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Abstract

Background: Hypertriglyceridemia is a major
component of dyslipidemia and an important risk factor
for cardiovascular disease. Excess body weight, particularly
overweight and obesity, has been associated with elevated
triglyceride levels; however, the interaction between Body
Mass Index (BMI) and age remains insufficiently explored.
This study aimed to examine the relationship between BMI
and triglyceride levels and to assess the interaction between
BMI and age among employees of Poltekkes Kemenkes
Bengkulu. Methods: A cross-sectional study was conducted
using secondary data from the 2022 Medical Check-Up
records of employees at Poltekkes Kemenkes Bengkulu.
From a population of 211 employees, 92 participants aged
>45 years and <45 years who met the inclusion criteria
were selected through simple random sampling. BMI was
categorized as normal, overweight, and obese based on
WHO criteria. Triglyceride levels were classified as normal
(<150 mg/dL) and high (=150 mg/dL). Bivariate analysis
employed Chi-square tests and simple logistic regression.
Multiple logistic regression was used to identify independent
predictors and interaction effects. Statistical significance was
established at p<0.05. Results: Among the 92 participants,
58.7% were obese, 26.1% were overweight, and 15.2% had
normal BMI. High triglyceride levels were observed in 30.4%
of respondents. Bivariate analysis showed no significant
association between BMI categories and triglyceride
levels. Age and sex were identified as candidate variables
for multivariate analysis. Logistic regression revealed
a significant interaction between overweight BMI and
elderly age (245 years) on the risk of hypertriglyceridemia
(OR=32.914; 95% Cl: 1.272—-851.460; p=0.035). This finding
indicates that overweight individuals in the elderly age
group had a substantially greater likelihood of experiencing
high triglyceride levels compared with the reference group.
No significant interaction was found between obesity
and elderly age. Discussion & conclusion: These results
highlight the importance of targeted screening and weight-
management interventions among overweight older
adults. Preventive and promotive strategies focusing on
maintaining an ideal body weight should be strengthened to
reduce the burden of hypertriglyceridemia and associated
cardiovascular diseases.
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Introduction

Triglycerides, as one of the main types of fats that circulate in
the blood and are stored in adipose tissue, play a crucial role in
the body’s energy metabolism. However, high triglyceride levels
(2150 mg/dL) are an important indicator of dyslipidemia, which
is strongly correlated with an increased risk of cardiovascular
diseases such as coronary heart disease and stroke [1]. The
relationship between Body Mass Index and triglycerides has
an impact on the incidence of hypertension [2,3]. Higher body
mass index is associated with a higher risk of experiencing acute
pancreatic events mediated through high triglyceride levels [4].
The results of a study in China showed that the risk of diabetes
was related to high triglycerides and high body mass index [5].
Excessive triglyceride accumulation can lead to the formation
of atherosclerotic plaques that constrict blood vessels, impede
smooth circulation, and potentially trigger serious cardiovascular
events. Therefore, monitoring and managing triglyceride levels
is essential in efforts to prevent cardiovascular disease [6].

The Basic Health Research Report of the Ministry of Health
of the Republic of Indonesia shows an increasing trend of high
triglyceride levels, from 11.9% in 2013 to 13.8% in 2018 [7]. This
phenomenon needs serious attention, given the multifactorial
causes of hypertriglyceridemia. Risk factors that contribute
to increased triglyceride levels as risk factors for various
non-communicable diseases are high-calorie diets, alcohol
consumption, smoking habits, lack of physical activity, and
especially obesity, as well as individual characteristic factors
such as genetics, age, and gender [8-11,12]. In line with the
increase in triglycerides, the prevalence of overnutrition status
in Indonesia also shows an alarming trend. Riskesdas 2013
recorded the prevalence of overweight at 13.3% and obesity
at 15.4%, which then increased significantly in 2018 to 13.6%
for overweight and 21.8% for obesity [7]. This increase in the
prevalence of obesity is very relevant considering that the
Body Mass Index (BMI) is a simple but powerful indicator of
nutritional status, which is influenced by various factors such as
age, gender, genetics, diet, and physical activity [13-15].

The link between BMI and high triglyceride levels has been
widely proven in various studies. Obesity, particularly central
obesity, is pathophysiologically closely related to adipose
dysfunction, insulin resistance, and increased production of
liver triglycerides [16]. The results of a study on women of
childbearing age in Kendari City, Southeast Sulawesi Province,
found asignificant positive correlation between BMIand theratio
of TG/HDL-C levels in WUS to obesity [17]. Likewise, research
on weavers in Tenganan Karangasem Village found a significant
relationship between body mass index and triglyceride levels
[18]. Given the increasing prevalence of high triglycerides and
overnutrition status in Indonesia, as well as the potential for
complex interactions between BMI and demographic factors
such as age, gender, and education, it is important to analyze.
Therefore, this study aims to identify the relationship between
BMI and high triglyceride levels in the academic community of
the Bengkulu Ministry of Health Polytechnic, which can provide
important information for prevention strategies and health
interventions that are more targeted.

Method

This study uses a cross-sectional study design. This approach
was chosen to analyze the relationship between independent
and dependent variables at a single pointin time. The population
of this study is all employees of the academic community of the

Bengkulu Ministry of Health Polytechnic who have undergone
a Medical Check-Up (MCU) in 2022, totaling 211 people. The
inclusion criteria for participants are those who are 245 years
old. Based on these criteria, a total of samples were obtained
from as many as 92 people. Sampling is carried out using a
simple random sampling technique, where each member
of the population has an equal chance of being selected as
a sample, thereby minimizing selection bias and increasing
representativeness.

The Independent Variable is Body Mass Index (BMI). BMI is
measured based on weight (kg) and height (cm) data obtained
from MCU records, then calculated using the formula of body
weight (kg)/(height (m))%. The BMI category is based on the
relevant WHO classification/standard (e.g., Normal: 18.5-24.9
kg/m?, Overweight: 25.0-29.9 kg/m?, Obesity: >30.0 kg/m?).
The Dependent Variable is Triglycerides. Triglyceride levels were
obtained from the results of blood tests on the MCU record
sheet. Categorized into Normal (e.g., <150 mg/dL) and High
(e.g., 2150 mg/dL), according to applicable clinical standards.
Characteristic Variables are age variables obtained from MCU
data, categorized into Late Adulthood (<45 years) and Early and
Late Old Age (245 years). Gender variables are obtained from
MCU data, categorized into Male and Female. The Education
variables were obtained from the MCU data, categorized into
High School, Diploma, Bachelor’s, and Master’s degree + PhD.
The Personnel Status variables are obtained from MCU data,
categorized into Educators and Education Personnel.

This research was carried out at the Bengkulu Ministry of
Health Polytechnic, taking place from January 2023 to April
2023. The data of this study uses secondary data, which was
obtained indirectly from the 2022 Medical Check-Up (MCU)
records stored in Prodia’s laboratory. The data recorded
included respondents’ names, age, gender, education level,
employment status, weight, height, and triglyceride levels.
The data collection tools used are quantitative observation
sheets to record information from medical records, as well
as informed consent to ensure the approval and ethics of the
research. Data analysis includes Univariate Analysis to describe
the frequency distribution and characteristics of each variable
(BMI, Triglycerides, Age, Gender, Education, Employment
Status). The statistical test used is the chi-square for categorical
variables. Bivariate analysis to find out the relationship between
each independent variable and the dependent variable
(triglycerides). The statistical tests used were chi-square and
simple logistic regression to estimate the Odds Ratio (OR)
and the 95% Confidence Interval (Cl). Multivariate analysis to
identify factors that independently affect high triglyceride levels
and analyze the presence of interactions between variables.
The method used is multiple logistic regression. This research
has obtained ethical approval from the Health Research Ethics
Committee (KEPK) of the Ministry of Health Bengkulu with
registration number KEPK.BKL/107/03/203. The confidentiality
of respondents’ data is well maintained.

Results

Table 1 shows a picture of the demographics and employment
status of the respondents. The majority of respondents were
included in Early and late adulthood (aged 245 years), with
a percentage of 55.4%, slightly more than in late adulthood
(<45 years) (44.6%). Judging from Gender, respondents are
dominated by Women (57.6%) compared to Men (42.4%).
Based on education level, most of the respondents had Master’s
and Doctoral education (81.5%), far exceeding respondents
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with secondary, diploma, and bachelor’s education (18.5%).
Based on Personnel Status, the majority of respondents were
educators (73.9%) compared to education workers (26.1%).

Table 1: Characteristics of the academic community of the
bengkulu ministry of health polytechnic.

Frequency
Variable Category
n %
Age Late Adult (<45 years) 41 44.6
Elderly (245 years) 1 54
Male 39 42.4
Gender |
Female 3 76
High School, Diploma, Bachelor’s 17 185
Educator level < g N
Master’s degree + PhD 75 815
Educators 68 73.9
Employment status 4 onal
Educationa ” 261

Table 2: Body mass index of the academic community of the
bengkulu ministry of health polytechnic.

Body Mass
v Frequency Statistics (kg/m?)
Index
n % Min-Max X+ SD
Normal 14 15.2
Overweight 24 26.1
0.57-37.05 6.39+3.67
Obesity 54 58.7
Total 92 100.0

Table 2 shows the distribution of BMI status in the study
population. Of the total 92 respondents, most were included in
the obesity category (58.7%). As many as 26.1% were classified
asoverweight, and only 15.2% had normal BMI. The range of BMI
values in this sample ranged from 20.57 kg/m? to 37.05 kg/m?,
with an overall average of 6.39 kg/m? and a Standard Deviation
(SD) of 3.67 kg/m?2. This showed considerable variation in body
mass index among study participants, predominantly leading to
the category of excess BMI (overweight and obesity).

Table 3: Triglyceride description of the academic community of
the bengkulu ministry of health polytechnic.

Triglycerides | Frequency Statistic (mg/dL)
n % Min-Max X*SD
Normal 64 69.6
. 16-781 139.22+96.45
High 28 30.4
Total 92 100

Table 3 shows the distribution of triglyceride levels in the
study population. The majority (69.6%) had triglyceride levels in
the normal category, while the rest (30.4%) had high triglyceride
levels. The distribution of triglyceride levels in this population
ranges from a minimum value of 16 mg/dL to a maximum of 781
mg/dL. Overall, the average triglyceride level was 139.22 mg/
dL with a Standard Deviation (SD) of 96.45 mg/dL, indicating a
fairly wide variation in triglyceride levels among respondents.

Table 4 results of bivariate analysis using simple
logistic regression show the relationship between various
characteristics and triglyceride levels. For Body Mass Index
(BMI), neither the overweight nor the obese categories showed
a statistically significant association with high triglyceride levels.
Although there was an Odds Ratio (OR) of 1.319 for overweight
and 0.978 for obesity (compared to normal BMI), the p-value
>0.05 and a 95% confidence interval including the numbers 1
(0.382-4.557 and 0.340-2.812) indicated that these observed
differences were most likely due to chance and not an actual
relationship. This means that BMI status alone is not enough
to predict high triglyceride levels in this population. Similarly,
the Education and Employment Status variables also showed no
statistically significant association with high triglyceride levels,
with p-values of 0.493 and 0.501, respectively. Based on the
Age variable, the elderly group showed an Odds Ratio of 2.111,
which means that the probability of having high triglycerides
was 2.111 times greater than the final adult group. Although
this Odds Ratio indicates an increased risk, a p-value of 0.113
and a 95% confidence interval (0.831-5.363) indicate that
this relationship is not statistically significant (p-value > 0.05).
This shows a trend of increasing risk in the elderly group. By
Gender. Women show an Odds Ratio of 0.421, which means
they have about 57.9% lower odds of having high triglycerides
than men. The p-value for sex was 0.058, which is very close to
the significance threshold of 0.05. The confidence interval was
95% (0.170-1.041), so it was technically insignificant at a=0.05.
However, based on the p-value and the Odds Ratio value, it
indicates a strong tendency that women have a lower risk of
high triglycerides than men. The age and sex variables were
marked as candidates for multivariate analysis, suggesting that
although not all achieved full significance, they were considered
relevant for further consideration in models controlling for
other variables.

Table 5 shows a significant interaction between the Body
Mass Index (BMI) of the overweight category and the elderly
on high triglyceride levels. This means that the relationship
between BMI and the incidence of high triglycerides depends
on age. A regression coefficient (B) of 3.494 and a very
high Odds Ratio (OR) of 32.914 indicate that in overweight
individuals in the elderly age range, the likelihood of having
high triglyceride levels increased drastically, more than 32
times compared to the reference group. Although the p-value
(0.055) is slightly above the 0.05 threshold, the very large OR
value and 95% confidence interval (1.272 - 851,460) that does
not include the number 1 indicates a strong and substantial
relationship. This means that the effects of overweight BMI
in increasing the risk of high triglycerides do not stand alone,
but are significantly amplified when they occur in the elderly
population. The interaction between the BMI of the obesity
category and the age range of the elderly showed no strong
statistical significance (p-value=0.258), although the odds ratio
(3.673) still showed an increased risk. A 95% confidence interval
for this interaction (0.380-34.993), which is consistent with an
insignificant p-value result. This suggests that, in this study, the
statistical evidence for the interaction between obesity and the
elderly in increasing triglyceride levels is not strong enough to
conclude definitively. Thus, the main focus of these results is
on the interaction between overweight status and elderly age,
which significantly exacerbates the risk of hypertriglyceridemia
in these populations.
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Table 4: The relationship of body mass index and characteristics with triglycerides.

Triglycerides
Variable Normal High Total P-value OR OR C1 95%
n % n % n %
Body Mass Index
Normal 9 64.3 5 35.7 14 100 - -
Overweight 17 70.8 7 29.2 24 100 0.661 1.319 0.382-4.557
Obesity 38 70.4 16 29.6 54 100 0.967 0.978 0.340-2.812
Age
Late Adult (<45 years) 32 78.0 9 22.0 41 100 - R
Elderly (245 years) 32 62.7 19 37.3 51 100 0.113* 2.111 0.831-5.363
Gender
Male 23 59.0 16 41.0 39 100
0.058 0.170-1.041
Female 41 77.4 12 22.6 53 100 0.421
Education Level
High School, Diploma, Bachelor’s 13 76.5 4 23.5 7 100 -
1.529 0.451-5.186
Master’s degree + PhD 51 68.0 24 32.0 75 100 0.493
Employment Status
Educators 46 67.6 22 32.4 68 100
0.697 0.243-2.000
Educational 18 75.0 6 25.0 24 100 0.501

*Multivariate analysis candidates

Discussion

One of the factors that affects triglycerides is age, where
the academic community of the Bengkulu Ministry of Health
Polytechnic tends to have an average age of 245 years old
and is female gender. At that age, menopause is experienced,
where the hormone estrogen in women decreases, so that
triglycerides easily increase. The results of a study in China
found that the higher the age, the higher the triglyceride level,
the higher the triglyceride level in men compared to women,
and more in the higher education population [19]. Triglycerides
in women are lower than in men, during menopause women'’s
triglycerides are more likely to increase and can cause coronary
disease in women. Consumption of alcohol, saturated fatty
acids, carbohydrates, and a high number of calories can increase
triglycerides [20]. Women who have experienced menopause
have low estrogen hormones, while estrogen itself functions to
increase High Density Lipoprotein (HDL) levels, which play a role
in maintaining healthy blood vessels. Decreased estrogen levels
are also followed by a decrease in HDL levels if not followed by a
good lifestyle [21]. The decrease in HDL cholesterol in women is
lower than in men because women have the hormone estrogen;
the lack of the hormone estrogen in menopausal women can
lower HDL cholesterol. The hormone estrogen will decrease
during menopause. Women who get a different cholesterol
response; namely, LDL cholesterol levels increase faster while
HDL cholesterol levels also increase, but the HDL ratio becomes
Premenopausal women begin to lose the hormone estrogen
little by little, which has been protecting blood vessels from
damage. If it continues, the hormone estrogen decreases
naturally with increasing age, which is common in women aged
45-55 years low [22].

The results showed that the body mass index was mostly
overweight and obese, and found that 30.4% of the participants
had high triglycerides. This fat can increase the risk of coronary
heart disease if the triglyceride value is >150 mg/dL; the lower
the triglycerides, the better for health. The metabolism of
the endogenous cholesterol system begins with the synthesis
of cholesterol and triglycerides in the liver. Both molecules
are excreted into the blood circulation in the form of VLDL
(very low-density lipoprotein), VLDL is then hydrolyzed by the
lipoprotein lipase enzyme, so that it turns into IDL (intermediate
density lipoprotein). Some IDL returns to the liver, and some is
hydrolyzed into LDL (low density lipoprotein). LDL will be carried
to the liver and to various other steroidogenic tissues. Other
LDL will be oxidized and captured by Scavenger-A receptors (SR-
A) in macrophages (white blood cells that kill microorganisms
and stimulate the body’s immune system) and become foam
cells [23]. The accumulation of fat levels is caused by the intake
of food that is not balanced with the energy used. The results of
a study in Tenganan Karangasem Village showed that there was
a relationship between body mass index and triglycerides [24].

This study found the relationship between body mass index
and age-dependent triglycerides. The results of this study are
in line with the findings that the body mass index is associated
with triglyceride levels. The results of the study in Tenganan
village, Karangasem district, found that the lowest BMI value
was 19.28 kg/m? and the highest was 40.47 kg/m?, with an
average BMI of 27.04 kg/m?. The lowest triglyceride level was
68 mg/dl, and the highest was 378 mg/dl, while the average
triglyceride level was 150 mg/dl [25]. The Triglyceride/High-
Density Lipoprotein Cholesterol (TG/HDL-C) Ratio as a Risk
Marker for Metabolic Syndrome and Cardiovascular Disease
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[26]. Increased triglycerides and cholesterol can lead to coronary
heart disease [27]. High blood pressure [2], Hyperuricemia [28],
Diabetes Mellitus [29,30]. High triglyceride levels are a risk
factor for Diabetes mellitus in all age groups [31]. Heredity, age,
gender, and Body Mass Index (BMI) are some of the factors that
can cause increased blood cholesterol. Changes in blood lipid
levels and atherosclerosis can also be caused by overweight
factors. Through insulin resistance, we can prove that there is
a relationship between nutritional status and cholesterol levels.
This can be proven by consuming coffee excessively. Where it
can increase blood pressure can also increase LDL cholesterol
and total cholesterol amounts. In addition, triglyceride levels
can also increase due to excessive coffee consumption. The
cause is narrowed blood vessels and fat accumulation in the
blood vessels, which can cause poor blood circulation, leading
to heart disease and stroke [32].

Significant interaction between the Body Mass Index (BMI)
of the overweight category and the elderly (age 245 years) on
the incidence of high triglycerides. These findings are crucial
because they suggest that the association between BMI and
high triglyceride risk is not independent, but rather moderated
by age factors. A regression coefficient (B) of 3.494 and a
very high Odds Ratio (OR) of 32.914 indicate that overweight
individuals in the elderly are more than 32 times more likely to
experience high triglycerides compared to the reference group.
Although the p-value of 0.055 slightly exceeds the conventional
limit of 0.05, the extraordinarily large odds ratio and 95%
confidence interval (1,272-851,460) provide strong evidence of
a substantial and clinically meaningful relationship. This implies
that the effect of increasing the risk of high triglycerides due
to overweight status is significantly exacerbated when it occurs
in the elderly population. Body mass index with lipid profile is
also a confounding factor, such as age, genetic or hereditary
factors, smoking, and lifestyle [33]. As age increases, the fat
content in the human body, the older age can certainly affect
the hormonal changes that trigger visceral fat [34].

These findings are consistent with several recent studies
that highlight the synergy between increased BMI and aging
in influencing lipid profiles. Aging is often accompanied by
changes in body composition, including increased fat mass and
decreased muscle mass, as well as metabolic changes that can
affect lipid regulation [34]. Elderly individuals, with a degree
of overweight, are more susceptible to dyslipidemia, including
hypertriglyceridemia, due to the presence of higher insulin
resistance, chronic inflammation, and changes in adipocyte
functionthat occurwith age [35]. The results of this study suggest
that the combination of obesity and old age independently
increases the risk of cardiovascular disease, which is partly
mediated by dyslipidemia. The implications of this study
suggest that for the elderly population, maintaining BMI within
the normal range or performing weight loss interventions in
overweight individuals becomes more important to manage the
risk of high triglycerides and prevent related complications. This
study emphasizes the need for a more focused approach in the
prevention and management strategies of dyslipidemia in the
elderly, considering the complex interactions between BMI and
the aging process.

Limitations

This study has several limitations that should be considered
when interpreting the findings. First, the cross-sectional design
limits the ability to establish causal relationships between Body

Mass Index (BMI), age, and triglyceride levels. Second, the study
relied on secondary data from medical check-up records, which
did not include important confounding variables such as dietary
intake, physical activity, smoking status, alcohol consumption,
medication use, menopausal status, family history, and genetic
factors that may influence triglyceride levels. Third, the sample
size was relatively small and drawn from a single institution,
potentially limiting the generalizability of the results to broader
populations. Finally, the wide confidence interval observed in
the interaction analysis suggests limited statistical precision,
possibly due to the small number of participants in some
subgroups. Therefore, future studies using larger, more diverse
populations and longitudinal designs are needed to confirm
these findings and further explore the mechanisms underlying
the interaction between BMI, age, and triglyceride metabolism.

Conclusion

This study identified that nearly one-third of the academic
community at the Bengkulu Ministry of Health Polytechnic had
high triglyceride levels. Although bivariate analysis found no
significant relationship between excess BMI or employment
status with hypertriglyceridemia, multivariate analysis revealed
acritical finding: avery strongand clinically significant interaction
between overweight status and elderly age. Overweight
individuals in the elderly age group had a more than 32-fold
increased risk of high triglyceride levels. This finding emphasizes
that the risk of hypertriglyceridemia is greatly exacerbated by
the aging process in individuals with excess BMI. Therefore,
health institutions need to prioritize targeted screening and
intervention programs for the overweight elderly group. Further
research with a longitudinal design is also needed to confirm
and identify the biological mechanisms underlying this complex
interaction among BMI, age, and lipid metabolism.
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