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Abstract 

Background Metabolic syndrome (MetS) has become a growing risk factor of some non‑communicable diseases. 
Increase of greenhouse gas emissions affects the planet.

Aims To assess the association between MetS severity and amount of carbon dioxide  (CO2) emitted in an adult population.

Design Cross‑sectional study (n = 6646; 55‑76‑year‑old‑men; 60‑75‑year‑old‑women with MetS).

Methods Dietary habits were assessed using a pre‑validated semi quantitative 143‑item food frequency question‑
naire. The amount of  CO2 emitted due to the production of food consumed by person and day was calculated using 
a European database, and the severity of the MetS was calculated with the MetS Severity Score.

Results Higher glycaemia levels were found in people with higher  CO2 emissions. The risk of having high severe 
MetS was related to high  CO2 emissions.

Conclusions Low  CO2 emissions diet would help to reduce MetS severity. Advantages for both health and the envi‑
ronment were found following a more sustainable diet.

Trial registration ISRCTN, ISRCT N8989 8870. Registered 05 September 2013.
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Introduction
Several factors have a detrimental impact on the ecosys-
tem, including the amount of greenhouse gas emissions 
(GHGs) in the atmosphere, especially carbon diox-
ide  (CO2) [1]. The intergovernmental Panel on Climate 
Change (IPCC) aimed to reduce emissions by 45% by 
2030 and achieve zero emissions by 2050 [2]. There is a 
vital need for a more in-depth evaluation to assess the 
impact of health and related factors on climate change, 
and vice versa, considering the different scenarios of cli-
mate change and predictions of the demographic struc-
ture of the countries [1]. Food system emissions are 
around one third of the global GHG emissions and repre-
sents 34% of total  CO2 equivalents in 2015 [3]. Therefore, 
food production and dietary consumption are related to 
climate change, and they should be changed [4] to reduce 
emissions caused from it.

Metabolic syndrome (MetS) is a condition of inter-
related risk factors including high glycaemia levels 
(> 100  mg/dL), hypertension (> 130/85 mmHg), raised 
triglyceride levels (> 150  mg/dL), low high-density lipo-
protein cholesterol levels (< 40  mg/dL in men; <50  mg/
dL in women), and abdominal obesity (waist circumfer-
ence of > 102 cm in men; >88 cm in women) [5–7]. Three 
or more of these factors are considered as having MetS 
and lead to increased risk of cardiovascular disease, ath-
erosclerosis, cancer, and type 2 diabetes mellitus (T2DM) 
[8] which are some of the main causes of death in Spain 
[9] but also worldwide [10]. The severity of having one or 
more aggregated cardiovascular risk factors for metabolic 
syndrome is known as the metabolic syndrome severity 
(MetSS), and can be measured with the metabolic syn-
drome severity score (MetSSS). This is a tool created to 
assess cardio-metabolic risk considering the joint effect 
of metabolic syndrome factors, and not their separated 
presence. It can be used for the treatment and manage-
ment of this pathology [11].

MetS is closely interrelated with food habits. A high 
consumption of high calorie and low-density food 
and a reduction of physical activity (PA) has led to 
an increase of MetS in Western countries but also in 
developing countries which have changed to a Western 
lifestyle [12]. Moderate or vigorous exercise has been 
inversely associated with MetS in children and adoles-
cent population, while a sedentary behavior has been 
positively associated [13, 14], and the same effects have 
been observed in adult population [15–17]. Dietary 
habits [17, 18] and weight interventions [19] have been 
related to MetS. Different diet interventions such as 
time-restricted eating [20] or high-protein diet [21] has 
been studied, but the Mediterranean diet (MedDiet) 
seemed to be one of the most effective interventions 
[14, 17, 22–25]. MetS is also influenced and increases 

with age [18, 26]. Its prevalence is 31% in Spain [27], 
and it increasingly becoming a global epidemic [11, 12].

Since food production and dietary consumption are 
related to climate change and globalization-related 
drivers of MetS are related to climate change, it could 
be inferred that MetS could be related to environmen-
tal change. The risk of MetS is increasing and reaching 
epidemic proportions worldwide [28] and a detrimen-
tal impact on the environment is also happening [29]; 
then, the dietary intake or food consumption could be 
part of the problem.

The risk of MetS and diet-related  CO2 emissions 
should be both attenuated changing food habits and 
following certain diets such as the MedDiet which is a 
well-studied model in terms of healthiness and sustain-
ability [30, 31]. Sustainable diets were defined as those 
diets with low environmental impacts which contrib-
ute to food and nutrition security and to healthy life 
for present and future generations. Sustainable diets 
are protective and respectful of biodiversity and eco-
systems, culturally acceptable, accessible, economically 
fair and affordable; nutritionally adequate, safe and 
healthy; while optimizing natural and human resources 
[32]. Few papers linking MetS and sustainability, or 
GHGs, have been found.

Therefore, the aim of this study was to assess the 
association between the MetS severity, and the amount 
of  CO2 emitted from the production of food consumed, 
in an adult population.

Methods
Study design
The current research was a cross-sectional analysis of 
the baseline data within an ongoing 8-year multicenter, 
parallel-group, randomized trial, carried out in 23 Span-
ish recruitment centers. More details of the study design 
have been extensively described [33]. The trial was regis-
tered in 09/05/2013 at the International Standard Rand-
omized Controlled Trial (ISRCT; http:// www. isrctn. com/ 
ISRCT N8989 8870) with the number 89898870.

Participants, recruitment, randomization, and ethics
Participant flow-chart eligibility was shown in Fig.  1. 
Among the 9677 participants who were contacted, 6874 
participants met the inclusion criteria of being men aged 
55–76 or women aged 60–75, overweight or obese (body 
mass index (BMI) between 27 and 40 kg/m2) and meeting 
at least three criteria for the MetS according to the Asso-
ciation and National Heart, Lung, and Blood Institute 
[5]. Participants with incomplete food frequency ques-
tionnaire (FFQ) data or reporting extreme total energy 
intakes (< 500 or > 3500  kcal/day in women or < 800 or 
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> 4000 kcal/day in men) were excluded and 6646 partici-
pants were left for the analysis. Informed written consent 
was provided by all participants and the study protocol 
and procedures were approved by ethical committees 
according to the ethical standards of the Declaration of 
Helsinki by all the 23 participating institutions.

Dietary assessment
Registered dietitians assessed dietary habits, at baseline, 
using a semi quantitative 143-item FFQ [34] previously 
validated in the Spanish population [35, 36]. A regular 
portion size was established for each item, and 9 catego-
ries (ranging from “never or almost never” to “≥6 times/
day”) were used to assess consumption frequencies. 
Energy and nutrient intakes were calculated as frequency 
multiplied by nutrient composition of specified portion 
size for each food item, using a computer program based 
on available information in Spanish food composition 
Tables [37, 38]. The results were used to determine the 
specific amount of food (in grams) each participant had 
eaten per day [39, 40].

Adherence to MedDiet was assessed using the 17-item 
MedDiet validated questionnaire. Each item was related 
to a food habit and the compliance with food habits 
scored 1 for every item, otherwise scored 0; it ranged 
between 0 and 17 [39, 40].

CO2 emitted per kg of food
The amount of  CO2 emitted per kg of consumed food 
per participant and day was calculated using a Euro-
pean database from 2016 that described kg of  CO2 emit-
ted per kg of food consumed. This database was based 
on life cycle assessment of recent studies and included 

agricultural production and processing steps (consider-
ing defaults for cooking, storing, and packing and letting 
transportation out of the calculations) [41]. Kilograms of 
 CO2 emitted per consumed food were calculated by mul-
tiplying grams of each consumed food reported from the 
FFQ per kg of  CO2 emitted per kg of each food from the 
database. The sum of all kilograms of  CO2 emitted for 
all the products was done to determine the total emis-
sions a day from diet. Once the  CO2 emitted for each 
participant was known, an adjustment per 1  kg of food 
consumed was completed. The adjustment was done to 
consider the energy intake confounder. Depending on the 
individual needs, the dietary intake could be higher in 
terms of quantity meaning higher emissions, even when 
comparing diets based on the same products. Therefore, 
an adjustment per 1 kg of food product per person offers 
a better comparison between the emissions of the par-
ticipants’ diets and avoids bias for people who could eat 
higher amounts due to their personal needs. Data was 
distributed in quartiles according to the amount of  CO2 
emissions: Quartile 1 (Q1) represented participants with 
the lowest emissions (≤ 2.01  kg  CO2), quartile 2 (Q2) 
represented participants with low-moderate emissions 
(2.02–2.34 kg  CO2), quartile 3 (Q3) represented partici-
pants with moderate-high emissions (2.35–2.79 kg  CO2) 
and quartile 4 (Q4) represented participants with the 
highest emissions (≥ 2.80 kg  CO2). Q1 was established as 
the reference.

MetS assessment
MetS components were determined at baseline con-
sidering the following criteria [5]: high glucose levels 
(> 100  mg/dL), hypertension (> 130/85 mmHg), raised 

Fig. 1 Flow chart of participant inclusion
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triglyceride levels (> 150  mg/dL), low high-density lipo-
protein cholesterol levels (< 40 mg/dL in men; <50 mg/dL 
in women), and abdominal obesity (waist circumference 
of > 102 cm in men; >88 cm in women). The criteria are 
described as follows:

• High glucose blood level, or hyperglycemia, is a situ-
ation when the body is not able to produce enough 
insulin to transport glucose from blood to cells and 
it remains excessively in the bloodstream [42]. To 
assess glycemia levels, overnight fasting (at least 8 h) 
blood collections were analyzed in local laboratory 
using standard enzymatic methods.

• Hypertension is the high blood pressure exerted on 
the blood vessels [43]. Blood pressure was measured 
in seated position with a validated semi-automatic 
oscillometer (Omron HEM-705CP, Lake Forest, IL, 
USA). Three measures were taken after 5 min sitting 
at rest, waiting one minute between each take.

• Dyslipidemia is the altered blood lipid concentration. 
There are two MetS components related with dyslipi-
demia: High blood level of triglycerides, or hypertri-
glyceridemia, and low concentration of high-density 
lipoproteins (HDL), or low HDL-cholesterol. Over-
night fasting blood collections were analyzed in local 
laboratory using standard enzymatic methods [44].

• Abdominal obesity or excessive accumulation of fat 
at abdomen [45] was assessed by measuring waist cir-
cumference two times using an anthropometric tape, 
halfway between the last rib and the iliac crest [46].

Each risk factor was assessed separately, as previ-
ously described, and its severity was calculated applying 
the MetSSS [11]. MetSSS was calculated using standard 
deviations and weight of Principal Component Analysis 
of all participants data from The Healthy Hearts (HH) 
study, which was a cross-sectional observational study 
aimed to establish age and sex cardiometabolic risk fac-
tors in an Australian population [47]. Its formula uses all 
MetS biomarker values for everyone (who are not using 
any prescribed medications), measuring the statistical 
distance from clinical thresholds for the MetS using the 
Mahalanobis Distance [48]. Specific steps for the MetSSS 
development are explained elsewhere [11]. MetSSS ena-
bles the conversion of the categorical variables, associ-
ated to MetS criteria, into a single continuous variable, 
facilitating the assessment not only of the presence of 
each risk factor but also the severity level associated with 
them. Instead of assessing each risk factor separately, 
MetSSS is used because it allows the assessment of the 
combined effects of having one or more aggregated risk 
factors, rather than solely considering their individual 
effects on a person’s state of health.

Other health variables
Information related to sociodemographic characteristics 
such as sex, age, and education levels were self-reported. 
Anthropometric measurements (weight, height, waist, 
and hip circumference) were obtained. The validated 
Minnesota-REGICOR short PA questionnaire [49–51] 
and the validated Spanish version of the Nurses’ Health 
Study questionnaire [52] were used to assess PA and sed-
entary behaviors respectively and data was showed in 
Metabolic Equivalents of Task (METs).

Statistics
Analyses were performed with the SPSS statistical soft-
ware version 27.0 (SPPS Inc., Chicago, IL, USA). Data are 
shown as mean and standard deviation (SD). Prevalence 
was expressed in sample size and percentage. Differences 
among groups were tested with one-way ANOVA (fol-
lowed by a post-hoc and Bonferroni analysis) for con-
tinuous variables and chi-squared test for categorical 
variables. Logistic regression was fitted to assess associa-
tion between the MetS parameters and its severity, and 
the kg of emitted  CO2. Odds Ratio (OR) value, crude and 
adjusted, and its interval was calculated. Quartiles were 
created to separate the sample according to the amount 
of emitted  CO2 and Q1 was considered as the reference 
value. The first OR adjustment was made based on soci-
odemographic characteristics (sex, education level, age) 
and the second OR adjustment included sociodemo-
graphic characteristics (sex, education level and age) and 
adherence to the MedDiet. The first OR adjustment was 
done to consider sociodemographic characteristic effects 
on the sample. Sex, educational level, and age can alter 
metabolic syndrome severity outcomes [11]. The sec-
ond OR adjustment added the MedDiet variable because 
it was seen inversely related with metabolic syndrome 
severity [10] and inversely related to  CO2 emissions [53]. 
OR was calculated between each one of the items of the 
MetS, the MetS severity (low or high) and the quartiles 
of the amount of  CO2 emitted in kg. Predictive margins 
were calculated with a 95% confidence interval (CI) and 
a linear prediction was created between quartiles of  CO2 
emissions and the MetSSS. Statistical significance was set 
at a two-tailed p value < 0.05. Our hypothesis was that a 
more sustainable diet, in terms of  CO2 emissions, would 
be related to the risk of metabolic syndrome.

Results
Table 1 shows sociodemographic characteristics of the 
sample. The relation between age, BMI, PA, sex, MetS 
parameters, and the severity of MetS according to the 
amount (kg) of  CO2 emissions is described in Table 2. 
When comparing Q1 and Q4, age and BMI proved to 
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be significant, with little changes across groups. Those 
individuals with higher levels of  CO2 emissions were 
more likely to be men, younger and had lower BMI. 
Only glucose was significant (p = 0.039). Higher gly-
caemia levels (> 100  mg/dL) were identified in those 
with higher  CO2 emissions (Q4: >2.80  kg  CO2/day), 
with lower glycaemia levels observed in Q1 and Q2. 
The relationship between the severity of MetS and  CO2 
emissions was significant (p = 0.025). The percentage of 
people with higher MetS severity was higher in people 
with higher CO2 emissions (Q1: 42.7%; Q4: 47.7%) and 
the percentage of those with low severity was higher in 
groups with low CO2 emissions (Q1: 48.4%; Q4: 43.9%).

The association between risk of MetS and the amount 
of  CO2 emissions is shown in Table 3. Crude OR showed 
that glycaemia was significantly associated with Q2 (OR 
1.16; 95%CI: 0.99–1.36), Q3 (OR 1.20; 95%CI: 1.03–1.41) 
and Q4 (OR 1.23; 95%CI: 1.05–1.44) in respect to Q1 
(reference), meaning that people with higher glycaemia 
were more likely to have higher  CO2 emissions. Results 
were also significant for glycaemia (p = 0.009) after 
adjustment in Q2 (OR 1.17; 95%CI: 1.00-1.37), Q3 (OR 

Table 1 Sociodemographic characteristics of the sample

Categorical variables are shown in sample size and percentage, and 
continuous variables by mean and standard deviation (SD)

Abbreviation: BMI Body Mass Index

n (%)

Sex

 Men 3429 (51.6%)

 Women 3218 (48.4%)

Highest school level completed

 Bachelor’s degree 858 (12.9%)

 College School Technician 601 (9%)

 Secondary School 1918 (28.9%)

 Primary School 3270 (49.2%)

mean (± SD)

Age (years) 64.9 (± 4.9)

Weight (Kg) 86.5 (± 12.9)

BMI (Kg/m2) 32.5 (± 3.4)

Energy intake (Kcal/day) 2365 (± 551)

Table 2 SES factors, physical activity and MetS criteria and severity according to  CO2 emissions (quartiles)

§Kg of CO2 per product= (Kg of the product from FFQ*Kg CO2 of the product in EU data base) / 1 kg of product. Adjustments for 1 kg of product were done later to 
be able to compare diets at the same level. Measurements were separated into four groups; Four groups were considered according to  CO2 emissions: Q1: ≤2.01 kg 
 CO2/day; Q2: 2.02–2.34 kg  CO2/day; Q3: 2.35–2.80 kg  CO2/day; Q4: >2.80 kg  CO2/day. Difference in means between groups were tested by one-way ANOVA and 
Bonferroni’s post-hoc for age, BMI and physical activity. Differences in prevalence’s across groups were examined using χ2. Different letters indicate statistically 
significant differences between groups (a, b, c, d, e, f ) according to Bonferroni’s post-hoc analysis

Abbreviations: BMI Body Mass Index, MetS Metabolic Syndrome, TG Triglycerides, HDL High Density lipoprotein
g MetS Severity is calculated with a Metabolic Syndrome Severity Score (MetSSS) [39]

Q1 n = 1661 Q2 n = 1662 Q3 n = 1663 Q4 n = 1660 p-value

Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Age 65.2 (4.9) c 65.1 (4.9) 64.8 (4.9) 64.8 (4.9) c 0.020

BMI 32.4 (3.5) c 32.5 (3.4) 32.5 (3.5) 32.7 (3.5) c 0.039

Total PA (METs) 3328 (2789.6) 3019.7 (2995) 2349 (2552.4) 2785.9 (2699.3) 0.641

 Light PA (METs) 788.2 (1064) 732.6 (918.8) 596.4 (740.9) 762.9 (980.7) 0.436

 Moderate PA (METs) 1484.8 (2167.3) 1641.1 (2970.1) 1105.3 (2099.2) 1132.1 (1586.9) 0.294

 Intense PA (METs) 1054.9 (1697.5) 645.9 (947.4) 647.2 (1275.5) 890.9 (1648.3) 0.231

n (%) n (%) n (%) n (%)

Sex

 Men 788 (47.4) 824 (49.6) 884 (53.2) 932 (56.1) < 0.001

 Women 873 (52.6) 838 (50.4) 779 (46.8) 728 (43.9)

MS Inclusion Criteria

 TG ≥ 150 mg/dL 939 (56.5) 891 (53.6) 940 (56.5) 927 (55.8) 0.276

 Glycaemia ≥ 100 mg/dL 1210 (72.8) 1258 (75.7) 1270 (76.4) 1274 (76.7) 0.039

 Hypertension ≥ 130/85mmHg 1516 (91.3) 1534 (92.3) 1535 (92.3) 1524 (91.8) 0.655

 HDL cholesterol [< 40 mg/dL (M) 
/<50 mg/dL (W)]

707 (42.6) 689 (41.5) 737 (44.3) 709 (42.7) 0.419

 Waist > 102 cm (M) > 88 cm (W) 1590 (95.7) 1600 (96.3) 1603 (96.4) 1591 (95.8) 0.712

MetS  Severityg

 Low severity (≤ 3.31) 804 (48.4) 749 (45.1) 732 (44.0) 728 (43.9) 0.025

 High severity (> 3.31) 709 (42.7) 759 (45.7) 765 (46.0) 791 (47.7)
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1.23; 95%CI: 1.05–1.44) and Q4 (OR 1.29; 95%CI: 1.10–
1.52). Crude and adjusted OR were also calculated for 
the severity of MetS and it shows how people with higher 
 CO2 emissions were more likely to have higher severity 
of MetS compared to those with lower severity (Q2, OR 
1.15; 95%CI: 1.00-1.33; Q3, OR 1.19; 95%CI: 1.03–1.37; 
Q4, OR 1.23; 95%CI: 1.07–1.42).

Figure  2 shows a linear prediction between the 
amounts of  CO2 emitted (separated in quartiles) and the 
MetS severity score. A direct relation can be seen in the 
graph showing that as CO2 emissions increase, the level 
of severity of the MetS increases as well. The greater dif-
ference may be noticed in the graph when comparing Q1 
and Q4.

Discussion
The current study showed the relation between MetS 
and  CO2 emissions. Following a diet which emitted less 
 CO2 to the atmosphere appeared to be related with lower 
MetS severity. Especially, people with high glycaemia 
were highly related to high  CO2 emissions.

A systematic review published in 2019 showed that 
most of the studies assessing sustainability aimed to 

reduce GHGs such as  CO2 [24] which is the greenhouse 
gas used for the calculations in this paper. The major 
published papers tended to relate environmental effect 
with the type of food consumed, occasionally analyz-
ing the environmental impact of the entire diet [54]. The 
vegetarian diet has received attention not just in terms 
of sustainability but also in terms of health. It is based 
on products that have a lesser environmental effect and 
implies a reduction in high GHG emitting foods which are 
principally meat and animal products. It is a plant-based 
diet that could store carbon into the soil due to photo-
synthetic effects and release oxygen reducing the overall 
amount of atmospheric  CO2. Moreover, individuals who 
followed these diets appeared to have lower incidence of 
several non-communicable diseases [55]. When compar-
ing different diets in terms of specific food choices, high 
meat-eaters result to be those who eat foods with a higher 
carbon footprint. Reductions in meat consumption, par-
ticularly red and processed meat, dairy products, and oth-
ers like sweets, savory snacks, white bread, and beverages, 
may lead to optimized diets in terms of sustainability. A 
reduction in energy intake has also been identified as a 
key component in lowering GHGs [56, 57].

Table 3 Association between the risk of Metabolic Syndrome and  CO2 emissions

§Kg of CO2 per product= (Kg of the product from FFQ*Kg  CO2 of the product in EU data base) / 1 kg of product. Adjustments for 1 kg of product were done later to be 
able to compare diets at the same level. Measurements were separated into four groups; Four groups were considered according to  CO2 emissions: Q1: ≤2.01 kg  CO2/
day; Q2: 2.02–2.34 kg  CO2/day; Q3: 2.35–2.80 kg  CO2/day; Q4: >2.80 kg  CO2/day

Abbreviations: MetS Metabolic Syndrome, TG Triglycerides, HDL High Density lipoprotein, OR Odds Ratio, OR adjusted 1: Odds Ratio adjusted by sociodemographic 
characteristics (sex, education level, age). OR adjusted 2: Odds Ratio adjusted by sociodemographic characteristics (sex, education level, age) and adherence to the 
Mediterranean Diet
* MetS Severity is calculated with a Metabolic Syndrome Severity Score (MetSSS) [39]

Q1 §
n = 1661

Q2 §
n = 1662

Q3 §
n = 1663

Q4 §
n = 1660

p-value

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

MetS Criteria
 TG ≥ 150 mg/dL Crude OR 1.000 (Ref.) 0.89 (0.78–1.02) 1.00 (0.87–1.15) 0.97 (0.85–1.12) 0.277

OR adjusted 1 1.000 (Ref.) 0.88 (0.88–1.01) 0.98 (0.85–1.12) 0.94 (0.82–1.08) 0.300

OR adjusted 2 1.000 (Ref.) 0.88 (0.76–1.01) 0.96 (0.83–1.10) 0.91 (0.79–1.04) 0.240

 Glucose < 100 mg/dL Crude OR 1.000 (Ref.) 1.16 (0.99–1.36) 1.20 (1.03–1.41) 1.23 (1.05–1.44) 0.039

OR adjusted 1 1.000 (Ref.) 1.16 (0.99–1.36) 1.20 (1.03–1.40) 1.22 (1.05–1.44) 0.045

OR adjusted 2 1.000 (Ref.) 1.17 (1.00‑1.37) 1.23 (1.05–1.44) 1.29 (1.10–1.52) 0.009

 Hypertension ≥ 130/85mmHg Crude OR 1.000 (Ref.) 1.15 (0.89–1.47) 1.15 (0.90–1.47) 1.07 (0.84–1.37) 0.655

OR adjusted 1 1.000 (Ref.) 1.15 (0.90–1.48) 1.16 (0.91–1.50) 1.09 (0.85–1.40) 0.609

OR adjusted 2 1.000 (Ref.) 1.15 (0.90–1.47) 1.16 (0.90–1.48) 1.07 (0.84–1.38) 0.635

HDL cholesterol Crude OR 1.000 (Ref.) 0.96 (0.83–1.10) 1.07 (0.94–1.23) 1.00 (0.88–1.15) 0.419

 < 40 mg/dL (M) OR adjusted 1 1.000 (Ref.) 0.96 (0.84–1.10) 1.09 (0.95–1.25) 1.03 (0.90–1.18) 0.360

 < 50 mg/dL (W) OR adjusted 2 1.000 (Ref.) 0.96 (0.83–1.10) 1.07 (0.94–1.23) 1.01 (0.87–1.16) 0.435

Waist circumference Crude OR 1.000 (Ref.) 1.15 (0.81–1.63) 1.19 (0.84–1.69) 1.03 (0.73–1.44) 0.712

 > 102 cm (M) OR adjusted 1 1.000 (Ref.) 1.21 (085‑1.72) 1.33 (0.93–1.89) 1.21 (0.86–1.71) 0.455

 > 88 cm (W) OR adjusted 2 1.000 (Ref.) 1.21 (0.85–1.72) 1.33 (0.93–1.90) 1.21 (0.87–1.72) 0.455

MetS Severity* Crude OR 1.000 (Ref.) 1.15 (1.00‑1.33) 1.19 (1.03–1.37) 1.23 (1.07–1.42) 0.025

OR adjusted 1 1.000 (Ref.) 1.18 (1.02–1.36) 1.25 (1.08–1.44) 1.33 (1.16–1.55) 0.001

OR adjusted 2 1.000 (Ref.) 1.18 (1.02–1.36) 1.23 (1.06–1.42) 1.30 (1.13–1.51) 0.003
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The research on relating GHGs and MetS is limited. 
However, relevant studies relating GHGs, and healthy or 
unhealthy situations have been found. The Lancet Com-
mission established in 2019 that ‘The food we eat and 
how we produce it will determine the health of people and 
planet, and major changes must be made to avoid both 
reduced life expectancy and continued environmental 
degradation’ [4]. Accordingly, several institutions like the 
World Health Organization had policies to emphasize 
the importance of change to a sustainable lifestyle, being 
sustainable healthy diets a starting point [58]. The Paris 
agreement is another known consensus aiming to limit 
global warming below 2ºC and closer to 1.5ºC. To achieve 
it, the adhered countries should limit their GHGs to a 
predetermined level [4].

One study assessing health and environmental impacts 
of the food-based dietary guidelines from 85 different 
countries compared the strategies done with the WHO 
and the EAT-Lancet Commission recommendations 
[59]. A reduction of premature mortality (15%) and a 
reduction in GHGs (13%) were found when the national 
food based dietary guidelines were adopted. The biggest 
improvement was following the EAT-Lancet Commis-
sion recommendations; 34% lower premature mortality, 
more than three times greater reductions in GHGs and, 
in general, greater achievement of the global targets. 
Even though these differences are not causal, they are 
associated with better dietary choices [59].

Non-communicable diseases were mentioned in some 
studies as being related to sustainability [60, 61]. Stand-
ard dietary guidelines were compared to a 2050 reference 
scenario which revealed that switching to plant-based 
diets and reducing animal-source foods would prevent 
5.1 million deaths per year and preserve 79 million years 
of life. Moreover, if a vegetarian or vegan diet is selected, 

those figures will rise. A reduced consumption of meat 
and higher consumption of fruits and vegetables would 
lead to a reduction in mortality numbers and a 19–30% 
lower prevalence of being overweight or obese, associ-
ated with a limited energy intake [60]. Adopting a diet 
scenario in line with health and sustainable recommenda-
tions resulted in 45–47% prevented deaths from reduced 
coronary heart disease, 26% from stroke, 16–18% from 
cancer and 10–12% from T2DM [60].

Given MetS is specifically a risk factor of those dis-
eases, a low  CO2 emissions-diet could be a safe and 
useful strategy. It was pointed out that the adoption of 
different diets like the Mediterranean, pescatarian, and 
vegetarian would reduce emissions by 30%, 45% and 
55% respectively [61]. Depending on the diet followed, 
the risk of type 2 diabetes mellitus, cancer, coronary 
mortality, or all-cause mortality could be reduced [62, 
63]. The current study has also shown that a low  CO2 
emissions-diet, which could be related to a lower risk 
of having high glycaemia levels in a Mediterranean 
population.

Another study, where non-communicable diseases 
were related to several diet scenarios, showed that the 
current Swiss diet appeared to be the most beneficial 
in terms of health and sustainability; on the contrary, a 
meat-oriented diet could result in adverse health out-
comes, a higher environmental footprint, an increase in 
daily food expenditure and a lack of some essential nutri-
ents [64]. An ecological study from United States showed 
associations between  CO2 emissions and the prevalence 
of obesity and diabetes [65], which agrees with the cur-
rent study, although those associations were weaker after 
some adjustments.

Food dietary choices influence MetSSS and  CO2 
emissions, but they can also be influenced by social, 

Fig. 2 Predictive margins between kg  CO2 quartiles and MetS severity with 95%CI
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economic, commercial, and political factors. Meta-
bolic syndrome is classified as a non-communicable 
disease and, even if it started being more prevalent 
in developed countries, it spread due to presence of 
the western lifestyle around the world [12]. Moreo-
ver, healthy foods have become more expensive than 
unhealthy ones, having ultra-processed products as an 
example [66], driving people with fewer resources to 
purchase them [67] and affecting planet and people’s 
health. Commercial determinants of health can also 
be affecting both dimensions, including various sec-
tors such as the food and beverage industry, tobacco 
industry, alcohol industry, pharmaceutical industry, 
and advertising and marketing industries. These sec-
tors often employ strategies to promote their prod-
ucts, maximize profits and achieve economic growth, 
having significant implications for public health and 
the environment [68]. The regulation of these deter-
minants needs to be addressed by political systems, 
policies, and governance structures, being the political 
factor also a health-environment determinant itself. 
There is a need of developing policies focused on the 
sustainable development goals [69] and integrating cli-
mate change and health systems [70, 71].

It is true that there is already some research on the 
relation of what we eat, the environment and some 
specific health conditions, but very few information is 
found when relating diet, environment, and MetS. This 
new study on this subject showed how being more con-
scious and modifying our eating habits and could be 
related both with the planet’s health and the people’s 
quality of life.

Strengths and limitations of the study
The first strength is that the current study contributes 
to the very limited evidence relating sustainability, in 
terms of  CO2 emissions, and MetS. The second strength 
is the large sample size used. Once the  CO2 calculations 
were done for each participant, an adjustment per 1  kg 
of food product was done. This is a strength because it 
avoids the effect of the energy intake confounder. The 
amount in grams of food consumed is closely related 
to individual caloric requirements. In other words, 
high energy requirements are met by high amounts of 
food, and accordingly low requirements relate to lower 
amounts of food. Quantity of food is directly related to 
 CO2 emissions. To avoid this bias, an adjustment per one 
kg of food product was performed. Calculating only the 
parameter of  CO2 emissions for assessing the sustainabil-
ity of a diet allows the impact to be observed indepen-
dently from other parameters.

The current study has also limitations. The envi-
ronmental impact is just calculated in terms of  CO2 

emissions while other studies have considered water, 
land, or energy use as well as marine eutrophication, 
atmospheric acidification, and nitrogen or phospho-
rous release [55, 72]. The database used to calculate  CO2 
emissions is from 2016, which is the data collected in the 
current paper. This makes sense as data analyzed accord-
ing to the situation at current time. Moreover, a while 
has passed from 2016 and some data might not be the 
latest available. MetSSS was originally created using data 
from an Australian population which is another limita-
tion, since our population is Spanish. The fact that the 
population studied were 55 to 75 years old, limits the 
possibility to apply the current findings on younger pop-
ulations. Finally, causal effects cannot be set since the 
study presents a cross-sectional design.

Conclusions
CO2 emission could be related with the risk of having a 
more severe MetS and with glycaemia. Following a diet 
which emitted less  CO2 to the atmosphere could be help-
ful for those participants with high MetS severity. Further 
research is needed to assess the relation between sustain-
ability and some specific non-communicable diseases, 
to find more ways to reduce the mortality and morbidity 
they are causing worldwide.
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