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Abstract

Background and Aims: Inflammatory processes provoke the synthesis of various acute-phase proteins like C-reactive protein
(CRP) in the liver and orchestrate a predominant role in the development of insulin resistance. Against this backdrop, the pres-
ent study was undertaken to evaluate the association of inflammatory markers, glycated hemoglobin, and circulating lipids with
microvascular complications in type 2 DM patients. Material and Methods: Prospective hospital-based longitudinal study was
conducted with 384 patients to complete the study. The metabolic profiles were measured at baseline, 3rd month (review I), 6th
month (review II), and at 12th month (review III). Lipid profiles were measured at baseline. CRP was measured at baseline, 6th
month and at 12th month. Results: The recruited patients were followed for three reviews. Blood sugar level, HbA , and CRP
were significantly decreased when compared to baseline. In this study baseline, CRP showed a positive correlation with baseline
sugar levels, LDL, total cholesterol, renal parameters except for VLDL and a strong negative correlation with baseline HDL and
ankle-brachial index but no significant correlation was observed with cardiac autonomic neuropathy and vibration perception
threshold. Conclusion: This study concluded that due to effective pharmacotherapy the CRP level and the metabolic profiles

were reduced after 12 months of follow-up.
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Introduction

Diabetes mellitus (DM) is one of the
global public health problems and the estimated
range of 8.8 million adults populated are affected
during the year 2015 and the number escalates in
the future. Reports suggest that, in the year 2040
the global diabetic adult population is estimated
to be increased by 10.4% reaching the total dia-
betic population of 642 million diabetic patients
[1]. Type 2 diabetes mellitus (T2DM) accounts for
90-95% of DM and it imposes significant mor-
bidity and mortality. The morbidity and mor-
tality associated with T2DM are mainly due to
micro- and macro-vascular complications [2]. The
diabetic microvascular complications encom-
pass diabetic kidney disease, retinopathy, and

peripheral neuropathy. Albeit, strict glucose con-
trol decreases the development of diabetic micro-
vascular complications, but the morbidity among
these subjects are still on rising [3]. Apart from
hyperglycemia, the other risk factors involved
in the progression of microvascular complica-
tions are hyperlipidemia hypertension and silent
inflammation [4].

Chronic inflammatory reactions orches-
trate a cardinal role in the development of vas-
cular complications in T2DM patients [5, 6]. The
metabolic alteration such as insulin resistance,
dyslipidemia, and central obesity induces a state
of low-grade inflammation. This low-grade sys-
temic inflammation displays an increased level of
circulatory inflammatory proteins such as C-reac-
tive protein (CRP) and various pro-inflammatory
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cytokines [7]. CRP belongs to the group of acute-
phase protein which is primarily synthesized in
the liver and during any inflammatory reactions
the plasma concentration of CRP act as a reliable
marker of elevated inflammatory conditions in
the vascular structures [8]. Mounting studies
shows elevated CRP levels in patients affected
with metabolic syndrome [9, 10]. Further, vari-
ous clinical studies show the significant associa-
tion between increased level of CRP and chronic
diabetic vascular complications [11-13]. However,
to date only little credible shreds of evidences
exist regarding the increased level of CRP that
can be used as a significant predictor for diabetic
microvascular complications. Meanwhile, only
a few literatures are available in substantiating
the association between CRP level and diabetic
microvascular complications and whether strict
glucose control, as well as metabolic components,
can decrease the inflammatory response, partic-
ularly CRP in T2DM subjects. In this scenario,
the present study was conducted to find out the
association of C-reactive protein, glycated hemo-
globin, and circulating lipids with microvascular
complications in type 2 diabetes mellitus patients
with strict glycemic control.

Materials and methods

This was a prospective longitudinal study
conducted among the type 2 diabetic patients
from Jan 2017 to Dec 2018, at Aruna Diabetes Cen-
tre, Chennai, India. The study was approved by
the Institutional Ethical Committee with refer-
ence number IEC/PHD 2015/2016/01. Initially, 450
patients were enrolled in the study and at the end of
the study, the patients were lost regular follow-up
(n=31), finally 384 patients completed the study.

Inclusion criteria

Inclusion criteria were based on patients
who were diagnosed with type 2 diabetes either
fasting blood sugar >126 mg/dl or post prandial
blood sugar >200 mg/dl, a patient who consented to
get screened for complications of diabetes 2 melli-
tus, patients with regular follow-up and treatment.
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Exclusion criteria

After careful history taking and physi-
cal examination, patients with acute infections,
chronic inflammatory diseases (inflammatory
bowel disease, osteoarthritis, rheumatoid arthri-
tis, chronic hepatitis, gout, and bronchial
asthma), and cancer were excluded. Further, the
patients who were suffering from type 1 diabetes
mellitus, diabetic patients with pregnancy, who
were not willing to participate, patients who
were not under regular treatment were excluded.

Data collection

Demographic information and clinical
factors associated with increased diabetic com-
plications were collected using case extract forms
from the patient’s case book. The following infor-
mation’s like age, gender, weight, height, dura-
tion of diabetes, hypertension status, smoking
status, history of CAD, history of CVD, sugar pro-
file, and Glycated hemoglobin (HbA, ) and lipid
profile were collected and recorded. Blood sam-
ples were collected after a 12 hours overnight fast.
Metabolic profiles like fasting and post-prandial
plasma glucose, HbA  were measured at base-
line, 3rd month, 6th month, and at 1 year. Tri-
glyceride, total cholesterol, LDL-C, and HDL-C
were measured at baseline. CRP was measured
at baseline, 6th month and at 1 year. During the 1
year metabolic profiles were controlled. BMI was
calculated by dividing weight in kg with height
(in m?). Both systolic and diastolic blood pressure
was measured by a sphygmomanometer. Blood
samples were analyzed for FBS, PPBS, TC, TGL,
LDL, HDL, VLDL, and creatinine by a fully auto-
mated analyzer using standard enzymatic meth-
ods. HbA  was assayed using high-performance
liquid chromatography. Serum C reactive protein
was measured by nephelometer analyzer.

Diabetic vascular complications
Diabetic nephropathy was defined by

urine excretion abnormalities and it was iden-
tified in the urine for microalbumin. It was
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estimated by using the immunoassay method.
Diabetic peripheral neuropathy is a painful con-
dition caused by nerve damage from diabetes.
Biothesiometer was used to check the vibration
perception threshold (VPT), done to identify early
peripheral neuropathy of feet in volts. Ankle Bra-
chial Index (ABI) test was used to assess the blood
flow to the lower limbs. Because the lower limb
arteries were more prone to atherosclerosis. ABPI
is the ratio of blood pressure at the ankle to the
upper arm used to check peripheral arterial dis-
ease. Cardiac autonomic neuropathy (CAN) is
another complication that is common among dia-
betics. This leads to a silent heart attack (Painless
myocardial infarction). This test was done with
the help of Dyansys (ANSiscope) used to identify
the involvement of Cardiac nerves (parasympa-
thetic and sympathetic) due to diabetes.

Data analysis

Statistical analysis was performed using
IBM-SPSS version 23. Descriptive statistics were
presented either as mean+SD or median (min and
max). The statistical significance of the difference
between repeated measures was assessed by one-
way ANOVA. The choice of the descriptive and
inferential statistical methods were based on dis-
tribution normality (by normal probability plot).
The strength of association between the two vari-
ables was assessed by correlation coefficient. A
p-value of <0.05 was considered statistically sig-
nificant and the level of confidence is 95%.

Results

In the present study, out of 384 recruited
patients who have completed the study, the aver-
age age was found to be 55.5+13.0 years. Regard-
ing the gender of the patients, 232 were males and
183 were females. The average duration of dia-
betes was found to be 10.8+7.4 years. The BMI of
the recruited patients was found to be 27.6+11.6.
The fasting and post-prandial blood sugar level
was found to be 155.1+54.1 and 205.5+74.1 mg/d]l,
respectively. The baseline HbA  value was found
to be 8.5+2.1%. Table 1 depicts the demographics
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and baseline biochemical investigations of the
recruited subjects.

Further, the biochemical parameters
such as FBS, PPBG, HBA were compared at
baseline, 3 months, 6 months, and 12 months
after the initiation of pharmacotherapy. Mean-
while, the CRP level was compared between base-
line, 6th, and 12th months after the initiation of
pharmacotherapy.

Comparison of blood glucose levels from baseline and
review I-11I

The fasting blood sugar level for base-
line, review I, II and III was found to be 155.00,
134.63, 119.99, and 108.51 mg/dl. In comparison to
baseline values, the FBG levels were significantly
(p<0.05) decreased in the review I-III.

Further, the post-prandial blood glucose
was significantly (p<0.05) decreased in review I-
III as compared to the baseline. The values were
found to be 205.5, 194, 176.7, and 141.8 mg/dl,
respectively.

Comparison of glycated hemoglobin levels from baseline
and review I-11I

The baseline and review I-III values of
glycated hemoglobin were found to be 8.5, 8.1,
7.8, and 6.9%. The HbA  levels in review II and
review III were significantly lower as compared
to the baseline values.

Correlation between GRP and blood glucose level at
baseline, review Il and lll

In the present study, the CRP showed a
significant positive correlation with blood glu-
cose. CRP a showed significant (p=0.000) strong
correlation with baseline FBG and PPBG level and
the values were found to be 0.752 and 0.560. How-
ever, CRP showed a significant (p=0.000) weak
correlation with review II and III FBG and PPBG
level and the values were found to be review II
(0.298 and 0.175) and review III (0.272 and 0.081),
respectively. The results were shown in Table 2.
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Table 1: Demographics and baseline biochemical investigations of the recruited subjects.

Parameters
Demographics
Duration of diabetes mellitus (years)

Age (years)

Gender

Biochemical profiles

Fasting blood sugar - Baseline (mg/dl)
Post-prandial blood sugar - Baseline (mg/dl)
HbA, - Baseline (%)

Blood pressure - Systole (mm/hg)

Blood pressure - Diastole (mm/hg)

Total cholesterol - Baseline (mg/dl)
Triglycerides (mg/dl)

Low density lipoprotein (mg/dl)

Very low-density lipoprotein (mg/dl)

Serum creatinine (mg/dl)

Estimated glomerular filtration rate (¢GFR) mg/dl
Urine for microalbuminuria mg/dl
C-reactive protein - Baseline (mg/dl)

Nerve conduction velocity (%)

Ankle brachial index

Vibration perception threshold (volts)

Values (Mean + SD)

10.8+7.4
55.5+13.0

Male 232
Female 183

155.1£54.1
205.5+74.1
8.5+2.1%
137.35
80.34
170.6+19.3
142.6+60.6
83.5+19.9
28.2+10.9
1.0:0.3
87+24.6
28.2+9.4
4.74+0.76
32+14.17
1.0+0.1
14.0+16.6

Table 2: Correlations between CRP levels with FBS and HbA at various time points.

Independent variable Dependent variable

FBS-baseline
FBS-6th month
FBS-12th month
HbA -baseline

CRP-baseline
CRP-6th month
CRP-12th month
CRP-baseline

CRP-6th month
CRP-12th month

HbA -6th month
HbA, -12th month

p<0.05 were considered as statistically significant.

Regarding association between lipid
profiles and CRP at baseline there was signifi-
cant positive correlation with total cholesterol
(r=0.604; p=0.000), LDL (r=0.115; p=0.024), tri-
glycerides (r=0.104; p=0.04). There was a strong
correlation between cholesterol and CRP and a
weak correlation for LDL and triglycerides. Fur-
ther, there was a significantly strong negative
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Correlation coefficient p-Value
0.752 0.000
0.298 0.000
0.272 0.000
0.739 0.000
0.429 0.000
0.352 0.000

correlation between HDL and CRP (r= -0.692;
p=0.000). However, there was no significant rela-
tionship between VLDL and CRP in the present
study (r=0.093; p=0.069). The results were shown
in Table 3.

In this study, there was a significant asso-
ciation between baseline diastolic blood pressure
and CRP (r=0.119; p=0.020) and but there was no
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Table 3: Correlations between baseline CRP level and lipid profiles.

Independent variable

Tot. cholesterol CRP-baseline

LDL CRP-baseline
HDL CRP-baseline
VLDL CRP-baseline
Triglycerides CRP-baseline

Dependent variable

NS Non Significant. p<0.05 were considered as statistically significant

Table 4: Correlations between baseline CRP level and end organ function.

Independent variable
CRP-baseline
CRP-baseline
CRP-baseline
CRP-baseline

Urine for micro albuminuria
Cardiac autonomic neuropathy
Ankle brachial Index

VPT

Dependent variable

Correlation coefficient p-Value
0.604 0.000
0.115 0.024
-0.692 0.000
0.093 0.069 s
0.104 0.042
Correlation coefficient p-Value
0.169 0.001
0.105 0.040
-0.055 0.285N8
0.056 Q273

NS Non Significant. p<0.05 were considered as statistically significant

significant association between diastolic blood
pressure and CRP (r=0.092; p=0.07).

Further, to find out the association
between end-organ function and its association
with CRP level in type 2 diabetes patients the
following markers were analyzed. In this study,
the baseline urea for microalbuminuria had dis-
played a significant association between CRP
baseline (r=0.169; p=0.0001). Further, baseline
cardiac autonomic neuropathy was significantly
associated with baseline CRP (r=0.105; p=0.040).
Further, baseline Ankle-brachial Index (r=-0.055;
p=0.28) and VPT (r=0.056; p=0.273) were not
significantly associated with baseline CRP. The
results were shown in Table 4.

Discussion

The present study was conducted to find
out the association of inflammatory marker (C-re-
active protein), glycated hemoglobin, and circu-
lating lipids with microvascular complications in
type 2 diabetes mellitus patients with strict glyce-
mic control in the South Indian population.

The average age among the study partic-
ipants is found to be 55.5+13.0 years, which is in
accordance with the study conducted by Elimam
et al. where the average of the diabetic subjects is

© 2021 The Authors

50.83+8.26 years [14]. Previous studies show that
microvascular complications have a significant
association with diabetes duration [15]. In our
study, the average duration of diabetes is 10.8+7.4
years. Similar to our report, in a study done by Bhu-
yan et al. [16]. The average age of diabetes patients
with the presence of cardiac autonomic dysfunc-
tion (CAD) is 11.56+6.15 years [16]. According to
the BMI category, the study participants are over-
weight with an average BMI 0of 27.6+11.6 kg/m? In a
study conducted by Borgharkar et al. [17]. Diabetic
subjects with strict glycemic control are overweight
with an average BMI of 26.13+3.35 kg/m? [17].

In our study, the baseline FBG and PPBG
levels are 155.1+54.1 and 205.5+74.1 mg/dl, respec-
tively, and it is near to normal and the baseline
HbA  is 8.5+ 2.1%. Similar to our report in diabetic
patients with HbA level >7% the FBG and PPBG
level is reported to be 129.42+18.41 and 204.81+44
mg/dl, respectively [17]. In contrast, a multi-cen-
tric ICMR-INDIAB phase I study (n=480) reported
a higher (31%) proportion of patients with gly-
cemic control, with a mean HbA  of 9.1% [18].
Thus elevated HbA  levels in diabetic patients
are prone to develop the risk of micro- and mac-
ro-vascular complications.

In this study, baseline lipid profiles total
cholesterol, triglycerides, LDL and VLDL are
found to be normal among the diabetic subjects.
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However, the baseline HDL level is markedly
decreased in the range of 35.8+8.5mg/dl. Our
result is in accordance with the study done by
Gatti et al. [19] where the low HDL cholesterol is
strongly interconnected with elevated HbAIC
levels. They reported that, 68.5% of patients dis-
played HbA  >7 and HDL level was <40-50 mg/dl
in 47.4% [19].

Previous studies show that there is a
strong association between elevated blood glu-
cose levels and inflammation [20]. During diabetic
complications such as nephropathy, retinopathy,
and peripheral neuropathy there has been a sub-
stantial increase in the level of pro-inflamma-
tory cytokine (TNF-a and IL-6) and acute-phase
proteins such as C-reactive protein [CRP] [21]. In
this study, the average baseline CRP is 3.5+0.76
mg/dl and it is in corroboration with the study
conducted by Gamit et al. where the mean CRP
level is 3.08+1.62 mg/dl among the diabetic sub-
jects [22]. Peripheral artery disease (PAD) is none
of the major complications of type 2 diabetes mel-
litus with the amputation of legs. Ankle Brachial
Index (ABI) is the reliable parameter to measure
PAD among diabetics [23]. The ABI in the present
study is 1.0+0.1. Previous reports show that the
cut-off value of ABI for the highest sensitivity
and specificity for PAD screening is between 1.0
and 1.1 and itisin line with the present study [24].
Vibration Perception Threshold (VPT) is a tech-
nique used to evaluate peripheral neuropathy
in diabetic patients [25]. In our study, the VPT is
14.0+16.6 volts and it reflects as a mild peripheral
neuropathy among diabetic patients.

In the present study, there is a significant
correlation between CRP, fasting blood glucose,
and HbA _ at baseline, 6 and 12 months (p=0.000).
Similar to our report, Roopakala et al. reported a
positive significant association between CRP and
HbA, (r=0.887; p=0.008) [26]. Further, we also
found a significant correlation between baseline
CRP and lipid profiles. HDL is negatively associ-
ated with CRP, while total cholesterol shows a
strong positive association with CRP. Meanwhile,
LDL and triglycerides show a weak positive asso-
ciation with CRP and VLDL is not significantly
associated with CRP. Our reports are consistent
with the study done by Meriga et al. where choles-
terol, triglycerides showed a positive association,
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whilst the HDL showed a negative association
with CRP [27].

In our study, baseline CRP shows a signif-
icant correlation with baseline urine for micro-
albuminuria, cardiac autonomic neuropathy
(CAN), whilst ankle-brachial index (ABI) and VPT
displayed no significant association. Similar to
our study, Mojahedi et al. also reported a signifi-
cant correlation between HS-CRP level and urine
albumin level (r=0.43; p<0.001) [28]. In a study
conducted among the Japanese diabetic patient’s
elevated levels of HSCRP are associated with
depressed cardiovascular autonomic function
[29]. Thejaswini et al. showed a significant nega-
tive correlation between ABI and CRP in diabetics
which is a contrast to the present study [30]. On
the contrary, Wang et al. reported an increased
level of CRP in diabetic peripheral neuropathy
which is measured by vibration perception [31].

Conclusion

Subclinical inflammation is a hallmark
event in type 2 diabetes mellitus, even in patients
with strict glucose control. In this study, CRP level
was increased in diabetic subjects and it has a sig-
nificant association with fasting blood glucose,
HbA , lipid profiles, urine for microalbuminuria,
and CAN. Thus, during diabetes management,
monitoring of CRP level was important and strat-
egies to reduce the inflammation are also needed.
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