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OBJECTIVE

This study examined associations between BMI and mortality in individuals with
normoglycemia, impaired fasting glucose (IFG), newly diagnosed diabetes, and
prevalent diabetes and identified BMI ranges associated with the lowest mortal-
ity in each group.

RESEARCH DESIGN AND METHODS

A total of 12,815,006 adults were prospectively monitored until 2013. Diabetes
status was defined as follows: normoglycemia (fasting glucose <100 mg/dL),
IFG (100–125 mg/dL), newly diagnosed diabetes (‡126 mg/dL), and prevalent di-
abetes (self-reported). BMI (kg/m2) was measured. Cox proportional hazards model
hazard ratios were calculated after adjusting for confounders.

RESULTS

During a mean follow-up period of 10.5 years, 454,546 men and 239,877 women
died. U-shaped associations were observed regardless of diabetes status, sex,
age, and smoking history. Optimal BMI (kg/m2) for the lowest mortality by group
was 23.5–27.9 (normoglycemia), 25–27.9 (IFG), 25–29.4 (newly diagnosed diabetes),
and26.5–29.4 (prevalent diabetes). Higher optimal BMIbyworseningdiabetes status
was more prominent in younger ages, especially in women. The relationship be-
tween worsening diabetes status and higher mortality was stronger with lower
BMI, especially at younger ages. Given the sameBMI, peoplewith prevalent diabetes
had higher mortality compared with those with newly diagnosed diabetes, and this
was more striking in women than men.

CONCLUSIONS

U-curve relationships existed regardless of diabetes status. Optimal BMI for lowest mor-
tality became gradually higherwithworsening diabetes for each sex and each age-group.

Individuals with diabetes who are classified by BMI (kg/m2) as overweight (25–29.9)
or obese ($30) have been associated with lower mortality (an “obesity paradox”)
compared with those classified as normal weight (1–4), with a few exceptions (5,6).
However, these associations were observed primarily in people with prevalent diabe-
tes. Optimal BMI for longevity remains unsettled, especially in people with incident
diabetes (5), where the influence of diabetes duration andweight change secondary to

1Division of Endocrinology and Metabolism, De-
partment of Internal Medicine, Seoul St. Mary’s
Hospital, College of Medicine, The Catholic Uni-
versity of Korea, Seoul, Republic of Korea
2Division of Endocrinology and Metabolism, De-
partment of Internal Medicine, Yonsei University
College of Medicine, Seoul, Republic of Korea
3Department of Preventive Medicine and Public
Health, Catholic Kwandong University College of
Medicine, Gangneung, Republic of Korea
4Big Data Steering Department, National Health
Insurance Service, Wonju, Republic of Korea
5Institute for Occupational and Environmental
Health, Catholic Kwandong University, Gang-
neung, Republic of Korea

Corresponding author: Sang-Wook Yi, flyhigh@
cku.ac.kr.

Received 6 July 2016 and accepted 16 March
2017.

This article contains Supplementary Data online
at http://care.diabetesjournals.org/lookup/
suppl/doi:10.2337/dc16-1458/-/DC1.

E.Y.L. and Y.-h.L. contributed equally to this
work.

© 2017 by the American Diabetes Association.
Readers may use this article as long as the work
is properly cited, the use is educational and not
for profit, and the work is not altered. More infor-
mation is available at http://www.diabetesjournals
.org/content/license.

See accompanying article, p. 1000.

Eun Young Lee,1 Yong-ho Lee,2

Sang-Wook Yi,3 Soon-Ae Shin,4 and

Jee-Jeon Yi5

1026 Diabetes Care Volume 40, August 2017

EP
ID
EM

IO
LO

G
Y/
H
EA

LT
H
SE
R
V
IC
ES

R
ES
EA

R
C
H

D
ow

nloaded from
 http://ada.silverchair.com

/care/article-pdf/40/8/1026/553810/dc161458.pdf by guest on 17 April 2024

https://doi.org/10.2337/dc16-1458
http://crossmark.crossref.org/dialog/?doi=10.2337/dc16-1458&domain=pdf&date_stamp=2017-06-24
mailto:flyhigh@cku.ac.kr
mailto:flyhigh@cku.ac.kr
http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc16-1458/-/DC1
http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc16-1458/-/DC1
http://www.diabetesjournals.org/content/license
http://www.diabetesjournals.org/content/license


diabetes progression and treatment was
minimized, and in never smokers, where
smoking-related confounding was mini-
mized (1,5).
Overweight or obesity has generally

been associatedwith the lowestmortality
in people with diabetes. However, it is
unclear whether the BMI range associ-
ated with lowest mortality is higher in
people with diabetes than it is in the gen-
eral population, because studies have
also shown that overweight compared
with normal weight is associated with de-
creased risk of death in general popula-
tions (7,8). In addition, some researchers
suggest that the optimal BMI may be
higher in people with manifest chronic
disease (3,4,9–11). If such a distinction
exists, one might expect the optimal
BMI to be greater as disease severity in-
creases; in the case of diabetes, from nor-
moglycemia to impaired fasting glucose
(IFG), to newly diagnosed diabetes, and
to prevalent diabetes. However, higher
BMI according to diabetes severity has
not been previously examined.
We monitored a large prospective co-

hort study (n = 12,815,006) that included
individuals with known prevalent diabe-
tes (n = 359,645) and newly diagnosed
diabetes (n = 546,232) to elucidate the
association between BMI and mortality
and to identify optimal BMI for longev-
ity according to diabetes status (normogly-
cemia, IFG, newly diagnosed diabetes, and
prevalent diabetes). We also examined
whether associations by diabetes status
differ by sex and age, as a previous report
showed that the association between BMI
and mortality substantially varies by sex
and age (12). We also explored associa-
tions in never smokers.

RESEARCH DESIGN AND METHODS

Study Population and Duration of
Follow-up
The Korean Metabolic Risk Factor
(KOMERIT) study was designed to evalu-
ate associations between various meta-
bolic risk factors and mortality in people
aged18–99 yearswhounderwent routine
health examinations between 2001 and
2004, courtesy of the National Health
Insurance Service (NHIS) of Korea, which
provides insurance coverage for 97%
of the Korean population. Of the
12,845,017beneficiaries, 26,346 individuals
who were missing baseline information
for serum glucose, blood pressure, total
cholesterol, date of health examination,

or BMIwere excluded, aswere 3,665peo-
ple with weight,30 kg, BMI$50 kg/m2

or height,130 cm (for age,55 years) or
,110 cm (for age $55 years). The final
study population (n = 12,815,006) was
monitored through December 2013 for
survival (12). Information on specific
causes of death was unavailable. This
study was approved by the Institutional
Review Board of Kwandong University, Re-
public of Korea.

Measures
Cardiometabolic measures collected at
baseline included fasting serum glucose,
total cholesterol, and blood pressure.
Height and weight were measured to
the nearest centimeter and kilogram, re-
spectively (12). BMI was calculated as
weight in kilograms divided by the square
of height in meters. Also collected were
self-reported smoking history, alcohol
use, and prevalent diabetes status
(using a questionnaire that read, “Have
you ever been diagnosed with or treated
for diabetes?”). Fasting glucose levels
(mg/dL) were used to categorize nonpre-
valent diabetes status as normoglycemia
(,100), IFG (100–125), or newly diag-
nosed diabetes ($126). Baseline disease
status, including cancer, heart disease,
and stroke, was assessed using the same
questionnaire as for diabetes. Health ex-
amination and data collection used a
standard protocol, the Health Examina-
tion Practice Guide, publicly available
from the Ministry of Health and Welfare.

Statistical Analysis
BMI ranges (kg/m2) were grouped as
,17.5, 17.5–18.9, 19.0–20.4, 20.5–21.9,
22.0–23.4, 23.5–24.9, 25.0–26.4 (refer-
ence), 26.5–27.9, 28.0–29.4, 29.5–30.9,
and $31.0. The reference BMI was se-
lected based on previous research in
East Asians showing BMI of 25–27 was
associated with the lowest risk of mortal-
ity (13). BMI was further grouped into
four standard categories of ,18.5, 18.5–
24.9 (reference), 25.0–29.9, and$30 for
between-study comparisons (7).

Hazard ratios (HRs) for BMI ranges rela-
tive to the referencegroupwere calculated
using Cox proportional hazards models
stratified by age (years) at baseline (18–
24, 25–34, 35–44, 45–54, 55–64, 65–74,
75–84, and 85–99) after adjustment for
age at baseline as a continuous variable
(within each age-group), sex (when appli-
cable), smoking status (current smoker,
former smoker, never smoker, andmissing

information [n = 636,655]), frequency of
alcohol use (monthly or less, 2 days/
month–2 days/week, 3–7 days/week,
and missing information [n = 493,992]),
and physical activity at least once a week
(yes or no). Metabolic mediators including
systolic blood pressure, serum total cho-
lesterol, and fasting glucose were not in-
cluded in the main analysis but were
included in the sensitivity analysis.

We examined associations separately,
by diabetes status. To evaluate the com-
bined effects of diabetes status and
BMI, we combined 11 BMI categories
and 4 categories of diabetes status into
44 groups and set normoglycemic people
with BMI 25–26.4 kg/m2 as the reference
group. We stratified by sex and age
(18–44, 45–54, 55–64, 65–74, and 75–99
years), because a previous study reported
that associations between BMI and mor-
tality differed by sex and age in this pop-
ulation (12). The effect modification
(change in optimal BMI) between BMI
and diabetes status for each sex and
each age-group was assessed by intro-
ducing a linear interaction term (diabetes
status 3 BMI), assuming quadratic asso-
ciation between BMI and mortality. The
P value of the quadratic interaction term,
when it was included, was.0.05 in both
sexes at all ages combined.

Subgroup analyses were performed
among never smokers and individuals
without prevalent cancer, heart disease,
or stroke, after excluding the first 3 years
of follow-up. The subgroup analyses also
served as a sensitivity analysis.

Sex- and age-standardized death rates
per 100,000 person-years were calcu-
lated, as previously reported (12), and
are presented in Supplementary Table 1.
All P values were two-sided, and SAS 9.4
software (SAS Institute, Inc., Cary, NC)
was used in all analyses.

RESULTS

Of the 12,815,006 people studied, 43.1%
werewomen.During 134.9million person-
years of follow-up, 454,546 men and
239,877 women died (Supplementary
Table 1). At baseline, the mean 6 SD
age was 44.46 14.2 years.

Characteristics by Diabetes Status
Baseline diabetes status was as follows:
73.4% normoglycemia, 19.5% IFG, 4.3%
newly diagnoseddiabetes, and2.8%prev-
alentdiabetes.MeanageandBMI increased
with worsening diabetes (Table 1). As
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expected, systolic blood pressure, fasting
glucose, and total cholesterol levels were
higher in IFG and diabetes groups com-
pared with normoglycemia. Current
smokers and those who drink alcohol
$3 days per week were most commonly
associated with newly diagnosed diabe-
tes, whereas heart disease, stroke, or
cancer was more commonly observed in
individuals with prevalent diabetes. BMI
at baseline was positively associated with
higher systolic blood pressure, fasting glu-
cose, and total cholesterol (Supplementary
Table 2).

BMI and Mortality by Diabetes Status
Regardless of diabetes status, mortality
risk increased at both ends of the BMI
categories (Fig. 1A), with a U-shaped as-
sociation. The optimal BMI (kg/m2)
for longevity was 23.5–27.9 (normogly-
cemia), 25–27.9 (IFG), 25–29.4 (newly
diagnosed diabetes), and 26.5–
29.4 (prevalent diabetes) (Fig. 1A and
presented as 44 BMI-diabetes status
categories in Supplementary Fig. 1). Com-
pared with optimal BMI in individuals with
normoglycemia, optimal BMI was higher in
association with worsening diabetes status
(P , 0.001 for interaction between BMI

and diabetes status); the difference
(kg/m2) was,1.5 for IFG,;1.5 for newly
diagnosed diabetes, and 1.5–3 for preva-
lent diabetes, regardless of sex (Fig. 1A).

BMI and Mortality by Diabetes Status,
Age, and Sex
In men, optimal BMI (kg/m2) ranges for
longevitywere 25–27.9 (normoglycemia),
25–27.9 (IFG), 26.5–29.4 (newly diag-
nosed diabetes), and 28–30.9 (prevalent
diabetes) (Fig. 1B). In women, optimal
BMI ranges were 23.5–27.9 (normoglyce-
mia), 23.5–27.9 (IFG), 25–29.4 (newly di-
agnosed diabetes), and 26.5–29.4
(prevalent diabetes) (Fig. 1C). Given the
same BMI, mortality risk increased with
worse diabetes status in bothmen (Fig. 2)
and women (Fig. 3) of different ages (the
results of all participants are presented in
Supplementary Fig. 2). In women, how-
ever, mortality in prevalent diabetes rel-
ative to newly diagnosed diabetes was
much higher than was found in men (Figs.
2 and 3). Higher mortality associated with
newly diagnosed and prevalent diabetes
was more profound with lower BMI, and
this was more evident at younger ages
(18–54 years) (Figs. 2 and 3). For example,
in men with BMI 19–20.4 kg/m2 who

were aged 18–44 years, HRs were 1.38
(normoglycemia), 1.91 (IFG), 3.87 (newly
diagnosed diabetes), and 4.69 (prevalent
diabetes) compared with men with nor-
moglycemia and BMI 25–26.4. In men
with BMI 28–29.4 who were aged 65–74
years, HRswere 1.01, 1.09, 1.36, and 1.53,
respectively, and in men aged 65–74
years with BMI 19–20.4, HRs were 1.46,
1.59, 2.29, and 2.65, respectively (Fig. 2).

In the subgroup analyses, overall asso-
ciations were generally similar to the
main analysis, after excluding participants
with heart disease, stroke, or cancer
(Supplementary Fig. 3 and Supplemen-
tary Table 3), ever smokers (Supplemen-
tary Fig. 4 and Supplementary Table 3),
and/or death within the first 3 years
of follow-up (Supplementary Fig. 5 and
Supplementary Table 3). Similar re-
sults were observed when men (Sup-
plementary Table 4) and women
(Supplementary Table 5) were analyzed
separately. The results after adjustment
for mediators of potential effects of BMI,
such as systolic blood pressure, fasting
glucose, and total cholesterol, also did
not differ from the main analysis accord-
ing to diabetes status (normoglycemia,
IFG, newly diagnosed diabetes, and

Table 1—Characteristics of participants according to diabetes status

Variable
Total Normoglycemia IFG Newly diagnosed diabetes Prevalent diabetes

N = 12,815,006 n = 9,403,894 n = 2,505,235 n = 546,232 n = 359,645

Age, years 44.4 6 14.2 42.5 6 13.9 47.7 6 13.8 52.5 6 13.3 56.8 6 12.1

BMI, kg/m2 23.5 6 3.2 23.2 6 3.1 24.1 6 3.2 24.7 6 3.3 24.5 6 3.2

SBP, mmHg 124.1 6 17.3 122.3 6 16.6 127.9 6 17.7 133.1 6 19.0 131.5 6 18.8

FSG, mg/dL 94.9 6 31.0 84.8 6 8.6 108.0 6 6.6 133.1 6 19.0 131.5 6 18.8

Total cholesterol, mg/dL 194.2 6 49.0 191.2 6 44.8 201.1 6 56.6 208.5 6 64.8 201.2 6 58.3

Sex
Men 7,292,064 (56.9) 5,155,811 (54.8) 367,232 (67.2) 1,567,046 (62.6) 201,975 (56.2)
Women 5,522,942 (43.1) 4,248,083 (45.2) 179,000 (32.8) 938,189 (37.4) 157,670 (43.8)

Smoking status
Current smoker 3,653,334 (28.5) 2,626,812 (27.9) 182,435 (33.4) 756,268 (30.2) 87,819 (24.2)
Former smoker 1,099,436 (8.6) 759,271 (8.1) 52,186 (9.6) 249,647 (10.0) 38,332 (10.7)
Never smoker 7,425,581 (57.9) 5,527,669 (58.8) 283,945 (52.0) 1,389,340 (55.5) 224,627 (62.5)
Missing 636,655 (5.0) 490,142 (5.2) 27,666 (5.1) 109,980 (4.4) 8,867 (26.8)

Alcohol consumption, frequency (days)
#1/month 6,102,884 (47.6) 4,490,767 (47.8) 252,841 (46.3) 1,142,796 (45.6) 216,480 (60.2)
2/month–2/week 4,980,284 (38.9) 3,743,434 (39.8) 185,155 (33.9) 955,218 (38.1) 96,477 (26.8)
3–7/week 1,237,846 (9.7) 791,794 (8.4) 84,861 (15.5) 321,116 (12.8) 40,075 (11.1)
Missing 493,992 (3.9) 377,899 (4.0) 23,375 (4.3) 86,105 (3.4) 6,613 (1.8)

Physical activity
$1 times/week 5,158,300 (40.3) 3,744,925 (39.8) 1,032,589 (38.1) 211,600 (33.9) 169,186 (26.8)

Self-reported comorbidity
Cancer, heart disease, stroke 202,464 (1.6) 120,449 (1.3) 46,594 (1.9) 16,676 (3.1) 18,745 (5.2)

Data are expressed as mean6 SD or n (%). FSG, fasting serum glucose; SBP, systolic blood pressure. P values, which were calculated by x2 tests
and one-way ANOVA between diabetes status groups, were,0.001 for each variable. To convert cholesterol frommg/dL tommol/L, multiply by 0.0259.
To convert glucose from mg/dL to mmol/L, multiply by 0.0555.
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prevalent diabetes (Supplementary Tables
6–9, respectively).

CONCLUSIONS

This large prospective cohort of 12.8 mil-
lion adults clearly demonstrated that op-
timal BMI for longevity was higher with
worsening diabetes regardless of sex and
age, except perhaps in individuals aged
75 years or older. Although previous stud-
ies reported various (U-curve, L-curve, or
inverse linear) types of associations between
BMIandmortality indiabetes (2,3,5,14–16),
we observed a consistent U-shaped rela-
tionship regardless of diabetes status in
each sex and all age-groups.

Difference in Optimal BMI With
Worsening Diabetes Status
Across all age-groups, there was a differ-
ence of ;1.5 kg/m2 in optimal BMI be-
tween newly diagnosed diabetes and
normoglycemia. Several previous studies
suggested a larger difference, with opti-
mal BMI$5 kg/m2 higher in people with
diabetes compared with the general pop-
ulation or populations without diabetes
(2–4,16). Most of these investigations
were performed in the context of preva-
lent diabetes (4,6,8,14–17). According to
our results, however, prevalent diabeteswas
associated with a greater difference in opti-
mal BMI (1.5–3 kg/m2) than was newly

diagnosed diabetes (;1.5 kg/m2). Further,
previous studies compared older
(usually$60 years) people with diabetes
with substantially younger general popu-
lations or with BMI values that were as-
sessed decades earlier when mean BMI
was substantially lower than in recent
years (3,8,16–18). Owing to the small
numbers of participants, crude BMI cate-
gories in many previous studies make it
difficult to detect mild differences (analy-
sis according to the World Health Organi-
zation BMI categories in Supplementary
Tables 10 and 11).

The Nurses’Health Study (NHS) report-
ed results of people with incident diabe-
tes and also all participants in the same
population. Themortality ratewas lowest
at BMI 19–26.9 kg/m2 among all subjects
(19), while there was no difference in
mortality risk for those with a BMI of
27.5–29.9 kg/m2 (HR 1.0 [95% CI 0.83–
1.19]) compared with the reference
group (22.5–24.9 kg/m2) in individuals
with type 2 diabetes (5). It might be inter-
preted that BMI ranges associated with the
lowest mortality changed at ;3 kg/m2

with increasing age and incident diabe-
tes, in accordance with our results. How-
ever, directly comparing our findings
with those of the NHS is difficult because
of the differences in the analytical pop-
ulations (all participants rather than those
with normoglycemia in Manson et al. [19])
and follow-up time. Few previous studies
examined sex- and age-specific associa-
tions with diabetes status (5,15). Higher
optimal BMI with worsening diabetes
was more apparent in women, espe-
cially at younger ages. Higher optimal
BMI with advancing age was more ap-
parent in normoglycemia than in preva-
lent diabetes, where it was subtle.

Potential Mechanism for Higher
Optimal BMI With Worsening Diabetes
Greater BMI indicates increased muscle
or fat, or both. Growing evidence sug-
gests that higher muscle quantity and
quality are associatedwith better survival
(20,21). Aging and chronic diseases, in-
cluding diabetes, are associated with re-
duced lean body mass, especially muscle
mass (11,22), and loss ofmusclemass and
function with advancing age was greater in
peoplewith versuswithout diabetes (22,23).

Previous studies have suggested that
adipose tissue may provide some protec-
tive benefit, especially in people with dis-
ease (10,11,20,24). Some studies suggest

Figure 1—HRs formortality in 11 BMI categories by diabetes status and sex formen andwomen (A),
men (B), and women (C). BMI categories (kg/m2): ,17.5, 17.5–18.9, 19.0–20.4, 20.5–21.9, 22.0–
23.4, 23.5–24.9, 25.0–26.4 [reference], 26.5–27.9, 28.0–29.4, 29.5–30.9, and$31.0. The midpoint
was used as a representative value for each BMI category except for both ends (16.9 and 32.3), for
which the median of all participants was used. HRs and 95% CIs were calculated using Cox pro-
portional hazards models stratified by baseline age (18–24, 25–34, 35–44, 45–54, 55–64, 65–74,
75–84, and 85–99 years) after adjustment for age at baseline as a continuous variable (within each
age-group), sex, smoking history, alcohol use, and physical activity.
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that adipose tissue serves as a metabolic
reservoir, protecting other tissues from
lipotoxicity and ectopic fat accumulation
as well as buffering the influx of dietary
fats (25,26). As diabetes worsens, circu-
lating levels of glucose and fatty acids in-
crease, causing chronic complications.
In a person with a good capacity to trans-
port this excess energy into fat tissues,
body fat will increase while the individual
remains metabolically stable (healthy).
However, the exact role of adiposity in
the association between BMI andmortal-
ity, especially according to disease status,
has not yet been elucidated. In addition, a
recent study reported that body fat dis-
tribution, rather thanBMI,was associated
with the risk of incident cardiovascular
events (27), although few studies, if any,

have examined whether the role of body
fat differs by distribution site according
to diabetes status. Further studies are
needed to determine the differential
role of adipose tissue, according to its dis-
tribution, on clinical outcomes such as
mortality.

Reverse causality or confounding by
smoking history has been considered a
possible explanation of the different op-
timal BMIs according to diabetes status
and a U-curve association between BMI
and mortality (5). However, with exclu-
sion of individuals who died during the
first 3 years of follow-up, ever smokers,
and those with known heart disease,
stroke, or cancer, the primary findings did
not substantially change (Supplementary
Tables 3–5 and Supplementary Figs. 3–5).

In addition, differences in optimal BMI
according to diabetes status were more
apparent at younger ages, when unde-
tected comorbid illnesswas least common;
thus, reverse causation or smoking-related
confounding is unlikely to wholly explain
our results.

Because excess adiposity is associated
with the development of diabetes, some
researchers have suggested that individ-
uals with a lower BMI at diabetes diag-
nosis may have other risk factors for
overall death (2). However, people with
diabetes and normal weight had lower
blood pressure and total cholesterol lev-
els compared with those who were over-
weight or obese (Supplementary Table
12). Genetic variants associated spe-
cifically with lean diabetes have been

Figure 2—HRs formortality in 44 BMI–diabetes status combined categories by age inmen: 18–99 years (A), 18–44 years (B), 45–54 years (C), 55–64 years
(D), 65–74 years (E), and 75–99 years (F). BMI categories (kg/m2):,17.5, 17.5–18.9, 19.0–20.4, 20.5–21.9, 22.0–23.4, 23.5–24.9, 25.0–26.4, 26.5–27.9,
28.0–29.4, 29.5–30.9, and$31.0. Normoglycemic peoplewith BMI 25–26.4were the referencegroup. Themidpointwasusedasa representative value for
each BMI category, except for both ends (16.9 and 32.3), for which the median of all participants was used. HRs and 95% CIs were calculated using Cox
proportional hazards models stratified by baseline age (18–24, 25–34, 35–44, 45–54, 55–64, 65–74, 75–84, and 85–99 years) after adjustment for age at
baseline as a continuous variable (within each age-group), smoking status, alcohol use, and physical activity.
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suggested (28). It is of interest to examine
whether those variants are associated
with poorer survival.

Patterns of Association Between BMI
and Mortality by Diabetes Status, Age,
and Sex
As diabetes status worsened, mortality
increased. This effect was strongest with
lower BMI, especially at younger ages.
There are several possible explanations.
First, this may be the effect of potential
unmeasured confounders; for example,
young and lean people with newly diag-
nosed diabetesmay be genetically predis-
posed to poor prognosis. Previous studies
have shown lower mass and greater
failure of b-cells in lean people (29,30).
Second, younger people may have no

comorbidities; thus, mortality associated
with diabetes could be greater in this
group. However, this does not explain
why the association is stronger at lower
BMI. Third, type 1 diabetes may be more
prevalent in young and lean individuals.
However, evidence is growing that young-
onset type 2 diabetes is associated with
greater complications and mortality
compared with type 1 diabetes (31,32).
In addition, the percentage of type 1 di-
abetes in young adults (20–39 years old)
with diabetes was estimated to be below
10% in the Korean population (33,34).
Thus, a potentially higher proportion of
type 1 diabetes in young adults than in
older adults may not totally explain the
observed findings. Our observation, that
in young-onset diabetes, normal weight

and underweight contribute more to re-
duced longevity compared with over-
weight and obesity, requires elucidation.
Because young-onset diabetes is a major
health issue requiring immediate action,
further research to better understand un-
derlying mechanisms are needed to im-
prove the health of young people with
diabetes.

Mortality in prevalent diabetes relative
to newly diagnosed diabetes was higher
in women than in men. Although the
mechanism is unclear, differences in the
biological response to hyperglycemia and
cardiometabolic risk factors between
sexes, along with poorer compliance
and management in women with diabe-
tes,may explain thesefindings (35,36). Fur-
ther research to explore sex differences

Figure 3—HRs for mortality in 44 BMI–diabetes status combined categories by age in women: 18–99 years (A), 18–44 years (B), 45–54 years (C), 55–64
years (D), 65–74 years (E), and 75–99 years (F). BMI categories (kg/m2):,17.5, 17.5–18.9, 19.0–20.4, 20.5–21.9, 22.0–23.4, 23.5–24.9, 25.0–26.4, 26.5–
27.9, 28.0–29.4, 29.5–30.9, and$31.0.Normoglycemic individualswithBMI25–26.4were the referencegroup. Themidpointwas usedasa representative
value for eachBMI category, except for bothends (16.9 and 32.3), forwhich themedianof all participantswas used. HRs and 95%CIswere calculatedusing
Cox proportional hazards models stratified by baseline age (18–24, 25–34, 35–44, 45–54, 55–64, 65–74, 75–84, and 85–99 years) (if applicable) after
adjustment for age at baseline as a continuous variable (within each age-group), smoking history, alcohol use, and physical activity.
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and their underlying mechanisms is
needed to better manage patients with
diabetes.

Study Strengths and Limitations
Our study revealed that the association
between BMI and mortality changed as
diabetes worsened. We analyzed spe-
cific BMI ranges and conducted strati-
fied analyses by sex, age, and smoking
status. The study’s prospective design
and long follow-up period are definite
strengths. Data were analyzed after ad-
justing for potential confounders, includ-
ing smoking history and physical activity
level. Effects of additional adjustment of
metabolic mediators, such as blood pres-
sure, fasting glucose, and total choles-
terol, were also examined. In sensitivity
analyses, exclusion of participants with
comorbid conditions and those who
died within the first 3 years of follow-up
strengthened the analyses, as did the
objective measurement of BMI.
Notwithstanding, the study has some

limitations, which may be addressed by
further investigation. One limitation is
the lack of information on specific causes
of death. Another is that we did not ex-
amine other measures of adiposity or
skeletal muscle mass. Also, information
relevant to diabetes, such as duration,
type, severity, or treatment, was not ex-
amined. Regarding the type of diabetes,
according to a recent research report,
among adults aged 20–39 years with di-
abetes, the percentage of type 1 diabetes
was ,10% (33). Therefore, we surmise
that most people with diabetes in our
study generally have type 2 diabetes,
even those aged 18–44 years. This analy-
sis was based on a single baseline BMI
measurement, which limited our ability
to evaluate the effect of changing BMI
on mortality. We also cannot rule out
that our observed difference may be par-
tially explained by collider stratification
bias (37). And last, although we posited
explanations for our findings, we could
not completely exclude reverse causality
or the effects of unmeasured confound-
ing factors. The homogenous ethnic pop-
ulationmay be considered a limitation for
generalizability, but we consistently ob-
served U-curve associations and higher
optimal BMIwith worsening diabetes sta-
tus independent of sex and age. Partici-
pants likely had varying body shapes,
cardiometabolic profiles, and comorbid-
ities according to sex and age, which

contributes to increase generalizability
including to other ethnic populations.

Summary
In this large prospective study, we ob-
served a similar U-curve association be-
tween BMI and mortality, regardless of
diabetes status, sex, and age.We also ob-
served increasing mortality risk with
worsening diabetes status, which was
more prominent as BMI was lower, espe-
cially at younger ages. The optimal BMI
for longevity became gradually higher
with worsening diabetes status in each
sex and all age-groups group, except per-
haps for people aged$75 years.
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