of absolute risks since it is likely that each
engine was developed independently,
and a correlation between incidences of
vascular complications is not accounted
for in the development process.

Data from the 1,748 patients with
type 2 diabetes in the Japan Diabetes
Complications Study (JDCS) (26) and
the Japanese Elderly Diabetes Interven-
tion Trial J-EDIT) (27) provide an oppor-
tunity to develop a comprehensive risk
engine for Asian patients with type 2 di-
abetes. The aim of the current study was
therefore to develop and validate an algo-
rithm that separately calculates each risk
of the first occurrence for five events: fatal
and nonfatal CHD, fatal and nonfatal
stroke, noncardiovascular mortality,
overt nephropathy, and progression of
retinopathy. This was done by fitting a
multistate Cox regression model (28), an
extension of the Cox model to multiple
time-to-event end points, to the pooled
data from these trials.

RESEARCH DESIGN AND
METHODS

Patients and measurements

Design of the JDCS and the J-EDIT has
been described in detail elsewhere (26,27).
Inthe JDCS, 2,033 Japanese type 2 diabetes
patients 40-70 years of age whose HbA; .
levels were =7.0% were randomized to a
conventional treatment group and a life-
style intervention group; throughout the
paper, we present the National Glycohe-
moglobin Standardization Program value
of HbA;. calculated as follows: 0.25 +
1.02 X JDC value (29). The latter group
received education on lifestyle modifica-
tion by telephone counseling and at each
outpatient clinic visit in addition to usual
care. The J-EDIT is a randomized, con-
trolled trial of intensive and conventional
treatments for diabetes that registered a total
of 1,173 Japanese type 2 diabetes patients
65-85 years of age whose HbA, . levels were
=8.1%, or =7.5% with at least one of the
following criteria: BMI =25 kg/m®; blood
pressure =130/85 mmHg; serum total
cholesterol =200 mg/dL (5.17 mmol/L)
or LDL cholesterol =120 mg/dL (3.10
mmol/L) in participants without CHD;
serum total cholesterol =180 mg/dL
(4.65 mmoVl/L) or LDL cholesterol =100
mg/dL (2.59 mmol/L) in participants
with CHD; triglycerides =150 mg/dL
(1.68 mmol/L); and HDL cholesterol
<40 mg/dL (1.03 mmol/L). The protocols
of the JDCS and J-EDIT received approval
from the ethical committees of all of the
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participating institutes, and written in-
formed consent was obtained from all pa-
tients before enrollment. The present
analysis excluded patients who had any
history of angina pectoris, myocardial in-
farction, stroke, peripheral artery disease,
familial hypercholesterolemia (diagnosed
clinically by markedly elevated LDL cho-
lesterol levels with enlarged Achilles ten-
dons and/or family history of premature
coronary artery disease), type III hyperlip-
idemia (diagnosed by broad p-band on
electrophoresis), nephrotic syndrome, se-
rum creatinine levels >1.3 mg/dL (120
pmol/L), mean values of two spot urine
examinations for an albumin excretion
rate of 150 mg/g creatinine (17.0 mg/
mmol) or more, microscopic hematuria,
or other clinical findings indicating other
renal diseases, preproliferative and prolif-
erative retinopathy, and major ocular dis-
ease (e.g., glaucoma, dense cataract, or
history of cataract surgery). Baseline data
were collected for demographics, results
of clinical examinations, laboratory mea-
surements performed at local laboratories,
and lifestyle factors such as dietary content
and smoking status determined by self-
reported questionnaires. Leisure-time phys-
ical activity (LTPA) was also assessed at
baseline by a self-administered question-
naire, which was almost identical to that
used and validated in the Health Profes-
sionals’ Follow-up Study (30). The pa-
tients were asked to report their average
frequency (times/week) and duration
(min/time) of normal walking, brisk walk-
ing, jogging, golfing, tennis, swimming,
aerobics dancing, cycling, and other mis-
cellaneous exercise as specified by each
patient. The duration engaged in each ac-
tivity in min/time was multiplied by that
activity’s typical energy expenditure, ex-
pressed in metabolic equivalents (METs),
and overall activities were summed to
yield a MET/h score per week (31). Data
management was conducted by a central
data center. Follow-up data were collected
through a standardized annual report
from each investigator. Non-HDL choles-
terol (NHDL-C) levels were calculated by
total cholesterol subtracted by HDL cho-
lesterol. LDL cholesterol levels were calcu-
lated using the Friedewald formula, that is,
NHDL-C subtracted by triglycerides di-
vided by 5 if wriglyceride levels are <400
mg/dL (4.48 mmol/L); otherwise, LDL cho-
lesterol levels were treated as missing data.

End points
End points were five time-to-event
variables: fatal or nonfatal CHD, fatal

or nonfatal stroke, noncardiovascular
mortality, overt nephropathy defined by
persistent proteinuria, and progression of
retinopathy since randomization. The def-
initions of the events have been described
in detail elsewhere (12,13,27,32). In brief,
diabetic retinopathy was determined an-
nually by qualified ophthalmologists at
each institute using the international dia-
betic retinopathy and diabetic macular
edema disease scales (33) with minor
modification: stage 0, no retinopathy;
stage 1, hemorrhage and hard exudates;
stage 2, soft exudates; stage 3, intraretinal
microvascular abnormalities and venous
changes, including beading, loop, and du-
plication; and stage 4, new vessels, vitre-
ous hemorrhage, fibrous proliferation,
and retinal detachment. A retinopathy
event was progression to stage 3 or 4.
A nephropathy event was defined as the
development of overt nephropathy (spot
urinary albumin excretion >33.9 mg/
mmol creatinine in two consecutive sam-
ples) (12). Macrovascular events included
the occurrence of fatal and nonfatal defi-
nite CHD (angina pectoris or myocardial
infarction) and fatal and nonfatal stroke.
The diagnosis of angina pectoris and myo-
cardial infarction was according to criteria
defined by the Multinational Monitoring
of Trends and Determinants in Cardio-
vascular Disease project, and diagnosis
of stroke was according to guidelines de-
fined by the Ministry of Health, Labour,
and Welfare of Japan (32). Adjudication
of end points was performed by central
committees comprised of experts in each
complication based on additional data
such as those obtained by computed to-
mography or magnetic resonance imag-
ing of the brain or sequential changes in
electrocardiograms.

Statistical analysis

The JDCS/J-EDIT (J]) risk engine calcu-
lates each risk of the first occurrence
within a user-specified time point for
the five events described above. The
occurrences of these events are viewed
as transitions between disease states and
were modeled by a multistate model that
follows the Markov renewal process (28).
The disease states and transitions as-
sumed in the multistate model are de-
tailed in Supplementary Data. We fit a
multistate model using a standard proce-
dure for the stratified Cox regression
model. That is, we assumed that baseline
intensities for any of the transitions were
possibly different but that transition in-
tensities to a disease state share common
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hazard ratios (HRs) for risk factors. The
following risk factors were screened
through a backward variable selection
with the critical value of P = 0.1: age,
sex, HbA, ., years after diagnosis, BMI, sys-
tolic blood pressure (SBP), NHDL-C,
LDL cholesterol, HDL cholesterol, log-
transformed triglycerides, log-transformed
urine albumin-to-creatinine ratio (ACR),
estimated glomerular filtration rate, atrial
fibrillation, smoking status, alcohol in-
take, and LTPA. BMI was categorized by
cutoff points of 18.5 and 25 kg/m®. LTPA
was categorized by the cutoff point of 3.8
METs-h/week, which corresponds to the
intensity of home activity or conditioning
exercise (31). HRs in this model were
estimated by maximizing the partial
likelihood, and then baseline intensity
functions were calculated by the Breslow
estimator. Missing data were substituted
using the multiple imputation method.
We assessed the predictive accuracy of
the 5-year risks based on the JJ risk engine
using 10-fold cross-validation, i.e., we per-
formed 10 rounds of cross-validation using
different partitions. One round of cross-
validation involved randomly partition-
ing a sample of data on 1,748 patients into
complementary subsets, fitting the strati-
fied Cox regression model to one subset of
90% of patients, and validating the model
on the remaining subset with the criteria
described below. We compared hazards

Table 1—HRs of risk factors incorporated in the best-fitting multistate Cox regression model

for end points between tertiles of the
calculated 5-year risks from the 10-fold
cross-validation by the Cox regression.
Calibration, namely, how closely the pre-
diction reflected observed events, was
assessed for each event by the Hosmer-
Lemeshow test and the mean of observed-
to-predicted (O/P) ratios, which was
calculated as the mean of ratios of the
observed-to-expected events across the
strata used in the Hosmer-Lemeshow
test. Discrimination, the ability to distin-
guish between those who experienced the
event and those who did not, was evalu-
ated using Harrell C statistics, the pro-
portion of all patient pairs in which the
predictions of the model and observed
events were concordant. Further, we con-
structed a reclassification table of macro-
and microvascular complications (34).
All analyses were conducted by the
central data center with the use of SAS
software version 9.2 (SAS Institute, Cary,
NC). The authors had full access to the
data and take responsibility for their in-
tegrity. All reported P values for statistical
tests are two tailed, and P < 0.05 was
taken to indicate statistical significance.

RESULTS—The mean =+ SD (range)
age and HbA; level at baseline of the
1,748 Japanese type 2 diabetic patients
was 62.1 = 8.6 (40-84) years and 7.9 =*
1.2 (6.0~15.8)%, respectively, and 49.9%
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of the subjects were women. Their mean
baseline values indicated that the
subjects had good control of weight
(BMI =232 *3.1 kg/mz; waist circum-
ference = 80.3 = 9.6 cm), blood pres-
sure (SBP = 132.9 = 16.0 mmHg), and
serum cholesterol levels (NHDL-C = 3.78
+ 0.90 mmol/L; LDL cholesterol = 3.16 #
0.82 mmol/L; HDL cholesterol = 1.43 =+
0.44 mmol/L; triglycerides = 1.39 = 0.88
mmol/L). Their baseline ACR levels were
quite low, with a median = IQR of 1.8
3.0 mg/mmol, as we excluded those with
ACR of 17.0 g/mmol or more. Current
smokers and past smokers accounted for
24.4 and 24.0%, respectively, of patients.
The median (IQR) LTPA at baseline was
10.5 (1.6-22.5) METs-h/week, and
34.0% of patients had no exercise habit
(<3.8 METs-h/week). During the median
follow-up of 7.2 years, among the 1,748
subjects, we observed 96 (5.5%) events of
fatal or nonfatal CHD, 89 (5.1%) fatal or
nonfatal strokes, 71 (4.1%) overt ne-
phropathies defined by persistent protein-
uria, and 64 (3.7%) noncardiovascular
deaths. Of the 1,297 patients without ret-
inopathy at baseline, 415 (32.0%) devel-
oped retinopathy. Of the 866 patients who
had retinopathy or developed retinopathy
after baseline, 113 (13.0%) had progression
to retinopathy of stage 3 or 4.

The backward variable selection pro-
cedure identified 11 baseline risk factors

CHD Stroke

Noncardiovascular mortality

95% CI P HR 95% CI

p HR 95% CI P

BMI (= 25/18.5-25 kg/m)

0.66

Overt nephropathy

Retinopathy

I;og ACR 1 ﬁnit)

Current smoker (yes/no)

2.18

1.28

1.3

3.71 <0.01
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for macro- and microvascular complica-
tions and noncardiovascular mortality.
Table 1 shows the HRs, 95% Cls, and
P values for these risk factors. Significant
modifiable risk factors were HbA;. and
NHDL-C for CHD, HbA,,., SBP, and
NHDL-C for stroke, BMI <18.5 kg/m”
and being a current smoker for noncar-
diovascular mortality, HbA;. and being a
current smoker for overt nephropathy,
and HbA,. for retinopathy. Having an ex-
ercise habit was associated with reduced
risks of stroke and mortality, although
with only borderline statistical signifi-
cance. All of the risk factors that were re-
tained through the variable selection
procedure were incorporated into the
JJ risk engine. The algorithm of the
J] risk engine is described in Supplemen-
tary Data.

The performance of the JJ risk engine
was evaluated by several validation criteria.
Tertile Cox regression showed that the
5-year risks calculated by the J] risk engine
effectively classified populations at low and
high risk for each complication. The HRs
(95% CI) of the second and third tertiles
compared with the first tertile were 2.09
(1.07-4.09) and 5.22 (2.84-9.58) for
CHD; 1.78 (0.96-3.30) and 3.32 (1.86—
5.92) for stroke; 2.14 (1.09—4.18) and
3.17 (1.65-6.09) for noncardiovascular
mortality; 1.54 (0.55-4.34) and 10.59
(4.56-24.59) for overt nephropathy; and
1.18 (0.58-2.40) and 2.56 (1.37-4.81)
for progression of retinopathy.

Table 2 shows the predictive accuracy
of the JJ risk engine regarding calibration
and discrimination. The O/P ratios for
each complication, including noncardio-
vascular mortality, ranged between 0.93
and 1.08, and Hosmer-Lemeshow tests
did not show any significant deviations
between the observed and predicted
events. In contrast, the UKPDS risk en-
gine (5,6) overestimated CHD risk in
Japanese patients (O/P ratios [Hosmer-
Lemeshow P]: 0.30 [P < 0.01] for CHD
and 0.72 [P = 0.54] for stroke) (Table 2).
Discrimination according to C statistics
was high for CHD, noncardiovascular
mortality, and overt nephropathy (0.696—
0.767) but was moderate for stroke and
progression of retinopathy (0.636 and
0.614).

Table 3 compares risk classification
by the 5-year risk of macrovascular dis-
ease based on the JJ risk engine with that
based on the UKPDS risk engine. By the
UKPDS risk engine, more than half of pa-
tients had a macrovascular risk of 10%
or more (249 of the 376 cases and 697

Table 2—Predictive accuracy of the JJ risk engine in 1,748 patients

Calibration

Discrimination

Mean predicted Observed
5-year risk O/P ratio

5-year risk

Pt C statistic 95% Cl

2.70%

CHD

2.92%

1.08 0.14 0.725 0.656-0.793

Stroke 3.36%

3.26%

0.97 0.12  0.636 0.564-—0.708‘

Noncardiovascular

|

Progression of
retinopathy*

10.96%

10.20%

0.93 0.13 0614 0.524-0.705

*Patients without diabetes retinopathy at baseline were excluded. 1The Hosmer-Lemeshow test with eight
degrees of freedom. P < 0.05 indicates significant deviation between predicted and observed events.

of the 1,372 noncases), as expected by
the tendency of overestimation The sen-
sitivity and specificity of the UKPDS risk
engine with a cutoff value of 10% risk
were 66.2 and 49.2%, respectively. In con-
trast, only 101 of the 376 cases (26.9%)
who developed any of the events had a
macrovascular risk of 10% or more based
on the JJ risk engine, yielding sensitivity
of 26.9% and specificity of 89.1%.

Table 4 shows how the combination
of 5-year risks of macro- and microvascu-
lar complications based on the J] risk en-
gine classified low-risk and high-risk
patients. If we combined macro- and
microvascular risks, 73 of 376 cases
(19.4%) and 187 of 1,372 noncases
(13.6%) were newly classified as a high-
risk population, and sensitivity increased
up to 46.3% while specificity was main-
tained at 75.4%. The net reclassification

improvement (total of sensitivity and
specificity in this case) was improved by
5.7% (P = 0.02).

To illustrate the use of the JJ risk
engine, consider two Japanese men 60
years of age with simple diabetic retinop-
athy and without atrial fibrillation who
do not have smoking and exercise habits.
The clinical characteristics of both
patients are HbA; . = 9%, duration of di-
abetes = 20 years, BMI = 23 kg/mz,
NHDL-C = 3.88 mmol/L, and ACR =
6.79 mg/mmol creatinine. The SBP of
one patient is 120 mmHg. His leading
risk is estimated to be the progression
of retinopathy (5-year risk, 15.5%), and
his macrovascular risks are moderate
(9.2% for CHD and 9.6% for stroke). His
5-year risks of noncardiovascular death
and overt nephropathy are low (4.8 and
3.7%, respectively). The other patient has

Table 3—Risk classification of the 1,748 patients according to 5-year risks of macrovascular
disease based on the JJ risk engine and the UKPDS risk engine

5-Year risk by the JJ risk engine*

5-Year risk by the UKPDS risk engine*

<5%

5-10% 10% or more  Total

Pati ho developed

5-10%

66 17.6% 19

08% 88

5.1% 3

10% or more

202 14.7%

349 254% 146 10.6% 697

*Data are n and percent. Probability of any occurrence of CHD or stroke within 5 years.
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Table 4—Risk classification of the 1,748 patients according to 5-year risks of macro- and
microvascular diseases based on the JJ risk engine

5-Year risk of macrovascular disease*

5-Year risk of microvascular disease

<5%

5-10% 10% or more  Total

Patients who developed events

601 43.8%

215 157% 40 2.9% 865

*Data are n and percent. Probability of any occurrence of CHD or stroke within 5 years. {Probability of any oc-
currence of overt nephropathy defined by persistent proteinuria or progression of retinopathy within 5 years.

an SBP of 180 mmHg. His leading risks are
macrovascular diseases (16.1% for CHD
and 17.6% for stroke), and his mi-
crovascular risks are moderate (7.8% for
nephropathy and 13.6% for retinopathy).
The risk of noncardiovascular mortality is
estimated to be 4.0%.

CONCLUSIONS—In this study, we
developed a novel risk engine that inte-
grates modifiable lifestyle and clinical
risk factors, including HbA, ., BMI, SBP,
NHDL-C, current smoking, and LTPA
into the risks of a first occurrence of
macro- and microvascular complications.
We confirmed that the risk engine per-
formed reasonably well and that com-
bining macro- and microvascular risks
improved the classification of low-risk
and high-risk patients by a net reclassifi-
cation improvement of 5.7%. In contrast,
the UKPDS risk engine overestimated
CHD risk, and this tendency is consistent
with a previous report in Asian patients
(18). A web application for the JJ risk en-
gine, which works in both Windows and
Macintosh environments, is available at
hutp://www.biostatistics.jp/predictionjjre.
With the advent of modern therapeutics,
especially hypoglycemic and antihyperten-
sive agents, the early identification of high-
risk patients is an appealing strategy (35). A
novelty of the JJ risk engine is that it allows
risk classification based on the risk not
only of CVD but also of renal and eye dis-
eases. Although the prevalence of micro- or
macroalbuminuria in Asian hypertensive
diabetes is alarmingly high (36), most of
the progression to overt nephropathy
occurs in a small fraction of patients
with elevated HbA;. and SBP values

and a smoking habit (12). In this study,
patients in the fourth quartile of the calcu-
lated risk developed overt nephropathy
at a rate 10 times greater than those in
the first quartile. Most risk engines are
specific to CVD; however, greater emphasis
on the risk of microvascular diseases
should be placed when assessing risk
among diabetic patients given that dia-
betic nephropathy and retinopathy are
major causes of ESRD and blindness, re-
spectively. Combining macro- and mi-
crovascular risks resulted in the net
reclassification improvement of 5.7%
(P =0.02) and a sensitivity and specificity
of 46.3 and 75.4%, respectively; only
16.5% of cases were classified as the
high-risk population for macro- and mi-
crovascular diseases and only 43.8% of
noncases were in the low-risk popula-
tion (Table 4). Thus, the discriminatory
power of the JJ risk engine was only
moderate, despite the statistically signifi-
cant improvement in prediction, and ex-
ploring novel risk factors would be of
particular importance for more accurate
risk classification.

The JJ risk engine shares features
similar to those with previously devel-
oped risk engines. The predictors of CHD
are the same as in the UKPDS risk engine
(5) except for the inclusion of NHDL-C
instead of the total cholesterol-to-HDL
cholesterol ratio. Donnan et al. (7) added
diabetes duration, treated hypertension,
height, and two interaction terms into
their model, and the risk equation of the
HKDR includes diabetes duration, esti-
mated glomerular filtration rate, and
ACR additionally but does not use HbA,
(18). A recent cohort study in Japan also
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suggested that the progression of the albu-
minuria stage is a risk factor of CVD (37).
In contrast, log ACR was not associated
with CHD or stroke in our study. This dis-
cordant observation would be attributable
to the exclusion of low microalbuminuria
in our study. The elevation of ACR
within a range of normoalbuminuria may
not lead to an increase in the risk of CVD.
We also found that the UKPDS risk engine
overestimated CHD risk (Table 2) and the
C statistic of the JJ risk engine (0.725) was
slightly higher than that of the risk equa-
tion of the HKDR (0.704) (18), indicating
that the JJ risk engine may outperform the
previously developed risk engines for the
prediction of CHD. For the prediction of
stroke, we did not identify smoking status
and years after diagnosis as predictors,
which are included in the UKPDS risk
engine (6). The risk equation from the
Swedish National Diabetes Register incor-
porates the use of antihypertensive drugs
and lipid-lowering drugs as predictors (9).
However, medical therapies are not con-
sidered in the current analysis, since the
effects of medications on vascular compli-
cations were likely to be confounded by
other clinical factors. In contrast to CHD,
the C statistic of the JJ risk engine (0.636)
was similar to the UKPDS risk engine
(0.638) and lower than the risk equation
of the HKDR (0.749) (17). With regard to
lifestyle factors, we identified LTPA as a
risk factor for stroke and noncardiovascu-
lar mortality, although the statistical sig-
nificance was borderline. On the other
hand, BMI, which has been recognized as
one of the most important risk factors in
the deterioration of type 2 diabetes, was
not associated with CVD. We previously
reported that the BMI of Japanese patients
is much lower than that of white patients,
although in those reports, other patient
characteristics were similar in terms of
age, HbA,, and daily energy intake
(10,11). Our findings run contrary to the
results of studies of white patients, but
data on diet in diabetic patients are sparse,
particularly in Asia. In this study, the con-
tribution of lifestyle factors to the risk as-
sessment appears to be limited, and the
associations between lifestyle and diabe-
tes complications are worthy of further
research.

One important feature of this study
is that we analyzed pooled data from two
nationwide clinical trials in Japan. The
end points were defined similarly in both
trials and follow-up was performed by
diabetes specialists, ensuring data of
relatively high quality. Patients generally
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had fair or good glycemic, weight, blood
pressure, and lipid control. The major
difference between the two trials was
eligible age, i.e., age between 40 and 70
years in the JDCS and age between 65 and
85 years in the J-EDIT. Prior to pooling the
datasets, we compared important clinical
factors between patients in the two trials
and found no notable differences except
for age; therefore, pooling of the datasets
was considered to be valid. Consequently,
the study population in the present anal-
ysis included subjects spanning several
decades, i.e., those from 40 to 84 years.
This can be expected to enhance the gener-
alizability of the algorithm.

Statistical modeling can be much more
complex if we handle multiple events
simultaneously. To the best of our knowl-
edge, this is the first study that applies a
multistate model to the construction of a
risk engine. It is notable that these events
are not inherently independent and the
JJ risk engine calculates each probability
of the first occurrence for five events.
Thus, if the risk of an event (e.g., overt
nephropathy) was increased by a risk
factor (e.g., log ACR), the probability of
the first occurrence of other events (e.g.,
stroke) can decrease theoretically even if
there are no direct associations with the
risk factor.

Several limitations warrant mention.
First, transportability of prognostic infor-
mation is critical, but in this study we
evaluated only the internal validity. Thus,
external validation is required in other
populations. Second, updating the algo-
rithm by long-term follow-up data or
pooled analysis with other studies in Asia
is desirable given that the size of our
cohort is relatively small and the observed
events of CVD and overt nephropathy in
this population were relatively few. Third,
we included angina pectoris and transient
ischemic attack as components of the
cardiovascular events, although they are
soft end points. Consequently, the JJ risk
engine would provide macrovascular risks
higher than those by other risk engines
based on only hard cardiovascular events.
Fourth, data on peripheral arterial disease
and hemoglobin levels were not available.
These factors were included as inputs into
the HKDR all-cause mortality risk score
(19), and peripheral arterial disease is a
clinically relevant cardiovascular out-
come. Fifth, the use of aspirin, which
might increase the risk of hemorrhagic
stroke, was not investigated. Finally, we
defined overt nephropathy as the presence
of persistent proteinuria, since an elevated

urinary albumin excretion due to nondia-
betic renal lesions or conditions isnot rare.

In conclusion, the risk engine allowed
accurate and comprehensive risk assess-
ment of macro- and microvascular com-
plications, although external validation is
required in other populations. The calcu-
lated absolute risks of vascular complica-
tions can be used in risk classification for
individual patients, health economic sim-
ulations, and estimation of the burden of
the disease.
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Commentary on the United Kingdom
Prospective Diabetes Study outcomes model 2:
Need for long-term follow up and quality of
life data in Asian patients

A paper by Hayes et al' published in
Diabetologia in June 2013 reports an
updated version of the United Kingdom
Prospective Diabetes Study (UKPDS)
outcomes model developed on the basis
of data from 5,102 patients from the ori-
ginal UKPDS and 4,031 survivors
enrolled in the 10-year post-trial study.
Given the longevity of patients with dia-
betes, there is no doubt that accurate
simulation of lifetime outcomes requires
data with a minimum follow-up period
of more than 10 years.

Considerable  efforts  have  been
devoted to developing models for simu-
lating outcomes of patients with diabe-
tes. Such models can be useful in two
different situations: first, medical deci-
sion-making; for example, recommenda-
tion of statin therapy based on absolute
cardiovascular risk; and second, health
technology assessment based on efficacy
and cost-effectiveness. In the UK, the
standard of care recommended by the
health technology assessment body — the
National Institute for Health and Clini-
cal Excellence (NICE) — are determined
on the basis of the results of clinical tri-
als and cost-effectiveness analysis. Sitag-
liptin is, for example, recommended by
NICE Short Clinical Guideline 87 as an
additional agent instead of a sulfonyl-
urea in second-line therapy because of
its incremental cost-effectiveness ratio of
£1,567 per one quality-adjusted life year
(QALY) as compared with rosiglitazonez.
In that analysis, the QALY of diabetes
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patients was estimated by computer sim-
ulation using the UKPDS outcomes
model.

Table 1 summarizes previously devel-
oped health economic models for diabe-
tes. A health economic model for
diabetes generally consists of three ele-
ments: disease states and transitions; risk
equations; and utility values of each dis-
ease state ranging from 0 to 1. The inci-
dence of a diabetic complication is
viewed as a transition from a ‘no-compli-
cation’ state to the disease state. The
probabilities of each transition depend on
the risk factors shown in Table 1, and
the relationships between the probabilities
and the risk factors are expressed as risk
equations™*~®. Simulation by the UKPDS
outcomes model 2 is carried out as the
following steps on an annual cycle. First,
at time-point =0, risk factors and
event history of patients are input into
risk equations, yielding the probabilities
of transition. Second, mortality is calcu-
lated at ¢ =0 by using a risk equation.
Mortality depends on the first step; that
is, it will be higher if a transition to a
diabetic complication occurs at t=0.
Third, in the case of death, the calcula-
tion is terminated; otherwise, information
on risk factors and event history is
updated at ¢ = 1, and the same calcula-
tion is repeated annually until death.
A utility value, which is usually estimated
by quality-of-life (QOL) questionnaires,
reflects the quality of a patient’s lifetime
with the corresponding diabetic compli-
cation. The simulated lifetime is weighted
by utility values to account for its quality,
yielding an estimate of QALY. For more
details, see supplementary materials in
Hayes et al.'

®© 2014 The Authors. Journal of Diabetes Investigation published by Asian Assaciation of the Study of Diabetes (AASD) and Wiley Publishing Asia Pty Ltd
This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution
in any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
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Among the models in Table 1, the
UKPDS outcomes model 2, the JJ risk
engine’ and the risk equations from the
Swedish National Diabetes Register* were
developed by using individual patient
data, but the others were constructed by
synthesizing summary statistics reported
in the literature, such as incidence rate
and mean QOL value®®. The UKPDS
followed more than 4,000 patients for
the longest period, making it possible to
simulate end-stage events, such as sec-
ond myocardial infarction and stroke.
Furthermore, QOL data are available
only in the UKPDS'. Although their fol-
low-up length was relatively long, the
Japanese study observed few incidents of
second cardiovascular events, blindness,
end-stage renal disease or amputation as
a result of their low incidence and the
limited sample size®. In contrast, the
Swedish National Diabetes Register is a
registry of data from clinical practice, so
although it has a large sample size, the
incidence of diabetic complications has
not been adjudicated by a central com-
mittee as is usually done in prospective
studies®,

As expected, cardiovascular risks vary
across study populations: the incidence of
myocardial infraction and stroke per
1,000 person-years were, respectively,
113 and 56 in the UK', and 135 and
12.1 in Sweden®. By contrast, those of
coronary heart disease and stroke were
7.6 and 7.1, respectively, in the Japanese
study”. Given the apparent lower risk of
coronary heart disease in Japan, models
developed in Caucasian populations
should not be used for simulation of
Asian patients. To illustrate this, consider
a Japanese man aged 60 years without

J Diabetes Invest Vol. ee No. ee ees 2014 1
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Table 1 | Summary of health economic models for diabetes

Study country  Data Risk factors incorporated Disease states QoL
in risk equations
Cardiovascular Eye Renal Other
UKPDS' n = 5102 Age, sex, duration of diabetes, ML, stroke, IHD, CHF Blindness Renal failure Diabetic ulcer, Available
The UK 30-year ethnicity, smoker, SBP, HbAlc, amputation
follow-up LDL, HDL, BMI, eGFR, heart rate,
atrial fibrillation, PVD, albuminuria,
hemoglobin, white blood cells
JDCS/-EDIT? N = 1,748 Age, sex, duration of diabetes, CHD, stroke Progression of Overt No
Japan 8-year current smoker, leisure-time retinopathy nephropathy
follow-up physical activity, SBP, HbAlc,
non-HDL cholesteroal,
BMI, albumin-to-creatinine
ratio, atrial
fibrillation
SNDR? N=29034  Age, sex duration of diabetes, M, heart failure, No
Sweden S-year smoker, blood pressure, HbATc, IHD, stroke
follow-up totalto-HDL cholesteral ratio,
LDL, BMI, albuminuria,
history of events before
diagnosis
ac Literature- Age, sex, race or ethnicity, CHD, anging, cardiac Photocoagulation, Low- or high- Peripheral Available
The USA based hypertension, hypercholesterolemia, arrest/myocardial blindness macroalbuminuria, nephropathy,
current smoker infarction, stroke clinical nephropathy, lower extremity
ESRD amputation
CORE® Literature- Age, sex, duration of diabetes, race, M, angina, CHF, Retinopathy, macular Nephropathy Neuropathy, PVD, Available
Switzerland based smoker, blood pressure, HbATc, stroke edema, cataract foot amputation,
lipid levels, BM, hypoglycemia,
baseline complications ketoacidosis, lactic
acidosis

BMI, body mass index; CDC, Centers for Disease Control and Prevention; CHD, coronary heart disease; CHF, congestive heart failure; CORE, Center for Outcomes Research; eGFR, estimated
glomerular filtration rate; ESRD, end-stage renal disease; HbA1¢, glycated hemoglobin; HDL, high-density lipoprotein cholesterol; IHD, ischemic heart disease; J-EDIT, Japanese Elderly
Diabetes Intervention Trial; JDCS, Japan Diabetes Complications Study; LDL, low-density lipoprotein cholesterol; Mi, myocardial infarction; PVD, peripheral vascular disease; QOL, quality of
life; SBP, systolic blood pressure; SNDR, Swedish National Diabetes Register; UKPDS, United Kingdom Prospective Diabetes Study.




diabetic retinopathy and atrial fibrillation
who does not have smoking or exercise
habits. The clinical characteristics of the
patient are glycated hemoglobin 9%,
duration of diabetes 20 years, body
mass index 23 kg/m? systolic blood
pressure 180 mmHg, total cholesterol
210 mg/dL, high-density lipoprotein cho-
lesterol 60 mg/dL and albumin-to-creati-
nine ratio 60 mg/g. His 5-year risk of
coronary heart disease calculated by the
J] risk engine is 9.3%, whereas that calcu-
lated by the UKPDS risk engine is
15.5%, giving an approximately 1.7-fold
overestimation.

Health technology assessment is an
emerging political issue in Japan — as
indicated by the interim report published
by Japan’s Central Social Insurance Med-
ical Council (Chuikyo) on 6 November
2013, cost-effectiveness using QALY as a
default outcome measure is expected to
be introduced in Japan to determine
health insurance coverage or the price of
pharmaceuticals and medical devices. As
aforementioned, extrapolating models for
diabetes to a population of different eth-
nicity is risky. Thus, there is an urgent
need for long-term follow up and QOL
data among Asian patients.
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O©BJECTIVE—Findings on the effect of menopause or age at menopause on the presence of
hyperglycemia are controversial, and why women after menopause have a higher probability of
having hyperglycemia than men in the same age range remains unknown.

RESEARCH DESIGN AND METHODS—We reviewed data on 29,189 men, 6,308 pre-
menopausal women, and 4,570 postmenopausal women in Japan. Odds ratios (ORs) for diabetes
or prediabetes indicated by American Diabetes Association criteria were calculated for men and
for pre- and postmenopausal women.

RESULTS—Compared with premenopausal women, women after natural menopause had an
age-adjusted OR of 1.40 (95% CI 1.03-1.89) for diabetes, and women after menopause by
surgical or other causes had an age-adjusted OR of 1.59 (1.07-2.37). The age-adjusted OR in
men was 4.02 (3.15-5.14). Compared with premenopausal nondiabetic women, postmeno-
pausal nondiabetic women had a significantly elevated OR of 1.33 (1.20-1.48) for prediabetes;
nondiabetic men had an OR of 1.93 (1.77-2.10) independently of age and demographic and
metabolic factors. Even among women aged <50 years, postmenopausal status was significantly
associated with an elevated OR (1.50 [1.18-1.91]) for dysglycemia (either diabetes or prediabe-
tes). Postmenopausal women aged =50 years had a particularly elevated OR for dysglycemia,
regardless of age at menopatse.

CONECLUSIOMNS—The postmenopausal state was significantly associated with the presence
of dysglycemia independently of normal aging, although the increased probability in postmen-
opausal women did not equal that in men. Among women, menopause and older age might
additively influence the elevated probability of dysglycemia.

Diabetes Care 36:4007-4014, 2013

diabetes was reported to be lower in
women than in men aged =60 years,
whereas women in their 60s and 70s
were more likely to have diabetes than

uestions remain about why women
after menopause have an increased
risk of diabetes compared with men
in the same age-group. The prevalence of
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men of the same age (1,2), suggesting
that the hormonal changes that character-
ize menopause might be associated with
the risk of diabetes in women after men-
opause (3). Although the association of
menopausal status and hyperglycemia
has been investigated (4-12), findings
about whether the postmenopausal state
would influence hyperglycemia indepen-
dently of normal aging remain controver-
sial. Two cohort studies with a large
number of female participants investi-
gated the impact of the postmenopausal
state on diabetes compared with the pre-
menopausal state (13,14). A study of
22,426 Japanese women suggested that
there is no significant association between
the postmenopausal state and diabetes
when adjustment is made for chronolog-
ical age (14). However, the other cross-
sectional study of Italian women showed a
positive association between spontaneous
menopause and diabetes independently of
age and demographic factors (13). A review
indicated that neither natural nor surgical
menopause per se has a strong association
with diabetes risk (15).

Weight gain, which commonly oc-
curs during the menopausal transition,
seems to be attributable to aging rather
than to the menopausal transition itself
(3,16). However, menopause is associ-
ated with changes in body composition,
such as increased total body fat or abdom-
inal fat and a decrease in lean body mass,
which in turn are linked to impairments
in glucose metabolism and insulin sensi-
tivity (3). The occurrence of dysglycemia
may be a direct result of ovarian failure or,
alternatively, an indirect result of the met-
abolic consequences of central fat redis-
tribution with estrogen deficiency (17). A
study of Korean women showed that the
prevalence rate of individuals with meta-
bolic syndrome is markedly high in those
=50 years of age and reached a peak in
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Menopause, age at menopause, and dysglycemia

women in their 60s (7). Nonetheless,
whether menopause would be associated
with hyperglycemia independently of age
and these other closely related metabolic
factors remains unknown. In a prospec-
tive study in Spain that included 475
women, the presence of type 2 diabetes,
impaired glucose tolerance, impaired fast-
ing glucose, and other cardiometabolic
markers did not differ significantly be-
tween women who went from premeno-
pause to postmenopause and those who
did not experience menopause during a
6-year follow-up period (18). To date, the
joint effect of older age and the postmen-
opausal state on the presence of dysglyce-
mia has not been clarified. Additionally, a
few studies investigated whether a signif-
icant association exists between meno-
pause and hyperglycemia among women
without diabetes (6,19), and the results
were inconsistent.

Controversy also exists about whether
early age at menopause would increase
diabetes risk. A recent study of postmeno-
pausal women found early menopause to
be associated with an increased risk of
developing diabetes (20). In another study,
on the other hand, age at menopause was
not associated with diabetes in Chinese
postmenopausal women (21). Cross-
sectional studies in Italy (13) and China
(11) did not show a significant association
of age at menopause with diabetes. It
should be noted that the definition of the
diagnosis of diabetes differed among these
studies (11,13,20,21).

Therefore, in the present cross-
sectional study of Japanese individuals, we
aimed to investigate whether menopause
among women is associated with dysgly-
cemia independently of normal aging and
the possible mechanism whereby women
after menopause would have a higher
probability of having dysglycemia com-
pared with men of a similar age. We also
aimed to clarify the effect of age at men-
opause on the presence of type 2 diabetes
and prediabetes in Japanese women.

RESEARCH DESIGN AND

METHODS—The Toranomon Hospi-
tal Health Management Center Study
included a cohort comprising mainly
apparently healthy government employ-
ees who underwent an annual health
screening in Tokyo, Japan. A total of
41,931 individuals underwent a health
examination from 1997 to 2007. Rou-
tine health checkups are common in
Japan because the Japanese government
and companies encourage people to

receive periodic examinations. Among the
41,931 individuals, this cross-sectional
study included 41,700 individuals for
whom data on sex and menopausal
status were available (6,458 premeno-
pausal women, 5,701 postmenopausal
women, and 29,541 men). Among those
41,700 individuals, we excluded 1,027
women who did not report a cause for
menopause (natural, surgical, or other).
After the exclusions, 40,673 individuals
(6,458 premenopausal women, 3,630
women in natural menopause, 943
women in surgical menopause, 101
postmenopausal women by other cau-
ses, and 29,541 men) were available for
analysis. We excluded 81 women aged
=65 years who had been in the premeno-
pausal category because their persis-
tent vaginal bleeding after the age 65
was not likely a result of menses but
of pathologic processes (12). We also ex-
cluded individuals with missing data on
characteristics of lifestyle habits or clinical
measures. Subsequently, 40,067 individu-
als (6,308 premenopausal women, 3,552
women in natural menopause, 1,018
women in surgical menopause or another
cause, and 29,189 men) were included in
the current analysis. With regard to women
with missing data on age at menopause (n =
154), we excluded them only for the analysis
of the relationship between age at meno-
pause and dysglycemia. The study protocol
followed the Japanese government’s Ethical
Guidelines Regarding Epidemiological Studies
in accordance with the Declaration of Hel-
sinki and was reviewed by the Institutional
Review Board at Toranomon Hospital.

Diagnosis of type 2 diabetes and
prediabetes

Diagnosis of type 2 diabetes was made
according to American Diabetes Associ-
ation criteria (22) of a fasting plasma glu-
cose (FPG) level =7.0 mmol/L (=126
mg/dL), self-reported clinician-diagnosed
diabetes or the use of hypoglycemic
agents or insulin, or HbA;. =6.5% (48
mmol/mol). Prediabetes was indicated
by an FPG of 5.6-6.9 mmol/L (100-
125 mg/dL) or an HbA,. of 5.7-6.4%
(39-46 mmol/mol) (22) without type 2
diabetes. Dysglycemia was indicated by
the presence of either prediabetes or
type 2 diabetes.

Assessment of the menopausal state
and other variables

We assessed the menopausal status of
women with a self-report questionnaire at
the time of the examination. Female

participants were asked whether they
were in a postmenopausal state. If so,
they were asked to indicate the reason for
menopause (natural, surgical, or other)
and the age at which menopause occurred
(=39, 40-44, 45-49, or =50 years). Pa-
rental history of diabetes, smoking habit
(never, former, or current), physical activ-
ity habit (any physical activity for 20-30
min or longer at least once weekly), and
self-reported history of medical treatment
for hypertension or diabetes were also as-
sessed by the questionnaire for both men
and women.

Clinical measurements

Weight and height were measured, and BMI
was calculated. Blood samples were collected
after an overnight fast (12 h), and measure-
ments were made with an automatic clinical
chemistry analyzer. Blood glucose con-
centrations were measured by enzymatic
methods, and HbA, . was assessed by high-
performance liquid chromatography. The
value for HbA;. (%) was estimated as the
National Glycohemoglobin Standardization
Program value (%) calculated by Eq. 1:
HbA; . (%) = HbA; . (Japan Diabetes Society)
(%) X 1.02 +0.25% (23).

Statistical analysis

Logistic regression analysis was per-
formed to calculate odds ratios (ORs)
and 95% Cls. We initially investigated
whether there was a difference in the
association of dysglycemia between men
and women and then calculated ORs for
dysglycemia for postmenopausal women
(regardless of cause) and for men, with
premenopausal women as the reference
group. After that, we assessed whether
there was a difference in the association
according to cause of menopause. Be-
cause few women reported an age at
menopause of <39 years, we categorized
age at menopause into three groups
(<45, 45-49, and =50 years) for the
analysis. To investigate effect modifica-
tions, we performed logistic regression
analysis with adjustment for age (model
1); age and other demographic factors
(BMI, parental history of diabetes, phys-
ical activity habit, and smoking habit)
(model 2); and age, demographic, and
metabolic factors (hypertension indi-
cated by systolic blood pressure =140
mmHg or diastolic blood pressure =90
mmHg or medical treatment and HDL
cholesterol and log-transformed triglyc-
eride levels) (model 3). We also examined
whether a significant association existed
between menopause and prediabetic
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hyperglycemia among nondiabetic indi-
viduals after excluding those with type 2
diabetes.

In an additional analysis, we stratified
women according age at the time of exam-
ination (<50 or =50 years) because the
mean age of menopause has been consid-
ered to be ~50years (9,11,14,21,24,25). A
combined effect of older age at the time of
the examination and the postmenopausal
condition on the presence of dysglycemia
(either prediabetes or type 2 diabetes) was
assessed, with premenopausal women aged
<50 years as the reference group. We then
conducted a stratified analysis based on age
at the time of examination (<50 or =50
years) and calculated ORs for dysglycemia
across categories of age at menopause, with
the premenopausal state as the reference
group for women aged <50 or =50 years.
Analysis was performed with IBM SPSS
Statistics version 19 (IBM, Armonk, NY).
Statistical significance was considered for
P <0.05.

RESULTS—Mean (SD) age was 484
(9.9) years among the 10,878 women

studied and 48.0 (9.7) years among the
29,189 men studied (Table 1). Of the
10,878 women, 2,340 (21.5%) had pre-
diabetes and 246 (2.3%) had type 2 dia-
betes. Premenopausal women were
younger (42.1 [6.6] years) compared
with postmenopausal women. We did
not observe a marked difference in BMI
between premenopausal and postmeno-
pausal women. Among the premeno-
pausal women, only 69 (1.1%) had type
2 diabetes, whereas the prevalence rate
was high at 3.8% in women after natural
menopause and 4.0% after surgical men-
opause or menopause {rom other causes.
More than one in three of the postmeno-
pausal women and the men had either
prediabetes or type 2 diabetes.

Table 2 shows ORs for type 2 diabe-
tes and prediabetes among men and
among women by menopausal status.
Men were 2.10 (95% CI 1.81-2.45)
times more likely to have type 2 diabetes
than the total number of women studied
according to multivariate model 3,
which included age and demographic
and metabolic factors. Postmenopausal
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women had a significant association
with type 2 diabetes (1.36 [1.01-1.82])
compared with premenopausal women
that was independent of age, BMI, smok-
ing habit, physical activity habit, and pa-
rental history of diabetes (model 2),
although the OR was not as high as that
in men (2.87 [2.23-3.69]). After adjust-
ment for lipid measurements and hyper-
tension (model 3), the OR for the
postmenopausal women was attenuated
(1.17 [0.88-1.58]), and a significant asso-
ciation with the presence of type 2 diabetes
remained only among the men (2.35.
[1.82-3.03]). Among the women, we did
not find an obvious difference in the as-
sociation of type 2 diabetes and meno-
pausal status regardless of the cause of
menopause. The association of prediabe-
tes with menopause among individuals
without type 2 diabetes showed that
postmenopausal women had a signifi-
cantly elevated OR for prediabetes in
model 3 (1.33 [1.20-1.48]) compared
with premenopausal women. Addition-
ally, the men had a significantly elevated
OR for prediabetes compared with

Table 1—Characteristics of total women, premenopausal women, postmenopausal women (by cause), and men

Total women

Postmenopausal women

Premenopausal women Natural

Surgical or
other cause

10878
484 (9.9)

21.6 3.1)

1,067 (9.8)

. ,,,7018
221 (3.1)

9,104 (31.2)

1,560 (14.3)

0.79 (0.60, 1.08)

gly

Prediabetes 2340 (21.5)

512 (8.1)

0.72 (0.55, 0.97)

898 (14.2) 1,142 (32.2)

255 (25.0) 6,673 (22.9)

0.93 (0.70,1.28) 1.22 (0.87, 1.77)

(©
300 (29.5)

10,179 (34.9)

Data are mean (SD), n (%), or median (25th, 75th percentile). *Hypertension was indicated by systolic blood pressure =140 mmHg or diastolic blood pressure =90
mmHg or medical treatment. TNormoglycemia was indicated by FPG <5.6 mmol/L and HbA;. <5.7% (39 mmol/mol) without type 2 diabetes; prediabetes was
indicated by FPG 5.6-6.9 mmol/L or HbA, . 5.7-6.4% (39-46 mmol/mol) without type 2 diabetes; and type 2 diabetes was indicated by FPG =7.0 mmol/L or HbA; .
=6.5% (48 mmol/mol) or self-reported history of clinician-diagnosed diabetes or the use of hypoglycemic agents or insulin.
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significant.

postmenopausal women (1.93 [1.77-
2.10]). Regardless of age or demographic
or metabolic factors, women with natu-
ral menopause or other causes of meno-
pause had similarly elevated ORs for
prediabetes (1.36 [1.22-1.52] and 1.22
[1.04-1.43], respectively). We observed
that early age at menopause (<45 years)
was significantly associated with an ele-
vated OR for diabetes after adjustment
for age (1.89 [1.21-2.96]) or for age
and demographic factors (1.73 [1.10-
2.73]). This association was not significant
after adjustment for hypertension and lipid
measurements (model 3). We did not ob-
serve an association of early menopause
with an increased probability of having pre-
diabetes among individuals without type 2
diabetes.

Figure 1 shows the combined effect
of age at examination and menopausal
status on the presence of dysglycemia
(either prediabetes or type 2 diabetes).
Although older age alone at the time of
the examination (=50 years) was signif-
icantly associated with dysglycemia (OR
2.21 [95% CI 1.85-2.65]), postmeno-
pausal status alone was also significantly
associated with an elevated OR for dys-
glycemia (1.50 [1.18-1.911). The post-
menopausal condition and older age
additively influenced an elevated OR be-
cause postmenopausal women aged
=50 years had a markedly elevated OR
(3.69 [3.34-4.08]) for dysglycemia. We
stratified women by age at the time of the
examination and investigated whether
there was an association of age at meno-
pause with the presence of dysglycemia
(Table 3). Compared with premeno-
pausal women, postmenopausal women
who underwent menopause at <45 or
45-49 years had a 1.41 (0.98-2.02)
and 1.59 (1.15-2.20) times increased
OR for dysglycemia, respectively, even
among women aged <50 years at the
time of examination (n = 5,991). Adjust-
ment for demographic and metabolic fac-
tors (multivariate model 2) attenuated
the ORs (1.18 [0.80-1.74] and 1.29
[0.91-1.82], respectively). Among
women aged =50 years, the postmeno-
pausal state was significantly associated
with the presence of dysglycemia, regard-
less of age at which menopause occurred.
In multivariate model 2, postmenopausal
women had a similarly elevated OR for
dysglycemia to premenopausal women,
regardless of age at menopause (<45
years of age 1.58 [1.22-2.04], 45-49
years of age 1.62 [1.31-2.00], =50 years
of age 1.65 [1.37-1.99]).

N
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Figure 1—Probability of having dysglycemia (either prediabetes or type 2 diabetes) through
a combination of age at the time of examination and menopausal status. Data are crude OR

and 95% CL.

CONCLUSIONS—We found that
older age and a postmenopausal state
independently and additively influenced
the high prevalence of dysglycemia in
Japanese women. Even among women
aged <50 years at the time of examina-
tion, menopause was associated with the
presence of dysglycemia. The study is
unique because it compared the probabil-
ity of dysglycemia among women across
menopausal states with that among
mainly middle-aged men who underwent
health screening in Japan. Although the
OR for postmenopausal women was not
high compared with that of the men, their
ORs for type 2 diabetes and prediabetes
were significantly elevated independently
of age compared with those in premeno-
pausal women.

Whether menopausal status would
influence the occurrence of diabetes in-
dependently of age and other confound-
ing factors remains controversial because
itis difficult to conduct studies to separate
the effects of normal aging from the men-
opausal transition. A few studies showed a
significant positive association of hypergly-
cemia with menopausal status after adjust-
ment for age and other risk factors for
diabetes (7,13,19), but multivariate analyses
in other studies showed no such associa-
tions (4,11,14,18,26). In a cross-sectional
multicenter study of Italian women from
outpatient menopausal clinics, those with
natural menopause had a 1.38 times

higher multivariate-adjusted OR for dia-
betes than premenopausal women (13).
On the other hand, the researchers did
not find a significant association in women
with surgical menopause and diabetes
(13). A cross-sectional study of Korean
women suggested that in postmenopausal
women, there is a significant association
with the presence of hyperglycemia (fast-
ing glucose level =110 mg/dL or anti-
diabetes medications) compared with
premenopausal women that is indepen-
dent of age and BMI (7). In women at
high risk for diabetes who participated in
the Diabetes Prevention Program, no asso-
ciation was found between natural meno-
pause or bilateral oophorectomy and
increased risk of developing diabetes after
adjustment for age (12). Another influ-
ence of the controversy might be that as-
sessment of the menopausal state usually
is based on self-reported responses or in-
terviews and that participant characteris-
tics vary among studies. The present study
shows a significant positive association be-
tween postmenopause (regardless of
cause) and the presence of type 2 diabetes
independently of normal aging compared
with premenopause. However, we did not
include oral glucose tolerance test (OGTT)
data in the diagnosis of diabetes. Diabetes
and impaired fasting glycemia are reported
to be more common in men than
in women 3069 years of age, whereas
the prevalence of isolated postload
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hyperglycemia, particularly impaired glu-
cose tolerance, is reportedly higher in
women than in men, especially in individ-
uals >70 years of age (27). Additionally,
impaired glucose tolerance is more preva-
lent than impaired fasting glycemia in
Asian populations for all age-groups
(28). The lack of data on OGTT for the
diagnosis of dysglycemia might lead to
an underestimation of the associations be-
tween menopause and the prevalence of
diabetes. Further prospective studies that
include OGTT data are needed to confirm
the current findings.

The significant association of type 2
diabetes and postmenopausal status was
particularly attenuated after adjustments
for hypertension and blood lipid mea-
surements, suggesting that when we con-
sider the association of menopause with
diabetes, we also should consider the
influence of related metabolic factors.
Because the transition from the premen-
opausal to the postmenopausal state is
associated with changes in body compo-
sition (increased body fat mass, increased
abdominal fat, and decreased lean body
mass) (3) and substantial metabolic
changes, features of metabolic syndrome
would occur in many women (17). More
recent research, however, suggested that
postmenopausal women have higher lev-
els of adiposity, but the association was
predominantly a result of aging (29). An-
other recent study raised the possibility
that even if body composition changes
with the menopausal transition, these
changes are not accompanied by cardio-
metabolic deterioration during a rela-
tively short follow-up period (30).
Because data on body composition or vis-
ceral fat were not available for the current
study, we could not assess whether differ-
ences in body composition across the
menopausal state might have influenced
the presence of dysglycemia, even if BMIs
across the menopausal state were rela-
tively low. Asians are more likely to
have a higher percentage of fat or visceral
adipose tissue at a given BMI than Euro-
peans (31). This ethnic difference regard-
ing the obese phenotype might increase
insulin resistance, leading to impaired
glucose metabolism. Although we did
not have data on reproductive hormone
concentrations and cannot explain the
mechanism for the current observations,
it was shown that natural menopause is
characterized by increased relative andro-
genicity, which was reported to be asso-
ciated with glucose metabolism (15);
furthermore, reproductive hormone

care.diabetesjournals.org

DiaBeTES CARE, VOLUME 36, DECEMBER 2013

92

4011



Menopause, age at menopause, and dysglycemia

Table 3—Association of dysglycemia (either prediabetes or type 2 diabetes) and age at menopause among women aged <50 or 250

years at the time of examination

Premenopausal

Postmenopausal state by age at menopause

state <45 years

45-49 years =50 years

Among women aged <50 years at the
i f inati 5,991)

' Una"d‘l‘l‘s’ted' modei

Multii}ériate model 1

1.30 (0.89-1.90)

00

1.54 (1.09-2.15) N/A

Multivariate model 2

Among women aged =50 years at the time
of examination (n = 4,733)

1.18 (0.80-1.74)

1.29 (0.91-1.82) N/A

Unadjusted model

Multivéﬁate model 1

Multivariate model 2

1.00 1.65(1.29-2.12)
.0
1.00 1.74 (1.35-2.25)

1.58(1.22-2.04)

1.61 (1.31-1.98) 1.70 (1.42-2.04)

1.75 (1.42-2.15) 1.81 (1.50-2.17)

1.62 (1.31-2.00) 165 (1.37-1.99)

Data are OR (95% CI) unless otherwise indicated. Multivariate model 1, BMI, parental history of diabetes, smoking habit (never, former, current), and physical activity
habit; multivariate model 2, model 1 + hypertension (systolic blood pressure =140 mmHg or diastolic blood pressure =90 mmHg or medical treatment), log-
transformed triglycerides, and HDL cholesterol level. N/A, not applicable.

concentrations can vary by ethnicity and
were shown to be confounded by ethnic
disparities in body mass (32). Further
studies should investigate mechanisms
that link menopause and diabetes with de-
tailed assessments of body composition, in-
sulin sensitivity, insulin secretion, and
reproductive hormone concentrations in
perimenopausal women across various eth-
nic groups to confirm the current findings.

The current results show that among
individuals without diabetes, prediabetic
hyperglycemia is significantly associated
with postmenopausal status indepen-
dently of age and demographic and met-
abolic parameters. In a cross-sectional
study of Japanese women without diabe-
tes, stepwise regression analysis showed
natural menopause rather than age as a
significant determinant of FPG concen-
trations (19). On the other hand, among
middle-aged women living in North
Taiwan, no significant difference in FPG,
insulin levels, homeostasis model as-
sessment of insulin resistance, and
prevalence of hyperglycemia between
premenopausal and postmenopausal
women was shown (6). The current re-
sults show that prediabetic hyperglyce-
mia and the postmenopausal state are
positively associated, suggesting that
postmenopausal women might be at
high risk for diabetes.

In a prospective case-cohort study
that included only postmenopausal
women, earlier age at menopause was
associated with a greater risk of type 2
diabetes (20). The hazard ratio for diabe-
tes was 32% higher in women who en-
tered menopause before 40 years of age
compared with those experiencing men-
opause at age 50-54 (20). A study in Chi-
nese postmenopausal women, however,
showed no association between age at
menopause and diabetes (21). The results
of the current cross-sectional investiga-
tion suggest that early age at menopause
(<45 years) might be more strongly asso-
ciated with type 2 diabetes than meno-
pause at =50 years. Nonetheless,
regardless of age at menopause, postmeno-
pausal women aged =50 years at the
time of the examination had an ~1.5
times increased probability of having dys-
glycemia compared with premenopausal
women. Some differences exist in age at
menopause onset across ethnic groups
(25). Additionally, age at menopause
can be affected by various social and en-
vironmental factors (25,33), which might
be one possible explanation for the mixed
results of the association of age at meno-
pause and diabetes compared with exist-
ing studies. It has been established that a
smoking habit is significantly associated
with an early age at natural menopause

(34). Factors of lower educational attain-
ment; being separated, widowed, or di-
vorced; and nonemployment have been
associated with early natural menopause,
whereas Japanese ethnicity is associated
with late age at natural menopause (33).
Furthermore, BMI has been associated
with age at menopause (35). On the other
hand, a recent study of women from five
racial and ethnic groups indicated that
there is no significant racial/ethnic differ-
ence in age at the final natural menstrual
cycle after controlling for sociodemo-
graphic, lifestyle, and health factors
(36). Further prospective investigations
are needed to assess whether early meno-
pause would increase the risk of develop-
ing diabetes across various ethnic groups
while considering differences in demo-
graphic factors among study participants.

Recent reports indicated that early
age at natural menopause is associated
with an increased risk of ischemic stroke
(37) and mortality (38). Nonetheless,
both menopause and aging are nonmodi-
fiable factors. Regular physical activity
may help to mitigate the tendency for
weight gain and adverse changes in
body composition and fat distribution
that accompany aging and the meno-
pausal transition (39). High levels of ha-
bitual physical activity, such as walking,
have been associated with a favorable

4012

D1aBeTES CARE, VOLUME 36, DECEMBER 2013

93

care.diabetesjournals.org



cardiovascular risk profile in postmeno-
pausal women (40). Further investiga-
tions are needed on whether different
interventions for older postmenopausal
women could control modifiable factors
such as metabolically unhealthy obesity,
dyslipidemia, hypertension, and lifestyle.

We recognize several limitations in
this study. The study participants were
relatively lean, apparently healthy Japa-
nese government employees who un-
derwent a routine health examination.
Thus, these individuals were more likely
to pay attention to healthy lifestyle habits
than those who did not have such an
examination. The characteristics of the
study participants, such as BMI and car-
diometabolic factors, would influence the
generalizability of the findings, although
we analyzed these factors in multivariate
models. The generalizability of the results
should be validated in various other
populations. Additionally, limitations of
the available data prevented a more in-
depth analysis of factors that could in-
fluence an increased risk of developing
diabetes; therefore, we cannot rule out the
possibility that residual confounding
influenced the results. Because we did
not include data on nutritional intake or
other known risk factors for diabetes,
such as sleep disturbances and depres-
sion, which are commonly observed in
women at midlife, we could not adjust the
results for the influence of such factors.
We did not have data on visceral fat or
hormone replacement therapy, so that the
ORs might be over- or underestimated.
Nonetheless, the prevalence of women
receiving hormone replacement therapy
is considered to be low in Japan. Because
the assessment of menopausal status is
based on self-report, we cannot deny the
possibility of misclassification of meno-
pausal status among the women studied.

In conclusion, in this study of a large
number of female and male Japanese
individuals, the postmenopausal state in
women was significantly associated with
the presence of type 2 diabetes and pre-
diabetes, although the increased proba-
bility did not equal that in the men. The
postmenopausal state was also associated
with prediabetic hyperglycemia indepen-
dently of age and demographic and met-
abolic factors among women without
diabetes. Menopause and older age might
additively influence the elevated proba-
bility of dysglycemia in Japanese women.
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