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Abstract

Purpose Few studies have evaluated the effects of processed red meat (PRM) consumption on chronic disease risk, espe-
cially among low average PRM consumption populations. This study examined association between PRM intake and type
2 diabetes mellitus (T2DM) and cardiovascular disease (CVD) incidences in Korea.

Methods Participants (n=10,030; aged 40—-69 years) were recruited from the Ansan—Ansung cohort study, a subset of Korean
Genome Epidemiology Study. Validated 103-item semi-quantitative food frequency questionnaire was used to assess dietary
information, at baseline (2001-2002) and at second follow-up (2005-2006). T2DM and CVD incidences were identified using
biennial questionnaire-based interview during a 10-year follow-up period. Cox proportional hazards regression analysis was
used to calculate multivariable-adjusted hazard ratios (HRs) and 95% confidence intervals (CIs).

Results Over the 10-year follow-up period, 668 and 493 incident cases of T2DM (62,130 person-years) and CVD (63,150
person-years), respectively, were documented. In crude models, comparing the highest and lowest levels of PRM intake, no
significant association occurred with incident T2DM [HR, 95% CI (0.94, 0.76—1.17)], while significant association occurred
with incident CVD (0.67, 0.51-0.88). However, in adjusted models, this association was no longer significant, showing HRs
(95% CI) of PRM intake for T2DM and CVD of 1.07 (0.85-1.35) and 1.14 (0.85-1.55), respectively.

Conclusions PRM intake did not affect T2DM and CVD incidences among Korean middle-aged adults, although extremely
low average consumption of PRM may explain the finding. Therefore, limiting PRM intake may not be a top priority for the
prevention of chronic diseases in Korean population.
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Introduction

Type 2 diabetes mellitus (T2DM) and cardiovascular dis-
eases (CVD) are the leading causes of mortality world-
wide. According to the World Health Organization (WHO),
Electronic Supplementary material The online version of this 17.7 million people died from CVD in 2015’ accounting for
article (https://dot.org/10.1007/500394-018-1799-6) contains approximately 31% of all deaths worldwide [1]. In addition,
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such as obesity, hypertension, and hypercholesterinemia [5],
that could eventually develop into DM or CVD.

Recent research suggests that processed red meat (PRM)
consumption is clearly associated with increased chronic
disease risk, while the health effects of unprocessed red
meat consumption remain unclear [6—11]. Recent meta-
analysis showed that PRM intake increased the relative risk
of coronary heart disease (CHD) [9-11] and T2DM [11],
whereas unprocessed red meat intake seemed to increase the
risk of T2DM [11], and the association with CHD incidence
seemed inconsistent [9—11].

According to the KNHANES 2007-2009, average indi-
vidual consumption of unprocessed red meat in Korea was
60 g/day [12], lower than that in the USA or European
countries (USA, 78 g/day; UK, 85 g/day; Denmark, 134 g/
day) [13, 14], but similar to China (66 g/day) [15]. Aver-
age PRM consumption among Koreans (5.9-7.2 g/day) was
much lower than unprocessed red meat consumption, and
substantially lower than the average PRM consumption in
other countries (range: 21.4-33.2 g/day) [13, 16, 17].

Recently, WHO designated PRM as a group 1 carcino-
gen [18]. Thus, a number of dietary guidelines that restrict
PRM intake to prevent chronic diseases in adults have been
published [18-21]. Further, the Ministry of Food and Drug
Safety of South Korea has declared the necessity of such
dietary guidelines for Koreans [17]. However, few studies
have examined the association between PRM intake and
chronic diseases in Koreans, and the study results or guide-
lines from other countries where people consume relatively
high levels of PRM should not direct the development of
dietary guidelines for Koreans.

Therefore, this study was conducted to evaluate PRM
intake levels in Korean adults, and to investigate the pro-
spective association between PRM intake levels and inci-
dence of T2DM and CVD.

Methods
Study population

The Korean Genome Epidemiology Study (KoGES) was
conducted to examine and identify genetic and environmen-
tal factors related to the incidence of chronic diseases, such
as hypertension, T2DM, CVD, and cancer, among Kore-
ans [22]. The Ansan—Ansung cohort is a community-based
ongoing prospective cohort study that is one of six cohorts
in the KoGES. Details regarding these data were described
previously [23]. Briefly, men and women aged 40—69 years
old in Ansan (urban) and Ansung (rural) areas in South
Korea were recruited using two-stage cluster sampling
based on geographic and demographic information. A total
of 4758 men and 5272 women participated in the baseline
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examination (2001-2002), and data on demographics, life-
style, dietary habits, and medical history were collected
using a questionnaire-based interview. In addition, health
professionals trained with standardized protocols performed
comprehensive physical examination. Follow-up examina-
tions were repeated biennially, and 10-year follow-up data
were analyzed.

Participants with a history of T2DM, CVD, or cancer
at baseline were excluded from this analysis. In addition,
those with implausible levels of energy intake (<500 or
> 5000 kcal/day) [24] or no information on PRM intake were
excluded. Finally, a total of 8618 participants (86%) were
included in the analysis (Fig. 1).

The present study was approved by the Institutional
Review Board (IRB) of the Korea Centers for Disease
Control and Prevention (IRB number: KU-IRB-15-EX-
256-A-1). Written informed consent was obtained from all

10,030 participants
recruited at baseline

1,132 participants
having history of
cancer, T2DM, and
CVD were excluded

8,898 participants

156 participants
having implausible
energy intake (<500
kcal/day or >5000
kcal/day) were
excluded

8,742 participants

124 participants
having missing data of
PRM intake were
excluded

8,618 participants
included in the
analysis

Fig. 1 Flow chart of the participants in the study. 72DM type 2 dia-
betes mellitus, CVD cardiovascular diseases, PRM processed meat
intake
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participants. The research procedure for the second analysis
was approved by the Yeungnam University (IRB number:
7002016-E-2016-003).

Assessment of dietary intake

Dietary intake was assessed using a 103-item Semi-Quanti-
tative Food Frequency Questionnaire (SQFFQ) with proven
validity and reproducibility using 12-day dietary records
[25], and dietary data were collected at baseline (2001-2002)
and at the second follow-up period (2005-2006). The aver-
age servings of food intake (servings/week) were calculated
by multiplying intake frequency per week by one of the serv-
ing size options, such as 0.5 for smaller than, 1 for equal
to, or 1.5 for larger than a standard serving size [26]. One
standard serving portion of PRM was set to 50 g, which
corresponds to five Vienna sausages or one piece of ham,
in the SQFFQ. Weekly amounts of PRM consumption (g)
were calculated using the weekly frequency intake and cor-
responding serving size of PRM. Missing values for dietary
data at the second follow-up period were imputed with retest
values (baseline data) [27].

In order to estimate the total intake levels of fruits and
vegetables, we included all fruit and vegetable items listed
on SQFFQ in this cohort study, except salted vegetables. The
total fruit intake level was calculated by summating the over-
all weekly servings of 11 types of fruits, including strawber-
ries, persimmons, mandarins, oranges, muskmelon/melons,
watermelons, pears, apples, bananas, peaches/plums, and
grapes. Similarly, the total vegetable intake level was calcu-
lated by summating the overall weekly servings of 19 types
of vegetables. These include green peppers, pepper leaves/
chamnamuls/seasoned asters, spinaches, lettuces, perilla
leaves, crown daisies/leeks/water dropworts, deoducks/
dorajis (kinds of balloon flower roots), onions, Chinese
cabbages, cucumbers, soybean sprouts/mung bean sprouts,
carrots, pumpkins, zucchinis, brackens/sweet potato stems/
taro stems, tomatoes, other vegetables, oyster mushrooms,
and other mushrooms. The daily nutrient intake levels were
calculated using the food composition database created by
the Rural Development Administration of Korea [28].

Ascertainment of T2DM and CVD

The identifications of T2DM and CVD were according to
self-reported answers to the biennial questionnaires, and
all reported cases were confirmed by trained staff during
personal interviews. The incidence of T2DM was defined
as at least one positive response to T2DM-related question-
naire items, including diagnosis by a physician, current treat-
ment, or use of insulin or oral medication for T2DM. The
incidence of CVD (included myocardial infarction, angina,
and stroke) was defined as at least one positive response to

CVD-related questionnaire items, including diagnosis by a
physician, treatment, or use of medications.

Assessment of demographic, lifestyle,
and health-related information

Educational level was categorized into four groups: ele-
mentary school graduation or less, middle school gradu-
ation, high school graduation, and college graduation
or higher. Monthly household income was also classi-
fied into four groups: < 1,000,000; 1,000,000-1,999,999;
2,000,000-3,999,999; and > 4,000,000 Korean republic
won (KRW). Current drinking status and daily alcohol
intake were estimated. Current smoking status was classified
into current smoker and non-smoker. Cumulative smoking
amount (pack-year) was calculated by multiplying the num-
ber of total smoking years by the number of packs after con-
verting the daily mean number of cigarettes smoked to pack
units. To calculate physical activity level, metabolic equiva-
lent tasks (METs) were calculated [29], and physical activity
level was then divided into low (<20 METs-h/week), mod-
erate (20-39 METs-h/week), and high (>40 METs-h/week).
Anthropometric measurements, such as height, body weight,
and waist circumference, were obtained through a standard-
ized procedure by trained experts. Body mass index (BMI)
was categorized into underweight (< 18.5 kg/m?), normal
weight (18.5-22.9 kg/m?), overweight (23-24.9 kg/m?), and
obese (>25 kg/m?) according to BMI cut-offs for Asians by
the WHO [30]. Systolic and diastolic blood pressures were
repeatedly measured using a mercury sphygmomanometer
in a sitting position after at least 5 min of rest. The average
value of two blood pressure readings was used for analysis.
A fasting blood sample was drawn and collected in ethylen-
ediaminetetraacetic acid (EDTA)-containing tubes. Fasting
blood glucose, triglycerides, and high-density lipoprotein
cholesterol were measured at the Seoul Clinical Laboratories
(Seoul, Korea). Methodological information on biochemical
assays has been described in a previous study [23].

Statistical analysis

Approximately 68% of participants (n=5845) reported that
they never consumed PRM. The participants were divided
into three groups based on PRM intake distribution: 0 g/
week (67.8%), 0.1-11.5 g/week (16.8%), and > 11.5 g/
week (15.4%). The energy-adjusted mean levels of food
and nutrient intake and the age- and sex-adjusted mean val-
ues of health indicators, such as waist circumference, fast-
ing blood glucose, and serum lipid levels, were calculated
using the standard multivariate method. For the incidence
of T2DM and CVD according to PRM intake, hazard ratios
(HR) and 95% confidence intervals (CI) were calculated
using Cox proportional hazards regression models. To
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determine potential confounding factors, related literature
was reviewed [31, 32], and the preliminary analysis was
performed. Based on this information, we evaluated three
covariate models. Model 1 was adjusted for age, sex, edu-
cational level, monthly household income, and residential
area. Model 2 was adjusted for model 1, and additionally
adjusted for smoking, physical activity, BMI, alcohol intake,
energy intake, consumption levels of dietary fat, crude fiber,
sodium, and fruit and vegetable. Model 3 was adjusted for
model 2, and additionally adjusted for current use of anti-
hypertensive and antihyperlipidemic medications. To test
the linear trend (P for trend) of the association, the median
value of each PRM intake group was used as a continuous
variable. In addition, stratified analysis was performed for
variables that could affect the relationship between PRM
intake and T2DM and CVD, and P for interaction was cal-
culated using a multiplicative term in the regression analy-
sis model. Kaplan—Meier technique was used to construct
survival curves, and unadjusted survival rates from incident
T2DM and CVD were calculated. Statistical analyses were
performed using Statistical Analysis System version 9.4
(SAS Institute, Cary, NC, USA). P values were subjected to
two-sided testing, and statistical significance was determined
based on a=0.05.

Results
Study characteristics by levels of PRM intake

General baseline characteristics of the cohorts by PRM
intake levels are presented in Table 1. Approximately 67.8%
of participants rarely consumed PRM. Study participants
were middle-aged, with 53.1, 49.6, and 48.0 years in age, in
the lowest, mid, and highest groups of PRM intakes, respec-
tively. The proportion of overweight and obese participants
were almost two-thirds of all participants, including 41.3%,
43.4%, and 44.4% of obese participants in the lowest, mid,
and highest groups of PRM intakes, respectively. Approxi-
mately, half of participants were current alcohol drink-
ers (46.2%, 51.3%, and 53.7% in the lowest, mid, highest
groups of PRM intake, respectively) and less than a third of
the participants were current smokers (25.4%, 26.9%, and
27.9% in the lowest, mid, highest groups of PRM intake,
respectively).

Association between PRM intake and incident T2DM
and CVD

Participants in the Ansan—Ansung cohort who partici-
pated at the baseline examination were followed up for 10
years; 7.8% (n=668) and 5.7% (n=493) of these partici-
pants had T2DM (62,130 person-years) and CVD (63,150
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person-years), respectively. In a multivariable Cox propor-
tional hazard regression model, there were no significant
associations between PRM intake and incidence of T2DM in
any model. Higher intake of PRM reduced the incidence of
CVD in the crude model (P for trend =0.01); however, this
trend did not persist in the fully adjusted models (Table 2).

Even in a further stratified analysis by age, sex, alcohol
intake, smoking status, residential area (rural/urban), antihy-
pertensive medication use, and dietary intake (fruit, vegeta-
ble, fat, crude fiber, and sodium); intake of PRM was statis-
tically associated with neither T2DM nor CVD risk in this
population (Online Resource 1). The Kaplan—Meier plots
showed that 10-year overall survival rates of T2DM with 0,
>0and <11.5, and > 11.5 g/week of PRM were 89.7, 90.7,
and 90.5%, respectively (P=0.6). The 10-year survival rates
of CVD with 0, >0 and <11.5, and > 11.5 g/week of PRM
were 91.7, 93.5, and 94.1%, respectively (P=0.01, Online
Resource 2).

Discussion

To investigate the effects of PRM intake on the incidence of
CVD and T2DM, we analyzed data from a 10-year follow-
up cohort comprising 8618 participants aged 40-69 years in
Ansan and Ansung areas in South Korea. Only 32% of par-
ticipants consumed PRM, and their mean intake was 8.8 g/
week. PRM intake had no significant effects on the incidence
of T2DM and CVD at this mean intake level.

A similar result from a cross-sectional analysis in a Japa-
nese cohort study showed that PRM intake was not associ-
ated with T2DM risk [33]. In contrast, a number of cohort
studies in the USA and Europe reported that higher intake
of PRM led to an increased risk of developing T2DM [14,
34, 35] and CVD, as well as subsequent mortality [16, 36].
Similarly, a Chinese cohort study showed PRM intake raised
the risk of T2DM [37]. Furthermore, recent meta-analyses
presented that there was a 32% and 15% increase in the inci-
dence of T2DM and the risk of CVD mortality per 50 g of
PRM intake, respectively [10, 38]. In addition, the highest
PRM intake group had 51% and 17% higher risks of these
diseases compared to the lowest intake group [14, 39].

In previously published literature, higher PRM intake
showed a stronger association with an increased risk of
T2DM or CVD, while there were inconsistent results regard-
ing unprocessed red meat [11]. This may be attributable to
food ingredients or additives in PRM. For example, PRM
contained >400% more sodium and > 50% more nitrates per
gram than unprocessed red meat [11]. High sodium intake
altered renal vascular and adrenal responses to angiotensin-
II, and subsequently led to increased blood pressure [40].
Nitrates and nitrites, mostly used as preservatives in PRM,
have also been reported to cause intravascular oxidative
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Table 1 Baseline characteristics
by categories of PRM intake in
Korean adults

PRM intake levels

Range (median), g/week

No. of participants, n (%)

Age, years

Sex: women, n (%)

BMI, n (%)
Underweight: < 18.5 kg/m?
Normal: 18.5-22.9 kg/m?
Overweight: 23-24.9 kg/m?
Obese: > 25 kg/m?

Metabolic biomarkers®
Fasting blood glucose, mg/dL
Systolic blood pressure, mmHg
Diastolic blood pressure, mmHg
Waist circumference, cm
Triglyceride, mg/dL
HDL-cholesterol, mg/dL.

Residential area: urban, n (%)

Education level, n (%)
Elementary school graduation or less
Middle school graduation
High school graduation
College graduation or higher

Monthly household income, n (%)
< 1,000,000 KRW
1,000,000-1,999,999 KRW
2,000,000-3,999,999 KRW
>4,000,000 KRW

Current drinkers: yes, n (%)

Alcohol intake, g/day

Current smokers: yes, n (%)

Cumulative smoking amount, pack-year

Physical activity level, n (%)
Low: <20 METs-h/week
Moderate: 20-39 METs-h/week
High: >40 METs-h/week

Antihypertensive medication use: yes, n (%)

Antihyperlipidemic medication use: yes, n (%)

Fruit intake, servings/week®
Vegetable intake, servings/week”
Daily nutrient intakes

Energy, kcal/day

Fat®, g/day

Crude fiber®, g/day

Sodium®, mg/day

0 (0.0)
5845 (67.8)
53.1+0.1

3173 (54.3)

131 (2.2)
1760 (30.1)
1539 (26.4)
2411 (41.3)

85.3+0.2
117.1+£0.2
75.0+0.2
82.2+0.1
159.9+1.3
44.8+0.1
3030 (51.8)

2214 (38.1)
1382 (23.8)
1628 (28.0)
588 (10.1)

2268 (39.4)
1680 (29.2)
1440 (25.0)
368 (6.4)
2683 (46.2)
9.5+0.3
1472 (25.4)
93+0.2

3364 (59.3)
924 (16.3)
1382 (24.4)
589 (10.1)
19 (0.3)
17.5+0.2
22.9+0.1

17427
27.6+0.1
6.3+0.03
2906.7+17.9

<11.5(6.0)
1444 (16.8)
49.6+0.2
715 (49.5)

20 (1.4)
439 (30.4)
359 (24.9)
626 (43.4)

85.0+0.4
117.1+04
752+0.3
82.5+0.2
162.6+2.6
45.0+0.3
650 (45.0)

337 (23.5)
339 (23.6)
501 (34.9)
259 (18.0)

371 (26.0)
437 (30.7)
495 (34.7)
122 (8.6)

738 (51.3)
105+0.6
385 (26.9)
8.7+0.4

900 (64.2)
252 (18.0)
249 (17.8)
119 (8.2)
5(0.4)
17.7+0.4
22.1+0.4

1848 +15
29.0+£0.3
5.9+0.06
2708.6£35.8

>11.5(37.5)
1329 (15.4)
48.0+0.2
630 (47.4)

17 (1.3)

363 (27.3)
359 (27.0)
590 (44.4)

86.2+0.4
116.2+0.5
74.6+0.3
83.0+0.2
155.1+£2.8
45.1+0.3
498 (37.5)

221 (16.7)
263 (19.9)
530 (40.1)
308 (23.3)

265 (20.1)
393 (29.8)
501 (38.0)
158 (12.0)
711 (53.7)
9.6+0.6

367 (27.9)
92404

897 (69.6)
226 (17.5)
166 (12.9)
87 (6.6)
2(0.2)
17.8+0.4
237404

2072+15
32.7+£0.3
5.7+0.06
2713.1+£37.9

The data are expressed as mean + standard error or n (%)

PRM processed red meat, BMI body mass index, HDL high-density lipoprotein, KRW Korea republic won,

METs metabolic equivalent tasks

*Values were adjusted for age and sex

®Values were adjusted for energy intake using the standard multivariate model
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Table 2 Risk of T2DM and CVD by categories of PRM intake in Korean adults

Incidence Processed meat intake N Person-years Case, n (%) Hazard ratio (95% confidence interval)
Categories Range, g/week Crude Model 1* Model 2° Model 3¢
T2DM 1 0 5845 41,075 454 (7.8)  Reference Reference Reference Reference
2 <115 1444 11,126 111 (7.7) 091 (0.74- 1.01 (0.82- 1.00 (0.81- 1.00 (0.80-1.24)
1.12) 1.24) 1.25)
3 >11.5% 1329 9929 103 (7.8)  0.94 (0.76— 1.07 (0.86— 1.05 (0.84— 1.07 (0.85-1.35)
1.17) 1.34) 1.33)
P for trend 0.61 0.49 0.66 0.54
CVD 1 0 5845 41,618 357 (6.1) Reference Reference Reference Reference
2 <115 1444 11,337 77(5.3)  0.79 (0.61- 0.97 (0.75- 0.97 (0.75- 0.98 (0.75-1.27)
1.01) 1.26) 1.27)
3 >11.5% 1329 10,195 59 (4.4) 0.67(0.51- 1.08 (0.81- 1.12 (0.83- 1.14 (0.85-1.55)
0.88) 1.43) 1.51)
P for trend 0.01 0.51 0.41 0.33

PRM processed red meat, HR hazard ratio, CI confidence interval, 72DM type 2 diabetes mellitus, CVD cardiovascular diseases

#Model 1: adjusted for age, sex, educational level, monthly household income, and residential area

"Model 2: model 1 plus additionally adjusted for smoking, physical activity, BMI, alcohol intake, energy intake, consumption levels of dietary

fat, crude fiber, sodium, and fruit and vegetable

“Model 3: model 2 plus additionally adjusted for current use of antihypertensive and antihyperlipidemic medication

damage and to lead to vascular disorders [41, 42]. Although
these potential mechanisms provide an explanation for the
elevated incidence of T2DM and CVD, further studies
should be conducted.

Though the results of this study were not consistent
with those of previous studies [9, 35], it does not indi-
cate that PRM intake is harmless. Instead, the results may
be explained by the extremely low intake of PRM in this
Korean population [43]. In Japanese population whose
PRM intake level is similar with those in our study, PRM
intake was not associated with incident T2DM [33], rather,
in another study, an inverse association was observed, show-
ing that the higher category of PRM intake was associated
with decreasing mortality from ischemic heart disease in
men [7]. In general, the association between nutritional
intake and disease risk shows a nonlinear U shape [43].
The range of PRM intake related to the increasing risk of
T2DM and CVD were 2- to 10-fold higher in previous stud-
ies (10.5-56.2 g/day) than in this study (<5.4 g/day) [14,
44]. Thus, the amount of PRM consumed in this study seems
to be too low to have an impact on disease risk. In fact,
according to the results of KNHANES 2010-2013, the mean
intake of PRM among Koreans was 6.0 g/day [17], which
corresponds to approximately 1/5 of the mean daily intake
in the US (28.2 g) [45]. In addition, PRM intake varied con-
siderably by age. According to KNHANES 2013, the mean
intake of PRM was 14.9 g/day in individuals 10-20 years
of age, and substantially decreased to 7.1 and <2.0 g/day in
individuals in their 40 and 50 s, respectively [17]. In younger
generations, PRM consumption increased due to westernized
dietary habits [46], and frequent dining out [47], whereas
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these changes appeared to have less effect on the dietary
habits of middle-aged adults. This may be due to the fact
that dietary habits are usually formed at a young age and
maintained throughout the lifespan [48].

To the best of our knowledge, this is the first study that
investigated the prospective association of PRM with the
incidence of T2DM and CVD among Koreans. Nevertheless,
a few limitations were observed. First, although we adjusted
for multiple potential confounding factors, there might be
residual confounding due to the characteristics of an obser-
vational study. Second, the range for the highest PRM intake
group was wide in this study population, consisted mainly of
middle-aged adults. PRM intake varies considerably by age
group, thus the findings of this study cannot be generalized
to all age groups. Thus, this finding should be confirmed
through future investigation with a long-term follow-up
cohort study encompassing various age groups.

Conclusions

PRM intake did not affect the development of T2DM and
CVD among Korean middle-aged adults. The current
intake level of PRM is substantially low to induce the risk
of chronic diseases in this population. Therefore, limiting
PRM intake may not be a top priority when establishing
dietary guidelines for the prevention of chronic diseases in
the Korean population.
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