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INTRODUCTION

ABSTRACT

Aims/Introduction: To identify thresholds for postprandial hyperglycemia and hyper-
triglyceridemia predictive of all-cause mortality in patients with type 2 diabetes.
Materials and Methods: A total of 1,928 patients with type 2 diabetes visited our
clinic for the first time from 1995 to 1999 and were followed up for >1 year. During the
first year, 2-h post-breakfast blood glucose (2h-BG) levels were measured in 1,122 patients
(BG cohort) and postprandial serum triglyceride (ppTG) levels were measured in 1,826
patients (TG cohort). Patients were retrospectively followed until 2017 and administered
questionnaires. Associations between 2h-BG and ppTG levels and mortality risk were
assessed by the multivariate Cox regression analysis.

Results: Over 17429 person-years, 162 deaths occurred in the BG cohort, and over
28,026 person-years, 253 deaths occurred in the TG cohort. Hazard ratios (HRs) with 95%
confidence intervals for all-cause mortality per 1-standard deviation increases in 2h-BG and
pPpPTG were 1.34 (1.08-1.67) and 1.24 (1.06-145), respectively. HRs showed increasing
trends across quintiles of 2h-BG (P = 0.034) and ppTG (P = 0.007). The HR was significantly
elevated (237, 1.26-4.47) in the fifth quintile of 2h-BG (>13.8 mmol/L) compared with the
first quintile (<7.0 mmol/L; P = 0.008). The HR was also significantly elevated (1.63, 1.03—
260) in the fifth quintile of ppTG (>2.30 mmol/L) compared with the first quintile

(<091 mmol/L; P = 0.038).

Conclusions: Postprandial hyperglycemia and hypertriglyceridemia were associated
with all-cause mortality in patients with type 2 diabetes. We propose thresholds of

13.8 mmol/L 2h-BG and 2.30 mmol/L ppTG to identify patients at increased risk of
mortality.

surrogate measures, such as endothelial dysfunction, in dia-

Several epidemiological studies have reported associations
between postprandial, but not post-load, hyperglycemia and
adverse events in diabetes patients'”. Our previous studies
showed that postprandial hyperglycemia at clinic visits was
associated with the incidence of diabetic retinopathy, cardio-
vascular disease (CVD), all-cause mortality and cancer mor-

tality> . Postprandial hyperglycemia has negative impacts on
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betes patients. For many non-pregnant adults with diabetes,
glycemic recommendations are a glycated hemoglobin Alc
(HbAlc) level of <7% (53 mmol/mol), preprandial capillary
plasma glucose levels of 4.4-7.2 mmol/L and peak postpran-
dial capillary plasma glucose levels of 10.0 mmol/L®. Capillary
plasma glucose levels that seem to correlate with achieving
an HbAIc level of <7% have been determined as the recom-
mended target®. However, the threshold for postprandial cap-
illary plasma glucose levels that is predictive of adverse
events has not been determined in diabetes patients.
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Multiple epidemiological studies have evaluated associations
between postprandial hypertriglyceridemia and adverse events
in the general population’ . Various panels have proposed
different cut-offs for non-fasting hypertriglyceridemia; these
include 2.26 mmol/L by the American Heart Association®,
2.03 mmol/L by the Athens Expert Panel'” and 1.98 mmol/L
by the European Atherosclerosis Society'®. A study of partici-
pants in the Women’s Health Study also recommended a diag-
nostic  threshold of 198 mmol/L  for non-fasting
hypertriglyceridemia'®. However, no studies have assessed the
relationship between postprandial hypertriglyceridemia and
mortality risk in diabetes patients.

Here, we assessed the relationships between all-cause mortal-
ity and postprandial hyperglycemia and hypertriglyceridemia in
patients with type 2 diabetes in a real-world setting. We esti-
mated thresholds for postprandial glycemia and triglyceridemia
that are predictive of all-cause mortality.

METHODS

Definition of postprandial glycemia and triglyceridemia
Capillary blood glucose (BG) levels were measured as previ-
ously reported””. BG levels were presented as plasma equiva-
lents. Laboratory technologists checked when the patients had
eaten their last meal, and postprandial time intervals were
recorded every 15 min. Postprandial glycemia was defined as
2-h post-breakfast BG (2h-BG) levels, which were measured
2 h £ 30 min after breakfast. Lipid levels were measured every
few visits using serum prepared from venous blood regardless
of fasting or postprandial conditions. Triglyceride (TG) levels
were measured by an enzymatic method. Non-fasting serum
TG levels were defined as postprandial TG (ppTG) levels. The
first observations taken in the first year were taken as the base-
line 2h-BG and ppTG levels.

Study participants

Figure 1 shows a flowchart of the study cohorts. A total of 1,928
patients with type 2 diabetes visited the clinic at the Institute for
Adult Diseases, Asahi Life Foundation, Tokyo, Japan, for the first
time between 1995 and 1999, and were followed up for >1 year.
During the first year, 2h-BG levels were measured in 1,130
patients, and ppTG levels were measured in 1,848 patients. After
excluding patients with missing data, 1,122 patients (BG cohort)
and 1,826 patients (TG cohort) were retrospectively followed up
until 2017, and provided with questionnaires.

The ethics committees of the Institute for Adult Diseases,
Asahi Life Foundation approved the study protocol, which fol-
lowed the Japanese Government’s Ethical Guidelines for Medi-
cal and Health Research Involving Human Subjects, and was
carried out in accordance with the principles laid out in the
Declaration of Helsinki.

End-point definition
The primary end-point was all-cause mortality. The end-point
was determined by a thorough review of medical charts,
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recorded by attending physicians and from the questionnaire
replies®. Questionnaires were sent to patients in whom their
outcomes could not be confirmed, even after scrutinizing the
medical records written by the attending physicians. Patients
who did not respond to the first questionnaire were mailed the
questionnaire again after about 2 months. The end-points were
then collected as much as possible. Patients lost to follow up
were regarded as censored cases on the last day of their clinic
Visits.

Assessment of covariates

Covariates included HbAlc levels, blood pressure (BP), total
cholesterol (TC) levels and high-density lipoprotein cholesterol
(HDL-C) levels, as previously reported®'. For data as covariates,
values simultaneously measured or most immediately measured
as the initial measurement of 2h-BG and ppTG levels were
taken as the baseline. Alcohol drinking was defined as >20 g/
day.

Statistical analysis
TG levels were analyzed by converting them to a natural loga-
rithm scale. Comparisons of baseline characteristics between the
study participants with and without complete follow up were
made by the Student’s t-test, Wilcoxon rank-sum test, the %>
test, and Fisher’s exact test, as appropriate. Baseline characteris-
tics of the BG and TG cohorts stratified by quintiles of 2h-BG
and ppTG levels were compared by analysis of variance, the
Kruskal-Wallis test and the Cochran—Armitage trend test.
Multivariate Cox regression analyses were carried out to eval-
uate the relationships between mortality risk and quintiles of
2h-BG and ppTG levels. P-values for linear trends and quadra-
tic trends were calculated by stratification according to 2h-BG
or ppTG quintiles. Covariates included age, sex, diabetes dura-
tion, body mass index, systolic BP, HbAlc levels, TC levels,
HDL-C levels, current smoking, alcohol intake, past history of
CVD, and past history of cancer. Additionally, changes in mor-
tality risk related to 1-standard deviation (SD) increments in
2h-BG and ppTG levels were also assessed. In addition, users
of oral antidiabetic drugs, insulin, antihypertensive agents and
agents for dyslipidemia were also added as covariates. Kaplan—
Meier curves were generated for patients who were stratified
using the estimated thresholds for 2h-BG and ppTG levels
derived from analyses of their quintiles. All analyses were car-
ried out using SAS packages version 9.4 (SAS Institute, Cary,
NC, USA). Two-sided values of P < 0.05 were considered sta-
tistically significant.

RESULTS

The median (interquartile range) follow-up periods were
18.7 years (10.1-20.7 years) in the BG cohort, and 18.6 years
(9.2-20.7 years) in the TG cohort. The percentages of patients
completing follow up were 68.4% (767/1,122) in the BG cohort,
and 66.7% (1,218/1,826) in the TG cohort. Table S1 shows dif-
ferences in the baseline characteristics between patients with

© 2020 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd

) Diabetes Investig Vol. 12 No. 5 May 2021 887



ORIGINAL ARTICLE
Takao et al.

http://wileyonlinelibrary.com/journal/jdi

and 1,999 were screened for eligibility

5,510 patients who first visited our clinic between 1995

3,582 patients were ineligible
No diagnosis of type 2 diabetes or
follow-up for <1 year

and were followed up for >1 year

1,928 patients were diagnosed with type 2 diabetes

798 patients did not have 2h-BG
levels during the first year

1,130 patients had 2h-BG levels
during the first year

80 patients did not have ppTG
levels during the first year

1,848 patients had ppTG levels
during the first year

Patients had missing data
2 patients for smoking and/or
drinking status
1 patients for HbA1c level
2 patients for serum lipid levels
3 patients for history of CVD

Patients had missing data
8 patients for smoking and/or
drinking status
8 patients for HbA1c level
2 patients for blood pressure
4 patients for history of CVD

1,122 patients were followed up to 2017

1,826 patients were followed up to 2017

BG cohort

TG cohort

Figure 1 | Flowchart of the study cohorts. 2h-BG, 2-h post-breakfast blood glucose; BG, blood glucose; CVD, cardiovascular disease; HbATC,
glycated hemoglobin Alc ppTG, postprandial serum triglyceride; TG, triglyceride.

and without complete follow up. In the BG cohort, the percent-
ages of men and alcohol consumers were significantly higher in
patients who completed (81.9 and 60.5%, respectively) than in
those who did not complete (74.4 and 50.4%, respectively) fol-
low up (P =0.004 and P = 0.002, respectively). Similarly, in
the TG cohort, the percentages of men and alcohol consumers
were significantly higher in patients who completed (81.9 and
61.7%, respectively) than in those who did not complete (76.6
and 54.0%, respectively) follow up (P = 0.008 and P = 0.001,
respectively). No significant differences were observed in any
other variables (Table S1).

Baseline findings in the BG and TG cohorts

Table 1 summarizes the baseline characteristics of the BG and
TG cohorts, as a whole, and stratified by quintiles of 2h-BG
and ppTG levels (natural logarithm). Higher 2h-BG levels were
associated with younger age, longer diabetes duration, higher
systolic BP and diastolic BP, higher HbAlc levels, higher TC
levels, lower HDL-C levels, and higher estimated glomerular fil-
tration rate. Higher 2h-BG levels were also associated with male
sex, current smoking, use of oral antidiabetic drugs and use of
insulin. Higher ppTG levels were associated with higher body

mass index, higher systolic BP and diastolic BP, higher HbAlc
levels, higher TC levels, and lower HDL-C levels. Higher ppTG
levels were also associated with male sex, current smoking, his-
tory of CVD, use of oral antidiabetic drugs, antihypertensive
agents and agents for dyslipidemia (Table 1).

Associations between 2h-BG and ppTG levels and risk of all-
cause mortality

Over 17,429 person-years, 162 deaths occurred in the BG
cohort, and over 28,026 person-years, 253 deaths occurred in
the TG cohort. The crude incidence ratios (per 1,000 person-
years) were 9.29 (95% confidence interval [CI] 3.68-14.90) in
the BG cohort, and 9.03 (95% CI 4.69-13.37) in the TG
cohort.

Adjusted hazard ratios (HRs) for all-cause mortality in each
quintile of 2h-BG and ppTG levels are shown in Table 2. The
HRs showed increasing trends across quintiles of 2h-BG (P for
linear trend = 0.034) and ppTG (P for linear trend = 0.007).
The HR was significantly elevated (2.37, 95% CI 1.26-4.47) in
the fifth quintile (>13.8 mmol/L) of the 2h-BG levels compared
with the first quintile (<7.0 mmol/L; P = 0.008). The HR was
significantly elevated (1.63, 95% CI 1.03-2.60) in the fifth
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Table 2 | Adjusted hazard ratios for all-cause mortality in each quintile of 2-h post-breakfast blood glucose and postprandial serum triglyceride

levels

2h-BG (mmol/L) Quintiles Q1 Q2 Q3 Q4 Q5 P for linear P for quadratic
<70 70-87 8.7-10.7 10.7-138 > 138 trend trend

No. of events 26 29 34 28 45

No. at risk 220 224 226 226 226

Person-years 3,507.73 343487 3,065.16 3511.70 3,309.48

Incidence rate* 74 84 93 80 136

HR (95% CI) 1 (Reference) 097 (056-1.68) 128 (0.74-221) 101 (056-1.80) 237 (1.26-447) 0034 0067

pPTG" (mmol/L) Quintiles Q1 Q2 Q3 Q4 Q5 P for linear P for quadratic
<09 091-122 122-161 161-2.30 >230 trend trend

No. of events 45 46 44 49 69

No. at risk 360 369 361 364 372

Person-years 5,64569 5,71807 559142 548449 5,58837

Incidence rate* 80 80 79 89 123

HR (95% Cl) 1 (reference) 088 (0.57-135) 101 (064-159) 124 (0.78-198) 163 (1.03-260) 0.007 0.10

Models were adjusted for age, sex, diabetes duration, body mass index, systolic blood pressure, HbA1c levels, total cholesterol levels, high-density lipopro-
tein cholesterol levels, current smoking, alcohol intake, history of cardiovascular disease and history of cancer. 2h-BG, 2-h post-breakfast blood glucose; C,

confidence interval; HR, hazard ratio; ppTG, postprandial serum triglyceride; Q, quintile. fLn-transformed. *Crude incidence rate per 1,000 person-years.

quintile (>2.30 mmol/L) of the ppTG levels compared with the
first quintile (<0.91 mmol/L; P = 0.038; Table 2). The second
to fourth quintiles of 2h-BG and ppTG levels were not signifi-
cantly different compared with the first quintile. The second
quintile of 2h-BG and ppTG levels had the lowest HRs, but P-
values for the quadratic trend were not significant. Covariates
are described in the statistical analysis section. These relation-
ships are plotted in Figure 2.

HRs for all-cause mortality per 1-SD increases in 2h-BG and
pPTG levels were 1.34 (95% CI 1.08-1.67) and 1.24 (95% CI
1.06-1.45), respectively, after adjusting for the same covariates
(models 1 and 2 in Table 3). After further adjusting for users of
oral antidiabetic drugs, insulin, antihypertensive agents and
agents for dyslipidemia, HRs per 1-SD increases in 2h-BG and
pPTG levels were 1.34 (95% CI 1.07-1.68) and 1.18 (95% CI
1.00-1.39), respectively (models 3 and 4 in Table 3). Therefore,
similar results were obtained when the effects of drug adminis-
tration were further adjusted. Consequently, the present results
were independent of drug administration. Additionally, no inter-
action was observed between 2h-BG and HbAlc levels
(P =0.69).

Kaplan—Meier curves in patients stratified using the estimated
thresholds for 2h-BG and ppTG levels

The BG and TG cohorts were stratified using the estimated 2h-
BG threshold of 13.8 mmol/L and the estimated ppTG thresh-
old of 2.30 mmol/L, respectively. Kaplan—Meier curves in
patients who were stratified using these 2h-BG and ppTG
thresholds showed increasing risk separation from approxi-
mately 2 and 5 years, respectively (Figure 3).

DISCUSSION

Here, we showed that postprandial hyperglycemia and hyper-
triglyceridemia at clinic visits were associated with an increased
risk of all-cause mortality in real-world patients with type 2
diabetes. We propose approximate thresholds of 13.8 mmol/L
for 2h-BG and 2.30 mmol/L for ppTG to identify patients at
high risk of mortality.

Our previous study showed that postprandial hyperglycemia at
clinic visits was associated with all-cause mortality in patients with
type 2 diabetes®’. However, there is no evidence for a threshold of
postprandial glycemia predictive of mortality in patients with
type 2 diabetes. In this real-world study, an estimated threshold
for postprandial glycemia was identified.

Time in range (3.9-10.0 mmol/L), that is a new metric
derived from continuous glucose monitoring, is associated with
the risk of microvascular complications®*. A strong correla-
tion between time in range and HbAlc levels was observed,
with a time in range of 70% equating to a HbAlc level of
7%>***. Additionally, as targets for achieving control, time
above range of >10.0 mmol/L was proposed for <25% of read-
ings, and time above range of >13.9 mmol/L was proposed for
<5% of readings. In the present study, the threshold for 2h-BG
predictive of mortality may correspond to a target of time
above range for <5% of readings.

In a prospective study from the Danish general population,
non-fasting hypertriglyceridemia was associated with the inci-
dence of myocardial infarction, ischemic heart disease and all-
cause mortality’. Later, after 31 years of follow up, the same
study reported that non-fasting hypertriglyceridemia was
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4 Pfor trend = 0.034

HRs and 95% Cl for all-cause mortality &

. . O T T T
Quintile 1 2 3 4 5
2h-BG (mmol/L) 7.0 8.7 10.7 13.8

G

5

47 Pfortrend = 0.007

HRs and 95% Cl for all-cause mortality

Qi€ 1 2 3 4 s

ppTG (mmol/L) 091 122 161 2.30
Figure 2 | Hazard ratios (HRs) for all-cause mortality by quintiles of (a) 2-h
post-breakfast blood glucose (2h-BG) levels and (b) postprandial serum
triglyceride (ppTG) levels, adjusted for age, sex, diabetes duration, body
mass index, systolic blood pressure, HbA1c levels, total cholesterol levels,
high-density lipoprotein cholesterol levels, current smoking, alcohol intake,
history of cardiovascular disease and history of cancer.

associated with mortality from CVD, cancer and other causes'”.
Non-fasting hypertriglyceridemia was also associated with a 25-
year mortality risk from coronary heart disease in the Multiple
Risk Factor Intervention Trial''. The Women’s Health Study
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showed that non-fasting hypertriglyceridemia was associated
with the incidence of CVD independent of classical risk factors,
but fasting hypertriglyceridemia showed little independent asso-
ciation'. In a study of residents in four Japanese communities,
non-fasting triglyceride levels predicted the incidence of
ischemic CVD'>'. The results of these studies support our
results, but no previous study assessed the mortality risk related
to non-fasting hypertriglyceridemia in diabetes patients. To our
knowledge, ours is the first study to show that non-fasting
hypertriglyceridemia was associated with all-cause mortality in
patients with type 2 diabetes.

Postprandial hypertriglyceridemia is associated with CVD
risk, and is relevant to an increase in chylomicron remnant
lipoproteins derived from the intestine®®. In diabetes patients,
remnant lipoprotein cholesterol levels persist high all day long,
with the exception of a few hours before breakfast”’. Insulin
resistance accelerates the postprandial accumulation of remnant
lipoproteins**. Therefore, the characterization of postprandial
lipid profiles is important for patients with diabetes. Various
cut-offs for postprandial hypertriglyceridemia for prediction of
adverse events were proposed in general populations'® . How-
ever, there is no evidence for a threshold of postprandial hyper-
triglyceridemia predictive of mortality in diabetes patients. In
this real-world study, we identified an estimated threshold for
postprandial triglyceridemia predictive of mortality in patients
with type 2 diabetes. Further research is required to validate
our results.

The present study’s strengths included the analysis of post-
prandial glycemia and triglyceridemia, as measured by monitor-
ing in the outpatient clinic in a real-life condition, and a long-
term follow up. Several potential limitations deserve considera-
tion. First, this was a historical cohort study. Changes in mea-
surement methods and self-reported postprandial time intervals
may have led to information bias. However, using linear regres-
sion equations from duplicate assays, data obtained using differ-
ent measurement methods could be converted. The time when
patients started eating their last meal was thoroughly assessed
by a laboratory technician and postprandial time intervals were
determined. Data were excluded if snacks between meals were

Table 3 | Multivariate Cox proportional hazards models of the associations between all-cause mortality and 2-h post-breakfast blood glucose and

postprandial serum triglyceride levels

BG cohort (events/patients 162/1,122)

TG cohort (events/patients 253/1,826)

HR (95% Cl) P-value HR (95% Cl) P-value
Model 1 Model 2
2h-BG (1 SD; mmol/L) 1.34 (1.08-167) 0.009 pp'I'G;r (1 SD; mmol/L) 1.24 (1.06-145) 0.008
Model 3 Model 4
2h-BG (1 SD; mmol/L) 1.34 (1.07-1.68) 0.010 pp'I'GT (1 SD; mmol/L) 1.18 (1.00-1.39) 0.045

Models 1 and 2 were adjusted for age, sex, diabetes duration, body mass index, systolic blood pressure, HoA1c levels, total cholesterol levels, high-
density lipoprotein cholesterol levels, current smoking, alcohol intake, history of cardiovascular disease and history of cancer. Models 3 and 4 were
adjusted for the use of oral antidiabetic drugs, insulin, antihypertensive agents and agents for dyslipidemia in addition to the covariates included in
models 1 and 2. fLn-transformed. 2h-BG, 2-h post-breakfast blood glucose; ppTG, postprandial serum triglyceride; SD, standard deviation.
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Figure 3 | Kaplan—Meier curves in patients stratified using the
estimated thresholds for 2-h post-breakfast blood glucose (2h-BG) and
postprandial serum triglyceride (ppTG) levels.

consumed and if meals were consumed following hypo-
glycemia. Second, bias may have occurred because of relatively
high losses to follow up. Significant differences in baseline char-
acteristics between patients with and without complete follow
up were identified for sex and alcohol consumption (Table S1).
Third, almost half of the events were found in the question-
naire replies. In the BG and TG cohorts, a thorough review of
medical charts, recorded by the attending physician, docu-
mented 82 (51%) and 124 (49%) deaths, respectively, and
replies to questionnaires by family members confirmed 80
(49%) and 129 (51%) deaths, respectively. Fourth, 2h-BG and
pPTG levels were measured after an ordinary meal, without
standardization of dietary intake. However, the present study
aimed to evaluate the effects of postprandial hyperglycemia and
hypertriglyceridemia at clinic visits on mortality using real-
world data. Therefore, standardization of dietary intake was not
considered. Finally, the study participants were enrolled in a

http://wileyonlinelibrary.com/journal/jdi

single Japanese clinic. Therefore, generalizability to other ethnic-
ities may be limited.

In conclusion, postprandial hyperglycemia and hypertriglyc-
eridemia at clinic visits were associated with an increased risk
of all-cause mortality in real-world patients with type 2 dia-
betes. We propose 2h-BG levels of 13.8 mmol/L and ppTG
levels of 2.30 mmol/L as estimated thresholds to identify
patients at increased risk of all-cause mortality.
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