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Abstract

Objective: To assess the validity of a 148-item quantitative FFQ (QFFQ) that was
developed for the Barbados National Cancer Study (BNCS) to determine dietary
intake over 12 months and examine the dietary risk factors.
Design: A cross-sectional validation study of the QFFQ against 4 d food diaries.
Spearman’s rank correlations (r), intra-class correlation coefficients (ICC) and
weighted k were computed as measures of concordance, adjusting for daily
variations in the food diaries. Cross-classification tables and Bland–Altman plots
were created for further assessment.
Setting: BNCS is a case–control study of environmental risk factors for breast and
prostate cancer in a predominantly African-origin population in Barbados.
Subjects: Fifty-four individuals (21 years and older) were recruited among controls
in the BNCS who were frequency-matched on sex and age group to breast and
prostate cancer cases.
Results: Similar mean daily energy intake was derived from the food diary (8201 kJ
(1960 kcal)) and QFFQ (7774 kJ (1858 kcal)). Rho for energy and macronutrients
ranged from 0?66 (energy) to 0?17 (dietary fibre). The percentage of energy from
carbohydrates and protein showed the highest and lowest ICC among macro-
nutrients (0?63 and 0?27, respectively). The highest weighted k was observed for
energy (0?45). When the nutrient intake was divided into quartiles, approximately
34 % of the observations were in the same quartile.
Conclusions: This investigation supports the validity of the QFFQ as a method for
assessing long-term dietary intake except for dietary fibre, folate, vitamins A, E
and B12. The instrument will be a useful tool in the analysis of diet–cancer
associations in the BNCS.
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Barbados National Cancer Study

The Barbados National Cancer Study (BNCS) is a population-

based case–control study designed to examine the genetic

and environmental risk factors for breast and prostate cancer

in a predominantly African-origin population. The impor-

tance of nutrition-related factors and growing interest in

the role of nutrient–gene interactions in cancer aetiology

necessitates the development of a valid method for assessing

long-term dietary intake. Studies on the association between

diet and cancer have not been performed in Barbados, West

Indies, likely due, in part, to the lack of a validated method

to assess long-term dietary intake.

To fill this gap, a 148-item quantitative FFQ (QFFQ) was

developed to determine dietary intake and to examine

hypotheses related to diet and its interaction with genes

and cancer in African-Barbadians(1). QFFQ is commonly

used in large-scale epidemiological studies and provides

a feasible approach to assess the usual long-term dietary

intake of a population(2). Only valid instruments provide

correct estimates of diet and diet–cancer associations.

Although a gold standard to validate QFFQ currently does

not exist, its validity is evaluated by comparing the results

of these instruments to those using other dietary assess-

ment methods or biomarkers(3,4). Only dietary assessment

methods were included in the present investigation as they Joint first authors.
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collection and evaluation of biomarkers was beyond the

scope of the present study.

The aim of the present study was to assess the validity

of the 148-item QFFQ developed for the BNCS against 4 d

food diaries.

Subjects and methods

Sampling

Sampling procedures have been reported previously(1,5).

In brief, fifty-four individuals (21 years and older) were

recruited among controls in the BNCS who were frequency-

matched on sex and age group to breast and prostate cancer

cases. Pregnant and breast-feeding women were excluded.

The recruited participants were invited to complete both

the QFFQ and a 4 d food diary.

Data collection

Quantitative FFQ collection

The methods for the QFFQ data collection have been

described elsewhere(1). Briefly, the QFFQ was developed

using 24 h recalls from over 1600 Barbados Food Con-

sumption and Anthropometric Survey participants; addi-

tional details on its development have been published(1).

Then the QFFQ was administered by a trained dietitian

and three nurses. The data collectors were trained for

5 d in the administration of the instrument and a manual

of procedures was developed to document all data col-

lection protocols. To ensure standardization, each inter-

viewer practised administering multiple QFFQ under the

supervision of the principal investigator (S.S.).

The QFFQ included 148 food items to assess usual food

and drink intake over the past 12 months. Eight frequency

category choices were given for each food item and ranged

from ‘never (,1 time a month)’ to ‘$2 times a day’. Portion

sizes were determined using household units (e.g. table-

spoon or coffee mug), food models (developed specifically

to represent foods consumed in Barbados) or standardized

portions (e.g. slice of bread) for thirty-three, sixty-four and

fifty-one items, respectively. The QFFQ takes approximately

35min to administer.

Food diary collection

Procedures for food diary data collection have been descri-

bed elsewhere(5). In brief, a trained dietitian visited the

homes of participants who agreed to complete the 4d food

diary within 1 week of the QFFQ completion. The dietitian

reviewed the methods for completing the diary and showed

the participant an example of a completed instrument. Each

participant was asked to record all foods and drinks con-

sumed at the time of consumption and to estimate the por-

tion sizes based on standard household measures. The dates

for the completion of the diary were the four consecutive

days after the instructions were provided. The dietitian visited

the home of each respondent the day after the diary was

completed and clarified all foods and drinks recorded, par-

ticularly with regard to brand names, amounts consumed and

the time of consumption. The dietitian also double-checked

information about missing data and frequently forgotten

items, such as whether the skin on the chicken had been

consumed or the type of milk (e.g. non-fat, low-fat) added to

tea or coffee.

The study was approved by the Institutional Review

Board of the University of the West Indies–Cave Hill/

Barbados Ministry of Health, the Stony Brook University

Committee on Research Involving Human Subjects and

the University of Hawaii Committee of Human Studies. All

participants signed informed consent forms before being

interviewed.

Analyses

Data analyses were performed using the SAS statistical

software package version 9?1 (SAS Institute, Cary, NC,

USA) and the STATA MP statistical software package

version 10?1 (StataCorp., College Station, TX, USA).

Computation of daily nutrient intake from the

qualitative FFQ: food composition database

A food composition database (FCD) was constructed spe-

cifically for the QFFQ. Each of the 148 food items had a

record in the FCD that provided the amount of nutrients

per 100g of food. For food items that represented food

groups, such as doughnuts, currant slices and jam puffs,

the records were averages of the food composition of the

relevant foods, weighted by the frequency of consumption

based on previously collected data(1). Sources of food

composition data included the US Department of Agri-

culture (USDA) National Nutrient Database for Standard

Reference, Release 18 and the USDA Survey Nutrient

Database (What We Eat in America, the National Health and

Nutrition Examination Survey (NHANES) 2001–2002)(6,7),

the Nutribase nutrient database (Nutribase, 2004) and the

Barbados food composition data(8).

Computation of daily nutrient intake from 4 d food diary

All food diary data were coded, entered and analysed

using Nutribase Clinical Nutrition Manager version 5?18

(CyberSoft Inc., Phoenix, AZ, USA). The food composi-

tion tables in Nutribase were updated to include weighed

recipes that were previously collected in Barbados(8).

Nutribase calculated the nutrient intake/diary day per

person based on the USDA food composition table. The

daily intake used in the present analysis was the average

intake of all food diaries combined.

Nutrient computation

Daily intake of each food item was determined for

each subject. The frequency categories in the QFFQ

were converted to monthly frequencies (Fig. 1). For each

seasonal food, the monthly frequencies were adjusted by
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multiplying the proportion of months per year for which

the food item was available.

Daily grams were computed for each food item as

the daily frequency (monthly frequency divided by 30?4)

multiplied by the portion size converted to grams. The

amount of nutrients consumed per day was computed by

food item for each participant by applying the FCD. The

daily grams were multiplied by the amount of nutrient per

100 g of the food item divided by 100. Total daily intake

for each participant was obtained by summing the amount

for each nutrient across the 148 food items.

Statistical methods

Several measures of concordance were used to compare

the nutrient intake from the QFFQ and the average from

the 4 d food diary. Spearman’s rank correlation coeffi-

cients (r) and intra-class correlation coefficients (ICC) of

the logged values were computed for energy, seventeen

nutrients and the percentages of energy from protein,

carbohydrate and fat(9). Rho measures correlation, whereas

the ICC measures agreement. Rho and ICC were adjusted

for within-person daily variability by multiplying by an

adjustment factor(2). The correlation coefficients for men

and women were adjusted for age to account for differ-

ences in the age distributions between these groups.

The adjustment factor was computed from the 4 d diary

information. The QFFQ determines mean daily dietary

intake and does not provide within-person variance in the

diet. The adjustment factor was calculated using the

following formula: [1 1 ((s W
2 /s B

2 )/m)]1/2, where m was

the average number of days covered by the food diary

and the within-person (s W
2 ) and between-person (s B

2 )

variances were computed from the 4 d food diaries by

variance component techniques(10).

As another measure of correlation, the degree of mis-

classification between the QFFQ and food diary data was

evaluated by analysing cross-classification based on quar-

tiles. The quartiles were created using instrument-specific

Frequency
categories in
the QFFQ

Never or
<1 time a
month 

Once a
month

2–3
times a
month

Once a
week

2–3
times a
week 

4–6
times a
week

Once
a day

≥2
times a

day

Monthly frequency
0 time a
month

1
time a
month

2·5
times a
month

4·3
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month

10·8
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month

21·7
times a
month

30·4
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60·8
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0 time
a day
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day
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times a

day

0·142
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day

0·355
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day

0·714
times a

day
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a  day
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divided by 30·4

Daily consumption (g)
of a given food

Daily frequency of a given food
multiplied by relevant portion size

Daily consumption of individual
foods multiplied by amount of
relevant energy and nutrients

(FCD) divided by 100

Daily amount of energy
and nutrients 

Fig. 1 Algorithm for computing daily nutrient intake (QFFQ, quantitative FFQ; FCD, food composition database)
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distribution. The percentage in the same quartile and

the weighted k were computed as measures of con-

cordance. Kappa is the percentage agreement, adjusted

for chance, and the weighted k accounts for different

levels of agreement(11).

Bland–Altman plots were used in addition to observe

the agreement between the QFFQ and food diaries at

the individual level. The measurement error is shown

by plotting the individual differences between the pair

of measurements against the mean difference of the

paired measurements(12).

Results

Of the fifty-four individuals invited to participate in the

4 d food diary data collection, two were subsequently not

located, two declined (due to ill health) and one person

did not complete the diary. Therefore, the response rate

was 91 %. Of the forty-nine who participated, forty-four

respondents completed the food diaries for at least

4 d (forty-two completed the 4 d diary, one completed

5 d and one completed 7 d), two respondents completed

3 d, two respondents completed 2 d and one respondent

completed only 1 d. We present the results using all forty-

nine participants. Exclusion of respondents who had

recorded fewer than 4 d of dietary (five respondents) did

not change the results (data not shown). The mean age of

the forty-nine participants was 60 (SD 13) years, ranging

from 36 to 85 years, and 53 % (n 26) were female. The

participants provided 191 d of food diary data, which

included 131 weekdays and sixty weekend days. Of the

total, thirty-eight (88 %) respondents completed the food

diaries on at least one weekend day.

Table 1 presents the mean and SD of energy and nutrient

intake from the QFFQ and food diaries, as well as the r

and ICC between these two methods. Mean energy intake

derived from the food diaries (8201kJ (1960kcal)) was very

similar to that from the QFFQ (7774kJ (1858kcal)). The

percentage of energy from total fat, carbohydrate and pro-

tein was the same when derived from the QFFQ and food

diaries. Intake of vitamins B6, C and D, total folate, selenium

and zinc was higher from the QFFQ than from the food

diary. For energy and macronutrients, the Spearman’s rank

correlations varied between 0?66 (P ,0?0001) for energy

and 0?17 (P . 0?05) for dietary fibre, whereas the ICC ranged

from 0?63 for carbohydrate and the percentage of energy

from carbohydrate to 0?27 for the percentage of energy from

protein. The Spearman’s rank correlations for micronutrients

were somewhat lower and ranged from 0?52 (P 5 0?005) for

selenium to 20?15 (P . 0?05) for vitamin A; ICC ranged

between 0?47 for calcium and 0 for vitamins A, D and E, total

folate and selenium. The average r for all nutrients (QFFQ v.

food diary) was 0?38, with a median of 0?43.

Table 1 also shows the results of the cross-classification

analysis of all participants by quartiles of absolute intake

obtained from the food diary and QFFQ. On average,

34?3 % of the participants fell into the same categories and

6?5 % of observations were grossly misclassified with an

average weighted k of 0?20.

Analyses were also performed separately for men and

women. Both men and women had similar mean intake of

macronutrients from the food diaries and QFFQ, and higher

values for micronutrients from the QFFQ (data not shown).

The average age-adjusted correlation coefficient for all

nutrients was similar for men and women (0?34 v. 0?31 for

Spearman correlation; 0?32 v. 0?31 for ICC; data not shown).

Figure 2 illustrates the Bland–Altman plots of individual

validity of the QFFQ v. the food diary for energy, fat, carbo-

hydrate, protein, vitamins C and B6, calcium and iron based

on log-transformed values. The plots indicate that at low

intake, the QFFQ provided lower estimates for energy,

carbohydrates, fat, protein and iron, but at higher intake it

provided a higher estimate than the food diary. The scatter

of differences tended to decrease with increased intake of

vitamins C and B6, which indicated a closer agreement at

higher intake. However, the estimation of intake of these two

vitamins by the QFFQ was consistently higher than the food

diary. For calcium, a divergence pattern of scattering differ-

ence was observed. However, on average the percentage of

difference was almost zero between the two measurements.

This indicates that in higher levels of intake, both dietary

measurement tools estimated calcium intake with more

prominent differences than at the lower level of intake. The

estimated intake of energy, fat, carbohydrates and protein by

the QFFQ was 6% lower than that by the food diary.

Discussion

In the present study, we presented several measures of

concordance between the QFFQ and the 4d food diary:

Spearman’s correlation coefficients, ICC, cross-classification

method, weighted k and Bland–Altman plots. For energy

and all nutrients, the r, ICC and weighted k ranged from

0?66 to 20?15, 0?63 to 0 and 0?45 to 20?04, respectively.

The average r for all nutrients was 0?38 and acceptable

percentages of gross agreement were found between the

two methods. Accordingly, the dietary intake of energy,

carbohydrate, fat and saturated fat, as well as the propor-

tion of energy from carbohydrate, will be estimated well by

the QFFQ. Among micronutrients, the QFFQ will provide

good estimates for vitamins C and B6, calcium and iron, but

not for folate and vitamins A, E and B12.

Comparing the two dietary assessment methods used in

the present study, the average level of agreement between

the quartiles of absolute nutrient intake was similar to or

higher than that reported by studies on Korean(13), Amer-

ican(14) and German(15) populations. The mean proportion

of classification into the same quartile for energy and

macronutrients was higher in the present study (40%) than

in the Korean (37%), American (38%) and German (32%)
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Table 1 Nutrient intake estimates and agreement between the food diaries and QFFQ

Measurement tools Correlation/agreement assessment methods

QFFQ Food diary
Spearman’s rank Intra-class correlation

Cross-classificationy (%)

Dietary variables Mean SD Mean SD correlation- coefficient--

-

Same quartile Opposite quartile Weighted k

Energy (kJ) 7774 3050 8200 2276 0?66* 0?57 49 4 0?45
Total fat (g) 57 28 62 22 0?59* 0?59 35 2 0?25
Saturated fat (g) 16 9 16 8 0?64* 0?61 35 4 0?25
Protein (g) 74 34 80 25 0?44* 0?42 39 4 0?29
Carbohydrate (g) 255 102 273 93 0?56* 0?63 35 4 0?32
Sugar (g) 105 54 105 55 0?45* 0?45 39 8 0?25
Dietary fibre (g) 26 10 23 11 0?17 0?34 35 10 0?09
% Energy from fat 27 5 27 6 0?42* 0?49 41 6 0?29
% Energy from protein 16 3 16 3 0?27 0?27 33 8 0?16
% Energy from carbohydrate 55 8 55 9 0?50* 0?63 49 6 0?35
Vitamin A (mg_RAE) 1539 876 1603 1221 20?15 0?00 26 10 20?04
Vitamin C (mg) 174 101 128 78 0?39* 0?29 35 6 0?22
Vitamin B6 (mg) 2?5 1?0 1?8 0?8 0?43* 0?13 35 4 0?25
Vitamin B12 (mg) 46 45 65 33 0?05 0?01 26 8 0?00
Total folate (mg) 352 142 185 100 0?36* 0?00 26 8 0?13
Vitamin D (mg) 1?4 1?3 1?0 1?3 0?26* 0?00 22 6 0?09
Vitamin E (mg_ATE) 0?9 0?9 3?6 3?2 0?02 0?00 20 12 20?04
Calcium (mg) 572 226 615 237 0?49* 0?47 35 4 0?25
Iron (mg) 13 6 14 5 0?39* 0?35 33 8 0?19
Selenium (mg) 106 55 79 75 0?52* 0?00 31 4 0?22
Zinc (mg) 7?7 3?3 6?7 2?6 0?43 0?20 41 10 0?29

RAE, retinol activity equivalent; ATE, a-tocopherol equivalent.
*P , 0?05.
-Adjusted for day-to-day variation in the food diary data.
-

-

All correlations are based on log-transformed values.
yStatistics for cross-classification were based on instrument-specific quartile cut-off points.
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studies. The observed proportion for gross misclassification

for energy and macronutrinets in the present study (3?5%)

was smaller than the Korean (3?8%) but larger than that

reported by the American (1?0%) and German (1?3%)

studies.

The mean daily intake of macronutrients estimated by

the QFFQ and food diary was very similar in the present

study. However, utilizing the Bland–Altman plots to

assess individual validity showed that agreement between

the QFFQ and food diary was inconsistent across the
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Fig. 2 (a)–(h) Bland–Altman plots showing the relative validity of quantitative FFQ v. 4 d food diary for energy, carbohydrate
(CHO), total fat, protein, vitamin C, vitamin B6, calcium and iron, respectively, based on log-transformed values. Greater degree of
agreement between the two methods is observed at higher levels of intake of energy and macronutrients
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range of intake for energy, fat, protein and carbohydrates.

Nevertheless, the agreement between the two methods

for energy and macronutrients was better among partici-

pants who consumed more. This indicates possible

under-reporting on the QFFQ for participants who had

lower intake of energy, fat, protein and carbohydrates.

The Spearman’s correlation coefficients in the present

study were similar to those from a study on Jamaicans

of African origin (for energy, 0?66 v. 0?69; saturated fat,

0?64 v. 0?51, respectively)(16) and far higher than African

Americans in the large Multiethnic Cohort study (energy,

0?66 v. 0?16; carbohydrate, 0?56 v. 0?20; total fat, 0?59 v.

0?29; protein, 0?44 v. 0?17; calcium, 0?49 v. 0?25, respec-

tively)(10). As data for validation studies on African-origin

populations are limited, the results from the present study

were compared with the results of validation studies

among other ethnic groups. The present study had higher

correlations between the QFFQ and food diary for

energy, total and saturated fat, protein and carbohydrate

when compared with the validation study of a 171-item

semi-QFFQ in a Southern California population(17).

Compared to the European Prospective Investigation into

Cancer and Nutrition study(18), the correlations between

QFFQ and food diaries were higher in the present study

for total fat (0?59 v. 0?37), protein (0?44 v. 0?41) and

carbohydrate (0?56 v. 0?41), but lower for dietary fibre

(0?17 v. 0?46). A study on sixteen FFQ validated against

consecutive food diaries(19) found lower correlations for

energy (0?66 v. 0?56) and carbohydrate (0?56 v. 0?53),

equal correlations for total fat (0?59 v. 0?59) and higher

correlations for protein (0?44 v. 0?47), dietary fibre (0?17

v. 0?49), calcium (0?49 v. 0?59) and vitamin C (0?39 v.

0?63) compared with the present analysis.

Segovia-Siapco et al.(17) noted that FFQ tend to over-

estimate dietary intake in contrast to other dietary assess-

ment methods, particularly when the FFQ has more than

100 items. In contrast, a meta-analysis of forty validation

studies on FFQ(19) reported higher correlations with the

reference method for most nutrients when comparing

longer FFQ with shorter ones; this was observed particu-

larly for protein, energy-adjusted total fat and vitamin C(19).

In the present study, the mean intake of energy and all

macronutrients derived from food diaries was the same

or higher compared with the QFFQ. Although a review

of 227 validation studies by Cade et al.(20) reported total

fat as having the highest mean correlation coefficient

among all nutrients, the present validation study indicated

the highest correlation for carbohydrates (ICC 5 0?63,

r 5 0?56).

Intakes of dietary fibre and most micronutrients, par-

ticularly vitamin A, obtained from FFQ have been shown

to have lower correlations to the reference method com-

pared with the macronutrients(20–22), a trend also observed

in the present study. Similar to other studies(23–25), a low

correlation was observed for vitamin E in the validation of

the QFFQ against food diaries.

A limitation of our study, and all dietary validation

studies, is the lack of a gold standard to assess long-term

dietary intake. Biomarkers may be good measures of true

nutrient intake; however, they are limited to energy and a

few other nutrients and, thus, do not cover the total diet

and are costly in analysis(3). Cade et al. reported that

only 19 % of the reviewed studies validated FFQ against

biomarkers, but 75 % compared FFQ with another dietary

assessment method(3,20). The food diary was selected as

the reference method since it reflects exact consumption

as recording is performed at the time of intake, although

food diaries are known to under-report food intake(26–28).

However, other methods commonly used to validate

QFFQ, such as 24 h dietary recalls, may lead to a biased

validation of the FFQ(10,29). As shown in the Observing

Protein and Energy Nutrition Study, the FFQ and 24 h

recall data were found to have correlated errors and,

therefore, using recalls as the reference instrument would

overestimate the performance of the FFQ(30). FFQ and

food diaries might also have correlated errors as both

rely on the recording of information by the individual;

however, this problem may be more pronounced using

recalls rather than diaries because both FFQ and 24 h

recalls require the individual to recollect past diet.

The food diaries in the present study were administered

during only one season. However, the QFFQ and the food

diaries were collected in the same time frame and seasonal

variation is not a major factor in the BNCS. Nevertheless,

potential biases inherent to these types of studies must be

considered. Although participants were asked to record

intake of all food and drink items at the time of con-

sumption, this may not have been entirely possible, thus

presenting the potential for recall bias. Likewise, partici-

pants were provided with specific guidelines and food

models to estimate intake; however, one cannot discount

the occurrence of underestimation or overestimation in the

amount of food and drink and/or portion sizes.

Validation was carried out in the controls only and they

are not representative of whole BNCS study population.

Patients with cancer were not included in the present study

because the disease is highly likely to affect their pattern

of food consumption during the 12 months compared

with the non-diseased (control) population who generally

experience little change over time. The food diary is a

proxy for recent dietary intake and among cancer patients

it is likely different from the QFFQ data obtained over the

12 months preceding diagnosis. Therefore, we did not

include cases in the validation study because using the food

diary would not be an accurate reference for the QFFQ. On

the other hand, the validated QFFQ in the present study

would be applicable to cases because in the case–control

study the cases were asked to report frequency and

quantity of food intake for the 12 months preceding diag-

nosis of the disease. Thus, it is likely that their dietary

patterns (in terms of consumed food items and portion

sizes) were similar to the controls in the present study.
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For the first time, a QFFQ has been developed and

validated against food diaries for use in the African-

origin population in Barbados. Now that this QFFQ is

available, as the first validated dietary intake instru-

ment for this population, it will be an important tool to

assist with the analysis of diet–cancer associations

among these people, known to have more aggressive

disease and higher mortality than other groups. This

QFFQ provided estimates of usual dietary intake

similar to the food diary except for dietary fibre, folate,

vitamins A, E and B12. The data from the QFFQ can

be used to rank the dietary intake of individuals and

examine associations of dietary intake with breast and

prostate cancer.
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