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Abstract

Background: Complement activation occurs in the vessel's wall as serum lipids start to get deposited,
marking the beginning of atherosclerosis formation. Carotid intima-media thickness (IMT) is a widely used
tool for detecting atherosclerosis. This study objective was to correlate lipid profile with C3d levels and
Carotid IMT in type 2 Diabetic patients.

Methodology: This case-control study comprised 120 male and female participants between 35 to 65 years
of age. Of them, 90 type 2 diabetes patients were stratified according to the diabetes duration into four
groups, Group A (n=30) <5 years of diabetic, Group B (n=30) 5-10 years of diabetic, Group C (n=30) >10
years diabetic and non-diabetic subjects healthy controls in Group D (n=30). The Anthropometric
measurements (height, weight, and BMI), serum C3d level, carotid intima-media thickness (carotid IMT) &,
serum levels of Cholesterol, Triglycerides, Low-density lipoprotein (LDL), and High-density lipoprotein (HDL)
were evaluated.

Results: In Type 2 Diabetic patients with moderate to high levels of serum Cholesterol, the C3d levels were
found to be significantly raised (10.58 £3.87 ug/ml and 15.37 + 2.51 ug/ml, respectively), but Carotid IMT was
increased in patients with high Cholesterol (0.98 + 0.11 mm). Patients with moderate to high levels of
Triglycerides had C3d 11.03 + 3.85 pyg/ml and 13.66 + 4.30 ug/ml, respectively, but Carotid IMT was observed
to be raised in patients with higher triglycerides levels (1.00 £ 0.11 mm). Also, in patients with moderate to
high serum LDL C3d were 10.26 + 3.10 ug/ml and 13.14 + 4.08 pg/ml, respectively, whereas Carotid IMT was
increased in patients with high levels of LDL (0.93 + 0.13 mm). The C3d (12.12 + 4.42 ug/ml) and Carotid IMT
(0.90 + 0.13 mm) levels were increased as HDL decreased significantly.

Conclusion: Serum C3d can be used as an early marker of atherosclerosis formation, which increases as
lipid levels exceed the normal range in diabetic type 2 patients compared to carotid IMT detected in patients
with higher lipid parameters.
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Introduction

Diabetes mellitus is a metabolic disorder, the
hallmark of which is the presence of high levels of
glucose in the blood'. Based on etiology, diabetes
is broadly grouped as diabetes type 1, and diabetes
type 2, the latter type of diabetes occurs due to
resistance of tissues to the insulin'. On average, 462
million people were diagnosed as diabetics in 2019,
according to an international diabetic federation.
Out of every 10 individuals, 9 were diagnosed as
Type 2 diabetics, with Asians being more
preponderant to Type 2 Diabetes than individuals
from other ethnic background?. Pakistan is ranked
the fourth major country in Asia with the highest
number of diabetic cases?.

The number of cases with diabetes-related
complications is on the rise with each passing day,
which is likely to escalate further, posing a
substantial risk to the health care system. Coronary
artery atherosclerosis being one of the most
dangerous complications occurring in Diabetic
Type 2 patients®. Coronary atherosclerosis patients
without Type 2 Diabetes have significantly reduced
rates of cardiovascular events in contrast to the
patients with Type 2 Diabetes*. The intimal
thickness of carotid arteries which signifies the
process of atherosclerosis formation, is widely used
as an indicator for future stroke and myocardial
infarction.

Atherosclerosis is the disorder of enhanced
inflammation in the intimal layer of arteries that
occurs in the vessel wall over time, persisting for
the whole life once it has been formed. The
evidence suggests abnormally high complement
system activation, the part of innate immunity®. The
complement protein C3 (C3) is activated by all the
pathways involved in the complement proteins
activation, namely classic, lectin, and alternate,
which leads to the generation of common C3
convertase with C3d signifying the product of
terminal degradation of complement protein C3’.
Since 1950 activation of the complement system
has been observed in atherosclerotic lesions
because Cholesterol in vascular walls gives rise to
the activation of complement proteins’. C3d has
been found in increasing concentration in patients
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with type 2 diabetics®. The alternate pathway of the
complement system activates C3 as the low-
density lipoprotein (LDL) starts being deposited in
the vessel's intimal layer with the production of
terminal C3d°. The role of complement activation
is to remove the excess LDL deposited in the wall.
However, over time, it becomes detrimental to the
vessel by recruiting immune cells and activating the
adaptive immunity’. Many previous studies on
both animals and humans have indicated the direct
association  of complement activation in
atherosclerosis®. Enhanced levels of C3d have been
reported in patients with coronary artery
atherosclerosis’.

The detection of atherosclerosis formation before
time is critical in order to save the patient's life from
debilitating heart attack and stroke affecting
significant vessels of the heart and brain due to
which C3d has been extensively studied as it is
closely associated with atherosclerosis with raised
C3d levels documented in the serum and locally in
advanced atherosclerotic  lesions’.  Although
Figueredo et al. found the levels of C3d were
increased in Type 2 Diabetic individuals, however,
C3d association with lipid parameters in blood has
not been studied in Diabetic Type 2 patients®.

This study's goal was to evaluate the degree of
complement activation by the serum measurement
of C3d and Carotid IMT with the levels of
Cholesterol, Triglycerides, LDL, and HDL in Diabetic
Type 2 patients.

Methodology

This was the case-control study carried out in the
Physiology Department from September 2020 to
April 2021. The sample size for the study was
calculated to be 79. A total of 120 participants
comprising both males and females were included
in the study, out of which 90 were Diabetic Type 2
patients between the age group of 35 to 65 years,
recruited from the medicine ward 7, who met the
inclusion criteria for the study, and 30 participants
as healthy controls were recruited from the general
population. The approval for ethical consideration
of the study was acquired from the institutional
review board of Jinnah postgraduate medical
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Centre (Ref. No.F.2-81/2019-GENL/17476/JPMC).
All study participants were counseled about the
research purpose conducted in detail. The consent
in written form was acquired from all the patients
and controls participating in the study. The relevant
facts were then entered into a performed
questionnaire.

The study subjects were then divided into groups
based on the duration of Type 2 Diabetes; each
group comprised 30 subjects. Group A were Type
2 Diabetics patients with a period of diabetes of
fewer than 5 years. Group B had Type 2 Diabetics
for 5 to 10 years. Group C was Type 2 Diabetics for
more than10 years of disease duration, while Group
D was age and weight-matched healthy controls.
The inclusion criteria for the study were; both males
and females, Type 2 Diabetic patients between 35
to 65 years, and healthy individuals as controls. The
patients who didn't give consent or had Type 1
Diabetes, with a history of smoking, other
addiction, or cardiovascular diseases, were
excluded. Furthermore, patients with chronic
inflammatory diseases such as Rheumatoid
Avrthritis, Systemic lupus erythematosus, or those
on medicines for lower lipid levels for the last three
months or antihypertensive drugs insulin treatment
were also excluded from the study.

A short history and basic bio-data about age and
gender were taken from all the 120 participants
recruited for the study. The patients with already
diagnosed Diabetes Type 2 were recruited, and the
duration of diabetes since the diagnosis was
recorded. The individuals in the study with fasting
blood glucose of less than 100 mg/dl (after at least
8 hours of fasting, according to the American
Diabetic Association) were recruited as controls. All
the study participants were then assessed for
anthropometric, biochemical, and radiological
parameters.

The anthropometric measurements including
weight (kilograms) and height (meter), were
recorded and the Body mass index (BMI) was
calculated using the Quetelet index formula.
According to WHO Asian-BMI classification,
individuals with 18.5-22.99 kg/m2 BMI were taken
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as normal, individuals with BMI in the range of 23-
24.99 kg/m? were considered overweight, and BMI
of individuals above 25 kg/m? were considered
obese.

The blood samples by venipuncture method into
the 5 ml syringe were collected to estimate C3d,
Cholesterol, Triglycerides, LDL, and HDL. The
sample for the Serum C3d estimation was then
shifted to the Ethylenediaminetetraacetate (EDTA)
containing vacutainers, centrifuged, and the
plasma collected was then stored at -800°C. Serum
C3d was then estimated using C3d antibody
Enzyme-linked immunosorbent assay (ELISA) Kit
Cat  no.E5115HuU.  The  Cholesterol,  LDL,
Triglycerides, and HDL were analyzed after 8 hours
of fasting.

Both right and left common carotid artery were
assessed for Carotid IMT measurement, which was
done via B—mode ultrasound using a 7.5 MHz
probe in a quiet, dark room in the Department of
Radiology, JPMC. The Carotid IMT in the range of
0.4-0.7 mm™ is considered normal, with the cut-off
value for atherosclerosis at 0.9 mm™.

All data were collected and then analyzed via SPSS
version 23.0. The frequency with percentage was
used to represent the qualitative data, and
quantitative data were reported by mean and
standard deviation. An Independent t-test was
applied to observe the differences in HDL levels
with C3d and Carotid intima-media thickness. One-
way ANOVA was used to observe the differences in
the groups stratified according to the duration of
diabetes and lipid parameters in groups stratified
according to Cholesterol, Triglycerides, and LDL
levels in Diabetic Type 2 patients with the C3d and
Carotid IMT levels. A P-value of <0.05 was
regarded as a value with a statistically significant
difference.

Results

Table 1 represents the age, gender, and BMI of the
studied subjects. Out of 120 subjects, 74 (62%) were
females. The type 2 Diabetic patients comprising
90 individuals were then stratified according to the
duration of disease into group A (<5 years of
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diabetes type 2), group B (5-10 years of diabetes
type 2), and group C (>10 years of diabetes type 2).
At the same time, group D was non-diabetic
healthy control comprising 30 subjects. The
subjects in Group C had an older population (56.7%
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of patients older than 55 years) than the patients in
other groups, i.e.,, groups A, B, and D. The number
of obese individuals was also higher in Group C, i.e.,
20 out of 30 (66.7%) as compared to participants in
group B, A and D.

Table 1: Age, Gender, and BMI stratified distribution of participants among groups.

Variable A B c D
(N=30) (N=30) (N=30) (N=30)
35 to 44 years 18(60) 11(36.7) - 16(53.3)
Age 45 to 54 years 10(33.3) 19(63.3) 13(43.3) 9(30)
55 to 64 years 2(6.7) - 17(56.7) 5(16.7)
Gender Male 10(33.3) 13(43.3) 11(36.7) 12(40)
Female 20(66.7) 17(56.7) 19(63.3) 18(60)
BMI Normal 8(26.7) 6(20.0) 5(16.7) 10(33.33)
(kg/m?) Overweight 3(10.0) 7(23.3) 5(16.7) 7(23.33)
Obese 19(63.3) 17(56.7) 20(66.7) 13(43.33)

Variables are denoted as frequency (percentage).

Group A < 5 years type 2 diabetics; Group B 5-10 years type 2 diabetics; Group C > 5 years type 2 diabetics; Group D age

and weight-matched healthy controls.

Table 2 shows Cholesterol levels were higher in
group C (265.60 + 53.36 mg/dl) as compared to
groups B, A, and D (p <0.001). The triglycerides, LDL
was increased in group C (269.80 + 98 mg/dl and
161.33 + 23.31 mg/dl) as compared to group A and
B diabetic type 2 patients and also in group D. This
signifies that the duration of diabetes type 2
increases the lipid levels become increasingly
abnormal with statistical significance between
groups (p<0.001). However, the HDL levels were
noted to be decreased as the duration of diabetes
increased, i.e, much lower HDL were detected in
Group C (37.00 £ 7.82 mg/dl) patients as compared
to groups B, A, and D (p<0.001).

Among 90 patients of Type 2 Diabetes, 45 (50%)
had Cholesterol levels of less than 200 mg/d|,
1(12%) patients had Cholesterol levels between
200 to 239 mg/dl and 34 (36.9%) patients had
Cholesterol above 240 mg/dl. The HDL levels were
above 40 mg/dl in 34 (37.7%) patients while 56
(62.2%) had HDL below 40 mg/dl. The LDL levels
were below 100 mg/dl in 25 (27.7%) patients, 26
(28.8%) patients had LDL between 100 to 129 and
39 (43.3%) had LDL above 130 mg/dl. Out of 90
patients 19 (20.65%) had Triglyceride below 150
mg/dl, 23 (25.5%) had Triglyceride 150-200 mg/dl!
and 48 (53.3%) had Triglyceride above 200 mg/dl.

Table 2: Comparison of Lipid profiles among groups.

Variable A B c D p-value
(N=30) (N=30) (N=30) (N=30)

Cholesterol (mg/dl) 183.27+£31.92  223.57+67.36  265.60+53.36  175.23+27.59  <0.007***

Triglycerides (mg/dl) 1474742698  200.97+94.81 269.80+98 105.23+29.08  <0.001***

HDL (mg/dl) 44.77+7.60 40.10+£7.16 37.00+£7.82 50.17+9.75 <0.0071***

LDL (mg/dl) 102.93+23.82  129.17+32.57 161.33+23.31 96.27+21.28 <0.007***

Results are denoted as Mean +SD; p-value<0.05*, <0.01**, <0.001***
Group A < 5 years type 2 diabetics; Group B 5-10 years type 2 diabetics; Group C > 5 years type 2 diabetics; Group D age

and weight matched healthy controls
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Table 3 compares C3d and Carotid IMT in Type 2 Diabetes patients grouped according to normal, moderate,
and higher Cholesterol, Triglycerides, LDL, and HDL levels. The C3d levels were increased in the patients with
moderate to higher levels of Cholesterol. Still, carotid IMT was observed to be raised in patients with higher
levels of Cholesterol. The patients with moderate to a higher increase in Triglycerides and LDL levels had
significantly increased C3d levels in contrast to Carotid IMT, which was increased in patients with high levels of
triglycerides and LDL (p <0.001). Both C3d and Carotid IMT were increased as HDL levels fell below 40mg/dI

in diabetic type 2 patients.

Table 3: Comparison of C3d and Carotid IMT with lipid profile in Type 2 Diabetic patients.

.. C3d Carotid IMT
I;p'd Level:l (ng/ml) p-value (mm) p-value
arameter (mg/dl) Mean *SD Mean +SD
<200 6.37+3.65 <0.001* 0.66+0.11 <0.001*
Cholesterol 200-239 10.58+3.87 <0.001* 0.85+0.05 <0.001*
>240 15.37+2.51 <0.001* 0.98+0.11 0.001*
<150 9.08+3.30 <0.001* 0.63+0.12 <0.001*
Triglyceride 150-200 11.03+3.85 <0.001* 0.79+0.11 <0.001*
>200 13.66+4.30 <0.001* 1.00+0.11 <0.001*
<100 7.84+3.17 <0.001* 0.58+0.08 <0.001*
LDL 100-129 10.26+3.10 <0.001* 0.74+0.10 <0.001*
>129 13.14+4.08 <0.001* 0.93+0.13 <0.001*
<40 12.12+4.42 0.90+0.13
HDL >40 10.28+3.77 0.036 0.68+0.12 <0007

*P-value<0.05 is considered statistically significant.

Discussion

This case-control study was done to determine the
association of Lipid profile with a fragment of
complement C3 degradation product C3d and
Carotid IMT in Diabetic Type 2 patients. The current
study's findings indicate that serum C3d levels
increase in Type 2 Diabetic patients along with an
increase in Cholesterol, Triglycerides, LDL levels
above the normal range. It also signified the
massive activation of the complement system as
soon as lipid levels begin to rise above their
respective standard value compared to the Carotid
IMT found to be raised in patients with higher
levels of Cholesterol, Triglycerides, and LDL. Both
C3d and Carotid IMT were negatively correlated
with HDL levels, i.e., as HDL decreases, both C3d
and Carotid IMT increase. The Cholesterol in the
intimal vessel layer causes the activation of
complement protein C3 with ultimate degradation
of C3 leading to the progression of atherosclerotic
lesions™. The observations of the current study are
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in concordance with the study by Praliya et al.,
where the postprandial lipid profile was compared
with the Carotid IMT in which the cholesterol,
triglycerides, and LDL levels were positively
correlated with the Carotid IMT and negative
correlation of HDL with Carotid IMT were found”.
Also, the study by Sharma and Shah®™ on diabetic
type 2 patients with retinal changes found the
association of cholesterol, triglycerides, and LDL
with the Carotid IMT. However, the association of
Carotid IMT was found to be negative with the HDL
levels. Kumar et al. compared Carotid IMT in
people with type 2 diabetes with triglycerides and
LDL; a correlation existed between triglycerides
and Carotid IMT, but no association was found
between LDL and Carotid IMT. Thus it is suggested
that the raised levels of cholesterol, triglycerides,
and LDL results in the enhancement of
atherosclerotic lesions in diabetic patients™.

The current study results show that cholesterol,
triglycerides, and LDL increase as the duration of
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diabetes, but HDL levels decrease as diabetes's
duration increases. This finding is similar to the
study by Biadgo et al, where the cholesterol,
triglycerides, and LDL levels were raised in diabetic
type 2 in contrast to the healthy controls. However,
HDL levels were observed to be reduced in diabetic
type 2 compared to the controls™. This finding is
also similar to a study by Parmar et al. where the
levels of cholesterol, triglycerides, and LDL raised
as the duration of diabetes type 2 increases'.
However, the study by Yakubu et al. found the
association of cholesterol with a period of diabetes
and an increase in cholesterol levels in diabetes
type 2 with greater than 5 years of diabetes
duration compared to people with type 2 diabetes
of lower than 5 years of period®®. However, contrary
to the present study, no significant relation with
type 2 diabetes duration was found in terms of
Triglycerides, LDL, and HDL. Also, the current
study's findings are contrary to Oatamer et al,
where no association between abnormal lipids and
duration of Diabetes Type 2 was found™. The
significant deficiency of insulin is the primary culprit
in causing dyslipidemia in patients with diabetes
type 28 where an abnormal glucose level causes
glycation of LDL, which is one of the reasons for the
accelerated progression of atherosclerosis®.

The study was carried out with a sample size of 90
type 2 diabetic patients, which is the major
limitation. Also, Carotid IMT was estimated via a
manual technique that is less accurate in contrast
to an automated approach that uses
radiofrequency signals.

The serum measurement of C3d can provide a
non-invasive tool for aggravated atherosclerosis
formation in type 2 diabetic patients with abnormal
lipid profiles. The stringent control of lipid levels in
type 2 diabetic patients can slow down the earlier
activation of complement. Further research in this
area is required on a large scale, as also the
prognostic role of C3d in patients receiving the
lipid-lowering treatment.

Conclusion

The increase in serum Cholesterol, Triglycerides,
and LDL levels above the normal range in Type 2

ISSN 2307-3748 (Print) ISSN 2310-3841 (Online)

Int. j. endorsing health sci. res.

247

Diabetic patients leads to enhanced complement
activation as signified by the elevated presence of
C3d was observed. Also, the serum C3d indicating
the massive formation of atherosclerosis can be
used as a marker of early atherosclerosis detection
compared to carotid IMT, which was found in an
abnormal range when lipid levels become
exceedingly high.
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