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ABSTRACT
Introduction: Dyslipidemia is themost common threat in connection to developing cardiac disor-
ders in type two diabetes mellitus. It has a role in the eventual development of atherosclerosis and
increasedmortality andmorbidity. The present study was conducted to determine the lipoprotein
abnormalities found in type two diabetic patients in the Mangalore region in South India. Meth-
ods: A cross-sectional study was conducted involving 95 types two diabetic patients. A fasting
venous blood sample was obtained from these patients. The levels of different lipoproteins were
estimated using the VITROS 5600 automatic analyzer. The patientswere divided into two groups for
comparison based on their duration of diabetes mellitus. The statistical tools used were the inde-
pendent t-test for the comparison of the means of both quantitative variables and the Chi-square
test for the proportion comparisons. The statistical package used was the Statistical Package for
Social Sciences (SPSS) version 22. Results: According to the results of this study, deranged lipid
profile levels were seen in most of the diabetic patients in group two. It was observed that about
67.3%of the patients in group 2 had higher serum cholesterol levelswhile a relatively lower number
had a high level of cholesterol in group one. There was a significant (p-value of < 0.001) associa-
tion between the two groups. There was an insignificant association between diabetes mellitus
and high-density lipoprotein levels. In this study, triglyceride levels were also very high in most of
the diabetic patients (p-value of 0.003), further increasing the risk of obesity and metabolic syn-
drome. Very low-density lipoprotein and low-density lipoprotein levels were also significantly in-
creased with a significant p-value. Conclusion: Most diabetic patients tend to have dyslipidemias.
Screening them for dyslipidemias may be useful to prevent insulin resistance, atherosclerosis, and
metabolic syndrome. Drugs like statins inhibit the rate-limiting step of cholesterol biosynthesis,
leading to a lower blood cholesterol. This may help to normalize their lipid profiles and to prevent
severe adverse outcomes like coronary artery disease and stroke in diabetic patients. A healthy
lifestyle and dietary modifications may also help to promote good health in the patients with dia-
betes mellitus.
Key words: Atherosclerosis, Cholesterol, Diabetes mellitus, Dyslipidemias, High density lipopro-
tein, Lipid profile, Metabolic syndrome, Triglyceride

INTRODUCTION
Diabetes mellitus is a metabolic disorder that is char-
acterized by hyperglycemia and insulin resistance. It
is associated with a spectrum of other metabolic dis-
orders1. Dyslipidemia in both type 1 and type 2 DM
has been observed in different studies. The metabolic
clearance of lipoproteins in diabetes mellitus remains
disturbed. However, the relationship between dia-
betes mellitus and the development of atherosclero-
sis is not fully understood. Dyslipidemia is one of
the major CVD risk factors and it plays a significant
role in the pathogenesis of atherosclerosis1.India is
also known as the diabetic capital of the world with a
maximum number of diabetic cases2. In comparison
with the general population, the prevalence of dyslipi-
demia is significantly higher in type 2 diabetes mel-
litus3. Diabetes mellitus contributes to an interrup-

tion in the metabolism of lipids, especially lipopro-
teins, and this leads to insulin resistance. The interre-
lations among obesity, insulin resistance, and hyper-
insulinism contribute to the development of various
complications. Risk factors such as altered insulin lev-
els and lipid profile status are related to the fatty tis-
sue reserves in the body. This may lead to metabolic
syndrome and insulin resistance syndromewhich fur-
ther adds to the risk, leading to cardiovascular com-
plications4. The treatment of diabetic dyslipidemia
is essential to prevent adverse outcomes, to delay the
development of secondary complications, and to en-
sure a healthy life5. In type 2 diabetic patients, triglyc-
erides levels are usually high and the high-density
lipoprotein cholesterol levels are low 6. These lipopro-
tein abnormalities may be present alone or in associa-
tion with other metabolic disorders7. The prevalence
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of dyslipidemia varies based on the geographic loca-
tion, the type of population studied, and the level of
socioeconomic development.
It has been well observed that good control of dia-
betes and the associated lipid levels provides excellent
benefits for diabetic patients. Post-meal high blood
sugar levels and high lipoproteins are risk factors for
the development of vascular diseases1,8. Blood sugars
and lipid abnormalities in patients can be better con-
trolled by providing information to the patients and
educating them about lifestyle modifications and the
disease outcomes9. Geographical distribution, race,
and culture affect specific lipid profile patterns in type
2 diabetes mellitus patients regardless of their glucose
levels. The development of ethnic-specific strategies
and guidelines on risk assessment and the prevention
of CVD due to dyslipidemia are required4. To pre-
vent and improve dyslipidemias in diabetes mellitus,
it is important to change the individual lifestyle and
to inculcate exercise and dietary changes routinely.
However, pharmacological treatment such as an in-
take of statins and fenofibrate might also be needed
to control hyperlipidemic states1. A higher preva-
lence of increased serum cholesterol, high triacylglyc-
erol, and high low-density cholesterol than the con-
trol group was seen among the diabetic patients, jus-
tifying the statement that diabetic patients are at a
higher risk of cardiovascular disease3,10.In this study,
we estimated the various lipoprotein levels in sera of
type two diabetic patients in the Mangalore region of
South India. It may be beneficial to study the levels
of various lipoprotein abnormalities in type two dia-
betic patients to develop measures to prevent compli-
cations early on by prescribing lipid-lowering drugs
and adopting a healthy lifestyle. Althoughmany stud-
ies have been done on this topic, our study focuses
on South Indian diabetic patients from the Dakshina
Kannada region of Mangalore to find the differences
accordingly. Our study also focused on the length of
diabetes mellitus and the groups were made accord-
ing to this duration. Not many studies have made
a comparison in this manner. The duration of dia-
betes was emphasized as many studies suggest that an
increased duration of diabetes mellitus increases the
chance of developing vascular complications in dia-
betic patients11.

METHODS
Patients
The sample consisted of 95 diagnosed ambulatory
type two diabetic patients who attended the Depart-
ment of Medicine, Yenepoya Hospital for treatment.

The study was initiated after seeking ethical clear-
ance from the Institutional Ethical Committee. The
patients were considered only after informed written
consent was given by them. They were ambulatory
and not critically ill. Patients who were critically ill
were not included in this study. The patients were
grouped into two groups based on their diabetes mel-
litus duration.
Group 1: Patient with less than a ten-year duration of
diabetes mellitus.
Group 2: Patients with more than a ten-year duration
of diabetes mellitus.
An increased duration of diabetes mellitus increases
the risk of the development of vascular complications
in diabetic patients. Patients with a longer duration
of diabetes mellitus are more prone to the develop-
ment of complications. There exists a relationship be-
tween hyperlipidemia and the development of vascu-
lar complications in diabetes mellitus4. In our study,
we did not use a questionnaire. A detailed clinical his-
tory fromevery patientwas taken, blood sampleswere
collected, and the laboratory reports of the sample pa-
tients were compiled.

Study design
Cross-sectional.

Sampling Method, calculation of sample
size
The sampling method used in this study was simple
random sampling. The descriptive statistics were re-
ported using mean± SD for the continuous variables
and frequency for the categorical variables. The statis-
tical tools used were the independent t-test for com-
parison and the Chi-square test for the proportional
comparisons. A p-value of < 0.05 was determined to
be statistically significant. The statistical package used
was SPSS version 22. The samples were controlled by
gender in the two groups, and the groups were based
on the duration of diabetes mellitus.

Ethical issues
The ethical issues that were faced while conducting
this study were that some of the patients were reluc-
tant to give consent, and they were not well-educated.
They were counseled and the study was explained to
them. However, some of the patients did not want
to participate, therefore they were excluded from this
study.

Time and date of study
This study was conducted from July 2016 to July 2017
in Yenepoya University, Mangalore.
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History and examination
A detailed clinical history was taken from every pa-
tient. Demographic parameters were also compiled
for each patient. Associated comorbid conditions
were also taken into consideration.

Inclusion and exclusion criteria
Ambulatory type two diabetic patients were included
for the purpose of this study. Patients who were criti-
cally ill and who had associated nephropathy, uncom-
pensated heart diseases, and cancer were excluded
from this study.

Blood sampling and investigations
Fasting blood samples were collected with all aseptic
precautions undertaken. Theblood sampleswere cen-
trifuged, and the lipoproteins were estimated through
the application of automated methods using the VIT-
ROS 5600 integrated dry chemistry analyzer.

Total Cholesterol estimation
The VITROS CHOL Slide is a multi-layered analyti-
cal element coated on polyester support. It is an en-
zymatic method (Standard operating procedures of
NABL lab manual, Yenepoya University, Located at
Yenepoya Central Diagnostic Laboratory). A drop of
the sample is placed on the slide and it is evenly spread
to the underlying layers. The Triton X-100 surfac-
tant in the spreading layer dissociates cholesterol and
its esters from the lipoprotein complexes in the sam-
ple. Cholesterol ester hydrolase hydrolyses them fur-
ther, and the free cholesterol is then oxidized to form
cholestenone and hydrogen peroxide in the presence
of cholesterol oxidase.

Triglyceride estimation
TheVITROS TRIG Slide method was performed. Af-
ter spreading to the underlying layers, glycerol dif-
fuses to the reagent layerwhere it is phosphorylated by
glycerol kinase in the presence of adenosine triphos-
phate. In the presence of L-α-glycerol-phosphate ox-
idase, L-α-glycerophosphate is then oxidized into di-
hydroxyacetone phosphate and hydrogen peroxide.

HDL estimation
The VITROS direct HDL Slide method was per-
formed using the VITROS direct HDL Slides and the
VITROSChemistry Products CalibratorKit 25 as part
of the VITROS 5600 Integrated System. The VIT-
ROS dHDL Slide is a multilayered analytical element
coated on a polyester support. The method is based
on the non-HDL precipitation method, followed by
enzymatic detection.

LDL estimation
The VITROS dLDL reagent is a dual-chambered
package containing stable ready to use liquid reagents
that are used in a two-step reaction to quantitatively
measure LDLC in the first step. The addition of R1
and non-LDL cholesterol (such as HDL, VLDL, and
Chylomicron) is selectively eliminated by the reac-
tion through cholesterol esterase and cholesterol ox-
idase. The addition of reagent 2 initiates the second
step in which the catalase is immediately inactivated
with sodium azide. Surfactants then aid in the disso-
ciation of cholesterol and cholesterol esters from the
LDL particles and promote a reaction with cholesterol
esterase and oxidase.

Statistical analysis of the data
The statistical tools used were the independent t-test
for the comparison of the means of both quantitative
variables, and the Chi-square test for the proportion
comparisons. The statistical package usedwas the Sta-
tistical Package for Social Sciences (SPSS) version 22.

RESULTS
In the present study, a high level of serum choles-
terol was found especially in the patients that had
experienced a longer duration of diabetes mellitus.
Among group 2, 67.3% of the patients had higher
serum cholesterol levels, while a relatively lower num-
ber had a high cholesterol in group 1, as shown in
Table 1. This suggests that serum cholesterol lev-
els showed statistically significant differences between
the two groups with a p-value of < 0.001. This indi-
cates a strong association between dyslipidemia due
to high cholesterol, DM duration, and diabetic mi-
crovascular complications. Diabetes mellitus usually
presents with dyslipidemias that can lead to various
cardiovascular diseases in diabetic patients.
However, there was an insignificant association for
DM in our study concerning HDL levels, as shown in
Table 2. These results are similar to those of a study
conducted by Samatha P (2012) where HDL choles-
terol did not correlate well in diabetic patients. On
the other hand, a significant result between DM and
LDL cholesterol was obtained among the study partic-
ipants, as shown in Table 3. It was found that diabetic
patients tend to have a higher tendency for dyslipi-
demias. This may lead to the development of various
cardiovascular disorders.
Similarly, Singh (2012) revealed that dyslipidemiawas
common in type 2 diabetic patients, especially as
raised LDL levels strongly suggest the need for fur-
ther investigation to relate the effects of dyslipidemia
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Table 1: Prevalence of hypercholesterolemia in thediabetic study groups

Hypercholesterolemia Total p-value

Absent Border line Present

N 31 2 13 46 <0.001

% 67.4% 4.3% 28.3% 100.0%

N 14 2 33 49

% 28.6% 4.1% 67.3% 100.0%

Total N 45 4 46 95

% 47.4% 4.2% 48.4% 100.0%

All the values of lipid profile have been taken as per ATP III guidelines. 
Total cholesterol (mg/dl): < 200: Desirable level; 200 - 239: Border line; 
240 and above: High

Table 2: HDL status in diabetic study groups

HDL levels Total p-value

High Low Normal

N 1 5 40 46 0.223

% 2.2% 10.9% 87.0% 100.0%

N 1 12 36 49

% 2.0% 24.5% 73.5% 100.0%

N 2 17 76 95

% 2.1% 17.9% 80.0% 100.0%

HDL (mg/dl): < 40: Low; > 60: High

Table 3: LDL status in diabetic study groups

LDL status Total p-value

High Low Normal

N 22 1 23 46 0.029

% 47.8% 2.2% 50.0% 100.0%

N 36 0 13 49

% 73.5% 0.0% 26.5% 100.0%

Total N 58 1 36 95

% 61.1% 1.1% 37.9% 100.0%

LDL (mg/dl): < 100: Optimal; 100 – 129: Near optimal; 130 – 159: Borderline high; 160 – 189: High; 190 and above: Very high

and the abnormalities of insulin resistance in type 2
diabetics.
VLDL status in the diabetic study groups showed that
the patients in group two had significantly higher
VLDL levels with a significant p-value of < 0.001, as
shown in Table 4. Therefore, it was observed that
among the diabetic patients of our study, patients with
an increased duration of diabetes mellitus had signif-
icantly higher VLDL levels.

In this study, triglyceride levels were also remarkably
high in most diabetic patients, as shown in Table 5.
The values were suggestive of significant results. The
increased triglyceride levels increase the risk for obe-
sity and metabolic syndrome.
The overall lipid profiles in the present study showed
there to be a positive correlation between DM and to-
tal cholesterol, Triglycerides, LDL, and VLDL, sug-
gesting that there are significant dyslipidemias in di-
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Table 4: VLDL status in diabetic study groups

VLDL status Total p-value

High Normal

N 13 33 46 < 0.001

% 28.3% 71.7% 100.0%

N 32 17 49

% 65.3% 34.7% 100.0%

Total N 45 50 95

% 47.4% 52.6% 100.0%

Table 5: Prevalence of hypertriglyceridemia in diabetic study groups

Hypertriglyceridemia Total p-value

Absent Border line Present

N 32 1 13 46 0.003

% 69.6% 2.2% 28.3% 100.0%

N 17 1 31 49

% 34.7% 2.0% 63.3% 100.0%

Total N 49 2 44 95

% 51.6% 2.1% 46.3% 100.0%

ATPIII classification of serum Triglycerides (mg/dl): < 150: Normal; 150 – 199: Border line high; 200 – 499: High; 500 or above: Very high

abetic patients. The study groups showed a strong
and significant relation concerning the total choles-
terol, LDL, VLDL, and triglyceride values. Therefore,
it becomes essential to screen diabetic patients for
dyslipidemias earlier to prevent cardiovascular dis-
eases. Longer-term diabetes mellitus makes these pa-
tients prone to developing more dyslipidemias, in-
creasing the development of atherosclerosis and the
subsequent risk of cardiovascular and cerebrovascu-
lar events.

DISCUSSION
In the present study, the main finding was that a
strong association exists between dyslipidemia due to
high cholesterol levels and the increased duration of
diabetes mellitus. Most of our study participants had
increased total cholesterol, triglycerides, VLDL, and
LDL cholesterol levels.
Previously, a study conducted by Bhaghaya S. K
(2017) revealed that the levels of triglycerides, total
cholesterol, and LDL cholesterol were higher in cases
in comparison to the controls in patients with diabetes
mellitus, suggesting that dyslipidemias are present in
diabetic patients7,12. Similarly, Singh (2012) revealed
that in type 2 diabetic patients, dyslipidemias espe-

cially were found to be among the raised LDL lev-
els frequently found. It may be suggested to investi-
gate these patients and to correlate the consequences
of dyslipidemia and insulin resistance in type 2 dia-
betesmellitus patients4. Similar results were obtained
by the study conducted by Deepa Singh (2015). They
showed considerably lower good cholesterol levels in
the study population and significant dyslipidemia in
diabetic patients, making them more prone to devel-
oping cerebrovascular and cardiovascular accidents.
Shivan and K.G (2012) conducted a study in India
and concluded that dyslipidemia in diabetic patients
resulted in a low level of good cholesterol. Mumtaz
Ali Sheikh conducted a study in 2010. The study re-
sults showed a deranged lipid profile in most diabetic
patients. In different studies, type 2 diabetes melli-
tus patients are at a higher risk of cardiovascular dis-
ease development3,4,13. The results for HDL choles-
terol were similar to the results of a study conducted
by Samatha P (2012), where HDL cholesterol did not
correlate well in diabetic patients.
Quantifying the atherogenic lipoproteins is the best
determinant of cardiovascular risk 8. The concentra-
tions of these particles are the best way to go about
risk prediction and it can also help to determine the
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best therapeutic goals for dyslipidemias. Sterols, espe-
cially cholesterol, enter the artery wall and are inter-
nalized by macrophages, forming foam cells and the
associated inflammatory process10,12.Foam cells are
the histological diagnosticmarker of atherosclerosis8.
Thus, the only way sterols get into the artery wall is
through the lipoprotein particles transporting them.
These particles are driven into the arterial intima by
concentration gradients. Therefore, optimum levels
of these lipoproteins in the blood will help to prevent
deleterious health hazards in diabetic patients and the
general population. The early detection of hyperlipi-
demia and the treatment of the same may be helpful
to prevent the development of CAD.
One of the major risk factors for cardiovascular dis-
ease in type 2 diabetes mellitus is dyslipidemia1,5,14.
It plays an essential role in the pathogenesis and pro-
gression ofmicro andmacrovascular complications in
such patients15. Diabetes mellitus increases the de-
position of lipids through numerous biochemical de-
rangements in the metabolic pathways. The early di-
agnosis and treatment of dyslipidemia is themain cor-
nerstone in the prevention of its multiple complica-
tions5.Patients with T2DM are at a higher risk of de-
veloping vascular diseases because of lipoprotein de-
rangements16.Obesity contributes mainly to type 2
diabetes mellitus. Nearly 80% of diabetic patients are
usually overweight or obese5. Type 2 diabetes melli-
tus can be prevented by maintaining healthy lifestyle
behaviors9.The lipid metabolism is affected in dia-
betes mellitus, substantiated by the fact that all of
the lipid fractions were increased in diabetic patients
compared to the healthy controls. So hyperlipidemia
is quite a common finding in connection to diabetes
mellitus4,7.
Diabetic female patients with a higher BMI of ≥ 30
are predisposed to have more lipoprotein abnormal-
ities17.The results for body mass index (BMI) and
blood pressure were found to be significantly higher
in women compared tomen of the same age, and they
were exposedmore strongly to risk factors like athero-
genic dyslipidemia and higher BMI and BP compared
to men18.
The main limitation of this study was that more pa-
tients could have been involved, and we could com-
pare the results with those of neighboring geographi-
cal areas.

CONCLUSIONS
Lipoproteins are the key molecules that, if deranged,
can lead to cardiovascular diseases. This has been

more frequently seen in patients with type two di-
abetes mellitus. More often, type two diabetic pa-
tients tend to have dyslipidemias, especially hyper-
cholesterolemia. Overall, the lipid profiles in the
present study showed there to be a positive correla-
tion between diabetes mellitus and the total choles-
terol, Triglycerides, LDL, and VLDL levels suggestive
of significant dyslipidemia in diabetic patients. The
study groups showed there to be a strong and signif-
icant relation concerning the total cholesterol, LDL,
VLDL, and triglyceride values. Screening diabetic pa-
tients early becomes essential to prevent cardiovas-
cular disease and to intervene at a relatively earlier
stage. Prescribing drugs like statins and fenofibrate
may prove helpful in these patients as the former drug
affects the cholesterol rate-limiting step. Later on, it
will become useful to decrease the triglyceride levels.
Lifestyle changes and maintaining the same are also
useful in these patients, and they can help to prevent
dyslipidemia and subsequent coronary artery disease
development.

ABBREVIATIONS
BMI: Body mass index, BP: Blood pressure, HDL:
High density lipoprotein, LDL: Low density lipopro-
tein, VLDL: Very low-density lipoprotein
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