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Abstract
Diabetes is characterized by chronic hyperglycemia and disturbances of carbohydrate, protein and lipid metabolism.
The present study was undertaken to research the association between serum lipid profile, its abnormalities and the
increase risk of coronary artery disease. The study compromised of total 60 subjects out of which 30 were diabetic
pateints with T2D and 30 healthy indiviuals, both from the age group 35-50 years. The results indicated that there
was a considerable increase in the lipid and its parameters.
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glucose level by inhibiting gluconeogenesis and
stimulating glycolysis. Insulin also has lipogenic

Diabetes mellitus (DM) is a chronic disease,
which occurs when the pancreas does not produce
enough insulin, or when the body cannot
effectively use the insulin it produces. Type
2 diabetes (T2D) (formerly called non-insulindependent or adult-onset diabetes) is caused by
the body's ineffective use of insulin. Instead of
moving into your cells where it's needed for
energy, sugar builds up in the bloodstream.
Exactly why this happens is uncertain, although
it’s believed that genetic and environmental
factors play a role in the development of type 2
diabetes. Being overweight is strongly linked to
the development of T2D, but not everyone with
T2 is overweight.1
Tissue resistance to insulin-mediated glucose
uptake is now recognized as a major
pathophysiologic determinant of T2D.(Fig. 1)
There has been an explosion of research that has
been established insulin resistance both as a
clinical precursor of diabetes and a possible
explanation for the associated injurious
alterations in cardiovascular health. Insulin
resistance compels the pancreatic islet cells to
hyper secrete insulin and at some stage the
pancreas is unable to secrete enough insulin to
overcome the insulin resistance and this leads to –
cells exhaustion and ultimately to glucose
intolerance and DM. The clinical consequences of
reduced insulin sensitivity are not limited to
diabetes, but also encompass other chronic
conditions like dyslipidaemia and hypertension.
The net action of insulin is to decrease the blood

action promoting lipogenesis and inhibiting
lipolysis.2 Protein synthesis is stimulated and
protein degradation is retarded by insulin.3

Fig. 1. Pathophysiology of T2D
Hyperlipidemia has been defined in the past
as plasma cholesterol and triglyceride levels that
exceed ‘normal’ levels. Hyperlipidemia is a
metabolic disorder, which is secondary to
diabetes. The increased risk of coronary artery
disease in subjects with DM can be partially
explained by the lipoprotien abnormalities
associated with DM. The most common lipid
abnormalities is hypertriglyceridemia and low
levels of high –density lipoprotein. Its prevalence
is variable depending upon the type and severity
of diabetes, glycemic control, nutrional status,
age, life style and other factors.4
Dyslipidemias was traditionally classified by
patterns of elevation in lipids and lipoproteins. A
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more practical system categorizes dyslipidemias
as primary and secondary. The population
suffering from diabetes tend to have an
atherogenic combination of high triacylgyrides
(TG), high low density lipoprotein (LDL) and low
high density lipoprotein (HDL).5
The relationship between the elevation of
serum lipids and vascular complications of
diabetes has long been of interest because both
tend to occur with greater frequency in diabetics
than in general population. In the light of this
knowledge it is now possible to make a more
accurate appraisal of the relationship between
daibetes, its vascular complications and serum
lipids. It is hence essential to know the extent of
hyperlipidemia in the diabetic pateints. In
addition to the clinical examination the laboratory
investigation will definitely aid the physician in
the diagnosis and prognosis, who can then suggest
the appropriate diet therapy and exercise.
Materials and Methods

before collection. 7ml of fasting blood sample
was collected in a heparinized tube and the plasma
was allowed to separate. The samples were stored
at 4°C if required. The collected samples were
later used for biochemical estimations of TG’s,
cholesterol, HDL-cholesterol.
Serum cholesterol was evaluated by Zak’s
method.6 Serum TG by Hexane extraction
method,7
HDL-cholesterol
by
Watson
Precipitation method6,8 and very low-density
lipoprotein (VLDL) and LDL cholesterol by
Friedwald’s formula.9
Statistical analysis
Statistical analysis was done using students
‘t’ test. The values obtained were tabulated and
mean and standard deviation (SD) of all the
parameters were calculated. The test of
significance applied was ANOVA (Analysis of
Variance) for comparison. p value ≤ 0.001 was
considered as statistically significant.
Results and Discussion

The folowing study was carried out in TNMC
& BYL Nair Ch. Hospita, Mumbai. Total enrolled
subjects were 60 out of which 30 were diabetic
pateints with T2D and 30 healthy indiviuals, both
from the age group 35-50 years.
Inclusion and exclusion criteria: Subjects with
T2D without any systemic disease were included.
Subjects with systemic disease like HIV, cancer
etc. were excluded from the study. Subjects who
consumed tobacco in any forms (smoking,
chewing) were also excluded from the study. The
study was approved by the Institutional ethics
committee. Written informed consents were
obtained from the subjects.
Sample collection: The subjects were given prior
information regarding collection. The patients
were instructed about 12 -13 hours of fasting

The current study was undetaken to
understand if the pateints with T2D resulted in
changes in lipid metabolism and thereby
increased risk of coronary artery disease (CAD).
The results indicated that there is a considerable
increase in the lipid and lipoprotein concentration
of T2D patients as compared to healthy controls
leading to increase in coronary risk factors.
The concentrations of blood Total
cholesterol, TG’s, HDL-c, LDL-c and VLDL-c
cholesterol levels respectively in the sera of 30
diabetic pateints (T2D) and of 30 normal healthy
individuals (Table 1)

Table 1: Concentrations of all parameters in the sera of 30 diabetic and 30 healthy individuals
(mg/dl)
Range
(mg/ml)
Mean
(mg/dl)

Total Cholesterol
Control
Test
170.3263.7237.0
418.5

TG’s
Control
Test
81-55174.7119.4
378.6

HDL-c
Control
Test
29.6213.359.25
35.5

182.7

300.2

94.65

283.6

45.67

S.D

±29.89

±65.69

±13.04

±62.78

±14.24

S.E
t

5.75
-

12.64
6.08
<0.000
5

2.72
-

13.10
7.37
<0.000
5

2.74
-

p

-

-

Plasma TG in the diabetic patients averaged
283.65 mg/dl showing considerable variation
from patient to patient. Total cholesterol and HDL

-

22.91
±17.6
8
1.47
6.71
<0.00
05

LDL-c
Control
Test
94.81155.5159.7
334.2
114.03
±36.99
7.76
-

226.6
±60.1
2
12.29
5.57
<0.00
05

VLDL-c
Control
Test
16.3140.7723.88
93.2
18.92
±18.92
0.53
-

57.03
±15.1
6
3.10
4.31
<0.00
05

cholesterol in diabetic patients averaged 300.29
mg/dl and 22.91 mg/dl respectively.
The HDL-c reduces the body’s cholesterol by
boosting the removal of cholesterol from
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peripheral tissues. Therefore, T2D is usually seen
associated with low HDL -c levels.10
Higher levels of total cholesterol and TG’s
along with lower HDL-c in diabetic patient may
be a very sensitive indication of cardiovascular
risk.
LDL-c in the normal healthy subjects
averaged 114.03, but a significant increase was
observed (p<0.0005) compared to the healthy
control.
Diabetics
showed
higher
VLDL-c
concentrations (57.03 mg/dl) showing high
significance (p<0.0005).
Highly positive correlation is seen between
total cholesterol and HDL-c, showing high
significance (0.58) indicating that both the
parameters are directly proportional. A partial
negative correlation is observed in between total
cholesterol and HDL-c, showing high
significance (0.66) indicating that both the
parameters are inversely proportional. A
moderate negative correlation is seen between TG
and HDL-c showing moderate significance
(0.47).
Hyperglycemia successively rapids the
formation of cholesterol esters from HDL to small
particles VLDL, further decreasing the HDL-c
levels. In addition, HDL also acts as a substrate
for enzyme lipase which converts it into smaller
fractions that easily cleared from the plasma. This
results in low HDL cholesterol level and higher
TG levels, which may improve with improved
glycemic control.11-13
The most characteristic lipid abnormality in
diabetes is hypertriglyceridemia. The present
study shows sharp increase in the concentrations
of total cholesterol, triglycerides, LDL and VLDL
cholesterol, whereas levels of HDL cholesterol
were found to have decreased. Taken together,
these observations suggest that diabetes has an
adverse effect on lipid profile of the subject, thus
increasing the risk of coronary artery disease
among the diabetics.
This study has clearly shown that all lipid
fractions (expect HDL-c) are abnormally elevated
in diabetes when compared with controls (Table
I). Our findings were fell in line with previous
studies undertaken.14,16 These studies had
suggested that the lipoprotein distribution in T2D
is not significantly altered by the degree of
metabolic control.14,15,16 Realizing that most of the
diabetics have a high probability of developing
cardiovascular and cerebrovascular disease,17 it is
essential that in an individual who is obese and
diabetic (two strong risk factors for coronary
artery disease) their lipid abnormalities be
properly taken care of, if morbidity and mortality
in a diabetic is to be significantly altered.

Graph 1

Graph 2

Graph 3

Graph 4
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Graph 5

Conclusion
The study signifies that dyslipidaemia exits
in T2D. Therefore, lipid profiling for all persons
with type 2 DM should be a routine test. All
persons with type 2 diabetes must be started on
primary prevention by encouraging healthy
lifestyle diets so as to reduce the risk of CHD and
atherosclerosis. Further studies should be
undertaken to establish the dietary pattern of type
2 diabetic patients and other factors that may lead
to hyperlipidemia.

11. Goldberg IJ. Diabetic dyslipidaemia: causes and
consequences. J Clin Endocrinol Metab.
2001;8:965–71.
12. 27. Horowitz BS, Goldberg IJ, Merab J, Vanni
TM, Ramakrishnan R, Ginsberg HN. Increased
plasma and renal clearance of an exchangeable
pool of apolipoprotein A-I in subjects with low
levels of high density lipoprotein cholesterol. J
Clin Invest. 1993;91:1743–52.
13. 28. Brunzell JD, Chait A. Diabetic dyslipidemia:
pathology and treatment. In: Porte DJ, Sherwin
RS, editors. Ellenberg and Rifkin's Diabetes
Mellitus. 5th ed. Stamford Connecticut: Appleton
and Lange; 1997. p.1077.
14. Laakso M, Voutilainen F, Sarlund H, et al. Serum
lipids and lipoproteins in middle-aged non-insulin
dependent diabetes. Atherosclerosis
1985;56(3):271-81.
15. Billingham MS, Miles JJ, Bailey CJ, et al.
Lipoprotein subfraction composition in noninsulin dependent diabetes treated with diet,
sulphonylurea and insulin. Metabolism
1989;38:850-7.
16. Kennedy AL, Lappin TRJ, Lavery TD, et al.
relation of high density lipoprotein cholesterol
concentration to type of diabetes and its control.
Br Med J. 1978;2(6146):1191-4.
17. Colwell JA. Vascular thrombosis in type 2
diabetes mellitus. Diabetes 1993;42(1):8-11.

References
1.

Romesh Khardori. Type 2 Diabetes Mellitus. Sept
2017. Available at http://emedicine.medscape.com/article/117853overview
2. Godkar P and Godkar D. Textbook of medical
laboratory technology Ed 2. Balani publications.
2003;176-233.
3. Rother KI. Diabetes treatment -briding the divide.
N Engl J Med. 2007 Apr 12;356(15):1499-501.
4. Lahenpera S, Sane T, Vuorinen-Markkola P, et al.
LDL particle size in midly hypertriglyceridemic
subjects: no relation to insulin resistance or
diabetes. Atherosclerosis 1995;113(2):227-36.
5. Campos EM. From Fredrickson’s classification of
phenotypes-lipoprotein patterns-to genotype
comprehension. Acta Med Port. 2005;18(3):18993.
6. Zlatkis A, Zak B and Boyle AJ. A new method
for the direct determination of serum cholesterol.
J Lab Clin Med. 1953;41:486-92.
7. Sydney P, Gottfried and Rosenberg B. Improved
manual of spectrophotometric produce for
determination of serum triglycerides. Clin Chem.
1973;19: 1077.
8. Watson et al. Determination of cholesterol. Clin
Chem Acta. 1960;637.
9. Friedewald WT, Levy RI, Fredrickson DS.
Estimation of the concentration of low-density
lipoprotein cholesterol in plasma, without use of
the preparative ultracentrifuge. Clin Chem.
1972;18:499-502.
10. Barrett-Connor E, Wingard DL. Sex differential
in ischemic heart disease mortality in diabetics: a
prospective population-based study. Am J
Epidemiol. 1983;118:489–96.

International Journal of Clinical Biochemistry and Research, January-March, 2018;5(1):134-137

137

