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Figure 2 Non-linear dose-response analysis of BMI and all cause mortality among never smokers,
healthy never smokers, all participants, current, former, and ever smokers (derived from: Aune D,
Sen A, Prasad M, Norat T, Janszky I, Tonstad S, et al. BMI and all cause mortality: Systematic
review and non-linear dose-response meta-analysis of 230 cohort studies with 3.74 million deaths
among 30.3 million participants. BMJ. 2016;353:1083-96.)
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Baseline age 35-49 years Baseline age 50-69 years Baseline age 70-89years
Studies Participants Deaths HR per5 kg/m’ Studies Participants Deaths HR per 5 kg/m* Studies Participants Deaths HR per5 kg/m’
8.0 124 1206420 42531 152(147-156) _ 167 2205272 246631 137(135-139) _ 88 225314 90674 1.21(1.17-1.25)
4.0 | i i
2
o
5 20 4 " B
g ¥ |
bl I b
| o . o " ¥
n
= o gy "Ho
05 T T T T T T T T T T T T T T T T T 1
15 20 25 30 35 40 45 15 20 25 30 35 40 45 15 20 25 30 35 40 45
Mean body-mass index (ka/m?) Mean body-mass index (kg/m?) Mean body-mass index (kg/m®)

Figure 3 Association of body-mass index with all-cause mortality, by baseline age group (derived
from: The Global BMI Mortality Collaboration. Body-mass index and all-cause mortality:
individual-participant-data meta-analysis of 239 prospective studies in four continents. Lancet.
2016;388(10046):776—86.) The HR per 5 kg/m? higher body-mass index (BMI) and its 95% CI are
calculated only for BMI more than 25-0 kg/m?. Analyses restricted to never-smokers without pre-
existing chronic disease, and excluding the first 5 years of follow-up, and include data from all
geographical regions. The reference category is shown with the arrow and is 22-5-<25-0 kg/m?. Cls
are from floating variance estimates (reflecting independent variability within each category,

including the reference category). Areas of squares are proportional to the information content.
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Age 35 to 49 years at baseline Age 50 to 69 years at baseline Age 70 to 89 years at baseline
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Figure 4 Association of body-mass index with all-cause mortality in East Asia cohorts, by baseline age group
(derived and edited from: The Global BMI Mortality Collaboration. Body-mass index and all-cause mortality:
individual-participant-data meta-analysis of 239 prospective studies in four continents. Lancet.
2016;388(10046):776—86.) BMI groups: 15 to <18.5, 18.5 to <20, 20 to <22.5, 22.5 to <25, 25 to <27.5,27.5 to
<30, 30 to <35, 35 to <40, and 40 to <60 kg/mz. Reference category (arrow) is 22.5 to <25 kg/rnz. Group-
specific Cls are from floating variance estimates (reflecting independent variability within each category,

including the reference group). Areas of squares are proportional to the information content in each.
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Figure 5 BMI associated with minimum mortality and 95% confidence bands (dashed lines) for women (left) and
men (right) (derived from Peter RS, Mayer B, Concin H, Nagel G. The effect of age on the shape of the BMI-
mortality relation and BMI associated with minimum all-cause mortality in a large Austrian cohort. Int J Obes

(Lond) [Internet]. 2015;39(3):530-4.)

46



Table ] MBS R TFITAvI LE2A—DEE

Publication Data
Author

year inclusion

Overview

up to 23

Aune D, et al® 2016 September

2015

January,
1970, to

Global BMI

Mortality 2016

January,
2015

Collaboration®

A meta-analysis was performed.

Cohort studies of the association between BMI and risk of all-
cause mortality published in English language including where:
(1) Adjusted relative risk estimates (hazard ratios or risk ratios)
for three or more BMI categories had to be available, either
with the 95% confidence intervals or with the information to
calculate them

(2) the dose-response analysis, a quantitative measure of the
exposure (BMI), also had to be available

(3) studies from populations living in the community were
included, while studies that included only patients (for
example, those with diabetes, stroke, heart disease, and
cancer), nursing home

Studies that reported only a continuous linear risk estimate
were excluded as there is evidence that the association

between BMI and mortality is non-linear.

Data from large prospective studies (2100 000 participants at
baseline) or large multicohort consortia (total 2100 000
participants at baseline). With agreement of over 500
investigators from over 300 institutions in 32 countries,
combining individual-participant data from contributing
studies was established.

Prospective cohort studies or consortia thereof were eligible if
they:

(1) had information about weight, height, age, and sex

(2) did not select participants on the basis of having any
previous chronic disease

(3) recorded overall or cause-specific deaths

(4) had accrued 5 years or more of median follow-up.
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Supplement material A

0]

(patient[au] OR subject*[tiab] OR participants*[tiab] OR men[tiab] OR women|[tiab] OR male[tiab]
OR female[tiab] OR girls[tiab] OR boys[tiab] OR boy[tiab] OR girl[tiab] OR teenager*[tiab] OR
adolescent*[tiab] OR child[tiab] OR children[tiab] OR people[tiab] OR population[tiab] OR
human*[tiab] OR individual*[tiab] OR humans[mesh])

AND

(healthy[tiab] OR normal[tiab] OR control[tiab] OR community-dwelling[tiab] OR "community
dwelling"[tiab] OR free-living[tiab] OR "free living"[tiab])

NOT

(animals, laboratory[mesh] OR "intensive care"[tiab] OR "critically ill"[tiab] OR "critically
illed"[tiab] OR patient[tiab] OR "end-stage"[tiab] OR "end stage"[tiab] OR patients[tiab] OR
transplant*[tiab])

AND

(body mass index[mesh] OR underweight[tiab] OR overweight[tiab] OR obese[tiab] OR
obesity[tiab] OR "body weight"[tiab] OR "body mass index"[tiab] OR "body-mass index"[tiab])
AND(mortality[mesh] OR death*[tiab] OR mortal*[tiab] OR fatal*[tiab])

AND (hazard[tiab] OR risk[tiab] OR rate[tiab] OR ratio[tiab])

AND

(Cohort studies[mesh] OR longitudinal[tiab] OR prospective[tiab] OR cross-sectional studies|mesh]|
OR "cross-sectional"[tiab] OR "cross sectional"[tiab] OR "systematic review"[tiab] OR "systematic
reviews"[tiab] OR "meta-analysis"[tiab] OR "follow-up"[tiab] OR "follow up"[tiab])

AND

("2013/01/01"[pdat]:"2017/10/05"[pdat])

AND

(English[lang] OR Japanese[lang])

BRERO

((body mass index[mesh] OR BMI) AND mortality AND mortality)

NOT ("critically ill" OR "chronically ill" OR "intensive care" OR transplant* OR disable* OR
animal, laboratory[mesh] OR "end-stage" OR "end stage" OR surgery OR surgical OR hospitali*)
AND "2013/01/01"[pdat]:"2017/10/05"[pdat]

AND humans[mesh]

AND (english[lang] OR Japanese[lang])

AND (cohort studies[mesh] OR "systematic review" OR meta-analysis OR "pooled analysis" OR
"pooled cohort" OR perspective study OR "pooled perspective™)

M)
(body mass index[mesh] OR BMI) AND mortality AND Japan AND
"2013/01/01"[pdat]:"2017/10/05"[pdat]

55



Supplement Material B 7—<IZEHLH®XD 55, MRED BMI £7=(3 BMI D#5 1T
EEMHICHRNLIRXD—E

Ref. No Author Country Reason of exclusion
1 Hamer M, et al. UK high BMI population
2 Bowman K, et al. UK high BMI population
3 Hamer M, et al. UK inapplicable BMI category
4 Cheng FW, et al. us inapplicable BMI category
5 Dhana K, et al. Netherlands inapplicable BMI category
6 Dhana K, et al. Netherlands inapplicable BMI category
7 Singh PN, et al. us high BMI population
8 Greenberg JA. us high BMI population
9 Dahl AK, et al. Sweden inapplicable BMI category
10 Greenberg JA. us high BMI population
11 Padwal R, et al. Canada inapplicable BMI category
12 Mirbolouk M, et al. China high BMI population
13 LiuY, et al. Finland high BMI population
14 Mehta NK, et al. UK inapplicable BMI category
15 Long G, et al. Spain inapplicable BMI category
16 Ponce-Garcia |, et al. UK inapplicable BMI category
17 Ganna A, et al. Iran inapplicable BMI category
18 Stenholm S, et al. Finland inapplicable BMI category

1) Hamer M, Johnson W, Bell JA. (2017) Improving risk estimates for metabolically healthy obesity
and mortality using a refined healthy reference group. Eur J Endocrinol 177(2):169-174.

2) Bowman K, Atkins JL, Delgado J, et al. (2017) Central adiposity and the overweight risk paradox
in aging: follow-up of 130,473 UK Biobank participants. Am J Clin Nutr. 106(1):130-135.

3) Hamer M, O'Donovan G. Sarcopenic obesity, weight loss, and mortality: the English Longitudinal
Study of Ageing. Am J Clin Nutr. 2017 Jul;106(1):125-129. doi: 10.3945/ajcn.117.152488. Epub
2017 May 24.

4) Cheng FW, Gao X, Mitchell DC, et al. (2016) Metabolic Health Status and the Obesity Paradox in
Older Adults. J Nutr Gerontol Geriatr. 35(3):161-76.

5) Dhana K, Nano J, Ligthart S, et al. (2016) Obesity and Life Expectancy with and without
Diabetes in Adults Aged 55 Years and Older in the Netherlands: A Prospective Cohort Study. PLoS
Med. 13(7):¢1002086.

6) Dhana K, Berghout MA, Peeters A, et al. (2016) Obesity in older adults and life expectancy with
and without cardiovascular disease. Int J Obes (Lond) 40(10):1535-1540.

7) Singh PN, Clark RW, Herring P, et al. (2014) Obesity and life expectancy among long-lived Black
adults. J Gerontol A Biol Sci Med Sci. 69(1):63-72.

8) Greenberg JA. (2013) The obesity paradox in the US population. Am J Clin Nutr. 97(6):1195-200.
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9) Dahl AK, Fauth EB, Ernsth-Bravell M, et al. (2013) Body mass index, change in body mass
index, and survival in old and very old persons. J Am Geriatr Soc. 61(4):512-8.

10) Greenberg JA. (2013) Obesity and early mortality in the United States. Obesity (Silver Spring).
21(2):405-12.

11) Padwal R, Leslie WD, Lix LM, et al. (2016) Relationship Among Body Fat Percentage, Body
Mass Index, and All-Cause Mortality: A Cohort Study. Ann Intern Med. 164(8):532-41.

12) Mirbolouk M, Asgari S, Sheikholeslami F, et al. (2014) The ideal cardiovascular health metrics
associated inversely with mortality from all causes and from cardiovascular diseases among adults in
a Northern Chinese industrial city. PLoS One. 9(2):e89161.

13) Liu Y, Chi HJ, Cui LF, et al. (2011) Secular declines in the association between obesity and
mortality in the United States. Popul Dev Rev. 37(3):435-51.

14) Mehta NK, Chang VW. (2015) Mortality benefits of population-wide adherence to national
physical activity guidelines: a prospective cohort study. Eur J Epidemiol. 30(1):71-9.

15) Long G, Watkinson C, Brage S, et al. (2015) Prognostic value of obesity on both overall
mortality and cardiovascular disease in the general population. PLoS One. 10(5):e0127369.

16) Ponce-Garcia I, Simarro-Rueda M, Carbayo-Herencia JA, et al. (2015) Group of Vascular
Diseases from Albacete. 5 year mortality predictors in 498,103 UK Biobank participants: a
prospective population-based study. Lancet 386:533-40.

17) Ganna A, Ingelsson E. (2015) Different obesity phenotypes, and incident cardiovascular disease
and mortality events in elderly Iranians: Tehran lipid and glucose study. Geriatr Gerontol Int.
15(4):449-56.

18) Stenholm S, Mehta NK, Elo IT, et al. (2014) Obesity and muscle strength as long-term
determinants of all-cause mortality--a 33-year follow-up of the Mini-Finland Health Examination
Survey. Int J Obes (Lond). 38(8):1126-32.
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