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OBJECTIVE

Prediabetes has been suggested to increase risk for death; however, the definitions
of prediabetes that canpredict death remain elusive.Weprospectively investigated
the association ofmultiple definitions of prediabetes with the risk of death from all
causes, cardiovascular disease (CVD), and cancer in Japanese workers.

RESEARCH DESIGN AND METHODS

The study included 62,785 workers who underwent a health checkup in 2010 or
2011 and were followed up for death from 2012 to March 2019. Prediabetes was
defined according to fasting plasma glucose (FPG) or glycated hemoglobin (HbA1c)
values or a combination of both using the American Diabetes Association (ADA)
or World Health Organization (WHO)/International Expert Committee (IEC) crite-
ria. The Cox proportional hazards regression model was used to investigate the
associations.

RESULTS

Over a 7-year follow-up, 229 deaths were documented. Compared with normo-
glycemia, prediabetes defined according to ADA criteria was associated with a
higher riskofall-causemortality (hazard ratio [HR]1.53;95%CI1.12–2.09)anddeath
due to cancer (HR2.37; 95%CI 1.45–3.89) but notwith death due to CVD. The results
were materially unchanged when prediabetes was defined according to ADA FPG,
ADAHbA1c,WHOFPG, or combinedWHO/IEC criteria. Diabeteswas associatedwith
the risk of all-cause, CVD, and cancer deaths.

CONCLUSIONS

In a cohort of Japanese workers, FPG- and HbA1c-defined prediabetes, according to
ADA or WHO/IEC, were associated with a significantly increased risk of death from
all causes and cancer but not CVD.

Globally, an estimated 451 million and 352.1 million people are living with diabetes
and prediabetes, respectively, and these numbers are expected to increase to
693 million and 587 million, respectively, by 2045 (1). The global prevalence of
diabetes is particularly increasing in Asia;.60% of the diabetes population globally
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are Asian (2). Diabetes also imposes a
significant economic impact for countries
and health care systems. Japan is one of
the countries with the highest numbers
of adults with diabetes and prediabe-
tes (1). Epidemiological evidence consis-
tently shows a link between diabetes and
risk of death from all causes, cardiovas-
cular disease (CVD), cancer, and other
diseases (3,4). Prediabetes also is asso-
ciated with risk of chronic kidney disease
(5), CVD (6), cancer (7), and all-cause
mortality (8).
Although a large body of epidemio-

logical evidence suggests diabetes as a
major risk factor for death (3,4), the as-
sociation between prediabetes and death
is still a subject of scientific debate, and
several issues remain to be answered.
First, the definition of prediabetes varies
among studies (8,9), and this may be a
source of the heterogeneity of results
with respect to the association found
among studies. Thus, it is valuable to
compare the strength of the association
between different definitions of predi-
abetes and mortality risk in the same
population. Second, the evidence of pre-
diabetes and death has been derived
mainly fromwestern populations (8), but
is limited among Asians (10). There are
marked differences in lifestyle and cul-
ture between western populations and
Asian people (11). In addition, Asians
have a higher prevalence of prediabetes
than their western counterparts in the
same level of BMI (11). Thus, findings
obtained from a western population
might not be applicable to Asians, in-
cluding Japanese people. Third, previous
studies on prediabetes assessed the as-
sociation mainly with all-cause and CVD-
related deaths (8–10), but the evidence
linking prediabetes with noncardiovascular-
related death, including cancer-related
death, is limited (12,13). Fourth, although
a high prevalence of prediabetes was
documented among workers (14), few
data exist regarding the association be-
tween prediabetes and death in a work-
ing population (15). Such data would
contribute to the promotion ofmeasures
against metabolic disorders in an occu-
pational health setting.
To address these issues, we prospec-

tively quantified the association of pre-
diabetes defined according to fasting
plasma glucose (FPG) level, glycated he-
moglobin (HbA1c), or a combination of
these values, using the cutoff points

suggested by the American Diabetes As-
sociation (ADA) or the World Health
Organization (WHO)/International Expert
Committee (IEC), with the risk of all-cause
and cause-specific mortality in a large,
working population–based cohort study
in Japan. We also investigated the asso-
ciation between diabetes and all-cause
and cause-specific mortality.

RESEARCH DESIGN AND METHODS

Study Design
We used data from the Japan Epidemi-
ology Collaboration on Occupational
Health (J-ECOH) Study, which is an on-
going, multicenter epidemiologic study
among workers at .10 companies (16).
The workers underwent annual health
checkups comprising anthropometric
measurements, physical examinations,
laboratory examinations, and a self-
administered questionnaire about med-
ical history and health-related lifestyle
factors. Almost all workers underwent
the annual health checkup because it is
compulsory for all employees according
to the Industrial Safety and Health Act
in Japan. The purpose, procedures, and
format of the J-ECOH Study were ex-
plained using posters placed at each
company before data collection. The par-
ticipants did not provide verbal or writ-
ten informed consent, but they were
free to refuse and withdraw participa-
tion. This procedure conforms to the
Japan Ethical Guideline for Epidemiolog-
ical Research, which suggests that in-
formed consent from each participant
is not necessarily required for observa-
tional studies using existing data. The
research protocol including the consent
procedure was approved by the Ethics
Committee of the National Center for
Global Health and Medicine, Japan.

Analytic Cohort
As shown in Fig. 1, 10 of 11 companies
provided health check-up data including
HbA1c during the2010or 2011fiscal year.
Of 103,946 employees in these compa-
nies, we excluded 1,599 participants aged
,20 years; 2,299 with a history of CVD
or cancer; 23,213 who lacked data on
antidiabetic medication, blood glucose,
HbA1c, and fasting status, or underwent
an examination in a nonfasting condi-
tion; and 7,220 with missing data on the
following covariates: hypertension (sys-
tolic bloodpressure [SBP], diastolic blood
pressure [DBP], and antihypertensive

medication) or dyslipidemia (triglycer-
ides [TGs], high-density lipoprotein cho-
lesterol [HDL-C], low-density lipoprotein
cholesterol [LDL-C], and lipid-lowering
medication), smoking, and BMI. Of the
remaining 69,615 participants, we ex-
cluded 6,830 who had no follow-up in-
formation including subsequent health
checkup, CVD events, long-term sick leave,
and death, leaving data on 62,785 people,
aged 20–86 years, for analysis.

General Health Examination
Body weight and height were measured
in with the participant wearing light
clothes andno shoes. BMIwas computed
as weight in kilograms divided by height
in meters squared. Blood pressure was
measured in a sitting position with an
automatic sphygmomanometer. Plasma
blood glucose level was measured using
an enzymatic or a glucose oxidase per-
oxidative electrode method. Blood lipid
levels, including total cholesterol, LDL-C,
HDL-C, and TGs, were measured enzy-
matically. HbA1c was measured by latex
agglutination immunoassay method in
five companies, high-performance liquid
chromatography method in two com-
panies, and enzymatic method in three
companies. All these methods can accu-
rately measure the stable form b-N1-
mono-deoxyfructosyl hemoglobin (17)
and are well calibrated against the Japa-
nese Clinical Laboratory Use Certified Ref-
erence Material (18). The resulting value,
called HbA1c (Japan Diabetes Society), was
converted to theNGSP equivalent value by
using the following formula: HbA1c (%) 5
1.02 3 HbA1c (Japan Diabetes Society)
(%)1 0.25% (18). All laboratories involved
in the health examinations conducted at
the participating companies received sat-
isfactory scores (rankA, or score.95/100)
from external quality-control agencies.

Assessment of Prediabetes and
Diabetes
Following the ADA criteria, we defined
prediabetes as an FPG level of 100–125
mg/dL and/or HbA1c of 5.7–6.4% and
diabetes as HbA1c $6.5%, FPG level
$126 mg/dL, or current use of an anti-
diabetic drug (19). We also defined pre-
diabetes as an FPG level of 110–125 mg/
dL and/or HbA1c of 6.0–6.4%, according
to the WHO/IEC criteria (12). Other def-
initions of prediabetes were considered
as an FPG level of 100–125 mg/dL (ADA
criterion) or 110–125 mg/dL (WHO
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criterion) or HbA1c of 5.7–6.4% (ADA cri-
terion) or 6.0–6.4% (IEC criterion) to
evaluate whether the risk of death varies
across the definitions of prediabetes.
Normoglycemia was defined as values
belowthecutoffpoint forprediabetes for
each diagnostic criterion.

Ascertainment of Death
DeathsoccurringbetweenApril 2012and
March 2019 were identified using the
within-study registration. Causes of deaths
were confirmed from a death certificate
(63.0%), family confirmation (10.2%), sick-
leave document (18.5%), and other sour-
ces (8.3%), and were classified according
to the ICD-10.Theendpointof the current
study was death from all causes, cancer
(ICD codesC00–C97), CVD (ICDcodes I00–
I99), and other causes.

Assessment of Covariates
Covariates included age, sex, worksite,
BMI, smoking, hypertension, and dysli-
pidemia. We combined and classified 10
worksites into 4 sites; 6 sites with fewer
than 3,000 health check examinations
were aggregated. Smoking status was
assessed using a self-administered ques-
tionnaire. Hypertension was defined as
SBP $140 mmHg, DBP $90 mmHg, or

treatment for hypertension. Dyslipidemia
was defined as TG level $150 mg/dL,
LDL-C level $140 mg/dL, HDL-C level
,40 mg/dL, or medical treatment for
dyslipidemia in accordance with the cri-
teria of the Japan Atherosclerosis Society
(20). The information on occupational
physical activity and job position was
available in a few participating compa-
nies, and the data format on alcohol
consumption markedly differed across
the participating companies. Thus, we
did not consider these variables in the
main analysis but adjusted for a sensi-
tivity analysis in a major company.

Statistical Analysis
We compared the differences in charac-
teristics between those who were in-
cluded in the present analysis and those
whowereexcluded. Toshowthebaseline
characteristics of the study population,
age- and sex-adjusted proportions and
means are presented across diabetes,
prediabetes, and normoglycemia status.
Test for trend was performed by assign-
ing ordinal numbers to the categories of
diabetes, prediabetes, and normoglyce-
mia and treating them as a continuous
variable. Person-timewas calculated from
31 March 2012 (1 day before the

beginning of the follow-up period) to
the date of death or date of censoring,
which was determined individually on
the basis of available information, in-
cluding annual health checkup, sick
leave, retirement, or the endof follow-up
(for most companies, this was March 31,
2019). The Cox proportional hazards
model was used to estimate the hazard
ratios (HRs) of all-cause and cause-spe-
cific mortality for each participant with
prediabetes and diabetes; the partici-
pants with normoglycemia were used
as the reference category. Model 1 was
adjusted for baseline age (years; contin-
uous), sex, and worksite. Model 2 was
additionally adjusted for smoking status
(never smoker, former smoker, or cur-
rent smoker), BMI (kg/m2; continuous),
hypertension (yes or no), and dyslipide-
mia (yes or no). The destruction of pan-
creatic tissue by pancreatic cancer and
decreased hepatic insulin clearance in
liver cancer may impair glucose metab-
olism (21,22); thus, to exclude the po-
tential bias due to such mechanisms, we
performed a sensitivity analysis after
excluding those who died of liver cancer
and pancreas cancer. In addition, given
that individuals with prediabetes are
more likely to progress to diabetes

Figure 1—Flowchart of the study population.
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(23), we repeated the analysis for pre-
diabetes–death association after exclud-
ing participants who had prediabetes at
baseline and progressed to diabetes dur-
ing follow-up.
We performed sensitivity analyses by

excluding those who were taking either
antihypertensive medication (n5 6,686)
or lipid-lowering medication (n5 4,167)
to remove potential effects of these
drugs. In onemajor company (n536,379),
weperformed an analysiswith additional
adjustment for occupational physical ac-
tivity (sedentary, mostly standing and
walking often, or fairly active), job posi-
tion (high position or low position), and
alcohol intake (,23 g or$23 g ethanol/
day). Two-sidedP,0.05was regardedas
statistically significant. All analyses were
performed using Stata, version 14 (Sta-
taCorp, College Station, TX).

RESULTS

Compared with participants included in
the present analysis, those who were
excluded were younger and less likely to
be men and current smokers; had lower
meanBMI, blood glucose level, andHbA1c;
and had a lower prevalence of hyper-
tension and dyslipidemia (Supplemen-
tary Table 1). Table 1 summarizes the
age- and sex-adjusted baseline charac-
teristics of the study population based on
normoglycemia, prediabetes, and diabe-
tes defined according to ADA criteria.
Comparedwith participants with normo-
glycemia, participants with prediabetes
and diabetes were older; more likely to
be men and current smokers; had a

higher prevalence of hypertension and
dyslipidemia; and had higher mean BMI
and mean SBP, DBP, TG, and LDL-C con-
centrations; but lower mean HDL-C con-
centration. The LDL-C concentration was
slightly higher in the participants with
prediabetes than in the participants with
diabetes.

The proportion of participants with
prediabetes differed between the two
definitions: 38.4% and 12.8% for the
ADA criteria and the WHO/IEC criteria,
respectively (Table2).During amaximum
7 years of follow-up, 229, 97, and 57
deaths were attributed to all causes,
cancer, and CVD, respectively. As shown
in Table 2 and Supplementary Fig. 1, the
risk of all-cause mortality was signifi-
cantly higher among the participants
with prediabetes defined by combined
ADA criteria, and multivariable-adjusted
HR was 1.53 (95% CI 1.12–2.09) among
the participants with prediabetes. Re-
garding cause-specific mortality, predia-
betes according to ADA criteria was
associated with an increased risk of can-
cer death (HR2.37; 95%CI 1.45–3.89) but
not with death due to CVD (HR 1.00; 95%
CI 0.52–1.93). These results were mate-
rially unchanged when prediabetes was
defined according to theWHO/IEC cutoff
points; multivariable-adjusted HRs (95%
CIs) were 1.46 (1.02–2.09) for all-cause
mortality, 2.03 (1.24–3.32) for death due
to cancer, and 0.93 (0.42–2.08) for death
due to CVD. A significant increase in the
risk of cancer-related death associated
with prediabetes was observed even af-
ter excluding participants who died of

liver cancer and pancreatic cancer (Sup-
plementary Table 2), or after excluding
those who had prediabetes at baseline
and progressed to diabetes during fol-
low-up (Supplementary Table 3). In ad-
dition, the associations of prediabetes
with all-causemortality and death due to
cancer were materially unchanged after
excluding those who were taking anti-
hypertensive medication (Supplementary
Table 4) or lipid-lowering medication
(Supplementary Table 5).

The participants with diabetes had
a significantly higher risk of all-cause
mortality (HR 2.66; 95% CI 1.76–4.03),
death due to CVD (HR 2.74; 95% CI 1.29–
5.81), and death due to cancer (HR 2.54;
95% CI 1.25–5.15) than did the partic-
ipantswith normoglycemia (cutoff point
suggested by ADA criteria). The associ-
ations for all-cause and CVD-related
deaths were virtually unchanged when
normoglycemia was defined according
to the WHO/IEC criteria, except for
the association between diabetes and
cancer-related deaths (statistically not
significant).

Regarding prediabetes defined by ei-
ther FPG level or HbA1c, 32.5% of the
study participants had prediabetes ac-
cording to the ADA FPG criteria and
18.6% according to the ADA HbA1c cri-
teria. By WHO/IEC criteria and IEC HbA1c
criteria, 9.1% and 7.5%, respectively, had
prediabetes (Table 3). As shown in Table
3 and Supplementary Fig. 2, using the
ADA criteria, prediabetes defined by
either FPG level or HbA1c was associated
with an increased risk of all cause mor-
tality and death due to cancer but not
with CVD-related death. Compared
with FPG level ,100 mg/dL or
HbA1c ,5.7%, the multivariable-ad-
justed HRs (95% CIs) of either ADA
FPG- or ADA HbA1c-defined prediabe-
tes were 1.51 (1.12–2.05) or 1.58 (1.15–
2.17) for all-cause mortality and 2.32
(1.46–3.71) or 1.93 (1.21–3.08) for
death due to cancer, respectively. Re-
garding the WHO/IEC criteria of pre-
diabetes, compared with FPG level
,110 mg/dL or HbA1c ,6.0%, the mul-
tivariable-adjusted HRs (95% CIs) for
either WHO FPG- or IEC HbA1c-defined
prediabetes were 1.68 (1.15–2.43) or
1.18 (0.76–1.84) for all-cause mortality,
2.19 (1.30–3.67) or 1.73 (0.97–3.10) for
deathduetocancer, and1.40 (0.63–3.10)
or 0.45 (0.13–1.50) for death due to CVD,
respectively.

Table 1—Age- and sex-adjusted baseline characteristics of the study population
across normoglycemia, prediabetes, and diabetes status

Normoglycemia
Prediabetes defined
by ADA criteria Diabetes

No. of participants 33,990 24,143 4,652

Age (years) 42.0 6 0.05 47.9 6 0.06 52.0 6 0.14

Men (%) 81.1 89.8 94.1

BMI (kg/m2) 22.7 6 0.02 24.0 6 0.02 25.9 6 0.05

Current smoker (%) 30.1 32.4 39.3

SBP (mmHg) 119.2 6 0.08 122.5 6 0.09 127.1 6 0.21

DBP (mmHg) 75.2 6 0.06 77.2 6 0.06 78.9 6 0.15

Hypertension (%) 13.9 18.7 33.1

TGs (mg/dL) 109.8 6 0.50 130.3 6 0.59 155.3 6 1.34

HDL-C (mg/dL) 60.4 6 0.08 57.4 6 0.09 53.7 6 0.21

LDL-C (mg/dL) 118.3 6 0.17 124.2 6 0.20 122.5 6 0.45

Dyslipidemia (%) 38.3 50.8 62.4

Unless indicatedotherwise, data are givenas the age- and sex-adjusted (mean6 SE) or percentage
distribution.
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In exploratory analyses for varying
cutoff levels of HbA1c and FPG, a signif-
icantly increased risk was observed for
all-causemortalityamongtheparticipants
with combined FPG levels of 100–109
mg/dL and HbA1c of 5.7–5.9%, combined
FPG levels of 110–125 mg/dL and HbA1c
of 6.0–6.4%, FPG levels of 110–125 mg/
dL, and HbA1c of 5.7–5.9%, compared
with participants with FPG levels ,100

mg/dLandHbA1c,5.7%,FPG levels,100
mg/dL, and HbA1c ,5.7%, respectively
(Supplementary Table 6). The risk of
cancer-related death was significantly
higher among the participants with com-
bined FPG levels of 100–109 mg/dL and
HbA1c of 5.7–5.9%, FPG levels of 100–
109 mg/dL, and HbA1c levels 5.7–5.9%
compared with participants with com-
bined FPG levels ,100 mg/dL and HbA1c

,5.7%, FPG levels ,100 mg/dL, and
HbA1c levels ,5.7%, respectively (Sup-
plementary Table 6).

In a sensitivity analysis with fur-
ther adjustment for occupational phys-
ical activity, job position, and alcohol
intake in one large company, we con-
firmed an increased risk for all-cause
mortality and cancer-related death as-
sociatedwith prediabetes and for all-cause

Table 2—Multivariable-adjusted HRs (95% CI) of all-cause and cause-specific mortality according to the baseline status of
prediabetes and diabetes

ADA criteria WHO/IEC criteria

Normoglycemia Prediabetes Diabetes Normoglycemia Prediabetes Diabetes

No. of participants 33,990 24,143 4,652 50,114 8,019 4,652

Person-years 191,140 132,527 23,210 280,813 42,854 23,210

All-cause mortality
No. of deaths 78 107 44 141 44 44
Model 1* 1.00 (Ref.) 1.61 (1.19–2.19) 3.12 (2.10–4.63) 1.00 (Ref.) 1.58 (1.12–2.24) 2.62 (1.84–3.74)
Model 2† 1.00 (Ref.) 1.53 (1.12–2.09) 2.66 (1.76–4.03) 1.00 (Ref.) 1.46 (1.02–2.09) 2.25 (1.55–3.27)

Cancer-related death
No. of deaths 26 57 14 56 26 14
Model 1* 1.00 (Ref.) 2.41 (1.48–3.92) 2.68 (1.36–5.30) 1.00 (Ref.) 2.10 (1.30–3.40) 1.86 (1.02–3.41)
Model 2† 1.00 (Ref.) 2.37 (1.45–3.89) 2.54 (1.25–5.15) 1.00 (Ref.) 2.03 (1.24–3.32) 1.75 (0.93–3.28)

CVD-related death
No. of deaths 19 21 17 32 8 17
Model 1* 1.00 (Ref.) 1.23 (0.64–2.34) 4.60 (2.26–9.36) 1.00 (Ref.) 1.21 (0.55–2.67) 4.27 (2.28–7.97)
Model 2† 1.00 (Ref.) 1.00 (0.52–1.93) 2.74 (1.29–5.81) 1.00 (Ref.) 0.93 (0.42–2.08) 2.68 (1.38–5.20)

Other-cause death
No. of deaths 33 29 13 52 10 13
Model 1* 1.00 (Ref.) 1.18 (0.70–1.99) 2.68 (1.34–5.32) 1.00 (Ref.) 1.15 (0.57–2.31) 2.52 (1.33–4.77)
Model 2† 1.00 (Ref.) 1.20 (0.70–2.04) 2.63 (1.27–5.44) 1.00 (Ref.) 1.16 (0.57–2.34) 2.44 (1.24–4.79)

Values in bold are statistically significant. Ref., reference. *Model 1 adjusted for age (year; continuous), sex, and worksite. †Model 2 additionally
adjusted forBMI (kg/m2; continuous), smokingstatus (never smoker, formersmoker,or currentsmoker), hypertension (yesorno), anddyslipidemia (yes
or no).

Table 3—Multivariable-adjustedHRs (95%CI) of all-causeandcause-specificmortality forprediabetes subgroups,using theADA
or the WHO/IEC criteria

Definition
No. of

participants Person-years
All-cause
mortality

Death Due to
Cancer

Death Due to
CVD

Other-cause
death

ADA criteria

By FPG level
No. of deaths by prediabetes status 96 52 20 24
Normoglycemia FPG ,100 mg/dL 38,338 214,604 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)
Prediabetes FPG 100–125 mg/dL 20,385 112,034 1.51 (1.12–2.05) 2.32 (1.46–3.71) 1.18 (0.62–2.23) 1.03 (0.61–1.77)

By HbA1c
No. of deaths by prediabetes status 64 33 13 18
Normoglycemia HbA1c ,5.7% 47,224 265,413 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)
Prediabetes HbA1c 5.7–6.4% 11,657 62,129 1.58 (1.15–2.17) 1.93 (1.21–3.08) 1.03 (0.52–2.03) 1.60 (0.90–2.87)

WHO/IEC criteria

By FPG level
No. of deaths by prediabetes status 37 21 8 8
Normoglycemia FPG ,110 mg/dL 53,017 296,004 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)
Prediabetes FPG 110–125 mg/dL 5,706 30,634 1.68 (1.15–2.43) 2.19 (1.30–3.67) 1.40 (0.63–3.10) 1.22 (0.57–2.63)

By HbA1c
No. of deaths by prediabetes status 24 15 3 6
Normoglycemia HbA1c ,6.0% 54,145 302,894 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)
Prediabetes HbA1c 6.0–6.4% 4,736 24,648 1.18 (0.76–1.84) 1.73 (0.97–3.10) 0.45 (0.13–1.50) 1.13 (0.48–2.70)

Values in bold are statistically significant. Model was adjusted for age (year, continuous), sex, worksite, BMI (kg/m2), smoking status (never smoker,
former smoker, or current smoker), hypertension (yes or no), and dyslipidemia (yes or no). Ref., reference.
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mortality associated with diabetes, al-
thoughtheassociationforCVD-andcancer-
related deaths with diabetes was not
statistically significant (Supplemen-
tary Table 7).

CONCLUSIONS

In this large prospective study of Japa-
nese workers, prediabetes was associ-
ated with an increased risk of death from
all causes and cancer, but not CVD, and
the strength of the associations was sim-
ilar across the different definitions of
prediabetes (except for IEC HbA1c-defined
prediabetes). Diabetes was significantly
associated with an increased risk of all-
cause, cancer-related, and CVD-related
deaths. To our knowledge, this is the first
study to quantify the association of dif-
ferent definitions of prediabetes (either
FPG alone, HbA1c alone, or their com-
bination using ADA andWHO/IEC cutoff
points) with the risk of all-cause and
cause-specific mortality in Asia.
The present findings of an increased

risk of all-causemortality associatedwith
prediabetes agree with those of a meta-
analysis (8) and a recent large Korean
study (10).We also found the strength of
the association was similar across pre-
diabetes definitionsda finding compat-
ible with the data of a prospective study
in the United States (24). In our explor-
atory analyses, the risk of all-cause mor-
tality was significantly increased among
people with the combination of FPG
levels of 100–109 mg/dL and HbA1c of
5.7–5.9%(HR1.43;95%CI1.01–1.86) and
in those with HbA1c levels of 5.7–5.9%
(HR1.73;95%CI1.20–2.50)(Supplementary
Table 6), suggesting a need to adopt a
lower HbA1c cutoff point for prediabetes
in terms of mortality risk. The present
findings are in line with those of two
prospective studies in the United States
that made head-to-head comparisons
of different definitions of prediabetes at
baseline in relation to the risk of all-cause
mortality (15,24). Given the high transi-
tion rate from prediabetes to diabetes
(25),however, it remainedunclearwhether
prediabetes per se or the transition to
diabetes increases the risk of death. By
excluding people in whom diabetes de-
veloped during the follow-up, we con-
firmed that the prediabetes–mortality
association remained elevated (margin-
ally significant) (Supplementary Table 3),
indicating prediabetes per se was a risk
factor for all-cause mortality.

Consistent with the results of a meta-
analysis (7) and a pooled analysis of
European cohort studies (26), we found
an increased risk of death due to cancer
associated with prediabetes, the leading
cause of death in the present working
population (41.9% of total deaths). Rel-
ative risks (RRs) estimated in our study
(HR 2.37 by ADA criteria and 2.03 by
WHO/IEC criteria) were higher than those
among Europeans (1.12) (26). In a sub-
group analysis of the aforementioned
meta-analysis (7), the prediabetes–
cancer risk association appeared to be
stronger among Asians (RR 1.50) than
non-Asians (RR 1.12) (7). Prediabetes
may confer greater cancer risk for Asians
than non-Asians.

We foundnomaterial difference in the
association of prediabetes and cancer-
relateddeathacross thedifferent definitions
of prediabetes, a finding consistent with
results of a meta-analysis of 16 prospec-
tive studies (7). In our exploratory anal-
yses, the risk of cancer-related death
was significantly elevated in those with
combined or individual FPG levels of
100–109 mg/dL and HbA1c of 5.7–5.9%
(Supplementary Table 6), suggesting a
need to adopt lower FPG and HbA1c
cutoff points for prediabetes (i.e., ADA
rather than WHO/IEC criteria) to predict
risk of death due to cancer. The associ-
ation between prediabetes and cancer is
biologically plausible because hypergly-
cemia in prediabetes produces a wide
range of proinflammatory factors, which
could stimulateoncogeneexpressionand,
in turn, promote tumor cell proliferation
and metastasis (27).

We found no association between any
definition of prediabetes and death due
to CVD. This finding contrasts with the
result of our previous case-control study
nested in the present cohort, which
showed a significant increase in the risk
of CVD (myocardial infarction and stroke)
associated with prediabetes within a few
years before the onset of CVD (28). The
inconsistency in the same study popula-
tion may be ascribed to the difference
in the outcome (incidence versus death)
or exposure (recent past versus remote
past). Authors of a meta-analysis re-
ported a small but significant increase in
the risk of CVD associated with predia-
betes (RR 1.15) and found a stronger
association with impaired glucose tol-
erance (IGT) (RR 1.23), a subtype of
prediabetes (8). In the present study,

participantswith IGT but normal FPG and
HbA1c values were misclassified as nor-
moglycemia, leading to an attenuation
of the relationship between prediabetes
and CVD-related death. Similarly, there
may be heterogeneity in CVD risk even
among those with FPG- and HbA1c-de-
fined prediabetes. For instance, individ-
uals with both FPG and HbA1c criteria of
prediabetes have a worse cardiometa-
bolic profile than those meeting either
FPG or HbA1c criteria (29). Moreover,
ethnicity has been suggested to modify
the association. A cohort study reported
a significant increase in CVD risk associ-
ated with prediabetes among Europeans
but not among South Asians (30). More
studies are required to identify a pre-
diabetes subtype associated with an in-
creased risk of death due to CVD for each
ethnic group.

Thepresentfindingof an increased risk
of all-cause mortality (HR 2.66) among
workers with diabetes is consistent with
those of prospective studies of the gen-
eral population in Japan (HR 1.35–1.87)
(31–33), China (HR 2.0) (34), the United
States (HR 1.64) (13), and specifically of
workers in United States (HR 2.1 formale
physicians [35] and HR 3.12 for nurses
[36]), and is also consistent with the
findings of one pooled study of an Asian
general population (HR 1.89) (37). The
variation in the magnitude of the asso-
ciation across studies could be partially
attributed to the differences in popula-
tion characteristics, diabetes care, and
major causes of death. Regarding cause-
specific mortality, we found a signifi-
cantly higher risk of death due to CVD
(HR 2.74) and cancer (HR 2.54) associ-
ated with diabetes. This result is con-
sistentwith those of prospective studies
of a Japanese general population (for
CVD-related death, HR was 1.76 in men
and 2.49 in women) (31); for cancer-
related death, HR 1.87) (32), and those
of apooled studyof 22Asianprospective
studies (for CVD-related death, HR 2.00;
for cancer-related death, HR 1.21) (37).
Our study extends the evidence of the
association betweendiabetes anddeath
to a working population.

The strengths of our study include its
prospective design, large sample size,
and use of data from multiple compa-
nies. The study also has several limita-
tions that warrant mention. First, the
timing of postprandial glucosemeasure-
ments and oral glucose tolerance tests
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were not available for the J-ECOH Study;
thus, we could not define prediabetes
on the basis of elevated postprandial
glucose level and IGT. Second, workers
with prediabetes and diabetes were older
and had higher blood pressure and a
worse lipid profile than those with nor-
moglycemia. Despite statistical adjust-
ment of these factors, the possibility of
residual confounding cannot be ruled
out. Also, data on socioeconomic status
and lifestyle were not collected in a stan-
dardizedmanner across the participating
companies. In a sensitivity analysis with
the additional adjustment for occupa-
tional physical activity, job position, and
alcohol intake in onemajor company, we
confirmed that the associations for all-
causemortality and cancer-relateddeath
with prediabetes and for all-cause mor-
tality with diabetes remained virtually
the same. Third, we have no information
regarding the type of diabetes each par-
ticipant had. Among Japanese patients
with diabetes, type 2 diabetes (74.8%) is
much more common than type 1 diabe-
tes (25.2%) (38). Fourth, the number of
CVD-related deaths (n 5 57) in partic-
ipants with prediabetes may not be suf-
ficient to detect a modest risk associated
with prediabetes, if any. Fifth, because of
the lack of information on specific types
of hypertension medication (e.g., renin-
angiotensin-aldosterone system inhibi-
tors) and dyslipidemia (e.g., statins), we
were unable to examine their influence.
We observed similar associations, how-
ever, after excluding those who were
taking these medications at baseline.
Sixth, because worker health examina-
tion is mandatory in Japan, our study is
less likely to be subject to bias arising
from differential participation. Never-
theless, we noticed some differences in
the characteristics betweenparticipants
who were excluded from analysis and
those who remained in the analysis,
leaving a possibility of selection bias.
Finally, study participants were Japanese
employees at large companies. Caution
should be exercised in generalizing the
findings of this study.
In conclusion, this large-scale cohort

study of Japanese workers showed that
FPG- and HbA1c-defined prediabetes ac-
cording to ADA and WHO/IEC was asso-
ciated with a significant increase in the
risk of all-cause mortality and death
due to cancer but not due to CVD.
The strength of these associations was

similar across the different definitions of
prediabetes. This study confirmed an
increase in the risk of death from all-
causes, CVD, and cancer among the
patients with diabetes. These findings
support the need for prevention and
management of not only diabetes but
also prediabetes to lower the risk of
death among workers. More prospec-
tive studies are needed to clarify the
association of whole prediabetes, includ-
ing IGT as well as prediabetes subtype,
with the risk of death.
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The Japan Epidemiology Collaboration on
OccupationalHealthStudyGroup.The full list
of members of the Japan Epidemiology Collab-
orationonOccupational Health StudyGroup is as
follows: T. Mizoue, Y. Inoue, S. Akter, H. Hu, D.V.
Hoang, T. Miki, A. Fukunaga, Z. Islam, S. Yama-
moto, R.M. Shrestha and M. Konishi, National
Center for Global Health and Medicine, Tokyo,
Japan; A. Nanri, Fukuoka Women’s University,
Fukuoka, Japan; K. Kuwahara, Teikyo University,
Tokyo, Japan; S. Dohi and H. Okazaki, Mitsui
Chemicals, Inc., Tokyo, Japan; K. Mizuta and M.
Yamamoto, YAMAHA CORPORATION, Shizuoka,
Japan; A. Uehara, Hidaka Tokushukai Hospital,
Hokkaido, Japan; T. Nakagawa, S. Yamamoto, T.
Honda and Y. Watanabe, Hitachi, Ltd., Ibaraki,
Japan; I. Kabe, KUBOTA Corporation, Ibaraki,
Japan; T. Kochi, M. Eguchi, and T. Shirasaka,
Furukawa Electric Co., Ltd., Tokyo, Japan; T.
Miyamoto,M.Hasegawa andM. Shirozu, Nippon

Steel East Nippon Works Kimitsu Area, Chiba,
Japan;M. Shimizu,N.Gonmori, andA.Ogasawara,
Mizue Medical Clinic, Keihin Occupational Health
Center, Kanagawa, Japan;N. Kato, Fuji Electric Co.,
Ltd., Kanagawa, Japan; K. Tomita, Healthplant.,
Tokyo, Japan;T. Imai,OccupationalHealthSupport
Company, Tokyo, Japan; A. Nishihara, Azbil Cor-
poration, Tokyo, Japan; C.Nishiura, TokyoGas Co.,
Ltd., Tokyo, Japan; A. Hori, University of Tsukuba,
Ibaraki, Japan; C. Kinugawa, Healc Co., Ltd., Tokyo,
Japan;N.SasakiandT.Ogasawara,Mitsubishi Fuso
Truck and Bus Corporation, Kanagawa, Japan; M.
Kawashima, Central Japan Railway Company,
Aichi, Japan; M. Endo, Juntendo University,
Tokyo, Japan; K. Yamamoto and R. Kuroda,
TheUniversity of Tokyo, Tokyo, Japan; K. Kitahara
and T. Yokoya, Mitsubishi Heavy Industries, Ltd.,
Kanagawa, Japan; N. Kunugita, University of
Occupational andEnvironmentalHealth, Fukuoka,
Japan; T. Sone, National Institute of Public Health,
Saitama, Japan; M. Tatemichi and K. Fukai, Tokai
University, Kanagawa, Japan; Y. Inoue, Mitsubishi
Electric Corporation, Tokyo, Japan; K. Fukasawa,
ADVANTAGE Risk Management Co., Ltd., Tokyo,
Japan; H. Nakajima, National Defense Medical
College, Saitama, Japan; T. Totsuzaki, Mizuho
Health InsuranceSociety, Tokyo, Japan;M.Masuda,
AEON Co., Ltd., Chiba, Japan; N. Sakamoto, Y.
Osaki and A. Tomizawa, Health Design Inc.,
Tokyo, Japan; S. Nagahama, Tokyo Gas Customer
Support, Tokyo, Japan; M. Ohtsu, Himawari
Industrial Physician & Occupational Health Con-
sultant Office, Saitama, Japan; M. Kawashima,
ShigaUniversity ofMedical Science, Shiga, Japan.
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