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Abstract

FFQ comprising food items, intake frequency categories and portion sizes have been used in large-scale observational studies to assess

long-term dietary exposure. Although gender is an important influence on food choice and portion size, gender differences are not often

analysed during FFQ development. This study investigated whether gender differences were considered sufficiently when developing FFQ,

which affects the results of validation studies. A PubMed search using combinations of ‘FFQ’, ‘Food Frequency Questionnaire’, ‘Validation’ and

‘Validity’ identified 246 validation studies available in English, published between January 1983 and May 2014, which included healthy male

and female adults. The development process of the 196 FFQ used in the 246 validation studies was examined. Of these, twenty-one FFQ

(10·7 %) considered gender during item selection or portion size determination, and were therefore classified as gender specific (GS), but 175

(89·3 %) did not consider gender, and were classified as ‘not gender specific (NGS)’. When the ratios between intake levels obtained using the

FFQ and a reference method for energy and seven nutrients were compared between the GS group and the NGS group, more significant

differences were observed in women than in men (four v. one nutrient). Intake of three nutrients was significantly underestimated in both

sexes in the GS group. In the NGS group, nutrient intakes were significantly overestimated more often in women than in men (four v. one).

These results indicate that not considering gender in FFQ development causes greater inaccuracy in dietary intake assessment in women than

in men. Results of nutritional epidemiological studies should be re-evaluated for their validity, especially if the studies used NGS-FFQ.
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FFQ are commonly used in nutritional epidemiological studies on

diet and disease because of their ability to simultaneously measure

the usual intake levels of multiple dietary components. These

questionnaires are also very cost-effective as they can be self-

administered and can be read by computers(1). FFQ are composed

of a list of food items selected by researchers, a frequency category

to determine usual consumption and a measure of portion size.

FFQ respondents are asked to report the frequency of consump-

tion and the amount of food regularly consumed. FFQ have large

variations in design characteristics, including differences in the

food items included and the portion size questions; such variability

can greatly affect the responses and calculated intakes(2).

A frequently used approach in developing an FFQ targeted to

a specific population is to search for recent population-specific

dietary data that can be used to determine the food items, portion

sizes and nutrient database that should be included(3). As men

and women differ in their preference for food items and con-

sumption amounts, it is reasonable to assume that the items and

portion sizes selected for FFQ should reflect these gender dif-

ferences, and furthermore that FFQ should be based on the target

gender group. However, whether gender differences in food

items and portion sizes are sufficiently accounted for during

development of FFQ is not known. In addition, the use of

gender-specific (GS) FFQ should be examined to determine

whether overall results are affected. In FFQ validation studies,

data from men and women are often pooled together to increase

the sample size and to achieve sufficient statistical power to

detect differences and/or associations(4), but it is not clear how

this pooling affects the conclusions for different gender groups.

This study was conducted to investigate whether gender differ-

ences are factored into FFQ development studies, and whether

FFQ gender specificity affects the results of validation studies.
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Methods

Study selection

To evaluate whether published FFQ were developed and

validated with consideration of gender, the literature was sear-

ched for published validation studies, and the development and

validation processes were then examined. A PubMed search

using combinations of ‘FFQ’, ‘Food Frequency Questionnaire’,

‘Validation’ and ‘Validity’ yielded a total of 1164 articles published

between 1983 and May 2014. We excluded studies that had been

conducted with subjects of a single sex, studies that included

subjects other than healthy adults, were review articles or articles

published in languages other than English or were primary

research articles that could not be found through web searches.

The resulting 246 articles that included healthy adult men and

women in the validation stage were used for this analysis (online

Supplementary Appendix). Some FFQ were validated more than

once; 196 unique FFQ were identified, and the detailed devel-

opment procedures for the FFQ used in these studies were

examined (online Supplementary Appendix). The study selection

flowchart is shown in Fig. 1. A systematic review of the published

study was performed according to the preferred reporting items

for systematic reviews and meta-analyses statement(5).

No restriction was placed on follow-up duration or type of

reference dietary assessment method. Standard data-extraction

forms were developed, and the following information was

extracted from the studies: authors, titles, published year,

country, study design, sex distribution, age of subjects, refer-

ence method, validated dietary factors, FFQ-estimated intake

and reference method-estimated intake.

Classification of development studies

After reviewing the development procedures of 196 FFQ, FFQ

were classified as ‘gender specific’ if gender was considered

when selecting food items, portion sizes or both. All the

remaining FFQ were classified as ‘not gender-specific (NGS)’

FFQ. Several studies used gender to select food items via

multiple methods. In one study, sex was one of the factors used

to help determine the foods omitted from the FFQ(6). Another

group performed step-wise multiple regression analyses to

identify foods that are important in predicting individual nutri-

ent intake, and these analyses were followed by additional

procedures including the identification of foods and recipes by

step-wise multiple regression analyses, conducted separately

for men and women(7). To determine portion sizes, one group

used GS portions to calculate food intake in grams from the

FFQ(8). In another study, average portion sizes, according to

gender and age derived from a national survey, were used(9).

The classification of studies into two groups was performed by

two researchers, and in cases of disagreement the researchers

discussed the studies until consensus was reached.

Comparison of validation study results

The 246 identified validation studies were divided into GS and

NGS groups according to the gender specificity of the FFQ. If a

validation study used a GS-FFQ, it was classified into the GS

group. On the other hand, validation studies were classified into

the NGS group if they were validating an NGS-FFQ. Nutrients

used for validation in each study were identified, and eight

nutrients reported in four or more studies in each group

(energy, carbohydrate, protein, fat, cholesterol, fibre, Ca and

vitamin C) were used to compare the validation results between

the GS and NGS groups.

The mean intake levels of nutrients were extracted from each

validation study. The ratio between the intake levels estimated

by the FFQ and those estimated by the reference method in

each study was compared for each nutrient. The mean ratio of

ratios from individual studies for each nutrient was calculated

using the following equation:

Ratiostudy ¼
Nutrient intake estimated by FFQ

Nutrient intake estimated by referencemethod
;

Mean ratio ¼

Sumof ratiostudy
Number of studies

:

Statistical analysis

The characteristics of the selected FFQ development and vali-

dation studies are presented as numbers of studies and per-

centages. The mean nutrient intake levels reported in validation

studies and intake ratios of selected nutrients estimated by the

FFQ and by the reference methods are presented.

The difference in mean ratios between the GS group and the

NGS group was assessed using Wilcoxon’s test. Each mean ratio

was compared using a one-sample t test. All the statistical analyses

were performed using Stata software package (version 13;

StataCorp LP).

Results

Among the 196 studies describing the process of FFQ devel-

opment, only twenty-one studies (10·7 %) considered gender

and were therefore classified as GS-FFQ (see Table 1). Six of the

GS-FFQ development studies included only female subjects.

Records identified through

database searching

(n 2284)

Records screened

(n 1125)

Records after duplicates removed
(n 1164)

Additional records identified

through other sources

(n 5)

Full-text articles assessed

for eligibility

(n 1030)

Records excluded

(n 95)

Full-text articles excluded,

with reasons

(n 784)

- Not relevant

- Only female or male

- Not healthy adults
Studies included in

qualitative synthesis

(n 246)

Fig. 1. The flowchart of literature search and study selection.
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More studies considered gender as a factor when determining

portion size rather than for selecting the food items to be

included in the FFQ (eleven and five studies, respectively).

The validation studies used in the analysis are presented in

Table 2. The studies are classified into GS and NGS groups

according to the gender specificity of the FFQ used. Eight

different GS-FFQ and twenty-one different NGS-FFQ were used

in nine GS and twenty-six NGS studies, respectively. Four

studies in the NGS group included fewer than 100 subjects.

The characteristics of the studies are summarised in Table 2.

The mean intake levels of energy and seven nutrients –

estimated by the FFQ and by the reference method used in each

validation study – and the ratios of intake levels obtained by the

two methods are shown in Table 3.

The ratio between the intake data obtained by the FFQ

compared with the reference method ranged from 0·83 to 1·15 for

the GS group in men and from 0·82 to 1·14 in women, whereas

the ratio in the NGS group ranged from 0·95 to 1·21 in men and

from 1·05 to 1·36 in women. For the GS group, the mean ratios for

energy, protein and fat were significantly <1 in both sexes. In

comparison, in the NGS group, the ratios for all nutrients except

vitamin C were not significantly different from 1 among men,

whereas the ratios for energy, carbohydrate, Ca and vitamin C

were significantly different from 1 among women. Vitamin C

intake tended to be overestimated in both the GS and NGS

groups, but more so in the NGS group in both sexes. This result

indicates that NGS-FFQ overestimate the intake of energy and

several nutrients in women, but not in men, whereas GS-FFQ may

underestimate some nutrients similarly in both sexes.

Discussion

Over the past several decades, non-communicable diseases

(NCD) have increased worldwide and are now a leading cause

of death. Four behavioural factors – tobacco use, insufficient

physical activity, harmful use of alcohol and an unhealthy diet –

have been actively investigated in the aetiology and manage-

ment of NCD(10). FFQ have been widely used to estimate the

usual intake levels of dietary constituents for studies on diet–

disease relationships. As participants respond according to the

items listed and portion sizes presented in the FFQ, the

selection of food items and their associated portion sizes is

crucial for accurate assessment of dietary factors.

Gender differences in food preferences and consumption

amounts are easily observed. Bates et al.(11) suggested that

women eat better overall and consume more full-fat milk, certain

beverages, cakes, apples, pears and bananas, whereas men eat

more eggs, sugar, certain meat products and drink more

alcoholic drinks, especially beer and lager. A study by Pollard

et al.(12) reported that men ate more meat and less fruit than

women, and that there was strong evidence that these gender

differences were due to women being more concerned with

weight control, food naturalness and ethical issues(10). Johansson

et al.(13) also suggested that gender differences exist in the

reporting of energy intake: in both their own and another national

study, women were more likely to under-report energy intake.

Men usually eat more food than women, but actual portion size

differences vary by food item. Cade et al.(14) described gender

differences in food portion sizes, and recommended the use of

sex-specific ‘typical’ portion weights instead of ‘standard’ portions

to estimate nutrient intake from food frequency intake data.

However, little attention has been given to gender differences in

food choices and consumption amounts during FFQ development,

or to how these gender differences may affect the survey results.

This systematic review focused on how gender differences

were considered during FFQ development, and how gender

specificity affected the results of FFQ validation studies. Among

the 196 FFQ development studies found in the literature, gender

differences were factored into only 10% of the studies. Gender

differences were more often considered when determining por-

tion sizes than for food item selection. As the occurrence of many

diseases (and their risk/preventive factors) varies by gender, it is

not certain whether validation without proper design or analysis

according to gender is appropriate for detecting diet–disease

relationships. A comparison between the portion sizes of men

and women in a previously developed FFQ revealed that actual

portion sizes were larger for 84% of items; furthermore, for 73%

of items, men had a larger average portion size than women (Noh

et al unpublished results). In this study, when FFQ were corrected

for differences in portion size between men and women, and the

results of the validation studies were re-calculated, intake levels of

Table 1. Classification of FFQ according to whether gender was considered during development

(Number of studies and percentages)

Gender consideration

Classifications Types Method used n %

Gender specific Food item only Food lists for important sources of target nutrients were prepared for both genders

Information to evaluate gender specificity during determination of portion size was not available

4 2:0

Portion size only Gender differences in intake were reflected either in the determination of portion size or in

the nutrient database without portion size

Information to evaluate gender specificity in the selection of food items was not available

10 5:1

Food item and

portion size

Food lists for important sources of target nutrients were prepared for both genders

Gender differences in intake were reflected either in the determination of portion size or in

the nutrient database without portion size

1 0:5

Single sex

(female only)

6 3:1

Not gender specific − 175 89:3

Total 196 100:0
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energy and other nutrients including fat changed significantly.

The direction of change differed by gender. Energy intake

increased significantly in men but not in women, whereas fat

intake increased in both genders. Portion size variations differ

between men and women. Tsubono et al.(15) analysed

within- and between-person variability in adult Japanese subjects.

For 58% of forty-five food items, all of which were consumed

with sufficient frequency, the ratio was larger in men (twenty-six

of forty-five items). Therefore, there should be more careful

consideration when determining portion sizes for men

and women.

The results of this study indicate that NGS-FFQ that fail to

consider the difference in portion size between women and

men may overestimate nutrient intake of women compared

with the levels obtained using reference methods. In compar-

ison, the overall nutrient intake of men estimated using NGS-

FFQ was similar to the estimates obtained using reference

methods. These results seem to be partially attributable to the

fact that the NGS-FFQ and reference methods exhibited com-

mon measurement errors in men. Compared with women, men

were more likely to report difficulties in recalling what and how

much they ate during the dietary survey16. In contrast, estimated

intake using GS-FFQ had a similar pattern, irrespective of

whether it was in men or in women. As a result, the affected

nutrients and the degree to which they were overestimated

differed between men and women, depending on the type of

FFQ used: fat in men and energy, protein, fat and Ca in women.

Therefore, subjects could be misclassified such that risk

association is attenuated. Although many studies have been

conducted on diet–disease relationships, gender-related effects

on dietary assessment tools have seldom been investigated. Our

study is the first to assess the performance of FFQ according to

whether gender was considered during the development stage.

A literature review on the design, utilisation and validation of

FFQ using a semi-systematic approach was published in 2004,

but it focused on the overall characteristics of 227 validation

studies and 164 utilisation studies, not on gender specifically(14).

Failure to consider gender during the development of FFQ

resulted in general overestimation of the energy and nutrient

intakes of women compared with men, whereas the errors

tended to be similar in men and women for GS-FFQ. As 89% of

FFQ were developed between 1983 and 2014, it is reasonable to

assume that most of the cohort studies in nutritional epidemiol-

ogy conducted in recent decades have used NGS-FFQ. On the

basis of the results of the present study that estimation of dietary

intakes obtained using NGS-FFQ tends to be less accurate, and

more importantly errors are larger in women, validity of the

results on diet–disease relationships from these studies are

questionable, especially in studies conducted in women and in

subjects of both sexes. Results of the studies that used NGS-FFQ

should be critically re-evaluated for their validity of dietary

information and the association of dietary factors and disease

outcomes, with special concerns given to gender differences.

Our findings are limited because of the insufficient number

of comparable studies, particularly due to the small number of

GS-FFQ that have been developed and the small number of

Table 3. Comparison of estimated mean energy and nutrient intake ratios between FFQ:reference methods according to FFQ gender specificity

GS group NGS group

Number of studies Ratio Ratio

Nutrients GS NGS Reference method (A) FFQ (B) Ratio (B:A) SDratio Reference method (A) FFQ (B) Ratio (B:A) SDratio

Men

Energy (kJ) 38 88 9764:2 8997:7 3:85 0:29 9616:5 9777:6 4:27 0:63

Energy (kcal) 9 21 2333:7 2150:5 0·92† 0:07 2298:4 2336:9 1:02 0:15

Carbohydrate (g) 7 17 251:7 255:2 1:01 0:10 302:1 311:2 1:03 0:16

Protein (g) 7 21 90:7 79:6 0·88† 0:10 87:9 83:1 0:95 0:20

Fat (g)* 8 19 91:1 77:6 0·85‡ 0:14 70:7 71:5 1:01 0:29

Cholesterol (mg) 4 16 391:7 325:8 0:83 0:17 304:8 289:0 0:95 0:26

Fibre (g) 5 14 21:2 22:4 1:06 0:07 21:0 22:0 1:05 0:35

Ca (mg) 6 16 1065:2 1044:3 0:98 0:16 778:4 797:4 1:02 0:22

Vitamin C (mg) 6 13 88:5 101:8 1:15 0:35 116:9 141:4 1·21† 0:26

Median 0:95 0:12 1:02 0:24

Median (vitamin C excluded) 0:92 0:10 1:02 0:22

Women

Energy (kJ) 38 88 7112:4 6503:2 3:81 0:46 7304:8 8017:4 4:60 0:84

Energy (kcal)** 9 21 1699:9 1554:3 0·91† 0:11 1745:9 1916:2 1·10† 0:20

Carbohydrate (g) 7 17 192:4 192:1 1:00 0:21 237:2 262:4 1·11† 0:23

Protein (g)* 7 21 68:2 60:2 0·88† 0:10 67:8 72:9 1:08 0:26

Fat (g)** 8 19 66:8 54:8 0·82‡ 0:10 55:5 62:8 1:13 0:27

Cholesterol (mg) 4 16 323:3 285:9 0:88 0:30 235:3 246:9 1:05 0:31

Fibre (g) 6 14 15:7 17:8 1:14 0:37 17:4 20:8 1:21 0:32

Ca (mg)* 6 16 887:0 849:8 0:96 0:09 669:3 766:6 1·15‡ 0:27

Vitamin C (mg) 6 13 92:5 102:9 1:11 0:36 110:5 150:3 1·36‡ 0:30

Median 0:93 0:16 1:12 0:27

Median (vitamin C excluded) 0:91 0:11 1:11 0:27

GS, gender specific; NGS, not gender specific.Mean ratios differed significantly between the GS and NGS groups on the Wilcoxon’s test: * P<0·05, ** P< 0·01.

Mean ratio was significantly different from 1 with the one-sample t test: † P<0·05, ‡ P< 0·01.

670 H. Lee et al.

https://doi.org/10.1017/S0007114515004717 Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114515004717


validation studies that have used them. In addition, the valida-

tion studies differed in terms of the reference method used and

the age and other characteristics of the study subjects, but we

could not include these differences in the analysis. We only

included journal articles published in English and those that

included healthy men and women. Due to the limited number

of GS-FFQ, whether gender was considered in selecting food

items, determining portion sizes or both was not assessed

during comparison of the validation study results. More studies

are required to further assess the effects of GS food items and

portion size selection, because each of these two factors is

essential in the composition of FFQ.
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