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Aims: To evaluate the effect of postprandial hyperglycemia at clinic visits on all-cause and
cancer mortality independent of glycated hemoglobin (HbA1lc) levels in a real-world setting
in Japanese patients with type 2 diabetes. We also investigated age at death.

Methods: This historical cohort study included 1582 patients with type 2 diabetes who first
visited our clinic from 1995 to 1998 and continued visiting for at least 1 year. The patients
were followed up through 2017. Blood glucose levels at 2 h + 30 min post-breakfast (2h-
PBBG) were measured in 926 patients during the first year. The first measurements of 2h-
PBBG levels were used as a measure of postprandial hyperglycemia.

Results: A total of 233 patients died. The average age at death (men/women) was
75.6/80.8 years. A total of 139 patients who had 2h-PBBG levels measured died, including
46 deaths from cancer. Multivariate Cox regression analysis showed that 2h-PBBG levels
significantly predicted all-cause and cancer mortality independent of HbAlc levels.
Conclusions: Postprandial hyperglycemia at clinic visits may be associated with all-cause
and cancer mortality in patients with type 2 diabetes independent of HbAlc levels. As this

is a small observational study, further studies are warranted to confirm our findings.
© 2019 Elsevier B.V. All rights reserved.

1. Introduction by measuring glycated hemoglobin (HbA1c) levels correlates

with an increased risk of cancer [3]. HbAlc is a biomarker of
There is evidence that patients with type 2 diabetes are asso- mean blood glucose concentrations for a prolonged period
ciated with insulin resistance, hyperinsulinemia, and an of time, and not affected by recent meals [4]. The risk of can-
increased risk of several site-specific cancers and cancer- cer is already increased in the pre-diabetic and normal range
related mortality [1,2]. Chronic hyperglycemia as evaluated of HbAlc levels [3]. Fasting glucose levels are nonlinearly

* Corresponding author at: Division of Diabetes and Metabolism, The Institute for Adult Diseases, Asahi Life Foundation, 2-2-6,
Nihonbashi Bakurocho, Chuo-ku, Tokyo 103-0002, Japan.
E-mail address: t-takao@asahi-life.or.jp (T. Takao).

https://doi.org/10.1016/j.diabres.2019.01.006

0168-8227/© 2019 Elsevier B.V. All rights reserved.


http://crossmark.crossref.org/dialog/?doi=10.1016/j.diabres.2019.01.006&domain=pdf
https://doi.org/10.1016/j.diabres.2019.01.006
mailto:t-takao@asahi-life.or.jp
https://doi.org/10.1016/j.diabres.2019.01.006
https://doi.org/10.1016/j.diabres.2019.01.006
https://doi.org/10.1016/j.diabres.2019.01.006
http://www.sciencedirect.com/science/journal/01688227
http://www.elsevier.com/locate/diabres

DIABETES RESEARCH AND CLINICAL PRACTICE 148 (2019) I52-1I59 153

related to the risk of death [5]. Fasting glucose levels exceed-
ing 100 mg/dL (5.6 mmol/L), but not levels of 70-100 mg/dL
(3.9-5.6 mmol/L), are associated with an excess risk of death.
However, associations with death from cancer tend to plateau
at higher fasting glucose levels [5].

In a general Japanese population who underwent a 75-g
oral glucose tolerance test, the risk of death from cancer
was significantly higher in subjects with 2-h postload glucose
levels of >11.1 mmol/L than in those with the lowest level of
6.7 mmol/L [6]. However, the results obtained from people
without diabetes cannot be transferred to patients with dia-
betes. Furthermore, postload glycemia obtained using an oral
glucose tolerance test cannot be equated to postprandial
glycemia.

Acute glucose excursions rather than sustained hyper-
glycemia trigger oxidative stress [7,8]. Oxidative stress gener-
ates DNA damage [9], increases inflammation [10], and causes
vascular endothelial damage, which may contribute to pro-
gression of cancer and atherosclerosis. In the clinical setting,
an interventional trial in patients with type 2 diabetes after
acute myocardial infarction showed no definite proof that tar-
geting postprandial hyperglycemia results in a more benefi-
cial outcome of cardiovascular disease (CVD) [11], except for
post-hoc subgroup analysis in older patients [12]. A system-
atic review of a few observational studies showed that post-
prandial hyperglycemia was associated with increased all-
cause and cardiovascular mortality, the incidence of CVD,
and progression of diabetic retinopathy [13]. In our previous
observational study in patients with type 2 diabetes, post-
prandial hyperglycemia was associated with the incidence
of CVD and all-cause mortality [14]. To the best of our knowl-
edge, no epidemiological study has examined the relationship
between postprandial hyperglycemia and cancer mortality in
patients with type 2 diabetes.

According to a report from the Ministry of Health, Labour
and Welfare of Japan, the average life expectancy of Japanese
people in 2016 was 80.98 years for men and 87.14 years for
women [15]. This population has the highest longevity in
the world. The average life expectancy of Japanese patients
with diabetes is also known to be shorter than that of the gen-
eral population [16].

Therefore, we aimed to evaluate the effect of postprandial
hyperglycemia at clinic visits on all-cause and cancer mortal-
ity independent of mean HbAlc levels in patients with type 2
diabetes in a real-world setting. Furthermore, we investigated
the age at death in patients with type 2 diabetes on a hospital
basis in Japan.

2. Subjects and methods

2.1.  Definitions of postprandial glycemia

Blood glucose and HbAlc levels were determined irrespective
of fasting or postprandial status. At each visit, patients were
asked when they had started eating their last meal, and cap-
illary blood was drawn to determine blood glucose and HbAlc
levels. A medical technologist calculated the postprandial
time interval and classified it in 15-minute units. Blood glu-
cose levels at 2 h + 30 min after breakfast were defined as 2-

hour post-breakfast blood glucose (2h-PBBG). The 2h-PBBG
level that was initially measured during the 1-year period
from the first visit was used as baseline data. Additionally,
intrapersonal mean 2h-PBBG levels during the 3-year period
from the first visit were evaluated.

In most groups of patients with type 2 diabetes, postpran-
dial glucose excursion is more marked after breakfast than
after lunch or dinner [17,18]. Therefore, we concluded that
determination of 2h-PBBG levels was appropriate for evaluat-
ing postprandial hyperglycemia.

2.2.  Study subjects

A flow diagram of patients included in the analyses is shown
in Fig. 1. This retrospective, observational cohort study
included 1582 patients with type 2 diabetes who first visited
our clinic from 1995 to 1998 and continued to visit our clinic
for at least 1 year. The patients were followed up for survival
through 2017 and then questionnaires were mailed. Patients
with an alcohol intake of 20 g or more per day were defined
as drinkers.

Of these 1582 patients, 926 underwent 2h-PBBG measure-
ments at least one time during the 1-year period after the first
visit. The first measurements of 2h-PBBG levels were used as
baseline data. Additionally, of these 1582 patients, 1461 were
followed up for 3 years or longer. Of these 1461 patients, 1088
underwent 2h-PBBG measurements at least one time during
the 3-year period after the first visit. Additional analysis using
these 1088 patients was performed.

The study design followed the Japanese Government’s Eth-
ical Guidelines for Medical and Health Research Involving
Human Subjects in accordance with the Declaration of Hel-
sinki. The study was approved by the Ethics Committee of
the Institute for Adult Diseases, Asahi Life Foundation.

2.3.  Definition of endpoints

Endpoints were death from all causes and cancer. These end-
points were determined according to a thorough review of
medical records and responses of the questionnaires. Patients
who were lost to follow-up were considered censored cases at
the last clinic visit. In analysis of cancer death, patients who
had died from all other causes, except for cancer, were
regarded as censored cases at the date of death.

2.4.  Clinical examination and laboratory methods

Capillary blood glucose levels were measured by the glucose-
oxidase method (Fuji DRI-CHEM,; Fuji Film, Tokyo, Japan). All
stated blood glucose levels are plasma equivalents. HbAlc
levels were measured with a diabetes analyzer (Tosoh Bio-
science, Tokyo, Japan) using a high-performance liquid chro-
matography method that was standardized by the Japan
Diabetes Society. HbAlc values before January 2007 were con-
verted to the Japan Diabetes Society standard for HbAlc using
linear regression equations. In June 2012, all earlier HbA1lc (%)
values were converted to National Glycohemoglobin Stan-
dardization Program values (%) [19]. Blood pressure (BP) was
generally measured once at each visit in the sitting position
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4612 patients who first visited our clinic from
1995 to 1998 were screened for eligibility

2961 patients were ineligible
No diagnosis of diabetes
Followed up for <1 year

1651 patients were diagnosed with diabetes
and followed up for 21 year

type 2 diabetes

69 patients had no diagnosis of

1582 patients were diagnosed with type 2

diabetes and followed up for 21 year

recorded

654 patients did not have 2h-PBBG

1 had missing data for smoking
1 had missing data for drinking

121 patients were followed up for
<3 years

926 patients had 2h-PBBG recorded

1461 patients were followed up for 23 years

during 1 year from the first visit

373 patients did not have 2h-PBBG
recorded

1088 patients had 2h-PBBG recorded
during 3 years from the first visit

Fig. 1 - Flow diagram showing the number of patients included in the analyses.

by a trained medical technologist using an electronic sphyg-
momanometer (OMRON, Kyoto, Japan). Body weight was also
determined at each visit.

For these clinical examination data, the values that were
measured at the same time as the first measurements of
2h-PBBG levels or those immediately measured were used
as baseline data. Additionally, the mean values during the ini-
tial 3 years were used.

2.5. Statistical analysis

Data are expressed as mean + SD for continuous variables or
as number and percentage for categorical variables. The dis-
tribution of the follow-up periods was skewed, and thus it is
expressed as the median and interquartile range (IQR).

Baseline characteristics of the study participants who were
analyzed and those who were excluded in the present study
and those who completed and did not complete follow-up
were compared. These comparisons were performed using
the Student’s t-test and Wilcoxon rank sum test for continu-
ous variables and the x> test for categorical variables. Differ-
ences between survivors and nonsurvivors who died from
all causes or cancer were analyzed using the Student’s t-test
and Wilcoxon rank sum test for continuous variables and
the y? test for categorical variables.

Hazard ratios (HRs) for all-cause and cancer mortality
associated with 2h-PBBG levels were calculated using multi-

variate Cox proportional hazard models. Covariates included
HbA1lc levels, body mass index (BMI), systolic BP (SBP), age,
sex, duration of diabetes, current smoking, and current
drinking.

Intrapersonal mean 2h-PBBG levels during the 3-year per-
iod from the first visit were also analyzed. In this additional
analysis, the baseline was set at 3 years after the first visit.
Intrapersonal mean HbA1lc levels, BMI, and SBP during the
initial 3 years, age, sex, duration of diabetes, ever smoking,
and ever drinking were used as covariates. When data at
the 3-year visit were missing, the latest data before the 3-
year visit were applied.

SAS software (version 9.4; SAS Institute, Cary, NC, USA)
was used for all analyses and p<0.05 in two-tailed tests
was regarded as significant.

3. Results

3.1.  Outcome of the total patients

During the follow-up of 1582 patients, 233 (186 men and 47
women) died. The mean+SD age at death was 76.6
+10.3 years (75.6 + 10.5 years in men and 80.8 + 8.5 years in
women). The median (IQR) follow-up period was 19.4 years
(10.2-21.1). The overall follow-up rate was 66.8% (1056/1582).
The cause of death was cancer in 79 patients, CVD in 65,
infection in 24, renal failure in 11, respiratory disease in eight,
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digestive disease in five, diabetes in two, other causes in 25
(senility, drowning, fall, cervical spine injury due to a fall,
burn, heat stroke, asphyxia, multiple organ failure, amy-
otrophic lateral sclerosis, and subdural hematomas due to a
fall and a traffic accident), and unknown in 14. The site of
cancer was the lung in 19 patients, pancreas in 14, colon in
nine, liver in six, stomach in six, prostate in six, blood in five,
esophagus in three, bile duct in three, and others in eight (one
case each in the adrenal gland, bladder, brain, breast,
hypopharynx, ileocecal, kidney, and uterus).

3.2.  Characteristics at the first visit of patients who were
analyzed and those who were excluded

Table 1 shows the characteristics at the first visit of patients
who were analyzed and those who were excluded in the pre-
sent study. The excluded patients had significantly lower
HbA1c levels (p = 0.012) and higher SBP (p = 0.031), and there
was a higher proportion of current drinkers (p = 0.038) com-
pared with analyzed subjects.

3.3. Levels of 2h-PBBG and outcome

Of the 926 patients, 139 died. The follow-up rate was 68.5%
(634/926). Among the baseline characteristics, sex was signif-
icantly different between patients who completed (634
patients) and those who did not complete (292 patients)
follow-up (70.4% completed in men, 60.6% completed in
women, p=0.011). The proportion of current drinkers was
significantly higher in patients who completed (64.1%) than
in those who did not complete (54.1%) follow-up (p = 0.004).
The median (IQR) of the follow-up period and 2h-PBBG levels
was 19.4years (10.5-21.1) and 9.4 mmol/L (7.3-12.7),
respectively.

The cause of death was cancer in 46 patients, CVD in 43,
infection in 15, respiratory disease in six, renal failure in
six, digestive disease in two, diabetes in one, other causes
in 16 (senility, drowning, fall, burn, heat stroke, multiple
organ failure, amyotrophic lateral sclerosis, and subdural
hematoma due to a fall), and unknown in four. The site of
cancer was the lung in nine patients, pancreas in nine, colon

in six, liver in four, bile duct in three, prostate in three, stom-
ach in three, esophagus in two, blood in two, and others in
five (one case each in the adrenal gland, bladder, brain, breast,
and kidney).

3.4. Baseline characteristics of survivors and
nonsurvivors who died from all causes or cancer

Table 2 shows the baseline clinical characteristics of the sur-
vivors and nonsurvivors who died from all causes or cancer.
Nonsurvivors who died from all causes were significantly
older (p<0.0001), had a longer duration of diabetes
(p = 0.0003), had higher 2h-PBBG levels (p = 0.027), and had a
lower proportion of current drinkers (p=0.044) compared
with survivors. Nonsurvivors who died from cancer were sig-
nificantly older (p <0.0001) and had a higher proportion of
current smokers (p = 0.015) compared with survivors.

3.5.  Postprandial glycemia and mortality from all causes
and cancer

Table 3 shows the HRs for all-cause mortality and cancer mor-
tality associated with initial 2h-PBBG levels that were calcu-
lated using a multivariate Cox proportional hazard model.
For all-cause mortality, 2h-PBBG levels, age, duration of dia-
betes, and current smoking were significant predictors. For
cancer mortality, 2h-PBBG levels, age, and current smoking
were significant predictors. Levels of 2h-PBBG and current
smoking were stronger predictors of cancer mortality than
of all-cause mortality.

Additional analysis using intrapersonal mean 2h-PBBG
levels during the initial 3 years was also performed in the
same manner (Supplementary Tables 1-3). Of the 1088
patients, 169 died. The cause of death was cancer in 57
patients. The follow-up rate was 73.6% (801/1088). The med-
ian (IQR) of the follow-up period, mean 2h-PBBG levels, and
the number of 2h-PBBG measurements were 16.7 years
(10.9-18.2), 9.4mmol/L (7.6-11.6), and three times (2-7),
respectively. Nonsurvivors who died from all causes were sig-
nificantly older (p < 0.0001), had a longer duration of diabetes
(p =0.0003), had higher mean 2h-PBBG levels (p = 0.005), had

Table 1 - Characteristics at the first visit of participants who were analyzed and those who were excluded in the present
study.

Total Analyzed Excluded
n 1582 926 656
Men (%) 1281 (81.0) 746 (80.6) 535 (81.6)
Age (years) 55.1+10.0 55.5+10.2 54.7 £9.8
Duration of diabetes (years) 6.0+£7.0 6.0+7.1 6.1+6.8
HbA1lc (%) (mmol/mol) 8.1+1.6 (65 = 18) 8.2+ 1.7 (66 + 19) 8.0+1.5 (64 +16)
BMI (kg/m?) 23.5+3.5 23.4+3.5 23.7+3.5
SBP (mmHg) 131.7 £ 20.2 130.8 + 19.5 133.0£21.0
DBP (mmHg) 76.7 £19.1 76.3+22.6 77.2+12.5
Current smoker 650 (41.2) 390 (42.1) 260 (39.9)
Current drinker 991 (63.0) 564 (60.9) 427 (66.1)

Values are n (%) or mean + SD.

BMI, body mass index; DBP, diastolic blood pressure; HbAlc, glycated hemoglobin; SBP, systolic blood pressure.

" p<0.05 vs. analyzed.
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p value'

Nonsurvivors who
died from cancer

p value’

Nonsurvivors who

Survivors

All

died from all causes

46

139

787

926

0.78

38 (82.6)

0.49

109 (78.4)
64.0+9.2

637 (80.9)
53.9+96

746 (80.6)

Men (%)

<0.0001
0.072

60.7 £ 6.7

<0.0001
0.0003
0.027
0.18

55.5+10.2
6.0+7.1

Age (years)

7.8+8.9

9.0+9.9

54+6.4

Duration of diabetes (years)

2h-PBBG (mmol/L)

0.097
0.67
0.43
0.55
0.67

11.9+5.6

11.4+438

10.5+4.3

10.6 + 4.4
7.3+ 1.4 (57 + 15)

23.0+3.3

7.4+13 (58 + 15)

22.7+3.1

7.5+ 1.4 (58 + 15)

226+2.9

7.3+ 1.4 (57 + 15)

23.1+34

HbAlc (%) (mmol/mol)

BMI (kg/m?)

0.069

128.7 +21.0

127.5+19.0 127.0+18.5 130.6 +21.6 0.068
0.92
0.51

73.2+11.2
390 (42.1)

SBP (mmHg)

73.9+11.3
28 (60.9)
32 (69.6)

733+ 117
55 (39.6)
74 (53.2)

732+ 112
335 (42.6)
490 (62.3)

DBP (mmHg)

0.015
0.32

Current smoker

0.044

564 (60.9)

Current drinker

Values are n (%) or mean + SD.
2h-PBBG, 2-h post-breakfast blood glucose; BMI, body mass index; DBP, diastolic blood pressure; HbA1lc, glycated hemoglobin; SBP, systolic blood pressure.

* Survivors vs. nonsurvivors who died from all causes.

T Survivors vs. nonsurvivors who died from cancer.

higher mean HbA1lc levels (p = 0.022), and had higher mean
SBP (p =0.007) compared with survivors. Nonsurvivors who
died from cancer were significantly older (p <0.0001), had a
longer duration of diabetes (p = 0.018), had higher mean 2h-
PBBG levels (p =0.020), and had a higher proportion of ever
smokers (p = 0.029) compared with survivors (Supplementary
Table 2). For all-cause mortality, mean 2h-PBBG levels (HR
[95% confidence intervall: 1.06 [1.01-1.12], p=0.018)
(1 mmol/L increase) and age (1.13 [1.11-1.15], p < 0.0001) (1-
year increase) were significant predictors. Mean HbA1lc levels
were borderline significant. For cancer mortality, mean 2h-
PBBG levels (1.10 [1.02-1.19], p =0.013), age (1.10 [1.06-1.14],
p < 0.0001), and ever smoking (2.92 [1.18-7.26], p = 0.021) were
significant predictors (Supplementary Table 3).

4, Discussion

This study showed that postprandial glycemia, which was
represented by 2h-PBBG levels at a clinic visit, was associated
with all-cause and cancer mortality in patients with type 2
diabetes independent of HbA1lc levels in real-life conditions.
Levels of 2h-PBBG that were initially measured during the 1-
year period from the first visit and intrapersonal mean 2h-
PBBG levels that were measured during the 3-year period
from the first visit were significant predictors of all-cause
and cancer deaths. These findings appear to reflect associa-
tions between mortality from all causes and cancer and initial
postprandial hyperglycemia, as well as relatively early post-
prandial hyperglycemia including an early therapeutic effect.

Support for our findings on all-cause mortality is provided
by data of the Diabetes Intervention Study [20] and the San
Luigi Gonzaga Diabetes Study [21]. In the Diabetes Interven-
tion Study, postprandial blood glucose was determined 1h
after a normal breakfast at a clinic visit, but HbAlc levels were
not examined. The San Luigi Gonzaga Diabetes Study showed
that 2-h blood glucose levels after lunch as measured by mon-
itoring in the clinic and home self-monitoring predicted all-
cause mortality. However, cancer mortality was not examined
in these previous studies. In Japanese patients with diabetes,
the most frequent cause of death is cancer, followed by infec-
tions and CVD [22,23], which differs from Western countries.
To the best of our knowledge, this is the first study to indicate
an association between postprandial hyperglycemia at visits
to the clinic and cancer mortality in patients with type 2 dia-
betes independent of HbA1lc levels in a real-life condition.

In patients with type 2 diabetes who were at a relatively
early stage and well controlled, the insulin secretory response
was sluggish for the first 2 h after ingestion of a meal [24].
This led to postprandial hyperglycemia, and resulted in
hyperinsulinemia from 3 h onward. Excessive insulin action
associated with insulin resistance is thought to contribute
to the onset of cancer [25]. This possibility might apply to
our study subjects. Therefore, concurrent endogenous hyper-
insulinemia with insulin resistance and oxidative stress
might contribute to the association between postprandial
hyperglycemia and cancer.

We previously reported that variability of HbAlc levels
could be a predictor of all-cause mortality, especially non-
cancer mortality including CVD, but not cancer mortality, in
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Table 3 - Multivariate Cox proportional hazard models for all-cause and cancer mortality related to initial 2-h post-breakfast

blood glucose levels.

All-cause mortality (event/patients 139/926)

Cancer mortality (event/patients 46/922%)

HR (95% CI) p value HR (95% CI) p value
2h-PBBG (1 mmol/L) 1.06 (1.01-1.12) 0.019 1.13 (1.03-1.24) 0.008
HbA1lc (%) 0.96 (0.80-1.14) 0.62 0.76 (0.56-1.05) 0.10
Age (1 year) 1.14 (1.12-1.17) <0.0001 1.11 (1.07-1.16) <0.0001
Women/men 0.83 (0.52-1.35) 0.46 1.65 (0.65-4.22) 0.29
Diabetes duration (1year) 1.02 (1.00-1.04) 0.038 1.02 (0.98-1.06) 0.39
BMI (kg/m?) 0.99 (0.93-1.05) 0.68 1.01 (0.91-1.12) 0.89
SBP (10 mmHg) 1.04 (0.96-1.13) 0.36 0.99 (0.84-1.16) 0.87
Current smoker 1.57 (1.06-2.32) 0.024 3.54 (1.75-7.17) 0.0004
Current drinker 0.86 (0.58-1.25) 0.42 1.54 (0.75-3.16) 0.24

2h-PBBG, 2-h post-breakfast blood glucose; BMI, body mass index; CI, confidence interval; HbA1lc, glycated hemoglobin; HR, hazard ratio; SBP,

systolic blood pressure.
2 Excluded those who had an unknown cause of death.

patients with type 2 diabetes independent of mean HbAlc
levels [26]. Therefore, cancer mortality might be affected
more by short-term glucose excursions than long-term glyce-
mic variability, whereas all-cause mortality appears to be
affected by both of these factors. This issue remains to be
clarified in the future.

The average age at death of our study subjects with type 2
diabetes was 75.6 years in men and 80.8 years in women dur-
ing 1996 to 2017. A previous report on Japanese patients with
diabetes that was based on the results of a survey of hospital
records of 45,708 cases during 2001-2010 showed that the
average age at death was 71.4 years in men and 75.1 years
in women [22]. Another similar survey of 18,385 Japanese
patients with diabetes during 1991-2000 showed that the
average age at death was 68.0 years in men and 71.6 years
in women [23]. Although our results might have been overes-
timated because of patients lost to follow-up, the average age
at death of patients with diabetes appeared to have increased
with time on a hospital basis. The average life expectancy of
Japanese people at 55 years in 1995 was 24.41 years for men
and 29.82 years for women [27]. The NIPPON DATA 80, which
was based on census tracts throughout Japan, reported that
the average life expectancy of 40-year-old men and women
with diabetes in 1980 was 32.3 and 40.9 years, and was 8.8
and 6.6 years shorter than that in those without diabetes,
respectively [16]. The mean age of our study subjects is simi-
lar to that of participants in the NIPPON DATA 80. Differences
in life expectancy between patients with diabetes and the
general Japanese population might be gradually becoming
smaller according to progression of management and treat-
ment for diabetes.

The strengths of this study include the use of postprandial
glycemia, as measured by monitoring in the clinic in a real-
world setting, and a long-term follow-up period. Additionally,
2h-PBBG levels were evaluated in two different ways, which
strengthen the results of the present study. However, there
are several possible limitations of our study. First, this was a
historical cohort study. Any direct causality was not deter-
mined. Potential information bias includes changes in the
sample examination methods and self-reported postprandial
time intervals. However, data that were generated by different

measurement methods were converted using linear regres-
sion equations, which were derived from duplicate assays.
The times when patients began to eat their last meal were
carefully confirmed by a medical technologist and the post-
prandial time interval was calculated. Second, the relatively
low follow-up rate for survival may have led to bias, which
could be a limitation of this study. Significant differences in
baseline characteristics between patients who completed
and those who did not complete follow-up were found for
sex and current drinking. The use of Cox regression analysis
was considered to be statistically appropriate. However, the
high proportion of women who did not complete follow-up
may have affected the average age at death in women. Third,
the number of events was small and included events that
were obtained from responses of the questionnaire. In detail,
121 (51.9%) events were determined according to a thorough
review of medical records, and 112 (48.1%) events were con-
firmed from responses of the questionnaire. Further studies
with a larger sample size and a higher follow-up rate are
required to confirm our findings. Fourth, the average age at
death of our subjects with type 2 diabetes was considered to
be lower than that of the general Japanese population, but
was obviously higher than that of previous surveys of patients
with diabetes [22,23,27]. Therefore, our study subjects might
have been a well-managed group. Finally, the study subjects
were from a single hospital in Japan and included more
men than women. Therefore, generalizability of our results
to other populations is limited.

In conclusion, postprandial hyperglycemia expressed as
2h-PBBG levels at clinic visits may be associated with all-
cause and cancer mortality in patients with type 2 diabetes
independent of HbA1lc levels in a real-world setting. The aver-
age age at death of patients with type 2 diabetes might be
approaching that of people without diabetes in the Japanese
population. Further studies are warranted to confirm our
findings.
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