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ABSTRACT

Aims/Introduction: The mechanisms underlying hypertriglyceridemia-induced impaired
glucose tolerance in Japanese individuals remain unclear. We aimed to evaluate the effect
of hypertriglyceridemia on glucose metabolism in comparison with that of increased low-
density lipoprotein or decreased high-density lipoprotein levels and to elucidate the sex
differences in hypertriglyceridemia-related dietary intake among Japanese individuals.
Materials and Methods: We randomly selected 898 (384 men and 514 women) par-
ticipants aged 40-78 years in the Gifu Diabetes Study; those taking medication for dyslipi-
demia or diabetes mellitus were excluded. Serum levels of glucose metabolism
parameters and the food frequency were measured cross-sectionally. The glycated hemo-
globin was measured again after 5 years.

Results: Glucose metabolism parameters and the percentage of individuals with
impaired glucose tolerance were significantly higher in the high triglyceride group in men
and women. Similar trends were observed in the low high-density lipoprotein group, but
only in men. Meanwhile, only the homeostasis model assessment of insulin resistance was
higher in the high low-density lipoprotein group. In non-obese men, the percentage of
energy intake from alcohol per total daily energy intake was significantly greater in the
high triglyceride group. In obese women, the total energy intake was significantly greater
in the high triglyceride group. At the 5-year follow up, the risk of elevated glycated hemo-
globin levels with hypertriglyceridemia was increased in men.

Conclusions: Hypertriglyceridemia is a stronger risk factor for impaired glucose toler-
ance than increased low-density lipoprotein or decreased high-density lipoprotein. For
dietary habits, increased daily alcohol energy intake in non-obese men and increased total
energy intake in obese women were associated with hypertriglyceridemia.

INTRODUCTION

Hypertriglyceridemia is a dominant lipid abnormality in insulin
resistance by inducing elevated levels of free fatty acids, which
plays an important role in insulin resistance'. Furthermore,
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hypertriglyceridemia has been reported to play an important
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role in glucose metabolism among individuals with normal glu-
cose tolerance® . Previous studies have also shown that hyper-
triglyceridemia is an independent risk factor for diabetes
mellitus® ®. However, the mechanisms underlying hypertriglyc-
eridemia-induced impaired glucose tolerance and the risk for
diabetes mellitus in Japanese individuals remain unclear.

Thus, the present study aimed to investigate the effect of
hypertriglyceridemia on impaired glucose tolerance in compar-
ison with that of increased low-density lipoprotein (LDL) or
decreased high-density lipoprotein (HDL) cholesterolemia. We
also aimed to elucidate the features of dietary intake associated
with hypertriglyceridemia by sex among the Japanese popula-
tion. Toward this goal, glucose metabolism and food intake
profiles were cross-sectionally assessed among a randomly
selected Japanese population. Glycated hemoglobin (HbAlc)
level was also followed prospectively after 5 years to evaluate
the change in glucose metabolism.

METHODS

Study protocol and participants

The present cross-sectional study used data from the Gifu Dia-
betes Study carried out in Gifu City, Japan. The Gifu Diabetes
Study has been previously described in detail by Nonoyama
et al’ Briefly, a total of 2,260 men and 3,010 women aged 40—
78 years were randomly selected from the Gifu residential reg-
istry in March 2005 through the personal information protec-
tion committee of Gifu City Hall Of them, we initially
evaluated 1,100 participants (452 men and 648 women) who
agreed to participate in the current study after receiving our
request by postal mail. After excluding 202 individuals who
were taking medication for diabetes mellitus or dyslipidemia
(n =195) and without available blood sample data (n = 7),
898 (384 men and 514 women) Japanese individuals were
included in the final analysis.

Between November 2005 and May 2007, the participants’
serum levels of fasting plasma glucose (FPG), HbAlc, total
cholesterol, LDL and triglyceride (TG) levels were measured
after an overnight fast. All measurements were carried out in
any one of the 35 participating medical institutions selected by
the participants. The HDL level was calculated using the for-
mula, “total cholesterol — LDL — TG / 57, except in cases
where the TG level was <400 mg/dL. All participants under-
went a 75-g oral glucose tolerance test (OGTT), except those
with either a confirmed diagnosis of diabetes mellitus or receiv-
ing medical treatment. To derive the total energy intake per
day, the participants’ food intake profile including carbohydrate,
protein, fat and alcohol intake was determined using a 169-item
semiquantitative food frequency questionnaire developed by
Shimizu et al.'® The questionnaire evaluated the average con-
sumption rate for each of the foods and dishes listed, and their
usual serving size for each item in the past 1 year before the
study. The intake of nutrients and portion sizes were estimated
using the frequency of ingestion and the Japanese Standard
Tables of Food Composition'’, respectively. The reliability and

http://wileyonlinelibrary.com/journal/jdi

validity of the food frequency questionnaire, and the detailed
calculation of nutrient intake have been described previously’.

The HbAlc was also prospectively re-examined at 5 years
after the initial examination between 2010 and 2012. A total of
615 participants (242 men and 373 women) underwent the re-
examination at any one of the 35 medical institutions.

Evaluation of glucose metabolism for serum lipid level, TG,
LDL and HDL.

To elucidate the relationship between glucose metabolism
and the fasting TG level, participants were classified into two
groups according to the serum TG level as the normal TG
group (<150 mg/dL) and the high TG group (=150 mg/dL).
Similarly, to elucidate the relationship between glucose metabo-
lism and serum LDL or HDL levels, the participants were clas-
sified into the normal and high LDL (<140 vs >140 mg/dL)
and the normal and low HDL (>40 vs <40 mg/dL) groups,
respectively. The following reference values were used to com-
pare the data: homeostasis model assessment of insulin resis-
tance (HOMA-IR) <1.6 for the evaluation of insulin resistance;
homeostasis model assessment of B-cell function (HOMA-P)
>40 for the evaluation of insulin secretion'’; and FPG
<110 mg/dL, 2-h post-glucose (2hPG) <140 mg/dL and HbAlc
<5.9% for the evaluation of blood glucose levels. Normal values
for OGTT were set at FPG <110 mg/dL and 2hPG <140 mg/
dL according to the World Health Organization criteria.

Relationship between nutritional intake and serum TG levels
Participants were assigned into four groups as follows: (i) body
mass index (BMI) <25 kg/m* and normal TG; (i) BMI
<25 kg/m* and high TG; (iii) BMI >25 kg/m* with normal TG;
and (iv) BMI >25 kg/m2 with high TG. The daily energy
intakes of carbohydrate, protein, fat and alcohol evaluated
through the food frequency questionnaire were compared
according to sex in each group.

Relationship between HbA1c change after 5 years and serum
lipid levels

The risk of increased HbAlc level after 5 years was compared
between each classified group according to the TG, LDL and
HDL levels. To follow up the glucose metabolism change in the
participants, we used the HbAlc level rather than the 75-g
OGTT results based on the recommendation of an interna-
tional expert committee'> ">, This was also decided to lower
participants’ discomfort. A 75-g OGTT procedure involves fast-
ing for >12 h, undergoing blood sampling four times, and
abstaining from eating and drinking until the final blood sam-
ple is collected. In contrast, HbAlc measurements require only
one blood sampling at any time of the day. Such consideration
will allow us to achieve a relatively good rate of participation
even after 5 years.

Statistical analysis
The characteristics of the participants were analyzed using Stu-
dent’s t-tests for continuous data, and y’-tests for categorical
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data. Logistic regression analysis was used to compare the glu-
cose tolerance for each lipid level, with adjustments for age;
BM]J; alcohol intake; and TG, LDL and HDL levels. To investi-
gate the relationship between various daily nutrient intakes and
the serum TG levels with/without obesity, t-tests were used to
compare between two categories, whereas Dunnett’s tests were
used to compare between four categories. All statistical analyses
were carried out using JMP® version 11 (SAS Institute Inc,
Cary, NC, USA).

Ethical considerations

This study was approved by the Ethical Review Committee of
the Graduate School of Medicine, Gifu University (approval
number: 17-107), and was carried out in compliance with the
Declaration of Helsinki and the ethical guidelines for clinical
research by the Ministry of Health, Labor and Welfare in
Japan. Informed consent was obtained from all the participants
before their participation.

RESULTS

Participant characteristics and differences according to sex
The BMI, alcohol intake, and TG and HDL levels were signifi-
cantly different according to sex. The percentages of partici-
pants with abnormal OGTT results were also significantly
different between men (n = 130, 34.0%) and women (n = 120,
13.4%). The characteristics of all the participants are described
in Table 1.

Participant characteristics at each lipid level

The characteristics of the participants according to the lipid
level are shown in Table 2. Of the 384 men, 94 (24.5%) and

Table 1 | Characteristics of all the participants

ORIGINAL ARTICLE
Hypertriglyceridemia and diabetes

290 (75.5%) had high and normal TG levels, respectively.
Meanwhile, of the 514 women, 61 (11.9%) and 453 (88.1%)
had high and normal TG levels, respectively. In both sexes, the
mean BMI level and the percentage of participants with obesity
were significantly higher in the high TG, high LDL and the
low HDL groups than those in the normal TG (men 24.9 vs
233 [P < 0.0001], 43.6% vs 25.9% [P < 0.002]; women 24.0 vs
220 [P < 0.0001], 34.4% vs 15.7% [P = 0.001]), normal LDL
(men 243 vs 23.3 [P <0.001], 36.7% vs 25.7% [P < 0.02];
women 23.0 vs 21.7 [P < 0.0001], 24.4% vs 13.3% [P = 0.002])
and normal HDL (men 25.3 vs 23.3 [P < 0.0001], 50.0% vs
25.0% [P < 0.0001]; women 24.1 vs 22.2 [P = 0.003], 42.9% vs
16.9% [P = 0.006]) groups.

In men, the estimated daily alcohol consumption was signifi-
cantly greater in the high TG group than that in the normal
TG group (384 g vs 25.8 g, P = 0.01). However, in contrast to
the TG groups, the estimated daily alcohol consumption was
significantly higher in the normal LDL and HDL groups than
that in the high LDL and low HDL groups (LDL 34.9 g vs
20.3 g [P < 0.0001]; HDL 29.9 g vs 184 g [P = 0.005]).

Glucose metabolism parameters including HOMA-IR,
HOMA-B, 2hPG, HbAlc and the percentage of participants
with impaired glucose tolerance evaluated through 75-g OGTT
were significantly higher in the high TG group than those in
the normal TG group in both sexes. However, only HOMA-IR
and HbAlc were significantly different between the high and
normal LDL group in both sexes. Meanwhile, there were signif-
icant differences in HOMA-IR, HOMA-B, 2hPG and percent-
age of impaired glucose tolerance evaluated by 75-g OGTT
between the normal and low HDL group only in men, but not
in women.

Total Men Women P
n = 898 n =384 n=>514
Age (years) 585+ 99 59.7 = 102 576+ 96 0.001
BMI (kg/mz) 229+ 31 237 + 31 222+ 31 <0.0001
BMI >25 kg/m? (%) 232 302 179 <0.0001
Alcohol intake (g ethanol/day) 156 + 289 289 £ 377 57 £128 <0.0001
0 g (non-drinker) (n) 310 73 237 <0.0001
0.1-199 g (n) 368 139 229
200-399 g (n) 99 69 30
>40 g (n) 121 103 18
TG (mg/dL) 106.1 £ 605 1218 £ 69.7 944 + 496 <0.0001
LDL cholesterol (mg/dL) 1322 £ 310 1307 £ 310 1334 £ 310 02
HDL cholesterol (mg/dL) 632 = 195 544 + 165 698 = 19.1 <0.0001
OGTT
IFG or IGT or DM (n) 250 130 120 <0.0001
IFG or IGT or DM (%) 278 34 234

Values are presented as mean * standard deviation for continuous variables, and number or percentages for categorical variables. The P-value was
estimated using t-tests for continuous variables, and y*tests for categorical variables. BMI, body mass index; DM, diabetes; HDL, high-density
lipoprotein. OGTT, oral glucose tolerance test; IFG, impaired fasting glucose; IGT, impaired glucose tolerance; LDL, low-density lipoprotein; TG, triglyc-

eride.
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Lipid profile and the risk for impaired parameters of glucose
metabolism

Logistic regression analysis of the effect of TG levels on the risk
of impaired parameters of glucose metabolism was carried out,
after adjusting for age, BMI, alcohol intake, LDL and HDL
(Figure 1a). The same analysis was also carried out for LDL
(Figure 1b) and HDL (Figure 1c) levels.

Among the men in the high TG group, the odds ratios
(ORs) were significantly greater for those with HOMA-IR >1.6
(OR 2.85, 95% confidence interval [CI] 1.56-5.24; P = 0.0006),
FPG >110 mg/dL (OR 3.50, 95% CI 1.60-7.66; P = 0.002),
HbAlc >59% (OR 2.55, 95% CI 1.46-4.49; P = 0.001) and
abnormal OGTT values (OR 1.85, 95% CI 1.06-3.21; P = 0.03).
Among women in the high TG group, the ORs were greater
for those with 2hPG >140 mg/dL (OR 2.51, 95% CI 1.15-3.72;
P =0.02), HbAlc >59% (OR 207, 95% CI 1.15-3.72;
P = 0.02) and abnormal OGTT values (OR 1.87, 95% CI 1.01—
3.39; P = 0.045; Figure la).

In the high LDL group, the ORs were greater for those with
HbAlc >5.9% (OR 2.30, 95% CI 1.41-3.77; P = 0.001) among
men and for those with HOMA- <40 (OR 2.04, 95% CI 1.18—
3.55; P =0.01), and HbAlc > 59% (OR 1.53, 95% CI 1.02—
2.31; P = 0.04) among women (Figure 1b). The glucose toler-
ance values did not significantly differ between the low and
normal HDL groups (Figure 1c).

Nutritional intake and TG levels

The relationship between serum TG levels and various daily
nutrient intakes was assessed in men and women with/without
obesity. Among those without obesity, there was no significant
difference in total energy intake between the high and normal
TG groups in both sexes. Meanwhile, the percentage of alcohol
intake per total energy intake was significantly greater in the
high TG group than in the normal TG group among non-
obese men (P < 0.05; Figure 2a). In obese women, total energy
intake was significantly greater in the high TG group than that
in the normal TG group (P < 0.05; Figure 2b).

Follow-up study

Of the 898 participants, the HbAlc levels were re-examined for
496 individuals (204 men and 292 women). The prospective
change in the HbAlc level and its relationship with the lipid
levels was followed up for 5 years; increased risks in the HbAlc
levels induced by hypertriglyceridemia and hyper-LDL/lower-
HDL cholesterolemia (Figure 3) were also assessed. The results
of the 5-year follow up showed no significant differences in the
HbAlc level for each of the lipid profile levels in both sexes.
However, the 5-year ORs of increased HbAlc level were greater
among men with hypertriglyceridemia than in those with
hyper-LDL or lower HDL cholesterolemia.

DISCUSSION
The features and risks of hypertriglyceridemia-induced
impaired glucose tolerance in Japanese individuals remain

© 2020 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd
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The P value was estimated using multiple regression analysis with adjustment for

age, BMI, alcohol intake per day, TG and LDL.

(a)
TG > 150
OR 95%Cl P
Men
HOMA-1R> 1.6 2.85 1.56-524  0.0006 ——
HOMA-B < 40 0.62 0.28-1.32 0.22 ——+
FPG>110 3.50 160-7.66  0.002 ——
2hPG > 140 1.59 091-2.76 0.10 o
HbATc >59 255 146-449  0.001 ——
OGTT: not normal 1.85 1.06-3.21 0.03 o
Women
HOMA-1R > 1.6 1.56 0.82-2.95 0.17 H-o—i
HOMA-B < 40 0.36 0.08-1.05 0.06 ——
FPG =110 1.48 0.49-3.90 047 —1—
2hPG > 140 215 1.15-3.97 0.02 ——
HbAlc >59 2.07 1.15-3.72 002 ——
OGTT: not normal 1.87 1.01-3.39  0.045 ——
The P value was estimated using multiple regression analysis with adjustment for
age, BMI, alcohol intake per day, LDL and HDL. 001 0.1 1 10
(b)
LDL>140
OR 95%(Cl P
Men
HOMA-1R> 1.6 1.40 0.84-2.35 0.20
HOMA-B < 40 0.98 053-1.80 094
FPG> 110 117 0.54-2.49 0.69
2hPG > 140 0.66 0.40-1.07 0.09
HbATc >59 230 141-3.77  0.001 ——
OGTT: not normal 0.67 041-1.09 0.1
Women
HOMA-1R> 1.6 0.82 0.51-1.29 0.39
HOMA-B < 40 204 118-355 001 ——
FPG>110 1.59 0.70-3.73 027
2hPG > 140 1.19 0.75-1.87 0.46
HbA1c >5.9 1.53 1.02-2.31 0.04
OGTT: not normal 1.15 0.74-1.78 0.54
The P value was estimated using multiple regression analysis with adjustment for T T v
age, BMI, alcohol intake per day, TG and HDL. 0 0.1 1 10
()
HDL < 40
OR 95%C| R
Men
HOMA-1R> 1.6 0.98 0.50-1.91 0.96 ——i
HOMA-B < 40 0.92 035-219 085 —e—
FPG> 110 0.71 0.26-1.80 048 ——
2hPG > 140 1.51 0.83-2.74 017 e
HbA1c >5.9 0.92 049-1.70 079 —4—
OGTT: not normal 135 0.74-245 033 e
Women
HOMA-1R> 1.6 2.25 0.83-6.01 0.1 H——
HOMA-B < 40 1.00 0.15-396 099 ——
FPG =110 133 0.19-563 074 —
2hPG > 140 143 048-393 050 —1e—
HbAlc >59 048 0.14-1.34 017 ——
OGTT: not normal 148 053-390 045 —
1

0.1 10

Figure 1 | Risks of impaired glucose tolerance according to the lipid profile. Adjusted odds ratios for impaired glucose tolerance with (a)
hypertriglyceridemia, (b) increased serum low-density lipoprotein (LDL) cholesterol level and (c) decreased serum high-density lipoprotein (HDL)
cholesterol level. The adjusted odds ratios of impaired glucose metabolism parameters (homeostasis model assessment of insulin resistance
[HOMA-IR], homeostasis model assessment of B-cell function [HOMA-f3], fasting plasma glucose [FPG], 2-h plasma glucose [2hPG], glycated
hemoglobin [HbA1d], and oral glucose tolerance test [OGTT] results) were calculated using logistic regression analysis (adjusted for age, body mass
index [BMI], and alcohol) for triglyceride (TG), LDL and HDL levels. 95% Cl, 95% confidence interval; OR, odds ratio.
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Figure 2 | Nutritional intake and serum triglyceride (TG; normal, serum TG level <150 mg/dL; high, serum TG level >150 mg/dL) levels with or
without obesity in (a) men and (b) women. Total energy intake per day (kcal/day) is shown with bar charts, and the percentage intake of each
nutrient (carbohydrate, protein, fat and alcohol per daily total energy intake) is shown as a number (%) in the graph. Student’s t-test was used to

compare two categories, whereas Dunnett’s test was used to compare four categories. *P < 0.05 by Dunnett’s tests. BMI, body mass index; NS, not
significant.

unclear. Three new findings were obtained in the present
study. First, hypertriglyceridemia was associated with impaired
glucose tolerance through increased insulin resistance and
secretion, and it might exert a stronger effect than hyper-LDL
or lower HDL cholesterolemia. Second, the risk for HbAlc

elevation after 5 years was higher in those with hypertriglyc-
eridemia than in those with hyper-LDL or lower HDL choles-
terolemia, but only in men and not in women. Third, with
respect to nutritional features in the high TG group, the per-
centage of alcohol intake per total daily energy intake was
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Figure 3 | Risks of glycated hemoglobin elevation after 5 years at each lipid profile. Adjusted odds ratios (OR) of increase in glycated hemoglobin
after 5 years were calculated using logistic regression analysis (adjusted for age, body mass index and alcohol intake) for triglyceride (TG), low-
density lipoprotein cholesterol (LDL-cho) and high-density lipoprotein cholesterol (HDL-cho) levels. 95% Cl, 95% confidence interval.

greater in non-obese men, and total energy intake was greater
in obese women.

Using a cross-sectional design, we showed that hypertriglyc-
eridemia, rather than hyper-LDL/lower-HDL cholesterolemia, is
significantly correlated with impaired glucose metabolism in the
Japanese population. Particularly, HOMA-IR and HOMA-B
were significantly increased in the high TG group compared
with those in the normal TG group among both sexes.
Although similar differences were seen between the high and
normal LDL groups, and the low and normal HDL groups,
these were very mild. Logistic regression analysis showed that
the risk for increased HOMA-IR was significantly increased in
men with hypertriglyceridemia. These results indicate that
hypertriglyceridemia has the strongest effect on dyslipidemia-in-
duced impaired glucose tolerance by increasing insulin resis-
tance and secretion.

The present findings were consistent with those of previous
studies from Italy and Mexico that showed that hypertriglyc-
eridemia was associated with increased insulin resistance and
secretion, even in individuals with normal glucose tolerance® .
Moro et al’> showed a significant correlation between the
plasma TG level and HOMA-IR value in participants with nor-
mal glucose tolerance. Bardini et al’ also showed that hyper-
triglyceridemia increased insulin resistance by overstimulating
B-cell function in individuals with normal glucose tolerance,
but enlarged waist circumference. Furthermore, mildly elevated
TG levels were found to be associated with increased HOMA-
IR values, even in healthy children and adolescents with normal
weight, in Mexico®. The present cross-sectional study clearly
showed that hypertriglyceridemia induced impaired glucose
metabolism by increasing insulin resistance and secretion
among the Japanese.

With respect to insulin secretion, hypertriglyceridemia has
been reported to be associated with increased insulin secretion
and increased PB-cell response in Italians” and Mexicans®. Con-
versely, hypertriglyceridemia-induced reduction in B-cell func-
tion was observed among patients with impaired glucose

tolerance in Italy’ and China.'® Ma et al."” showed that TG
level was an independent risk factor for B-cell dysfunction
among Chinese patients with newly diagnosed type 2 diabetes.
In the present study, we found that hypertriglyceridemia was
associated with increased insulin secretion among both Japanese
men and women, consistent with the report from Mexico, but
in contrast to those from Italy and China. These results suggest
that there are sex- and ethnicity-related differences in the
mechanisms underlying modifications to insulin secretion, as
proposed by Lin et al.'®,

The results of the 5-year follow-up prospective evaluation
showed that hypertriglyceridemia might increase HbAlc levels
in men. In Mexico, Guerrero-Romero et al® showed that
hypertriglyceridemia was an independent risk factor for the
development of metabolic glucose disorders in young and mid-
dle-aged men and women in a 15-year follow-up study. In
India, Ram et al” showed that hypertriglyceridemia and an
enlarged waist circumference were strongly associated with the
incidence of diabetes due to impaired glucose tolerance in men.
In Japan, Kametani et al.® followed-up 7,222 Japanese individu-
als (3,306 men and 3,916 women) with normoglycemia for
9 years, and confirmed the contribution of hypertriglyceridemia
to the development of impaired fasting glucose and diabetes.
However, they measured only fasting glucose level, and diag-
nosed impaired fasting glucose according to 110-125 mg/dL or
diabetes mellitus as >126 mg/dL following the 1997 American
Diabetes Association criteria.

Despite the similarities in the present findings, to our best
knowledge, this is the first study to show a hypertriglyc-
eridemia-induced risk of HbAlc elevation among a randomly
selected population of Japanese men through a prospective fol-
low-up study. Compared with LDL or HDL, we found that
high TG is the strongest risk factor for impaired glucose toler-
ance. We suspect that hypertriglyceridemia might have the
most powerful effect on dyslipidemia-induced impaired glucose
tolerance; however, this has not been thoroughly investigated
previously. Recently, Sone et al.'® showed that serum TG level
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is a leading predictor of coronary heart disease comparable to
LDL in Japanese patients with type 2 diabetes, but not in dia-
betes patients in Western countries. Based on these findings,
the present results of TG level being the most important factor
for modifying insulin resistance and secretion in the Japanese
population are reasonable. In the Japanese, slight impairments
in insulin secretion occur even in those with normal glucose
tolerance, and insulin secretion and sensitivity decrease in those
with glucose intolerance.”® Thus, hypertriglyceridemia-induced
insulin resistance and insulin overproduction might strongly
affect the progression of impaired glucose tolerance in Japanese.

From the cross-sectional survey, we found differences in food
habits according to sex and obesity status among those with
hypertriglyceridemia. Although the high TG group without obe-
sity had a significant increase in alcohol intake percentage per
daily total energy among men, the high TG group with obesity
had a significant increase in total daily energy intake among
women. Therefore, appropriate restriction of alcohol and energy
intake should be recommended for non-obese men and
women, respectively. Koppes et al*' found a reduced risk of
type 2 diabetes with appropriate volume of alcohol consump-
tion, indicating the reliability of the present findings in non-
obese men.

The present study had three limitations. The first is the
number of participants; a sample size of 1,100 might not allow
us to draw firm conclusions. The second is that the results
might not generalize well to the entire Japanese population, as
participants were randomly selected from the residential registry
of only Gifu City, which might not be representative of all of
Japan. However, we selected Gifu City as it is considered to be
an appropriate model for a Japanese population study. Gifu
City is located almost precisely in the center of Japan, and the
population size/density/generation balance and economic size of
Gifu City are reasonably comparable to average levels in Japan.
The third is that our research design was not intended to show
the mechanisms of hypertriglyceridemia-induced impaired glu-
cose tolerance. Therefore, further research is required to identify
the key factors in the development of insulin resistance in those
with high TG. For example, a significant correlation between
plasma adiponectin levels and insulin resistance related to the
TG level was observed in Japanese individuals.””

In conclusion, hypertriglyceridemia has a negative effect on
glucose metabolism by increasing insulin resistance and secre-
tion. Furthermore, such an effect was stronger than hyper-LDL
or lower HDL cholesterolemia in the Japanese with dyslipi-
demia-induced impaired glucose tolerance. For dietary habits,
increased daily alcohol energy intake among non-obese men
and increased total energy intake among obese women were
associated with hypertriglyceridemia.

ACKNOWLEDGMENTS
The authors are grateful to the staff members involved in the
study and the citizens of Gifu City who participated in the

ORIGINAL ARTICLE
Hypertriglyceridemia and diabetes

study. We also thank Editage (www.editage.jp) for their excel-
lent English language editing.

DISCLOSURE
The authors declare no conflict of interest.

REFERENCES

1. Wu L, Parhofer KG. Diabetic dyslipidemia. Metabolism 2014;
63: 1469-1479.

2. Moro E, Gallina P, Pais M, et al. Hypertriglyceridemia is
associated with increased insulin resistance in subjects with
normal glucose tolerance: evaluation in a large cohort of
subjects assessed with the 1999 World Health Organization
criteria for the classification of diabetes. Metabolism 2003; 52:
616-619.

3. Bardini G, Dicembrini |, Pala L, et al. Hypertriglyceridaemic
waist phenotype and B—cell function in subjects with
normal and impaired glucose tolerance. Diabet Med 2011;
28: 1229-1233.

4. Simental-Mendia LE, Castanfeda-Chacén A, Rodriguez-
Moran M, et al. Relationship between elevated triglyceride
levels with the increase of HOMA-IR and HOMA-B in
healthy children and adolescents with normal weight. Eur J
Pediatr 2015; 174: 597—605.

5. Simental-Media LE, Rodriguez-Moran M, Simental-Saucedo L,
et al. Insulin secretion is increased in non-diabetic subjects
with fasting hypertriglyceridaemia. Diabetes Metab Res Rev
2013; 29: 241-219.

6. Guerrero-Romero F, Rodriguez-Moran M.
Hypertriglyceridemia is associated with development of
metabolic glucose disorders, irrespective of glucose and
insulin levels: a 15-year follow-up study. Fur J Intern Med
2014; 25: 265-269.

7. Ram J, Snehalatha C, Nanditha A, et al.
Hypertriglyceridaemic waist phenotype as a simple
predictive marker of incident diabetes in Asian-Indian men
with prediabetes. Diabet Med 2014; 31: 1542—1549.

8. Kametani T, Koshida H, Nagaoka T, et al.
Hypertriglyceridemia is an independent risk factor for
development of impaired fasting glucose and diabetes
mellitus: a 9-year longitudinal study in Japanese. Intern Med
2002; 41: 516-521.

9. Nonoyama Y, Yamamoto M, Oba S, et al. Negative effect of
a previous diagnosis of diabetes on quality of life in a
Japanese population: the Gifu Diabetes Study. Diabetol Int
2016; 7. 148-154.

10. Shimizu H, Ohwaki A, Kurisu Y, et al. Validity and
reproducibility of a quantitative food frequency
questionnaire for a cohort study in Japan. Jpn J Clin Oncol
1999; 29: 38-44.

11. Council for Science and Technology, Ministry of Education,
Culture, Sports, Science and Technology, Japan. Standard
Tables of Food Composition in Japan. 5th revised and

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

779

J Diabetes Investig Vol. 12 No. 5 May 2021


http://www.editage.jp

ORIGINAL ARTICLE

Nonoyama et al.

enlarged edition (in Japanese). National Printing Bureau,
Tokyo, 2005.

12. Matthews DR, Hosker JP, Rodenski AS, et al. Homeostasis
model assessment: insulin resistance and beta-cell function
from fasting plasma glucose and insulin concentrations in
man. Diabetologia 1985; 28: 412419,

13. Seino Y, Nanjo K, Tajima N, et al. Report of the Committee
on the classification and diagnostic criteria of diabetes
mellitus. J Diabetes Investig 2010; 1: 212-228.

14. American Diabetes Association. Standards of medical care in
diabetes-2010. Diabetes Care 2010; 33(51): S11-S61.

15. John WG. UK Department of Health Advisory Committee
on Diabetes. Use of HbA1c in the diagnosis of diabetes
mellitus in the UK. The implementation of World Health
Organization guidance 2011. Diabet Med 2012; 29: 1350—
1357.

16. Zheng S, Zhou H, Han T, et al. Clinical characteristics and
beta cell function in Chinese patients with newly
diagnosed type 2 diabetes mellitus with different
levels of serum triglyceride. BMC Endocr Disord 2015; 15:
21-27.

17. Ma Y, Wang Y, Huang Q, et al. Impaired B cell function in
Chinese newly diagnosed type 2 diabetes mellitus with
hyperlipidemia. J Diabetes Res 2014; 2014: 1-6.

18. Lin SX, Carnethon M, Szklo M, et al. Racial/ethnic differences
in the association of triglycerides with other metabolic
syndrome components: the Multi-Ethnic Study of
Atherosclerosis. Metab Syndr Relat Disord 2011; 9: 35-40.

19. Sone H, Tanaka S, Tanaka S, et al. Serum level of
triglycerides is a potent risk factor comparable to LDL
cholesterol for coronary heart disease in Japanese patients
with type 2 diabetes: subanalysis of the Japan Diabetes
Complications Study (JDCS). J Clin Endocrinol Metab 2011,
96: 3448-3456.

20. Fukushima M, Suzuki H, Seino Y. Insulin secretion capacity
in the development from normal glucose tolerance to type
2 diabetes. Diab Res Clin Prac 2004; 66S: S37-543.

21. Koppes LLJ, Bouter LM, Dekker JM, et al. Moderate alcohol
consumption lowers the risk of type 2 diabetes: a meta-

http://wileyonlinelibrary.com/journal/jdi

analysis of prospective observational studies. Diabetes Care
2005; 28: 719-725.

22. Katsuki A, Sumida Y, Urakawa H, et al. Plasma levels of
adiponectin are associated with insulin resistance and
serum levels of triglyceride in Japanese metabolically obese,
normal-weight men with normal glucose tolerance.
Diabetes Care 2003; 26: 2964—2965.

APPENDIX

The Gifu Diabetes Study Group (including current and former
members with their affiliations at the time of their participation
in this study) includes investigators Mayumi Yamamoto, Shino
Oba, Yukio Horikawa, Chisato Nagata, Jun Takeda (Gifu
University); Kayoko Adachi (Inaba Clinic); Kenzo Chimori
Yoshikazu Morimoto, Yasuyoshi Kimata (Yamada Medical
Clinic); Hideo Hayashi (Hayashi Clinic); Maho Ishii (Sugiura
Clinic); Midori Izai (Yasue Hospital); Keita Kamikubo (Kami-
kubo Clinic); Yoshinori Kanoh (Kanoh Internal Medicine
Rheumatism and Diabetes Clinic); Toshihiro Kojima (Gifu Cen-
tral Hospital); Takashi Komaki (Komaki Clinic); Joji Kosaka
(Kosaka Clinic); Hiroyuki Maekawa (Sawada Hospital); Masa-
nori Murayama; Eiji Suzuki; Kouji Yoshino (Gifu Prefectural
General Medical Center); Masafumi Matsuda (Matsuda Clinic);
Ikuo Matsui (Matsui Clinic); Shigehiko Ozeki (Ozeki Clinic);
Shigeki Sakata (Joto Clinic); Hiroshi Sarui; Noriyuki Takeda
(Murakami Memorial Hospital); Miyuki Sugimoto (Yamauchi
Hospital); Rieko Totani (Totani Clinic); Hiroaki Wada (Wada
Internal Medicine Clinic); Yuji Wada (Wada Clinic); Michie
Yokoyama (Midori Hospital); Mitsuyo Araki (Araki Clinic); Eii-
chi Goshima (Goshima Clinic); Hisashi Daido; Kotaro Nagai
(Hashima City Hospital); Katsumasa Fushimi (Fushimi Clinic);
Masahisa Kitada (Kitada Clinic); Makoto Hayashi (Matsunami
General Hospital); Tatsuyuki Imai (Kaizu Medical Association
Hospital); Noriko Kojima (Kojima Clinic); Mayumi Sato (Sato
Clinic); Hiroshi Murase; Toshihiko Nagashima; Nobuyasu Nori-
take (Daiyukai General Hospital); Yoshiki Noda (Noda Clinic);
and Kazuhiro Ohmae (Oze Clinic).
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