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Atherosclerotic cardiovascular disease is the major cause of morbidity and
mortality InNIDDMpatients. Butthe exact pathophysiology ofaccelerated atherosclerosis

seen In NIDDMIs not completely understood. Hyperlnsulinemla and hyperlipidemia
frequently coexist In these subjects. Present study was undertaken to demonstrate

relationship of serum Insulin with atherogenlc lipids In 92(male=62, female=30) newly
diagnosed, middle-aged, nonsmoking, uncomplicated and untreated NIDDMpatients
with normal body mass Index (BMI).Fourty (male=20, female=20) non-dlabetlc healthy
subjects with a negative family history of diabetes served as control. After an overnight
fasting, venous blood was collected for plasma glucose, serum Insulin and lipid profile.
ECGand oral glucose tolerance test (OGTT)were done Inall subjects. Diabetes mellitus
was diagnosed by WHOcriteria. Total cholesterol, LDL-c,LDL/HDLratio, TG (p always
<0.001) and fasting serum insulin '(p=0.033)were significantly higher and HDL-cwas
significantly lower (p=0.001) InNIDDMthan control subjects. Fasting serum insulin was
inversely related to the degree of hyperglycemia in NIDDMsubjects (r= -0.1867;
p=0.037). NIDDMwith hyperlnsulinemla (n=18) had a strong negative correlation (r=
-0.449, p=0.031) with HDL-c.Neither total cholesterol nor LDL-c had any significant
correlation with Insulin. The results indicate that diabetic state Itself Is associated with
atherogenic lipid dlsor.der.

Introduction :

Macrovascular diseases in the form of

ischemic heart disease (IHD),
cerebrovascular disease (CVD), and
peripheral .vascular disease (PVD) are the
major cause of morbidity and mortality in
diabetic patients. The hallmark of
macrovascular disease is atherosclerotic

plaque, which is similar to look at in diabetic
and nondiabetic subjects. Indiabeticpatients
the atheroscleroticlesionsaremoreextensive

and frequently complicated by ulceration,
thrombosis or hemorrhage1.NorthAmerican
data suggest that about 75% of patients with

diabetes ultimately die of IHD2. It has been
estimated that menwith diabetes have about
a two-fold increased risk of death from IHD.
This risk is increased to four-fold in case of

women when compared with age and sex
matched population due to loss of relative
protection from atherosclerosis prior to
menopause3-5.

The precise mechanism for the
initiation and development of the
atherosclerotic plaque seen in diabetic
patients is not completely understood. The
"response to injury hypothesis" has been
used to explain the development of
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atherosclerotic plaque. Injuryto endothelium

or endothelial cell dysfunction ca,used by
hyperlipidemia,hyperglycemia,hypertension
or cigarette smoking is widely acceptedto be
an essential event in the development of
atherosclerosis6. Some studies suggest that
hyperglycemia and hyperinsulinemia,
themselves being atherogenic, modify some
cardiovascular risk factors towards

atherogenic direction7-8.

Patients with NIDDM, particularly
obese aremoresusceptibleto atherosclerotic
cardiovascular disease. In developing
countries including Bangladesh more than
90% of NIDDM patients are non-obese9-10.
Some studies haveshown that Asian Indians

living in UK are moreprone to coronary artery
disease11-12.McKeigue et al11showed that
Bangladeshi in East London have three
times higher prevalence of diabetes as well
as high plasma triglyceride and insulin than
those found in Caucasians. Mohon et al13
demonstrated that immunoreactive insulin

responsesto anoralglucoseloadwere higher
amongAsian IndiansthanamongEuropeans.
Euglycemic clamp studies in this population
also showed higher insulin resistance than
Europeans 14. It is assumed that insulin
resistance may be the basic metabolic
abnormality in Asian Indians, leading to
hyperinsulinemia,diabetesandiibnormalities
of lipoprotein metabolism, culminating to
atherosclerotic coronary artery disease.

Most of the studies about relationship
of insulin with lipidswere doneon treated and
obese NIDDM patients15-16. Only a few
studies are available in NIDDM patients at
diagnosis17. In Bangladeshi population no
suchstudies havebeenperformed.Thisstudy
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was undertaken to demonstrate the

relationshipofserum insulin with atherogenic
lipids innormalweight uncomplicatedNIDDM
patients at diagnosis.

Materials and Methods:

Ninety two (male=62, female=30)
middle-aged (40-50years), newlydiagnosed,
non-smoking, uncomplicated and untreated
NIDDM patients with normal BMI (male=20-
25; female=19-24; kg/m2)wereselectedfrom

BIRDEM out patient department during
enlistment. Diabetes was diagnosed
following the WHO criteria18.Majority of the
study population came from middle class
family (NICDM=74; control=31) with the
history of moderate physical activity
(NIDDM=86; control=38). Eleven men and
nine women had family history of diabetes.
Fourty (male=20; female=20) non-diabetic
healthy subjects with negative family history
ofdiabetes served as control (Table-I).There
was no history of medication which could
interfere in glucose, lipids or insulin
metabolism. In addition to the two sample
(fasting and 2 hours) glucose tolerance test
(OGTT), routine biochemical investigations
for eRlistment and ECG were done in all

subjects.

Anthropometric measurement: Height was
measured incentimeters (cm) by Harpenden
Stadiometer, body weight was taken in
kilogram (kg) by standardized weighing
machinewith lightclothing andwithout shoes.
Body mass index (BMI) was calculated as
weight in kilogram divided by height in meter
square (kg/m2).

Analyticalmethods:Afteran overnightfasting,
venous blood was collected for plasma
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glucose, serum lipid profile (total cholesterol,
HDL-c, LDL-c & TG) and serum insulin with
other routinebiochemicaltestsforenlistment.

All tests were done on the same day except
the samples of serum insulin and lipid profile
which were preserved separately in serum
vials at-400C until measurement were done.

Plasma glucose was measured using
glucose oxidase method by Technicon
autoanalyzer. Lipid profile was measured
enzymatically. Serum insulin was assayed
by Radioimmunoassay (RIA) method.

Statistical Methods: Resultswereexpressed
as mean.:l:SEM.Comparisons were made
between parameters of NIDDM and non-
diabetic control subjects by unpaired
Student's t test. Correlation between anytwo
parameters was done by Pearson's
correlation analysis. Z-test was done to
compare the percentage of two variables.
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DatawereanalysedbycomputerusingSPSC'
PC+. Any value of p<0.05 was consider&d
significant.

Results:

Total cholesterol, LDL-c, LDUHDL

ratio, TG and fasting serum insulin were
significantly higher and ~JL-c was

significantly lower in NIDDM ~atients than
non-diabetic control subjects (Table-II).
Similar results were found with the exception
of insulin which was higher, but statistically
was not significant, when comparisons were
made between diabetic and non-diabetic

control subject by sex (Table-III). LDL-c, TG
& insulin were higher in diabetic female than
diabetic male (Table-III). HDL-c was
significantly higher (p<0.05) in female than
male in control and in NIDDM subjects. TG
was significantly lower (p<0.05) in control
female than control male (Table - III).

Table -I : Characteristics of the study popu/::ltfonUT92 NIDDM and 40 non-diabetic control
subjects by sex.

Results are expressed as mean.:l:SEMand in percentage.

Comparisons were made.between NIDDM and non-diabetic control subjects by unpaired
Student's t-test for independent samples in both sexes. Z-test was done to compare the
percentage of two variables (p always>0.05).
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Male Female

Variables NIDDM Control NIDDM Control

No of subjects 62 20 30 20

Age (years) 43.93.:1:0.47 45.70.:1:0.77 44.86.:1:0.73 43.90.:1:0.75

8MI (kg/m2) 22.29.:1:0.19 21.61.:1:0.24 21.88.:1:0.31 21.11.:1:0.27

Middle class 50{81%) 16(80%) 24(80%) 15(75%)

Moderate physical activity 58(81%) 19(95%) 28(93%) 19(95%)

Family history of diabetes 11(18%) - 9(30%) -

Duration of diabetes (months) 2.71.:1:0.43 - 4.08.:1:0.79 -
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Table -II : Fasting plasma glucose, serum insulin and lipid profile in NIDDM and non-diabetic

control subjects.

Results are expressed as mean:l:SEM. Comparisons were made between NIDDM and

non-diabetic control subjects by unpaired Student's t-test. -

Table-III: Plasma glucose, serum insulin and lipid profile in 92 NIDDM and 40 non-diabetic

control subjects by sex.

Results areexpressed as mean:l:SEM.Comparisons were made between NIDDM and

non diabetic control sUbjects by unpaired Student's t-test for independent samples in both
sexes.

*=p<0.05, **=p<0.01, ***=p<0.001.
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Variables NIDDM Control P-value

Fasting plasma glucose (mmol/L) 13.26:1:.43 4.13:1:.07 <0.001

Fasting serum insulin (/lu/ml) 8.15:1:0.56 6.54:1:0.49 0.033

Total cholesterol (mg/dl) 213.83:1:4.19 180.92:1:3.20 <0.001

HDL-c (mg/dl) 33.40:1:0.65 37.45:1:0.83 0.001

LDL-c(mg/dl) 153.63:1:4.29 129.92:1:2.88 <0.001

TG(mg/dl) 182.46:1:10.77 112.57:1:4.84 <0.001

LDUHDL 4.71:1:0.15 3.55:1:0.10 <0.001

Male Female
Variables NIDDM Control NIDDM 8ontrol

Fasting plasma glucose 13.18:1:0.59*** 4.12:1:0.10 13.41 :1:0.47*** U 2:1:0.10

(mmol/I)

2 hrs after glucose (mmol/I) 22.53:1:0.71*** 5.97:1:0.22 24.11 :1:0.10*** 3.37+0.11

Fasting serum insulin (/lu/ml) 7.99:1:0.68 6.78:1:0.76 8.47:1:1.03 3. 27:1:0.63

Total cholesterol (mg/dl) 214.05:1:5.01*** 180.15:1:4.97 213.40:1:7.67*** 81.70:1:4.93

HDL-c (mg/dl) 32.27:1:0.75* 35.70:1:1.10 35.73:1:1.21* 39.20:1:1.15

LDL-c (mg/dl) 150.67:1:5.30* 128.70:1:3.69 159.73:1:7.31** 31.15:1:4.51

TG (mg/dl) 179.75:1:11.49* 129.85:1:5.61 188.06:1:23.31** 3.30:l:5.74
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Among 92 NIDDM patients 16 (17%)
had mild hyperglycemia (fasting plasma
glucose less than 10 mmol/L), 48 (52%) had
moderate hyperglycemia (fasting plasma

glucose 10-15 mmol/L) and 28 (31%) had

severe hyperglycemia (fasting plasma

glucose more than 15 mmol/L; Fig -1). Levels
of fasting serum insulin and insulin glucose
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ratioswere variable in these patients. In mild,
moderate & severe hyperglycemic subjects,
fasting serum insulin levels were
(mean:tSEM) 8.39;tO.28,8.24:t0.68 and 5.36

:to.l5 respectively. Insulin glucose ratio
gradually decreased as severity of fasting
hyperglycemia increased in these subjects
(Fig- 2).

Fig - 1 : Distribution of NIDDM subjects according to the severity of fasting plasma glucose
level

31%

II Mild hyperglycemia. Moderate hyperglycemia

D Severe hyperglycemia

52%

Fig - 2 : Insulin glucose ratio in NIDDM subjects at various degree of fasting hyperglycemia
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Insulin had a significant negative

~Iation(r= -0.1867, p=0.037) with fasting

Tla glucose level of NIDDMsubjects
Ie - IV). It had a strong positive
!Iation with BMI in control as well as in

)M subjects (r=0.31, p=0.025 and
94, p-0.031 respectively). Insulin had

iignificant correlation with HDL-c and

in control subjects and in NIDDM

Lipid profile in NIDDM Md. Farid Uddin et al.

subjects (Table-V). NIDDM with

hyperinsulinemia (fastingserum insulin more

than 12 (Ilu/ml) had a strong negative

correlation with HDL-c (r=-0.449; p=0.031).
In control subjects, same relationship was

found, although the number of subjects was

only two. No significant correlation was
present between total cholesterol or LDL-c

with insulin (Table - IV)

e -IV :Pearson's correlation coefficients between fasting serum insulin and age, 8MI,
fasting plasma glucose and lipid profile in NIDDM and control subjects.

Ission :

The concentration and metabolism

erum lipids in diabetes is mainly
lced bygeneticfactors,typeofdiabetes,
e of hyperglycemia, diet, obesity and
rypes of hyperlipidemia in our study
iimilar to Dey19 who carried out his

work at BIRDEM in patients with
r characteristics. Nitayanant et al20
)as et al21 also demonstrated similar

; in their studies. Uusitopaet a122,
Ib et al23 and Brions et al24 similarly

observed high TG and low HDL-c in their
NIDDMpatients. Total cholesterol and LDL-
c levels were insignificantlyhigher in their
NIDDMpatients when compared to non-
diabeticcontrolsubjects. Itwas contradictory
to our findings.

From the discussion of previous
studies it is found that high TG and low HDL-
c are consistent lipid abnormalities in
untreated NIDDM patients. Levels of total
cholesterol and LDL-carevariable indifferent

studies. LDL-c may be spuriously increased
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NIDDM CONTROL

r p r p

0.0851 0.210 - -0.2131 0.093

0.1947 0.031 0.3115 0.025

la glucose -0.1867 0.037 0.0375 0.409

chol 0.021 0.421 0.1069 0.256

c -0.043 0.342 0.0804 0.311
. 0.0811 0.221 0.1556 0.169.
ceride 0.1589 0.065 -0.2156 0.091
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if HDL-c is included in LDL-c
measurement25,26. In moderate to severe

hyperglycemia LDL-c level is also increased
due to reduced clearance of glycated LDL-
apo-B27.High LDL-c levels in our results
could be due to the influence of the above
mentioned factors.

The pattern of hyperlipidemia in our
premenopausal diabetic women indicates
loss of natural protection against
atherosclerosis in this group. Similar
assumption was also made by Garcia et al3
and the WHO multinational study of vascular
disease in diabetics group4.

Level of fasting serum insulin in our
NIDDM patients was variable and was
inversely related to the degree of
hyperglycemia. Similar observations were
made by Reaven et al28 and Fraze et a129.

Patient developing NIDDM passes
through a stage of exaggerated insulin
response which gradually declines as the
diabetes progresses due to progressive
decompensation of B-cells30. Pfeir et al31
demonstrated that decompensation occurs
inNIDDMpatientswithfastingplasmaglucose
levels greater than 250 mg/dl.

Insulin lipid relationship in NIDDM
patients is variable. It depends upon the
severity of insulin resistance and
compensatory hyperinsulinemia which is
more marked in obese NIDDM patients. In
our normal weight NIDDM subjects only
hyperinsulinemic group showed significant
negative correlation with HDL-c. Association
of hyperinsulinemia with low HDL-c and high
TG was demonstrated by Laakso et aP5 in
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their middle-aged,obese and treated N100M
patients as well as age and sex matched
obese control subjects of East Finland. The

authors could not find any significant
correlation between hyperinsulinemia and
totalcholesterolor LDL-c.Similar relationship
was also demonstrated by Sosenko et aP7in
their newly detected NIDDM patients.
Stalder et al32 found hyperinsulinemic
relationship only with HDL-c in healthy adult
male of Switzerland.

Atherogenic lipiddisordersarepresent
in NIDDM subjects irrespective of sex, wl:1ich

indicates that diabetic pa1ientsmale as well
as premenopausal female are prone to
atherosclerosis.Hyperinsulinemiaassociated
with-low HDL-c, an atherogenic association
seen in obese diabetics is also present in
normal weight NIDDM subjects.
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