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Abstract

Introduction: Red meat overconsumption is an unhealthy behavior, while its
attributed burden and epidemiological pattern remain unclear. This study
aimed to describe the status and trend of how the diet high in red meat
burdens the world.

Material and methods: We accessed the data of summary exposure values
(SEVs), deaths, and disability-adjusted life years (DALYs) with their age-stan-
dardized rates in each country from the Global Burden of Disease (GBD)
Collaborative Network from 1990 to 2019. We calculated estimated annual
percentage changes (EAPCs) to evaluate the trends of the disease burden.
Results: The age-standardized SEV rates increased in most of the 21 GBD
regions, mainly in the low-middle and middle socio-demographic index (SDI)
quantiles from 1990 to 2019, while East Asia increased the most rapidly. In
2019, a diet high in red meat was responsible for 0.9 million (95% uncertain-
ty interval (Ul) 0.5 to 1.3 million) deaths and 23.9 million (95% Ul 15.6 to
32.0 million) DALYs worldwide. From 1990 to 2019, the total deaths and DA-
LYs attributable to a diet high in red meat increased by over 50%. However,
the age-standardized death and DALY rates decreased by 30.3% and 23.5%,
respectively, during the study period. The age-standardized death and DALY
rates in the middle SDI regions surpassed those in the high SDI regions from
2002. Ischemic heart disease, diabetes mellitus, and colorectal cancer were
the main causes of diet high in red meat-related deaths and DALYs.
Conclusions: Increasing consumption of red meat remains a global chal-
lenge, especially in the low-middle and middle SDI countries.

Key words: epidemiology, burden, DALY, death, red meat.

Introduction

Red meat, in contrast to white meat (including poultry and fishes),
is of mammalian origin and includes beef, pork, lamb, and goat [1]. For
centuries, red meat has been an important source of dietary protein for
human beings. It was scarce until modern techniques for the livestock
industry facilitated increasing consumption of red meat in all economic
classes among most countries [2]. On a global scale, meat consumption
per capita has increased by nearly 20 kg since 1961, and the average
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meat intake reached 43 kg in 2014 while red and
processed meat contributed to approximately
two-thirds of meat consumption (about 540 g/
week of red and processed meat) [3].

Accumulated evidence suggests that a diet
high in red meat rather than white meat is linked
to a series of health problems [4-6], including in-
creased risks of cancer, type 2 diabetes, ischemic
heart disease, and early death [3, 7-14]. The red
meat-related health consequences cost an es-
timated 285 billion U.S. dollars globally in 2020,
which accounted for 0.3% of the whole health ex-
penditure estimated for that year [15]. In 2015,
the International Agency for Research on Cancer
(IARC) of the World Health Organization (WHO) la-
beled red meat as a Group 2A carcinogen, meaning
an agent that probably causes cancer in humans
[16]. Recent guidelines recommend a restricted
daily intake of red meat in the general population
[17]. Moreover, the overdeveloped livestock in-
dustry meeting the increasing need for red meat
may contribute to greenhouse gas emissions with
a potential environmental impact [18].

With both positive and negative health, eco-
nomic, social, and environmental impacts from
red meat consumption, the literature knows little
about the exposure strength or burden that may
be attributed to a diet high in red meat. Such un-
certainty makes it a controversial topic how health
policymakers and stakeholders can respond to the
increasing consumption of red meat in the aspect
of public health. Based on the 2019 Global Burden
Disease (GBD) data [19], the current study evalu-
ates the worldwide health burden attributable to
a diet high in red meat in 204 countries and terri-
tories to facilitate understanding how daily intake
of red meat impacts global health.

Material and methods
Data source

Data on the burden attributable to a diet high
in red meat, including deaths, disability-adjusted
life of years (DALYs), summary exposure value
(SEV) and their respective age-standardized rates
(ASRs) in 21 regions and 204 countries from 1990
to 2019, were obtained from the Global Burden
of Disease Collaborative Network [20]. Detailed
methods used for the GBD 2019 have been de-
scribed elsewhere [19]. Since the current study
was based on the GBD database using de-iden-
tified and aggregated data, the requirement of
informed consent was reviewed and waived by
the University of Washington institutional review
board [19]. This study adhered to the Guidelines
for Accurate and Transparent Health Estimates
Reporting (GATHER), and the checklist is attached
(Supplementary Material 1) [21].

Definitions

Diet high in red meat was defined as mean dai-
ly red meat (beef, pork, lamb, and goat, but not
poultry, fish, eggs, and all processed meats) intake
more than the optional level of 23 g (18-27) per
day [1]. Detailed information about the inclusion
and exclusion criteria was described previous-
ly [19]. Deaths and DALYs related to diet high in
red meat were retrieved by age, sex, regions, and
countries/territories from 1990 to 2019. The age
and sociodemographic index (SDI) stratifications
along with other definitions are summarized in
Supplementary Material 2.

Statistical analysis

All estimates were reported as absolute num-
bers, ASRs per 100,000 person-years and percent-
age changes. Estimated annual percentage chang-
es (EAPCs) with 95% uncertainty intervals (Ul)
were used to estimate the changing patterns of
age-standardized death, DALY, and SEV rates (Sup-
plementary Material 2). The association between
the SDI and ASRs of DALY, death, and SEV for
30 years was investigated with a non-linear re-
gression model via the locally estimated scat-
terplot smoothing (LOESS) method. A two-sided
p-value < 0.05 or the 95% Ul not crossing O sug-
gests statistical significance. All statistical analy-
ses were conducted by R software (Version 4.0.3).

Results

Summary exposure values of diet high in
red meat worldwide

As shown in Table |, the age-standardized SEV
rate attributable to a diet high in red meat in-
creased by 8.5% (95% Ul: 4.3% to 14.5%) globally,
from 40.5 (95% Ul: 33.7 to 47.1) in 1990 to 43.9
(95% Ul: 38.0t0 49.6) in 2019. In 2019, the region
with the highest age-standardized SEV rate was
Australasia, followed by Southern Latin America
and Tropical Latin America (age-standardized SEV
rate: 98.5, 91.3 and 86.5, respectively). From 1990
to 2019, the age-standardized SEV rates increased
in most of the 21 GBD regions (including East Asia
and Southeast Asia) except for four — Eastern
Europe, Oceania, Western Europe and High-in-
come North America — with EAPCs of SEV being
—-1.0%, —0.5%, —0.2% and —0.1%, respectively. The
age-standardized SEV rate increased most rapid-
ly in East Asia, followed by Southeast Asia and
High-income Asia Pacific, with EAPCs of SEV being
1.9%, 1.4% and 1.2%, respectively. At the country/
territory level, the age-standardized SEV rate in-
creased the most rapidly in Myanmar, followed by
Maldives and Viet Nam with EAPCs of SEV being
3.1%, 2.4% and 2.3%, respectively (Figures 1 A-C).
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Table I. Age-standardized summary exposure values for diet high in red meat in different geographic regions, with
percentage change and EAPC from 1990 to 2019

Characteristics

1990 age-stan-

(95% UI)

2019 age-stan-

dardized SEV rate dardized SEV rate

(95% U1)

(95% UI)

1990-2019 EAPC %

Percentage change in
age-standardized SEV
rates,
1990-2019

Overall

40.5 (33.7,47.1)

43.9 (38.0, 49.6)

0.3% (0.3%, 0.3%

)

8.5% (4.3%, 14.5%)

Sex:

Female

41.1 (34.3, 47.5)

43.9 (37.9, 49.6)

0.2% (0.2%, 0.2%

)

7.0% (1.9%, 13.5%)

Male

39.8 (33.1, 46.7)

44.0 (38.2, 49.5)

0.3% (0.3%, 0.4%

)

10.3% (4.8%, 17.7%)

Socio-demographic index:

High SDI 69.6 (63.4,75.1) 69.1(62.6,75.0) 0.0% (-0.1%, 0.0%) -0.7% (-2.9%, 1.3%)
High-middle SDI 54.5 (46.5,62.1) 61.9(55.0,67.9)  0.5% (0.5%, 0.5%) 13.5% (7.9%, 21.3%)
Middle SDI 28.1(20.5,36.0) 38.2 (31.5,44.6) 1.0% (0.9%, 1.1%)  35.9% (22.6%, 59.1%)
Low-middle SDI 15.3(11.1,19.9) 20.6 (16.3,25.2)  1.0% (0.9%, 1.1%) 34.7% (26.3%, 47.6%)
Low SDI 15.4 (9.8,20.8)  16.3(10.6,22.0) 0.2% (0.2%, 0.2%) 5.8% (3.4%, 9.0%)
Geographic regions:
Andean Latin America 26.2 (17.8,34.4) 34.3(25.7,43.2)  0.9% (0.9%, 1.0%) 31.2% (21.7%, 48.6%)
Australasia 99.2 (98.8,99.6) 98.5(97.5,99.3)  0.0% (0.0%, 0.0%) —0.7% (-1.6%, 0.0%)
Caribbean 27.5(18.5,36.2) 28.4(19.5,37.5)  0.1% (0.1%, 0.1%) 3.5% (-0.1%, 8.6%)
Central Asia 55.4 (47.2,63.2) 58.7(50.7,66.4)  0.2% (0.0%, 0.3%) 6.0% (2.7%, 9.8%)
Central Europe 59.4 (50.5,67.5) 69.0(61.1,75.9)  0.5% (0.5%, 0.5%) 16.1% (11.3%, 22.6%)
Central Latin America 41.5(31.9,51.1) 44.8(35.2,54.1) 0.2% (0.2%, 0.3%) 7.8% (3.5%, 14.4%)

Central Sub-Saharan
Africa

14.9 (9.8, 20.1)

14.7 (9.9, 19.4)

0.0% (<0.1%, 0.0%)

~1.5% (-5.7%, 4.5%)

East Asia

40.2 (29.6, 50.7)

70.0 (61.3,77.3)

1.9% (1.8%, 1.9%

)

74.1% (46.6%, 120.3%)

Eastern Europe

69.6 (61.8,76.6)

53.5 (43.7, 62.4)

-1.0% (~1.1%, —0.9%)

-23.2% (-30.7%, —17.0%)

Eastern Sub-Saharan
Africa

17.9 (11.1, 24.7)

18.8 (11.6, 25.9)

0.1% (0.1%, 0.2%

)

4.7% (0.2%, 9.2%)

High-income Asia Pacific

31.5(21.5, 41.2)

45.7 (36.7, 54.1)

1.2% (1.1%, 1.3%,

)

45.1% (29.0%, 76.1%)

High-income North
America

80.1 (74.0, 85.5)

77.3 (70.0, 83.3)

-0.1% (-0.1%, —0.1%)

-3.5% (-8.0%, 0.8%)

North Africa and Middle
East

23.7 (15.2, 32.0)

23.6 (15.1, 31.8)

0.0% (-0.1%, 0.1%)

-0.4% (-2.6%, 1.7%)

Oceania 33.7 (24.0,44.2) 29.8(20.3,39.5) —0.5% (-0.5%, —0.4%) —11.7% (-22.3%, —2.9%)
South Asia 7.4 (4.9,10.3) 8(5.1,10.8)  0.1% (0.1%, 0.2%) 4.5% (0.3%, 8.6%)
Southeast Asia 15.3(9.3,21.3)  23.6 (16.6,30.6)  1.4% (1.3%, 1.5%)  53.7% (37.6%, 82.7%)
Southern Latin America  85.8 (82.6,88.9) 91.3 (87.8,94.2)  0.2% (0.2%, 0.2%) 6.3% (3.8%, 9.0%)
Southern Sub-Saharan  38.5 (28.9,48.2) 43.5(33.3,53.1)  0.4% (0.4%, 0.4%) 12.8% (6.1%, 22.8%)

Africa

Tropical Latin America

54.7 (44.8, 63.8)

86.5 (81.2,90.7)

1.2% (0.8%, 1.5%

)

58.1% (40.6%, 86.5%)

Western Europe

82.5 (77.6, 87.0)

78.7 (73.0, 84.0)

-0.2% (~0.2%, —0.2%)

~4.6% (~6.8%, —2.8%)

Western Sub-Saharan
Africa

17.4 (10.8, 24.1)

19.3 (12.0, 26.5)

0.3% (0.3%, 0.4%

)

10.8% (7.3%, 15.1%)

EAPC — estimated annual percentage change, SDI — socio-demographic index, SEV — summary exposure value, Ul —

Deaths and DALY attributable to diet high

in red meat

uncertainty interval.

global absolute numbers of deaths and DALYs at-
tributable to a diet high in red meat increased by

over 50%. In 2019, a diet high in red meat was

Table 1l shows the overall and sex-specif-
ic trends of global deaths attributable to a diet
high in red meat from 1990 to 2019, and Table IlI
shows those of global DALYs. Over the 30 years,

responsible for 0.9 million (95% UlI: 0.5 to 1.3 mil-
lion) deaths and 23.9 million (95% Ul: 15.6 to 32.0
million) DALYs globally. Nevertheless, the world-
wide age-standardized death rates and age-stan-
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Figure 1. Age-standardized SEV rates of red meat in 2019, and the EAPC of age-standardized SEV rates from 1990
to 2019 in 204 countries and territories. A — Age-standardized SEV rates of red meat in 2019; B — EAPC of age-stan-
dardized SEV rates from 1990 to 2019; C — Age-standardized SEV rates of red meat across 21 GBD regions for both

sexes from 1990 to 2019

ASR — age-standardized rate, EAPC — estimated annual percentage change, NA — not available, SEV — summary exposure value.

dardized DALY rates attributable to a diet high in
red meat decreased by 30.3% (95% Ul: -35.8% to
—-22.8%) and 23.5% (95% Ul: —=30.0% to —13.3%),
respectively (Figures 2 A-D). Among the GBD level
2 risk factors, diet high in red meat ranked higher
for DALY in 2019 (23" place) than it did in 1990
(27™). It ranked stably in the 20* place for death
from 1990 to 2019. Also, diet high in red meat
ranked 5% in the GBD dietary risk factors for at-
tributable DALYs in 1990 and 2019 [22].

Figures 3 A and B suggest that the age-specif-
ic rates of death and DALY attributable to a diet
high in red meat increased over age. Death and
DALY rates were higher in males than in females
among all age groups. Absolute death numbers
peaked in the age group > 80 years in both sexes.
The DALY numbers peaked at the 60-64 age group
in males, whereas it peaked in the age group > 80

years in females. Decreasing trends were detected
in age-standardized death and DALY rates’ EAPCs
for males and females (death: —1.1% and —1.7%;
DALY: —0.8% and -1.3%, respectively) (Tables I
and I1l). Age-specific absolute deaths and DALYs
along with corresponding rates in different SDI
levels are shown in Supplementary Figures 1 A-.

Among the 21 regions, East Asia showed the
highest numbers of deaths (0.1 million in 1990
and 0.3 million in 2019) and DALYs (3.6 million
in 1990 and 9.0 million in 2019) attributable to
a diet high in red meat, followed by Western Eu-
rope, East Europe and High-income North Ameri-
ca. The region with the highest age-standardized
death and DALY rates changed from Eastern Eu-
rope in 1990 to Central Asia in 2019. From 1990
to 2019, the region with the largest percentage
decline in the age-standardized death and DALY
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Worldwide burden attributable to diet high in red meat from 1990 to 2019
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Worldwide burden attributable to diet high in red meat from 1990 to 2019

Death rate DALY rate
1.8,5.1 43.6, 142.9]
5.1.7.0 142.9,182.9
7.0, 8.6 182.9,222.1
8.6,9.8 222.1,259.8
9.8,12.1] 259.8,318.1
12.1,153 318.1,372.7
15.3,20.5 372.7,523.8
20.5,73.7 523.9, 1730.6]
NA NA

EAPC of death rate EAPC of DALY rate
-4.500, —2.394 [~4.380, -2.142]
~2.394,-1.208 [-2.142,-1.134]
-1.208,-0.472 [-1.134,-0.402]
-0.472, 0.182] [-0.402, 0.188]
0.182,2.950] [0.188, 3.430]
NA NA

Figure 2. ASR of diet high in red meat-related deaths and DALYs in 2019, and the EAPC of age-standardized death
and DALY rates from 1990 to 2019 in 204 countries and territories. A — ASR of diet high in red meat-related deaths
in 2019; B — ASR of diet high in red meat-related DALYs in 2019; C — EAPC of age-standardized death rates from
1990 to 2019; D — EAPC of age-standardized DALY rates from 1990 to 2019

ASR —age-standardized rate, DALY — disability-adjusted life year, EAPC — estimated annual percentage change, NA — not available.
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Figure 3. Age-specific numbers and rates of diet high in red meat-related deaths and DALYs in males and females
worldwide. A — Age-specific numbers and rates of diet high in red meat-related deaths in males and females world-
wide; B — Age-specific numbers and rates of diet high in red meat-related DALYs in males and females worldwide

DALY — disability-adjusted life year.

rates was Australasia (death: —59.7% and DALY: Il and Ill). We also summarized the top three coun-
—55.3%), whereas Southeast Asia saw the biggest tries/territories by different estimates (Table IV
percentage increase in the age-standardized rates  and Supplementary Table Sl).

by 35.3% for death and by 41.4% for DALYs (Tables

Arch Med Sci 1, 1% January / 2023 9
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Table IV. Top 3 countries/territories of death, DALYs and summary exposure values in different scales (absolute
number, percentage changes of age-standardized rates from 1990 to 2019, changes in EAPC of age-standardized

rates from 1990 to 2019)

1990 to 2019 (%, 95% UI)

(-2.9%, —2.3%)

(-1.5%, -1.3%)

Parameter Ranks
1 2 3
Number of deaths in 2019 China United States of America Russian Federation
(number, 95% Ul) 323380.4 65652.5 51879.1
(204050.3, 456381.2) (37013.5, 94390.8) (25366.6, 81222.8)
DALY number in 2019 China United States of America Brazil
(number, 95% Ul) 8749511.7 1753972.2 1180345.8
(6073753.9, 11756943.0)  (1169791.2, 2319937.9) (868005.1, 1467241.2)
SEV rate in 2019 (95% Ul) Mongolia Argentina Australia
99.8 98.8 98.8
(99.5, 100.0) (97.7,99.6) (97.7, 99.5)
Increase in age-standardized Uzbekistan Philippines Viet Nam
death rate from 1990 to 2019 99.3% 94.4% 74.2%
(%, 95% UI) (59.5, 136.4%) (47.0%, 150.7%) (24.0%, 168.7%)
Increase in age-standardized Philippines Viet Nam Uzbekistan
DALY rate 125.4% 81.2% 76.1%
from 1990 to 2019 (%, 95% UI) (67.2%, 188.3%) (25.4%, 192.2%) (45.5%, 111.5%)
Increase in age-standardized Myanmar Republic of Korea Viet Nam
SEV rate 159.5% 123.2% 111.0%
from 1990 to 2019 (%, 95% UI) (100.9%, 251.4%) (77.8%, 213.3%) (70.1%, 194.6%)
Increase in EAPC of age- Philippines Uzbekistan Myanmar
standardized death rate from 3.0% 2.5% 2.4%
1990 to 2019 (%, 95% UI) (2.4%, 3.5%) (2.0%, 3.0%) (2.2%, 2.7%)
Increase in EAPC of age- Philippines Viet Nam Lesotho
standardized DALY rate from 3.4% 2.6% 2.5%
1990 to 2019 (%, 95% UI) (2.8%, 4.1%) (2.3%, 2.9%) (2.2%, 2.8%)
Increase in EAPC of age- Myanmar Maldives Viet Nam
standardized SEV rate from 3.1% 2.4% 2.3%
1990 to 2019 (%, 95% UI) (2.8%, 3.4%) (2.0%, 2.8%) (2.0%, 2.6%)
Decrease in age-standardized Estonia United Kingdom Luxembourg
death rate —64.8% -63.9% —63.7%
from 1990 to 2019 (%, 95% Ul) (-74.3%, =53.0%) (-68.4%, —56.4%) (-69.5%, —56.6%)
Decrease in age-standardized Estonia Denmark United Arab Emirates
DALY rate —62.7% -59.0% -59.0%
from 1990 to 2019 (%, 95% UI) (-70.9%, —52.2%) (-65.3%, —46.8%) (-73.6%, —45.9%)
Decrease in age-standardized United Arab Emirates Libya Madagascar
SEV rate -49.6% -32.8% -31.3%
from 1990 to 2019 (%, 95% Ul) (-62.4%, —38.0%) (-43.8%, —23.3%) (-41.5%, —22.9%)
Decrease in EAPC of age- Estonia United Kingdom Luxembourg
standardized death rate from -4.5% -4.0% -3.9%
1990 to 2019 (%, 95% Ul) (~4.9%, —4.2%) (~4.3%, -3.7%) (-4.0%, —3.7%)
Decrease in EAPC of age- Estonia Denmark Austria
standardized DALY rate from -4.4% -3.6% -3.5%
1990 to 2019 (%, 95% Ul) (-4.7%, —4.0%) (-3.8%, —3.4%) (-3.8%, —3.2%)
Decrease in EAPC of age- United Arab Emirates Libya Afghanistan
standardized SEV rate from -2.6% -1.4% -1.4%

(-1.6%, -1.1%)

DALY - disability-adjusted life year, EAPC — estimated annual percentage change, SEV — summary exposure value, Ul — uncertainty interval.

Impact of diet high in red meat on diseases

In 2019, ischemic heart disease, diabetes, and
colorectal cancer were the three leading diseas-
es attributable to a diet high in red meat, which
accounted for 54.3% of diet high in red meat-re-
lated deaths (39.2%, 9.2%, and 5.9% respectively)

in total. A similar pattern was found for DALYs.
In 2019, diet high in red meat-related age-stan-
dardized death rates of ischemic heart disease,
diabetes and colorectal cancer were 4.5, 1.0 and
0.7 per 100,000 people, respectively, and DALY
rates were 94.6, 49.8 and 14.9 per 100,000 peo-
ple, respectively (Supplementary Tables SII-SIV).

10
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Worldwide burden attributable to diet high in red meat from 1990 to 2019

Worldwide, the age-standardized death and
DALY rates for ischemic heart disease associated
with diet high in red meat decreased from 1990
to 2019, while those for diabetes increased and

A

Global

those for colorectal cancer kept stable (Figure 4,
Supplementary Tables SII-SIV). However, dispari-
ties still existed in different SDI quintiles for the
age-standardized death and DALY rates for isch-

High SDI

10

10“......
IIIIII|III|||
5 NEEEEEEER

0 0
- High-middle SDI Middle SDI
? wamtEE
R L 10
g el EETEY
25 S pEeEEEEEEEEEEEEEERERRERREERERS
g
@ 0 0
o]
< Low-middle SDI Low SDI
2
10 10
5 5
---------------IIIIIIIIIIIIIIT r--------------------IIIIIIIIﬂ
0 0
1990 1995 2000 2005 2010 2015 2019 1990 1995 2000 2005 2010 2015 2019
Year
B
Global High SDI
300 3ooi
Ny IIII||III||||
TR . LT
0 0
. High-middle SDI Middle SDI
]
§3ooh - ] 300
L i
goor NN
o
=100 100 IlIllllllllllllllllllllllllll
g
s 0 0
o
> Low-middle SDI Low SDI
3300 300
200 200
100 1p-----l--llllllllllllllllllll1 100 lIllllllIlllllllllllllllllll1
0 0
1990 1995 2000 2005 2010 2015 2019 1990 1995 2000 2005 2010 2015 2019
Year

Il Colon and rectum caner B Diabetes mellitus Ischemic heart disease

Figure 4. Fraction of ischemic heart disease, diabetes mellitus and colorectal cancer age-standardized death and
DALY rates attributable to diet high in red meat by SDI over 30 years. A — Fraction of age-standardized death rates
of each disease by SDI over 30 years; B — Fraction of age-standardized DALY rates of each disease by SDI over
30 years

DALY — disability-adjusted life year, SDI — socio-demographic index.
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Figure 5. Changes in diet high in red meat-related age-standardized SEV, death and DALY rate trends of 5 SDI
levels over 30 years. A — Changes in age-standardized SEV rate trends of 5 SDI levels over 30 years; B — Changes in
age-standardized death rate trends of 5 SDI levels over 30 years; C— Changes in age-standardized DALY rate trends
of 5 SDI levels over 30 years; D — Age-standardized death rates attributable to diet high in red meat across 21 GBD
regions for both sexes from 1990 to 2019; E — Age-standardized DALY rates attributable to diet high in red meat
across 21 GBD regions for both sexes from 1990 to 2019

ASR — age-standardized rate, DALY — disability-adjusted life year, SDI — socio-demographic index, SEV — summary exposure value.
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emic heart disease and colorectal cancer (Figures
4 A, B). The age-standardized death and DALY
rates of ischemic heart disease and colorectal
cancer showed a decreasing trend in the high and
high-middle SDI quintiles, while those for the mid-
dle and low-middle SDI were increasing. Notably,
the age-standardized DALY rates of diabetes were
rising in all SDI quantiles.

Burden attributable to diet high in red
meat in countries or territories with
different SDI

Figure 5 illustrates the trend of age-standard-
ized SEV, death, and DALY rates of diet high in red
meat in countries or territories with different SDI.
The high SDI quintile has always held the highest
age-standardized SEV rate attributable to a diet
high in red meat, while the age-standardized SEV
rate remained the lowest in the low SDI quintile.
The age-standardized SEV rates of middle and
low-middle SDI quintiles increased the most rap-
idly (EAPC 1.0%, 95% Ul: 0.9% to 1.1.%) and went
up by more than 30% over the 30 years (Figure 5 A,
Table I). From 1990 to 2019, diet high in red
meat-related death and DALY numbers increased
in all SDI quintiles except for the high SDI quin-
tile (Tables Il and I11). The high-middle SDI quintile
had the highest number of deaths attributable to
a diet high in red meat (0.2 million in 1990 and
0.3 million in 2019) (Table Il). The district with
the highest DALYs changed from the high-middle
SDI quintile in 1990 to the middle SDI quintile in
2019 (Table Ill). The age-standardized death and
DALY rates decreased significantly in the high and
high-middle SDI quintiles, whereas the changes
leveled off in other SDI quintiles during the past
30 years (Figures 5 B and C, Tables Il and II).

The age-standardized death and DALY rates
showed a similar correlation with SDI during the
study period. Of the 6 regions with the highest
SDI, five showed an obvious decrease in age-stan-
dardized death and DALY rates, whereas those in
Eastern Europe first saw an obvious increase then
a sharp drop between 1990 and 2019. In addition,
compared with the six regions with the highest
SDI, all the other regions with lower SDI exhibited
a mild-to-moderate decline or remained stable in
the age-standardized death and DALY rates ex-
cept for East Asia and Southeast Asia, where the
age-standardized death and DALY rates gradually
increased from 1990 to 2019 (Figures 5 D, E).

Discussion

This study comprehensively summarized the
patterns and trends of epidemiology and burden
of diet high in red meat and identified an 8.3%
increase of the age-standardized SEV rate of diet

high in red meat from 1990 to 2019, and it is
among the highest burdensome dietary factors
worldwide. The total deaths and DALYs attribut-
able to a diet high in red meat grew by 50% glob-
ally from 1990 to 2019, while the age-standard-
ized death and DALY rates decreased by 30.3%
and 23.5%, respectively. The main factor contrib-
uting to the decrease of age-standardized burden
was ischemic heart disease in high or high-mid-
dle SDI countries. It calls for advanced healthcare
services for risk factors of ischemic heart diseases
including blood pressure, cholesterol, glucose and
obesity based on recent guidelines [23-31].

Some countries, especially those with mid-
dle or low-middle SDI, however, have been fac-
ing increasing age-standardized death and DALY
rates in the past 30 years. Economic growth,
undoubtedly, brought more affordable red meat
and shifted the pattern of disease burden in low
to middle-income countries from communicable,
maternal, neonatal, and nutritional diseases to
noncommunicable chronic diseases [32, 33]. Both
the burden from ischemic heart disease and col-
orectal cancer increased in these countries. Since
2002, the age-standardized death and DALY rates
in countries with middle SDI have surpassed those
with high SDI.

The disparities across countries with different
SDIs reflected the effectiveness of proper public
health policies in controlling the disease burden
attributable to a diet high in red meat and call for
attention from stakeholders in countries which
may face such policy reformation. Over the past
few decades, the decreasing trend of red meat
consumption in those high-income countries/ter-
ritories is largely due to a growing awareness of
the negative health effects of red meat and great-
er compliance with the dietary recommendations
[34-36]. People in the high SDI regions are more
willing to pay for healthier food such as white
meat, poultry or plant-based alternatives replac-
ing red meat [37, 38]. Meanwhile, systemic prima-
ry care facilities and medical insurance in these
countries support effective prevention and treat-
ment of diseases associated with excessive red
meat consumption (especially ischemic heart dis-
ease), diminishing deaths and DALY attributable
to a diet high in red meat. In addition, other fac-
tors such as skilled care services, extensive health
education, and low-cost healthcare benefits fur-
ther contribute to the decrease of burden [39, 40].
With the rising burden attributable to a diet high
in red meat, countries in the middle or low-middle
SDI quantile warrant urgent reformation and reg-
ulation of their current health care systems.

Of note, both the consumption of red meat and
attributed disease burden kept stably low in coun-
tries with low SDI over the past 30 years. It does
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not mean that people in these countries will not
face such challenges. With persistent economic
development but not health policy reformation,
overconsumption of red meat will one day bring
a burden in these countries, as has happened in
other countries in the past few decades. Stake-
holders from countries with currently low SDI
should always keep this dietary risk factor and
others in mind together with the algorithm to de-
velop the economics.

Ischemic heart disease, diabetes and colorectal
cancer are major causes of death and disability
that are related to overconsumption of red meat
[4]. Although the disease burden of ischemic heart
disease has been well controlled in countries with
high SDI, the age-standardized DALY rates of dia-
betes attributable to a diet high in red meat con-
tinue to increase in most countries or territories.
It calls for novel advanced strategies to prevent
diabetes as well as its complications without af-
fecting living conditions in other aspects [41].

When interpreting the results in practice,
stakeholders should understand the limitations
of this study, which was based on the country/
region-level data from the GBD website. The lack
of individual patient data does not allow us to
perform analyses in detail and further explore the
factors as well as the dose-response manner. Also,
the retrospective ecological design restricted any
causal inference, and we are unable to test the ef-
fectiveness of a particular health policy.

In conclusion, the increasing consumption of
red meat remains a challenge for the world health
system, especially in the low-middle or middle SDI
countries. Stakeholders should urgently take ac-
tion in controlling the burden attributable to a diet
high in red meat, especially those at risk.
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