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Abstract

Background: Dyslipidemia is a major modifiable risk factor for
cardiovascular disease among patients with Type 2 diabetes mellitus
(T2DM). However, data on the prevalence and patterns of dyslipidemia in
diabetic patients from the northeastern region of Bangladesh are limited.
This study aimed to investigate the prevalence, patterns, and associated
factors of dyslipidemia among patients with T2DM in this region.

Methods: This cross-sectional study included 200 patients with T2DM
from the northeastern region of Bangladesh. Demographic and clinical
data were collected using a structured questionnaire. Anthropometric
measurements and blood pressure were recorded, and blood samples
were collected for assessment of glycemic parameters and lipid profile.
Dyslipidemia was defined according to the National Cholesterol Education
Program Adult Treatment Panel III guidelines. Statistical analyses were
performed using SPSS version 25.0.

Results: The overall prevalence of dyslipidemia was 87.5%, with high
LDL-C being the most common lipid abnormality (72.0%), followed by
hypertriglyceridemia (63.5%), hypercholesterolemia (60.5%), and low
HDL-C (54.0%). Among patients with dyslipidemia, 34.3% had all four
lipid abnormalities concurrently. Female patients had significantly higher
total cholesterol (212.6 + 46.7 vs. 198.3 + 41.9 mg/dL, p=0.031) and
LDL-C (131.5+39.2 vs. 118.7£35.6 mg/dL, p=0.024) levels, while males
had lower HDL-C (37.4 £ 8.6 vs. 42.9 £ 9.8 mg/dL, p=0.001). Multivariate
analysis identified age >50 years (adjusted OR=2.31, 95% CI: 1.18-4.52),
female gender (adjusted OR=1.87, 95% CI: 1.06-3.29), duration of diabetes
>5 years (adjusted OR=2.63, 95% CI: 1.35-5.12), poor glycemic control
(HbA1lc >7%) (adjusted OR=3.18, 95% CI: 1.72-5.88), and BMI >25 kg/
m? (adjusted OR=2.05, 95% CI: 1.14-3.69) as independent predictors of
dyslipidemia. A significant correlation was observed between HbAlc and
all lipid parameters.

Conclusion: The alarmingly high prevalence of dyslipidemia among T2DM
patients in northeastern Bangladesh, particularly the high proportion with
multiple concurrent lipid abnormalities, emphasizes the need for regular
screening and aggressive management of dyslipidemia in this population.
The identified risk factors should guide targeted interventions to reduce
cardiovascular risk in this vulnerable population.
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Introduction

Diabetes mellitus (DM) represents one of the most
significant global health challenges of the 21% century,
with Type 2 diabetes mellitus (T2DM) accounting for
approximately 90-95% of all diabetes cases worldwide [1].
The International Diabetes Federation (IDF) estimated that
537 million adults were living with diabetes in 2021, with
projections suggesting this number could rise to 783 million
by 2045 [2]. In Bangladesh, the prevalence of diabetes has
been increasing at an alarming rate, with recent studies
indicating that approximately 8.4-10.7% of the adult
population is affected, placing a substantial burden on the
nation's healthcare system [3].

Type 2 diabetes is characterized by insulin resistance and
relative insulin deficiency, leading to chronic hyperglycemia
and various metabolic abnormalities [4]. Among these
metabolic  disturbances, dyslipidemia is particularly
concerning as it significantly increases cardiovascular disease
(CVD) risk, which remains the leading cause of morbidity and
mortality in diabetic populations [5]. Diabetic dyslipidemia
typically presents with elevated triglycerides, decreased high-
density lipoprotein cholesterol (HDL-C), and increased small
dense low-density lipoprotein (LDL) particles, often referred
to as the "atherogenic lipid triad" [6].

The relationship between T2DM and dyslipidemia is
complex and bidirectional. Insulin resistance, which precedes
the development of T2DM, affects lipid metabolism by
increasing free fatty acid flux from adipose tissue to the liver,
enhancing very low-density lipoprotein (VLDL) production,
and reducing lipoprotein lipase activity [7]. Conversely,
dyslipidemia can exacerbate insulin resistance through
lipotoxicity mechanisms, creating a vicious cycle that
accelerates the progression of both conditions [8].

In Bangladesh, particularly in the northeastern region, the
pattern and prevalence of dyslipidemia in T2DM patients have
not been extensively studied [9]. This region presents unique
demographic, socioeconomic, and cultural characteristics
that may influence both the development of T2DM and
associated lipid abnormalities [10]. Dietary habits, physical
activity levels, genetic factors, and access to healthcare
services vary significantly across Bangladesh, potentially
contributing to regional variations in the manifestation of
diabetic dyslipidemia [11].

Early detection and management of dyslipidemia in
T2DM patients are crucial for preventing cardiovascular
complications and reducing overall mortality [12]. However,
implementing effective prevention and treatment strategies
requires a comprehensive understanding of the local patterns
and determinants of dyslipidemia in specific populations
[13]. This research aims to address this knowledge gap by
investigating the prevalence and patterns of dyslipidemia
among T2DM patients in the northeastern region of
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Bangladesh, providing valuable insights for clinicians and
policymakers to develop targeted interventions for this high-
risk population [14,15].

Materials and Methods
Study Design and Setting

This cross-sectional observational study was conducted in
the Northeastern Region of Bangladesh from August 2024
to January 2025. Patients were recruited from the outpatient
departments of major tertiary care hospitals and specialized
diabetes care centers in the region . The study protocol was
approved by the Institutional Ethics Committee (Reference No
.59.14.3600.155.000.99.0004.23.567(3) Date 01/08/2024),
and all procedures were performed in accordance with
the ethical standards laid down in the 1964 Declaration of
Helsinki and its later amendments [16].

Study Population

A total of 200 patients with previously diagnosed Type
2 diabetes mellitus were enrolled in the study using a
systematic random sampling technique. The sample size was
calculated using the formula n = Z?P(1-P)/d?, where Z is the
confidence level at 95% (1.96), P is the expected prevalence
of dyslipidemia in diabetic patients based on previous studies
(50%), and d is the margin of error (7%) [17]. Patients aged 18
years and above with confirmed diagnosis of Type 2 diabetes
mellitus according to the American Diabetes Association
criteria were included in the study [18]. Patients with type 1
diabetes, gestational diabetes, secondary diabetes and acute
illness were excluded.

Data Collection

After obtaining written informed consent, demographic and
clinical data were collected using a structured questionnaire
through face-to-face interviews. The questionnaire included
information on age, sex, occupation, smoking status, non-
smoking tobacco use, food habits, family history of T2DM,
duration of diabetes, blood pressure medication, and history
of chronic kidney disease. Anthropometric measurements
including height, weight, body mass index (BMI), and waist
circumference were recorded using standardized techniques
[19]. BMI was calculated as weight in kilograms divided by
height in meters squared.

Clinical and Laboratory Assessments

Blood pressure was measured in a seated position
after at least 5 minutes of rest using a standard mercury
sphygmomanometer, with the average of two readings
recorded [20]. Venous blood samples were collected after
an overnight fast of at least 8 hours. Fasting plasma glucose
(FPG), 2-hour postprandial glucose (2HAPPQG), glycated
hemoglobin (HbAlc), serum creatinine, and alanine
aminotransferase (ALT) were measured using standard
laboratory methods.
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The lipid profile, which included total cholesterol (TC),
low-density lipoprotein cholesterol (LDL-C), high-density
lipoprotein cholesterol (HDL-C), and triglycerides (TGQG),
was assessed using enzymatic colorimetric methods with
an automated analyzer (Hitachi 902, Japan) [21]. The TC/
HDL ratio was calculated by dividing the total cholesterol by
HDL-C values. Estimated glomerular filtration rate (¢GFR)
was calculated using the CKD-EPI equation [22].

Definition of Dyslipidemia

Dyslipidemia was defined according to the National
Cholesterol Education Program Adult Treatment Panel
IIT (NCEP ATP III) guidelines [23]. The cutoff values
were as follows: hypercholesterolemia (TC > 200 mg/
dL), hypertriglyceridemia (TG > 150 mg/dL), high LDL-C
(LDL-C > 100 mg/dL), low HDL-C (HDL-C < 40 mg/dL for
males and < 50 mg/dL for females), and high TC/HDL ratio
(> 4.5). A patient was considered to have dyslipidemia if at
least one of these parameters was abnormal [24].

Statistical Analysis

Data were analyzed using IBM SPSS Statistics for
Windows, version 25.0 (IBM Corp., Armonk, NY, USA).
Continuous variables were expressed as mean + standard
deviation (SD) or median with interquartile range (IQR)
depending on the distribution of data. Categorical variables
were presented as frequencies and percentages. The
Kolmogorov-Smirnov test was used to check the normality
of the data distribution. The prevalence of dyslipidemia was
calculated as the percentage of patients with at least one
abnormal lipid parameter. Chi-square test or Fisher's exact
test was used to examine the association between categorical
variables. Independent t-test or Mann-Whitney U test was
employed to compare continuous variables between groups.
Bivariate and multivariate logistic regression analyses were
performed to identify factors associated with dyslipidemia,
with results expressed as odds ratios (OR) with 95%
confidence intervals (CI). A p-value < 0.05 was considered
statistically significant.

Results
Demographic and Clinical Characteristics

A total of 200 patients with Type 2 diabetes mellitus
from the northeastern region of Bangladesh were included
in this study. The demographic and clinical characteristics
of the study population are presented in Table 1. The mean
age of the participants was 53.8 + 11.4 years, with a male
predominance (67.5%). The median duration of diabetes
was 7.0 years (IQR: 3.0-12.0). The majority of patients
(58.5%) had a family history of T2DM, and 43.5% were
on antihypertensive medication. The mean BMI was 26.9
+ 3.7 kg/m?, indicating that most patients were overweight
according to WHO Asian criteria.

Singha SK, et al., Cardiol Cardiovasc Med 2025
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Table 1: Demographic and Clinical Characteristics of the Study
Population (N=200).

Characteristics Value
Age (years), mean + SD 53.8+11.4
Sex, n (%)

Male 135 (67.5)
Female 65 (32.5)
Occupation, n (%)

Service 48 (24.0)
Business 74 (37.0)
Housewife 56 (28.0)
Others 22 (11.0)
Smoking status, n (%)

Current smoker 53 (26.5)
Non-smoker 147 (73.5)
Non-smoking tobacco use, n (%) 62 (31.0)
Food habit, n (%)

Vegetarian 14 (7.0)
Non-vegetarian 186 (93.0)
Family history of T2DM, n (%) 117 (58.5)
Duration of DM (years), median (IQR) 7.0 (3.0-12.0)
On antihypertensive medication, n (%) 87 (43.5)
History of CKD, n (%) 23 (11.5)
BMI (kg/m?), mean + SD 26.9+3.7
Waist circumference (cm), mean + SD

Male 91.7+9.3
Female 87.2+8.6
Blood pressure (mmHg), mean + SD

Systolic 131.5+17.2
Diastolic 79.8+9.3

SD: Standard deviation; IQR: Interquartile range; T2DM: Type 2
diabetes mellitus; CKD: Chronic kidney disease; BMI: Body mass
index
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Figure 1: A bar graph showing the distribution of occupation among
study participant.
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Glycemic and Biochemical Parameters

The glycemic and biochemical parameters of the study
participants are summarized in Table 2. The mean HbAlc
was 8.7 £ 2.1%, indicating poor glycemic control among the
majority of patients. The mean fasting plasma glucose was
9.8 + 3.7 mmol/L, and the mean 2-hour postprandial glucose
was 13.4 £4.9 mmol/L. The mean serum creatinine was 1.1 £
0.4 mg/dL, and the mean ALT was 36.7 + 18.9 U/L.

Table 2: Glycemic and Biochemical Parameters of the Study
Population (N=200).

Parameters Value
FPG (mmol/L), mean + SD 9.8+3.7
2HAPPG (mmol/L), mean + SD 134149
HbA1c (%), mean + SD 8.7+21
Serum creatinine (mg/dL), mean + SD 11104
eGFR (mL/min/1.73m?), mean + SD 76.3+22.5
ALT (U/L), mean = SD 36.7+18.9

SD: Standard deviation; FPG: Fasting plasma glucose; 2HAPPG:
2-hour postprandial glucose; HbA1c: Glycated hemoglobin; eGFR:
Estimated glomerular filtration rate; ALT: Alanine aminotransferase
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Figure 2: A scatter plot showing the correlation between HbAlc
and total cholesterol levels.

Prevalence of Dyslipidemia

The overall prevalence of dyslipidemia in our study
population was 87.5% (175/200). The prevalence of individual
lipid abnormalities is shown in Table 3. High LDL-C was
the most common lipid abnormality (72.0%), followed
by hypertriglyceridemia (63.5%), hypercholesterolemia
(60.5%), low HDL-C (54.0%), and high TC/HDL ratio
(51.0%).

Patterns of Dyslipidemia

The patterns of dyslipidemia among the study participants
are presented in Table 4. Among patients with dyslipidemia,
34.3% had all four lipid abnormalities (hypercholesterolemia,
hypertriglyceridemia, high LDL-C, and low HDL-C), while
28.0% had three abnormalities, 18.3% had two abnormalities,
and 6.9% had only one abnormal lipid parameter.
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Table 3: Prevalence of Dyslipidemia and Lipid Abnormalities
(N=200).

Lipid Abnormalities n (%)
Overall dyslipidemia (at least one abnormal lipid 175 (87.5)
parameter)

Hypercholesterolemia (TC = 200 mg/dL) 121 (60.5)
Hypertriglyceridemia (TG = 150 mg/dL) 127 (63.5)
High LDL-C (LDL-C = 100 mg/dL) 144 (72.0)
Low HDL-C (< 40 mg/dL for males, < 50 mg/dL for 108 (54.0)
females)

High TC/HDL ratio (> 4.5) 102 (51.0)

TC: Total cholesterol; TG: Triglycerides; LDL-C: Low-density
lipoprotein cholesterol; HDL-C: High-density lipoprotein cholesterol

Hypertriglyceridemia (63.5%)\
ligh LDL-C (72%)

Hypercholesterolemia (60.5%)

“High TC/HDL ratio (51%)

Low HDL-C (54%)

m High LDL-C m Hypertriglyceridemia M Lo
m High TC/HDL ratio

Figure 3: A pie chart showing the distribution of different types of
dyslipidemia among the study population.

Lipid Profile Parameters by Gender

The comparison of lipid profile parameters between
male and female patients is shown in Table 5. The mean
total cholesterol (212.6 = 46.7 vs. 198.3 £ 41.9 mg/dL,
p=0.031) and LDL-C (131.5 + 39.2 vs. 118.7 = 35.6 mg/
dL, p=0.024) were significantly higher in females compared
to males. Conversely, the mean HDL-C was significantly
lower in males than in females (37.4 + 8.6 vs. 42.9 + 9.8 mg/
dL, p=0.001). There was no significant gender difference in
triglyceride levels and TC/HDL ratio.

Factors Associated with Dyslipidemia

The factors associated with dyslipidemia are presented
in Table 6. In multivariate logistic regression analysis, after
adjusting for potential confounders, the factors independently
associated with dyslipidemia were age >50 years (adjusted
OR=2.31, 95% CI. 1.18-4.52, p=0.015), female gender
(adjusted OR=1.87, 95% CI: 1.06-3.29, p=0.031), duration
of diabetes >5 years (adjusted OR=2.63, 95% CI: 1.35-5.12,
p=0.004), poor glycemic control (HbAlc >7%) (adjusted
OR=3.18, 95% CI: 1.72-5.88, p<0.001), and BMI >25 kg/m?
(adjusted OR=2.05, 95% CI: 1.14-3.69, p=0.017).
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Table 4: Patterns of Dyslipidemia Among Study Participants
(N=175)

Pattern of Dyslipidemia n (%)
Isolated hypercholesterolemia 3(1.7)
Isolated hypertriglyceridemia 5(2.9)
Isolated high LDL-C 3(1.7)
Isolated low HDL-C 1(0.6)
Hypercholesterolemia + hypertriglyceridemia 8 (4.6)
Hypercholesterolemia + high LDL-C 12 (6.9)
Hypercholesterolemia + low HDL-C 3(1.7)
Hypertriglyceridemia + high LDL-C 6 (3.4)
Hypertriglyceridemia + low HDL-C 2(1.1)
High LDL-C + low HDL-C 1(0.6)
Egﬁt_a(r:cholesterolemia + hypertriglyceridemia + high 18 (10.3)
Hypercholesterolemia + hypertriglyceridemia + low 11(6.3)
HDL-C

Hypercholesterolemia + high LDL-C + low HDL-C 9(5.1)
Hypertriglyceridemia + high LDL-C + low HDL-C 11 (6.3)
All four lipid abnormalities 60 (34.3)
Dyslipidemia with high TC/HDL ratio only 22 (12.6)

LDL-C: Low-density lipoprotein cholesterol; HDL-C: High-density
lipoprotein cholesterol; TC: Total cholesterol

Table 5: Comparison of Lipid Profile Parameters Between Male and
Female Patients.

Parameters Male (n=135) ':ﬁ::sasl;e p-value
TC (mg/dL), mean + SD 198.3+41.9 |212.6+46.7 | 0.031*
LDL-C (mg/dL), mean +SD | 118.7+35.6 | 131.5+39.2 | 0.024*
HDL-C (mg/dL), mean+ SD | 37.4+8.6 429+98 | 0.001*
TG (mg/dL), mean + SD 192.5+102.7 | 181.6+95.3 | 0.469
TC/HDL ratio, mean + SD 55+1.7 51+14 0.096

*TC: Total cholesterol; LDL-C: Low-density lipoprotein cholesterol;
HDL-C: High-density lipoprotein cholesterol; TG: Triglycerides; SD:
Standard deviation; Statistically significant (p<0.05)

Volume 9 ¢ Issue 4 338

Correlation Between Glycemic Control and Lipid
Parameters

The correlation between glycemic control (HbAlc) and
lipid parameters is presented in Table 7. HbAlc showed
a significant positive correlation with total cholesterol
(r=0.347, p<0.001), LDL-C (r=0.329, p<0.001), triglycerides
(r=0.384, p<0.001), and TC/HDL ratio (r=0.376, p<0.001).
A significant negative correlation was observed between
HbAlc and HDL-C (r=-0.254, p<0.001).

Prevalence of Dyslipidemia Based on Duration of
Diabetes

The prevalence of dyslipidemia according to the duration
of diabetes is illustrated in Table 8. Patients with longer
duration of diabetes (=10 years) had significantly higher
prevalence of dyslipidemia (96.4%) compared to those with
5-9 years (89.7%) and <5 years (77.8%) duration (p=0.003).

Discussion

The present study investigated the prevalence and patterns
of dyslipidemia among patients with Type 2 diabetes mellitus
inthe northeastern region of Bangladesh. Our findings revealed
a markedly high prevalence of dyslipidemia (87.5%) in this
population, with high LDL-C being the most common lipid
abnormality. Several factors including age >50 years, female
gender, longer duration of diabetes, poor glycemic control,
and overweight/obesity were independently associated with
dyslipidemia [25].

The overall prevalence of dyslipidemia in our study
(87.5%) is consistent with previous studies conducted in
different regions of Bangladesh. Islam et al. reported a
prevalence of 85.8% in a study conducted in Dhaka city
[26], while Rahman et al. found a prevalence of 83.4%
among diabetic patients in Sylhet division [27]. Our findings
are also comparable to studies from neighboring countries;
Lakshminarayanan et al. reported a prevalence of 85.5%
in India [28], and Aryal et al. found 88.1% in Nepal [29].
However, our prevalence is somewhat higher than those

Table 6: Factors Associated with Dyslipidemia in Multivariate Logistic Regression Analysis.

Factors Crude OR (95% CI)
2.15 (1.14-4.07)
1.65 (0.98-2.79)
1.41 (0.81-2.45)

1.58 (0.96-2.59)

Age 250 years (
(
(
(
(
(
(
(

Female gender

Current smoker

Family history of T2DM
Duration of DM =5 years
HbA1c 27%

BMI 225 kg/m?

2.39 (1.29-4.43)
2.96 (1.67-5.25)
1.89 (1.09-3.27)

Hypertension 1.64 (0.99-2.72)

p-value Adjusted OR (95% Cl) p-value
0.018* 2.31(1.18-4.52) 0.015*
0.062 1.87 (1.06-3.29) 0.031*
0.224 1.27 (0.69-2.31) 0.443
0.071 1.47 (0.86-2.52) 0.163
0.006* 2.63(1.35-5.12) 0.004*
<0.001* 3.18 (1.72-5.88) <0.001*
0.023* 2.05 (1.14-3.69) 0.017*
0.056 1.53 (0.88-2.66) 0.133

*OR: Odds ratio; Cl: Confidence interval; T2DM: Type 2 diabetes mellitus; DM: Diabetes mellitus; HbA1c: Glycated hemoglobin; BMI: Body mass

index; Statistically significant (p<0.05).
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Table 7: Correlation Between HbAlc and Lipid Parameters.

Lipid Parameters Correlation Coefficient (r) p-value
Total cholesterol 0.347 <0.001*
LDL-C 0.329 <0.001*
HDL-C -0.254 <0.001*
Triglycerides 0.384 <0.001*
TC/HDL ratio 0.376 <0.001*

*LDL-C: Low-density lipoprotein cholesterol; HDL-C: High-density
lipoprotein cholesterol; TC: Total cholesterol; Statistically significant
(p<0.05)

Table 8: Prevalence of Dyslipidemia Based on Duration of Diabetes.

Duration of Total Patients with | Prevalence
Diabetes Patients | Dyslipidemia (%) p-value
<5 years 63 49 77.8 0.003*
5-9 years 78 70 89.7
210 years 56 54 96.4
Unknown 3 2 66.7

Statistically significant (p<0.05) using Chi-square test

reported in Western populations. For instance, Jacobs et al.
observed a prevalence of 77.2% among diabetic patients in
the United States [30], and Taskinen et al. reported 76.8%
in European populations [31]. These differences may be
attributed to variations in dietary habits, physical activity
levels, genetic factors, and access to healthcare services
across different populations.

Regarding the pattern of dyslipidemia, our study
identified high LDL-C (72.0%) as the most prevalent lipid
abnormality, followed by hypertriglyceridemia (63.5%),
hypercholesterolemia (60.5%), and low HDL-C (54.0%).
This pattern differs somewhat from the classical diabetic
dyslipidemia described in literature, which typically features
hypertriglyceridemia and low HDL-C as the predominant
abnormalities [32]. Wu and Parhofer reported that elevated
triglycerides and decreased HDL-C were the most common
lipid abnormalities in Asian diabetic populations [33]. The
higher prevalence of elevated LDL-C in our study population
may be explained by several factors, including dietary
patterns rich in saturated fats, sedentary lifestyle, and possibly
inadequate use of lipid-lowering medications among diabetic
patients in this region [34].

Interestingly, our study found that 34.3% of dyslipidemic
patients exhibited all four lipid abnormalities concurrently.
This high prevalence of combined dyslipidemia is concerning
as it substantially increases cardiovascular risk. Arca et al.
demonstrated that patients with multiple lipid abnormalities
have a 2-4 fold higher risk of cardiovascular events compared
to those with a single abnormality [35]. Similarly, the Action
to Control Cardiovascular Risk in Diabetes (ACCORD) Lipid
trial emphasized that addressing multiple lipid abnormalities
is essential for comprehensive cardiovascular risk reduction
in diabetic patients [36].
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Gender differences in lipid profiles were notable in
our study, with females having significantly higher total
cholesterol and LDL-C levels, while males had lower
HDL-C. These findings align with the study by Bhowmik
et al. conducted in rural Bangladesh, which reported similar
gender differences in lipid parameters among diabetic
patients [37]. Hormonal factors, particularly the loss of
estrogen's protective effect after menopause, may contribute
to the relatively adverse lipid profile in diabetic women [38].
Estrogen is known to increase HDL-C and decrease LDL-C
levels, and its decline during menopause can lead to a more
atherogenic lipid profile [39]. Additionally, Zhang et al.
suggested that women with diabetes experience a greater
deterioration in their lipid profile compared to men, possibly
due to differences in fat distribution and insulin sensitivity
[40].

Our study identified several factors independently
associated with dyslipidemia. Age >50 years was significantly
associated with dyslipidemia (adjusted OR=2.31), consistent
with findings from Akter et al., who reported increasing
prevalence of dyslipidemia with advancing age among
Bangladeshi adults [41]. Aging is associated with changes in
body composition, reduced physical activity, and alterations
in liver metabolism, all of which can adversely affect lipid
profiles [42].

Duration of diabetes >5 years was strongly associated
with dyslipidemia in our study (adjusted OR=2.63).
This finding is supported by Santos-Gallego et al., who
demonstrated progressive deterioration of lipid profiles with
increasing duration of diabetes [43]. Chronic hyperglycemia
leads to increased insulin resistance, hepatic very low-density
lipoprotein production, and impaired lipoprotein lipase
activity, resulting in worsening dyslipidemia over time [44].

Poor glycemic control (HbAlc >7%) emerged as the
strongest predictor of dyslipidemia in our study (adjusted
OR=3.18). The UK Prospective Diabetes Study (UKPDS)
similarly demonstrated a strong association between glycemic
control and lipid abnormalities [45]. We observed significant
correlations between HbAlc and all lipid parameters,
particularly with triglycerides (r=0.384) and TC/HDL ratio
(r=0.376). Verges reported that hyperglycemia increases
hepatic de novo lipogenesis and decreases apolipoprotein
B degradation, leading to increased VLDL production and
subsequent dyslipidemia [46]. Additionally, glycation of
apolipoproteins can impair their function and clearance,
further exacerbating lipid abnormalities [47].

BMI >25 kg/m? was also independently associated with
dyslipidemia (adjusted OR=2.05). This finding aligns with
the multicenter CURES study by Mohan, et al., which
demonstrated that overweight and obese diabetic patients had
significantly worse lipid profiles compared to normal-weight
counterparts [48]. Adipose tissue, particularly visceral fat,
is metabolically active and produces various adipokines and
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inflammatory mediators that can promote insulin resistance
and dyslipidemia [49]. Bays et al. described this relationship
as "adiposopathy" or "sick fat," emphasizing that adipose
tissue dysfunction rather than just adiposity itself contributes
to metabolic abnormalities [50].

The alarmingly high prevalence of dyslipidemia observed
in our study underscores the need for regular lipid screening
and aggressive management strategies in diabetic patients.
The American Diabetes Association recommends annual
lipid profile assessment for most diabetic patients, with
more frequent monitoring for those with abnormal values
[51]. Despite these recommendations, studies from low and
middle-income countries like Bangladesh suggest that lipid
monitoring is often inadequate in clinical practice [52].

Furthermore, our findings of multiple concurrent lipid
abnormalities in a substantial proportion of patients highlight
the importance of comprehensive lipid management beyond
just LDL-C-focused approaches. While statins remain
the cornerstone of dyslipidemia management in diabetes,
combination therapy may be necessary for patients with
multiple lipid abnormalities [53]. The dyslipidemia in
our study population, with high prevalence of elevated
triglycerides and low HDL-C alongside high LDL-C,
suggests that a more nuanced approach to lipid management
may be beneficial. Combination of statins with fibrates or
other agents has shown promise in addressing the complex
dyslipidemia associated with diabetes, though concerns about
adverse effects necessitate careful monitoring [54].

The strong association between glycemic control and
dyslipidemia observed in our study emphasizes the importance
of integrated management approaches. The Steno-2 study
demonstrated that multifactorial intervention addressing
hyperglycemia, dyslipidemia, hypertension, and other risk
factors significantly reduced cardiovascular complications
and mortality in type 2 diabetes [55]. Therefore, healthcare
providers in this region should focus on comprehensive risk
factor management rather than addressing these issues in
isolation.

Finally, the regional context of our findings deserves
consideration. The northeastern region of Bangladesh
has unique demographic, socioeconomic, and cultural
characteristics that may influence both the development of
T2DM and associated lipid abnormalities [56]. Traditional
dietary patterns in this region often include high consumption
of polished rice, saturated fats, and limited intake of fruits
and vegetables, which may contribute to the observed lipid
abnormalities [57]. Additionally, Rahman et al. reported that
access to healthcare services, including specialized diabetes
care and lipid management, is limited in this region compared
to urban centers like Dhaka [58]. These contextual factors
should be considered when developing interventions to
address dyslipidemia in this population.
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Our study has several implications for clinical practice
and public health. First, it highlights the need for routine lipid
screening in all diabetic patients, regardless of age or gender.
Second, it emphasizes the importance of aggressive glycemic
control as a strategy for improving lipid profiles. Third,
it suggests that multifactorial risk reduction approaches
addressing diet, physical activity, and pharmaceutical
management may be particularly beneficial in this population.
Finally, it underscores the need for region-specific
interventions that consider the unique cultural, dietary, and
healthcare access factors in northeastern Bangladesh.

Despite the comprehensive nature of our study, several
limitations should be acknowledged. The cross-sectional
design precludes establishment of causal relationships
between the identified factors and dyslipidemia. Information
on medication use, particularly lipid-lowering therapies, was
not fully captured, which might have influenced the observed
lipid profiles. Additionally, our study did not assess more
advanced lipid parameters such as apolipoprotein levels, LDL
particle size, or non-HDL cholesterol, which might provide
further insights into cardiovascular risk in this population.

Limitations

The study’s cross-sectional nature limits the ability to
establish causality between Type 2 diabetes and dyslipidemia.
It only provides a snapshot of the prevalence and pattern
of dyslipidemia at a specific point in time.The sample was
selected from a single region in northeastern Bangladesh,
which may not be representative of the entire population of
Type 2 diabetes patients in the country. This may limit the
generalizability of the findings to other regions with different
socioeconomic, dietary, and lifestyle factors.The study relies
on self-reported data for the collection of some demographic
and clinical information, which could introduce recall bias
or inaccuracies in reporting.Other factors that influence
dyslipidemia, such as genetics, medication use, and physical
activity, were not thoroughly controlled for in this study,
which could affect the results.Since this is a cross-sectional
study, there is no follow-up to observe changes in lipid profiles
over time or the impact of interventions on dyslipidemia.

Conclusion

This cross-sectional study conducted in the northeastern
region of Bangladesh reveals an alarmingly high prevalence
of dyslipidemia (87.5%) among patients with Type 2 diabetes
mellitus. High LDL-C was the mostcommon lipid abnormality,
followed by hypertriglyceridemia, hypercholesterolemia, and
low HDL-C. A substantial proportion of patients (34.3%)
exhibited all four lipid abnormalities concurrently, indicating
a severe atherogenic profile that significantly increases
cardiovascular risk.

Several factors were independently associated with
dyslipidemia in this population, including age >50 years,
female gender, longer duration of diabetes (>5 years), poor
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glycemic control (HbAlc >7%), and overweight/obesity
(BMI >25 kg/m?). A significant correlation was observed
between glycemic control and lipid parameters, with
higher HbAlc values associated with worse lipid profiles,
highlighting the interconnected nature of glucose and lipid
metabolism in diabetes.

The distinctive pattern of dyslipidemia observed in our
study population, characterized by a high prevalence of
elevated LDL-C alongside the classical diabetic dyslipidemia
features of hypertriglyceridemia and low HDL-C, suggests
that comprehensive lipid management strategies are essential.
The traditional focus on LDL-C reduction alone may be
insufficient for optimal cardiovascular risk reduction in this
population.

Our findings emphasize the critical need for regular lipid
screening and aggressive management of dyslipidemia in
patients with Type 2 diabetes mellitus. Healthcare providers
should adopt an integrated approach that addresses both
glycemic control and lipid abnormalities, along with other
cardiovascular risk factors. Region-specific interventions that
consider the unique demographic, socioeconomic, and cultural
characteristics of northeastern Bangladesh are necessary
to effectively combat the high burden of dyslipidemia and
reduce cardiovascular risk in this vulnerable population.

Future longitudinal studies are warranted to establish
causal relationships and evaluate the long-term impact
of different intervention strategies on dyslipidemia and
cardiovascular outcomes in this population. Additionally,
research into cost-effective approaches for screening and
managing dyslipidemia in resource-limited settings like
northeastern Bangladesh would be valuable for informing
public health policies and clinical practice guidelines.
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