its low cost, ease of administration and, in most
instances, adequate correlation with other methods of assess-
ment.9,10

It is not advisable to use an FFQ in populations or for purposes
other than those for which it has been originally validated. In
India, differences in food habits make it necessary to use a separate
FFQ validated for each region.10,11 Prior to its use in epidemiologi-
cal studies, the FFQ needs to be validated in a sub-sample of the
main study population against a reference method (multiple-day
recall, food record, diet history or biochemical assessment). This
is to quantify any bias in comparison with the reference method,
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and to permit adjustments at the time of its use.9,10,12 While
validated FFQs are available for Indians living abroad,13–15 there
are only few published studies on Indian populations within the
country itself.16–18 A worldwide compilation of dietary assess-
ment–validation studies reported in 1997 did not include a single
Indian entry.19

We designed an FFQ and aimed to validate it against the
reference standard of a multiple-day food record for assessing the
energy and fat intake in a sub-sample of adults belonging to an
urban, high-income group. The study was conducted as an initial
part of a survey to assess modifiable risk factors for the develop-
ment of type 2 diabetes.

METHODS
Study population
The study was conducted in Lucknow, Uttar Pradesh, as a compo-
nent of a larger survey to identify modifiable risk factors for type
2 diabetes in an urban affluent population. This population was
chosen for the study since the prevalence of cardiovascular risk
factors is known to be the highest in the affluent sections of society
in developing nations. Consecutive individuals attending the
recruiting centre for the main study over a period of 3 weeks (3
days per week) were approached for participation in the validation
study. The first 30 individuals who gave their consent to provide
complete data were enrolled in the study. The age structure (mean
[SD] 47.9 [13.6] years v. 49.8 [11.5] years in the main study), sex
distribution (16 men, 14 women v. 557 men, 555 women in the
main study), educational pattern and vocation of these subjects
were similar to those of the entire population being studied in our
larger survey for risk factor assessment. The collection of 5-day
diet record (DR) and administration of the FFQ was done between
June and November 2003, with a minimum period of 2 weeks
between the two. The methods were administered in a random
sequence so as to eliminate the training effect of any one method
on the other. DRs that were incompletely filled up were excluded
from the study. The dietician monitored the data collection by
telephonic contact with the subjects. Any problem in filling up the
DR was enquired into and sorted out on telephone or by a house
visit. Subjects who did not return the DR were contacted on
telephone before they were excluded from the study.

5-day diet records
We asked the participants to maintain a multiple-day DR. This
included recording the dietary intake on 5 non-consecutive days
covering 1–2 weekend days and the remaining weekdays, to take
variability in diet into account. Each participant was given de-
tailed instructions, including advice not to change their usual
eating pattern. Fasting or eating out, which was considered a part
of their natural food pattern, was acceptable but major festivals
and brief illnesses were not to be considered. With the exception
of foods that could be reported in number of units or of a definite
weight, participants were instructed to record the quantity of raw
and cooked foods in terms of standardized cups, spoons and
measures provided to them. For foods not prepared at home or
eaten out, a complete description (brand name, price, weight or in
terms of household portions) was required. The DRs were re-
viewed and any ambiguity was removed through telephonic inter-
views.

Semi-quantitative FFQ
A food frequency method relies primarily on the generic memory
of an individual to recall the frequency and quantity of intake of a

food over a reference period of time.20 The FFQ was designed to
measure the intake of energy, total fat, saturated fat and cholesterol
over a period of 1 year. In addition, the cholesterol–saturated fat
index (CSI)21 was used to assess the hypercholesterolaemic and
atherogenic potential. CSI was calculated by the formula:
1.01×S+0.05×C, where S is the intake of saturated fat in g per day
and C is the intake of cholesterol in mg per day. To maximize the
accuracy of quantification and reporting, we chose to have the
FFQ administered by a dietician. A single dietician administered
the FFQ to all the respondents.

Food list. A pilot study was initially conducted to compile a list
of foods which contained appreciable amounts of the nutrients of
interest. We used a non-consecutive 3-day record from a similar
urban high socioeconomic population in an earlier study to com-
pile the list of foods to be included in the FFQ and to ensure that
important food sources were not left out. Care was taken to include
in the basic list foods such as eggs, meat, fish, chicken and milk-
based sweets which, even if consumed infrequently, make a
considerable contribution to the total dietary intake. The extended
questionnaire had a food list which covered >90% of the intake of
calories, total fat, saturated fat and cholesterol determined from
the subjects in the pilot study.

An FFQ with 102 food items divided into 10 food groups was
thus prepared on the basis of the pilot study (see Box on next page).
Grouping of foods was done on the basis of similarity of nutrient
profile or culinary use. For example, all milk products such as
milk, yoghurt and paneer (cottage cheese) were listed together,
while snacks and confectionary were grouped together to facilitate
recall of these foods. The questionnaire comprised 10 groups, with
an additional sub-grouping for 13 food items. Fresh fruits and
vegetables were clubbed into subgroups based on their similar
nutrient composition and seasonal availability. The common
commercially available varieties were kept in mind while ques-
tioning the subjects about some food items; for example, biscuits
and vegetable oils. Consumption of buffalo and cow milk after
boiling, cooling, refrigeration and removal of cream was a com-
mon practice. Therefore, these were separately listed in the milk
group. An open-ended section was provided at the end of the
questionnaire to allow respondents to report any other frequently
eaten food not listed in the questionnaire. Administration of the
FFQ took less than 20 minutes for most of the subjects.

Portion size. For each food item, a specific portion size or
standardized cups and spoons were used. Three-dimensional food
models, life-size pictorial aids and clay models to define portion
size were also utilized. The consistency of dal (lentils) varies in
different households; hence its consistency was predefined for use
in the study.

Frequency. An open-ended format was used to indicate fre-
quency. The FFQ had to be answered by the respondent alone.
Information from the person who prepared the main meals was
allowed only for those who seldom or never cooked. The need to
know this was especially felt in the case of assessment of fat intake
from the cooking medium. Respondents were instructed to
describe the frequency of using foods in the preceding year so that
a full cycle of seasons was covered. If frequency could not be
quantified by a single figure then a range as narrow as possible
was noted and an average considered.

Calculation of fat intake. For table fat, the respondents gave
their individual intakes such as butter on bread, ghee on roti or an
extra helping of ghee or butter in dal, etc. For calculation of fat
from the cooking medium, the fat consumption for the entire
family was assessed and the respondents’ portion was calculated
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Snacks and confectionary†
Ice cream (milk-based/ice-based) 2
Mithai (khoa/chaina/others) 3
Halwa
Kheer
Cake
Pastry
Chikki
Chocolate 2
Custard/pudding 2
Jelly
Biscuits (common varieties) 6
Samosa
Namkeen
Mathri
Potato chips
Burgers
Pizza
Chaat (tikki/others) 2
Dahi vada
Pakora
Papad 2
Dry fruits 6

Milk and milk products‡
Milk
Yoghurt
Buttermilk (lassi/mattha) 2
Tea
Coffee
Cheese 3
Paneer
Egg and meat§
Egg
Mutton
Fish
Chicken
Organ meat 2
Cereals
Corn flakes
Bread 2
Roti (roti/nan/kulcha) 3
Puri
Parantha
Dalia (sweet/salted) 2
Noodles 2
Rice (boiled/pulao/khichri) 3

Beverages
Carbonated drinks
Fruit juices 2
Spirits (beer/hard spirits) 2
Pulses (lentils/beans, 3

grams/roasted chana)
Fruits 5
Vegetables 4
Sugars
Sugar
Jaggery
Jam
Honey
Fats and oils
Cream
Ghee
Butter
Vegetable oils 5
(mustard, soyabean, peanut,
sunflower, corn)
Hydrogenated fats 2
(vanaspati ghee/margarine)

* unless otherwise mentioned, the number of items is 1 † vegetarian/non-vegetarian pizza/burger reported separately
‡ choice of 5 fat levels for milk and yoghurt, including cow and buffalo milk with cream removed after boiling and refrigeration
§ non-vegetarian items could be described as dressed/whole/roast/fried/curried, and egg as whole or white only

Items in Food Frequency Questionnaire*

Item n Item n Item n

using the following method. Depending upon the age, sex and
activity, a score known as the consumption unit was given to each
member of the household.22 For example, an adult male doing
secondary activity was given a score of 1, while children <12 years
of age were given scores of 0.4–0.8. Adults engaged in heavier
activity were given scores >1. The sum of all these consumption
units for a family was taken as equivalent to the amount of daily
cooking fat used and from this the cooking fat for an individual’s
consumption unit was calculated.

Calculation of calories and nutritive values
The nutritive value for both the DR and FFQ was calculated on the
basis of raw ingredients of mixed dishes cooked at home.23,24 In the
case of readymade foods, published recipes, information on the
wrapper of the food item, or those obtained from commercial
eateries were used.25

Reproducibility of the FFQ
The reproducibility of nutrient intake assessed by the FFQ was
determined by re-administration of the same questionnaire after a
minimum period of 3 months, i.e. March–April 2004. The ques-
tionnaire was administered to 23 subjects. Five subjects could not
be contacted because they had moved from the colony or were
away on a long vacation, while 2 subjects refused to retake the
questionnaire. The same dietician administered both diet ques-
tionnaires.

Statistical analysis
The data are presented as mean (standard deviation). The intake
of many nutrients was not normally distributed, hence all values
were log (natural) transformed prior to statistical computations.
Comparisons were made on absolute (unadjusted) nutrient values
as well as energy-adjusted nutrient intakes. Differences in nutrient
values were assessed by the paired t test. Energy adjustment was
done by performing a regression analysis between energy intake
(independent variable) and nutrient intake (dependent variable) as
measured by the same instrument.26 The residuals from the model
were added to the log of the expected nutrient value for the mean
caloric intake to obtain a score adjusted to the average caloric
intake. Pearson correlation coefficient was used to compare the
5-day DR with the FFQ method, as well as to assess the reproduc-
ibility of the FFQ. Regression coefficients of energy-adjusted FFQ
nutrients on energy-adjusted DR values were calculated. Nutrient
intakes were also categorized by quartiles to assess the agreement
within categories between the FFQ and DR. The p values were
adjusted for multiple comparisons; p<0.05 was considered sig-
nificant.

RESULTS
A comparison of nutrient intakes assessed by the DR and FFQ is
shown in Table I. In general, unadjusted intakes estimated by the
FFQ were higher than those of the DR for all nutrients (energy
[6%], total fat [17%], saturated fat [16%], cholesterol [14 %] and
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CSI [17%]). However, the nutrient values were not significantly
different when tested by the paired t test, except for total fat
(p<0.05). The FFQ correlated significantly with the 5-day DRs in
all the nutrient categories studied. For unadjusted values, Pearson
correlations were excellent for energy intake (0.80) and good for
all other nutrients (0.55–0.69). When adjusted for energy intake,
correlation coefficients for total fat intake (0.45) and cholesterol
(0.64) decreased somewhat, but improved for saturated fat (0.66).
Regression coefficients varied from 0.42 to 0.90, being the lowest
for total fat and highest for CSI. Overall, both correlation as well
as regression coefficients were highest for CSI and lowest for total
fat.

Agreement within quartiles between the DR and FFQ is shown
in Table II. Subjects were defined as being in agreement for a
nutrient if they were categorized by the DR in the highest (or
lowest) quartile, and also by the FFQ in the highest (or lowest)
quartile. Subjects were categorized as misclassified if they were in

the highest (or lowest) quartile according to the DR and in the
lowest (or highest) quartile according to the FFQ. Overall, 43%–
100% of subjects were in agreement when unadjusted values for
intake of energy, total fat, saturated fat and CSI were considered.
For cholesterol, the agreement was a little lower at 29%–86%. In
addition, there was minimal misclassification (0%–14%) for
crude intakes. For energy-adjusted nutrient intakes, 29%–71%
were in agreement, while misclassification was present in 0%–
29%. In addition, the percentage of subjects classified by the two
methods into either the same or adjacent quartiles was 80%–93%.

The nutrient intakes estimated from the FFQ administered on
two separate occasions are shown in Table III. There was a
moderate to strong correlation between the first and second
questionnaire, with r=0.70 (saturated fat) to 0.90 (cholesterol).
Correlations were reduced after energy adjustment (r=0.49 for
total fat to 0.86 for cholesterol).

DISCUSSION
Our study aimed to develop and validate a semi-quantitative FFQ
for use in epidemiological studies on different food components
that could affect the risk of diabetes and cardiovascular disease in
affluent north Indian subjects. In general, we found that nutrient
intakes estimated by the FFQ were well correlated with multiple-
day DRs, except for fat values which were moderately correlated.
In addition, the grouping of nutrient intakes measured by DR and
FFQ into quartiles showed that the two methods were in good
agreement for most nutrients, with only minimal misclassification.

 We validated the FFQ against the standard of a multiple-day
DR.10,27 Since an FFQ relies on memory to recall the consumption
of a food over the reference period, whereas a DR is an actual
measure of food eaten on a particular day, errors may occur in both
for different reasons. Therefore, by validating our FFQ against
DRs, the possibility of an improved correlation due to a similar
source of error is reduced. Furthermore, since all our subjects were
literate and voluntarily agreed to participate in the validation
study, error due to incorrectly or incompletely filled DRs was
eliminated. Our study included 5 non-consecutive days of DR
covering randomly selected weekdays and weekend days, which
are considered sufficient to obtain stable estimates of the usual
intakes of adults.10,12

In contrast to the good correlation with other nutrients, there
was a relatively low correlation for total fat. This was also the case
when consumption was classified into quartiles. This may be
because the calculation of a consumption unit may hold good only
for total energy, and its applicability to nutrients such as fat may
not be valid.28 The calculation of an individual’s fat consumption
for cooking, which is derived from the consumption of fat by the

TABLE II. Percentage of agreement within quartiles of 5-day diet
record (DR) and food frequency questionnaire (FFQ)

Nutrient Highest quartile Lowest quartile All quartiles
by DR by DR by DR

Classification by FFQ
Highest Lowest Lowest Highest Same Same
quartile quartile quartile quartile quartile and

adjacent
quartile

Energy 100 0 43 0 53 93
Total fat
Unadjusted 57 14 43 0 53 83
Energy 43 14 29 0 23 80
 adjusted
Saturated fat
Unadjusted 71 0 43 0 47 83
Energy 57 0 71 29 60 87
 adjusted
Cholesterol
Unadjusted 86 14 29 0 50 80
Energy 57 0 71 0 50 83
 adjusted
CSI
Unadjusted 57 0 43 0 37 93
Energy 57 0 71 14 50 87
 adjusted

CSI cholesterol–saturated fat index Adjusted for total calorie intake by regression
analysis

TABLE I. Comparison of food frequency questionnaire (FFQ) with
5-day diet record (DR)

Nutrient Unadjusted Adjusted*
Diet record FFQ Pearson Pearson Regression

correlation correlation coefficient
(r) (r) (r)

Energy (kcal) 1726.0 (477) 1838.0 (435) 0.80† –
Total fat (g) 42.9 (19.7) 50.5 (17.9) 0.55‡ 0.45 0.42
Saturated fat (g) 12.4 (6.3) 14.4 (6.5) 0.63† 0.66† 0.85
Cholesterol (mg) 91.5 (82.5) 104.5 (93) 0.69† 0.64† 0.64
CSI 17.0 (8.9) 19.9 (10.7) 0.69† 0.68† 0.90

All values are mean (standard deviation) CSI cholesterol–saturated fat index
*Adjusted for total calorie intake by regression analysis Regression coefficient
of energy-adjusted food frequency nutrient values on energy-adjusted diet record
p values adjusted for number of correlations † p<0.01 ‡ p<0.05

TABLE III. Reproducibility of the food frequency questionnaire

Nutrient Crude Adjusted*
Initial Repeat Pearson Pearson Regression
question- question- correla- correla- coeffi-
naire naire tion (r) tion (r) cient (b)

Energy (kcal) 1838.0 (435) 1912 (498) 0.86† – –
Total fat (g) 50.5 (17.9) 55.4 (16.8) 0.70† 0.49 0.42
Saturated fat (g) 14.4 (6.5) 14.7 (6.9) 0.79† 0.66‡ 0.59
Cholesterol (mg)104.5 (93) 100.1 (85.9) 0.90† 0.86† 0.85
CSI 19.9 (10.7) 20.1 (10.2) 0.85† 0.77† 0.65

All values are mean (standard deviation) CSI cholesterol–saturated fat index
*Adjusted for total calorie intake by regression analysis p values adjusted for
number of correlations † p<0.005 ‡ p=0.05
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entire family, may not have been accurately quantified. Factors
such as personal taste and unequal consumption of fat by family
members could also have led to poor assessment by the FFQ. In
contrast, the intake of milk and milk products such as yoghurt,
butter and ghee were recalled with greater individual accuracy,
resulting in better correlations for saturated fat and cholesterol.

In comparison with the 5-day DR, the FFQ overestimated
unadjusted nutrients by 6%–17%. Previous studies have shown
that an FFQ can either underestimate or, less commonly, overes-
timate nutrient intake.29–31 However, the commonly mentioned
reasons for improper assessment do not seem to apply to our study.
For example, there is a learning effect if there is a specific order of
administration of the two methods of nutrition assessment. Since
we administered the FFQ and DRs in random sequence, this bias
did not arise. The ability of an FFQ to accurately measure past
intake is due in part to the fact that the dietary pattern remains
similar over time. Hence, the occurrence of disease in the past may
lead to inaccuracies in the form of disease-differential recall bias.
However, our subjects were instructed not to record food intake
during brief illnesses and there was no occurrence of any major
illness during the study period. The nutrient composition data for
both the methods were derived from the same source and the
portion sizes were modified to reflect an average size to enhance
the accuracy of nutrient estimates from the FFQ.

When the FFQ was re-administered after 3 months, there was
good correlation for all the nutrients studied. The correlation
ranged from 0.70 to 0.90 for unadjusted values of nutrients, and
from 0.49 to 0.86 after adjustment for energy. Since the semi-
quantitative food frequency method is based on ability to recall
past food intake, the reproducibility of our FFQ demonstrates that
the subjects were consistent in reporting their intake even after a
considerable time lapse.

Limitations
Our validation study has certain shortcomings. The number of
subjects was relatively small, though this fact is likely to have
decreased rather than improved the significance of the correlations
studied. In addition, the subjects studied were consecutively and
not randomly selected, though their demographic characteristics
did not differ from those of the entire urban affluent population.
We could not study the concurrent use of biomarkers.32 Also, the
study may be unsuitable for assessing the nutrient intake of people
who usually eat out. Lastly, while it would have been better to
administer the FFQ after a gap of one year, this was not feasible
for administrative reasons. In different studies this gap has varied
from 6 to 20 months.33,34

CONCLUSION
We prepared and validated an FFQ for estimating the nutrient
intake of energy and fats in an adult north Indian affluent popula-
tion. The estimation of nutrients by the FFQ correlated signifi-
cantly with the 5-day DR for all nutrient components that we
studied. This FFQ can therefore be used as a quick and precise tool
for dietary assessment in large epidemiological studies.
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