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ABSTRACT

Aims/Introduction: We previously developed a 3-year diabetes risk scare in the work-
ing population. The objective of the present study was to develop and validate flexible
risk models that can predict the risk of diabetes for any arbitrary time-point during

7 years.

Materials and Methods: The participants were 46,198 Japanese employees aged 30—
58 years, without diabetes at baseline and with a maximum fallow-up period of 8 years.
Incident diabetes was defined according to the American Diabetes Association criteria.
With routine health checkup data (age, sex, abdominal obesity, body mass index, smoking
status, hypertension status, dyslipidernia, glycated hemaglobin and fasting plasma glu-
cose), we developed non-invasive and invasive risk models based on the Cox proportional
hazards regression maodel among a random twao-thirds of the participants, and used
another one-third for validation.

Results: The range of the area under the receiver operating characteristic curve
increased from 073 (95% confidence interval 0.72-0.74) for the non-invasive prediction
madel to 0.89 (85% confidence interval 089-0.90) for the invasive prediction model con-
taining dyslipidemia, glycated hemoglobin and fasting plasma glucese. The invasive mod-
els showed improved integrated discrirmination and reclassification performance, as
compared with the non-invasive model. Calibration appeared good between the pre-
dicted and observed risks. These models performed well in the validation cohort
Conclusions: The present non-invasive and invasive maodels for the prediction of dia-
betes risk up ta 7 years showed fair and excellent performance, respectively. The invasive
madels can be used to identify high-risk individuals, whoe would benefit greatly from life-
style modification for the prevention or delay of diabetes.

Recelved 21 October 2017; revised 25 December 2017, accepted 21 January 2018
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INTRODUCTION

Type 2 diabetes affects various populations around the world",
Globally, the number of adults with diabetes was estimated to
415 millien in 2015, and is projected to increase by 55%, to a
total of 642 million in 2040". Japan is one of the top 10 coun-
tries with the highest number of adults with type 2 diabetes'.
Its prevalence has been projected to rise from 7.9% in 2010 to
9.8% by 2030 in the Japanese adult population®. To combat the
increasing burden of diabetes and its complications, identifying
high-risk individuals is important in the prevention of diabetes
or delaying its progression.

More than 100 risk assessment tools were developed world-
wide to identify people at the risk of developing diabetes™,
However, these risk models might not be applied to external
populations, particularly if ethnicities and countries differ from
the derivation populations™’. Tn Japan, a few risk models have
been developed®™™” using data from health checkups at hospi-
tal®>*® or local community7’9 settings. Among these, some were
developed utilizing a small sample (n < 2,000)*", and excluded
individuals aged >40 yearspg. Furthermore, some models
included variables that were not routinely collected at regular
health checkups (eg, family health history and exercise)” *,
limiting the wider use of these prediction tools.

Using checkup data of the Japan Epidemiolegy Collabora-
tion on QOccupational Health (J-ECOH) Study, we previously
developed a 3-year diabetes risk score’”. The risk score, how-
ever, can only predict risk in a short- and fixed-time period.
To overcome this limitation, the present study aimed to
develop and validate non-invasive and invasive risk prediction
models that can more flexibly predict the risk of diabetes at
any time-point within 7 years, based on the J-ECOH Study
data with an extended follow-up period. We also created risk
calculators and charts to make these models easier to use in
practice.

METHODS

The J-ECOH Study is an ongeing cohort study among workers
from 12 companies in Japan, and has been described in our
previous studies'® 2 Briefly, participants in the J-ECOH Study
underwent a health examination each year under the Industrial
Safety and Health Act. They underwent anthropometric mea-
surements, physical examination and laboratory examination
(bloed sugar, blood lipids, etc.) at annual health examinations.
Additionally, a questionnaire that covered medical history,
health-related lifestyle and work environment was completed.
So far, the annual health examination data between 2008 and
2016 have been collected from 11 companies.

The J-ECOH Study was announced in each company using
posters. Verbal or written informed consent was not cobtained,
but the participants were given the opportunity to refuse to
participate, according to the Japanese Ethical Guidelines for
Epidemiological Research'®, The study obtained ethics approval
from the ethics committee of the National Center for Global
Health and Medicine, Japan.
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In the present study, the baseline data mainly comprised data
from the 2008 health checkup. If the 2008 dataset had large
amounts of missing data, then the data collected for the 2009 or
2010 (two companies} health checkups were treated as the baseline
data. The outcome was ascertained using the annual health exami-
nation data after the baseline examination through March 2016.

Participants
Of the 75,857 participants aged 30-59 years, we excluded peo-
ple who self-reported receiving treatment diabetes
(n=12496), lacked data on diabetes treatment status
(n = 1,171}, bloed glucose (n = 6,064}, glycated hemoglobin
(HbAlc n = 566} or had blood drawn while they were non-
fasted (# = 7,218} at bascline. Furthermore, we excduded people
with fasting plasma glucose (FPG) =126 mg/dL (»# = 1,570} or
HbAlc >6.5% (n=5%99) at baseline. Partidpants with self-
reported cancer (n = 484) or cardiovascular disease (n = 599)
at baseline were also excluded. Of the remaining 55,090 partici-
pants, we excluded those with the following missing variables
used in developing the risk prediction model for diabetes:
smoking status, waist circumference, body mass index (BMI},
hypertension status and dyslipidemia status (n = 7,000). After
further excluding participants without subsequent health check-
ups (n = 1,794) or who attended but received neither glucose
measurement nor HbAlc measurement (1 = 98), 46,198 partic-
ipants, comprising 39,276 men and 6,922 women, remained.
Two-thirds of the eligible participants stratified by worksite
and sex were randomly allocated to the derivation cohort
(25927 men and 4,573 women}, saving the remaining one-
third for the validation cohort (13,349 men and 2,349 women).
The derivation cohort was used to derive risk models for esti-
mating diabetes risk and validated using the validation cohort.

for

Predictor variables

We selected and categorized the following predictor variables as
we did for predicting the 3-year diabetes risk'®: sex, age (30-39,
4049 or 50-59 years), BMI (<21, 21—<23, 23—<25, 25-<27,
27-<29 or 229 kg/m®), abdominal obesity (waist circumference
290 cm for men and >80 cm for women), smoking status
{never, former or current), hypertension status, dyslipidemia
status, FPG level (<100, 100—<110 or 110-<126 mg/dL) and
HbAlc level (<5.6, 5.6—<6.0 or 6.0-<6.5%). In a sensitivity anal-
ysis, BMI and age were treated as continuous variables. Data
collection methods, which have been described in detail in pre-
vious papers'®™, are provided in the Appendix S1.

Outcome

Incident diabetes was ascertained using the data obtained from
annual health checkups after the baseline health checkup. Dia-
betes was defined as a FPG level of at least 126 mg/dL or a
random plasma glucose level of at least 200 mg/dL, an HbAlc
level of at least 6.5%, or receiving antidiabetic treatment™, Par-
ticipants were considered to have type 2 diabetes if they met
the above definition of diabetes.
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Statistical analysis

Characteristics of participants were expressed as percentages
and means for categorical and continuous variables, respec-
tively. The -test for categorical variables and f-test for continu-
ous variables were used to examine the differences in baseline
characteristics between participants in the derivation and valida-
tion cohorts.

The 7-year risk prediction models of diabetes were developed
using the Cox proportional hazards regression analysis, with a
backward sdection procedure to determine predictors
(P < 0.05). The coefficients of each predictor and baseline sur-
vivor function were used to develop risk models, as in other
studies'™'®, We initially developed a non-invasive prediction
model (containing sex, age, abdominal obesity, BMI, smoking
status and hypertension status), and subsequently the invasive
prediction models (containing dyslipidemia, either HbAlc or
FPG, or both).

Predictive performance of prediction models was assessed by
examining measures of discrimination and calibration. Discrim-
ination is the ability of the risk model to differentiate between
people who develop diabetes during the study and those who
do not. This measure is quantified by calculating the time-
dependent area under receiver operating characteristic (ROC})
curve  (AUROC). In addition, integrated discrimination
improvement and net reclassification improvement were com-
puted to show the improved performance of the invasive mod-
els as compared with the non-invasive model for predicting
diabetes'”. Calibration refers to the agreement between the pre-
dicted and observed 7-year risk of diabetes. This was assessed
for each decile of predicted risk by plotting the observed risk vs
the predicted risk'™". More spread between the deciles was
associated with a better discriminating model. Finally, discrimi-
nation and calibration of the prediction models were assessed
in the validation cohort to check internal validity. Furthermore,
risk calculators and charts (see Figures S1-S5) were created
using these models.

All statistical analyses were carried out using SAS version 9.3
{SAS Institute, Cary, NC, USA). A two-sided P < 005 was con-
sidered statistically significant.

RESULTS

In the derivation cohort, 2,216 participants (2,055 men and 161
women) developed diabetes during follow up. In the validation
cohort, 1,169 participants (1,085 men and 84 women) devel-
oped diabetes. The incidence rates of diabetes were 12.5 and
12.8 per 1,000 person-years, respectively. Table 1 shows that
the mean age, waist circumference, FPG and HbAlc, as well as
the prevalence of smoking, hypertension and dyslipidemia
showed no significant difference between the wvalidation and
derivation cohorts,

Table 2 shows the coefficients associated with each predictor
of diabetes. The non-invasive prediction model revealed that
increased risk of diabetes is associated with sex (male), higher
BML older age, abdominal obesity, smoking and hypertension.

http:/fonlinelibrary.wiley.com/fjoumal/fjdi

Takle 1 | Baseline characteristics of study participants in the derivation
and validation cohorts, Japan Epidemiology Collaboration on
Occupational Health Study, 2008 2015

Characteristics Derfvation Validation Pvalue
cohort cohart
No. participants 30,500 15698
Age (years) 454 + 7.7 455+ 76 009
Wornen (%) 150 150 093
BMI (kg/m2) 233 & 33 230437 003
Waist circumference cmy 823+ 88 822+89 024
Smaeking status (%6)
Current smoker 36.7 373 041
Past smoker 206 202
Newver sroker 427 425
Hypertension (%6) 18.2 182 099
Dyslipidernia (94 444 438 017
FPG (ma/dl) 865+ 90 964 + 80 037
HbATC (©6) 55+ 04 55+ 04 0.74

Data are mean + standard deviation unless otherwise indicated. BM,
body mass index; FPG, fasting plasma glucose; HoA'le, glycated hermo-
glabin.

By contrast, the invasive prediction model containing dyslipi-
demia, HbAlc and FPG showed that the coefficients associated
with older age, higher BMI and hypertension attenuated, sex
and abdominal obesity were no longer related with the risk of
diabetes. Thus, sex and abdominal cbesity were excluded from
this model.

The time-dependent ROC curve of risk models for predicting
the development of diabetes within 7 years are shown in Fig-
ure 1. The AURQC in the derivation cohort increased from
0.73 (95% confidence interval [CI] 0.72-0.74} for the non-inva-
sive prediction model to 0.89 (95% CI 0.89-0.90) for the pre-
diction model containing both HbAlc and FPG. When age
and BMI were treated as continuous variables, the predictive
performance was similar, with an AUROC of 0.74 (95% CI
0.73-0.75) for the non-invasive prediction model, and 0.89
(95% CI 0.89-0.90) for the prediction model containing both
HbAlc and FPG.

The invasive models showed improved integrated discrimina-
tion and reclassification performance, as compared with the
non-invasive prediction model (Table 3). The net redassifica-
tion improvement was 0.50 (95% CI 0.47-0.53} for the predic-
tion model containing HbAlc, 0.56 (95% CI 0.53-0.59) for the
prediction model containing FPG, and 0.74 (95% CI 0.71-0.77)
for the model containing both HbAlc and FPG, as referenced
to the non-invasive prediction medel. With regard to integrated
discrimination improvement, the values were 0.17 (95% CI
0.16-0.18} for the prediction model containing HbAlc, 0.18
(95% CI 0.17-0.19} for the prediction model containing FPG
and 0.26 (95% CI 0.25-0.27) for the model containing both
HbAlc and FPG. Calibration appeared good between predicted
risk and observed risk (Figure 2}.
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Figure 1 | Recelver aperating characteristic curves for each risk model
in predicting 7-year diabetes risk, Japan Epidemiclogy Collabaraticn on
Occupational Health Study, 2008 2015. (a) In the derivation cchort, the
area under the receiver operating characteristic curve were 073 (95%
confidence interval [J] Q.72 0.74) far the non-invasive model, 0.86 (95%
Cl 085 087) for the madel including fasting plasma glucase (FPG), 0.85
{65% Cl 0.84 086) for the madel including glycated hemaoglobin
{HRATQ) and 088 (95% €I 089 080) for the maodel incduding both FPG
and HbATc (b) In the validaticn cohort, the correspending values were
073 [95% C 068 0.77) for the non-rvasive model, 0.86 (95% 1 082
0.89) for the model induding FPG, 0.85 (95% (1 0.82 0.88) for the
madel including HeATc and 080 (95% €1 087 092) for the model
including both FPG and HoAlc

These prediction models performed well in the validation
cohort, with an AUROC of 0.73 (95% CI 0.68-0.77} for the
non-invasive prediction model and 0.89 (95% CI 0.87-0.92) for
the prediction model containing both HbAlc and FPG (Fig-
ure 1). The calibration plots also showed a good agreement
between the predicted and observed risks (Figure 3).

DISCUSSION

Based on a large-scale working population-based cohort study
in Japan, two types of models were developed to predict the
risk of diabetes within 7 years: the non-invasive prediction
model (containing sex, age, abdominal obesity, BMI, smoking
status and hypertension status) and the invasive prediction
models (containing dyslipidemia, either HbAlc or FPG, or
both). The non-invasive prediction model showed a fair perfor-
mance for predicting diabetes, whereas the invasive prediction
models showed excellent performance. These prediction models
also performed well in the validation cohort.

http://onlindibrary.wiley.com/joumal/jdi

We previously reported that a 3-year diabetes risk score was
developed based on the logistic regression models'®. In the same
study pepulation with extended follow up, the risk models were
developed to predict the 7-year diabetes risk using the Cox propor-
tional hazards regression model to account for loss to follow up.
The prediction models in the present study can also be used to pre-
dict the 3-year diabetes risk by replacing the value of the baseline
survival function at 7 years with the value at 3 years. The perfor-
mance of our models in predicting the 3-year diabetes risk (data
not shown in the table; an AUROC of 0.74 for the non-invasive
prediction model and 0.91 for the invasive prediction model con-
taining both HbA ¢ and FPG) was slightly improved, as compared
with the previous 3-year diabetes risk score (an AURQC of 0.72
for the non-invasive prediction model and 0.89 for the invasive
prediction model containing both HbAlc and FPG)'. We also
created risk calculators and charts, useful in estimating the future
risk of diabetes. Taken together, the present risk models have more
utilities than cur previous ones'”.

The non-invasive prediction model showed fair predictive
ability, with an AUROC of 073, which was within the
reported range based on previous studies carried out in Japan
(AUROC ranged between 0.68 and 077" and other coun-
tries (AUROC ranged between 0.62 and 0.87)%. As expected,
our invasive model including both HbAlc and FPG showed a
convincing performance for predicting diabetes. The AUROC
value (0.89) was equal to or greater than that in the previ-
ougly published models incduding both HbAlc and FPG,
which ranged from 0.80 to 0.89°%° Furthermore, our calibra-
tion plot for the invasive model showed improved agreement
between the observed outcomes and predictions. In case both
FPG and HbAlc were not measured during the health
checkup, we also created another two invasive models includ-
ing either FPG or HbAlc, with slightly decreased AUROC
values (0.85 for the prediction model containing FPG and
0.86 for the prediction model containing HbAlc). Given the
high performance of these invasive models, they are suitable
for identifying at-risk individuals for diabetes at settings where
the data on FPG or HbAlc are available (i.e, annual health
checkup in Japan). Unlike the existing risk models in Japan™
3 our models were derived from routinely collected health
checkup data from a working population. Therefore, these
models can be easily incorporated into strategies for diabetes
prevention at worksites. Furthermore, our sample size is large,
which ensures the precision in the estimate of diabetes risk.
These advantages make our meodels highly applicable in the
working population for diabetes prevention.

The large population-based cohort, long-term follow up
and sufficient number of diabetes events were strengths of
the present study. In addition, a comprehensive assessment
of the multiple measures was used for the diagnosis of ind-
dent diabetes. However, several limitations warrant mention.
First, our participants were mainly from large companies.
Thus, caution should be exercised when applying the risk
models to people working in small companies or other
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Takle 3 | Disctiminative ability of invasive risk models in camparisan with the non-invasive maedel in the derivation and validaticn cohorts, Japan
Epidemiology Callabaration on Occupational Health Study, 2008 2015

NRI (95% Cl) DI (959 Ch

Detivation cohort

Non-invasive maodel Reference Reference

Imvasive madel including HbAlc 050 (047 053) 017 (016 0.18)

Invasive model including FPG 056 (053 0.59) 018 (018 019

Invasive model including HeAlc and FPG 074 (071 0.77) 026 (0.25 0.27)
Validation cohort

Non-invasive madel Reference Reference

Invasive madel including HbAlc 046 (042 051) 016 (015 0.17)

Invasive model including FPG 053 (049 059 017 (016 019

Invasive model including HeAlc and FPG 071 (086 0.76) 024 (023 0.26)

FPG, fasting plasma glucese; HbA e, glycated hemoglabin; 1D, integrated discrimination impravement; NRI, net reclassification improverment.
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populations. Future study should validate the present risk prediction medels. However, the performance of our models
models in these populations. Second, because data about is comparable with the previous published models for pre-
socioeconomic status, lifestyle (except for smoking) and fam-  dicting diabetes. Third, we cannot distinguish between type 1
ily health history, such as diabetes and CVD, were not col- and type 2 diabetes. However, as new cases of type 1 dia-
lected, these potential predictors were not added in our betes are rare after 30 years-of-age, we expect that virtually
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all incident cases in this cohort correlate with type 2 dia-
betes. We also did not have data on other types of diabetes,
such as gestational diabetes. Given that just 38 cases of dia-
betes cccurred among young women aged 30-39 years in
the present study, and that just 2% of pregnant women are
knewn to develop gestational diabetes™, we believe that the
impact of gestational diabetes, if any, was negligible in the
present study.

In conclusion, the present non-invasive and invasive models
for the prediction of diabetes risk up to 7 years showed fair
and excellent performance, respectively. The invasive models
can be used to identify high-risk individuals, who weould benefit
greatly from lifestyle modification for the prevention or delay
of diabetes.
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SUPPORTING INFORMATION
Additional Supporting Information may be found in the online version of this article:

Figure S1 | Predicted risk of diabetes within 7 years based on non-invasive model (risk calculator).

Figure S2 | Predicted risk of diabetes within 7 years based on invasive model (risk calculator).

Figure 83 | Predicted risk of diabetes within 7 years based on non-invasive medel (risk chart).

Figure 84 | Predicted risk of diabetes within 7 years based on invasive model (risk chart, including dyslipidemia and glycated
hemoglobin}.

Figure S5 | Predicted risk of diabetes within 7 years based on invasive model (risk chart, including dyslipidemia and fasting plasma

glucose).
Appendix §1 | Data collection method.
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HIGHLIGHTS

e Prediabetes assessed at single time points was associated with an elevated risk of CVD.
e Much higher risk of CVD was observed among people with persistent prediabetes compared with persistent normoglycemia.
@ Prediabetes is associated with a higher risk of CVD.

ARTICLEINFO ABSTRACT

Keywords: Background and aims: We aimed to examine the risk of cardiovascular disease (CVD) with persistent prediabetes

Prediabetes during the last four years prior to a CVD event in a large occupational cohort in Japan.

Diabetes Methods: We performed a nested case-control study using data from the Japan Epidemiology Collaboration on

Cardiovascular disease Occupational Health Study. A total of 197 registered cases of CVD were identified and matched individually with

Nested case-control.stuily 985 controls according to age, sex, and worksite. Prediabetes was defined as fasting plasma glucose 100-125mg/
dL and/or HbAlc 5.7-6.4%. Persistent prediabetes was defined as having prediabetes at years one and four prior
to the onset/index date; persistent normoglycemia was similarly defined. Associations between prediabetes and
CVD risk were assessed using conditional logistic regression models.
Results: Compared with people with persistent normogiycemia over the four years prior to the onset/index date,
the unadjusted odds ratio (95% confidence interval) for CVD was 2.88 (1.56, 5.32) for people with persistent
prediabetes. After adjusting for BMI, smoking, hypertension, and dyslipidemia assessed four years before the
onset/index date, the association was slightly attenuated to an OR (95% confidence interval) of 2.62 (1.31,
5.25). Prediabetes assessed at single time points was also associated with an elevated risk of CVD, with
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multivariable-adjusted odds ratio (95% confidence interval) of 1.72 (1.12, 2.64) and 2.13 (1.32, 3.43) for
prediabetes at one and four years prior to the onset/index date, respectively.

Conclusions: Prediabetes is associated with an increased risk of CVD. Identification and management of pre-
diabetes are important for the prevention of CVD.

1. Introduction

Prediabetes represents a high-risk state for type 2 diabetes and affects
various populations around the world [1]. Globally, 352 million adults are
living with prediabetes (impaired glucose tolerance), and this number is
projected to increase to 587 million in 2040 [2]. Japan is one of the top
ten countries with the highest number of adults with prediabetes [2].
Meta-analyses of cohort studies, in which only baseline glycemia levels
were measured, show that prediabetes is associated with an increased risk
of cardiovascular disease (CVD) [3,4]. However, given that 5%-10% of
individuals with prediabetes develop diabetes annually [1], it remains
unclear whether this elevated risk of CVD is due to prediabetes or the
transition from prediabetes to diabetes during follow-up.

To the best of our knowledge, only two prospective studies have ex-
amined the prediabetes-CVD association while excluding people who de-
veloped diabetes during follow-up [5,6]. A UK. study reported an in-
creased risk of CVD associated with prediabetes in Europeans but not
South Asians [5], and a Finnish study showed increased morbidity and
mortality of CVD associated with prediabetes [6]. One important limita-
tion of these studies is that people who had prediabetes at baseline but
returned to normoglycemia during follow-up were not identified and
therefore were not excluded from the analyses, leading to exposure mis-
classification. To better assess the association between prediabetes and
CVD, studies using repeated measurements of blood glucose are needed.

Using data from the Japan Epidemiology Collaboration of
Occupational Health (J-ECOH) Study, in which annual health checkup

| 143,499 participants who had health checkup |

Excluded (n=940):
History of stroke or ischemic heart disease

>

at J-ECOH study entry

142,324 participants |

235 registered CVD

Excluded (n=19,791):
Did not attend any follow-up examination

Excluded (n=1,120):

—»{ Self-reported ischemic heart disease and
| stroke during follow-up

¥

121,413 participants without
CVD during follow-up

Excluded (n=38)

— Did not attend the health
check-up at 1 year before
the event date

N
| 197 registered CVD |

A4

985 controls

Wil GiG no

Excluded 45 cases and 310 controls

! wha did not attend health check_un at
= i KX-Up

atiend acaiin ¢nee;

years before the event/index date

at4

the event/index date

before the event date

Excluded 24 cases and 158 controls who had
prediabetes at 4 years before but not 1 year before

Excluded 13 cases and 136 controls who had
normoglycemia at 4 years before but not 1 year

v

N
To examine the risk of CVD with

To examine the risk of CVD To examine the risk of CVD
persistent prediabetes during the associated with prediabetes one associated with prediabetes four
last four years prior to a CVD event year before the CVD event years before the CVD event

Fig. 1. Flow diagram of study population, J-ECOH Study, Japan, 2008-2016.
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data were available throughout the follow-up period [7,8], we per-
formed a nested case-control study to examine the risk of CVD posed by
persistent prediabetes during the four years immediately prior to a CVD
event in comparison to cases of persistent normoglycemia. We also
investigated the risks of CVD associated with prediabetes one year or
four years before the CVD event, respectively.

2. Materials and methods
2.1. Study design

The J-ECOH Study is an ongoing multicenter, health checkup-based
cohort study among workers from several companies in Japan, and has
been described elsewhere [7,8]. In Japan, workers are obliged to un-
dergo a health checkup at least once a year under the Industrial Safety
and Health Act; nearly all workers attend their health checkup each
vear. Briefly, participants in the J-ECOH Study underwent routine
physical and laboratory examinations {blood glucose, blood lipids, etc.)
each year. Additionally, a questionnaire that covered medical history,
health-related lifestyle, and work environment was completed. Annual
health checkup data between January 2008 and December 2016 or
between April 2008 and March 2017 were collected from over 100,000
employees in 11 participating companies. The study protocol, including
the consent procedure, was approved by the Ethics Committee of the
National Center for Global Health and Medicine, Japan. Using the J-
ECOH Study data, we performed a nested case-control study to in-
vestigate the association between prediabetes and incident CVD.

2.2, Health checkup

Body height and weight were measured using a scale with partici-
pants wore light clothes and no shoes. Body mass index {(BMI) was
calculated as weight in kilograms divided by the square of height in
meters. Blood pressure was measured using an automatic blood pres-
sure monitor. Hypertension was defined as either systolic blood pres-
sure of at least 140 mmHg, diastolic blood pressure of at least
90 mmHg, or use of treatment for hypertension [9]. Blood glucose was
measured using either the enzymatic or glucose oxidase peroxidative
electrode method based on each company's protocol. HbAlc was
measured using either a latex agglutination immunoassay, high-per-
formance liquid chromatography, or the enzymatic method. Trigly-
ceride, low-density lipoprotein-cholesterol, and high-density lipopro-
tein-cholesterol levels were measured using the enzymatic method.
Dyslipidemia was defined as either a low-density lipoprotein-choles-
terol level of at least 140 mg/dL, high-density lipoprotein-cholesterol
level of less than 40 mg/dL, triglyceride level of at least 150 mg/dL, or
use of medications for dyslipidemia [10]. All of the laboratories in-
volved in the health checkups of the participating companies received
satisfactory scores {rank A or a score > 95 out of 100) from external
quality-control agencies.

2.3. Ascertainment of CVD cases and control selection

CVD cases were identified through a disease registry, which was set
up in April 2012 within the J-ECOH study to collect data on CVD events
from the occupational health physicians of the participating companies
[8]. For most nonfatal cases, occupational physicians confirmed the
diagnosis of each CVD event based on medical certificates, which were
written by a treating physician and submitted to the company through
the worker. Because the submission of a medical certificate is required
when taking long-term sick leave, this registry primarily covers rela-
tively severe cases. For fatal cases, occupational physicians judged the
cause of death based on available information, including death certi-
ficates and information obtained from the bereaved family or collea-
gues. In the CVD registry, approximately 80% cases were confirmed
through medical certificates, 10% were self-reported or from family
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members or colleagues, and 10% were from other sources. Each case
was coded according to the 10th revision of the International Classifi-
cation of Diseases.

In the present study, cases were patients with a first event of myo-
cardial infarction or stroke between April 2012 and March 2017. A total
of 235 incident CVD cases were identified. After removing patients
(n = 38) who did not artend health checkup one year before the onset
date, 197 CVD cases {137 strokes and 60 myocardial infarctions; 36
fatal cases) remained in the present study (Fig. 1).

Controls were selected from study participants who did not self-
report stroke or heart disease at J-ECOH Study entry and did not de-
velop CVD during the follow-up period. Those who self-reported a
history of CVD at annual health checkups during the study period were
also excluded. For each case, we created a pool of controls who were
matched by worksite, sex, and date of birth { + 2 years). Controls were
assigned an index date that corresponded to the onset date of their
matched case. We excluded people who did not attend health checkup
at one year prior to the index date. Finally, for a given case, we ran-
domly selected up to five controls from the pool of eligible controls.
Once a control was sampled, he/she was not again chosen as a control
for other cases. A total of 985 matched controls were included in the
present study.

Using data from the 197 cases and 985 matched controls, we ex-
amined the risk of CVD associated with prediabetes at one year prior to
the CVD event. After removing people who did not attend a health
checkup four years before the onset/index date, we investigated the risk
of CVD associated with having prediabetes four years before the CVD
event in 152 cases and 675 controls. We further excluded people who
had prediabetes at four years before but not one year before the onset/
index date and those who had normoglycemia at four years before but
not one year before the onset/index date, leaving 115 cases and 381
controls for examining the risk of CVD with persistent prediabetes over
the last four years before the CVD event.

2.4. Expostires

We retrieved data on diabetes treatment status, fasting plasma
glucose {FPG), and HbAlc collected at one and four years before the
onset/index date. Diabetes was defined as either FPG =126 mg/dL,
HbAlc = 6.5%, or receiving medical treatment for diabetes according
to the American Diabetes Association criteria [11]. Prediabetes was
defined as FPG 100-125mg/dL and/or HbAlc 5.7-6.4% [11]. Normo-
glycemia was defined as FPG < 100 mg/dL and HbAlc < 5.7%. Per-
sistent prediabetes was defined for those who had prediabetes at both
one and four years prior to the onset/index date. Persistent normo-
glycemia was defined for those who had normoglycemia at both one
and four years prior to the onset/index date. We also defined pre-
diabetes using either FPG (100-125mg/dL) or HbAlc (5.7-6.4%) to
examine whether the risk of CVD associated with prediabetes differs
between the two definitions.

2.5. Statistical analysis

Characteristics of participants were expressed as percentages and
means for categorical and continuous variables, respectively. Chi-square
tests for categorical variables and t-tests for continuous variables were
used to examine differences in characteristics between cases and controls.

Conditional logistic regression was used to estimate odds ratios (ORs)
and 95% confidence intervals {CIs) for the development of CVD associated
with persistent prediabetes. In model 1, the analysis was conditioned on
the matching variables {sex and age). In model 2, we adjusted for a priori-
specified potential confounders, including BMI, smoking (current smoker,
non-current smoker), hypertension, and dyslipidemia assessed at four
years before the onset/index date. We also examined the associations
between CVD risk and prediabetes assessed at different time points: one
and four years before the onset/index date, respectively.
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The present study had 73% power to detect a relative risk of 2.0
with statistical significance (two-sided alpha level of 0.05), based on
the given condition of the proportion of people with persistent pre-
diabetes among controls {(50%), and the number of cases (47 persistent
prediabetes and 23 persistent normoglycemia) and number of matched
controls (350). All statistical analyses were performed using SAS ver-
sion 9.4 (SAS Institute, Cary, NC, USA). A two-sided p < 0.05 was
considered statistically significant.

3. Results

Table 1 shows the characteristics of cases and controls at one year
prior to the onset/index date. Cases had higher means for BMI, trigly-
ceride, low-density lipoprotein cholesterol, blood pressure, FPG, and
HbAlc than controls. The prevalence rates of smoking, hypertension,
dyslipidemia, and diabetes were higher among cases compared with
controls. There was no material difference in the proportion of patients
who were receiving medication for hypertension or dyslipidemia be-
tween cases and controls.

Table 2 shows the association between prediabetes and CVD.
Compared with people with persistent normoglycemia over the past
four years before the onset/index date, the unadjusted OR {95% CI) for
CVD was 2.88 (1.56, 5.32) for people with persistent prediabetes. After
adjusting for BMI, smoking, hypertension, and dyslipidemia, the asso-
ciation was slightly attenuated to an OR {95% CI) of 2.62 {1.31, 5.25).
For people with prediabetes one year before, the OR (95% CI) was 1.72
(1.12, 2.64) compared with those with normoglycemia, after adjusting
for BMI, smoking, hypertension, and dyslipidemia assessed one year
before the onset/index date. For people with prediabetes four years
before, the OR (95% CI) was 2.13 (1.32, 3.43), with adjustment for
BMI, smoking, hypertension, and dyslipidemia assessed four years be-
fore the onset/index date.

Table 3 shows the risk of CVD associated with prediabetes as de-
fined using either FPG or HbAlc. When prediabetes was defined as FPG
100-125 mg/dL, people with prediabetes tended to have a higher risk of
CVD compared with those without prediabetes. Multivariable-adjusted
ORs (95% CI) were 1.76 {0.91, 3.38), 1.33 (0.88, 2.01), and 1.77 (1.10,
2.86) for people with persistent prediabetes, prediabetes one year be-
fore, and prediabetes four years before, respectively. When prediabetes
was defined as HbAlc 5.7-6.4%, the corresponding ORs {(95% CI) were
2.07 (1.09, 3.97) 1.28 (0.82, 2.02), and 1.93 (1.21, 3.08), respectively.

4. Discussion

In this nested case-control study, we found that prediabetes (defined
as FPG 100-125 mg/dL and/or HbAlc 5.7-6.4%) one or four years prior
to the onset/index date was associated with significantly increased risk
of CVD. More importantly, a much higher risk for CVD was observed
among people with persistent prediabetes. To our knowledge, this is
one of the few studies to examine whether prediabetes is associated
with the development of CVD.

The present findings are in line with those of the existing yet limited
studies [5,6]. We found that prediabetes one and four years prior to the
onset/index date was associated with a 1.7- and 2.1-fold increased risk
of CVD, respectively. However, when the analyses were limited to those
who had prediabetes, both one and four years before the onset/index
date, people with persistent prediabetes were 2.6 times more likely to
develop CVD. This difference in the strength of associations implies that
the association between prediabetes and CVD risk may not be accu-
rately captured if prediabetes was assessed art a single time point due to
changes in glycemia levels over time. In our study, out of 291 controls
with prediabetes four years before the index date, 22 developed dia-
betes within three years, and 68 returned to normoglycemia. Of 303
controls with normoglycemia four years prior, 92 developed pre-
diabetes three years later. Using multiple measures of glycemia to
minimize the misclassification of exposure, our data confirm that
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prediabetes is a risk factor for CVD. Proactive identification and man-
agement of prediabetes are warranted to reduce future risk of CVD.

We observed a more pronounced association with HbAlc-based
prediabetes than FPG-based prediabetes, consistent with findings from
the Whitehall II Study [12]. A meta-analysis showed no significant
difference in the risk of CVD between baseline prediabetes defined
using FPG (100-125mg/dL) and that defined using HbAlc {5.7-6.4%)
[3]. Of 16 studies included in that meta-analysis, only three made a
head-to-head comparison between the two definitions; two reported a
significant association with HbAle-based prediabetes but not with FPG-
based prediabetes, and another did not detect any association with
these definitions [3]. Taken together, prediabetes defined by HbAlc
appears to be more strongly associated with CVD than prediabetes
defined by FPG.

Non-glucose-mediated and glucose-mediated mechanisms have
been proposed as explanations for the association between prediabetes
and CVD. One of the non-glucose-mediated mechanisms involves in-
sulin resistance, which is an underlying condition of prediabetes [13]. It
promotes atherogenesis and atherosclerotic plaque formation via down-
regulation of insulin signaling at the level of the intimal cells that
participate in atherosclerosis, including macrophages, vascular smooth
muscle cells, and endothelial cells [14,15]. The other non-glucose-
mediated mechanisms involve obesity and inflammation (adipocyto-
kines and oxidative stress), dyslipidemia {atherogenic lipoproteins and
increased circulating free fatty acids), and prothrombosis state {in-
creased levels of PAI-1 and platelet activation), which are commonly
present in people with prediabetes [14,15]. As for glucose-mediated
mechanisms, hyperglycemia could promote atherosclerosis through
increased oxidative stress, activation of thrombosis, and epigenetic
changes (increased expression of inflammatory genes via NE-xB), which
can be induced even by transient or episodic hyperglycemia [14,15].

4.1. Strengths and limitations

A major advantage of the present study was the periodic assessment
of diabetic status using HbAlc and FPG until one yvear before the onset
of CVD, which enabled us to maximally reduce the degree of mis-
classification of prediabetes. In addition, potential confounders such as
smoking, dyslipidemia, and hypertension were also assessed annually.

Table 1
Characteristics of cases and controls at one year before the onset/index date.
Cases Controls

N 197 985
Age (years) 529 + 7.3 528 + 7.3
Men, % 91.9 91.9
BMI (kg/m?) 250 £ 4.0 239 £ 3.6°
Current smoker, % 54.8 31.8%
TG (mg/dL} 149.9 £ 96.9 125.0 + 84.5%
HDL-C (mg/dL) 534 = 151 588 £ 15.8"
LDL-C (mg/dL) 129:2 £ 37.9 1236 + 294
Dyslipidemia, % 69.0 51.5%
Lipidlowering treatment, %~ 199 209
SBP (mmHg} 134.7 £ 17.3 124.4 + 15.8*
DBP (mmHg} 85.2 £ 10.6 789 + 11.2*
Hypertension, % 65.5 34.9%
Anti-hypertensive treatment, %° 52.7 57.6
FPG (mg/dL) 120.3 £ 50.5 102.9 + 18.2%
HbAle (%) 62 £ 1.3 57 % oot
Diabetes, % 335 i i

BMI: body mass index; CVD, cardiovascular disease; DBP: diastolic blood
pressure; FPG: fasting plasma glucose; HbAlc, glycated hemoglobin; HDL-C:
high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein choles-
terol; SBP, systolic blood pressure; TG, triglyceride.

® p < 0.05.

® The denominator is the total number of people with dyslipidemia.

¢ The denominator is the total number of people with hypertension.
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Table 2
Associations between prediabetes and risk of cardiovascular disease.

Case Control 0Odds ratio (95% CI}
Model 1 Model 2

Over the four years priot to the onset/index date

Persistent normoglycemia 23 161 1 1

Persistent prediabetes 47 155 2.88(1.56, 5.32) 2.62 (1.31, 5.25}

Diabetes 45 65 6.50(3.31,12.8} 4.11 (1.81, 9.30}
One year before the onset/index date

Normoglycemia 47 418 1 1

Prediabetes 84 432 1.98(1.33,2.96) 1.72(1.12, 2.64)

Diabetes 66 135 5.19 (3.28, 8.22} 3.41 (2.05, 5.69}
Four years before the onset/index date

Normoglycemia 36 303 1 1

Prediabetes 71 291 2.40(1.53, 3.77)  2.13 (1.32, 3.43)

Diabetes 45 81 5.66(3.29,9.74} 3.43 (1.87, 6.32)

Model 1, unadjusted.
Model 2, adjusted for BMI, current smoker (yes or no), hypertension, and
dyslipidemia.

Nevertheless, this study has some limitations. First, the present study
had a power less than 809% to detect an association with a relative risk
of 2.0. Using repeated assessment of diabetic status, however, we found
a stronger association {relative risk of 2.5 or more) between prediabetes
and CVD risk, increasing the power of our study to 90%. Second, we
only have recent data on diabetes status (within the past four vears
prior to the onset of CVD). The lack of data for earlier periods precludes
us from analyzing the effect of long-term exposure to prediabetes on
CVD development. Third, only workers who took long-term sick leave
were required to submit a medical certificate to the company; thus,
milder forms of CVD were not well-covered by this registration system.
Fourth, we defined prediabetes using FPG and HbAlc but not 2-h oral
glucose tolerance test, which has not been used in regular health
checkups. As such, people with impaired glucose tolerance may be
misclassified as normoglycemia, resulting in an underestimation of the
association between prediabetes and CVD. Lastly, due to lack of data on
socioeconomic status, family history of CVD, and lifestyle character-
istics other than smoking {e.g., diet, physical activity), we were unable
to control for the potential effects of these factors.

In conclusion, the present nested case-control study based on re-
peated measurements of fasting glucose and HbAlc indicates that
prediabetes is associated with an increased risk of CVD. Identification
and management of prediabetes are important for the prevention of
CVD. More research is required to confirm or refute whether pre-dia-
betic patients who are free of conventional risk factors such as hy-
pertension and hypercholesterolemia are at increased risk of CVD.
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Table 3
Associations between prediabetes (defined as FPG 100-125mg/dL or HbAle
5.7-6.4%, respectively) and risk of cardiovascular disease.

Case Control 0Odds ratio (95% CI}

Model 1 Model 2
FPG (mg/dL)
Over the four years prior to the onset/index date
Persistent FPG < 100 42 274 1 1
Persistent FPG 100-125 31 133 2.12 (1.16, 3.89)  1.76 (0.91, 3.38)
Diabetes 45 80 4.34 (2.40,7.83)  2.36 (1.17, 4.75)
One year before the onset/index date
< 100 638 518 1 1
100-125 63 332 1.64 (1.11, 2.42)  1.33 (0.88, 2.01)
Diabetes 66 135 4.29 (2.82, 654} 273 (1.71, 4.36)
Four years before the onset/index date
< 100 57 381 g 1
100-125 49 204 2.02 (1.28, 3.18) 1.77 (1.10, 2.86)
Diabetes 45 80 4.55 (2.74, 7.57) 277 (1.56, 4.91)
HbAle (%)
Over the four years prior to the onset/Index date
Persistent HbAlc < 5.7 46 376 1 1
Persistent HbAle 5.7-6.4 26 111 2.38 (1.34, 4.22)  2.07 (1.09, 3.97)
Diabetes 45 83 4.95 (2.86, 859)  3.27 (1.71, 6.26)
One year before the onset/index date
<57 86 613 1 1
5.7-6.4 45 237 1.48 (0.98, 2.23} 1.28 (0.82, 2.02}
Diabetes 66 135 3.82 (2.58, 5.65)  2.57 (1.65, 4.01)
Four years before the onset/index date
<57 57 421 1 1
5.7-6.4 53 196 2.19 (1.43, 3.37)  1.93 (1.21, 3.08)
Diabetes 45 83 4.45 (2.75, 7.20)  2.77 (1.60, 4.78)

Model 1, unadjusted.
Model 2, adjusted for BMI, current smoker (yes or no), hypertension, and
dyslipidemia.

T.Murakami, I.Kabe., and S.D. collected health check-up data; M.K. and
A.Nanri cleaned CVD data; T.Mizoue, M.K., and K.K. created database;
H.H. and T.Mizoue drafted the plan for the data analysis; H.H. con-
ducted data analysis; H.H. drafted manuscript; HH and T Mizoue had
primary responsibility for final content; and all authors were involved
in interpretation of the results and revision of the manuscript and ap-
proved the final version of the manuscripts, had full access to all of the
data in the study, and take responsibility for the integrity of the data
and the accuracy of the data analysis. HH and T Mizoue are guarantors.

Acknowledgements

We thank Dr. Toshiteru Okubo (Chairperson of Industrial Health
Foundation) for scientific advice on the conduct of J-ECOH Study; Eri
Yamada (National Center for Global Health and Medicine) for data
management; and Rika Osawa (National Center for Global Health and
Medicine) for administrative support.

References

[1] A.G. Tabik, C. Herder, W. Rathmann, et al., Prediabetes: a high-risk state for dia-
betes development, Lancet 379 (2012} 2279-2290.

International Diabetes Federation. IDF Diabetes Atlas. eighth ed. Available from:
www.diabetesatlas.org. Accessed December 2017.

Y. Huang, X. Cai, W. Mai, et al., Association between prediabetes and risk of car-
diovascular disease and all-cause mortality: systematic review and meta-analysis,
BMJ 355 (2016} 15953,

E.S. Ford, G. Zhao, C. Li, Pre-diabetes and the risk for cardiovascular disease: a
systematic review of the evidenee, J. Am. Coll. Cardiol. 55 (2010} 1310-1317.
5.V. Eastwood, T. Tillin, N. Sattar, et al., Associations between prediabetes, by three
different diaghostic criteria, and incident CVD differ in South Asians and Europeans,
Diabetes Care 38 (2015) 2325-2332.

0. Qiao, P. Jousilahti, J. Eriksson, et al., Predictive properties of impaired glucose
tolerance for cardiovascular risk are not explained by the development of overt
diabetes during follow-up, Diabetes Care 26 (2003} 2910-2914.

H. Hu, 8. Nagahama, A. Nanri, et al., Duration and degree of weight change and risk

[2]
[3]

[4

[5]

[6]

[7]



H. Hu et al.

[8

[91

[10]

of incident diabetes: Japan Epidemiology Collaboration on Occupational Health
Study, Prev. Med. 96 (2017) 118-123.

H. Hu, T. Nakagawa, T. Honda, et al., Metabolie syndrome over four years before
the onset of cardiovascular disease: nested case-control Study, Circ. J. 82 (2018}
430-436.

K. Shimamoto, K. Ando, T. Fujita, et al., The Japanese society of hypertension
guidelines for the management of hypertension (JSH 2014}, Hypertens. Res, 37
(2014} 253-390.

T. Teramoto, J. Sasaki, S. Ishibashi, et al., Executive summary of the Japan ather-
osclerosis society guidelines for the diagnosis and prevention of atherosclerotic
cardiovascular diseases in Japan -2012 version, J. Atherosclerosis Thromb. 20
(2013} 517-523.

97

[11]

[12]

[13]
[14]

[15]

Atherosclerosis 278 (2018) 1-6

American Diabetes Association, American diabetes association standards of medical
care in diabetes-2017, Diabetes Care 40 (Suppl.1} (2017) 81-5135.

D. Vistisen, D.R. Witte, E. Brunner, et al., Risk of cardiovascular disease and death
in individuals with prediabetes defined by different criteria: the Whitehall Il study,
Diabetes Care 41 (2018) 899-906.

M.A. Abdul-Ghani, R.A. DeFronzo, Pathophysiology of prediabetes, Cuir. Diabetes
Rep. 9 (2009} 193-199.

5. Milman, J.P. Crandall, Mechanisms of vascular complications in prediabetes,
Med. Clin. 95 (2011} 309-325.

M. Buysschaert, J.L. Medina, M. Bergman, et al., Prediabetes and associated dis-
orders, Endoerine 48 (2015} 371-393.




I@ Journal of Epidemiology

Short Communication J Epidemiol 2018;28(11):465-469

Cumulative Risk of Type 2 Diabetes in a Working Population:
The Japan Epidemiology Collaboration
onh Occupational Health Study

Huanhuan Hu', Tohru Nakagawa®, Hircko Okazaki®, Chihiro Nishiura®, Teppei Imai®, Toshiaki Miyamoto®,
Naocko Sasaki’, Makoto Yamamoto®, Taizo Murakami®, Takeshi Kochil®, Masafumi Eguchim, Kentaro Tomitall,
Satsue Nagahama'?, Keisuke Kuwahara’?, Tsamu Kabe!?, Tetsuya Mizoue!, and Seitaro Dohi®,

for the Japan Epidemiology Collaboration on Occupational Health Study Group

"Department of Epidemiology and Prevention, National Center for Global Health and Medicine, Tokyo, Japan
“Hitachi, Ltd., Ibaraki, Japan

Mitsui Chemicals, Inc., Tokyo, Japan

“Tokyo Gas Co., Ltd., Tokyo, Japan

5 Azhil Corporation, Tokyo, Japan

SNippon Stesl & Sumitomo Metal Corporation Kimitsu Works, Chiba, Japan
TMitsubishi Puso Truck and Bus Corporation, Kanagawa, Japan

SYAMAHA CORPORATION, Shizucka, Japan

“Mizue Medical Clinic, Keihin Occupational Health Center, Kanagawa, Japan
YEymikawa Electric Co., Ltd., Tokyo, Japan

UMitsubishi Plastics, Inc., Tokyo, Japan

2A1] Japan Labour Welfare Foundation, Tokyo, Japan

BTeikyo University Graduate School of Public Health, Tokyo, Japan

Received May 19, 2017; accepted October 15, 2017; released online May 4, 2018

ABSTRACT

Background: We estimated the cumulative risk of type 2 diabetes from age 30 to 65 years in a large working population in
Japan.

Methods: We used data from the Yapan Epidemiology Collaboration on Occupational Health Study. Participants (46,065 men
and 7,763 women) were aged 30-59 years, free of diabetes at baseline, and followed up for a maximum of 7 years. Incident type
2 diabetes was defined based on fasting and casual glucose, glycated hemoglobin, and current medical treatment for type 2
diabetes. We calculated the sex-specific cumulative risk of type 2 diabetes using the Practical Incidence Estimator macro, which
was created to produce several estimates of disease incidence for prospective cohort studies based on a modified Kaplan-Meier
method.

Results: During 274,349 person-years of follow-up, 3,587 individuals (3,339 men and 248 women) developed type 2 diabetes.
The cumulative risk was 347% (95% confidence interval, 33.1-36.3%) for men and 18.6% (95% confidence interval,
15.5-21.7%) for women. In BMI-stratified analysis, obese (BMI >30 kg/m?) and overweight (BMI 25-29.9 kg/m?) men and
women had a much higher cumulative risk of type 2 diabetes (obese: 77.3% for men and 64.8% for women; overweight: 49.1%
and 35.7%, respectively) than those with BMI <25kg/m” (26.2% and 13.4% for men and women, respectively).

Conclusions: The present data highlight the public health burden of type 2 diabetes in the working population. There 18 a need
for effective programs for weight management and type 2 diabetes screening, especially for young obese employees, to prevent
or delay the development of type 2 diabetes.

Key words: type 2 diabetes; cumulative risk; epidemiology; Japanese
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been estimated to determine the risk of developing type 2 diabetes
INTRODUCTION for a general population®; however, such data are scarce for
Diabetes, mainly type 2 diabetes, is a major global public health the working population. Identifying the cumulative risk of
issue, and Asian countries contribute to more than 60% of the type 2 diabetes during the working lifetime of individuals would
world’s diabetic population.’? In Japan, there are 10.8 million provide a better understanding of the development of type 2
patients with diabetes.! Lifetime risk of type 2 diabetes has diabetes and could urge workers, employers, occupational
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health professionals, and policy makers to take actions for its
prevention.

In Japan, employees are required by law to undergo annual
health examinations, which include glycemic measurements. We
used this data to estimate the cumulative risk of type 2 diabetes
from age 30 to 65 years.

METHODS

Study design

The Japan Epidemiology Collaboration on Occupational Health
(J-ECOH) Study is an ongoing multicenter health checkup-based
cohort study among workers from several companies in Japan,*3
As of May 2015, 11 participating companies provided health
checkup data of their employees, obtained between January 2008
and December 2014 or between April 2008 and March 2015. The
study protocol, including the consent procedure, was approved by
the Ethics Committee of the National Center for Global Health
and Medicine, Japan.

In the present study, the data from the earliest health checkup
{mostly carried out in 2008) were regarded as the baseline data;
however, if the 2008 dataset contained a large number of missing
data, then the data from the 2009 or 2010 (one company each)
health checkups were used as the baseline. The outcome was
determined using health checkup data from baseline through
March 2015.

Participants

Of 75,857 participants aged 30-59 years who received health
checkup during the baseline period, we excluded participants
who had a history of diabetes or undiagnosed diabetes at
baseline {n = 4,924); who had missing information on glucose
(n=16,246), glycated hemoglobin (HbAlc; n=1,085), or
medical treatment for diabetes (n=407); and who had blood
drawn in the non-fasting state (n =7,022). Of the remaining
56,173 participants, we excluded participants who did not attend
any subsequent health checkups (n =2,217) and those who
attended but did not receive glucose measurements (n = 128).
A total of 53,828 participants, comprising 46,065 men and 7,763
women, were included for analysis.

Health checkup

Participants received annual health checkups that included
measurements of weight, height, blood pressure, blood glucose,
and lipids. The details of health checkups have been described
elsewhere.*® Body mass index (BMI) was calculated as weight
in kilograms divided by height in meters squared. We classified
BMI into three groups according to the international overweight
and obesity criteria: <25kg/m?, 25 to 29.9 kg/m?® (overweight),
and >30kg/m?® (abesity).®

Outcome

Incident diabetes was identified using data from the health
checkups after the baseline examination. Diabetes was defined
according to the American Diabetes Association criteria for the
diagnosis of diabetes as glycated hemoglobin (HbAlc) >6.5%,
fasting plasma glucose >126mg/dL, random plasma glucose
>200 mg/dL, or currently under medical treatment for diabetes.”
Individuals without diabetes at baseline who met any of the above
conditions in the subsequent checkups were considered to have
an incident case of type 2 diabetes.
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Statistical analysis

Characteristics of the study participants were described as means
for continuous variables and percentages for categorical variables.
Trend association was assessed by assigning ordinal numbers to
each BMI group and was tested using a linear regression analysis
and the Cochran-Armitage trend test for continuous and
categorical variables, respectively.

We calculated sex-specific cumulative risk of type 2 diabetes
from age 30 years to age 65 years using the Practical Incidence
Estimator macro.® Details of the macro have been extensively
described in previous papers.®'° Briefly, this macro uses age as
a time scale of analysis and can produce several estimates of
disease incidence {(eg, age-specific incidence, cumulative
incidence, and reaming lifetime risk) for prospective cohort
studies, based on a modified Kaplan-Meier method.® It combines
information on participants who entered the cohort study at
different ages and takes into account varying duration of follow-
up of participants.® All statistical analyses were performed using
SAS version 9.4 (SAS Institute, Cary, NC, USA).

RESULTS

The characteristics of participants by sex and BMI groups are
shown in Table 1. Among cohort participants, 24.7% of men and
11.5% of women had a BMI of 25 to 29.9 kg/m?, and 3.2% of men
and 2.7% of women had a BMI 230kg/m2, Far both sexes, the
waist circumference, systolic and diastolic blood pressure, fasting
plasma glucose, HbAle, and triglyceride and low-density
lipoprotein-cholesterol levels increased with BMI (P for trend
<0.001). The prevalence rates of hypertension and dyslipidemia
were higher in people with higher levels of BMI (P for trend
<0.001). During 274,349 person-years of follow-up, 3,587
individuals (3,339 men and 248 women) developed type 2
diabetes. The crude incidence rate of type 2 diabetes {(per 1,000
person-years) was 14.2 for men and 6.4 for women. Sex- and age-
specific incidence rates of type 2 diabetes are provided in eTable 1.

Figure 1 shows the cumulative incidence functions in
individuals aged 30 years. The cumulative risk of developing
type 2 diabetes from age 30 years to age 65 years was 34.7%
(95% confidence interval, 33.1-36.3%) for men and 18.6% (95%
confidence interval, 15.5-21.7%) for women. Stratification by
BMI showed that people with a BMI >30 kg/m? had much higher
cumulative risk of type 2 diabetes (77.3% for men and 64.8% for
women) than people with a BMI of 25 to 29.9kg/m? (49.1% for
men and 35.7% for women) or people with a BMI <25kg/m®
(26.2% for men and 13.4% for women). We estimated that more
than 1 in 3 obese men aged 30 years would develop type 2
diabetes by age 45 years.

DISCUSSION

Based on a large-scale cohort study among Japanese employees,
we estimated that one-third of men and one-fifth of women at
age 30 years will develop type 2 diabetes by age 65 years.
Furthermore, the cumulative risk of type 2 diabetes substantially
increased among people with a BMI >25kg/m% To our
knowledge, this is the first study to estimate the cumulative risk
of type 2 diabetes from age 30 years to age 65 years in the
working population.

Similar to the present study, high lifetime risk of diabetes has
been reported in the USA (40% at age 20 years),!! Australia (31%
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Table 1. Baseline characteristics by sex and baseline BMI
Men Women
BMI >25 to P for trend BMI >25 to P for trend
3 = V.4 vi = 2
BMI <25kg/m <30k o BMI >30kg,/m BMI <25 kg /m 30k BMI >30 kg /m
N 33:212 11,387 1466 6,662 891 210
BMI, kg/m?* 221019 26.3 (1.3) 324 (2.6) 206 (2.1) 269 (14) 327 (27)
Age, years?® 454 (79 156 (7.6) 429 (7.0) <0.001 439 (75) 459 (76) 447 (7.2) <0.001
WC, cm? 80.0 (6.0) 91.0 (5.00 103.5 (7.0) <0.001 735 (1.0) 88.0 (5.8) 988 (7.1) <0.001
SBP, mmHg® 119 6 (14.5) 1266 (14.2) 1328 (14.8) <0.001 1137 (155) 1246 (14.5) 1322 (152) <0.001
DBP, mm Hg* 758 (10.2) 30.8 (10.0) 84.6 (10.2) <0.001 70.7 (10.3) 777 (98) 82.0 (10.6) <0.001
Hypertension, %b 157 295 46.9 <(.001 82 20.8 39.1 <0.001
Anti-hypertension
freatriEnt %° 434 486 49.8 <0.001 3955 48.1 342 <0.001
FPG, mg/dL* 962 (3.7) 99.1 (9.0) 100.0 (9.7) <0.001 90.5 (7.8) 945 (8.6) 97.6 (10.1) <0.001
HbAle, %* 54 (0.4) 5.6 (0.4) 5.7 (0.4) <0.001 5.4 (0.3) 5.6 (0.4) 5.7 (0.4) <0.001
TG, mg/dL? 116 8 (84.0)  160.2 (1092) 1748 (125.4) <0.001 71.8 (40.9) 1036 (58.6)  117.0 (67.5) <0.001
LDL-C, mg/dL? 1182 (20.09 129.1 (29.4) 13379 (31.5) <0.001 111.7 (28.8) 130.7 (30.6) 131.9 (30.3) <0.001
HDL-C, mg/dl? 59.0 (14.7) 51.1 (11.6) 477 (9.8) <0.001 71.3 (15.4) 599 (12.9) 56.3 (13.7) <0.001
Dyslipidemia, %1 40.0 65.1 754 <(.001 20:2 48.2 538 <0.001
Lipid-lowering
trentment, %° 85 14, 15.8 <0.001 12.8 13.8 124 <0.001
Smoking, % 41.5 418 46.1 0.006 11.1 10.9 13.9 0437

BMI, body mass index; DBP, diastolic blood pressure; FPG, fasting plasma glucose; HbAle, glycated hemoglobin; HDL-C, high-density lipoprotein cholesterol;
LDL-C, low-density lipoprotein cholesterol; SBP, systolic blood pressure; TG, triglyceride; WC, waist circumference.

"Mean (standard deviation).

*Hypertension was defined as SBP >140 mmHg, DBP >90mmHg, or as receiving medical treatment for hypertension, based on the criteria of The Japanese

Society of Hypertension Guidelines for the Management of Hypertension.
“The denominator is the total number of people with hypertension.

Dyslipidemia was defined as TG »150mg/dL, LDL-C >140mg/dl, HDL-C <40mg/dL, or as receiving medical treatment for dyslipidemia, based on the

crifetia of the Japan Atherosclerosis Socisty.
“The denominator is the total number of people with dyslipidemia.

at age 45 years),!? and the Netherlands (31% at age 45 years).?
However, our study differed from previous studies in design,
target population, and target period {cumulative risk from age 30
to 65 years in the present study compared to overall lifetime risk
in previous studies). Furthermore, we defined incident type 2
diabetes based on fasting and casual glucose, HbAlc, and current
medical treatment for diabetes, while researchers of previous
studies did not use HbAIc*? or only used self-reported
diabetes.’! Therefore, caution should be exercised when
comparing the current estimate with those reported previously.

Previous studies have reported sex differences in type 2
diabetes prevalence in the Japanese population.’>* One meta-
regression analysis of 160,000 Japanese adults showed that the
age-standardized diabetes prevalence was 9.3% and 6.6% among
men and women, respectively, in 2010."”* We also found that the
cumulative risk of type 2 diabetes among women (18.6%) was
lower compared with men (34.7%). This may be partly ascribed
to the lower prevalence rates of risk factors for type 2 diabetes
{eg, obesity, smoking, hypertension, and dyslipidemia) in women
than in men. Further efforts focusing on these risk factors may not
only reduce diabetes risk in the working population but also
narrow the gender gap in diabetes risk.

Obese workers (BMI >30kg/m?) were at markedly increased
risk of developing type 2 diabetes; more than 1 in 3 obese men at
age 30 years were predicted to develop type 2 diabetes by age 45
years (Figure 1). Lifetime risk of type 2 diabetes increases with
increasing BMI>'® Obesity reduces the time lived with normal
glucose metabolism.® These findings underscore the importance
of weight management in the prevention of type 2 diabetes.

The strengths of our study include its large sample size and
sufficient number of type 2 diabetes events. In addition, we used a

comprehensive assessment of multiple measures for the diagnosis
of incident type 2 diabetes. Several limitations also warrant
attention. First, the present findings from a working population
may not be generalizable to a wider population. Given the lower
sex- and age-specific prevalence of overweight/obesity (BMI
>25kg/m?) in the present study than that in the National Health
and Nutrition Survey,'® higher cumulative incidence would be
expected in the general population. Second, the cumulative risk
of developing type 2 diabetes would be somewhat overestimated
due to the lack of adjustment for competing risks, such as death.
Third, the estimates of cumulative risk are subject to birth-cohort
effects; thus, caution should be exercised when age-specific
incidence rates are rapidly changing over time. Finally, we could
not discriminate between type 1 and type 2 diabetes. However,
since type 1 diabetes is rare in people aged 30 years and older,
we expect that virtually all incident cases in this cohort correlate
with type 2 diabetes.

The present data highlight the public health burden of type 2
diabetes among the working population. There is a need for
effective weight management and type 2 diabetes screening
programs, especially for young obese employees, to prevent or
delay the development of type 2 diabetes.
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APPENDIX A. SUPPLEMENTARY DATA

Supplementary data related to this article can be found at https://
doi.org/10.2188/jea. JE20170093.
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