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Background: Asia has experienced a large increase in meat intake in the past
decade, yet the health impact of meat intake is not well studied.

Objective: We examined the association of meat intake with all-cause, cancer and
cardiovascular disease (CVD) mortality in an Asian country.

Methods: Participants were 113,568 adults with dietary data at recruitment
(2004-2013) of the Health Examinees-Gem (HEXA-G) study, a prospective cohort
study conducted in 8 regions of Korea. Participants were followed until 31
December 2020. Total, red, white, and organ meat intake were computed based
on a 106-item questionnaire. Multivariable Cox proportional hazard models were
implemented using the lowest quintile of meat intake as the reference category.

Findings: For 1,205,236 person-years, 3,454 deaths were recorded. High intake
of processed red meat was positively associated with all-cause mortality [men:
hazard ratio (HR) 1.21, 95% confidence interval (95% CI) 1.07-1.37; women:
HR 1.32, 95% CI 1.12-1.56]. Increased risk of all-cause mortality (HR 1.21, 95%
Cl 1.05-1.39) and cancer mortality (HR 1.24, 95% CI 1.03-1.50) was observed
in women with high intake of organ meat. Moderate intake of pork belly was
associated with reduced risk of all-cause mortality in men (HR 0.76, 95% CIl 0.62—
0.93) and women (HR 0.83, 95% 0.69-0.98) but high intake was associated with
increased risk of CVD mortality in women (HR 1.84, 95% Cl 1.20-2.82). Low beef
intake decreased the risk of CVD mortality in men (HR 0.58, 95% CI 0.40-0.84), but
roasted pork increased cancer mortality in women (HR 1.26, 95% CI 1.05-1.52).

Conclusion: There was increased risk of all-cause mortality associated with intake
of processed red meat in men and women, increased risk of all-cause and cancer
mortality with intake of organ meat in women, and increased risk of cancer
mortality with intake of roasted pork intake in women. High intake of pork belly
increased the risk of CVD mortality in women, but moderate intake was inversely
associated with mortality from all-causes in both men and women.

KEYWORDS

meat intake, processed red meat, all-cause mortality, cancer mortality, CVD mortality,
cohort study, cox model

1. Introduction

Estimates from the 2022 Global Nutrition Report indicated that close to two-thirds
of avoidable deaths were attributed to sub-optimal dietary composition, including 9%
attributed to high intake of meat, and 8% attributed to processed meat (1). The Asian region
has experienced the third largest increase in red and processed red meat intake in the past
decade (1), suggesting that this region is experiencing a nutritional transition toward a
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Westernized dietary pattern. Nonetheless, various aspects of the
traditional dietary pattern that emphasize high intake of plant foods
and moderate intake of fat have been retained in Asian countries
like Korea (2, 3). Accordingly, there is need to understand the
health impacts of meat intake in Asian countries considering their
unique dietary culture. Cohort studies and meta-analyses have
reported a positive association of red and processed meat intake
with all-cause and cause-specific mortality mainly in Europe and
North America (4-12).

However, pooled data from Asian countries indicated an
inverse association between red meat intake and mortality (13).
Conversely a recent cohort study from Japan reported an increased
risk of total and CVD mortality with heavy intake of total and
red meat, a low risk of stroke mortality with high intake of
total meat and a reduced risk of all-cause and cancer mortality
in men with moderate intake of processed meat (14). Different
results between Asian and Western countries have been explained
by low intake of meat in Asian vs. Western countries (11, 13,
14). However, red and processed meat intake in an Adventist
population with low intake of meat, increased the risk of mortality
(4). Previous studies in Asian populations neither differentiated
processed and unprocessed red meat (13), nor accounted for
methods of preparation which are also different from those in the
West (15-17). On the other hand, the association between white
meat consumption and mortality is inconclusive with some studies
reporting inverse associations (7, 8, 10, 13, 14) and others reporting
null associations (9, 11, 12).

The Health Examinees (HEXA) cohort is a large prospective
study of over 170,000 adults aged above 40 years who were recruited
from 38 regions of Korea between 2004 and 2013. Using this data
set, we comprehensively examined meat intake by type, degree of
processing, and method of preparation in relation to death from
all-causes and specific causes.

2. Materials and methods
2.1. The Health Examinees-Gem Study

We conducted an observational analysis of the HEXA cohort,
a prospective population-based sub-cohort within the Korean
Genome and Epidemiology study (KoGEs) that was established
to investigate the etiological factors of complex diseases (18). The
HEXA recruited participants between 2004 and 2013 at 38 health
examination centers and training hospitals located in the eight
regions of Korea. The study details have been published elsewhere
(19). Ethical approval was obtained from the Ethics Committee
of the Korean Health and Genomic Study of the Korean National
Institute of Health and the Institutional Review Boards of all
participating hospitals (IRB no. E-1503-103- 657). All participants
provided written informed consent before their participation.

2.2. Measures

2.2.1. Assessment of dietary intake

Dietary intake was assessed once at baseline using a 106-food
item semiquantitative food frequency questionnaire (SQFFQ) that
had been tested for reproducibility and validity using 12-day dietary
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records obtained from 124 participants (18). Food consumption
frequencies were classified into nine levels (from “never” to “three
times or more a day”), and portion sizes were classified into three
levels (one-half, one, and one and a half servings). Energy and
macronutrient content of each item was estimated using a food
composition table developed by the Korean Rural Development
Administration (RDA) (19). Meat items on the SQFFQ were pork
(roasted and braised), and pork belly; edible viscera/organ meat;
processed meat; beef (steak/roasted), beef soup with bones, and
beef soup with vegetables; dog meat; and chicken (fried/stew). For
mixed dishes which contained meat, we extracted meat weight by
applying weights using the food recipe information. The applied
weights represent the % weight contributed by a meat item to the
mixed dish. Red meat included beef, pork, and dog meat while
white meat included chicken.

2.2.2. Baseline covariates

Educational level, and household income were assessed in
addition to demographic characteristics such as age and sex. Other
covariates included lifestyle factors such as: smoking, where current
smokers were defined as participants who had smoked more
than four hundred cigarettes during their lifetime and were still
smoking (20); drinking-categorized into current alcohol drinkers,
past drinkers and never drinkers. Current alcohol drinkers were
those who reported that they had ever drunk alcohol and were
still drinking at the time of the interview. Regular physical exercise
was assessed by asking participants to report (1) whether they
engage in regular physical exercise that causes body sweating; (2)
the number of times they engage in these exercises in a week (1-
2 times/week to everyday); and (3) the duration of the exercise.
Regular exercise was defined as engaging in activities that caused
body sweating for at least five times a week lasting at least 30 min
per session.

Weight and height were objectively measured at baseline by
trained medical staff. Body mass index (BMI) was calculated as
weight in kilograms divided by the square of height in meters
(kg/m?). BMI was categorized into four classes based on the WHO
classification of BMI for Asian adults: <18.5, 18.5-22.9, 23-24.9,
25.0-29.9, and >30.0 kg/m? (21). The information about diseases
and use of medication was reported by participants through a
standardized questionnaire that was administered by trained staff,
and was used to define prevalent cancer, cardiovascular, cerebral
vascular, respiratory and gastrointestinal diseases. Chronic kidney
disease was diagnosed using estimated glomerular filtration rate
(eGFR < 60 mL/min/1.73 m?) that was estimated using the Chronic
Kidney Disease Epidemiology Collaboration equation (CKD-EPI)
(22). Diabetes was defined as fasting blood glucose >126 mg/dL or
drug treatment for elevated fasting blood glucose, hypertension was
defined as systolic blood pressure >130 mmHg or diastolic blood
pressure >85 mmHg or drug treatment for elevated blood pressure.
Abdominal obesity was defined as waist circumference >90 cm
for men and >80 cm for women (23). The National Cholesterol
Education Program Adult Treatment Panel III (NCEP-ATP III)
criteria was used to define metabolic syndrome (24). For each
chronic disease, participants were assigned a score of 1 (one) in the
presence and a score of zero (0) in the absence of each disease. These
scores were summed across all the diseases to create a disease score.
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The disease score was then classified as: zero (no disease) and >1
(having atleast a disease).

2.2.3. Ascertainment of mortality

The date and causes of death from 2004 to 31 December
2020, were ascertained through linkage to the death certificate
data base of the Korean National Statistical Office. The deaths
of participants on Medicaid were ascertained through linkage
to the National Health Insurance Service. Participants’ unique
identifiers were used to add mortality data from Statistics Korea.
For cause-specific mortality, the 10" revision of the International
Classification of Disease (ICD-10) codes was used. ICD-10 code
C00-C97 and 100-199 were used to classify cancer and CVD-specific
deaths, respectively.

2.2.4. Statistical analysis

Participants were divided into sex-specific quintiles of total
meat intake and intake of meat subtypes. The main outcome
variable was death from any cause, cancer or CVD. Missing data
were replaced by the mode for categorical variables and by the
median for BMI. The distribution of participant characteristics

10.3389/fnut.2023.1138102

according to quintiles of total meat intake was described using
percentages for categorical variables or least square means for
continuous variables and was stratified by sex.

Follow-up time was calculated for each participant starting
from the date of recruitment until the date of death. Participants
who did not experience the event were censored on 31%
December 2020. We examined the association of meat intake
with all-cause, cancer and CVD mortality using multivariable
cox proportional hazard models. Adjusted hazard ratios (HRs)
and 95% confidence intervals for meat intake, using quartile one
(Q1) as the reference category, were computed and adjusted for
age (continuous), demographic factors (marital status, educational
level, job, and monthly household income); lifestyle factors (total
energy intake, smoking, drinking, and regular physical exercise);
and health-related factors (BMI and history of chronic disease).
The proportional hazards assumption was assessed by including
multiplicative terms between variables and follow-up time and was
not violated (p > 0.05 for all categories).

We stratified the analyses by sex since meat intake is higher in
men than women. In addition, we conducted sensitivity analysis
(1) by excluding participants who died within 1 year of follow-
up, to avoid latent period bias and reverse causation; (2) adjusting

HEXA
n=173,195

Invalid sites, n=31,306
withdrawers, n=5
Aged <40 or >69 years, n=2626

fa

HEXA-Gem
n=139,258

~

Not linked to death register
n=22,578

—

Linked to death records
n=116,680

f;

Implausible energy reporters, n=1733:

Missing dietary data, n=1379

Men, <800 or >4000kcal/day
Women, <500 or >3500kcal/day

Analytcal sample
n=113,568

FIGURE 1
Selection of study participants.
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for alcohol intake in grams/day (continuous) to test residual
confounding from alcohol intake; and (3) adjusting for selected
dietary variables that are associated with meat intake (vegetables,
fish, seafood, and legumes).

All data were analyzed using SAS software version 9.4 (SAS
Institute Inc., Cary, NC, USA), and P<0.05 was used to define
statistical significance.

3. Results

The HEXA-Gem (HEXA-G) (n = 141,968) sample was derived
from the original HEXA study (n = 173,195) by excluding:
(1) sites that only participated in the pilot study from 2004
to 2006; (2) sites that did not meet the HEXA standards for

10.3389/fnut.2023.1138102

biospecimen quality control; (3) sites that participated in the
31,306), those who withdrew
from the study (n = 5), and those younger than 40 or older
than 69 years (n = 2,626). A total of 22,578 participants did not
consent to record linkage and were excluded from the analysis.

study for < 2 years (25) (n =

Furthermore, 3,112 participants were excluded due to missing data
on dietary intake (n = 1,379) and implausible energy reporting
(n = 1,733) leaving 113,568 participants for primary analysis
(Figure 1).

The mean age at baseline was 53.5 years (SE 8.2), 38,847 (34%)
were men and 74,721 (66%) were women. For 1,205,236 person-
years [median follow-up of 10.6 (9.5-11.9) years], 3,454, 1,720, and
539 total, cancer and CVD deaths, respectively, were recorded. The
highest consumers of total meat were more likely to be younger,
highly educated, and had high income. In addition, individuals in

TABLE 1 General characteristics of participants according to quintiles of total meat intake in the HEXA-G study.

Quintiles of total meat intake (g/day)

Women
Q4 Q5 Q1 Q2 Q3
n 7,756 7,783 7,769 7,770 7,769 14,945 14,943 14,942 14,940 14,951
Age, years, mean &= SEM 56.8 £0.1 54.6 £0.1 53.2+£0.1 523+£0.1 51.7£0.1 554+£0.1 53.4+£0.1 52+0.1 51+0.1 50.3£0.1
Education, >college 354 40.3 43.9 45.4 44.2 16.3 20.0 235 27.0 27.8
Income, >3,000 USD 37.6 44.5 49.5 51.0 51.3 29.2 36.6 42.0 46.3 46.2
Married 94.1 94.3 95.0 94.0 94.3 82.3 86.4 88.0 89.1 90.5
Seoul resident 32.8 379 39.5 38.8 36.3 30.2 33.7 35.7 37.3 34.5
Current smoker 44.0 42.6 41.4 40.1 37.7 1.2 1.1 12 1.3 14
Past smoker 244 28.8 31.7 33.8 37.8 1.9 1.9 24 23 29
Current drinker 60.1 70.7 76.4 77.0 79.6 19.6 27.6 32.3 35.8 38.6
Past drinker 10.9 7.8 6.0 54 5.4 22 1.8 1.7 1.8 1.8
Regular exercise 39.4 36.0 36.0 344 335 38.1 37.1 36.1 352 33.1
BMI, >25.0 kg/m2 36.7 37.8 39.4 41.3 439 30.1 28.5 27.6 27.1 26.9
History of disease
Cancer 3.6 24 1.9 1.7 1.6 5.6 4.4 3.2 3.0 2.7
Hypertension 54.5 53.2 51.8 52 50.9 44.5 389 36.1 333 32.2
Diabetes 12.9 11.7 10.5 9.6 10.7 7.9 5.8 54 4.7 4.6
Metabolic syndrome 20.4 19.8 20.0 20.2 20.5 23.6 19.5 17.9 16.0 15.6
CKD 7.5 6.5 5.6 5.6 5.3 7.5 6.5 5.6 5.6 53
Heart disease 1.5 0.9 0.7 0.8 0.6 0.8 0.4 0.3 0.3 0.2
Disease score, 1 6.8 5.0 4.1 3.8 3.0 6.8 5.0 4.1 3.8 3.0
Total deaths, n 566 424 372 396 308 395 278 264 228 223
Cancer deaths, n 251 199 176 191 135 198 152 151 137 130
CVD deaths, n 86 63 65 69 50 62 40 36 35 33
Energy intake, Kcal/d, mean 1569.8 1682.1 1801.6 1941.8 22149 1423.5 1,528 1634.5 1766.8 2044.3
Total meat, g/d, median 12.7 28.2 443 68.7 123.1 6.3 17.5 29.8 48.8 94.3
Menopausal women 77.3 68.0 60.6 55.4 51.5
Hormonal therapy user 4.5 4.2 3.9 4.0 3.7
Oral contraceptive user 82.0 82.5 83.5 84 84.6
Values are % unless otherwise indicated. CKD, chronic kidney disease.
Frontiersin Nutrition 04 frontiersin.org



https://doi.org/10.3389/fnut.2023.1138102
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Kityo et al.

10.3389/fnut.2023.1138102

Total meat Hazard ratio Hazard ratio Hazard ratio
Q2 ——— 092 —_——— 0.99 S — a5e
s > 0.94 ——————— 102 —_— 107
Q4 —_ 1.09 —¢—— 123 _t 121
Qs ———— 091 —_— 0.94 —el a51
Total RM
Q2 — 095 —_— 0.97 SN (— 082
Q3 ——— 093 — 1.07 —_— a57
a4 —— 110 ———e&—— 123 i — 114
Qs —_— 0.90 —— 0.95 —— 0.82
Unprocessed RM
Q2 —— 091 ——T— 0.94 —_— -
Q3 ——T— 0.90 —— 102 —_— 0.90
a4 — 108 ———— 121 P | e 115
Qs — 089 — 0.95 —_— 57
Processed RM
Q2 ——7 081 —_— 0.86 —— 062
Q3 ———— 121 ——— 112 O S 52
Total pork
Q2 —— 095 — 102 _— 097
Q3 —— 099 ——————— 107 — oo
Q4 —— 0.87 ———— 0.89 —_— e
Qs —— 098 —T¢——— 109 — oo
Pork belly
Q2 —— 0.98 e 1.07 — 101
Q3 —— 0.90 R n— 1.03 B s 0.85
Q4 —¢—— 076 S— — — 0.83 —— %7
Qs —_— 0.89 —_— 1.06 _— 0.79
Total beef
Q2 —_— 0.95 e — 1 — ig; —_—— 058
EE— —_— T . [r— 0.93
3 —— 101 —]
84 S 0.96 ——— 0.96 —_—— 1.07
Qs —T 1.08 S L8 _— 0.88
Organmeat — 097 _— 091 —_— 103
; —_—— 0.95 —_— 113
Q3 —_— 101
Q4 = 102 CRE— 1.00 — it
White meat
_ e —t—¢—— 113 P — 0.96
& — 10 —T— 1.03 —— 0.95
a3 B — 105 ———— 093 _—
Q4 — 1.04 ¢ i
A —_— T & . 1.
Qs 1.03 0.93 145
Q1 (Reference) * 1.00 * 1.00 1.00
0.6 08 1 12 14 08 1 12 0-80 30 180
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FIGURE 2
Associations of meat intake with all-cause and cause-specific mortality in the HEXA-G study in men. Points are hazard ratios, and lines represent 95%
confidence interval. Models were adjusted for baseline age, marital status, education, income, job, smoking, drinking, regular physical exercise, total
energy intake, total meat intake (for specific meat types), history of chronic diseases, and body mass index. RM, Red meat. 95% confidence intervals,
sample sizes and person years are shown in Supplementary Table 3.

the highest quartiles of total meat intake were current drinkers, less
likely to engage in regular exercise and had a higher BMI in men
and low BMI in women (Table 1).

Total energy intake was high in the highest quintile of
meat intake. The proportion of individuals with chronic diseases,
menopausal women, and users of postmenopausal hormonal
therapy was low among highest consumers of total meat (Table 1).
In addition, vegetable, fish, and sea food intake were high among
highest consumers of total meat (Supplementary Table 1). The
distribution of meat intake by sex are displayed in Supplementary
Table 2. The median intake of total meat was 44.3 g/day in men
and 29.7 g/day in women. Red meat contributed over 90% to
total meat intake, and 98% of red meat intake was unprocessed in
both genders.

Total meat, total red meat or white meat intake was not
associated with all-cause mortality in both men and women
(Figures 2, 3). However, high intake of processed red meat was
positively associated with all-cause mortality in men [hazard ratio
(HR) 1.21, 95% confidence interval (95% CI) 1.07-1.37] and
women (HR 1.32, 95% CI 1.12-1.56). Moderate intake of pork belly
was inversely associated with all-cause mortality (men, HR 0.76,
95% CI 0.62-0.93; women, HR 0.82, 95% CI 0.69-0.89) (Figures 2,
3), but high intake was positively associated with CVD mortality
in women (HR 1.84, 95% CI 1.20-2.82) (Figure 3). There was a low
risk of CVD mortality in men with low beef intake (HR 0.58, 95% CI
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0.40-0.84). However, women with high intake of organ meat/meat
viscera had a high risk of all-cause (HR 1.21, 95% CI 1.05-1.39)
and cancer mortality (HR 1.24, 95% CI) 1.03-1.50 (Figure 3). These
associations persisted in sensitivity analyses (Supplementary Tables
7, 8).

When the analyses were extended to meat intake according to
preparation method, a high risk of cancer mortality was observed in
women with the highest intake of roasted pork (HR 1.26) (Table 2).

4. Discussion

Although the associations of meat intake with mortality,
particularly red meat and processed meat are well recognized in
Western populations where meat intake is a dominant part of the
diet, the relationship between meat intake and mortality in Asian
populations that have low absolute meat intake and diverse meat
preparation methods is not well characterized. In this large cohort
from an Asian population, the novel aspect is the evaluation of meat
intake by type, and preparation method in relation to total and
cause-specific mortality.

High intake of processed red meat was positively associated
with all-cause mortality in men and women, and high intake of
organ meat was positively associated with all cause and cancer
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FIGURE 3
Associations of meat intake with all-cause and cause-specific mortality in the HEXA-G study in women. Points are hazard ratios, and lines represent
95% confidence interval. Models were adjusted for baseline age, marital status, education, income, job, smoking, drinking, regular physical exercise,
total energy intake, total meat intake (for specific meat types), history of chronic diseases, body mass index, and menopausal status. RM, Red meat.
95% confidence intervals, sample sizes and person-years are shown in Supplementary Table 4.

specific mortality in women. However, moderate intake of pork
belly was inversely associated with all-cause mortality, but high
intake was positively associated with a high risk of CVD mortality
in men. Moreover, low beef intake was inversely associated with
CVD mortality in men. Considering different meat dishes, roasted
pork ribs and pork belly were associated with an increased risk
of cancer mortality in women. No evidence of association was
reported with white meat.

Total meat was not associated with all-cause mortality in both
men and women in line with pooled data (13) and previous meta-
analyses in Asian populations (7, 11). Thus, it has been suggested
that meat types should be treated separately when analyzing their
health effects (7, 11). Total red meat intake was inversely associated
with all-cause mortality using pooled data from Asian studies (13)
but was not associated with mortality in our analysis. In the former,
the study did not distinguish processed from unprocessed red meat,
and failed to account for differences in preparation methods. In
previous studies, the low intake of red meat and processed meat in
Asia has been suggested as one of the possible explanations for null
or inverse associations between meat intake and health outcomes
(11, 26, 27), with some authors arguing that the consumption
of processed and red meat in Korea is not a cause for health
concerns. Yet, even in the Adventist community with low intake
of meat, the intake of red and processed meat was associated with
all-cause and CVD mortality (4). In the current study using data
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from the Korean population with low meat intake, processed red
meat was positively associated with all-cause mortality suggesting
that processed meat may have detrimental health effects even at
lower intake amounts. The positive association of processed meat
with all-cause and CVD mortality is widely reported in Western
populations (4, 6, 10-12, 27, 28). Processed, but not unprocessed
red meat intake was associated with total and CVD mortality using
data from 21 countries (9), and with all-cause mortality in two
meta-analyses (27, 28).

Iron mutagens generated by high-temperature cooking (29, 30),
N-nitroso compounds formed in processed meat and endogenously
from heme iron (31, 32) are some of the mechanisms that may
explain the detrimental health impacts of processed red meat. In
animal studies, metabolism by intestinal microbiota of dietary L-
carnitine-a trimethylamine abundant in red meat, also produces
Trimethylamine Oxide (TMAO) and accelerates atherosclerosis
(33). Processed red meats are also high in food additives especially
nitrite/nitrates. Nitrates/nitrites in processed meat mediated up
to 72% of the association between processed meat intake and
mortality (10).

Moderate intake of pork belly was inversely associated with all-
cause mortality, and low intake of beef appeared to be protective
against CVD mortality in men. These associations could be
attributed to beef preparation methods in the Korean population.
Meat is consumed roasted or in soup or stews, preferably with
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TABLE 2 Meat intake, all-cause mortality and cause-specific mortality according to meat preparation methods in the HEXA-G study in men.

All-cause mortality

Cancer mortality CVD mortality

Person-years Deaths HR(95% Cl) Deaths HR (95% Cl) Deaths HR (95% Cl)
Roasted pork 89,519 362 0.95 (0.82-1.09) 163 0.92 (0.75-1.13) 57 0.81 (0.57-1.14)
Braised pork 100,294 416 1.06 (0.94-1.19) 197 1.12 (0.94-1.33) 69 1.05 (0.78-1.42)
Beef steak 106,160 448 0.97 (0.86-1.10) 221 1.06 (0.89-1.27) 66 0.83 (0.60-1.13)
Beef soup 126,615 483 1.00 (0.89-1.13) 225 0.93 (0.78-1.11) 85 1.01 (0.76-1.36)
Beef in vegetable soup 85,649 404 1.01 (0.88-1.15) 136 0.99 (0.81-1.20) 69 1.12 (0.80-1.57)
Fried chicken 131,345 505 1.02 (0.90-1.17) 163 0.96 (0.79-1.17) 94 1.25(0.91-1.72)
Women
Roasted pork 240,774 362 1.10 (0.95-1.26) 222 1.26 (1.05-1.52) 53 1.16 (0.81-1.67)
Braised pork 327,391 191 1.05 (0.93-1.19) 284 1.08 (0.92-1.26) 66 1.01 (0.74-1.38)
Beef steak 190,597 283 0.98 (0.84-1.14) 168 0.99 (0.81-1.20) 39 1.12 (0.75-1.67)
Beef soup 340,717 207 1.04 (0.93-1.17) 328 1.06 (0.91-1.23) 79 0.99 (0.74-1.33)
Beef in vegetable soup 137,751 227 1.02 (0.86-1.20) 207 1.06 (0.85-1.32) 29 0.96 (0.61-1.50)
Fried chicken 209,790 280 0.93 (0.79-1.09) 178 0.96 (0.77-1.20) 41 1.07 (0.70-1.62)

HR, (hazard ratios) are for highest vs. lowest intake of meat, CVD, cardiovascular disease. Models were adjusted for baseline age, marital status, education, income, job, smoking, drinking,
regular physical exercise, total energy intake, total meat intake, history of chronic diseases, body mass index, and menopausal status in women. HR, hazard ratio. 95% confidence intervals,

sample sizes and person-years are shown in Supplementary Tables 5, 6.

soybean paste. Beef is popularly prepared as “Bulgogi”- grilled
beef flavored with garlic, onions, soy sauce, and sesame oil; and
pork is prepared by steaming, stewing, boiling, or smoking (16).
In Korea, pork is the most consumed red meat and there is a
unique preference for pork belly (“Sam-gyeop-sal”) among Korean
consumers (34). In Western countries, pork belly is primarily cured
and processed as bacon, but consumers in South Korea favor
grilled or roasted bellies rather than cured or processed bacon (16).
Thus, pork belly consumed in South Korea is lower in saturated
fat than that consumed in Western countries due to different
preparation methods (34). It should also be noted that consumption
of pork belly and beef are common at social gatherings among
the middle- and high-income class in the Korean society. Thus,
the consumption of these meats could reflect high socio-economic
status and high social capital in the Korean population. Our results
suggest that moderate intake of unprocessed pork belly and beef
may offer protective benefits against premature mortality.

When we considered meat preparation methods, the intake
of roasted pork increased the risk of cancer mortality in women.
Iron mutagens generated by high-temperature cooking are possible
explanations of these associations (29, 30). In addition, direct
frying or grilling of meat generates mutagenic Heterocyclic amines
(HCAs) and polycyclic aromatic hydrocarbons (PAHs) (30) which
have been linked to the development of several cancers (35-40).

Results from a recent meta-analysis reported a 6% reduction
in all-cause mortality with high intake of white meat and a
null association with CVD-mortality in Asian populations (7).
Furthermore, a recent study from Japan reported a reduced risk
of cancer mortality with increased intake of chicken in men (14).
In the NIH-AARP Diet and Health Study, white meat intake was
inversely associated with all-cause and cause-specific mortality
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(10). Poultry meat contains more unsaturated fat, and has a lower
content of saturated fatty acids, heme iron, glycotoxins and sodium,
which may be involved in oxidative stress, and atherosclerosis
(10, 31, 32, 41). Unlike red meat, white meat does not form N-
nitroso compounds (42, 43), and it has been suggested that this
could possibly explain the inverse association between white meat
intake and mortality risk. Our finding that white meat intake is
not associated with mortality does not agree with pooled data
from Asian studies that showed that chicken intake was inversely
associated with reduced risk of all-cause mortality in men (13),
but agrees with several studies that reported a null association
between white meat intake and all-cause or CVD mortality (6, 9,
11, 12).

Several limitations should be considered while interpreting
these findings. The observational study design precludes
confirmation of causal relationships. The inclusion of old
adults limits generalizability of our findings to young individuals.
The possibility of residual confounding cannot be ruled out even
though we adjusted for multiple confounders. We relied on a
single dietary assessment at recruitment, and changes in meat
intake over time were not evaluated. Nevertheless, we conducted
sensitivity analyses by excluding participants with shorter follow-
up durations. Dietary data were self-reported, which could have
introduced measurement error and biased our results toward
the null.

The main strengths of our study include the use of a large
sample size from a population-based survey which increases
generalizability to the Korean population, the comprehensive
evaluation of meat intake by type, cooking and degree of
processing in a less-studied population with low meat intake, the
prospective study design, adjustment for potential confounding
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variables, use of a validated SQFFQ, and conducting several
sensitivity analyses.

5. Conclusion

This study highlighted the features of meat

consumption patterns in the Korean population, and that

unique

the type of red meat, and the preparation methods should be
considered in future studies and in designing public health
guidelines pertaining to meat intake in this population. The
results suggested that processed red meat increased mortality risk
from all-causes in men and women, and high intake of organ
meat is positively associated with all-cause and cancer specific
mortality in women. However, moderate intake of pork belly was
inversely associated with all-cause mortality, and low beef intake
was inversely associated with CVD mortality in men. Considering
different meat dishes, roasted pork ribs and pork belly were
associated with increased risk of cancer in women. No evidence of
association was reported with white meat.

Data availability statement

The datasets presented in this article are not readily available
because the dataset used for the analysis in this study is maintained
and managed by the Division of Population Health Research at the
National Institute of Health, Korea Centers for Disease Control
and Prevention. The Health Examinees Study dataset has been
merged with the cancer registry data provided by National Cancer
Center of Korea in a collaborative agreement. It contains some
personal data that may potentially be sensitive to the patients,
even though researchers are provided with an anonymized dataset
that excludes resident registration numbers. Other researchers may
request access to the data by contacting the following individuals
at the Division of Population Health Research, National Institute
of Health, Korea Centers for Disease Control and Prevention:
Requests to access the datasets should be directed to Dr. Kyoungho
Lee (khlee3789@korea.kr).

Ethics statement

The studies involving human participants were reviewed and
approved by the Ethics Committee of the Korean Health and

References

1. Global Nutrition Report. The State of Global Nutrition. Bristol: Development
Initiatives. Available online at: https://globalnutritionreport.org/reports/2021-global-
nutrition-report/ (accessed November 3, 2022).

2. Jun S, Ha K, Chung S, Joung H. Meat and milk intake in the rice-based Korean
diet: impact on cancer and metabolic syndrome. Proc Nutr Soc. (2016) 75:374-
84. doi: 10.1017/50029665116000112

3. Lee M-J, Popkin BM, Kim S. The unique aspects of the nutrition transition in
South Korea: the retention of healthful elements in their traditional diet. Public Health
Nutr. (2002) 5:197-203. doi: 10.1079/PHN2001294

Frontiersin Nutrition

10.3389/fnut.2023.1138102

Genomic Study of the Korean National Institute of Health and the
Institutional Review Boards of all participating hospitals (IRB no.
E-1503-103- 657). The patients/participants provided their written
informed consent to participate in this study.

Author contributions

AK, S-AL, and DK designed the research. AK
conducted the data,
the paper. S-AL and DK had primary responsibility for

research, analyzed the and wrote
final content. All authors approved the final version of

the manuscript.

Acknowledgments

This research was supported by Regional Innovation Strategy
(RIS) through the National Research Foundation of Korea (NRF)
funded by the Ministry of Education (MOE) (2022RIS-005).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those
of the authors and do not necessarily represent those of
their those of the publisher,
the editors and the reviewers. Any product that may be

affiliated organizations, or

evaluated in this article, or claim that may be made by
its manufacturer, is not guaranteed or endorsed by the
publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fnut.2023.
1138102/full#supplementary-material

4. Alshahrani SM, Fraser GE, Sabaté ], Knutsen R, Shavlik D, Mashchak A, et al. Red
and processed meat and mortality in a low meat intake population. Nutrients. (2019)
11:622. doi: 10.3390/nu11030622

5. Bellavia A, Stilling F, Wolk A. High red meat intake and all-cause cardiovascular
and cancer mortality: is the risk modified by fruit and vegetable intake? Am J Clin Nutr.
(2016) 104:1137-43. doi: 10.3945/ajcn.116.135335

6. Zhong VW, van Horn L, Greenland P, Carnethon MR, Ning H, Wilkins
JT, et al. Associations of processed meat, unprocessed red meat, poultry,
or fish intake with incident cardiovascular disease and all-cause mortality.

frontiersin.org


https://doi.org/10.3389/fnut.2023.1138102
mailto:khlee3789@korea.kr
https://www.frontiersin.org/articles/10.3389/fnut.2023.1138102/full#supplementary-material
https://globalnutritionreport.org/reports/2021-global-nutrition-report/
https://globalnutritionreport.org/reports/2021-global-nutrition-report/
https://doi.org/10.1017/S0029665116000112
https://doi.org/10.1079/PHN2001294
https://doi.org/10.3390/nu11030622
https://doi.org/10.3945/ajcn.116.135335
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Kityo et al.

JAMA Intern Med. doi:

6969

7. Lupoli R, Vitale M, Calabrese I, Giosu¢ A, Riccardi G, Vaccaro O. White
meat consumption, all-cause mortality, and cardiovascular events: a meta-analysis of
prospective cohort studies. Nutrients. (2021) 13:1-16. doi: 10.3390/nu13020676

8. Nielsen TB, Wiirtz AML, Tjenneland A, Overvad K, Dahm CC. Substitution of
unprocessed and processed red meat with poultry or fish and total and cause-specific
mortality. Br ] Nutr. (2022) 127:563-9. doi: 10.1017/50007114521001252

9. Igbal R, Dehghan M, Mente A, Rangarajan S, Wielgosz A, Avezum A,
et al. Associations of unprocessed and processed meat intake with mortality and
cardiovascular disease in 21 countries [Prospective Urban Rural Epidemiology
(PURE) Study]: a prospective cohort study. Am ] Clin Nutr. (2021) 114:1049-
58. doi: 10.1093/ajcn/nqaa448

10. Etemadi A, Sinha R, Ward MH, Graubard BI, Inoue-Choi M, Dawsey SM, et al.
Mortality from different causes associated with meat, heme iron, nitrates, and nitrites
in the NIH-AARP diet and health study: population based cohort study. BMJ. (2017)
357:j1957. doi: 10.1136/bm; 1957

(2020)  180:503-12. 10.1001/jamainternmed.2019.

11. Abete I, Romaguera D, Vieira AR, Lopez De Munain A, Norat T. Association
between total, processed, red and white meat consumption and all-cause, CVD
and THD mortality: a meta-analysis of cohort studies. Br J Nutr. (2014) 112:762-
75. doi: 10.1017/S000711451400124X

12. Sun Y, Liu B, Snetselaar LG, Wallace RB, Shadyab AH, Kroenke CH,
et al. Association of major dietary protein sources with all-cause and cause-
specific mortality: prospective cohort study. J Am Heart Assoc. (2021) 10:1-
24. doi: 10.1161/JAHA.119.015553

13. Lee JE, McLerran DF, Rolland B, Chen Y, Grant EJ, Vedanthan R, et al. Meat
intake and cause-specific mortality: a pooled analysis of Asian prospective cohort
studies. Am ] Clin Nutr. (2013) 98:1032-41. doi: 10.3945/ajcn.113.062638

14. Saito E, Tang X, Abe SK, Sawada N, Ishihara ], Takachi R, et al
Association between meat intake and mortality due to all-cause and
major causes of death in a Japanese population. PLoS ONE. (2020)
15:€0244007. doi: 10.1371/journal.pone.0244007

15. Kim S, Moon S, Popkin BM. The nutrition transition in South Korea. Am J Clin
Nutr. (2000) 71:44-53. doi: 10.1093/ajcn/71.1.44

16. Nam KC, Jo C, Lee M. Meat products and consumption culture in the East. Meat
Sci. (2010) 86:95-102. doi: 10.1016/j.meatsci.2010.04.026

17. Oh SH, See MT. Pork preference for consumers in China, Japan and South Korea.
Asian-Australas ] Anim Sci. (2012) 25:143-50. doi: 10.5713/ajas.2011.11368

18. Ahn Y, Kwon E, Shim JE, Park MK, Joo Y, Kimm K, et al. Validation and
reproducibility of food frequency questionnaire for Korean genome epidemiologic
study. Eur J Clin Nutr. (2007) 61:1435-41. doi: 10.1038/sj.¢jcn.1602657

19. Rural Development Administration. National Institute of Agricultural sciences.
Korean Food composition Table. 9th Revision (2019).

20. Yang J], Song M, Yoon H-S, Lee H-W, Lee Y, Lee S-A, et al. What Are the major
determinants in the success of smoking cessation: results from the health examinees
study. PLoS ONE. (2015) 10:e0143303. doi: 10.1371/journal.pone.0143303

21. Anuurad E, Shiwaku K, Nogi A, Kitajima K, Enkhmaa B, Shimono K, et al. The
new BMI criteria for asians by the regional office for the western pacific region of
WHO are suitable for screening of overweight to prevent metabolic syndrome in elder
Japanese workers. ] Occup Health. (2003) 45:335-43. doi: 10.1539/joh.45.335

22. Levey AS, Stevens LA, Schmid CH, Zhang Y, Castro AF, Feldman HI, et al.
A new equation to estimate glomerular filtration rate. Ann Intern Med. (2009)
150:604. doi: 10.7326/0003-4819-150-9-200905050-00006

23. Alberti KGMM, Zimmet P, Shaw J. Metabolic syndrome - a new world-wide
definition. a consensus statement from the international diabetes federation. Diabet
Med. (2006) 23:469-80. doi: 10.1111/j.1464-5491.2006.01858.x

24. National Cholesterol Education Program (NCEP) Expert Panel on Detection,
Evaluation, and Treatment of High Blood Cholesterol in Adults (Adult Treatment
Panel III). Third report of the national cholesterol education program (NCEP)
expert panel on detection, evaluation, and treatment of high blood cholesterol
in adults (Adult Treatment Panel III) final report. Circulation. (2002) 106:3143-
421. doi: 10.1161/circ.106.25.3143

Frontiersin

09

10.3389/fnut.2023.1138102

25. Lee H-W, Huang D, Shin W-K, de La Torre K, Song M, Shin A,
et al. Frequent low dose alcohol intake increases gastric cancer risk: the
Health Examinees-Gem (HEXA-G) study. Cancer Biol Med. (2022) 19:1224-
34. doi: 10.20892/j.issn.2095-3941.2021.0642

26. Lee JY, Yon M, Kim D, Nam J, Park S, Lee H-S, et al. Intakes of processed meat
and red meat in Koreans are far below the level referred to increase the risk of colorectal
cancer by IARC. FASEB J. (2016) 30:681. doi: 10.1096/fasebj.30.1_supplement.681.5

27. Wang X, Lin X, Ouyang YY, Liu J, Zhao G, Pan A, et al. Red and processed meat
consumption and mortality: dose-response meta-analysis of prospective cohort studies.
Public Health Nutr. (2016) 19:893-905. doi: 10.1017/51368980015002062

28. Larsson SC, Orsini N. Red meat and processed meat consumption and all-cause
mortality: a meta-analysis. Am J Epidemiol. (2014) 179:282-9. doi: 10.1093/aje/kwt261

29. Sinha R, Knize MG, Salmon CP, Brown ED, Rhodes D, Felton ]S,
et al. Heterocyclic amine content of pork products cooked by different
methods and to varying degrees of doneness. Food Chem Toxicol. (1998)
36:289-97. doi: 10.1016/50278-6915(97)00159-2

30. Cross AJ, Sinha R. Meat-related mutagens/carcinogens in the etiology of
colorectal cancer. Environ Mol Mutagen. (2004) 44:44-55. doi: 10.1002/em.20030

31. Yang W, Li B, Dong X, Zhang XQ, Zeng Y, Zhou JL, et al. Is heme iron intake
associated with risk of coronary heart disease? a meta-analysis of prospective studies.
Eur J Nutr. (2014) 53:395-400. doi: 10.1007/s00394-013-0535-5

32. Hughes R, Cross AJ], Pollock JRA, Bingham S. Dose-dependent effect of
dietary meat on endogenous colonic N-nitrosation. Carcinogenesis. (2001) 22:199-
202. doi: 10.1093/carcin/22.1.199

33. Koeth RA, Wang Z, Levison BS, Buffa JA, Org E, Sheehy BT, et al. Intestinal
microbiota metabolism of I-carnitine, a nutrient in red meat, promotes atherosclerosis.
Nat Med. (2013) 19:576-85. doi: 10.1038/nm.3145

34. Choe J-H, Yang H-S, Lee S-H, Go G-W. Characteristics of pork belly
consumption in South Korea and their health implication. ] Anim Sci Technol. (2015)
57:22. doi: 10.1186/s40781-015-0057-1

35. Nagao M, Tsugane S. Cancer in Japan: Prevalence, prevention and the role
of heterocyclic amines in human carcinogenesis. Genes Environ. (2016) 38:1-
8. doi: 10.1186/541021-016-0043-y

36. Cross AJ, Ferrucci LM, Risch A, Graubard BI, Ward MH, Park Y, et al. A large
prospective study of meat consumption and colorectal cancer risk: an investigation
of potential mechanisms underlying this association. Cancer Res. (2010) 70:2406-
14. doi: 10.1158/0008-5472.CAN-09-3929

37. Sinha R, Park Y, Graubard BI, Leitzmann ME Hollenbeck A, Schatzkin A,
et al. Meat and meat-related compounds and risk of prostate cancer in a large
prospective cohort study in the United States. Am ] Epidemiol. (2009) 170:1165-
77. doi: 10.1093/aje/kwp280

38. Chiavarini M, Bertarelli G, Minelli L, Fabiani R. Dietary intake of meat cooking-
related mutagens (HCAs) and risk of colorectal adenoma and cancer: a systematic
review and meta-analysis. Nutrients. (2017) 9:514-36. doi: 10.3390/nu9050514

39. Le NT, Silva Michels FA, Song M, Zhang X, Bernstein AM, Giovannucci EL,
et al. A prospective analysis of meat mutagens and colorectal cancer in the nurses’
health study and health professionals follow-up study. Environ Health Perspect. (2016)
124:1529-36. doi: 10.1289/EHP238

40. Nguyen LC, Nguyen BT, Le NT. A prospective pooled analysis of meat mutagens
and colorectal adenoma and cancer in the US and EPIC studies: findings with an
emphasis on improving exposure measurements. Asian Pac ] of Cancer Prev. (2022)
23:2215-24. doi: 10.31557/APJCP.2022.23.7.2215

41. Micha R, Michas G, Lajous M, Mozaffarian D. Processing of meats and
cardiovascular risk: time to focus on preservatives. BMC Med. (2013) 11:1-
4. doi: 10.1186/1741-7015-11-136

42. Bingham SA, Hughes R, Cross AJ. Effect of white versus red meat on endogenous
N-nitrosation in the human colon and further evidence of a dose response. J Nutr.
(2002) 132:s3522-5. doi: 10.1093/jn/132.11.3522S

43. Joosen AM, Lecommandeur E, Kuhnle GG, Aspinall SM, Kap L,
Rodwell SA. Effect of dietary meat and fish on endogenous nitrosation,
inflammation and genotoxicity of faecal water. Mutagenesis. (2010) 25:243-7.
doi: 10.1093/mutage/gep070


https://doi.org/10.3389/fnut.2023.1138102
https://doi.org/10.1001/jamainternmed.2019.6969
https://doi.org/10.3390/nu13020676
https://doi.org/10.1017/S0007114521001252
https://doi.org/10.1093/ajcn/nqaa448
https://doi.org/10.1136/bmj.j1957
https://doi.org/10.1017/S000711451400124X
https://doi.org/10.1161/JAHA.119.015553
https://doi.org/10.3945/ajcn.113.062638
https://doi.org/10.1371/journal.pone.0244007
https://doi.org/10.1093/ajcn/71.1.44
https://doi.org/10.1016/j.meatsci.2010.04.026
https://doi.org/10.5713/ajas.2011.11368
https://doi.org/10.1038/sj.ejcn.1602657
https://doi.org/10.1371/journal.pone.0143303
https://doi.org/10.1539/joh.45.335
https://doi.org/10.7326/0003-4819-150-9-200905050-00006
https://doi.org/10.1111/j.1464-5491.2006.01858.x
https://doi.org/10.1161/circ.106.25.3143
https://doi.org/10.20892/j.issn.2095-3941.2021.0642
https://doi.org/10.1096/fasebj.30.1_supplement.681.5
https://doi.org/10.1017/S1368980015002062
https://doi.org/10.1093/aje/kwt261
https://doi.org/10.1016/S0278-6915(97)00159-2
https://doi.org/10.1002/em.20030
https://doi.org/10.1007/s00394-013-0535-5
https://doi.org/10.1093/carcin/22.1.199
https://doi.org/10.1038/nm.3145
https://doi.org/10.1186/s40781-015-0057-1
https://doi.org/10.1186/s41021-016-0043-y
https://doi.org/10.1158/0008-5472.CAN-09-3929
https://doi.org/10.1093/aje/kwp280
https://doi.org/10.3390/nu9050514
https://doi.org/10.1289/EHP238
https://doi.org/10.31557/APJCP.2022.23.7.2215
https://doi.org/10.1186/1741-7015-11-136
https://doi.org/10.1093/jn/132.11.3522S
https://doi.org/10.1093/mutage/gep070
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

	Total and cause-specific mortality associated with meat intake in a large cohort study in Korea
	1. Introduction
	2. Materials and methods
	2.1. The Health Examinees-Gem Study
	2.2. Measures
	2.2.1. Assessment of dietary intake
	2.2.2. Baseline covariates
	2.2.3. Ascertainment of mortality
	2.2.4. Statistical analysis


	3. Results
	4. Discussion
	5. Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Acknowledgments
	Conflict of interest
	Publisher's note
	Supplementary material
	References


