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INTRODUCTION 

Non-communicable diseases, including cardiovascular disease 
(CVD) and cancer, accounted for 73.4% of all deaths in 2017, rep-
resenting 7.61 million additional deaths estimated in 2017 versus 
2007 (a 22.7% increase) [1]. The link between the development of 
these chronic diseases and dietary risk factors is well known and 
has increasingly garnered attention. The Global Burden of Diseas-
es study reported that in 2019, approximately 8.0 million deaths 
and 187.7 million disability-adjusted life-years were attributable 
to dietary risk factors [2], and a global transition to diets high in 
processed foods, refined foods such as sugars and fats, oils, and 
meats was identified as a major contributor [3-5].

OBJECTIVES: Although the entire process extending from food production to dietary consumption makes a large contribution 
to total greenhouse gas (GHG) emissions, little and inconsistent evidence exists on the epidemiological associations of daily di-
et-related GHG emissions with chronic disease risk or all-cause mortality. This systematic review and meta-analysis explored 
the observational epidemiological relationship between daily diet-related GHG emissions and health outcomes, including the 
risk of chronic diseases and all-cause mortality. 

METHODS: Original articles published in English until May 2022 were identified by searching PubMed, Ovid-Embase, Web 
of Science, CINAHL, and Google Scholar. The extracted data were pooled using both fixed-effects and random-effects meta-anal-
yses and presented as hazard and risk ratios (RRs) with 95% confidence intervals (CIs). 

RESULTS: In total, 7 cohort studies (21 study arms) were included for qualitative synthesis and meta-analysis. The GHG emis-
sions of dietary consumption showed a significant positive association with the risk of chronic disease incidence and mortality 
in both fixed-effects and random-effects models (fixed: RR, 1.04; 95% CI, 1.03 to 1.05; random: RR, 1.04; 95% CI, 1.02 to 1.06). 
This positive association was robust regardless of how daily diet-related GHG emissions were grouped. More strongly animal- 
based diets showed higher GHG emissions. However, there were only a few studies on specific chronic diseases, and the sub-
group analysis showed insignificant results. There was no evidence of publication bias among the studies (Egger test: p= 0.79). 

CONCLUSIONS: A higher GHG-emission diet was found to be associated with a greater risk of all-cause mortality.
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Since 2019, climate change has caused forest fires, large-scale 
hurricanes, and tsunamis, resulting in massive casualties and the 
destruction of nature [6]. These abnormal weather conditions are 
mostly attributed to large-scale emissions of greenhouse gases 
(GHGs) [7]. These emissions not only increase the risk of climate 
disasters, such as abnormal heat waves and cold waves, but can 
also present new and diverse risks in various populations, such as 
those resulting from ecosystem destruction [7] and increased risks 
of chronic diseases [8,9]. 

Approximately one-quarter of climate change has been attrib-
uted to the process from food production to consumption, reach-
ing 50% of total carbon emissions, especially when large amounts 
of carbon are emitted [10]. Furthermore, if unchecked, there will 
be an estimated 80% increase in global agricultural GHG emis-
sions by 2050 [11]. Over the past decade, studies on health-related 
foods or dietary patterns that emit fewer GHGs have been actively 
conducted [12-17], with a particular focus on their associations 
with CVD [15-17]. In addition, several systematic reviews on di-
ets with lower GHG emissions [18,19] or the relationships be-
tween diet-related GHG emissions and health outcomes, such as 
CVD [20], coronary heart disease [21,22], cancer [20-22], and 
death [20-24], have also been reported. However, those reviews 
were intended to theoretically model the reduction of diet-related 
GHG emissions or to present scenarios about the health conse-
quences of consuming alternative foods with relatively low carbon 
emissions. To the best of our knowledge, no systematic review or 
meta-analysis has investigated the epidemiological associations of 
dietary patterns or food-related GHG emissions with the risk of 
chronic disease incidence, death from chronic diseases, and the 
risk of all-cause mortality. 

We, therefore, aimed to conduct a systematic review and meta-
analysis to evaluate whether an association exists between diet-re-
lated GHGs and the risks of all-cause mortality, chronic disease 
incidence, and mortality from chronic diseases.

MATERIALS AND METHODS 

Data sources and searching strategy
This systematic review and meta-analysis followed the Meta-

Analysis of Observational Studies in Epidemiology (MOOSE) 
guidelines [25]. We searched PubMed (https://www.ncbi.nlm.nih.
gov/pubmed), Ovid-Embase (http://ovidsp.tx.ovid.com), Web of 
Science (https://www.webofscience.com), and CINAHL (https://
www.ebsco.com) to identify published observational epidemio-
logical studies through May 2022. Related keywords were set for 
PubMed, and other search engines were searched under the same 
conditions with slight modifications. We selected “food” and “diet,” 
which are basic terms from the highest level of the Medical Sub-
ject Headings (MeSH) tree (https://www.ncbi.nlm.nih.gov/mesh/), 
and “greenhouse gas” and “greenhouse effect,” which also are in 
the MeSH tree, to include all articles that estimated GHGs from 
dietary elements as the exposure keywords. For the outcome key-
words, “chronic disease” and “mortality” were selected, which were 

the main outcomes of interest because they have been previously 
reported as major causes of death related to rises in temperature 
[8,9]. Our search strategy included those terms and the “all fields” 
filter with additional truncation options (Supplementary Material 
1). The search filters for study design were provided by the Uni-
versity of Texas (https://libguides.sph.uth.tmc.edu/search_filters). 
In addition, a Google Scholar search was conducted to include 
papers that were not identified by searching the databases listed 
above or the latest papers.

Inclusion/exclusion criteria and study selection 
Studies were included if they (1) were original articles present-

ing observational epidemiological studies; (2) included adults aged 
18 years or older without any sex restrictions; (3) estimated the 
amount of GHG emissions from daily dietary intake or food in-
take; (4) divided groups by the amount of GHG emissions or showed 
differences between groups in the amount of GHG emissions; (5) 
reported the incidence, prevalence, or mortality of chronic dis-
eases such as CVD or cancer; and (6) were written in English. Us-
ing the Rayyan software (Qatar Computing Research Institute, 
Doha, Qatar) [26], duplicate articles were excluded, and then titles 
and abstracts were reviewed in the first exclusion process to re-
move articles not related to this study topic. We applied only 1 ex-
clusion criterion (namely, a follow-up duration of less than 5 years 
in cohort studies), because the follow-up period required for a 
sufficient number of events has typically been at least 5 years in 
many prospective cohort studies [27]. In the second exclusion 
process, the full text was reviewed to select articles based on the 
inclusion and exclusion criteria. Two reviewers performed the 
process and were able to reach a consensus about the eligibility of 
all articles without requiring the involvement of a third investiga-
tor for resolution.

Data extraction and study quality 
The following relevant pieces of information were extracted:  

title; names of authors; country; year of publication; publication 
journal; objective; funding source and conflict of interest; study 
design (duration/follow-up period, population characteristics); 
basic information of the subjects (age range, sex distribution, sam-
ple size [the number of deaths or cases of total, comparison, and 
exposed participants], health status); exposure and comparison 
groups (amount of GHGs, method of calculation [diet assessment, 
unit reported, type of GHGs], and dietary pattern [when availa-
ble]); type of outcomes; results from the adjusted model (risk ratio 
[RRs] or hazard ratios [HRs] and their 95% confidence intervals 
[CIs]); covariates; and conclusions.

When there were more than 2 groups, we used the lowest GHG 
emissions group as reference and the highest group as the com-
parison group [28]. In the opposite cases, we back-calculated the 
effect values by calculating the negative natural log and convert-
ing it using exponentiation [29]. 

The study quality was evaluated using the National Institutes of 
Health quality assessment tool for observational cohort studies 

https://www.ncbi.nlm.nih.gov/pubmed
https://www.ncbi.nlm.nih.gov/pubmed
http://ovidsp.tx.ovid.com
https://www.webofscience.com
https://www.ebsco.com
https://www.ebsco.com
https://www.ncbi.nlm.nih.gov/mesh/
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(https://www.nhlbi.nih.gov/health-topics/study-quality-assess-
ment-tools). A critical review was undertaken, and any disagree-
ment was resolved by consensus.

Statistical analysis
We extracted the RR or HR of the last adjusted model consid-

ering covariates [30]. Cases where the reference group was not 
shared by outcome were considered as a separate comparative 
analysis. For studies where the reference group was shared with 
more than 1 comparison or for studies testing GHGs from differ-
ent dietary indices more than once in the same participants, we 
used the standard error, which was adjusted by the approximate 
adjustment method of multiplying the standard error by the square 
root of the ([number of study groups+1]/2) [31]. Heterogeneity 
was assessed with Cochran’s Q and the I² statistic [32] (p for dif-
ference < 0.1 [33]). However, to consider heterogeneous and 
common effects, both fixed-effect and random-effects models 
were used with the DerSimonian-Laird method for the pooled ef-

fect among studies [34]. A funnel plot was generated to assess the 
potential publication bias through a visual analysis, and the Egger 
regression asymmetry test was conducted at a significance level of 
0.05. 

Subgroup analyses were performed by (1) the type of outcome 
(all-cause mortality, CVD, cancer, and others) and (2) sex (all par-
ticipants, males, and females). A sensitivity analysis was performed 
to evaluate the robustness of the meta-analytic results by removing 
1 study arm at a time for all study arms (a method that is only ap-
plicable for meta-analyses with 10 or more study arms) and then 
recalculating the pooled effects. All analyses were conducted us-
ing R version 4.1.1 (R Foundation for Statistical Computing, Vi-
enna, Austria), using the meta package.

Ethics statement 
As we used secondary data for systematic review and meta-

analysis, therefore this article is eligible for institutional review 
board exemption (using data that already had approval). 

Figure 1. Flow chart of article selection for the association between GHG emissions from diet and disease mortality. GHG, greenhouse gas; 
CVD, cardiovascular disease.

Articles identified through database searching (n=200) 
- PubMed (n=44)
- Embase (n=54) 
- Web of Science (n=63)
- CINAHL (n=39)

Articles included in qualitative synthesis and quantitative synthesis (meta-analysis)  
(n=7; 21 study arms)
- �One study arm out of a total 22 study arms was excluded due to overlap of 

population: 14 Arms from 6 studies for all cause-mortality; 2 Arms from 2 studies 
for CVD; 2 Arms from 2 studies for cancer; 3 Arms from 2 studies for others

Articles screened (n=140)

Full-text articles assessed for eligibility (n=19)

Duplicates removed (n=60)

Articles removed (n=121)

Full-text articles excluded (n=13)
- Not full-text article (n=2)
- No analysis with incidence or  

mortality of chronic diseases (n=6)
- No analysis with GHGs (n=2)
- No GHGs from diet (n=3)

Articles identified through 
hand-searching (n =1)

https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools
https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools
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RESULTS

Literature search results 
In total, 140 articles (44 from PubMed, 54 from Embase, 63 from 

Web of Science, and 39 from CINAHL, with 60 duplicate records) 
that met the criteria were initially identified. After screening the 
titles and abstracts, 19 articles remained for full-text evaluation. 
One article was additionally identified through hand-searching in 
Google Scholar. Finally, 7 articles [12,35-40] were included in the 
qualitative systematic review and the meta-analysis. Among a total 
of 22 study arms, 1 study arm for all-cause mortality [12], which 
overlapped with another study arm conducted in the same popu-
lation [38], was excluded. Finally, 21 study arms remained for the 
meta-analysis (Figure 1).

Systematic review
Study design and participants

Study characteristics are presented in Table 1. Seven prospec-
tive cohort studies [12,35-40] were selected. Six studies were per-
formed in Europe, and only 1 was conducted in the United States 
and Canadian populations [39]. Four European articles were from 
the European Prospective Investigation into Cancer and Nutrition 
(EPIC), with studies conducted in Spain [35] and the Netherlands 
(EPIC-NL) [12,38], or including the EPIC study (EPIC-Oxford in 
a multiple-cohort study [40]). In the multiple-cohort study using 
3 cohorts [40], 2 cohorts with 5 follow-up years or longer were 
presented. The follow-up durations in the present study ranged 
from 5.8 years to 21.0 years and the age ranged from 20 years to 
70 years. The ages of participants were 20 or higher in 3 studies 
[12,37,38], and 30 or higher in the rest of the studies, with a maxi-
mum of 70 years. With the exception of the Million Women Study 
(MWS), all cohorts included both males and females together, but 
findings in males and females were separately demonstrated in 
only 2 articles [36,38]. Those studies showed that males tended to 
have a higher amount of GHG emissions related to diet. 

All 7 prospective cohort studies demonstrated an association 
between daily diet-related GHG emissions and all-cause mortality, 
but only 4 studies showed a positive association [35,38-40]. Two 
articles [12,35] evaluated the association of diet-related GHG emis-
sions with the incidence and mortality risk of chronic diseases, such 
as CVD, cancer [12,35], type 2 diabetes [35], and respiratory dis-
ease [12]. However, only EPIC-Spain showed a significant posi-
tive association of GHG emissions with the incidence of coronary 
heart disease and type 2 diabetes [35]. 

GHG database and calculation of GHG emissions 
Table 2 shows the GHG databases used to estimate the total 

amount of GHG emissions related to diet and how much food 
groups contributed to total GHG emissions. In all studies, total 
GHG emissions were estimated by weighing the amount of GHG 
per kilogram (CO2eq/day) while calculating the daily food con-
sumption from food frequency questionnaires composed of 64 to 
240 food items. GHG emissions in 4 studies [35-37,39] were ad-

justed for energy intake. The GHG emissions databases for foods 
were not identical: the GHG emissions database in the Swedish 
study [36] was provided by an independent, state-owned institute, 
the Research Institute of Sweden, and the 2 Dutch studies [12,38] 
used the database of an international research network, the Food 
Climate Research Network. Other studies used data from published 
articles [35,37,40]. Only 1 study mentioned that they imputed 
proxy values for 66 foods for which GHG values were not availa-
ble from published articles [39]. However, all databases were based 
on a life cycle assessment (LCA), although 1 study did not include 
the packaging process [36]. Total GHG emissions in those databas-
es were calculated using CO2, methane (CH4), and nitrous oxide 
(N2O). Generally, GHG emissions are calculated from produc-
tion, and include processing and distribution, consumption, and 
waste. 

The following formula is used: 
, 

where  denotes GHG emissions from the total amount pur-
chased of each food item,  is the weight of each item (in kilo-
grams) or volume in litres, and  is the emission factor associ-
ated with each item (emissions per kilogram or litre of item) [41]. 
The emission factors for each item were obtained from previous 
studies [42,43].

Contribution of food groups to total GHG emissions 
Foods were classified into groups, ranging in number from 4 

[40] to 19 [36], to calculate their proportional contribution to total 
GHG emissions (Table 2). The food groups that contributed the 
most to total GHG emissions differed depending on the method 
used to classify foods; for example, some studies [35,39,40] com-
bined processed red meat and unprocessed red meat into one food 
group, but others [12,37] did not. Nevertheless, red meat seemed 
to be one of the food groups that contributed the largest propor-
tion of total GHG emissions, while fruits and vegetables tended to 
have low contributions. Following red meat, milk and dairy prod-
ucts also made large contributions. The EPIC-Spain study [35] re-
ported that 41.6% of GHG emissions were attributed to red meat. 
An EPIC-NL study [12] also showed that red meat had the high-
est contribution to total GHG emissions, accounting for almost 
30% of total diet-derived GHG emissions. The other EPIC-NL 
study [38] considered 3 dietary indices (healthy diet indicator 
[HDI], Dietary Approaches to Stop Hypertension [DASH], and 
the Dutch healthy diet index 2015 [DHD15-index]). GHG emis-
sions decreased significantly with increments in the scores of the 
HDI and DHD15-index, while there was no significant difference 
in GHG emissions between groups by DASH score. In the Ad-
ventist Health Study [39], the amount of GHG emissions from a 
vegetarian diet was lower than that of a non-vegetarian diet (2.16 
vs. 3.05 kg CO2eq/day). The MWS [40] reported fixed GHG emis-
sions values for the criteria in the Eatwell Guide recommendations, 
which show to what extent participants are achieving a healthy 
and balanced diet. The lowest-accordance group had the highest 



Hong JY et al. : Associations between GHGs from diet and diseases

www.e-epih.org    |  5

Ta
bl

e 
1.

 C
ha

ra
ct

er
ist

ic
s o

f o
bs

er
va

tio
na

l s
tu

di
es

 in
cl

ud
ed

 in
 th

e 
sy

st
em

at
ic

 re
vi

ew
 a

nd
 m

et
a-

an
al

ys
is 

of
 G

H
G

 e
m

iss
io

ns
 fr

om
 d

ie
t a

nd
 th

e 
ris

k 
of

 c
hr

on
ic

 d
ise

as
e 

in
ci

de
nc

e 
an

d 
m

or
ta

lit
y

Au
th

or
, 

ye
ar

, 
co

un
tr

y

St
ud

y 
de

sig
n

Co
ho

rt
,  

po
pu

la
tio

n 
(n

)

D
ie

ta
ry

 
in

ta
ke

 
as

se
ss

m
en

t

G
ro

up
in

g 
of

 G
H

G
  

em
iss

io
ns

; 
re

fe
re

nc
e 

gr
ou

p 
fo

r c
om

pa
ris

on
 

G
H

G
 a

m
ou

nt
  

(k
g 

CO
2e

q/
da

y)
  

in
 lo

w
es

t v
s. 

 
hi

gh
es

t g
ro

up

O
ut

co
m

e
Fo

llo
w

-u
p 

(y
r) 

N
o.

 o
f d

ea
th

s/
 

ca
se

s i
n 

th
e 

to
ta

l 
st

ud
y 

po
pu

la
tio

n 
an

d 
th

e 
lo

w
es

t a
nd

 
hi

gh
es

t g
ro

up
s

Lo
w

es
t v

s. 
hi

gh
es

t r
ep

or
te

d 
ou

tc
om

e,
 

H
R 

(9
5%

 C
I)

St
ud

y 
ar

m
s

Ad
ju

st
m

en
t 

va
ria

bl
es

G
on

zá
le

z, 
20

21
, 

Sp
ai

n 
[3

5]

Pr
os

pe
ct

iv
e 

co
ho

rt
 st

ud
y

EP
IC

-S
pa

in
n=

40
,6

21
  

(M
: 1

5,
32

3,
  

 F
: 2

5,
29

8)
Ag

e 
30

-7
0 

yr

D
ie

ta
ry

 h
ist

or
y 

qu
es

tio
nn

ai
re

 
(2

40
 S

pa
ni

sh
 

fo
od

 li
st

)

Te
rt

ile
s o

f c
al

cu
la

te
d 

G
H

G
 e

m
iss

io
ns

 o
f 

di
et

; T
1

Te
rt

ile
 c

ut
-o

ff 
   <

2.
53

 v
s. 

>3
.2

5
To

ta
l d

ea
th

To
ta

l d
ea

th
s 

18
.0

0;
 C

H
D

 
10

.4
0;

 T
2D

 
12

.1
0,

 to
ta

l 
ca

nc
er

 1
2.

10
 

3,
56

1/
1,

17
3/

1,
28

5
1.

10
 (1

.0
1,

 1
.2

0)
a

Ag
e,

 se
x,

 c
en

tr
e

CH
D

 in
ci

de
nc

e
1,

00
5/

30
0/

37
8

1.
26

 (1
.0

8,
 1

.4
8)

b
T2

D
 in

ci
de

nc
e

2,
02

5/
62

5/
77

5
1.

24
 (1

.1
1,

 1
.3

8)
c

To
ta

l c
an

ce
r i

nc
id

en
ce

4,
45

7/
1,

48
6/

1,
59

0
1.

07
 (0

.9
9,

 1
.1

5)
d

St
rid

, 2
02

1,
 

Sw
ed

en
 

[3
6]

Pr
os

pe
ct

iv
e 

co
ho

rt
 st

ud
y

VI
P

n=
51

,4
32

  
(M

: 2
5,

43
8,

  
 F

: 2
5,

99
4)

Ag
e 

35
-6

5 
yr

64
-F

FQ
H

ig
h 

nu
tr

ie
nt

 d
en

sit
y 

gr
ou

p
G

ro
up

 m
ed

ia
n

M
: 3

.1
 v

s. 
4.

4
F:

 2
.6

 v
s. 

3.
5

Al
l-c

au
se

 m
or

ta
lit

y
M

: 1
6.

00
F:

 1
4.

70
M

, 2
,1

79
/8

74
/1

,3
05

W
, 1

,6
09

/7
44

/8
65

M
: 1

.0
0 

(0
.9

6,
 1

.0
3)

F:
 1

.0
6 

(1
.0

2,
 1

.1
1)

a b
Ag

e,
 a

ge
 sq

ua
re

d,
 

BM
I, 

ph
ys

ic
al

 
ac

tiv
ity

, e
du

ca
tio

na
l 

le
ve

l, s
m

ok
in

g 
st

at
us

, a
nd

 y
ea

r o
f 

pa
rt

ic
ip

at
io

n
Fr

es
án

, 2
02

0,
 

Sp
ai

n 
[3

7]
Pr

os
pe

ct
iv

e 
co

ho
rt

 st
ud

y
SU

N
 C

oh
or

t
n=

17
,3

87
  

(M
: 6

,7
81

,  
 F

: 1
0,

60
6)

Ag
e 

37
±1

2 
yr

13
6-

ite
m

 F
FQ

Q
ua

rt
ile

s o
f c

al
cu

la
te

d 
G

H
G

 e
m

iss
io

ns
 o

f 
di

et
; Q

1

Q
ua

rt
ile

 m
ea

n
2.

25
 v

s. 
4.

97
Al

l-c
au

se
 m

or
ta

lit
y

12
.2

5
30

5/
87

/7
5

0.
98

 (0
.7

1,
 1

.3
5)

Ag
e,

 se
x,

 B
M

I, 
ad

di
ng

 
a 

qu
ad

ra
tic

 te
rm

, 
sm

ok
in

g,
 p

hy
sic

al
 

ac
tiv

ity
, t

im
e 

w
at

ch
in

g 
te

le
vi

sio
n,

 
m

ar
ita

l s
ta

tu
s, 

 
hy

pe
rc

ho
les

te
ro

lem
ia,

 
an

d 
hy

pe
rt

en
sio

n
Sc

he
el

be
ek

, 
20

20
, 

Eu
ro

pe
 

[4
0]

M
ul

tip
le

 c
oh

or
t 

st
ud

y
Co

ho
rt

 1
: 

M
W

S
n=

46
4,

07
8 

(M
: 0

,  
 F

: 4
64

,0
78

)
Ag

e 
av

er
ag

e 
56

 y
r

13
0-

ite
m

 se
m

i-
qu

an
tit

at
iv

e 
qu

es
tio

ns

Te
rt

ile
s o

f E
W

G
  

ac
co

rd
an

ce
; T

1 
(th

e 
hi

gh
 E

W
G

 a
cc

or
da

nc
e 

gr
ou

p=
th

e 
lo

w
es

t 
G

H
G

 e
m

iss
io

ns
 

gr
ou

p)

Te
rt

ile
 m

ea
n 

 
3.

8 
vs

. 5
.4

Al
l-c

au
se

 m
or

ta
lit

y
10

.5
0

33
,5

31
/7

,8
64

/9
,9

25
RR

: 1
.0

3 
(C

I 1
.0

1,
 1

.0
5)

a
Se

x,
 re

gi
on

, m
et

ho
d 

of
 re

cr
ui

tm
en

t, 
sm

ok
in

g,
  

de
pr

iv
at

io
n,

 a
lc

oh
ol

 
co

ns
um

pt
io

n,
 

he
ig

ht
, B

M
I, 

 
ex

er
ci

se
 le

ve
ls,

 
ho

rm
on

e 
 

re
pl

ac
em

en
t t

he
ra

py
 

us
e,

 e
du

ca
tio

n,
 h

ig
h 

bl
oo

d 
pr

es
su

re
 o

r 
hy

pe
rt

en
sio

n,
 a

nd
 

en
er

gy
 in

ta
ke

Co
ho

rt
 2

: 
EP

IC
-O

xf
or

d
n=

40
,0

30
  

(M
: 9

,6
07

,  
 F

: 3
0,

42
3)

Ag
e 

av
er

ag
e 

56
 y

r
Fo

llo
w

-u
p 

13
0-

ite
m

 se
m

i-
qu

an
tit

at
iv

e 
FF

Q

21
.0

0
3,

23
0/

1,
03

7/
86

7
RR

: 1
.0

2 
(0

.9
7,

 1
.0

8)
b

(C
on

tin
ue

d 
to

 th
e n

ex
t p

ag
e)



Epidemiol Health 2023;45:e2023011

  |    www.e-epih.org  6

Au
th

or
, 

ye
ar

, 
co

un
tr

y

St
ud

y 
de

sig
n

Co
ho

rt
,  

po
pu

la
tio

n 
(n

)

D
ie

ta
ry

 
in

ta
ke

 
as

se
ss

m
en

t

G
ro

up
in

g 
of

 G
H

G
  

em
iss

io
ns

; 
re

fe
re

nc
e 

gr
ou

p 
fo

r c
om

pa
ris

on
 

G
H

G
 a

m
ou

nt
  

(k
g 

CO
2e

q/
da

y)
  

in
 lo

w
es

t v
s. 

 
hi

gh
es

t g
ro

up

O
ut

co
m

e
Fo

llo
w

-u
p 

(y
r) 

N
o.

 o
f d

ea
th

s/
 

ca
se

s i
n 

th
e 

to
ta

l 
st

ud
y 

po
pu

la
tio

n 
an

d 
th

e 
lo

w
es

t a
nd

 
hi

gh
es

t g
ro

up
s

Lo
w

es
t v

s. 
hi

gh
es

t r
ep

or
te

d 
ou

tc
om

e,
 

H
R 

(9
5%

 C
I)

St
ud

y 
ar

m
s

Ad
ju

st
m

en
t 

va
ria

bl
es

Bi
es

br
oe

k,
 

20
17

, 
N

et
he

r-
la

nd
s [

38
]

Pr
os

pe
ct

iv
e 

su
b-

co
ho

rt
 

st
ud

y

EP
IC

-N
L

n=
35

,0
31

  
(M

: 9
,2

13
,  

 F
: 2

5,
81

8)
Ag

e 
20

-7
0 

yr

17
8-

ite
m

 F
FQ

Te
rt

ile
s o

f H
D

I, 
D

AS
H

, 
D

H
D

15
-in

de
x;

  
T3

 (t
he

 lo
w

es
t G

H
G

  
em

iss
io

ns
 g

ro
up

)

Te
rt

ile
 m

ea
n 

(H
D

I) 
M

: 4
.4

2 
vs

. 4
.8

7
F:

 3
.6

6 
vs

. 3
.8

3

Al
l-c

au
se

 m
or

ta
lit

y
19

.2
0 

M
: 8

92
/2

92
/2

92
F:

 2
,9

54
/8

75
/1

,0
22

M
: 1

.0
9 

(1
.0

1,
 1

.1
7)

F:
 1

.0
8 

(1
.0

4,
 1

.1
3)

a b
Ag

e,
 B

M
I, 

ed
uc

at
io

na
l 

le
ve

l, s
m

ok
in

g 
st

at
us

, t
ot

al
 d

ai
ly

 
en

er
gy

 in
ta

ke
,  

ph
ys

ic
al

 a
ct

iv
ity

 
le

ve
l, a

lc
oh

ol
 in

ta
ke

Te
rt

ile
 m

ea
n 

(D
AS

H)
M

: 4
.5

9 
vs

. 4
.6

2
F:

 3
.6

8 
vs

. 3
.7

6

M
: 8

91
/3

38
/2

59
F:

 2
,9

54
/9

80
/1

,0
74

M
: 0

.8
7 

(0
.7

4,
 1

.0
4)

F:
 0

.9
4 

(0
.8

6,
 1

.0
3)

c d

Te
rt

ile
 m

ea
n 

(D
H

D
15

)
M

: 4
.4

8 
vs

. 4
.7

4
F:

 3
.6

3 
vs

. 3
.8

2

M
: 8

91
/2

93
/2

69
F:

 2
,9

54
/1

,0
00

/9
90

M
: 1

.0
8 

(1
.0

1,
 1

.1
7)

F:
 1

.0
7 

(1
.0

3,
 1

.1
1)

e f
Ag

e,
 B

M
I, 

ed
uc

at
io

na
l 

le
ve

l, s
m

ok
in

g 
 

st
at

us
, t

ot
al

 d
ai

ly
 

en
er

gy
 in

ta
ke

,  
ph

ys
ic

al
 a

ct
iv

ity
 

le
ve

l
Bi

es
br

oe
k,

 
20

14
, 

N
et

he
r-

la
nd

s [
12

]

Pr
os

pe
ct

iv
e 

co
ho

rt
 st

ud
y

EP
IC

-N
L

n=
35

,0
79

  
(M

: 9
,4

01
,  

 F
: 2

5,
67

8)
Ag

e 
20

-7
0 

yr

17
8-

ite
m

 F
FQ

Q
ua

rt
ile

s o
f G

H
G

;  
lo

w
es

t G
H

G
 q

ua
rt

ile
Q

ua
rt

ile
 m

ed
ia

n 
   2

.8
6 

vs
. 5

.1
2

Al
l-c

au
se

 m
or

ta
lit

y
15

.9
0

2,
56

3/
73

6/
57

0
0.

95
 (0

.7
7,

 1
.1

5)
a

Ag
e,

 se
x,

 e
ne

rg
y 

in
ta

ke
Ca

nc
er

 m
or

ta
lit

y
1,

19
3/

32
4/

26
8

1.
01

 (0
.8

6,
 1

.3
4)

b
CV

D
 m

or
ta

lit
y

54
5/

16
4/

12
0

0.
90

 (0
.6

3,
 1

.2
8)

c
Re

sp
ira

to
ry

 d
ise

as
es

 
m

or
ta

lit
y

13
7/

41
/2

7
1.

12
 (0

.5
2,

 2
.3

9)
d

O
th

er
-c

au
se

 m
or

ta
lit

y
52

9/
15

7/
12

0
0.

91
 (0

.6
4,

 1
.3

0)
e

So
re

t, 
20

14
, 

U
SA

 a
nd

 
Ca

na
da

 
[3

9]

Pr
os

pe
ct

iv
e 

co
ho

rt
 st

ud
y

AH
S2

n=
73

,3
08

  
(M

: 2
5,

10
5,

  
 F

: 4
8,

20
3)

Ag
e 

av
er

ag
e 

56
.8

 y
r

Se
lf-

 
ad

m
in

ist
er

ed
 

21
0-

ite
m

 F
FQ

Se
m

i-v
eg

et
ar

ia
n 

vs
. 

N
on

-v
eg

et
ar

ia
n

G
ro

up
 m

ea
n 

(n
=2

8,
88

8)
2.

39
 v

s. 
3.

05

Al
l-c

au
se

 m
or

ta
lit

y
5.

79
98

7/
41

0/
57

7
1.

07
 (1

.0
2,

 1
.1

2)
a

Ag
e,

 se
x,

 ra
ce

, 
sm

ok
in

g,
 e

xe
rc

ise
, 

pe
rs

on
al

 in
co

m
e,

 
ed

uc
at

io
na

l l
ev

el
, 

m
ar

ita
l s

ta
tu

s, 
  

al
co

ho
l, r

eg
io

n,
 a

nd
 

sle
ep

, m
en

op
au

se
, 

an
d 

ho
rm

on
e 

th
er

ap
y

Ve
ge

ta
ria

n 
vs

.  
N

on
-v

eg
et

ar
ia

n
G

ro
up

 m
ea

n 
(n

=4
4,

42
0)

2.
16

 v
s. 

3.
05

1,
58

3/
1,

00
6/

57
7

1.
04

 (1
.0

0,
 1

.0
8)

b

G
H

G
, g

re
en

ho
us

e 
ga

s; 
H

R,
 h

az
ar

d 
ra

tio
; C

I, 
co

nfi
de

nc
e 

in
te

rv
al

; M
, m

al
e;

 F,
 fe

m
al

e;
 C

H
D,

 c
or

on
ar

y 
he

ar
t d

ise
as

e;
 T

2D
, t

yp
e 

2 
di

ab
et

es
; C

O
2 , 

ca
rb

on
 d

io
xi

de
; C

H
4 , 

m
et

ha
ne

; N
2 O

, n
itr

ou
s o

xi
de

; k
g 

CO
2 e

q/
da

y, 
CO

2  e
qu

iv
al

en
t k

ilo
gr

am
s p

er
 d

ay
; L

CA
, l

ife
 c

yc
le

 a
ss

es
sm

en
t; 

RR
, r

isk
 ra

tio
; F

FQ
, f

oo
d 

fre
qu

en
cy

 q
ue

st
io

nn
ai

re
; R

IS
E,

 R
es

ea
rc

h 
In

st
itu

te
s o

f S
w

ed
en

; B
M

I, 
bo

dy
 m

as
s i

nd
ex

; H
D

I, 
H

ea
lth

y 
D

ie
t I

nd
ic

a-
to

r; 
D

AS
H

, D
ie

ta
ry

 A
pp

ro
ac

he
s t

o 
St

op
 H

yp
er

te
ns

io
n;

 D
H

D
15

, D
ut

ch
 H

ea
lth

y 
D

ie
t i

nd
ex

 2
01

5;
 C

VD
, c

ar
di

ov
as

cu
la

r d
ise

as
e;

 N
D

N
S,

 N
at

io
na

l D
ie

t a
nd

 N
ut

rit
io

n 
Su

rv
ey

; E
W

G
, E

at
w

el
l G

ui
de

; R
R,

 ri
sk

 ra
tio

; 
N

A,
 n

ot
 a

va
ila

bl
e;

 A
H

S 
2,

 A
dv

en
tis

t H
ea

lth
 S

tu
dy

 2
; E

PI
C,

 E
ur

op
ea

n 
Pr

os
pe

ct
iv

e 
In

ve
st

ig
at

io
n 

in
to

 C
an

ce
r a

nd
 N

ut
rit

io
n;

 N
L,

 N
et

he
r l

an
ds

; M
W

S,
 M

ill
io

n 
W

om
en

 S
tu

dy
; S

U
N

, S
eg

ui
m

ie
nt

o 
U

ni
ve

rs
id

ad
 d

e 
N

av
ar

ra
; V

IP,
 V

äs
te

rb
ot

te
n 

In
te

rv
en

tio
n 

Pr
og

ra
m

m
e.

Ta
bl

e 
1.

 C
on

tin
ue

d



Hong JY et al. : Associations between GHGs from diet and diseases

www.e-epih.org    |  7

Ta
bl

e 
2.

 G
H

G
 d

at
ab

as
es

, G
H

G
 e

st
im

at
io

n 
m

et
ho

d,
 a

nd
 fo

od
 it

em
s u

se
d 

to
 c

al
cu

la
te

 G
H

G
 e

m
iss

io
ns

 o
f d

ai
ly

 fo
od

 c
on

su
m

pt
io

n

Au
th

or
, 

ye
ar

, 
co

un
tr

y
D

ie
t d

at
a

G
H

G
 d

at
ab

as
e 

of
 fo

od
s u

se
d 

to
 e

st
im

at
e 

to
ta

l G
H

G
 e

m
iss

io
n 

Th
e 

no
. o

f f
oo

ds
 

fin
al

ly
 u

se
d 

to
 

es
tim

at
e 

to
ta

l 
G

H
G

To
ta

l e
ne

rg
y 

ad
ju

st
ed

 
G

H
G

s f
ro

m
 

fo
od

 in
ta

ke
 

(y
es

/n
o/

N
A)

Th
e 

no
. o

f t
he

 fo
od

 g
ro

up
s/

th
ei

r c
on

tr
ib

ut
io

ns
 (%

) 
to

 to
ta

l G
H

G
 e

m
iss

io
ns

Pr
ov

id
ed

 d
at

ab
as

e
D

at
a 

fro
m

 th
e 

lit
er

at
ur

e

Im
pu

ta
-

tio
n

Ty
pe

 o
f 

G
H

G
s

U
ni

t

G
on

zá
le

z, 
20

21
, 

Sp
ai

n 
[3

5]
1

24
0-

fo
od

 li
st

Ye
s

CO
2, 

CH
4, 

N
2O

kg
 C

O
2e

q/
da

y
57

 F
oo

d 
ite

m
s

Ye
s

9 
Fo

od
 g

ro
up

s/
re

d 
an

d 
pr

oc
es

se
d 

m
ea

t: 
41

.5
9%

; 
da

iry
 p

ro
du

ct
s: 

19
.0

2%
; o

th
er

: 1
2.

74
%

; fi
sh

 
an

d 
m

ol
lu

sk
s: 

9.
15

%
; f

ru
it:

 4
.2

0%
; p

ou
ltr

y:
 

3.
73

%
; v

eg
et

ab
le

s: 
3.

40
%

; c
er

ea
ls:

 2
.6

9%
; 

eg
gs

: 2
.4

8%
; l

eg
um

es
: 0

.9
9%

St
rid

, 2
02

1,
 

Sw
ed

en
 

[3
6]

2

64
-it

em
 F

FQ
RI

SS
: a

n 
in

de
pe

nd
en

t, 
 

st
at

e-
ow

ne
d 

in
st

itu
te

N
A

kg
 C

O
2e

q/
da

y
57

 F
oo

d 
ite

m
s

Ye
s

19
 F

oo
d 

gr
ou

ps
/ N

A

Fr
es

án
, 

20
20

, 
Sp

ai
n 

[3
7]

3

13
6-

ite
m

 F
FQ

Ye
s

CO
2, 

CH
4, 

N
2O

kg
 C

O
2e

q/
da

y
94

 F
oo

d 
ite

m
s

Ye
s

14
 F

oo
d 

gr
ou

ps
 (d

ai
ry

 p
ro

du
ct

s: 
2.

99
 k

g 
CO

2e
q/

da
y;

 e
gg

s: 
2.

74
; v

eg
et

ab
le

s: 
2.

67
; f

re
sh

 fr
ui

t: 
2.

37
; p

ro
ce

ss
ed

 m
ea

t: 
2.

08
; o

ils
 a

nd
 fa

ts
: 1

.9
0;

 
ce

re
al

s: 
1.

89
; w

hi
te

 m
ea

t: 
1.

02
; p

as
tr

y 
pr

od
uc

ts
: 

1.
01

; fi
sh

 a
nd

 se
af

oo
d:

 0
.7

2;
 le

gu
m

es
: 0

.3
8;

 re
d 

m
ea

t: 
0.

31
; n

ut
s: 

0.
15

; p
ro

ce
ss

ed
 fr

ui
t: 

0.
11

)/N
A

Sc
he

el
be

ek
, 

20
20

, 
Eu

ro
pe

 
[4

0]
4

15
8 

D
ist

in
ct

 
fo

od
 g

ro
up

s 
fro

m
 th

e 
N

at
io

na
l 

D
ie

t a
nd

 
N

ut
rit

io
n 

Su
rv

ey
 

Ye
s

CO
2, 

CH
4, 

N
2O

kg
 C

O
2e

q/
da

y
N

A
N

o
4 

EW
G

 re
co

m
m

en
da

tio
n 

gr
ou

ps
 (r

ed
 a

nd
  

pr
oc

es
se

d 
m

ea
t: 

-1
.4

8 
kg

 C
O

2e
q/

da
y;

 o
ily

 fi
sh

:  
0.

18
 k

g 
CO

2e
q/

da
y;

 n
on

-o
ily

 fi
sh

: 0
.3

4 
kg

 
CO

2e
q/

da
y;

 fr
ui

t a
nd

 v
eg

et
ab

le
s: 

0.
34

 k
g 

CO
2e

q/
da

y)
/N

A

Bi
es

br
oe

k,
 

20
17

, 
N

et
h-

er
la

nd
s 

[3
8]

1

17
8-

ite
m

 F
FQ

FC
RN

 b
as

ed
 a

t t
he

  
U

ni
ve

rs
ity

 o
f O

xf
or

d
CO

2, 
CH

4, 
N

2O
kg

 C
O

2e
q/

da
y

N
A

N
A

N
A

Bi
es

br
oe

k,
 

20
14

, 
N

et
h-

er
la

nd
s 

[1
2]

1

17
8-

ite
m

 F
FQ

FC
RN

 b
as

ed
 a

t t
he

  
U

ni
ve

rs
ity

 o
f O

xf
or

d
CO

2, 
CH

4, 
N

2O
kg

 C
O

2e
q/

da
y

N
A

N
A

21
 F

oo
d 

gr
ou

ps
/n

on
-p

ro
ce

ss
ed

 m
ea

t: 
25

.7
%

; 
ch

ee
se

: 1
1.

6%
; m

ilk
: 9

.5
%

; n
on

-a
lc

oh
ol

ic
: 9

.4
%

; 
fru

it,
 n

ut
s a

nd
 se

ed
s: 

5.
6%

; p
ro

ce
ss

ed
 m

ea
t: 

5.
6%

; v
eg

et
ab

le
s: 

5.
5%

; m
ilk

-b
as

ed
 d

es
se

rt
s: 

4.
1%

; b
re

ad
 p

ro
du

ct
s: 

3.
4%

; a
lc

oh
ol

: 3
.4

%
; 

su
ga

r a
nd

 c
on

fe
ct

io
na

ry
: 2

.5
%

; f
at

: 2
.3

%
; fi

sh
: 

2.
1%

; c
ak

e 
an

d 
bi

sc
ui

ts
: 2

.1
%

; m
isc

el
la

ne
ou

s: 
2.

1%
; p

ot
at

oe
s: 

1.
9%

; p
as

ta
, r

ic
e 

an
d 

co
us

co
us

: 
1.

5%
; e

gg
: 1

.2
%

; c
on

di
m

en
ts

 a
nd

 sa
uc

es
: 

0.
8%

; s
ou

ps
: 0

.6
%

; l
eg

um
es

: 0
.3

%

(C
on

tin
ue

d 
to

 th
e n

ex
t p

ag
e)



Epidemiol Health 2023;45:e2023011

  |    www.e-epih.org  8

Au
th

or
, 

ye
ar

, 
co

un
tr

y
D

ie
t d

at
a

G
H

G
 d

at
ab

as
e 

of
 fo

od
s u

se
d 

to
 e

st
im

at
e 

to
ta

l G
H

G
 e

m
iss

io
n 

Th
e 

no
. o

f f
oo

ds
 

fin
al

ly
 u

se
d 

to
 

es
tim

at
e 

to
ta

l 
G

H
G

To
ta

l e
ne

rg
y 

ad
ju

st
ed

 
G

H
G

s f
ro

m
 

fo
od

 in
ta

ke
 

(y
es

/n
o/

N
A)

Th
e 

no
. o

f t
he

 fo
od

 g
ro

up
s/

th
ei

r c
on

tr
ib

ut
io

ns
 (%

) 
to

 to
ta

l G
H

G
 e

m
iss

io
ns

Pr
ov

id
ed

 d
at

ab
as

e
D

at
a 

fro
m

 th
e 

lit
er

at
ur

e

Im
pu

ta
-

tio
n

Ty
pe

 o
f 

G
H

G
s

U
ni

t

So
re

t, 
20

14
, 

U
SA

 a
nd

 
Ca

na
da

 
[3

9]
5

Se
lf-

 
ad

m
in

ist
er

ed
  

21
0-

ite
m

 
FF

Q

Ye
s

U
sin

g 
pr

ox
y 

va
lu

es
 fo

r 
66

 fo
od

s

CO
2, 

CH
4, 

N
2O

kg
 C

O
2e

q/
da

y
21

0 
Fo

od
 it

em
s

Ye
s

5 
Fo

od
 g

ro
up

s:
- N

on
-v

eg
et

ar
ia

n 
to

ta
l 3

.0
5 

kg
 C

O
2e

q/
da

y 
(p

la
nt

 
fo

od
s: 

40
%

; m
ea

t: 
20

%
; d

ai
ry

 a
nd

 e
gg

s: 
19

%
; 

be
ve

ra
ge

s: 
17

%
; o

th
er

 fo
od

s: 
4%

)
- S

em
i-v

eg
et

ar
ia

n 
to

ta
l 2

.3
9 

kg
 C

O
2e

q/
da

y 
(p

la
nt

 
fo

od
s: 

59
%

; d
ai

ry
 a

nd
 e

gg
s: 

17
%

; b
ev

er
ag

es
: 

14
%

; m
ea

t: 
6%

; o
th

er
 fo

od
s: 

4%
)

- V
eg

et
ar

ia
n 

to
ta

l 2
.1

6 
kg

 C
O

2e
q/

da
y 

(p
la

nt
 

fo
od

s: 
68

%
; d

ai
ry

 a
nd

 e
gg

s: 
15

%
; b

ev
er

ag
es

: 
13

%
; o

th
er

 fo
od

s: 
<4

%
; m

ea
t: 

0%
)

Al
l d

at
ab

as
es

 w
er

e 
es

tim
at

ed
 b

as
ed

 o
n 

a 
LC

A.
 

G
H

G
, g

re
en

ho
us

e 
ga

s; 
FF

Q
, f

oo
d 

fre
qu

en
cy

 q
ue

st
io

nn
ai

re
; C

O
2, 

ca
rb

on
 d

io
xi

de
; C

H
4, 

m
et

ha
ne

; N
2O

, n
itr

ou
s 

ox
id

e;
 k

g 
CO

2e
q/

da
y, 

CO
2 e

qu
iv

al
en

t k
ilo

gr
am

s 
pe

r d
ay

; R
IS

S,
 R

es
ea

rc
h 

In
st

itu
te

 o
f 

Sw
ed

en
; F

CR
N

, F
oo

d 
Cl

im
at

e 
Re

se
ar

ch
 N

et
w

or
k 

da
ta

ba
se

; L
CA

, l
ife

 c
yc

le
 a

ss
es

sm
en

t; 
EW

G
, E

at
w

el
l G

ui
de

; N
A,

 n
ot

 a
va

ila
bl

e;
 N

D
N

S,
 N

at
io

na
l D

ie
t a

nd
 N

ut
rit

io
n 

Su
rv

ey
; D

AS
H

, D
ie

ta
ry

 A
pp

ro
ac

he
s 

to
 S

to
p 

H
yp

er
te

ns
io

n.
 

1 Co
nt

rib
ut

io
n 

of
 d

iff
er

en
t f

oo
d 

gr
ou

ps
 to

 d
ai

ly
 in

ta
ke

 a
nd

 G
H

G
 e

m
iss

io
ns

 (C
O

2e
q 

(%
))

2 Ac
cu

ra
te

 in
fo

rm
at

io
n 

of
 c

on
tr

ib
ut

io
n 

of
 fo

od
/fo

od
 g

ro
up

 w
as

 n
ot

 a
va

ila
bl

e 
du

e 
to

 le
ga

l r
es

tr
ic

tio
ns

.
3 M

ea
n 

va
lu

e 
of

 e
ne

rg
y-

ad
ju

st
ed

 G
H

G
 e

m
iss

io
ns

 (k
g 

CO
2e

q/
da

y)
4 U

se
d 

di
et

ar
y 

da
ta

 o
f N

D
N

S 
an

d 
ga

ve
 th

e 
fix

ed
 G

H
G

 e
m

iss
io

n 
va

lu
es

 fo
r t

he
 E

W
G

 c
rit

er
ia

, c
om

pa
re

d 
gr

ou
ps

 b
y 

su
bt

ra
ct

in
g 

m
ee

tin
g 

EW
G

 re
co

m
m

en
da

tio
ns

 fr
om

 n
ot

 m
ee

tin
g 

EW
G

 re
co

m
m

en
da

-
tio

ns
. 

5 Co
m

pa
ris

on
 o

f G
H

G
 e

m
iss

io
ns

 (k
g 

CO
2e

q/
da

y)
 b

y 
m

aj
or

 fo
od

 g
ro

up
s a

nd
 d

ie
ta

ry
 p

at
te

rn
, a

dj
us

te
d 

to
 2

,0
00

 k
ca

l.

Ta
bl

e 
2.

 C
on

tin
ue

d



Hong JY et al. : Associations between GHGs from diet and diseases

www.e-epih.org    |  9

GHG emissions (5.4 kg CO2eq/day), and the highest-accordance 
group had the lowest GHG emissions (3.8 kg CO2eq/day).

Meta-analysis
Figures 2-4 show the results of the overall meta-analysis and 

subgroup analyses by outcomes and sex. Significant results were 
shown in the overall meta-analysis, which included 7 studies with 
756,966 participants and 21 study arms, in both the fixed-effect 
and random-effects models (fixed: RR, 1.04; 95% CI, 1.03 to 1.05; 
random: RR, 1.04; 95% CI, 1.02 to 1.06), with 14 arms from 6 stud-
ies for all cause-mortality, 2 arms from 2 studies for CVD incidence 
and mortality, 2 arms from 2 studies for cancer incidence and mor-
tality, and 3 arms from 2 studies for the incidence and mortality 
of other conditions (Figure 2). 

In the subgroup analysis of outcomes, the significant positive 
association remained only for all-cause mortality (14 study arms) 
(fixed: RR, 1.04; 95% CI, 1.02 to 1.05; random: RR, 1.04; 95% CI, 
1.02 to 1.06) and the fixed effect model of other diseases’ inci-
dence and mortality (3 study arms) (RR, 1.19; 95% CI, 1.05 to 
1.34) (Figure 3). In both sexes (12 study arms) and only female  
(5 study arms), significant results were shown in both the fixed-

effect and random-effects models (fixed and random: RR, 1.04; 
95% CI, 1.01 to 1.08 in both sexes; fixed: RR, 1.04; 95% CI, 1.03 to 
1.06; random: RR, 1.05; 95% CI, 1.02 to 1.08 in females). Howev-
er, the results were not significant among males (Figure 4). In the 
sensitivity analysis for the overall effect using 21 study arms and 
for all-cause mortality regardless of diseases using 18 study arms, 
the overall effects appeared robust (data not shown).

Publication bias and quality assessment
A funnel plot and the Egger test were used to identify potential 

publication bias (Supplementary Material 2). Even when the anal-
ysis was performed excluding 1 outlier [12] at the bottom of the 
funnel plot, the result of the meta-analysis was significant. There 
was no evidence of publication bias among the studies (Egger test: 
p= 0.79). For the quality assessment of the studies, we set an arbi-
trary standard and evaluated each study as “good” if there were at 
least 11 “yes” responses, “fair” if there were at least 7 and fewer than 
11 “yes” responses, and “poor” if there were fewer than 7 “yes” re-
sponses. All studies were evaluated as “good” (Supplementary 
Material 3).

 

Figure 2. Forest plot of hazard ratios (risk ratio from Scheelbeek, 2020) and 95% confidence intervals (CIs) for greenhouse gas emissions 
from diet and disease incidence or mortality by outcome. The meta-analysis was undertaken using random-effects and fixed-effects mod-
els. CHD, coronary heart disease; MWS, Million Women Study; EPIC, European Prospective Investigation into Cancer and Nutrition; HDI, 
Healthy Diet Indicator; DASH, Dietary Approaches to Stop Hypertension; DHD15, Dutch Healthy Diet index 2015; CVD, cardiovascular dis-
ease; df, degree of freedom.
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Figure 3. Subgroup analysis by the type of outcome of greenhouse gas emissions from diet and disease incidence or mortality (risk ratio 
from Scheelbeek, 2020). CI, confidence interval; MWS, Million Women Study; EPIC, European Prospective Investigation into Cancer and Nu-
trition; HDI, Healthy Diet Indicator; DASH, Dietary Approaches to Stop Hypertension; DHD15, Dutch Healthy Diet index 2015; CHD, coronary 
heart disease; CVD, cardiovascular disease; df, degree of freedom.
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DISCUSSION

The main findings in the present study were as follows: diets 
with higher GHG emissions were positively associated with the 
risk of chronic disease incidence and mortality, particularly in fe-
males, animal-based diets contributed most to diet-derived GHG 
emissions, and males tended to have diets with higher GHG 

emissions than females. 
In the present study, the meta-analysis was conducted with a 

small number of articles and there were various countries, dietary 
surveys, and outcome variables. Therefore, a random-effects mod-
el analysis was also conducted to consider heterogeneity. Howev-
er, we found about a 4% increase in both the fixed-effects and 
random-effects models for all-cause mortality in the highest group 

Figure 4. Subgroup analysis by sex of greenhouse gas emissions from diet and disease incidence or mortality (risk ratio from Scheelbeek, 
2020). CI, confidence interval; CHD, coronary heart disease; EPIC, European Prospective Investigation into Cancer and Nutrition; CVD, car-
diovascular disease; HDI, Healthy Diet Indicator; DASH, Dietary Approaches to Stop Hypertension; DHD15, Dutch Healthy Diet index 2015; 
MWS, Million Women Study; df, degree of freedom.
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of diet-related GHG emissions, particularly in females. Based on 
the present study findings, the effect sizes for all-cause mortality 
did not seem to be heterogeneous. These findings were in accord-
ance with the suggestions from modelling studies that a reduction 
of GHG emissions by dietary change could affect human health 
by about 1-16% [21,22], although there has been no review of cli-
mate impact on health in the real population. 

There are 2 possible links between GHG emissions related to 
daily food consumption and health outcomes. The first is that 
foods that emit more GHGs were positively associated with chron-
ic disease risk. The present study showed that red meat had the 
greatest influence on GHG emissions, followed by dairy products, 
seafood, and vegetables [12,35-40]. This finding was in accordance 
with a previous report in which red meat was demonstrated to 
emit about 150 times more GHGs than vegetable protein sources 
such as nuts and legumes, while dairy products emit 30 times to  
40 times more than vegetable protein sources [11]. Because ani-
mal-based foods and their components increase the risk of many 
chronic diseases [44-49] and healthy dietary patterns such as the 
vegetarian and Mediterranean diets [11,50] mainly consist of 
plant-based foods, the positive association in the present study 
may also be associated with foods with high GHG emissions rath-
er than the GHG itself. The second possible link is that increased 
dietary GHG emissions can affect everyone’s health through chang-
ing climate such as temperature, regardless of the amount of GHG 
emissions from the food sources consumed by a given individual. 
This possibility could not explain the present study’s finding of a 
positive association between high dietary GHG emissions and 
chronic disease outcomes, and there is no evidence whether climate 
change is more harmful to people with high consumption of ani-
mal-based foods [51]. Nevertheless, it may be important to con-
sider previous evidence indicating that climate change, such as in-
creased temperature, may result from massive GHG emissions 
and it may affect health conditions (dehydration, endothelial dys-
function) [44,45] and increase the risk of diseases (e.g., CVD, res-
piratory disease, cerebrovascular disease [46], and diabetes-relat-
ed diseases) [47].

Diets with low GHG emissions are an important factor in es-
tablishing Sustainable Development Goals [11,52]. The findings 
related to diet-related GHG emissions should be interpreted care-
fully, because a plant-based diet is not always healthier and does 
not always emit lower GHGs (e.g., donuts) [53] and there are foods 
(e.g., coffee) that emit more GHGs than pork and chicken [54]. 
Moreover, seafood and vegetables also appear to emit high levels 
of GHGs in distribution and processing [55]. Additionally, high 
nutritional quality is not always associated with lower GHG emis-
sions [20,21,24,56,57]. For example, sugar might have a lower en-
vironmental impact per calorie than other foods, and some fruits 
or vegetables such as lettuce, palm oil, and banana, have higher 
GHG emissions per calorie than dairy and non-ruminant meats 
[21,58,59]. 

Despite the finding that males usually consume a more animal-
based diet, which emits more GHGs [60], we found no associa-

tion between dietary GHG emissions and the risk of diseases in 
males, unlike in females. Unfortunately, there was no study with 
which to compare our findings in males. Furthermore, due to a 
lack of evidence in males and their very similar risk to that of fe-
males, we could not assert that a sex-based difference exists in the 
association of diet-related GHG emissions with all-cause mortali-
ty in the present study. 

We explored not only the association between diet-derived 
GHGs and health, but also the methods to estimate GHG emis-
sions in relation to diet. Only one study in Sweden used a state-
owned database that did not include emissions from consumer 
transportation, storage, cooking, and waste management process-
es [36], while most other studies extracted data from previously 
published articles. As there is no standard GHG emissions data-
base, the estimation of GHGs from food items remains unclear. 
Moreover, the LCA studies used in the articles reviewed in the 
present study reported GHG emissions based on their own selec-
tion of system boundaries and functional units [61,62], which 
might have substantially affected the estimated amount of GHG 
emissions for the same foods. Therefore, the study objectives should 
be considered when choosing the estimation method.

The critical limitation of this paper is the remarkably small 
number of papers estimating daily diet-related GHG emissions in 
the real population and their association with the mortality or in-
cidence of chronic diseases, such as CVD and cancer. Due to a 
lack of articles, we could not draw firm conclusions regarding this 
association in the present study. The second limitation is that stud-
ies used various methods of GHG estimation, which may not be 
comparable, although significant results remained in a subgroup 
analysis according to the source of the GHG data (institution or 
literature review) (data not shown). A GHG database could con-
tribute to the quality of estimated dietary GHG emissions, and it 
should be kept in mind that diet-related GHGs can be produced 
in various steps, such as food processing, transportation, manu-
facturing, consumption, and waste. However, although all studies 
except one [36] stated that they considered GHG emissions from 
production to consumption, none of the studies described the 
calculation method of each LCA step in detail and they did not 
mention the validity of their dietary assessment methods to esti-
mate GHG emissions. Therefore, it may be important to evaluate 
and improve the GHG databases themselves and to validate die-
tary assessment methods in the future. Last, no study evaluated 
linear and non-linear dose-response relationships between GHG 
emissions and the risk of chronic diseases. Therefore, many issues 
remain to be studied. 

Despite these limitations, it is worthwhile to note a positive as-
sociation of diet-related GHGs with the risk of chronic disease in-
cidence and mortality in the present study, because, to the best of 
our knowledge, the present study is the first systematic review 
and meta-analysis of the epidemiological association of daily diet-
derived GHG emissions with chronic disease incidence and mor-
tality. 



Hong JY et al. : Associations between GHGs from diet and diseases

www.e-epih.org    |  13

CONCLUSION

The present study finding suggested that the relative emissions 
of diet-related GHGs were positively associated with the risk of 
chronic disease incidence and mortality, and there is a possibility 
that healthy food choices contribute to reducing diet-derived 
GHG emissions. 
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