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Abstract

Background: Triglycerides are lipids in the human body that are produced from the consumption of daily food
and drink. However, elevated serum triglycerides, also known as hypertriglyceridemia (HTG), are key biomarkers
indicating an unhealthy status and increased risks of cardiovascular diseases (CVDs) and pancreatitis. Different
groups of people have different patterns and styles of cooking and different patterns of consumption, such as hill
tribe people, who have their own unique culture and cooking practices. This study aimed to estimate the
prevalence of and determine the factors associated with HTG among the hill tribe population in Thailand.

Method: A cross-sectional study was performed. Data and a-5 mL blood sample were collected from participants
who were members of one of the six main hill tribes in Thailand: Akah, Lahu, Hmong, Yao, Karen, and Lisu. People
who lived in 30 selected hill tribe villages and aged 30 years over were asked to participate the study. Pearson
correlation and logistic regression were used to detect the correlations and determine the associations between
variables, respectively, at a significant level of α = 0.05.

(Continued on next page)

© The Author(s). 2021 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.

* Correspondence: Tawatchai.api@mfu.ac.th
1Center of Excellence for The Hill tribe Health Research, Mae Fah Luang
University, Chiang Rai, Thailand
2School of Health Science, Mae Fah Luang University, Chiang Rai, Thailand
Full list of author information is available at the end of the article

Upala et al. BMC Public Health          (2021) 21:581 
https://doi.org/10.1186/s12889-021-10632-z

http://crossmark.crossref.org/dialog/?doi=10.1186/s12889-021-10632-z&domain=pdf
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:Tawatchai.api@mfu.ac.th


(Continued from previous page)

Results: A total of 2552 participants participated this study; 65.9% were females, 72.35% were aged 40–69 years,
76.7% had no education, 48.7% worked in the agricultural section, and 71.2% had an annual income of less than 50,
000 baht/family. Regarding the triglyceride level, 41.7% of participants had elevated levels of serum triglyceride or
HTG; 16.4% had a borderline high level, and 25.3% had a high level. After controlling for all potential confounder
factors, three variables were found to be associated with elevated serum triglycerides. Those who were members of
the Lahu and Hmong tribes were 1.62 times (95%CI = 1.25–2.01) and 1.63 times (95%CI = 1.23–2.16) more likely to
have elevated serum triglycerides than those who were members of the Akha tribe, respectively. Those who used a
high quantity of cooking oil for daily cooking were 0.73 times less likely to have an abnormal level of triglycerides
than those who used a low quantity of cooking oil for daily cooking (95%CI = 0.58–0.91), and those who had a
waist circumference indicating obesity were 1.28 times more likely to have an abnormal level of triglycerides than
those who had a normal waist circumference (95%CI = 1.08–1.52).

Conclusion: Public health programs that focus on encouraging people to have regular exercise to reduce their
body weight, particularly in some tribes, such as Lahu and Hmong, should be implemented.

Keywords: Hypertriglyceridemia, Hill tribe, Prevalence, Factor associated

Background
Triglycerides are a type of blood lipid that, at healthy
levels, can help maintain health and support many func-
tions in the human body [1]. However, when triglyceride
levels become too high, they may have negative impacts
on health [2, 3]. High triglycerides have been found to
be major contributors for many severe diseases that may
require chronic care or even lead to death, including car-
diovascular diseases (CVD) [4–6], stroke [7], pancreatitis
[8], atherosclerosis [9], etc. Several factors have been
demonstrated to serve as risk factors for hypertriglyc-
eridemia (HTG), including overweight or obesity [4]. In
2016, the World Health Organization (WHO) reported
that globally, 1.9 million adults and 650 million adults
were overweight and obese, respectively [10]. Several
other lifestyle and health behaviors have also been indi-
cated as risk factors for HTG in a population. In 2019,
the prevalence of HTG was reported at 10.0% among
the adult population in several countries in Europe [11],
while 25.1–33.3% were reported among the adult popu-
lation of the United States [12]. The Thailand National
Health Survey which was conducted in 2014, the preva-
lence of HTG was reported at 38.6% among Thai adult
population [13].
Thailand has almost 67 million people living in four

different regions: northern, southern, northeastern, and
central regions [14]. The people of each region have dif-
ferent styles of cooking, follow different food preparation
practices and have different flavor preferences [15].
Many of the foods and cooking practices used differ
based on the socioeconomic factors of a country, par-
ticularly among poor people who have few choices [16].
This culinary inequality is a common characteristic in all
developing countries that are facing the large problem of
unequal economic development. People who live in a big
city have a better chance of obtaining a good job and a

good income compared with those who live in the coun-
tryside or in rural settings or those who mainly work in
the agricultural sector, which is classified as a country’s
lowest income group [17]. The northern region is known
as the second poorest region of Thailand, and a large
proportion of the people residing in this region are part
of ethnic minority groups [18]. Hill tribe people are con-
sidered one such ethnic minority group, and they often
live below the national poverty level.
The hill tribe is a group of people who have migrated

from the south of China to northern Thailand over the
past few centuries [19]. These people are classified into
six main groups: Akha, Lahu, Hmong, Yao, Karen, and
Lisu [19]. Each tribe has its own culture and lifestyle,
which are particularly distinct in its daily cooking prac-
tices and preferred flavors [20]. Historically, hill tribe
people used animal oils as their main cooking oil [21],
but due to conditions of economic constraint and trans-
portation challenges, many kinds of vegetable oils are
now easily available, even in small villages located far
from any big city [22]. However, few hill tribe people in
Thailand are educated under the Thai educational sys-
tem, and health information or key health messages pro-
duced in the Thai language are therefore often not
accessible to these populations [23]. With several condi-
tions of the hill tribe people in Thailand including the
barriers of language and distance of their residence,
there is no scientific information relevant to hypertri-
glyceridemia available especially the risk factors of
hypertriglyceridemia.
Currently, there is little information exists regarding

abnormal lipid profiles and, particularly, HTG, which
could lead to severe health problems, as mentioned earl-
ier, within the hill tribes. Therefore, this study aimed to
estimate the prevalence of and determine the factors as-
sociated with HTG among hill tribe people in Thailand.
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Methods
Study design and participants
A cross-sectional study was applied to collect the infor-
mation from the participants. The study population was
composed of individuals 30 years of age and older who
belong to one of the six main hill tribes: Akha, Lau,
Hmong, Yao, Karen, and Lisu. In 2019, there were 749
hill tribe villages in Chiang Rai, which included 316
Lahu villages, 243 Akha villages, 63 Yao villages, 56
Hmong villages, 36 Karen villages, and 35 Lisu villages
[24]. Five villages in each tribe were randomly selected
by the computer generated simple random method from
the lists of the hill tribe villages located in Chiang Rai
Province, Thailand [24]. Individuals from 30 selected vil-
lages were eligible to participate in the study. However,
those who could not provide all of the essential informa-
tion related to the study protocols or who were not able
to provide a blood sample on the day of data collection
were excluded from the study.

Sample size estimation
The sample size was calculated based on the standard
formula for a cross-sectional design: n = [Z2

α/2PQ]/ e2,
where Z2

α/2 = 1.96, P = 0.39 [13], Q = 0.61, e = 0.05, then
366 participants were required from each tribe. There-
fore, at least 2196 participants were needed for the ana-
lysis. After adding 15.0% for any error during the study,
a minimum of 2525 participants were needed in the
whole study.

Research tools
A validated questionnaire and 5mL blood specimens
were used as the research tools. The questions were de-
veloped by researchers based on a literature review and
included the information obtained from in-depth inter-
views with four health care professionals and five village
health volunteers who were working in the different hill
tribe villages. The questionnaire’s content was validated
using the item objective congruence method by three ex-
perts in the field, including one public health profes-
sional with significant experience in the field, one public
health nutritionist, and one epidemiologist. Each item
had three choices: − 1 signified that it was not related to
the content of the study, 0 meant that it required revi-
sion before use, and + 1 signified that the question com-
pletely reflected the content of the study. The scores
from the three experts were pooled and recalculated to
form the overall interpretation. If the total score was less
than 0.5, the question was removed from the question-
naire. If the question scored 0.5–0.7, it was revised based
on the experts’ comments, and if the total score was
greater than 0.7, it was included as-is in the question-
naire. Next, the questionnaire was piloted among 20 in-
dividuals who had characteristics similar to those in the

study populations. The main objective for the pilot test
was to determine the feasibility of use of the questions
with the hill tribe populations, including any concerns
related to any of the questions violating their cultural
beliefs. The test was also extended to examine the order
of the questions and the participants’ comprehension of
the questions. Finally, the questionnaire consisted of
four parts. Part one included 9 questions that were used
for collecting participants’ general information, such as
age, sex, religion, education level, etc. Part two included
10 questions to assess risk behaviors, such as smoking,
alcohol use, amphetamine use, or opium use, etc. The
questions on asking substances use, which intended to
ask whether they had experience or current use of the
substance, two options were provided for the response
in each question; “yes” or “no”. Part three included 5
standard questions (ST-5) [25] used to assess partici-
pants’ stress and 9 standard questions (PHQ-9) [26] to
assess for depression. The final portion included 7 open
questions to document the physical examination findings
(weight, height, blood pressure) and laboratory results
(lipid profiles and HbA1c) (Additional file 1,
Questionnaire).

Independent variables
Body weight index (BMI) is also a standard used by the
WHO that is classified into three categories: under-
weight (≤18.49), normal weight (18.50–24.99), and over-
weight (≥25.00) [27]. Waist circumference was classified
as either normal (< 90 cm) or elevated (≥90 cm) for
males, and either normal (< 80 cm) or elevated (≥80 cm)
for females [28]. Stress was classified into three categor-
ies [25]; low (≤4 scores), moderate (5–7 scores), and
high (≥8 scores). Depression was classified into two cat-
egories [26]; no (≤6 scores) and yes (≥7 scores).

Outcome variable
The triglycerides were classified into two major groups
according to guidelines from the World Health
Organization [29]: normal (< 150 mg/dL) and abnormal
(≥150 mg/dL). Abnormal levels were further classified
into borderline high (150–199 mg/dL), high (200–499
mg/dL), and very high (≥500 mg dL). In this study, those
who were diagnosed and treated as HTG patients with
or without abnormal triglycerides were included into a
HTG group.

Data gathering procedure
Access to the villages was granted by the district govern-
ment officers. Village headmen were contacted and pro-
vided brief information regarding the study, including a
date for a future meeting. During the meeting with the
village headman, all essential information related to the
study was provided, and the researchers asked to obtain
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a list of village members who met the study criteria. Re-
searchers returned to the villages again after receiving
the list of villagers who met the study criteria. An ap-
pointment was made 3 days in advance of data collec-
tion, including requesting participants fasted (nothing
per oral (NPO)) for 12 h. prior to blood specimen collec-
tion. On the day of data collection, all participants who
met the study criteria were provided the complete infor-
mation related to the study in both Thai and the local
language with the help of village health volunteers fluent
in both Thai and the local languages. After verifying that
they met the criteria, the participants were asked to
complete the informed consent form before a 5 mL
blood specimen was collect, followed by a 15-min inter-
view to complete the questionnaire. Blood specimens
were properly stored and transferred to the Mae Fah
Laung Medical Laboratory Center for laboratory testing
on the same day.

Data analysis
Questionnaires were checked for completion and coded
before double entry into Excel spreadsheets, and then
the data file was transferred into the SPS program (ver-
sion 24, Chicago, IL). Proper descriptive statistics were
used for the participants’ characteristics. The mean and
SD were included for continuous data with normal dis-
tribution, while the median and IQR were used for those
data that did not follow a normal distribution. Percent-
ages were used for nominal and ordinal data. The Pear-
son correlation was used to assess the correlations
between the continuous variables, such as age, SBP,
DBP, HDL-C, LDL-C, and Hb1Ac. Logistic regression
was used to detect factors associated with triglyceride
abnormalities. The mode of “ENTER” was used to select
the variable into the model in both univariate and multi-
variate analyses according to the conceptual framework
of the study at the significant level of α = 0.05. The fit-
ting of the model was guided by the pseudo R2 and the
Hosmer-Lemeshow chi-square. In the multivariate step,
some variables were controlled before making the inter-
pretation at the significant level of α = 0.05.

Results
A total of 2552 participants were recruited into the
study; 65.9% were female, 72.35% were aged 40–69 years
(mean = 54.1, SD = 13.1), and 79.9% were married. The
majority had received no education (76.7%), Buddhist
(54.2%), worked in agricultural section (48.7%), and had
an annual income less than 50,000 baht/family with the
median at 30,000, and interquartile range = 45,000
(71.2%). One-fifth had stress at a moderate to high level
(18.6%), and 12.0% had depression. A large proportion
of participants did not exercise (60.8%), 24.3% smoked,
and 23.4% used alcohol (Table 1).

One-half of the participants reported heavy use of salt
for cooking (46.7%), heavy use of monosodium glutam-
ate (50.9%), and heavy use of oil for cooking (33.8%). Al-
most half (43.0%) had a BMI defined as overweight, and
49.5% were defined as obese based on their waist cir-
cumference (Table 1).
Regarding triglyceride levels, 1064 participants (41.7%)

were found to have abnormal serum triglycerides after
being NPO for 8 h: 16.4% had a borderline high level of
150–199mg/dL, and 25.3% had a high level of 200–499
mg/dL. One hundred eighty seven (17.6%) out of 1064
were diagnosed as HTG previously. Additionally, 107
out of 187 cases (57.2%) could control their serum tri-
glyceride. The prevalence of abnormal HTG among
males was 40.8, and 42.2% in females (Table 1).
In the univariate analysis, four variables were found to

be associated with elevated serum triglycerides: tribe, re-
ligion, amount of oil used in daily cooking, and waist cir-
cumference. However, after controlling for sex, age,
religion, education, occupation, income and marital sta-
tus in the multivariate analysis, only three variables were
found to be associated with elevated serum triglycerides:
tribe, amount of cooking oil used daily and waist cir-
cumference. Members of the Lahu and Hmong tribes
were 1.62 times (95% CI = 1.25–2.01) and 1.63 times
(95% CI = 1.23–2.16) more likely to have elevated serum
triglycerides than the members of the Akha tribe, re-
spectively. Participants who used high quantities of
cooking oil daily were 0.78 times (95% CI = 0.62–0.99)
less likely to have triglyceride abnormalities than those
who used low quantities of cooking oil, and those who
had waist circumferences in the obese category were
1.30 times (95% CI = 1.09–1.54) more likely to have tri-
glyceride abnormalities than those who had a normal
waist circumference (Table 1).
In the correlation analysis between triglycerides and

other key biomarkers, triglycerides were found to be sig-
nificantly correlated with DBP (r = − 0.048, p-value =
0.013), HbA1c (r = 0.109, p-value< 0.001), HDL-C (r = −
0.436, p-value< 0.001), and LDL-C (r = − 0.099, p-value<
0.001). After classification by sex, the following four vari-
ables were found to have statistically significant correla-
tions with triglycerides in males: SBP (r = − 0.090, p-
value = 0.008), DBP (r = − 0.084, p-value = 0.013), HDL-C
(r = − 0.042, p-value< 0.001), LDL-C (r = − 0.136, p-value<
0.001). Three variables were found to have statistically sig-
nificant correlations with triglycerides in females: HbA1c
(r = 0.138, p-value< 0.001), HDL-C (r = 0.444, p-value<
0.001), and LDL-C (r = − 0.081, p-value = 0.001) (Table 2).

Discussion
The majority of hill tribe people aged 30 years and older
in Thailand support their families using traditional agri-
cultural crops, live in poor economic conditions, and
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Table 1 Factors associated with triglyceride among the hill tribe aged 30 years and over in univariate and multivariate analyses

Factors Total
n (%)

Triglyceride OR 95%CI p-
value

AOR 95%CI p-value

Abnormal
n (%)

Normal
n (%)

Total 2552 (100.0) 1064 (41.7) 1488 (58.3) N/A N/A N/A

Sex

Male 870 (34.1) 355 (33.4) 515 (34.6) 1.00

Female 1682 (65.9) 709 (66.6) 973 (65.4) 1.06 0.90–1.25 0.513

Age (years)

30–39 368 (14.4) 153 (14.4) 215 (14.4) 1.00

40–49 619 (24.3) 279 (26.2) 340 (22.8) 1.15 0.89–1.50 0.284

50–59 649 (25.4) 260 (24.4) 389 (26.1) 0.94 0.72–1.22 0.637

60–69 578 (22.6) 229 (21.5) 349 (23.5) 0.92 0.71–1.20 0.550

70–79 271 (10.6) 116 (10.9) 155 (10.4) 1.05 0.77–1.45 0.756

≥ 80 67 (2.6) 27 (2.5) 40 (2.7) 0.95 0.56–1.61 0.845

Tribe

Akha 714 (28.0) 289 (27.2) 425 (28.6) 1.00 1.00

Lahu 391 (15.3) 199 (18.7) 192 (12.9) 1.52 1.19–1.95 0.001* 1.62 1.25–2.01 < 0.001**

Hmong 389 (15.2) 195 (18.3) 194 (13.0) 1.48 1.15–1.90 0.002* 1.63 1.23–2.16 0.001**

Yao 368 (14.4) 130 (12.2) 238 (16.0) 0.83 0.62–1.04 0.100 0.89 0.67–1.20 0.455

Karen 408 (16.0) 131 (12.3) 277 (18.6) 0.70 0.54–0.90 0.005* 0.81 0.60–1.08 0.154

Lisu 282 (11.1) 120 (11.3) 162 (10.9) 1.09 0.82–1.44 0.548 1.20 0.88–1.63 0.243

Religion

Buddhist 1383 (54.2) 554 (52.1) 829 (55.7) 1.00

Christ and Muslim 1169 (45.8) 510 (47.9) 659 (44.3) 1.16 1.09–1.36 0.049*

Education

No-education 1957 (76.7) 840 (78.9) 1117 (75.1) 1.00

Primary school 365 (14.3) 140 (13.2) 225 (15.1) 0.83 0.66–1.04 0.105

Secondary school 189 (7.4) 75 (7.0) 114 (7.7) 0.88 0.65–1.12 0.390

High school and higher 41 (1.6) 9 (0.8) 32 (2.2) 0.37 0.18–0.79 0.010*

Occupation

Unemployed 628 (24.6) 252 (23.7) 376 (25.3) 0.93 0.74–1.15 0.492

Agriculturist 1243 (48.7) 526 (49.4) 717 (48.2) 1.01 0.84–1.22 0.892

Other 681 (26.7) 286 (26.9) 395 (26.5) 1.00

Annual income (baht)

≤ 50,000 1816 (71.2) 769 (72.3) 1047 (70.4) 1.00

50,001-100,000 527 (20.7) 211 (19.8) 316 (21.2) 0.91 0.75–1.12 0.344

≥ 100,001 209 (8.2) 84 (7.9) 125 (8.4) 0.92 0.68–1.23 0.550

Marital status

Single 138 (5.4) 63 (5.9) 75 (5.0) 1.00

Married 2039 (79.9) 856 (80.5) 1183 (79.5) 0.86 0.61–1.22 0.398

Other 375 (14.7) 145 (13.6) 230 (15.5) 0.75 0.51–1.11 0.154

Stress (ST-5)

Low 2076 (81.3) 867 (81.5) 1209 (81.3) 1.00

Moderate 399 (15.6) 165 (15.5) 234 (15.7) 0.98 0.79–1.22 0.879

High 77 (3.0) 32 (3.0) 45 (3.0) 0.99 0.63–1.57 0.971
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have never been educated in the Thai educational sys-
tem. They practiced unhealthy cooking in their daily life
by using high amounts of salt, monosodium glutamate,
and cooking oil. A large proportion of participants were
overweight and got no regular exercise. The prevalence
of elevated triglycerides in this study was 41.7%, and
only 17.6% were diagnosed and treated properly. Mem-
bers of the Lahu or Hmong tribes were more likely to
have elevated triglycerides or HTG than those in the

Akha tribe. Participants considered obese based on their
waist circumference were also more likely to have ele-
vated triglycerides than those persons of normal weight,
although the participants who used high quantities of
cooking oil were less likely to have elevated triglycerides
than those who used a low quantity of cooking oil.
The prevalence of HTG in our study was 41.7%, which

exceeds the overall rate from a study in Thailand that
found 38.6% HTG [13]. While the American Association

Table 1 Factors associated with triglyceride among the hill tribe aged 30 years and over in univariate and multivariate analyses
(Continued)

Factors Total
n (%)

Triglyceride OR 95%CI p-
value

AOR 95%CI p-value

Abnormal
n (%)

Normal
n (%)

Depression

No 2245 (88.0) 937 (88.1) 1308 (87.9) 1.00

Yes 307 (12.0) 127 (11.9) 180 (12.1) 1.01 0.77–1.30 0.902

Exercise

No 1551 (60.8) 644 (60.5) 907 (61.0) 0.83 0.64–1.07 0.153

Sometimes 719 (28.2) 290 (27.3) 429 (28.8) 0.79 0.60–1.04 0.097

Regularly 282 (11.1) 130 (12.2) 152 (10.2) 1.00

Smoking

No 1932 (75.7) 812 (76.3) 1120 (75.3) 1.00

Yes 620 (24.3) 252 (23.7) 368 (24.7) 0.95 0.79–1.14 0.543

Alcohol drinking

No 1955 (76.6) 820 (71.1) 1135 (76.3) 1.00

Yes 597 (23.4) 244 (22.9) 353 (23.7) 0.96 0.79–1.15 0.642

Amount of salt use for cooking

High 1193 (46.7) 474 (44.5) 719 (48.3) 1.20

Moderate 1115 (43.7) 478 (44.9) 637 (42.8) 0.78 0.59–1.03 0.074

Low 244 (9.6) 112 (10.5) 132 (8.9) 0.88 0.67–1.17 0.387

Amount of monosodium glutamate use for cooking

High 1298 (50.9) 521 (49.0) 777 (52.2) 0.83 0.63–1.09 0.176

Moderate 1006 (39.4) 432 (40.6) 574 (38.6) 0.93 0.70–1.23 0.605

Low 248 (9.7) 111 (10.4) 137 (9.2) 1.00

Amount of cooking oil used for cooking

High 862 (33.8) 333 (31.3) 529 (35.6) 0.73 0.58–0.91 0.006* 0.78 0.62–0.99 0.037**

Moderate 1214 (47.6) 510 (47.9) 704 (47.3) 0.84 0.68–1.03 0.099 0.94 0.75–1.18 0.579

Low 476 (18.7) 221 (20.8) 255 (17.1) 1.00 1.00

BMI

Normal weight 1256 (42.2) 519 (48.8) 737 (49.5) 1.00

Underweight 198 (7.8) 73 (6.9) 125 (8.4) 0.83 0.61–1.13 0.236

Overweight 1098 (43.0) 472 (44.4) 626 (42.1) 1.07 0.91–1.26 0.414

Waist circumference

Normal 1290 (50.5) 500 (47.0) 790 (53.1) 1.00 1.00

Obesity 1262 (49.5) 564 (53.0) 698 (46.9) 1.28 1.09–1.50 0.002* 1.30 1.09–1.54 0.003**

*Significance level at α = 0.05
**Significance level at α = 0.05 after controlling for sex, age, religion, education, occupation, income and marital status
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of Clinical Endocrinologists reported HTG in 39.0 and
27.8% of Mexican men and women, respectively, the
rates were 27.8 and 22.7% among white American men
and women, respectively [30], and 17.0% among people
in Saudi Arabia [31]. However, a study in China found
that the prevalence of HTG was 44.2%, which was simi-
lar to the rate found in the hill tribes in Thailand. This
may be because most of the cooking practices and some
of the cultural traditions are related to each other be-
cause the hill tribes in Thailand were originally from
China [32].
It is clear that a large proportion of the hill tribe mem-

bers aged 30 years and over in Thailand are living with
HTG, which could possibly lead to the development se-
vere diseases in the future. In addition, a large propor-
tion of HTG patients did not receive proper care and
treatment. This might be because the pathogenesis of
HTG is not presented in severe forms, so most patients
would not seek medical care. However, it should be in-
vestigated on the reason for a few proportions of the hill
tribe HTG being treated and cared for. Furthermore, a
community-based screening program could be one of
the implementations to detect early stages of HTG and
early treatment.
Even though there was no statistically significant asso-

ciation between education and HTG among the hill tribe
people in the multivariate analysis, education could con-
tribute to selected quality cooking oil to use in daily life.
The hill tribe people could be improving their unhealthy
behaviors if attending some level of education. Unfortu-
nately, the majority of the hill tribe in Thailand did not
attend a school (76.7%). A study in India was reported
that those people who had a poor education were at a
greater risk of having HTG than those who had high
education [33].
In our study, we have found that some tribes (Lahu

and Hmong tribes) had a higher risk of HTG than the
others. One study performed in a large sample size from
the United States in 2014 found that people aged 35
years and older with different races were found to have
significantly different rates of HTG [34]. This finding

was confirmed by a review in the United States that re-
ported that participants of different races or ethnicities
had different levels of HTG, even if they were living in
very similar environment [35]. Therefore, differences in
racial or ethnic backgrounds impact the level of trigly-
ceride elevation.
In the present study, we found that participants who

used high quantities of cooking oil tended have a lower
triglyceride level. Additionally, hill tribe people today
have totally changed their oil use from previous days
(from animal oil to vegetable oil) [15, 16]. WHO [10]
has reported that there are two sources of triglycerides:
those consumed by eating and those produced by the
human liver. However, the major source of triglycerides
comes from the diet, particularly in meat and cooking
oil [4]. Rygiel [6] reported that having a positive-energy
balance diet with saturated fat and alcohol contributed
to an increase in triglycerides, which was supported by a
systemic review conducted in 2014 [36] that reported
that a high fat diet and an inactive lifestyle were strongly
associated with HTG. However, the difference in the dir-
ection of the association between the quantity of cooking
oil used and the level of HTG could be related to the
fact that most of the cooking oil used among hill tribe
people has changed to vegetable oil. In one experimental
study [37] that identified chemical compounds, many
components of vegetable oils were found to be good for
human health.
Additionally, it was found that in the overall analysis,

triglycerides were positively correlated with DBP,
HbA1C, and HDL-C, but they were negatively correlated
with LDL-C. However, after classifying by sex, triglycer-
ides in males were negatively correlated with SBP, DBP,
HDL-C, and LDL-C, while triglycerides in females were
found that be positively correlated with HbA1c and
HDL-C and negatively correlated with LDL-C. The find-
ing in females was supported by a longitudinal study in
China [38], which found that triglycerides had a negative
correlation with HDL-C and a marginal correlation with
HbA1C. In our study, triglycerides were negatively cor-
related with DBP among males, which differed from a

Table 2 Correlations between triglycerides and key-biomarkers among the participants

Group Correlation Age SBP DBP HbA1c HDL-C LDL-C

Total r −0.022 −0.016 −0.048 0.109 −0.436 −0.099

p-value 0.272 0.415 0.013* < 0.001* < 0.001* < 0.001*

Male r −0.062 −0.090 −0.084 0.047 −0.420 −0.136

p-value 0.068 0.008* 0.013* 0.168 < 0.001* < 0.001*

Female r −0.001 0.019 −0.036 0.138 0.444 −0.081

p-value 0.976 0.429 0.144 < 0.001* < 0.001* 0.001*

SBP Systolic blood pressure, DBP Diastolic blood pressure, HDL-C High density lipoprotein cholesterol, LDL-C Low density lipoprotein cholesterol, HbA1c
Glycosylated hemoglobin
*Significant level at α = 0.05
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12-year prospective cohort study among patients with
diabetes conducted in Saudi Arabia [39] that found a
positive correlation between triglycerides and blood
pressure, although this difference may be due to the dif-
ferences in the participants between the two studies. A
study in Korea among people living in urban areas [40]
found that triglycerides were correlated with HDL-C,
which was similar to the findings in the current study.
Some limitations were found in the steps of the study.

First, some older people could not provide information
during data collection. However, the village health vol-
unteer who was fluent in both Thai and their local lan-
guages was requested to help in improving the accuracy
of the contents regarding the questions used. A few
people (3 females) were not completely collected 5 mL
blood specimens due to the difficulty to get into vein for
the purpose (obesity). This might little interfere with the
final interpretation of the findings, but it should be in
the same direction of the associations found.

Conclusion
Hill tribe people who live in northern Thailand live in
poverty with low family incomes and poor education.
Most health information and other key crucial media
for health improvement in Thailand are produced in
the Thai language. Therefore, due to the low level of
education received within the Thai educational system
among the hill tribe people, it is very difficult for them
to access all of the important information from health
care professionals to improve their health and the
health of their family members. A large proportion of
hill people were found to be overweight according to
both BMI (60.7% were overweight) and waist circum-
ference (49.5% were obese). Many use various sub-
stances, and relatively few people exercise regularly.
Some tribes (Lahu and Hmong) were more likely to
have elevated serum triglyceride levels than other
tribes. Obesity is one of the risk factors for elevated
serum triglycerides, although using a high quantity of
cooking oil was found to serve as a protective factor for
elevated serum triglycerides among hill tribe people
aged 30 years and over. There is clearly a need for ef-
fective public health programs to be developed and im-
plemented immediately to reduce the level of
triglycerides by focusing on some of the tribes and on
reducing body weight by encouraging regular exercise.
Screening program to identify HTG among the risk
population particularly who have high BMI should be
considered, and those who have HTG problem should
be cared and treated properly. Moreover, essential
health information should be translated into the hill
tribes’ local languages and distributed to improve acces-
sibility for these people.
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