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DOCTORAL THESIS

International comparative study on the relationship

between diet, nutrition and healthy life expectancy

ABSTRACT

Healthy life expectancy (HALE) is defined as the
lifetime years that allows people to maintain their
physical and mental health without relying on daily and
continuous medical and nursing care, living independent
lives. The difference between life expectancy and healthy
lifespan is "unhealthy period"” which is restricted in daily
life. To make this "unhealthy period" as short as possible
1s the biggest health policy 1ssue 1n many countries
around the world, including Japan. In this study, in order
to clarify the importance of diet and nutrition in this
issue, and I examined the possibility of extending HALE
and shortening unhealthy period by diet and nutrition,

conducting the following three studies.

Study 1
Food and Agriculture Organization of the United Nations

database (FAOSTAT) and the National Health and



Nutrition Examination Survey - Comparative study of the
50-year change

Purpose: The purpose of this study is to compare the
changes during the 50 years of the food supply amount in
Japan by the United Nations database FAOSTAT and the
food intake of the National Health and Nutrition
Examination Survey (NHANES) and to examine the
usefulness of FAOSTAT in the assessment of food intake.
Methods: Using FAOSTAT data of food supply in Japan
from 1961 to 2011, the supplied foods were classified
according to the food classification category of Japanese
food standard component table 2015 edition. The data of
NHANES, which is published by the Ministry of Health,
Labor and Welfare, were matched with FAOSTAT data by of
the food groups and year. The differences in mean and
slope between FAOSTAT and NHANES were tested by
general linear model in entire period from 1961 to 2011
and three periods 1961-1980, 1981-2000, and 2001-2011.
Results: Because the classification methods of the foods
have been changed during 50 years in NHANES, it was
difficult to clarify the trends of cereal, beverage, oils and
fats, algae intakes. Thus, there were significant
differences between NHANES and FAOSTAT in the slope of
intakes throughout the entire period except fruits and

seafood. In the analysis of divided into three periods,



differences in the slope of foods between NHANES and
FAOSTAT were getting not significant as closing to the
current, and differences in the slope were not significant
in the 9 food groups of the 14 food groups in the period
since 2001. As for the mean values, there were significant
differences in all food groups during the entire period and
were similar during the period since 2001.

Conclusion: For variation of food intakes during 50 years,
comparison between NHANES and FAOSTAT was difficult
because of changes in food classification methods in
NHANES. However, the differences in change between
FAOSTAT and NHANES were relatively small during the
period since 2001. Estimation of the relative intake of

foods from the data in FAOSTAT appeared to be possible.

Study 2

International comparative study on the difference between
life expectancy and healthy life expectancy

Purpose: Healthy life expectancy (HALE) is defined as the
probable period of life where people are expected to live on
their own without the aid of nursing and without getting
so sick that their daily activities are interrupted. The
difference between life expectancy (LE) and HALE is
"unhealthy period" which 1s restricted in daily life. To

make this "unhealthy period" as short as possible is the



biggest health policy issue in many countries around the
world, including Japan. In this study, we aimed to clarify
the difference between LE and HALE from the
international comparative study and the factors
influencing this difference.

Methods: Data on LE and HALE by country were obtained
from the database of Global Burden of Disease (GBD) 2015.
We obtained energy supply, energy ratio of lipids and
proteins, education years, obesity rate, smoking rate,
total population, aging rate, global domestic product
(GDP), and health expenditure by country from the
international database. We analyzed 131 countries with
data of over 1 million population to investigate the factors
affecting the difference between LE and HALE by stepwise
multiple regression.

Results: In the data of 2015, both Japan's LE and HALE
were the world’s best. The difference between LE and
HALE was larger as LE was longer. However, the
difference in Japan was 9.27 years, which was 60th in 131
countries. In the stepwise multiple regression including
socioeconomic and lifestyle factors, the obesity rate, GDP
per capita, and energy supply amount were significant
increasing factors of the difference between LE and HALE.
The obesity rate and health expenditure per capita were

factors that increase the ratio of the difference between



LE and HALE, and the education years and the aging rate
were the factors that reduced the ratio of the difference.
Conclusion: Japan has the longest LE and HLE in the
world. The difference between LE and HLE and the rate of
the difference were most strongly related to obesity. The
rate of obesity in Japan is lowest in developed countries,
and 1t would be the reason why the difference between LE

and HLE was relatively short in Japan.

Study 3

Dietary diversity and healthy life expectancy - an
Iinternational comparative study

Purpose: The prolongation of healthy life expectancy
(HALE) is a core issue of health policy in many countries.
The purpose of this study is to clarify the relationship
between dietary diversity and HALE using international
databases.

Methods: HALE data by country were derived from the
Global Burden of Disease (GBD) 2015 database. Average
food supply (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. Each food was sorted across

12 food groups, and dietary diversity was obtained from

10



food groups using the Quantitative Index for Dietary
Diversity (QUANTIDD). The cross-sectional and
longitudinal associations between QUANTIDD and HALE
were examined in the countries with populations of 1
million or greater.

Results: Cross-sectional analysis showed that HALE was
significantly associated with QUANTIDD (8=99.9 = 11.4,
p<0.001) in the single regression model and in the
multiple regression model controlled for covariates
(B=36.4 + 11.3, p=0.002). Longitudinal analysis showed
that HALE increased with QUANTIDD during the 15-year
study period (B=46.4 + 5.1, p<0.001), and this association
was also significant when controlled for covariates
(B=389.7 + 5.1, p<0.001). Longitudinal association of
QUANTIDD with the percentage difference between life
expectancy and HALE controlled for covariates was
significantly negative (B=-1.3 £ 0.5, p=0.011).
Conclusion: After controlling for socioeconomic indicators,
longer healthy life is enjoyed by populations of countries

with greater dietary diversity.

Overall conclusions
The above three studies by FAOSTAT and other
international databases has shown that obesity rate in

Japan was low among developed countries. And HALE, the

11



difference between LE and HALE, and dietary diversity in
Japan were leading the world. It became clear that less
obesity and higher diversity of food 1is effective for
extending HALE. In obese people, excessive weilght
becomes a burden on joints and heart function, increases
insulin resistance, causes osteoarthritis, diabetes, and
heart failure, and shortens HALE. If the diversity of foods
supplied in the country or region are limited, nutrient
intakes tend to be biased. Intakes of a variety of foods
lead to a sufficient and necessary amount of nutrient
intakes. In addition, the richness of the variety of foods
forms a healthy and rich dietary culture, which also leads
to diversification of risk from foods, and these will
contribute to extend HALE through prevention of various

diseases.

12
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# 1. FAOSTAT o &M HEHH 2» b O & & # 70

FAOSTATIEE & "R BREHE FAOSTATIEE 4 BRE ERENE
Barley and products KREPE R B Aquatic Plants R R
Cereals, Other 2. Zoth Ees| Aquatic Animals, Others Z D DKEENY aNeE
Maize and products FyERITPET B8 Cephalopods 4Hh-&2 aNE
Maize Germ Oil k7 ER IV WA Crustaceans B4R BN
Millet and products MRS BAE Demersal Fish Ef aNgE
Oats NHTE WA Freshwater Fish Bk BaNg
Rice (Milled Equivalent) * (Fiag) B8 Marine Fish, Other KR, Z0f aneg
Rye and products TAEZCER B8 Molluscs, Other BiAEY. Zoft aneg
Wheat and products INERR %48 Pelagic Fish EIEDR anda
Cassava and products Fory e BE WH4E Bovine Meat 4+ %R
Potatoes and products T HAEPES WHE Meat, Aquatic Mammals W8 OkMEIFFAE) ESE]
Sweet potatoes HYTAE WHiE Meat, Other W, Z0ft %R
Yams ilES WH3E Mutton & Goat Meat TRV RYEFDH [
Honey i WiEs Offals, Edible WiE. &R Sk
Sugar (Raw Equivalent) Wi (£8E) WiEsR Pigmeat By [ESEd
Sugar beet WERR WiERE Poultry Meat REHA Sk
Sugar cane AN E S WiESE Eggs 99 Jp4E
Sugar non-centrifugal B, RO WiESE Butter, Ghee NE— A48
Sweeteners, Other HERRL Zoft WiEsE Cream VAN ElRi)
Beans = 8 Milk - Excluding Butter Y- NE—ERL EE |
Cocoa Beans and products hhFE LR B8 Coconut Oil aaFyvAAL b
Groundnuts (Shelled Eq) EE G 48 Cottonseed Ol FCES: ShAEsE
Peas IVRY 28 Fats, Animals, Raw BeRA. B4, £ SHAEAR
Pulses, Other and products T4, heER =45 Fish, Body Oil B, KT AN piis)i=Ee]
Soyabeans xE L Fish, Liver Oil . fm piilid
Nuts and products F v VR S Groundnut Ol SEICAER pi)iEe]
Sesame seed HARK ExEH Oilcrops Qil, Other Oilcrops# 4 L, Z0ft piit)i=Ee]
Sunflower seed vEbYOE BEH Oilcrops, Other Qilcrops, % Dt piit)i=Ee]
Onions ES- e Olive Oil FY—=THAN pialiis
Pimento E-< A Palm Oil N— L piili ]
Roots, Other RE, zofb e Palmkernel Oil /N— L% ShBRsE
Sorghum and products EOITPES B Rape and Mustard Oil HERPYRZ— A/ HfEE
Tomatoes and products k< bR [ Ricebran Oil KA AL ShAgsE
Vegetables, Other HE. Toft faEai] Sesameseed Oil ZEiHm piilizg=e]
Apples and products YA TRES 2EM Soyabean Oil A= piilizg=]
Bananas NFF Rx4E Sunflowerseed Oil e~ 7 U achit=:)
Citrus, Other B, Zoft R4 Beer E— ESE
Coconuts - Incl Copra aaFvY - LRGEED 2EME Beverages, Alcoholic MK, Toa—
Dates FYAY Y R348 Wine 74
Fruits, Other Y. ot R348 Cloves sa—-7 C BENE
Grapefruit and products TL—77N—YRES BEE Pepper avay AR - FERE
Grapes and products (excl wine) 7 F7R&@ (74 > &) BEE Spices, Other Z DD R R AR - FERE
Lemons, Limes and products LEY, FALEEGR ] Beverages, Fermented Rl B REAFARRHE
Olives (including preserved) FY—7 (REEED) BEE Coffee and products d—b—CES REAFRRRHE
Oranges, Mandarines FLvY, HhA ] Tea (including mate) BF (XTEED) RELTERHE
Pineapples and products RA Sy TR E] Infant food bl Znft
Plantains NFF REE Miscellaneous Z 0t Z ot
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K 2. RMHANC B 7z [ERER - REME L

FAOSTAT Dz o 75

(1961 :~2011 4F)

. 1961-2011 1961-1980 1981-2000 2001-2011
FiH PR Dz mEnE PR Dz 1E= D= YA DR E= D= YA D= taEDE
ESE 0.178 *** + 0.180 * 0.845 0.069 *** + 0.070 *** 0.055 *** 0.055 *** 0.021 *** -0.026 0.022 NS
WH%g + 0.106 *** + 0.107 *** -1.518 =+ 0.104 *** + 0.105 *** +  0.065 *** + 0.066 ** + 0.055 *** -0.019 £ 0.058 NS
WHE - HeRplgE + 0.070 *** + 0.071 *** -1.579 £ 0.133 *** + 0.135 *** +  0.042 *** + 0.043 NS + 0.035 *** 0.107 * 0.037 **
=48 + 0.035 *** + 0.036 *** 1.949 + 0.037 *** + 0.037 ** +  0.029 *** + 0.029 NS + 0.064 *** 0.008 £ 0.067 NS
a3 + 0.042 *** + 0.043 *** -1.429 £ 0.134 *** + 0.136 ** +  0.060 *** + 0.060 *** + 0.0560 *** -0.006 £ 0.052 NS
REE + (0.185 ** + 0.186 NS -0.256 = 0.170 NS + 0.173 NS +  0.199 *** + 0.201 *** + 0.140 *** -0.046 *= 0.147 NS
BRI - TDTHE + 0.079 *** + 0.079 *** -1.802 = 0.107 *** + 0.108 ** +  0.084 *** + 0.085 *** + 0.318 NS 1.311 £ 0.333 ***
s + 0.111 *** + 0.112 *** 1.618 = 0.186 *** + 0.189 ** £+ 0.095 *** + 0.096 NS + 0.058 *** -0.203 * 0.060 **
BNE + 0.061 *** + 0.062 NS -1.830 *= 0.048 *** + 0.049 *** +  0.037 *** + 0.037 NS + 0.031 *** (0.232 £ 0.033 ***
ESEE] + 0.0568 *** + 0.068 *** -0.299 £ 0.080 *** + 0.081 ** + 0.041 *** + 0.041 *** + 0.033 *** 0.017 = 0.035 NS
onga + 0.044 *** + 0.044 *** -1.729 £ 0.075 *** + 0.076 *** £ 0.027 *** + 0.028 *** + 0.012 *** -0.001 £ 0.012 NS
#58 + 0.048 *** + 0.048 *** -1.714 £ 0.039 *** + 0.040 *** +  0.021 *** + 0.021 *** + 0.030 *** 0.046 * 0.032 NS
JHAEsE + (0.0654 *** + (0.055 *** -1.384 =+ 0.056 *** + (0.057 *** +  0.021 *** + 0.022 *** + 0.016 *** -0.007 = 0.017 NS
RELFER AR 0.112 ** 0.113 *** -1.416 0.096 *** + 0.098 ** +  0.093 *** + 0.094 ** 0.042 *** 0.143 £ 0.044 **

FRELCHAE (BRRERSEAAL 1L L, FAOSTATZ0 & L7:)
SEBRBUIZECERREK S L TR, 1ZH3

RUFE L ZORAFAEEZ AN -—RIFHET L CREOERBREEVA O£, REFAEORBREZMESDEL LT,
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Q&L &3 (2L L1z, NS:notsignificant *p<0.05 **p<0.01 ***p<0.001
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£1. AMO100 AAMED 131 p EOFIE., ZERE. /S—E XA (DIH)

1ZAE R=t 2 Z AN (DLR)
5B Fi9E
Rz 5 25 50 75 95

T3 F— (keal) 2,851 468 2,120 2,464 2826 3247 3548

1= AL < E(g) 80.8 203 499 635 816 97.1 1106

=) 85.6 36.0 400 571 791 1135 1511

rAKAEH(g) 439.4 570 3542 4086 4377 4706 5343

FAECET LY - (%) 112 14 89 104 113 121 13.1

PEE T 2L ¥ —H(%) 26.2 78 143 199 257 31.8 39.3

RAALY) T3 I F — (%) 62.6 86 484 562 629 68.9 75.0
HRRE A HIIEIE

GDP (1000US$/A/4E) 124 165 05 14 5.1 149 474

g (USS/A/E) 1,2160 20413 306 837 3589 10772 56372

AE (100 AA) 528  169.0 18 55 126 385 1716

=i b E (%) 89 63 25 35 6.5 14.2 20.0

BEEH 8.2 32 27 5.8 8.2 109 12.7
EEEE

RE2JEE 3 (%) 173 78 63 110 169 24.4 29.7

BMI30 LLE D fE#EIE (%) 174 91 36 76 194 23.9 30.7
i

FHFE e (%) 72.1 81 573 659 746 78.7 82.1

R (%) 63.1 72 500 576 653 68.4 71.7

= (F) ™ 9.0 11 72 8.4 9.2 9.9 10.6

EZ0EE (%) * 125 08 115 120 125 129 13.9

kG - REES (5)
= (PiaEe - REED) S FHES (%)

T—2 D5 A

- REMHIFE  FAOSTAT2013

- P9, BERFAFA. BUES 1 GBD2015
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- HEFH  BERE R X BT ST AT
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5 H BB AR E p &

FigFFm & EFEFmDE (F) X

FEEE= (BMI30 U k) 0.343 0.078 <0.001

GDP 0.295 0.075 <0.001

T RILF—HIGE 0.263 0.091 0.004
FZEm & BEEGDEDEES (%)

SR (BMI30 KL E) 0.433 0.103 <0.001

HEFH -0.432 0.142 0.003

R 0.387 0.104 <0.001

ST e -0.325 0.127 0.011

N EG - REED (5)
2 (Fi9HH - REED) S THED (%)

F—XD5|H

- REMHAE  FAOSTAT2013

- %, BEFS. BIEEX 1 GBD2015

- GDP, mipbE, ERIMAL, EEE @ HRRIT
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_— R IN—t B
FHME R= 5 25 50 75 95
B
&5 (g/day) 372.3 1039 2327 3054 3699 4237 559.0
W3 (g/day) 1915 1773 284 790 1441 2534 6169
WHE%E (g/day) 86.6 444 221 490 853 1179 1575
248 (g/day) 26.6 19.2 62 135 226 326 653
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BNEE (g/day) 412 35.8 37 146 304 615 1027
%8 (g/day) 133.1 823 270 551 1287 1984 2727
yR#aE (g/day) 184 14.0 16 49 173 299 417
FLFE (g/day) 3199 2583 207 900 2736 4893 7837
AR (g/day) 38.7 20.8 95 232 361 507 797
IxILF—HIEE (keal/day) 2,810 460 2,100 2430 2,790 3,160 3,540
BREZEEZ 7 (QUANTIDD) 0.880  0.051 0.781 0.862 0.890 0918 0.938
HRIEFHIIEIE
A (million) 483 1584 16 49 111 331 1532
GDP (1000 US$/capita) 121 16.9 0.5 1.2 45 130 483
=R (%) 8.08 562 252 333 586 1301 1822
BEE (years) 7.97 324 256 540 800 1080 1262
&2 (1000 US$/capita) 1.04 1.77 003 006 027 087 510
Fip
R Ew (years) 61.5 85 467 562 643 678 712
FiEE (years) 70.3 95 542 642 737 778 814
NVR Y= AN A\ = ZaN
f/?%” LREFHOEDHE 126 08 114 120 126 131 140
1 (FaEe RS S FEESD (%)
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