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Background: Men and women choose different food items, and consume different amounts of food, due to bio-
logical, cultural, and social differences. However, when dietary assessment instruments are developed, gender 
differences in food selection and/or the portion sizes are often not considered.
Methods: Prospective cohort studies with men and women that examined the association between red or proc-
essed meat intake and colorectal cancer and published up to July 2017, were identified using PubMed. Studies 
were categorized as gender-specific (GS) group if the Food Frequency Questionnaire was developed using 
gender-specific data, and as not gender-specific (NGS) group if not gender-specific data were used.
Results: For cohort studies that reported combined intake estimates of men and women, a 100 g/day increment 
in red and processed meat intake was positively associated with a risk of colorectal or colon cancer in GS group 
(relative risk [RR], 1.23; 95% confidence interval [CI], 1.14-1.32) but not in NGS group (RR, 1.13; 95% CI, 
0.90-1.35). For processed meat, the RR for 50 g/day increase was 1.28 (95% CI, 1.15-1.40) in GS group and 
1.15 (95% CI, 1.03-1.27) in NGS group.
Conclusions: Gender differences need to be considered during development of dietary assessment tools be-
cause this may improve the quality of the findings of nutritional epidemiological studies. 
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Introduction
 
According to the World Health Organization (WHO), 

gender refers to “the socially constructed roles, behaviours, 
activities and attributes that a given society considers appro-
priate for men and women”.1) Gender is a fundamental vari-
able that should be considered in health-related research due 
to the importance of biological, physiological, and social 
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characteristics that can influence the identification of factors 
related to the development of diseases. Furthermore, gender 
differences in health-related research should merit serious 
consideration when determining risk factors for chronic dis-
eases and planning public health interventions. 

It has been suggested that ‘Gendered Innovations’ can 
promote excellence in science by incorporating gender into 
all stages of research;2) in this regard, nutritional epidemio-
logical research is not an exception. It has been shown that 
food choices,3,4) compliance to dietary guidelines, food and 
nutrition knowledge, dietary beliefs, and food preferences5) 
and taste preferences6) differ according to gender. Similarly, 
biological and physiological gender differences in the diges-
tion and metabolism of foods should be accounted for when 
conducting nutrition research.7-9) In general, gender should 
be considered during all stages of research, from inception 
to application. Thus, the present review examines whether 
gender was considered during the development of dietary 
assessment tools, which is one of the initial steps of nutri-
tional epidemiological research.10)

Nutritional epidemiological studies investigating chronic 
diseases focus on long-term dietary intake because chronic 
diseases develop over a prolonged period of time. Food 
Frequency Questionnaires (FFQs) are often used to assess 
long-term exposure to foods and nutrients, both in in-
dividuals and in groups. FFQs are structured questionnaires 
with which to collect information regarding the estimated 
frequency of consumption of food items during a pre-speci-
fied period, as well as the quantity of intake on each occa-
sion (i.e., portion size). Portion size information obtained 
with an FFQ can be combined with frequency information 
to calculate the usual consumption of a variety of foods and 
beverages. Because the food item list and portion size op-
tions are two key elements in an FFQ, it is necessary that 
these elements are based on a study of the target population. 
To qualify, a food item must be consumed regularly, sub-
stantially contribute to the key nutrients of interest, and ex-
plain between-person variation.11) Given that the develop-
ment of accurate measurements of habitual dietary intake is 
one of the most challenging aspects of nutritional epidemio-
logical research, FFQs are of critical importance because 
well-designed food questionnaires can improve the validity 
and precision of dietary measurements. Although food pref-
erences and portion sizes vary by gender, our previous 
study showed only 10.7% of FFQs in the literature consid-

ered gender during development process, and can be classi-
fied as gender-specific (GS) FFQs are often developed for 
use with both men and women, or are developed for one 
gender but applied to the other without any adjustments.10) 
Analysis of validation studies of FFQs in the literature, GS 
FFQs seem to have less bias in estimation of dietary intakes 
of men and women compared to not gender-specific (NGS) 
FFQs.10) However, it is not known whether gender consid-
eration in FFQ development affect diet-disease associations.

Therefore, the present review explored whether previous 
studies conducted to determine the association between red 
and processed meat intake and colorectal cancer differed by 
using FFQs developed with or without gender consid-
erations (GS FFQs or NGS FFQs). For this review, cohort 
studies in men and women that examined the association be-
tween red and processed meat intake and colorectal cancer 
risk, which is a widely accepted relationship,12) were 
included. The results of these studies were assessed by 
meta-analysis in terms of any considerations made towards 
gender during the development of the FFQs.

Methods

1. Identification of studies

The PubMed database was searched to identify pro-
spective cohort studies, published up until May 2018, using 
the following search terms: (((((colorectal OR colon OR 
rectal)) AND cancer) AND (cohort OR prospective)) AND 
(food OR diet OR meat)) AND (relative risk OR hazard 
ratio OR odds ratio). The search was limited to studies pub-
lished in English; abstracts and unpublished results were not 
included, and the reference lists of all articles included in the 
present analysis were reviewed for additional relevant 
studies. Two researchers independently completed the same 
procedure using the Meta-Analysis of Observational Studies 
in Epidemiology (MOOSE) checklist.13) Studies that met the 
following criteria were included in the analysis: 1) use of a 
cohort study design with men and women; 2) provision of 
relative risk (RR) estimates and 95% confidence intervals 
(CIs), allowing evaluation of the association between red or 
processed meat intake and colorectal cancer; and 3) out-
comes of interest that included either the overall incidence 
rate of colorectal cancer or those of the two main anatomi-
cal subtypes, colon cancer and rectal cancer. Inclusion in the 
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dose-response meta-analysis required that the following in-
formation also be present: RRs, 95% CIs, category-specific 
numbers of cases, and category-specific person-years (or 
number of subjects). When there were duplicate publications 
from the same cohort, the publication that had a greater 
number of cases was included. Studies in which colorectal 
cancer mortality was the endpoint were excluded because 
mortality involves both incidence and survival; studies as-
sessing colorectal adenoma or tumors other than cancer 
were also excluded.

The meta-analysis results for red meat and processed meat 
are presented both in combination and separately. Detailed 
descriptions of the meat items included in the articles were 
assessed; the foods were then reclassified because red meat 
items, including processed meat items classified as red meat, 
were observed in several of the studies. Thus, in the present 
analysis, red meat items, including processed meat items, 
were regrouped as ‘red and processed meat’.

2. Definition of gender-specificity during FFQ 

development

Gender-specificity in the cohort studies was defined using 
the following procedure: 1) the developmental phase of each 
FFQ was examined; 2) the FFQs were classified as GS if 
gender was considered during the selection of food items, 
portion sizes, or both; all remaining FFQs were defined as 
NGS; and 3) the studies were classified as GS if a GS FFQ 
was used to collect food intake data, and as NGS studies 
if an NGS FFQ was used; only one GS study determined 
portion sizes for each food item using dietary records col-
lected separately for men and women.14)

3. Data extraction

The following information was extracted from each study: 
the first author’s surname, publication year, study period, 
participants’ age and sex, endpoint, RRs, exposure assess-
ment (where available), number of cases, person-years for 
each category of red meat or processed meat intake, and co-
variates adjusted for in the analysis. When several estimates 
were reported, those adjusted for by the greatest number of 
covariates were used. Any disagreements were resolved 
through consensus.

4. Statistical analysis

Study-specific multivariate RRs and 95% CI were com-
bined to compare the highest and lowest categories of red 
and processed meat intake, using a random-effects model 
that considered both within- and between-study variation.15) 
Heterogeneity among the studies was evaluated using Q and 
I2 statistics and a weight was allotted to each study based 
on the inverse variance. The pooled RRs were calculated for 
men and women combined, and for men and women 
separately. For the estimates of men and women combined, 
the reported RRs were used when a study reported results 
for men and women combined; the pooled RRs were de-
rived with a fixed-effects model when a study reported the 
results according to gender.

In the dose-response meta-analyses, the RR estimates 
were pooled, or computed from the categorical data using 
a generalized least-squares for trend estimation.16) When in-
take was reported in terms of the “serving” or “time”, the 
values were converted into grams (g) using 120 g as a stand-
ard portion size for red meat and 50 g as a standard portion 
size for processed meat. The RRs from the dose-response 
analysis are presented by increments of intake; i.e., 100 
g/day for red and processed meat and red meat and 50 
g/day for processed meat. In the dose-response analysis, the 
means or medians of the intake categories, if reported, were 
used; otherwise, the midpoints were used. Zero con-
sumption was used as a boundary when the lowest category 
was open-ended, while the range of the lower nearest cat-
egory was used when the highest category was open-ended. 
For any study presenting intakes as g/1,000 kcal/day, the in-
take in g/day was estimated using the average energy intake 
reported in that study. When a study provided results for 
both distal and proximal colon cancer, the estimates were 
pooled using a fixed-effects model and then the pooled val-
ue was included in the meta-analysis. 

All analyses were performed using Stata software (ver. 
10.1; StataCorp., College Station, TX, USA) and P values 
<0.05 were considered to indicate statistical significance.

Results

In total, 1,390 articles meeting the study criteria and 
published up to May 2018 were identified by searching 
PubMed; an additional 485 articles were retrieved from 
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Abbreviations: RR, relative risk; FFQ, Food Frequency Questionnaire.

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flowchart. Screening and selection of stud-
ies analysing the association between meat (red and processed/red/processed) intake and Colorectal cancer risk.

other sources (Figure 1). After removing duplicates, 1,618 
articles were excluded based on the title and abstract. Of 
the remaining 136 articles that examined red or processed 
meat intake and colorectal cancer risk, 121 were excluded 
for the following reasons: did not provide RRs (n=43), out-
come other than cancer (n=22), mortality (n=13), data 
overlap (n=11), inclusion of unhealthy adults (n=6), overly 
specific subjects or dietary factors (n=10), dietary assess-
ment done using an instrument other than an FFQ (n=4), 
and included subjects of one gender only (n=12). Ultimately, 

15 articles based on 14 cohort studies were included in the 
meta-analysis.

The study characteristics, including cohort name, eth-
nicity, baseline population, age, study period, number of 
cases, and meat categories, are presented in Table 1. All 
studies used an FFQ, diet questionnaire, or structured ques-
tionnaire to measure meat intake. A total of six articles 
based on six different prospective studies were included in 
the GS group, and nine articles based on eight different pro-
spective studies were included in the NGS group. Four of 
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Figure 2. Dose-response meta-analysis between red and processed meat and colorectal or colon cancer in male and female combined
cohort studies (P for difference=0.340).

Abbreviations: CI, confidence interval; GS, gender-specific; C, combined men and women; NGS, not gender-specific.

Figure 3. Highest vs. lowest meta-analysis between red and processed meat and colorectal or colon cancer in male and female com-
bined cohort studies (P for difference=0.022).

Abbreviations: CI, confidence intervals; GS, gender-specific; C, combined men and women; CRC, colorectal cancer; CC, colon can-
cer; NGS, not gender-specific.
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Dose-responsea Highest vs. lowest

　 N RR 95% CI
P for

differences
Ref.b N RR 95% CI

P for
differences

Ref. b

Red and 
processed meat

0.340 0.022

GS 4 1.23 1.14, 1.32 22,23,24,26) 4 1.24 1.14, 1.34 22,23,24,26)

NGS 2 1.13 0.90, 1.35 28,35) 2 1.11 0.82, 1.39 28,35)

Total 6 1.17 1.06, 1.29 6 1.18 1.05, 1.30

Red meat NAc NAc

GS 1 25) 1 25)

NGS 5 27,28,29,32,35) 5 28,29,32,33,35)

Total 6 6

Processed meat 0.168 0.409

GS 5 1.28 1.15, 1.40 14,23,24,25,26) 5 1.18 1.07, 1.28 14,23,24,25,26)

NGS 3 1.16 1.04, 1.28 28,34,35) 7 1.12 1.03, 1.21 28,30,31,32,
33,34,35)

Total 8 1.21 1.13, 1.30 　 12 1.15 1.08, 1.21

Abbreviations: RR, relative risk; CI, confidence intervals; Ref., reference; GS, gender-specific; NGS, not gender-specific; NA, not available.
aDose-response analysis: RR of 100 g/day increase in red and processed meat or red meat and RR of 50 g/day increase in processed meat.
bList of reference number included in summary of RR.
cSummary estimates were not calculated if number of studies was 1 or less in either GS or NGS group.

Table 2. Summary of the estimated RRs and 95% CIs for colorectal or colon cancer risk

six cohort studies in the GS group, and five of nine cohort 
studies in the NGS group, were conducted in Caucasians. 
Two of six cohort studies in GS group and four of the nine 
cohort studies were conducted in Asians. One study in-
cludes population of mixed ethic groups. The average num-
ber of subjects was larger in the GS group (n=134,076) than 
the NGS group (n=112,655).

In the present review, meta-analysis of six cohort studies 
assessing red and processed meat intake in men and women 
combined revealed that a 100 g/day increase in red and 
processed meat intake was significantly associated with col-
orectal or colon cancer risk in the GS group (RR, 1.23; 95% 
CI, 1.14-1.32), but not in the NGS group (RR, 1.13; 95% 
CI, 0.90-1.35; Figure 2). 

A comparison between the highest and lowest categories 
revealed the following summary RRs, 1.24; 95% CI, 
1.14-1.34 in the GS group and RRs,1.11; 95% CI, 0.82-1.39 
in the NGS group (Figure 3). When the outcomes were lim-
ited to colorectal cancer, similar results were observed (data 
not shown). 

The summary estimates of the meta-analysis according to 
group (GS vs. NGS) are presented in Table 2. For processed 
meat, there were significant associations between intake and 
colorectal or colon cancer risk in both the GS group (RR, 

1.28; 95% CI, 1.15-1.40 for a 50 g/day increase) and the 
NGS group (RR, 1.16; 95% CI, 1.04-1.28 for a 50 g/day in-
crease). 

Discussion

In the present study, there was a stronger association be-
tween red and processed meat intake and the risk of color-
ectal or colon cancer when the estimates of prospective co-
hort studies that used FFQs developed in a gender-specific 
manner were combined than when those from cohort stud-
ies that did not consider gender were combined. In the 
meta-analysis of studies that included both men and women, 
a 100 g/day increase in red and processed meat intake was 
associated with a 1.23-fold higher risk of colorectal or colon 
cancer in the GS group. However, the summary estimate of 
both the GS and NGS groups reduced this estimate to an 
RR of 1.17. For processed meat, the summary RRs of the 
GS and NGS groups were 1.28 and 1.16, respectively, which 
although similar were significantly different.

The relationship between a higher intake of red and proc-
essed meat and an increased risk of colorectal cancer has 
been established by several studies. A previous meta-analysis 
of 10 cohort studies reported a 22% higher risk of colorectal 
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cancer in those who had a high red and processed meat in-
take compared to those with a low intake.17) The present 
study also found that a high intake of red and processed 
meat was associated with an increased risk of colorectal 
or colon cancer when all studies were combined; however, 
the magnitude of the association differed according to 
whether gender was considered during FFQ development. 
Epidemiological studies commonly use FFQs to estimate 
typical dietary intakes and identify relationships between di-
et and disease. Although FFQs are cost-effective and 
time-saving, and therefore suitable for large-scale epidemio-
logical studies, the development of an FFQ is a long and 
exhaustive process. To accurately determine habitual dietary 
intakes using FFQs, the selection of food items and portion 
size options requires a careful exploration of the participant 
characteristics, because the information obtained from the 
FFQ should explain the contributions of the nutrients of in-
terest, as well as between-person variation. Gender may be 
particularly important to consider, given that commonly 
consumed foods and typical portion sizes differ between 
men and women.10) Our recent study shows that men and 
women who chose the same portion size category tend to 
eat different amount in actual consumption examined by 
3-day 24 hour dietary recalls.18)

Marks et al.19) reported the effects of selected demo-
graphic, anthropometric, and social characteristics on the 
validity of a 129-item FFQ and revealed that gender was 
significantly related to differences between FFQ values and 
weighted food records for nine of 21 nutrients. A validation 
study of an FFQ completed by Australian adults, which 
used multivariate modeling within the limits of an agree-
ment analysis, showed that gender was an important ex-
planatory variable with respect to variation in the differ-
ences between the FFQ results and those of a reference 
method.20) Cade et al.21) suggested that using gender-specific 
portion is  appropriate; their review of validation studies 
that assessed FFQs showed differences in preferred portion 
sizes between men and women. In a previous systematic re-
view done by our research group, only 10.7% of FFQ de-
velopment studies accounted for gender during food item 
selection or portion size determination.10) Moreover, the dif-
ferences observed in the ratios of the FFQ intake data rela-
tive to those of the reference method were greater for wom-
en compared to men.

To the best of our knowledge, this is the first meta-analysis 

of prospective cohort studies investigating the association be-
tween red and processed meat intake and colorectal cancer 
risk to summarize the results based on how the FFQ, which 
is the most commonly used dietary assessment tool in such 
studies, was developed. There was a difference in summary 
estimates between the GS and NGS groups. However, this 
finding might not definitively show that consideration of gen-
der during the development of an FFQ results in total accuracy 
in dietary measurement studies, because a variety of factors 
influence the accuracy and precision of nutritional epidemio-
logical studies. For example, factors related to red and proc-
essed meat, the study population, adjustment for confounding 
factors, the number of cases, and the duration of the follow-up 
periods could modify any observed associations. 

However, the present findings suggest that gender differ-
ences in responses to questionnaire items related to portion 
sizes, food choices, and food preferences, as well as social 
and cultural characteristics associated with dietary behav-
iours, should be taken into consideration in the initial study 
design, especially during FFQ development. Measuring diet-
ary intake remains challenging, and the development of an 
FFQ requires considerable effort; gender-specific FFQs 
could significantly improve the success of epidemiological 
studies. Thus, special attention should be paid to gender dif-
ferences during the collection of dietary information, analy-
sis of food-related data, and formulation of FFQs.   

The present study had several limitations that should be 
noted. First, the prospective studies included in the 
meta-analysis were categorized into two groups (GS and 
NGS) according to whether gender-specific FFQs were used 
to collect the dietary intake data. To assess gender-specific-
ity, our procedure to evaluate FFQ development was based 
on the descriptions provided in each study. Although the 
absence of a description does not necessarily imply that gen-
der was not considered during FFQ development, it is likely 
that some authors did not describe how they considered 
gender, because factors related to gender were not a priority. 
Therefore, more studies on gender differences in dietary in-
takes as well as associations between dieraty factors and dis-
ease risks are needed. Additionally, there are several versions 
of many FFQs because researchers employ modified FFQs 
during the follow-up period. Because few of the studies as-
sessed in this review presented results according to gender, 
it was not possible to compare results between the GS and 
NGS groups in terms of their male and female populations. 
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In conclusion, the present review suggests that gender 

should be considered from the initial stages of study design 

onwards, particularly during the development of dietary as-

sessment tools, to enhance the accuracy of nutritional epi-

demiological studies. Further investigation is required re-

garding the degree to which exposure to the foods and nu-

trients assessed by gender-specific FFQs predict the risk of 

chronic diseases versus those assessed by gender-combined 

FFQs within the same populations.

요 약

연구배경: 남성과 여성의 섭취 음식과 섭취 분량에 차이가 

있음에도 불구하고, 식이섭취 조사도구를 개발할 때 대부분 

이러한 차이를 고려하지 않고 있다. 본 연구는 영양역학연

구에서 주로 사용되는 식이섭취빈도조사지(FFQs)를 개발

할 때 젠더 차이를 고려하는 것이 식이섭취와 질병 간의 상

관관계를 측정하는 정확도에 영향을 미치는 지 알아보고자 

하였다.
방법: 적색육 혹은 가공육 섭취와 대장암 발생 위험 간의 

상관관계를 조사한 논문을 체계적 문헌고찰 방법으로 검색

하였다. 남성과 여성을 모두 포함한 코호트 연구에서 각 논

문별로 사용한 식이섭취빈도조사지가 젠더 차이를 고려하

였는지 여부에 따라 젠더 특이적 그룹과 그렇지 않은 그룹

으로 분류하였고, 논문별 연구 결과를 메타분석으로 통합하

여 두 그룹 간 비교 분석하였다. 
결과: 남성과 여성 모두 포함된 코호트 연구에서 젠더 특

이적 그룹에서는 적색육 및 가공육 섭취가 1일 당 100 g씩 

늘어날수록 대장암 발생 위험이 1.23배 유의적으로 증가하

였지만(RR, 1.23; CI, 1.14-1.32), 젠더 특이적이지 않은 그룹

에서는 유의적인 상관관계를 보이지 않았다(RR, 1.13; CI, 
0.90-1.35). 가공육 섭취가 1일 당 50 g씩 늘어날수록 젠더 

특이적 그룹에서는 대장암 발생 위험이 28% 증가하였고

(RR, 1.28; CI, 1.15-1.40), 젠더 특이적이지 않은 그룹에서는 

15% 증가하였다(RR, 1.15; CI, 1.03-1.27). 
결론: 젠더 차이를 고려하여 식이섭취 조사도구를 개발하

는 것이 영양역학 연구의 정확성을 향상시킬 수 있다.

중심 단어: 젠더, 육류 섭취, 대장암, 식이섭취빈도조사지
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