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Background: Fasting hypertriglyceridemia commonly associates with insulin resistance and
is frequently prevalent in type 2 diabetes mellitus (DM). However, hypertriglyceridemia has
not been investigated as an independent predictor of incidence of DM, especially in Thais.

Methods: A 10-year hospital-based retrospective cohort study was conducted in a tertiary care
setting in Thailand. Health check-up data in 2007 from healthy participants without underlying
disease were extracted as baseline data. In 2017, 10 years following an initial examination, the
diagnosis of DM and other laboratory data were identified. Hypertriglyceridemia was defined as
fasting triglyceride level > 150 mg/dL. A generalized additive model (GAM) was applied to
demonstrate a relationship between fasting TG level and probability of incident DM in 10 years.
An association between hypertriglyceridemia and 10-year incidence of DM was evaluated using
univariable and multivariable logistic regression analysis.

Results: A total of 1342 non-diabetic adults with complete both baseline and 10-year
follow-up data were included in the analysis. The incidence of DM in the study period
was 10.3%. Baseline fasting triglyceride level is significantly higher in participants with
incidence of DM, with a median difference of 45 mg/dL (P < 0.01). Univariable logistic
regression showed that hypertriglyceridemia was associated with 10-year incidence of DM
(odds ratio (OR) 3.03, 95% CI 2.12-4.35). After adjusting for potential confounders,
hypertriglyceridemia remained significantly associated with incidence of DM (OR 2.33,
95% CI 1.61-3.39).

Conclusion: Fasting triglyceride level is an independent risk factor for the development of
new-onset DM. Testing for hypertriglyceridemia in people without diabetes may be an
alternative screening tool to identify populations at risk of developing future DM, as well
as providing triglyceride as a new target for DM risk reduction.
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Introduction
Diabetes mellitus (DM), especially type 2, is a major public health problem that is
reaching epidemic status worldwide.! According to the Thai National Health
Examination Survey in 2016, 4.8 million people in Thailand are living with type
2 DM.? Chronic hyperglycemia in people with DM is associated with long-term
vascular complications, especially retinopathy, nephropathy, and cardiovascular
diseases.”* As a chronic disease, DM has an enormous economic and psychosocial
burden. Preventive strategies are needed to decrease the incidence of DM, particu-
larly in individuals who have higher risks for DM.

Fasting hypertriglyceridemia, which is a common metabolic feature in Asians
(9.0-38.6%, according to the definitions),” has emerged as a risk factor for type 2
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DM. Elevated fasting triglyceride (TG) levels commonly
associate with insulin resistance and are frequently preva-
lent in type 2 DM.® A fasting TG level of 150 mg/dL or
more is one of the criteria for defining the syndrome of

syndrome”.’

insulin-resistant state called “metabolic
Although this relationship between TG and insulin resis-
tance has long been recognized, the causal relationship of
these two entities is still a matter of debate. Several studies
have reported that elevated TG is an independent risk
factor for the future development of type 2 DM.* !
Some studies found that elevated TG may occur more
than 10 years before the onset of newly diagnosed
DM.'*"* However, fasting TG levels have not been inves-
tigated as an independent predictor of incidence of DM
after adjusting for potential confounders, especially in
Thais. Therefore, this study aimed to explore whether
fasting TG levels in healthy normoglycemic adults are

associated with future incidence of DM in Thailand.

Materials and Methods
Study Design and Participants

A 10-year hospital-based retrospective cohort study was
conducted at Srinagarind Hospital, a tertiary care setting in
Thailand. Health check-up data, which consisted of
a completed medical history and laboratory results of
4359 adult participants (age > 18 years) in 2007, were
extracted and defined as the “baseline” dataset. The base-
line dataset included sex, age, body mass index (BMI),
blood pressure, and the fasting level from a single mea-
surement of plasma glucose, serum creatinine, total cho-
lesterol (TC), and TG. Another health check-up dataset in
2017, 10 years later, was extracted and defined as the “10-
year follow-up” dataset. All hospital numbers (HN) of
every participant in a 10-year follow-up dataset were
matched with the baseline dataset, resulting in a total of
1754 participants with complete information at both base-
line and 10-year follow-up. Subjects who had been pre-
viously diagnosed with DM before participating in the
baseline health check-up or had initial laboratory results
consistent with the diagnosis of DM were excluded from
the study. Subjects with a history of taking any medica-
tions which could affect the metabolic profiles (including
glucocorticoids, contraceptive pills, neuropsychiatric
agents, statins, fibrates, and diuretics) were also excluded.
After exclusion, 1342 participants remained in the final
analysis. The Human Research Ethics Committee of Khon
Kaen University reviewed and approved the study per the

Declaration and the Good Clinical Practice
(HE611278).
a secondary analysis of existing data, the need for obtain-

Helsinki

Guidelines Because the study was
ing informed consent was waived. Non-identified informa-
tion was used in order to protect the patient data

confidentiality.

Definition

According to 2010 American Diabetes Association (ADA)
criteria,'* DM was defined in subjects as fasting plasma
glucose (FPG) > 126 mg/dL and/or if the subject is cur-
rently using antidiabetic medication. Hypertriglyceridemia
and hypercholesterolemia was defined as TG of 150 mg/
dL or more and TC of 200 mg/dL or more,'” respectively.
Hypertension (HT) was classified as systolic blood pres-
sure (SBP) of more than 140 mmHg and/or diastolic blood
pressure (DBP) of more than 90 mmHg.'® Mean arterial
blood pressure (MAP) was calculated by the summary of
SBP and 2 folds of DBP divided by 3. Chronic kidney
disease (CKD) was defined according to estimated glo-
merular filtration rate (éGFR) of 60 mL/min or less.'” The
eGFR was calculated by the Chronic Kidney Disease
(CKD-EPI) 8
Subjects with BMI of 25 kg/m? or more were classified

Epidemiology Collaboration equation.’
as obese. BMI was calculated by dividing weight (kg) by
height® (m?).

Incident DM

Incident DM was examined by reviewing all the hospital
outpatient records and electronic medical records. The
diagnosis of DM, which had been confirmed according to
2010 ADA criteria,'* at any time during the 10-year fol-
low-up period, is identified as an outcome of the study. An
association between TG level at the first clinical assess-
ment and 10-year incidence of DM was evaluated.

Statistical Analysis

All statistical analyses were performed using R (de
Micheaux, Drouilhet, and Liquet, 2014). Data were pre-
sented as median and interquartile range (IQR 25-75%)
and proportions for continuous and categorical variables,
respectively. Wilcoxon rank sum test, chi-square or
Fisher’s exact test was used to calculate the P-value as
appropriate. A generalized additive model (GAM) was
applied to demonstrate a relationship between fasting TG
level and probability of incident DM in 10 years.
Univariable logistic regression analysis was performed to
calculate the odds ratios (ORs) and 95% confidence
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Table | Characteristics of Study Participants According to the Diagnosis of DM at the End of 10-Year Follow-Up

Total (n=1342) No DM (n=1204) DM (n=138) P-value
Male, n (%) 452 (33.7) 396 (32.9) 56 (40.6) 0.07
Age, years 46.0 (41.0, 53.8) 46.0 (41.0, 53.0) 52.0 (44.0, 59.0) <0.001*
BMI, kg/m? 23.7 (21.6, 26.0) 23.4 (21.4,25.7) 26.2 (23.8, 28.1) <0.001*
SBP, mmHg 116 (110, 130) 110 (110, 123) 120 (110, 130) <0.001*
DBP, mmHg 80 (70, 80) 80 (70, 80) 80 (70, 90) <0.001*
FPG, mg/dL 86.0 (79.0, 93.0) 85.0 (79.0, 92.0) 97.0 (89.0, 105.5) <0.001*
eGFR, mL/min 94.5 (80.6, 106.5) 95.1 (80.9, 106.5) 91.1 (77.9, 104.4) 0.04*
Cholesterol, mg/dL 208.0 (182.0, 235.0) 207.0 (181.0, 234.5) 215.0 (189.3, 238.0) 0.06
Triglyceride, mg/dL 105.0 (72.0, 153.8) 101.0 (70.0, 148.0) 146.0 (100.3, 221.8) <0.001*
Obesity, n (%) 459 (34.2) 377 (31.3) 82 (59.4) <0.001*
Hypertension, n (%) 328 (24.4) 278 (23.1) 50 (36.2) <0.001*
CKD, n (%) 46 (3.4) 41 (3.4) 5 (3.6) 0.80
Hypercholesterolemia, n (%) 781 (58.2) 691 (57.4) 90 (65.2) 0.08
Hypertriglyceridemia, n (%) 360 (26.8) 292 (24.3) 68 (49.3) <0.01*

Notes: Data are presented as median and interquartile range (IQR) and proportions for continuous and categorical variables, respectively. Wilcoxon rank-sum test and chi-
square were used to calculate the P-value as appropriate. *P-value < 0.05 was considered statistically significant.
Abbreviations: DM, diabetes mellitus; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; FPG, fasting plasma glucose; eGFR, estimated

glomerular filtration rate; CKD, chronic kidney disease.

interval (95% CI) between triglyceride category levels and
10-year incidence of DM. Multivariable logistic regression
was used to assess confounding and effect modification
from other potential risks. P-value < 0.05 was considered
statistically significant.

Results

Overall, 1342 subjects (452 men and 890 women) were
included in the final analysis. Incident DM during 10-year
follow-up was diagnosed in 138 subjects (10.3%). The base-
line characteristics of participants who developed incident
DM were compared to those with those without incident
DM. No gender difference was observed between the two
groups. The median age (IQR) of the total population was
46.0 (41.0, 53.8) years. Participants who developed incident
DM were significantly older, had higher BMI, SBP, and DBP,
but lower eGFR. However, TC was not different. Baseline
fasting TG level was significantly higher in participants with
incident DM, with a median difference of 45 mg/dL. The
subjects who developed incident DM had higher prevalence
of obesity, HT, and hypertriglyceridemia at baseline (Table 1).
The initial TG levels stratified by gender and incidence of
DM during 10-year follow-up are shown (Figure 1). Subjects
with incident DM had higher fasting TG level in both men
and women (P-value < 0.05). A generalized additive model
showed a positive correlation between fasting TG level and
the probability of incident DM in 10 years (P-value < 0.001).
The probability of DM plateaued at around 70% at very high
levels of TG (Figure 2).

In univariable logistic regression analysis, fasting TG in
the hypertriglyceridemic range (TG > 150 mg/dL) was asso-
ciated with 10-year incidence of DM during 10-year follow-
up, with odds ratio (OR) of 3.03 (95% CI, 2.12-4.35). Every
category level of fasting TG elevation was associated with
incidence of DM. Multivariable logistic regression analysis
was performed to assess confounders. After adjusting for
sex, age, BMI, SBP, DBP, eGFR, and FPG at baseline, we
found that hypertriglyceridemia remained as a significant
predictor of incident DM. ORs when compared with fasting
TG < 100 mg/dL were 1.14 (95% CI, 1.15-3.92), 3.00 (95%
CI, 1.47-6.01), and 3.54 (95% CI, 1.80-6.88) for fasting TG
150-199, 200249, and > 250 mg/dL, respectively (Table 2).
Moreover, subgroup analyses indicated that the association
between hypertriglyceridemia and DM was more predomi-
nant in men, those who were older than 60 years, and those
who have higher BMI. However, no interaction was found
between subgroup variables (Table 3).

Discussion

Our findings revealed that fasting hypertriglyceridemia was
an independent predictor of incident DM. A higher TG level
predicted higher odds of the occurrence of DM in 10-year
follow-up, regardless of age, gender, BMI, blood pressure,
renal function, and baseline fasting plasma glucose. We also
demonstrated the correlation between fasting TG level and
the probability of 10-year incidence of DM in a generalized
additive model, which found that the probability of incident
DM in 10 years had a positive correlation with an increased
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Figure 2 A correlation between fasting TG level and probability of incident DM in 10 years. Smoothed curve of the additive effect to the estimated probability of incident
DM in 10 years for the triglyceride levels in the generalized additive model (GAM). Dashed lines represent 95% confidence intervals, marks along the lower axis represent
a single observation. A straight line represents an additive effect of zero. *P-value < 0.05 was considered statistically significant.

TG level, even when the rising TG level remained within the
normal range. These results support the hypothesis that tri-
glycerides are a risk factor for worsening insulin resistance
and type 2 DM, which have been postulated in numerous

Western studies.®*'>!3 In Asian studies, our result was also
consistent with some earlier reports which revealed that TG

level might be an influential factor for type 2 DM in

11,20

Korean,'”  Chinese, and Japanese populations.”!
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Table 2 Univariable and Multivariable Logistic Regression Analysis of Hypertriglyceridemia, Triglyceride Category Levels, and

Incidence of Diabetes After |0-Year Follow-Up

Incidence of Diabetes After 10-Year Follow-Up

Triglyceride Category Crude OR (95% CI) P-value Adjusted ORT (95% CI) P-value
Hypertriglyceridemia 3.03 (2.12-4.35) <0.001* 2.28 (1.52-3.43) <0.001*
< 100 mg/dL Reference - Reference -
100—149 mg/dL 2.06 (1.27-3.38) 0.004* 1.39 (0.80-2.39) 0.24
150-199 mg/dL 2.89 (1.66—4.99) <0.001* 2.14 (1.15-3.92) 0.02*
200-249 mg/dL 5.60 (3.00-10.26) <0.001* 3.00 (1.47-6.01) 0.002*
= 250 mg/dL 5.64 (3.12-10.10) <0.001* 3.54 (1.80-6.88) <0.001*

Notes: Hypertriglyceridemia was defined as fasting triglyceride of 150 mg/dL or more. *P-value < 0.05 was considered statistically significant. TModel adjusted for age, sex,
body mass index, systolic blood pressure, diastolic blood pressure, estimated glomerular filtration rate, and fasting plasma glucose level.

Table 3 Multivariable
Hypertriglyceridemia and Incidence of Diabetes After 10-Year

Logistic Regression Analysis of
Follow-Up When Categorized into Subgroups of Sex, Age, and

Body Mass Index

Hypertriglyceridemia and Incidence of Diabetes After |10-
Year Follow-Up
Subgroups Adjusted ORYt (95% | P for Interaction
Cl)
Sex 0.77
Male 2.54 (1.33-4.98)
Female 2.12 (1.23-3.62)
Age group 0.55
2 60 years 3.77 (1.39-10.81)
< 60 years 2.25 (1.42-3.57)
Body mass index 0.54
(BMI)
< 25 kg/m? 2.05 (1.08-3.83)
2 25 kg/m? 2.39 (1.374.19)

Notes: Hypertriglyceridemia was defined as fasting triglyceride of 150 mg/dL or
more. TModel adjusted for age, sex, body mass index, systolic blood pressure,
diastolic blood pressure, estimated glomerular filtration rate, and fasting plasma
glucose level at baseline.

A limited number of studies have been performed to evaluate
the effects of lipid profiles on the incidence of DM in
Thailand. To the best of our knowledge, our study is the
first study in Thais to assess the relationship between trigly-
ceride level and future DM which confirms the significance
of triglyceride as a predictor of incident DM in Asian popu-
lations. Such information may help identify individuals who
are at high risk of DM, as well as providing triglyceride as
a new target for DM risk reduction besides BMI.
Hypertriglyceridemia has been recognized as one of
the key components in metabolic syndrome, the syndrome
of an insulin-resistant state which is also related with

hypertension and glucose intolerance.” However, the cau-
between

remains controversial. A recent study in Chinese popula-

sal relationship these conditions
tions found that TG positively correlated with increased
insulin resistance and negatively correlated with beta cell
function, even in individuals with normal glucose
tolerance.”> This finding confirmed our hypothesis that
TG is an independent risk factor of future DM which
could be attributed to the aggravation of insulin resistance
and acceleration of islet beta cell dysfunction. Therefore,
for patients with fasting hypertriglyceridemia, it is neces-
sary to strengthen the control of hypertriglyceridemia even
if the plasma glucose is normal. The management of
hypertriglyceridemia, including lifestyle modifications
and the use of drugs such as fibrates, niacin, and omega-
3 fatty acids, as recommended by Endocrine Society
Clinical Practice Guidelines,*® should be encouraged.
Many well-established clinical risk factors of DM have
been incorporated in the standard prediabetes and type 2
DM screening tool, including sex, age, and BMI.> In our
subgroup analysis of diabetic risk factors, the positive
relationship of hypertriglyceridemia and incident DM
remained consistent in both men and women, younger
and elderly participants, lean and overweight/obese parti-
cipants, with no significant interaction between subgroups.
However, participants with conventional risks of DM,
including male gender, age of more than 60 years, and
higher BMI, tended to have a more prominent association
between hypertriglyceridemia and the development of
DM. These findings were consistent with recent study in
China** and suggested that triglyceride level, in addition to
the other well-recognized risk factors, should be consid-
ered as an adjunctive variable in the predictive model

of DM.
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The prevalence of DM in our population at the end of
10-year follow-up was 10.3%, which was slightly higher
than the overall prevalence in Thailand. According to the
data from the International Diabetes Federation (IDF) in
2019, diabetes prevalence in adults aged 20-79 years in
Thailand was 8.3%.%° The higher prevalence of DM in
our cohort could be attributed to the study setting, which
was conducted in the northeastern region of Thailand.
The study populations were living in a rural area and
likely to be in a lower socioeconomic status than the
nationally representative group, which mostly resided in
Bangkok, the capital city of Thailand. A cross-sectional
study in Thais using the data from the National
Socioeconomics Survey in 2010 and 2012 found that
those with lower socioeconomic status were more vul-
nerable to DM,?® which supports our hypothesis.

The strengths of our study include a large cohort,
a long follow-up period of 10-years, and data collection
in a registered health check-up database that minimized
information bias. However, the present findings should be
interpreted in the context of potential limitations. First,
metabolic parameters which are closely related to TG,
such as hemoglobin A1C (HbAlc), high-density lipopro-
tein cholesterol (HDL-C), and low-density lipoprotein
cholesterol (LDL-C), were missing, which may affect the
integrity of our results. Second, since this study was
a secondary analysis from the existing data, we do not
have data regarding other risk factors of DM during the
study period, including dietary habits, nutritional therapy,
exercise, or medications, which could act as confounders.
Moreover, we do not have follow-up information of all the
metabolic profiles during the 10-year follow-up duration.
Since metabolic parameters such as SBP, DBP, FPG,
eGFR, and lipid profiles can change over time, the lack
of data regarding these changes can affect the validity of
our result. Nevertheless, our study design reflects a real-
life health check-up scenario in which patients attended
the clinic only once, only a single clinical and laboratory
assessment was made, and follow-up data were sometimes
unavailable.

In conclusion, fasting triglyceride level is an indepen-
dent risk factor for the development of incident DM in 10
years. Testing for hypertriglyceridemia in people without
DM may be an alternative screening tool to identify the
population at risk of developing future DM.

Disclosure
The authors report no conflicts of interest in this work.
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