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ABSTRACT

Objective: Diabetes increases the risk of cardiovascular disease by two to four times, with 80% of
related deaths and hospitalizations due to atherosclerosis. Dyslipidemia plays a crucial role in the
development of atherosclerosis and heart diseases, making it a concern for newly diagnosed and
uncontrolled type-2 diabetes mellitus patients in Bangladesh. To address this, a cross-sectional study
in a south-western district of Bangladesh was conducted to assess the prevalence and pattern of
hyperlipidemia.

Methods: In a study of 120 participants, 83 were included in the analysis. Basic information and
medical history were collected, and diabetes was diagnosed based on blood glucose levels. Lipid
profiles were evaluated, and hyperlipidemia was defined as specific levels, including total cholesterol
over 200 mg/dL, triglycerides over 150 mg/dL, LDL-C over 100 mg/dL, and HDL-C less than 40
mg/dL.

Results: The uncontrolled diabetic and newly diagnosed type-2 diabetes mellitus groups had a higher
frequency of hypertriglyceridemia, hypercholesterolemia, hyper LDL cholesterolemia, and hypo
HDL-cholesterolemia compared to the diabetic controlled and non-diabetic groups. The prevalence of
high triglyceride levels was higher in females (85%) than males (76%). Gender was significantly
associated with LDL-c levels (p=0.04), while the age group of 40 years or older was significantly
associated with TG levels (p=0.05).

Conclusion: Dyslipidemia, including hypercholesterolemia, hypertriglyceridemia, and elevated
LDLc, is a growing concern in Bangladesh. The risk is higher in people with uncontrolled or newly
diagnosed type-2 diabetes. Early detection and treatment are crucial to reduce the risk of related
conditions, especially cardiovascular diseases, in Bangladesh.

Keywords: Type-2 diabetes mellitus, hypertriglyceridemia, LDL, physical activities, hypertension,
cardiovascular diseases

INTRODUCTION
Diabetes mellitus is a chronic metabolic
disorder that affects multiple organs in the

with diabetes is atherosclerosis, a condition
that hardens and narrows the arteries,
leading to cardiovascular disease. People

body, including the pancreas, liver, eyes,
kidneys, nerves, and blood vessels. One of
the most severe complications associated

with diabetes are two to four times more
likely to develop cardiovascular disease
than those without diabetes, and around
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80% of all diabetes-related deaths and
hospital stays caused by complications are
due to atherosclerosis. (1)

Hyperlipidemia, defined as elevated levels
of  low-density lipoprotein (LDL)
cholesterol, total cholesterol, triglycerides,
or lipoproteins, is a key risk factor for the
development of atherosclerosis. (2) Recent
research  has  implicated  ceramides,
sphingolipids that play a crucial role in
cellular signaling pathways, in the
development of atherosclerosis, heart
failure, and ischemic heart disease. (3, 4)
Ceramides promote inflammation, oxidative
stress, and endothelial dysfunction, which
are key factors in the development of
cardiovascular disease. Elevated ceramide
levels may also serve as a useful biomarker
for predicting cardiovascular events in
patients with diabetes and metabolic
syndrome.(5) Therefore, the modulation of
ceramide metabolism represents a potential
target for the prevention and treatment of
cardiovascular disease in patients with
diabetes.

Several genes and their products, combined
with environmental factors and lifestyle
choices, have been found to play a
significant role in the development of
diabetes and cardiovascular diseases and
their related adverse or deadly outcomes.
Among these, the microRNA-34 family and
Thioredoxin-interacting protein
(TXNIP/TBP-2) have emerged as prominent
contributors and essential regulators of
diabetes, atherosclerosis, cardiovascular
diseases, as well as cancerous and non-
cancerous  cellular  proliferation  and
regeneration.

MicroRNA-34a (miRNA-34a) is a small
non-coding RNA that has been implicated in
various  cellular  processes, including
apoptosis, proliferation, senescence, and
metabolism. (6) miRNA-34a is upregulated
in the pancreatic islets of diabetic
individuals and animal models of diabetes.
miRNA-34a overexpression has been shown

addition, miRNA-34a has been implicated
in the pathogenesis of cardiovascular
disease, including dyslipidemia,
atherosclerosis, and myocardial infarction.
(10, 11) Therefore, targeting miRNA 34a
may represent a potential therapeutic
strategy for preventing and treating both
diabetes and cardiovascular disease. (12)
Thioredoxin-interacting protein  (TXNIP),
also known as thioredoxin-binding protein-2
(TBP 2), is a key mediator of cellular
oxidative stress and is implicated in various
pathological conditions, including
dyslipidemia, diabetes, and cardiovascular
complications. (13, 14) TXNIP has been
shown to play a critical role in lipid
metabolism, and its dysregulation has been
linked to dyslipidemia. (15)

TXNIP plays a significant role in the
development and progression of diabetes.
TXNIP expression is upregulated in
response to glucose, and its overexpression
has been shown to impair glucose-
stimulated insulin secretion, elevated level
of glucagon, and promote beta-cell
apoptosis, leading to the development of
diabetes. (16) In addition, TXNIP is
involved in the regulation of glucose
metabolism and insulin signaling pathways.
(17, 18, 19, 20) Furthermore, TXNIP has
been implicated in the pathogenesis of
cardiovascular complications associated
with diabetes. It has been shown to promote
vascular smooth muscle cell proliferation
and migration, endothelial dysfunction, and
inflammation, all of which contribute to the
development of atherosclerosis and other
cardiovascular complications. (21, 22)
Therefore, understanding the role of TXNIP
in dyslipidemia, diabetes, and
cardiovascular complications may provide
new insights into the pathophysiology of
these diseases and may lead to the
development of new therapeutic strategies.
(23)

In our cross-sectional study hyperlipidemia
was investigated and compared among

to inhibit insulin secretion and impair newly diagnosed and uncontrolled type-2
insulin  sensitivity, contributing to the  diabetes mellitus patients with healthy
development of diabetes. (7, 8, 9) In individuals to get some insights for the
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betterment of management and treatment of
diabetes. The findings from the study
suggest that hyperlipidemia treatment along
with the treatment of hyperglycemia and
insulin insensitivity may act beneficial for
the patients with diabetes mellitus. As it is
evident that hyperlipidemia and lipid profile
among diabetes patients vary depending on
the sex (male and female) and age, diabetes
care should be directed targeting group
specific needs

MATERIALS & METHODS
Study population
The present cross-sectional study protocol

obtained approval from the ethics
committee of the Gopalganj Diabetic
Hospital located Gopalganj, Dhaka,

Bangladesh. Blood samples were obtained
between September 2022 and December
2022 from Gopalganj Diabetic Hospital,
Gopalganj, Dhaka, Bangladesh. Among the
83 eligible individuals (38 men and 45
women), 20 subjects were newly diagnosed
with type 2 diabetes mellitus, 32 subjects
were diabetic and treated but uncontrolled
type 2 diabetes mellitus, 11 subjects were
diabetic and treated and controlled type 2
diabetes mellitus and 20 subjects were non-
diabetic. The fasting glycemia was less than
6.9 mmol/L for the non-diabetic control
group and were not being treated with
glucose lowering drugs and did not have a
history of diabetes, metabolic disease or
metabolic syndrome.

Collection of participant data

Medical personnel gathered anthropometric
and health related information like age,
gender, body mass index (BMI),
hypertension, history of cardiovascular
disease or stroke, family history of diabetes,
work stress, physical activity, smoking
habits (current, ever or never), alcohol
consumption (current, ever or never),
history of major health issues (yes/no),
pregnancy frequency. In order to compute
the body mass index (BMI), weight (kg)
divided by height squared (m2 ) (Yamazaki
et al 2022). Professional nurses used

automated sphygmomanometers to monitor
each participant's blood pressure (BP) in the
upper right arm after 10 minutes of rest in a
seated position. The average of two blood
pressure readings was noted. According to
the American College of Cardiology
(ACC)/American Heart Association (AHA)
recommendations, blood pressure was
classified as normal (less than 120/80
mmHg), raised (between 120 and 129/80
mmHg), prehypertension (above 130/80
mmHg), and hypertension (above 140/80
mmHg). (24)

Blood sample collection, transportation
and preservation

Around 2 ml of blood sample was drawn by
expert nurses from subject’s peripheral
venous both in fasting blood glucose (FBG)
condition and two hours after the
administration of 75 gram glucose in 250 ml
water. After collection, the blood samples
were immediately placed on ice. The level
of blood glucose was measured in both
conditions by Automatic blood glucose
analyzer GA series (Yokohama, Kanagawa,
Japan) from the Biochemistry lab of
Gopalganj Diabetic Hospital, Gopalganj.
The blood samples were transported to the
lab in vacuum blood collection EDTA
(anticoagulant) tube through a cooler box
(Winner cooler box, Pran RFL Company,
Bangladesh).The blood was then transferred
to round bottom closed microcentrifuged
tube (Interlab Limited, New Zealand).
Plasma was obtained at 3000 rpm for 10
minutes by TC-SPINPLUS-8 (Topscien
instrument company limited, Italy). Then
both separated plasma and cellular part were
stored separately in -86 °C FROILABO
340L Vertical Deep Freezer (Collégien,
France).

Lipid Profiling

Total cholesterol (TC), high-density
lipoprotein cholesterol (HDL-c),
triglycerides (TG) and  low-density

lipoprotein cholesterol (LDL-c) in plasma
(~300 pL) were quantitated using The
Dimension® Xpand® Plus Integrated
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Chemistry System (Siemens Healthineers,
Erlangen, Germany) which is an automatic
analyzer. Then dyslipidemia  was
categorized according to the guidelines of
The American Diabetes Association.
Dyslipidemia was defined as having at least
one of the following: Elevated triglyceride
(TG) >150 mg/dL, high total cholesterol
(TC) >200 mg/dL, raised LDL-c >100
mg/dL, and lowered HDL-c 40 mg/dL in
men and 50 mg/dL in women are all risk
factors. (25)

STATISTICAL ANALYSIS

The data were processed and analyzed using
Microsoft Excel 2013 and the Statistical
Package for Social Science (SPSS) version
25.0, (IBM Corporation). Continuous
variables were presented as mean = SD
while categorical variables were presented
as percentages. Categorized variables were
analyzed using the Chi-square test. When
there was a single independent variable and
a single dependent variable, the one-way

Top of Form

Analysis of Variance (ANOVA) was
employed to compare the mean values of
more than two groups. All analyses were
regarded statistically significant when the p-
value was <0.05 otherwise not significant.

RESULT

A total of 83 participants were included in
this study for lipidemic analysis, of which
63 had previously been diagnosed with
type-2 diabetes and 20 served as a non-
diabetic control group. The proportion of
diabetic patients in the study was 75.9%,
with the remaining 24.1% comprising non-
diabetic participants. Among the diabetic
individuals, 24.1% were newly diagnosed
with type-2 diabetes mellitus, 38.55% had
been previously treated but had uncontrolled
diabetes, and 13.25% had been treated and
had controlled diabetes. The study
population included 38 (45.78%) male and
45 (54.22%) female participants,
representing a male-to-female ratio of 1:1.2.

Table 1. Newly diagnosed, uncontrolled, controlled, non-diabetic and sex-based sample distribution.

Category Sample Number | Percentage (%)
Gross sample 83 100

Newly diagnosed type-2 diabetic patients | 20 24.1

Diabetic, treated but uncontrolled patients | 32 38.55

Diabetic, treated and controlled patients 11 13.25
Non-diabetic individuals ( control group) | 20 24.1

Male 38 45.78

Female 45 54.22

Table 2. Baseline characteristics of Diabetic participants

Characteristics Frequency(n=63) Percentage (%)
Age

20-40 19 30.2
41-59 34 54
> 60 10 15.8
Marital status

Married 59 93.7
single 4 6.3
Family History of Diabetes

No one 34 54
Yes 29 46
Physical exercise

No 24 38.1
Yes 39 61.9
Blurred Vision

No 10 15.9
Little 22 34.9
Moderate 31 49.2
Gl problem

Little 23 36.5
Moderate 27 42.9
Severe 13 20.6
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Figure 2. Comparison of blood glucose level in both fasting and 2 hours after 75g glucose administration conditions.

Allergic problem

No 23 36.5
Yes 40 63.5
Teeth problem

No 29 46
Little 21 33.3
Moderate 4 6.3
Severe 9 14.3
Nerve problem

No 19 30.1
Little 17 27
Moderate 25 39.7
Severe 2 3.2
Smoking

Never 50 79.4
Ever 5 7.9
Current 8 12.7
Alcohol

Never 60 95.2
Occasionally 3 4.8
Appetite

Low 8 12.7
Normal 20 317
High 35 55.6
Anxiety

No 16 25.4
Yes 47 74.6
Regular checkup

No 36 57.1
Yes 27 42.9

Figure 1. Comparison of working hours among several groups; diabetic and non-diabetic.
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Table 3. Mean value of BMI, TC, TG, HDL-c, and LDL -c of Diabetic and Non-diabetic groups.

Category BMI TC (mg/dL) | TG (mg/dL) HDL-c LDL-c
(kg/m?) (mg/dL) (mg/dL)

Gross sample 24.7+3.68 169.5£39.38 | 267.02+143.02 | 29.65+8.47 90.42+40.83

(N=83)

Newly diagnosed type-2 diabetic patients | 23.38 +2.40 176.70+39.93 | 269.84+142.89 | 28.64+7.98 94.58+40.02

(N=20)

Diabetic, treated but uncontrolled patients | 24.80+3.51 171.63+37.42 | 304.47+166.07 | 29.11+7.98 82.39+40.35

(N=32)

Diabetic, treated and controlled patients (N=11) | 24.67+5.39 149.91+25.69 | 255.10£139.25 | 27.24+7.65 72.16+35.17

Non-diabetic individuals ( control group) | 25.89+3.74 169.71+47.79 | 210.83+83.01 32.84+9.76 109.13+39.98

(N=20)

Results are presented as mean (xSD) where appropriate. BMI-- Body Mass Index, TC--Total Cholesterol, TG-

Triglycerides, HDL-c-- High-density Lipoprotein Cholesterol, LDL-c--Low-density Lipoprotein Cholesterol.

mg/dl

269,84

tic patients

‘

2651

210.83
169.7
149.9
109.13
72.16 I
27.24

ontr

wiuals (

| group)

Figure 3. Lipid profile analysis of different groups of Diabetic patients and Non-diabetic control group.

Table 4. Prevalence of individual parameters of dyslipidemia and their association with gender, age, working hour, and BMI in non-

diabetic individuals (As control)

Characteristics TC TG LDL-c HDL-c
High Low High Low High Low Low High

Total Gender | 2(10%) | 18(90%) 16(80%) 4(20%) 13(65%) 7(35%) 15(75%) 5(25%)
Male 00(0%) | 8(100%) 5(62.5%) 3(37.5) 4(50%) 4(50%) 5(62.5%) 3(37.5%)
Female 2(16.67) | 10(83.33) | 11(91.67) 1(8.33) 9(75%) 3(25%) 10(83.33%) | 2(16.67%)
P value .495(Chi-Square test) | .255 (Chi-Square test) .356 (Chi-Square test) .347 (Chi-Square test)
Age (Years)
<40 0(0%) 8(100%) 7(87.5) 1(12.5) 5(71.43%) | 2(28.57%) | 6(85.71%) 1(14.28%)
>40 2(16.67) | 10(83.33) | 9(75%) 3(25%) 8(61.54%) | 5(38.46%) | 9(69.23%) | 4(30.77%)
P value 495 (Chi-Square test) | .619 (Chi-Square test) 1.00 (Chi-Square test) .613 (Chi-Square test)
Working hour
<6 hours 2(50%) | 2(50%) 3(75%) 1(25%) 3(75%) 1(25%) 3(75%) 1(25%)
>6 hours 0 16(100%) | 13(81.25%) | 3(18.75) | 10(62.5%) | 6(37.5%) 12(75%) 4(25%)
P value .032 (Chi-Square test) | 1.00 (Chi-Square test) 1.00 (Chi-Square test) 1.00 (Chi-Square test)
BMI
Underweight 00 00 00 00 00 00 00 00
Normal 00 8(100%) 5(62.5%) 3(37.5%) | 5(62.5%) | 3(37.5%) | 49(50%) 4(50%)
Overweight 2(20%) | 8(80%) 9(90%) 1(10%) 7(70%) 3(30%) 9(90%) 1(10%)
Obese 0 2(100%) 2(100) 0(00%) 1(50%) 1(50%) 2(100%) 0
P value .329 (Chi-Square test) | .265 (Chi-Square test) .848 (Chi-Square test) .104 (Chi-Square test)
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Table 5. Prevalence of individual parameters of dyslipidemia and their association with gender, age, working hour, and BMI in

type-2 diabetic (Newly diagnosed and uncontrolled) patient

Characteristics | TC TG LDL-c HDL-c

High Low High Low High Low Low High
Total Gender | 13(25%) 39(75%) 42(80.77%) | 10(19.23%) | 18(34.61%) | 34(65.39%) | 47(90.38%) | 5(9.62%)

Male 4(16%) 21(84%) 19(76%) 6(24%) 5(20%) 20(80%) 24(96%) 1(4%)

Female 9(33.33%) | 18(66.67%) | 23(85.18%) | 4(14.82%) 13(48.15%) | 14(51.85%) | 23(85.18%) | 4(14.82%)

P value .205 (Chi-Square test) .492(Chi-Square test) 0.04(Chi-Square test) .352(Chi-Square test)
.155 (ANOVA) 411(ANOVA) 0.033 (ANOVA) .193 (ANOVA)

Age (Years)

<40 4(30.77) 9(69.27%) 13(100%) 0 6(46.15%) | 7(53.85%) | 13(100%) 0

>40 9(23.07) 30(76.92%) | 29(74.36%) | 10(25.64%) | 12(30.76%) | 27(69.24%) | 34(87.18%) | 5(12.82%)

P value .714(Chi-Square test) .050(Chi-Square test) .334(Chi-Square test) .314(Chi-Square test)
.588 (ANOVA) .043(ANOVA) .322 (ANOVA) .181 (ANOVA)

Working hour

<6 hours 6(30%) 14(70%) 17(85%) 3(15%) 6(30%) 14(70%) 19(95%) 1(5%)

>6 hours 7(21.87%) 25(78.13%) | 25(78.12%) | 7(21.88%) 12(37.5%) | 20(62.5) 28(87.5%) | 4(12.5%)

P value .529(Chi-Square test) .722(Chi-Square test) .766(Chi-Square test) .637(Chi-Square test)
.520 (ANOVA) .550 (ANOVA) .589 (ANOVA) .382 (ANOVA)

BMI

Underweight 00 00 00 00 00 00 00 00

Normal 10(29.41%) | 24(70.59%) | 26(74.28%) | 9(25.72%) 11(44%) 24(56%) 31(88.57%) | 4(11.42%)

Overweight 3(20%) 12(80%) 14(93.33%) | 1(6.67%) 7(46.67%) | 8(53.33%) | 14(93.33%) | 1(6.67)

Obese 0 2(100%) 2(100%) 0 0 2(100%) 2(100%) 0

P value .576(Chi-Square test) .229(Chi-Square test) .336(Chi-Square test) .781(Chi-Square test)
.323 (ANOVA) .096 (ANOVA) .829(ANOVA) 494 (ANOVA)

The majority of diabetic participants  diabetic individuals in this study reported

(69.8%) were over the age of 40, with no
significant difference in age distribution
between genders. The mean age of non-
diabetic control group was 42 years and the
mean age of the diabetic group was 47.65
years. The mean age of diabetic patients in
the male group was 50.6 years and the mean
age of diabetic patients in the female group
was 44.97 years. Approximately 46% of
diabetic patients had a family history of
diabetes.

Regarding lifestyle habits, healthcare
providers recommended physical activity to
maintain sound glucose metabolism and
regulate blood glucose levels, and about
61.9% of diabetic patients engaged in
activities such as walking, running, or yoga.
The association between hyperglycemia and
retinopathy is well-known, and 84.1% of
diabetic patients in this study reported
experiencing blurred vision. Among the
participants, 63.5% reported gastrointestinal
and allergic problems, 69.9% reported nerve
problems, and 87.3% reported having
appetite  issues. Nearly three-quarters
(74.6%) of diabetic patients reported
experiencing anxiety. The frequency of
smoking and alcohol consumption was not
significantly  different among diabetic
individuals in this study. More than 50% of

not regularly checking their body or blood
glucose levels.

Figure 1 presents a comparison of working
hours among four groups of study
populations, with data showing that newly
diagnosed untreated type-2 diabetic patients
worked an average of 5.1 hours, while
treated type-2 diabetic uncontrolled patients
worked an average of 5.41 hours, and
treated type-2 diabetic controlled patients
worked an average of 5.82 hours. In
contrast, the non-diabetic control group
worked an average of 7.35 hours. Figure 2
presents the average fasting blood glucose
level and glucose level after administering
759 glucose in four groups, with non-
diabetic control group having lower blood
glucose levels in both conditions than the
other groups.

Table 3 displays the mean value of BMI,
TC, TG, HDL-c, and LDL-c of diabetic and
non-diabetic groups. The values of BMI,
TC, and LDL-c among the groups were not
significantly different, but the values of TG
and HDL-c were significantly different in
non-diabetic group than any others diabetic
group. From the Figure 3, it is estimated that
the TG level is higher in rest of the three
groups rather than the non-diabetic control
group. And only in the non-diabetic group
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the HDL level is higher than the three other
groups. Figure 2 showed that both in fasting
blood sugar and 2 hours after 75g glucose
administration condition, the blood glucose
level was higher in newly diagnosed type-2
diabetic patients and Type-2 diabetic,
treated uncontrolled patients than the Type-
2 diabetic, treated controlled patients and
non-diabetic individuals (control group).
Table 4 showed that females were more
prevalent with high TC than males, and
increased levels of TG and LDL in females
were 91.67% and 75%, respectively. The
level of lower HDL was 100% prevalent in
males.

Table 5 presented the investigation of the
prevalence of dyslipidemia in newly
diagnosed and uncontrolled type-2 diabetic
patients, stratified by gender, age, working
hour, and BMI. The study found that high
total cholesterol (TC) was more prevalent in
females (33.33%) than males (16%).
Elevated triglycerides were more prevalent
in females (85.18%) than males (76%), and
decreased high-density lipoprotein
cholesterol (HDL-c) was more prevalent in
females (85.18%) than males (96%). There
was a significant association between
gender and low-density  lipoprotein
cholesterol (LDL-c) level (p=0.040), and
dyslipidemia was more prevalent in patients
over 40 years old. The study did not find
any  significant  association  between
dyslipidemia, working hour, and BMI
(p>0.050 each). During the study, it was
estimated that a significant percentage of
patients with dyslipidemia worked more
than 6 hours per day.

In conclusion, the results of this study
showed that diabetic patients had higher
levels of TG and lower levels of HDL-c
compared to  non-diabetic  controls.
Additionally, reduced physical activity and
hyperglycemia were associated  with
worsening body conditions. The prevalence
of dyslipidemia varied by gender in non-
diabetic individuals. These findings suggest

dyslipidemia. Further studies are needed to
confirm and expand upon these results.

DISCUSSION

The present study aimed to investigate the
lipidemic analysis of diabetic and non-
diabetic individuals. The results showed that
the majority of the study population had
type-2 diabetes, with 24.1% of participants
newly diagnosed, 38.55% previously treated
but uncontrolled, and 13.25% previously
treated and controlled. In contrast, only 20
participants served as the non-diabetic
control group. The high proportion of
diabetic patients in the study highlights the
importance of understanding the
relationship between diabetes and lipid
levels.

The study population included slightly more
females than males, with a ratio of 1:1.2.
The majority of participants were over the
age of 40, and nearly all reported being
married. About half of the diabetic patients
had a family history of diabetes. Physical
activity is recommended to regulate blood
glucose levels, and nearly two-thirds of
diabetic patients engaged in physical
activity. However, more than 50% of
diabetic individuals did not regularly check
their body or blood glucose levels. The
prevalence of dyslipidemia in non-diabetic
individuals was also investigated, with
females being more prevalent with high TC
and lower HDL-c levels, and males having
higher levels of TG and LDL-c.

The study also found a strong relationship
between working hours and blood glucose
levels, with reduced physical activity
leading to worsened body conditions and
promoting hyperglycemia. The non-diabetic
control group worked longer hours and had
lower blood glucose levels than the diabetic
groups. Additionally, the values of TG and
HDL-c were significantly different in the
non-diabetic group compared to the diabetic
groups, indicating the importance of
monitoring lipid levels in diabetic patients.

the need for increased physical activity and Some recent study carried out in
regular monitoring of lipid profiles in Bangladesh, India and Pakistan also
diabetic individuals, particularly those with reported a  similar  prevalence  of
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dyslipidemia among individuals with type-2
diabetes. Like ours, an increase in TG level
in majority of the diabetic patients was
common finding for all of them. But none of
the study in this region reported a
significant difference in TG level increase in
diabetes patients. Our study found a
significant difference in TG level in the age
group >40 years of diabetic patients when
compared with the healthy control. Gender
was also significantly associated with LDL-
c level in our study. Increased levels of TG
and LDL in females were 91.67% and 75%
respectively. The level of lower HDL-c in
females was 83.33%. On the other hand,
high level of TG and LDL-C in males were
62.5% and 50%, respectively. The amount
of lower HDL-c in males was 62.5%.
Several studies have investigated the
prevalence of dyslipidemia in individuals
with diabetes mellitus in South Asia.
Bhuiyan AS et al. conducted a study in
Bangladesh, which included 120 diabetic
patients admitted to the Department of
Cardiology at Mymensingh Medical College
Hospital from April 2012 to March 2013.
The study found a high prevalence of
dyslipidemia among the patients, with 86%
of patients affected. Gender, age, BMI, and
duration of diabetes mellitus were not found
to be significantly associated with
dyslipidemia. The study also reported that
most patients had serum triglyceride levels
above the normal range, while about half of
the participants had high serum total
cholesterol levels. (26)

Similarly, Chowdhury JA et al. conducted
an observational study in Bangladesh in
2016, which included 100 diabetic
individuals and 100 healthy controls. The
study found that both male and female
participants with diabetes had significantly
higher blood pressure and serum total
cholesterol levels than healthy controls. (27)
Another cross-sectional study conducted by
Das H and Banik S in Noakhali, a southern
district of Bangladesh, evaluated the
prevalence of dyslipidemia among 1008
diabetic patients. The study reported that
71% of female and 73% of male patients

had dyslipidemia, with high LDL and low
HDL levels. High TG, high TC, high LDL,
and low HDL were also frequently
observed, affecting 41.96%, 35.42%,
71.33%, and 49.70% of patients,
respectively. (28)

Ahmmed MdS et al. also conducted a cross-
sectional study in Bangladesh to evaluate
the prevalence of dyslipidemia and
associated risk factors in newly diagnosed
type-2 diabetes patients. The study reported
a high prevalence of dyslipidemia among
both male and female participants, with
most patients having high TG, high TC,
high LDL, and low HDL levels. (29)

Karim MN et al. conducted a cross-sectional
study in Bangladesh involving 366
consecutive eligible T2DM patients aged
over 30 years. The study found that low
HDL cholesterol was the most frequent
form of dyslipidemia observed, affecting
59.3% of patients. The study also reported
that poor glycemic control and comorbid
hypertension were predictors of
dyslipidemia. Both the TC-HDL ratio and
LDL-HDL ratio were identified as good
predictors of all four parameters of
dyslipidemia. (30)

Finally, Basit A et al. conducted a National
Diabetes Survey in Pakistan, which included
10,834 subjects aged 20 years or above. The
study found a high prevalence of
dyslipidemia, affecting a significant
proportion of participants. The study
identified diabetes, obesity, and
hypertension as significant determinants of
dyslipidemia. (31)

Overall, these studies highlighted the high
prevalence  of  dyslipidemia  among
individuals with diabetes in South Asia and
underscore the need for effective strategies
to manage dyslipidemia and prevent its
associated complications.

Several genes and their corresponding
products are critically linked with diabetes
and cardiovascular diseases and with their
detrimental or fatal consequences. Based on
the very current understanding, MicroRNA-
34a and TXNIP (TBP-2) are the two major
players among them. The following
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discussions may account a significant part
of our findings with diabetic dyslipidemia
linking the some of the present
understanding of the pathophysiology of
type-2 diabetes mellitus and related
complications specially microvascular and
macrovascular complications including the
diabetic cardiovascular pathologies.
MiRNA-34a is upregulated in the pancreatic
islets of diabetic individuals and animal
models of diabetes. (32) miR-34a
overexpression has been shown to inhibit
insulin secretion in response to glucose by
downregulating the expression of SIRTL, a
key regulator of insulin secretion, and the
insulinotropic transcription factor, MafA.
(33) Moreover, miR-34a can also impair
insulin sensitivity by targeting the insulin
receptor substrate (IRS) 1 and 2, leading to
decreased activation of the PI3K-Akt
signaling pathway. (34)

MiRNA-34a has also been shown to be
involved in  the pathogenesis  of
cardiovascular diseases (CVDs), including
dyslipidemia, atherosclerosis, and
myocardial infarction (MI). (35)
Dyslipidemia is a major risk factor for the
development of CVDs, and studies have
shown that miRNA-34a  regulates
cholesterol metabolism by targeting several
key genes involved in cholesterol
homeostasis, such as ATP-binding cassette
transporter A1 (ABCAL), liver X receptor
alpha (LXRa), and sirtuin 1 (SIRT1). (36,
37, 38) In addition to its role in regulating
cholesterol metabolism, miRNA-34a also
plays a crucial role in the development of
atherosclerosis. Studies have shown that
miRNA-34a promotes the formation of
foam cells by suppressing ABCA1 and
LXRa, which are essential for cholesterol
efflux from macrophages. (36, 37)
Moreover, miRNA-34a can activate the
nuclear factor-kappa B (NF-kB) pathway
and promote inflammation by targeting
SIRT1 and other anti-inflammatory genes,
leading to the acceleration of atherosclerosis
progression. (38)

MiRNA-34a also modulates ceramide levels
in cells by regulating the expression of

enzymes involved in the biosynthesis of
ceramide, such as serine
palmitoyltransferase (SPT) and ceramide
synthase 6 (CerS6). (39, 40, 41)
Additionally, miRNA-34a can target genes
involved in the regulation of ceramide
metabolism and signaling, such as
sphingosine-1-phosphate receptor 1
(S1PR1) and peroxisome proliferator-
activated receptor delta (PPARJ). (42, 43)
MIRNA-34a expression is upregulated in
the myocardium after MI, and it promotes
myocardial apoptosis and fibrosis by
targeting several anti-apoptotic and pro-
fibrotic genes, including SIRT1, B-cell
lymphoma 2 (Bcl-2), and Smad4. (44, 45)
Therefore, inhibition of miRNA-34a could
be a potential therapeutic approach for
treating CVDs. Preclinical studies have
investigated the use of various miRNA-34a
inhibitors, such as antagomirs, locked
nucleic acids (LNAs), and small molecule
inhibitors, to target miRNA-34a in CVDs,
with promising results. (46, 47) However,
further studies are needed to investigate the
safety and efficacy of miRNA-34a
inhibition in human clinical trials.

TXNIP (Thioredoxin-interacting protein) is
a key regulatory protein involved in glucose
and lipid metabolism. Dysregulation of
TXNIP has been associated with both onset
and progression of type 2 diabetes,
dyslipidemia, and cardiovascular diseases.
Bodnar JS et al. identified TXNIP as the
gene responsible for combined
hyperlipidemia in 2002, using positional
cloning. (48) Xie X et al. conducted two
studies, one in 2021 and the other in 2022,
to evaluate the association of TXNIP with
prediabetes and T2D. In the 2021 study, the
authors found that TXNIP was a predictor
for PD. In the 2022 study, the authors
identified TXNIP and IRAK-M as potential
diagnostic factors for prediabetes. (49, 50)
Zhang D et al. conducted a case-control
study in 2020 and found that TXNIP
methylation was associated with T2DM
incidence in a Chinese population, with
interactions between TXNIP methylation,
obesity, and hypertriglyceridemia that may
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influence T2DM  risk.  (50) Van
Greevenbroek MM et al. investigated the
frequency distribution of a SNP in the
TXNIP gene and its effect on metabolic
parameters. The authors found that carriers
of the TXNIP-T variant had higher
triglyceride concentrations and higher
diastolic blood pressure in diabetic subjects,
while non-diabetic carriers had lower
fasting glucose concentrations. (51, 52)
Zhao YC et al. studied the plasma levels of
TXNIP in patients with IGR and
hypertriglyceridemia and found that
increased levels of TXNIP may contribute
to islet B-cell dysfunction in these patients.
(53) Szpigel A et al. found that TXNIP
expression was increased in individuals with
type 2 diabetes, and there was a correlation
between TXNIP expression and plasma
fasting  glucose and triacylglycerol
concentrations. The study also found an
association between TXNIP expression and
inflammatory markers and markers of the
UPR. (54) Guo H et al. investigated the
relationship between TXNIP and hepatic fat
levels in patients with T2DM and found that
TXNIP expression was positively correlated
with HFF. (55) Roberta Scrimieri et al. in
2021 reported high level of glucose induced
TXNIP increased lipogenesis and reduced
fatty acid oxidation resulting increased
accumulation of triglycerides and lipid
droplets. (56)

Cardiac dysfunction is a condition that
affects the heart's ability to pump blood
effectively and can be caused by a variety of
factors, including hypertension, myocardial
infarction, and cardiomyopathy. Studies
have indicated that TXNIP, a protein that is
upregulated in the heart under stress
conditions such as ischemia-reperfusion
injury and pressure overload-induced
hypertrophy, plays a role in the
development of cardiac dysfunction. (57,
58)

Inhibition of TXNIP has been identified as a
potential therapeutic strategy for the
treatment of cardiac dysfunction. In animal
models, both pharmacological inhibition
and genetic deletion of TXNIP have been

shown to improve cardiac function and
decrease myocardial damage following
ischemia-reperfusion injury and pressure
overload-induced hypertrophy. (59, 60)
Additionally, TXNIP inhibition has been
found to decrease oxidative stress and
inflammation in the heart, which are major
contributors to the development of cardiac
dysfunction. (61) Byon CH et al.
investigated the role of Thioredoxin
interacting  protein  (Txnip) in the
inflammatory response of vascular smooth
muscle cells (VSMC) and atherosclerosis
development. Results showed that Txnip
ablation reduced oxidative stress and
inflammation in VSMC and macrophages,
leading to a decrease in NF-xkB nuclear
translocation and macrophage adhesion to
VSMC. In Txnip-ApoE double knockout
mice,  atherosclerotic  lesions  were
significantly reduced in the aortic root and
abdominal aorta compared to control ApoE
knockout mice. These findings suggest that
targeting Txnip expression could be a
potential intervention for atherosclerosis and
vascular inflammatory disease. (62) Li, Y et
al. explored the regulatory effects of long
non-coding RNA GAS5 on the miR-194-
3p/TXNIP axis in coronary atherosclerosis
(AS). Using AS rat models, GAS5, miR-
194-3p, and TXNIP expression levels were
tested in coronary vascular tissues and
endothelial cells (ECs). Results showed that
GAS5 was upregulated while miR-194-3p
and TXNIP were downregulated in AS.
GAS5 bound to miR-194-3p while miR-
194-3p targeted TXNIP. Inhibiting GAS5 or
overexpressing miR-194-3p promoted EC
proliferation and suppressed apoptosis in
AS. The study suggests that inhibiting
GAS5 could enhance EC growth through
the miR-194-3p/TXNIP axis, providing a
potential therapeutic strategy for AS. (63)

Several specific and non-specific inhibitors
of TXNIP, including SRI-37330 (substituted
quinazoline sulfonamide), verapamil (U.S.
FDA approved antihypertensive drug),
W2476 [9- ((1-(4-acetyl-phenyloxy)-ethyl)-
2-)adenine], and quinazolin-4(3H)-one
derivatives have shown potential in
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improving diabetes. SRI-37330 is an orally
bioavailable, non-toxic small molecule that

has effectively rescued mice from
streptozotocin- and obesity-induced
diabetes. (64) Verapamil has also shown
promising results in improving lipid

metabolism, with a significant decrease in
total cholesterol, triglycerides, and LDL
cholesterol observed in type 2 diabetes
patients after 12 weeks of treatment. (65)
Similarly W2476 has been shown to have a
significant effect on lipid metabolism and
glycemic control, with the potential to
reduce the risk of cardiovascular disease in
patients with diabetes. (66) Quinazolin-
4(3H)-one derivatives have also been
evaluated for their inhibitory effects on
TXNIP and have shown potential as a-
glucosidase inhibitors, which could improve
the metabolic status of diabetic patients by
modulating lipid metabolism. (67, 68, 69)
However, there were some limitations in our
study which should be taken into
consideration. The study only included 83
participants, which  may not be
representative of the entire population of
patients with type-2 diabetes mellitus in this
district of Bangladesh. This may limit the
generalizability of the study's findings to
other populations. The dietary habits of the
participants were not considered in the
study. The study used a cross-sectional
design, which can only establish a
correlation between hyperlipidemia and
diabetes but cannot determine causality or
the temporal sequence of events.
Longitudinal studies are needed to better
understand the relationship  between
diabetes and hyperlipidemia over time.

CONCLUSION

In conclusion, this study highlighted the
high prevalence of hyperlipidemia in newly
diagnosed type-2 diabetes mellitus patients
and uncontrolled diabetic patients in
Gopalganj, a district of Bangladesh. The
results indicate that hypertriglyceridemia,
hypercholesterolemia, and elevated low-
density lipoprotein cholesterol are common
and serious conditions in this population,

especially among females and individuals
with uncontrolled diabetes. Furthermore,
this study found a significant association
between age and triglyceride levels and
gender and LDL-c levels. These findings
suggested the importance of early
identification and  management  of
hyperlipidemia in diabetes individuals to

reduce the risk of related illnesses,
especially cardiovascular problems.
Healthcare providers should consider

regular lipid profiling as part of routine
diabetes management in addition to
hyperglycemic control, especially for those
with uncontrolled diabetes and newly
diagnosed individuals. Further research is
needed to investigate the effectiveness of
lipid-lowering  therapies in  reducing
cardiovascular risk in this population
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