
www.e-enm.org 55

Original
Article

The Association between Persistent Hypertriglyceridemia 
and the Risk of Diabetes Development: The Kangbuk 
Samsung Health Study
Yu Hyun Kwon1, Seul-Ki Kim1, Jung Hwan Cho1, Hyemi Kwon1, Se Eun Park1, Hyung-Geun Oh2, Cheol-Young Park1, 
Won-Young Lee1, Ki-Won Oh1, Sung-Woo Park1, Eun-Jung Rhee1

1Division of Endocrinology and Metabolism, Department of Internal Medicine, Kangbuk Samsung Hospital, Sungkyunkwan 
University School of Medicine, Seoul; 2Department of Neurology, Soonchunhyang University Cheonan Hospital, Soonchunhyang 
University College of Medicine, Cheonan, Korea

Background: Hypertriglyceridemia is known to have an association with increased risks of insulin resistance and diabetes. The aim 
of this study was to investigate the risk of diabetes mellitus, according to changes in the concentrations of triglycerides, over time.
Methods: A total of 15,932 non-diabetic participants (mean age 43.2 years, 68% men) who attended five consecutive annual health 
check-ups at Kangbuk Samsung Hospital, between January 2010 and December 2014, were recruited. Participants were classified 
according to their triglyceride concentrations; normal (<150 mg/dL) and abnormal (≥150 mg/dL). According to the triglyceride 
levels in 2010 and 2012, subjects were divided into four groups: normal-normal, normal-abnormal, abnormal-normal, and abnormal-
abnormal. The risk for incident diabetes was assessed in 2014.
Results: Among the total subjects, 67.5% belonged to the normal-normal group, 8.6% to the normal-abnormal group, 9.4% to the 
abnormal-normal group, and 14.5% to the abnormal-abnormal group. A total of 234 subjects (1.5%) were newly diagnosed with dia-
betes, between 2010 and 2014. Over 4 years, 1%, 1.5%, 2.1%, and 3.0% of the subjects developed diabetes in the normal-normal, 
normal-abnormal, abnormal-normal, and abnormal-abnormal groups, respectively. When the risk for incident diabetes was analyzed 
in the groups, after adjusting the confounding variables, a 1.58-fold increase in the risk of diabetes (95% confidence interval [CI], 
1.10 to 2.26) was observed in the participants with persistent hypertriglyceridemia (abnormal-abnormal group). This was attenuated 
by further adjustments for body mass index (BMI) (hazard ratio, 1.25; 95% CI, 0.86 to 1.80).
Conclusion: In this large study population, persistent hypertriglyceridemia, over a period of 2 years, was significantly associated 
with the risk of incident diabetes, which was attenuated after adjustment for BMI.
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INTRODUCTION

With the increase in the global prevalence of diabetes mellitus 

and the associated economic burden, efforts to reduce the risk of 
diabetes development, through identifying individuals at a risk 
of incident diabetes as well as the modifiable factors, are con-
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tinuously underway [1,2].
Hyperinsulinemia and insulin resistance are the most power-

ful predictors of the development of type 2 diabetes [3,4]. Insu-
lin resistance, determined by the hyperinsulinemic euglycemic 
clamp, is traditionally presented as the most fundamental ele-
ment of the metabolic syndrome, of which a variety of factors 
vary from the literature, and new standards are being proposed 
[5,6]. In particular, the abnormality of lipid metabolism, in insu-
lin resistance, is characterized by an increase in triglyceride 
(TG) levels, a decrease in high density lipoprotein cholesterol 
(HDL-C) levels, and increase in free fatty acid levels. Diabetic 
dyslipidemia also includes qualitative and kinetic lipid abnor-
malities, which are more atherogenic in nature, as the cholester-
yl ester transfer protein (CETP) increases the production of 
small dense low density lipoprotein (LDL) particles [7-9]. 
These abnormalities of multiple lipid metabolisms in cases of 
insulin resistance are very complex and the precise pathophysi-
ological mechanisms are not fully understood. The most impor-
tant factor behind this has been suggested to be excess weight, 
in particular visceral obesity and expansion in adipose tissue, so 
called active endocrine organ that influence energy expenditure 
and metabolism in our body [10,11]. 

There are many studies that predict the development of diabe-
tes by using the pathophysiology of lipid metabolism in insulin 
resistance [12-15]. In this retrospective longitudinal study, we 
investigate the association of the risk of diabetes with changes 
in TG concentrations, over the course of 4 years.

METHODS

Subjects
This is a retrospective, longitudinal study that evaluated the in-
cidence of diabetes, according to the changes in the TG levels of 
those who participated in medical health check-up programs at 
the Health Promotion Center of the Kangbuk Samsung Hospi-
tal, Sungkyunkwan University School of Medicine, Seoul, Ko-
rea. The purpose of these medical health check-up program is 
not only primary prevention or early diagnosis but also second-
ary prevention, through the identification of risk factors for ma-
jor public health problems such as cardiovascular disease and 
cancers. Most of the examinees are employees of various indus-
trial companies across the country and their family members. 
The employers largely pay for the costs of the medical examina-
tions, and a considerable proportion of the examinees undergo 
examinations annually or biannually.

Initial data pertaining to a total of 29,956 participants were 

extracted from the medical checkup programs performed over 5 
consecutive years, between January 2010 and December 2014. 
Among these, 14,024 participants were excluded due to the 
presence of diabetes in 2010 and 2012 and/or missing data. Af-
ter the exclusions, 15,932 participants (10,833 men and 5,099 
women) were analyzed in this study. 

The participants provided written informed consent for the 
usage of their medical check-up data for the purpose of this re-
search. The design, protocol, and the consent procedure of this 
study were reviewed and approved by the Institutional Review 
Board of Kangbuk Samsung Hospital (KBSMC 2014-11-030). 
This study was conducted in accordance with the Helsinki Dec-
laration of 1975.

Anthropometric and laboratory measurements
The participants’ height and weight were measured twice and 
then averaged. The body mass index (BMI) was calculated by 
dividing the weight (kg) by the square of the height (m). The 
waist circumference was measured, with the participants in the 
standing position, at the middle point between the anterior iliac 
crest and the lower border of the ribs, by a single examiner. The 
blood pressure was measured using a standardized sphygmoma-
nometer, after a 5-minute period of rest. 

All the participants were examined after an overnight fast. 
The hexokinase method was used to measure fasting blood glu-
cose (FBG) concentrations (Hitachi Modular D2400, Roche, 
Tokyo, Japan). Fasting serum insulin concentrations were deter-
mined by electrochemiluminescence immunoassay (Hitachi 
Modular E170, Roche). An enzymatic colorimetric test was 
used to measure serum total cholesterol (TC) and TG concentra-
tions. The selective inhibition method was used to measure the 
level of HDL-C, and a homogeneous enzymatic colorimetric 
test was used to measure the level of LDL-cholesterol (LDL-C). 
Glycated hemoglobin (HbA1c) levels were measured by immu-
noturbidimetric assay with a Cobra Integra 800 automatic ana-
lyzer (Roche Diagnostics, Basel, Switzerland), with a reference 
value of 4.4% to 6.4%. The methodology was aligned with the 
standard set by the Diabetes Control and Complications Trial 
(DCCT) and National Glycohemoglobin Standardization Pro-
gram (NGSP) [14]. The intra-assay coefficient of variation (CV) 
was 2.3% and the inter-assay CV was 2.4%; both were within 
the acceptable limits defined by the NGSP [16]. 

Information regarding smoking status, alcohol consumption, 
and exercise status was collected through standardized, self-ad-
ministered questionnaires. Participants were subsequently cate-
gorized as ‘current smoker’ and ‘non-current smoker.’ The item 
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of alcohol consumption was divided into two categories by the 
number of times participants drank per week: three times or more 
per week, and less than three times per week. Physical activity 
was divided into ‘stable state,’ ‘light activities,’ ‘average activi-
ties,’ and ‘vigorous activities,’ according to the questionnaire. 

The participants were divided into four groups, based on their 
TG levels at the baseline (2010) and 2 years later (2012); serum 
TGs level <150 mg/dL was defined as normal, and serum TGs 
level ≥150 mg/dL was defined as abnormal.

(1) Normal TG level in 2010 and normal TG level in 2012
(2) Normal TG level in 2010 and abnormal TG level in 2012
(3) Abnormal TG level in 2010 and normal TG level in 2012
(4) Abnormal TG level in 2010 and abnormal TG level in 2012
As the assessment of the incidence of type 2 diabetes in 2014 

was the primary end-point of this study, we excluded partici-
pants, with underlying diabetes at the baseline, from the study. 
The presence of diabetes mellitus was determined according to 
participants’ replies to questionnaires and the diagnostic criteria 
of the American Diabetes Association [17]. 

Statistical analysis
All data were analyzed using IBM SPSS for Windows version 
24.0 (IBM Co., Armonk, NY, USA) and presented as mean±

standard deviation and number with percentages. Comparisons 
of the variables among the four groups, divided by the change 
in TG levels in 2010 and 2012, were performed by a one-way 
analysis of variance for continuous variable and the post hoc 
test using Tukey method was used. Categorical variables were 
expressed as percentages and compared between groups using 
the chi-square test. For the multiple comparison analysis, Bon-
ferroni’s correction was used to perform post hoc comparisons. 
Data that did not follow a normal distribution were analyzed af-
ter logarithmic transformation. Comparisons of adjusted odds 
ratios (ORs) for incident diabetes in the four groups, divided by 
changes in TG levels in 2010 and 2012, were analyzed by mul-
tiple logistic regression analysis after adjusting for confounding 
baseline variables. All the P values were two-tailed, and P<0.05 
was considered statistically significant.

RESULTS

Baseline characteristics
The baseline characteristics of the participants in 2010 are pre-
sented in Table 1. The mean age of the participants at the base-
line was 43.2 years and 68% of the participants were men. The 
BMI, FBG level, and HbA1c level at the baseline were 23.6±

3.0 kg/m2, 91.0±8.5 mg/dL, and 5.6%±0.3%, respectively.

Comparison of the baseline characteristics of the 
participants assigned to groups based on the level of TGs, 
in 2010 and 2012
Based on the TG levels in 2010 and 2012, 67.5% of participants 
were assigned to the normal-normal group, 8.6% to the normal-
abnormal group, 9.4% to the abnormal-normal group, and 
14.5% to the abnormal-abnormal group (Table 2). The partici-
pants in the abnormal-abnormal group had higher mean values 
of BMI, waist circumference, TC levels, TG levels, FBG levels, 
and fasting insulin levels, compared to the participants in the 
other groups. On comparing the normal-abnormal group and the 
abnormal-normal group, except for the HbA1c and LDL-C lev-
els, the mean values of the BMI, waist circumference, blood 
pressure, FBG, TGs, HDL-C, and fasting insulin in abnormal-
normal group pointed to worse impairment. In terms of lifestyle, 
the percentage of current smokers and those who consumed al-
cohol three times or more per week was higher in the order of 
TG values, and in terms of physical activity, an opposite trend 
was observed.

Incidence rate of and ORs for diabetes in the groups 
divided by the level of triglycerides, in 2010 and 2012
A total of 234 subjects (1.5%) in the whole group were newly 

Table 1. Baseline Characteristics of the Participants (n=15,932)

Characteristic Value

Age, yr 43.2±5.6
Male sex 10,833 (68)
Body mass index, kg/m2 23.6±3.0
Waist circumference, cm 81.8±8.3
Systolic blood pressure, mm Hg 114.5±12.3
Diastolic blood pressure, mm Hg 73.6±9.1
Fasting blood glucose, mg/dL 91.0±8.5
Total cholesterol, mg/dL 199.1±33.3
Triglyceride, mg/dL 120.96±75.0
High density lipoprotein cholesterol, mg/dL 54.5±13.4
Low density lipoprotein cholesterol, mg/dL 120.5±30.0
Glycated hemoglobin, % 5.6±0.3
Fasting insulin, μIU/mL 5.3±0.3
Current smoking 3,725 (23.5)
Alcohol consumption over 3 times/wk 3,395 (21.3)
Physical activity (more than average activity) 3,046 (19.1)

Values are expressed as mean±SD or number (%).   
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diagnosed with diabetes, in 2014. The incidence rate for diabe-
tes were 1.0%, 1.5%, 2.1%, and 6.7% in the normal-normal, 
normal-abnormal, abnormal-normal, and abnormal-abnormal 
groups, respectively (Table 3, Fig. 1). 

Table 3 shows the ORs and 95% confidence intervals (CIs) 
for the risk of diabetes development, according to the measure-
ments of fasting TG levels, checked 2 years apart. The partici-
pants with persistent hypertriglyceridemia (abnormal-abnormal 
group) had a 2.928-fold increase in the OR for diabetes devel-

opment (OR, 2.928; 95% CI, 2.16 to 3.97) compared to those in 
the normal-normal group. After adjusting the OR for age, sex, 
FBG level, TC level, alcohol consumption, smoking status and 
exercise status, a 1.576-fold increase in the risk for diabetes de-
velopment (OR, 1.576; 95% CI, 1.10 to 2.26) was still observed 
in the participants in the abnormal-abnormal group, but the cor-
relation was less statistically significant on further adjusting for 
BMI (OR, 1.25; 95% CI, 0.86 to 1.80). After adjusting the con-
founding variables, it was found that there was no statistically 

Table 2. Comparisons of Metabolic Parameters among Groups Divided by Triglycerides Level, in 2010 and 2012 (n=15,932)

Variable Normal-normal 
(n=10,750)

Normal-abnormal 
(n=1,371)

Abnormal-normal 
(n=1,504)

Abnormal-abnormal 
(n=2,307)

Post hoc analysisa 
(using Tukey’s method)

Age, yr 43.0±5.7 43.4±5.2 44.1±5.6 43.3±5.0 I≠II, II≠III, II≠IV

Male sex 6,226 (57.9) 1,160 (84.6) 1,284 (85.4) 2,163 (93.8) I≠III, I≠IV, II≠III, II≠IV, III≠IV

BMI, kg/m2 22.8±2.8 24.4±2.6 25.0±2.8 26.0±2.7 All different

Waist circumference, cm 79.6±7.9 84.4±6.9 85.9±7.2 87.5±6.9 All different

SBP, mm Hg 112.9±12.2 115.9±11.7 118.6±12.2 118.4±11.5 I≠II, I≠III, I≠IV, II≠III, II≠IV

DBP, mm Hg 73.3±9.0 74.5±8.5 76.5±8.8 76.7±8.7 I≠II, I≠III, I≠IV, II≠III, II≠IV

FBG, mg/dL 89.9±8.3 91.5±8.5 93.7±8.2 93.9±8.4 I≠II, I≠III, I≠IV, II≠III, II≠IV

TC, mg/dL 192.9±31.2 206.7±31.9 211.1±33.5 216.1±34.8 All different

TG, mg/dL 85.8±27.9 116.3±23.2 192.9±55.3 240.9±96.7 All different

HDL-C, mg/dL 58.4±13.1 50.4±10. 47.4±9.8 43.7±8.9 All different

LDL-C, mg/dL 115.0±28.2 132.9±28.7 130.2±30.3 132.0±31.5 I≠II, I≠III, I≠IV, II≠III

HbA1c, % 5.6±0.2 5.7±0.2 5.7±0.3 5.7±0.3 I≠II, I≠III, I≠IV, II≠III, II≠IV

Fasting insulin, μIU/mL 4.7±2.7 5.3±3.0 6.7±3.2 7.5±3.7 All different

Current smoking 1,834 (17.1) 431 (31.6) 478 (31.9) 982 (42.7) I≠III, I≠IV, II≠III, II≠IV, III≠IV

Alcohol consumption over 3 times/wk 1,878 (17.5) 364 (26.5) 415 (27.6) 738 (32.0) I≠III, I≠IV, II≠III, II≠IV, III≠IV

Physical activity (more than average 
activity)

2,279 (24.1) 222 (17.8) 237 (17.8) 326 (14.9) I≠IV, II≠IV, III≠IV

Values are expressed as mean±SD or number (%).
BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; FBG, fasting blood glucose; TC, total cholesterol; TG, triglyceride; 
HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; HbA1c, glycated hemoglobin.
aI (normal-normal), II (normal-abnormal), III (abnormal-normal), IV (abnormal-abnormal).

Table 3. Risk of Diabetes Development in 2014, According to Triglyceride Levels in 2010 and 2012 

Diabetes, n (%)
Odds ratio (95% confidence interval)

Model 1 Model 2 Model 3 Model 4 Model 5

Normal-normal 112 (1.0) 1 (reference) 1.000 1.000 1.000 1.000

Normal-abnormal 21 (1.5) 1.477 (0.924–2.363) 1.376 (0.855–2.213) 1.220 (0.753–1.978) 0.956 (0.554–1.651) 0.852 (0.493–1.472)

Abnormal-normal 32 (2.1) 2.065 (1.389–3.070) 1.862 (1.243–2.789) 1.308 (0.863–1.982) 1.239 (0.798–1.925) 1.048 (0.674–1.631)

Abnormal-abnormal 69 (3.0) 2.928 (2.162–3.966) 2.688 (1.953–3.699) 1.790 (1.277–2.508) 1.576 (1.098–2.264) 1.246 (0.861–1.802)

Model 1, unadjusted; Model 2, adjusted for age and sex; Model 3, adjusted for variables in model 2 plus fasting blood glucose and total cholesterol; 
Model 4, adjusted for variables in model 3 plus alcohol consumption, smoking habits, and exercise; Model 5, adjusted for variables in model 4 plus body 
mass index.
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significant correlation of the diabetes risk between the normal-
abnormal group and the abnormal-normal group.

DISCUSSION

In this study, an increased risk of diabetes development was ob-
served in the persistent hypertriglyceridemia group, which was 
assessed after a 2-year interval and compared with the reference 
group, even after adjusting the confounding factors. When we 
further adjusted the BMI, a reduction in the risk was observed, 
which might have been due to the positive correlation between 
BMI and the TG level [18]. 

A number of factors may contribute to the alterations in the 
lipid metabolism that are observed in patients with insulin resis-
tance or hyperinsulinemia. Insulin-controlled apolipoprotein 
production in the liver, the regulation of lipoprotein lipase, the 
actions of CETP, and the peripheral actions of insulin on adi-
pose tissue and muscles are considered to be the important 
mechanisms responsible for diabetic dyslipidemia [9,19-21]. 

Conversely, many previously conducted studies have demon-
strated dyslipidemia as a facilitating factor in the development 
of pancreatic β-cell apoptosis, insulin biosynthesis, defective in-
sulin secretion, and altered glucose metabolism. Fatty acid me-
tabolism, including ceramide formation, endoplasmic reticulum 
stress, oxidative stress, inflammation, insulin signal pathway, 
and protein kinase B, is known to be associated with the dam-
age of pancreatic β-cells [22-24]. In addition, prolonged expo-
sure to fatty acids could seriously impair insulin biosynthesis, 
possibly associated with the activities of transcription factors 
such as pancreatic duodenal homeobox 1 and MafA [22,25]. 
Several studies have been done on the correlation between insu-

lin secretion deficiency and lipid metabolism, and one of these 
revealed that islet cholesterol accumulation due to the loss of 
the ABCA1 gene leads to the impairment of the exocytosis of 
insulin granules [26,27]. Although the reciprocal relationship 
between diabetes and lipid metabolism is unclear, there is a 
complex causal relationship between the factors.

Several studies have pointed to hyperlipidemia values as pre-
dictors of diabetes. A significant association between the TC to 
HDL-C ratio and the risk of diabetes development was found in 
5,577 non-diabetic Koreans in a 4-year follow-up [13]. In an-
other study, the risk of development of diabetes, according to 
changes in the TG level at the baseline and 5 years later, was 
analyzed in 13,953 Caucasian males with a mean age of 32.4 
years [14]. The risk of diabetes showed more than a 12-fold in-
crease in the men who moved from the lowest tertile of the TG 
levels at the baseline to the highest tertile of the TG levels after 
5 years. Among men in whom the highest tertile of the TG lev-
els was maintained at both time points, there was only more 
than a 7-fold increase in the risk of diabetes development. This 
is in accordance with a recent study in which the risk for diabe-
tes development increased in participants with large variations 
in TC levels, among 2,827,950 Koreans [15]. The discrepancy 
in our research, pertaining to the participants with persistent hy-
pertriglyceridemia showing the highest risk of diabetes, was 
probably due to the difference in the age, sex, race, and follow-
up period.

We could not find any correlation between the risk of diabetes 
in the normal-abnormal group and abnormal-normal group, af-
ter adjusting the compounding variables. This suggests that a 
single measurement at a particular time point may be insuffi-
cient to assess the risk of developing diabetes. The probability 
of developing diabetes significantly increases only if two con-
secutive measurements of TGs are above 150 mg/dL. Although 
this was not of statistical significance, the metabolic parameters 
at the baseline were more impaired and the incidence of diabe-
tes was higher in the abnormal-normal group than in the nor-
mal-abnormal group. This suggests that it could take years for 
diabetes to develop due to hypertriglyceridemia, as the presence 
of insulin resistance precedes the onset of the disease by 10 to 
20 years [28,29].

Although an elevated risk of diabetes can be predicted in par-
ticipants with high TG levels, based on the current literature as 
well as the findings of this study, it cannot be assumed that a re-
duction in the levels of TGs in a fragmentary manner will lower 
the risk for the development of diabetes. Statins are effective in 
lowering LDL-C levels as well as very LDL levels [30]. How-
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ever, they have been found to modestly increase the risk of de-
veloping diabetes mellitus [31]. The inhibition of isoprenoid 
biosynthesis, downregulation of C/EBPα (CCAAT-enhancer-
binding protein) production, downregulation of GLUT4/SL-
C2A4 (glucose transporter type 4/solute carrier family 2 mem-
ber 4) in adipocytes, and over-production of nitric oxide are the 
various mechanisms of statin-induced diabetes mellitus that 
have been proposed so far, but there are no clear ideas [32]. 
Therefore, when statins are used, in addition to their TG lower-
ing effects, their diabetogenic potential mechanism should also 
be considered.

Finally, when BMI was further included in the model, statisti-
cal significance was attenuated. However, in a study published 
in 2014, regardless of obesity, the metabolically unhealthy 
group based on the component of metabolic syndrome had a 
higher risk of future diabetes development [33]. Persistent hy-
pertriglyceridemia may not be an independent or sole risk factor 
for diabetes development and it has definitely weaker influence 
for diabetes development than BMI. However, subjects with 
persistent hypertriglycetidemia should be monitored for future 
diabetes development in clinical setting.

Our study has several limitations. Frist, since this study was 
observational in design, it is likely that some of the factors that 
have a significant impact on the outcome have not been con-
trolled. Second, the follow-up period was 4 years, which is per-
haps not a long enough period. Extending the length of the fol-
low-up period may result in different outcomes. Third, whether 
the changes in the TG levels were due to lipid lowering therapy 
or lifestyle changes was not taken into consideration. Finally, 
we set the cut-off value of the TG level at 150 mg/dL, but we 
did not study the changes in the associations below 150 mg/dL 
or above 150 mg/dL of TGs. Despite these limitations, however, 
this is the first study to compare the change in TG levels over 
time and the risk of diabetes development, in community-dwell-
ing Koreans. 

In conclusion, this is the first large population-based study to 
investigate the relationship between the risk of diabetes devel-
opment and changes in TG levels over time, in Korea. In this 
study, it was observed that there was an increased risk of diabe-
tes development in the participants with persistent hypertriglyc-
eridemia. Therefore, the sequential measurement of TG levels, 
more than twice, can help predict the risk of diabetes develop-
ment in the general population. Further studies are required to 
find a specific framework than can be used in clinical practice. 
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