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DOCTORAL THESIS

ABSTRACT

The polarization of diet, where developed
countries experience a trend of over-nutrition as opposed
to under-nutrition in developing countries, has shifted
into a problem described as “double-burden of
malnutrition”, where over- and under-nutrition occur
simultaneously within a single country. Therefore, there
is an urgent need to develop dietary scores that can easily
determine the appropriate amount of food intake. This
study was conducted to determine the relationship
between the Mediterranean diet, which 1s considered a
healthy dietary pattern and 1is listed on the World
Intangible Cultural Heritage List, and non-communicable

diseases and healthy life expectancy.

Study 1

Mediterranean Diet Score and the Incidence of Ischaemic
Heart Disease - A Cross-sectional Comparative Study
Objective: The aim of the present study was to clarify the
global relationship between Mediterranean diet score
(MDS) and the incidence of ischaemic heart disease (IHD)

by country using international statistics.



Methods: The incidence of THD by country was derived
from the Global Burden of Disease (GBD) database.
Average food (g/day/capita) and energy supplies
(kcal/day/capita) by country, excluding loss between
production and household, were obtained from the Food
and Agriculture Organization of the United Nations
Statistics Division database. database. MDS were
evaluated based on the total score of 9 food items that
characterize the Mediterranean diet. The association
between MDS and the incidence of THD was examined in
countries with populations of 1 million or greater using a
general linear model controlled for socioeconomic and
lifestyle variables.

Results: MDS were inversely correlated with obesity rate,
aging rate, years of education, and IHD 1incidence;
however, no associations were found with GDP, life
expectancy, smoking rate, energy supply, or health
expenditures. In the general linear model of TIHD
incidence by MDS controlled for socioeconomic and
lifestyle variables, the S = + standard error of the MDS
was —26.4 + 8.6 (p<0.01).

Conclusion: The results of this global international
comparative study confirmed that the Mediterranean diet

is inversely associated with the incidence of THD.



Study 2

Global Relationship between Mediterranean Diet and the
Incidence and Mortality of Ischemic Heart Disease
Objective: The purpose of this study was to clarify the
global relationship between the Mediterranean diet score
(MDS) and country-wise 1incidence and mortality of
ischemic heart disease (IHD) wusing an international
database.

Methods: We used population data from a global
longitudinal database covering 137 countries with a
population of over one million. MDS were evaluated based
on the total score of the nine foods that comprise the
Mediterranean diet. The incidence and mortality of THD
by country was derived from the Global Burden of Disease
(GBD) database. Average food (g/day/capita) and energy
supply (kcal/day/capita) by country, excluding loss
between production and household, were obtained from the
Food and Agriculture Organization of the United Nations
Statistics Division database. Data from the GBD database
were used for body mass index, current smoking rates,
physical activity, years of education and percentage of the
Muslim population. We identified the percentage of the
population over 65 years of age (aging rate) and gross
domestic product (GDP) per capita (US$/capita) using the

World Bank database. A linear mixed-effect model was



used for evaluating the effects of MDS on incidence and
mortality of IHD controlled for socioeconomic and
lifestyle variables.

Results: Analysis showed that MDS was significantly
associated with IHD incidence after <controlling for
covariates (f =-1.01 + 0.27, p<0.001). Similarly, there was
a significant association between MDS and IHD-related
mortality after controlling for covariates (-0.73 = 0.34,
p<0.05).

Conclusion: Analysis of 27 years of data suggests that a

Mediterranean diet might have a preventive effect on IHD.

Study 3

Association between the Mediterranean Diet Score and
Healthy Life Expectancy: A Global Comparative Study
Objective: Extending healthy life expectancy (HALE),
defined as the average number of years that a person can
expect to live in “full health” by taking into account years
lived in less than full health due to disease and/or injury,
is a common topic worldwide. This study aims to clarify
the relationships between the Mediterranean diet score
(MDS) and life expectancy (LE) and HALE globally using
publicly available international data.

Methods: Analyses were conducted on 130 countries with

populations of 1 million or more for which all data were

10



available. Individual countries were scored from 0 to 9 to
indicate adherence to the Mediterranean diet according to
the MDS scoring method. The supply of vegetables,
legumes, fruits and nuts, cereals, fish, and olive oil per
1,000 kcal per country was calculated based on the Food
and Agriculture Organization Corporate Statistical
Database, with a score of 1 for above the median and 0 for
below. The same method was used to calculate scores of
presumed detrimental components (meat and dairy), with
consumption below the median given a value of 1, and
consumption above the median given a value of 0. For wine,
a score of 1 was given for 10g to 50 g of consumption. We
investigated the cross-sectional associations between the
MDS and LE and HALE at birth in 2009, and the
longitudinal associations between the MDS in 2009 and
LE and HALE between 2009 and 2019, controlling for
covariates at baseline using linear mixed models.

Results: In the cross-sectional analysis, the MDS was
significantly positively associated with LE (8 =0.906
[95% confidence interval, 0.065-1.747], p=0.037) and
HALE (0.875 [0.207-1.544], p=0.011) after controlling for
all covariates. The longitudinal analysis also revealed
significantly positive associations between the MDS and
LE (0.621[0.063-1.178], p=0.030) and HALE (0.694 [0.227-

1.161], p=0.004) after controlling for all covariates.

11



Conclusion: The present study, based on an analysis using
10 years of international data, showed that countries with

a higher MDS showed a positive association with HALE.

Overall conclusions

Using international databases such as GBD and FAOSTAT,
the three international comparative studies revealed that
ischemic heart disease, which has the highest mortality
rate in the world among non-communicable diseases, and
healthy life expectancy, defined as the healthy period of
a person's lifetime, are associated with the Mediterranean
diet score. Cross-sectional and longitudinal analyses
showed that Mediterranean diet score was negatively
associated with incidence and mortality of ischemic heart
disease, and positively associated with healthy life
expectancy. These results suggest that the Mediterranean
diet, a diet low in meat and dairy products and high in
fruits, vegetables, fish, and grains, may reduce the
incidence of noncommunicable diseases and extend the
healthy life span. In the future, by further analyzing the
relationship between diet and health indicators such as
non-communicable diseases, we alm to establish an
"optimal diet" that can both protect and sustain food

culture and maintain health.

12
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F1EHET —ZR-—RCHEITDPBERERR T ERSRE - £FFEEE. ERHHED
oKl
EXa7HE SA37H plE*
E# 46 86
a7 = =
2.41 (0.75) 4.72 (0.78) <0.001
RO R B RS
422.2 (164.3) 3583 (126.3) 0.014
(/100,000/year)
HEBENIBIE
Ad (BA) 33.4 (62.6)  62.63 (203.2) 0.344
GDP (1000 US$/A) 13.5 (16.5) 11.8 (16.5) 0.574
SR (%) 10.8 (6.3) 8.03 (6.16) 0.017
EEEEE (1000 US$/A) 1.37 (2.16) 1.12 (1.96) 0.505
BEFEH (F) 9.31 (3.08) 7.60 (3.15) 0.003
FigHER (F) 72.3(8.2) 72.1 (8.1) 0.886
£EBIEEIE
BLESR (%) 19.5 (7.8) 16.2 (7.7) 0.021
TrLFX—#isE (kcal/H) 2895.2 (484.7)  2832.2 (460.0) 0.463
B (%) 19.1 (7.7) 16.5 (9.8) 0.13
BaftieE
B¥e s vy (g/8) 2105 (96.7)  259.8 (150.1) 0.046
B (g/H) 215.4 (109.5) 310.0 (194.1) 0.003
=% (g/H) 17.7 (11.9) 33.9 (21.8) <0.001
& (g/R) 346.7 (85.3) 380.6 (112.5) 0.076
5 (g/8) 37.0 (35.4) 45.8 (36.8) 0.183
FU—7H4L (g/R) 0.87 (1.23) 2.49 (6.21) 0.085
Asm (g/8) 4293 (274.1)  282.2 (252.1) 0.002
W% (g/H) 168.6 (76.4) 121.7 (80.4) 0.001
74> (g/8) 21.6 (22.5) 14.2 (27.2) 0.118

LEfEZF9E (SD) . GDP: ENHEAEE

2.7 — R DRI -7 AO100F AU ED132HEICOWT, #BER R a7 & EMMEREBRIER & OBERTRY A 2T %
HEFBEREE tRETOERE

T, BEZARRBEASUED2EICH T T, BRRitHEE

To7

B L HSRBENER

3MHBEXATIFOEANLIRICAHE L. RATHEVIEFEIETFELNSVWEZRT,

*Student’s t test.
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®2. FBRER 7 ERMERERERICET 2 EERERE(E=8) ROREEFRE(T=A)

N THILF— WHER
GDP Sy e HEEK Ty & e B2 JE SR e e IHDHFEX

#ia=E 237
GDP 0.645 *** 0.649 *** 0.633 *** 0.961 *** 0.269 ** 0.65 *** 0.47 *** 0399 ***  —-0.054
Sin X -0.213 * 0.745 *** 0.711 *** 0.65 *** 0.612 *** 0.66 *** 0.401 ***  -0.137 -0.183 *
HBEEH 0.181 * 0.323 *** 0.729 *** 0.59 **x* 0.581 *** 0.677 *** 0.648 ***  -0.070 -0.279 **
Fi5HEa 0.08 0.237 ** 0.208 * 0.563 *** 0.558 *** 0.748 *** 0.614 ***  -0.300 ***  -0.047
B3 0.921 *** 0.327 ***  -0.058 -0.086 0.217 * 0.577 *** 0.363 ***  -0.368 *** —-(0.053
B2jE@ R 0.063 0.311 *** 0.193 * 0.167 -0.194 * 0.54 *** 0.343 **x* 0.124 -0.145
IxILF—figsE 0.175 0.19 * -0.147 0.246 ** -0.046 0.195 * 0.69 ***  -0.134 -0.064
Jiudrpeas 0.131 —0.250 ** 0.379 *** 0.149 -0.187 * -0.152 0.464 *** -0.139 -0.206 *
IHDFAESKR -0.219 * —-0.055 0.208 * —0.297 *** 0.086 0.186 * 0.211 * -0.093 —0.245 **
BRI 7 0.008 -0.133 -0.166 0.126 -0.006 0.021 0.162 -0.195 * -0.209 *

**%p < 0.001; ** p < 0.01; *p < 0.05.
GDP:EWR#4EE. HD: B4 VEE
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x3. —RWLET NS ZHRBRR 7 & EMEOERBRER & DFEE

Model 1 Model 2 Model 3

B SE B SE B SE
(TR) 482.923  37.581 *** 536.962  35.605 *** 305.795  98.936 ***
WhERXO7 -26.140 9.08 *** -28.527 8.261 **x* -26.371 8.627 **
GDP -3.602 0.674 **x* -4.748 1.039 **
Y S -3.638 3.106
BEFH 11.085 6.616
P2 fgE 3R 2.726 1.973
IxIILX—{HiGE 0.069 0.043
loh B -3.706 1.88
AIC 1682.3 1657.9 1654.7
BIC 1690.9 1669.4 1680.6

% p < 0.001; *p <0.01; *p < 0.05.

GDP: B AEFE,

AIC: TRt IBIEEZE, BIC: N XIFREELE
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