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ABSTRACT

Background: Plasma calprotectin is a persistent biomarker of insulin resistance (IR), gastroenteritis, and
cardiovascular disease (CVD). We assessed the role of plasma and urinary calprotectin in type 2 diabetes patients with
peripheral arterial disease (PAD), to assess whether calprotectin is a risk factor for developing PAD in type 2 diabetes
patients.

Aim of the work: To study the association of plasma and urinary calprotectin levels with peripheral arterial disease in
type 2 diabetic patients

Methods: The current study was conducted on 90 subjects. They were subdivided into 3 groups. Group I: 30 type 2
diabetics with PAD, group 11: 30 type 2 diabetics without PAD and group I11: 30 healthy control subjects of comparable
age and sex. They were subjected to history taking, full clinical examination, anthropometric measurement, plasma
and urinary calprotectin levels that were measured by ELISA and ankle brachial index. In addition, HbAlc, fasting
serum lipid profile, highly sensitive CRP and CBC were measured.

Results: plasma calprotectin level was significantly higher in patients with T2DM with lower extremity peripheral
arterial disease (LEPAD) compared to the other 2 groups, urinary calprotectin was significantly higher in all type 2
diabetic subjects compared to healthy control group. Age, current smoking status, duration of diabetes, glycated hemoglobin
and plasma calprotectin were independent determinant of peripheral arterial disease in T2DM patients

Conclusion: Elevated plasma and urinary calprotectin levels in diabetic patients compared to healthy control suggest
the possible role of calprotectin in development of atherosclerosis and peripheral arterial disease and the possibility of
its use as a biomarker for diabetic vasculopathy.
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INTRODUCTION

The widespread prevalence of diabetes in many conditions, including rheumatoid arthritis, allograft
countries of the Middle East has made this region one of rejection, inflammatory bowel disease, cancer and lung
the incidence of diabetes in the world. Due to rapid disease. It is excreted during phagocytic stress. Elevated
socio-economic growth, changes in lifestyle, and calprotectin levels have been reported to predict
increasing prevalence of obesity, the number of microvascular changes in patients with type diabetes 2
diabetics is expected to double by 2045 in this region @, (T2DM). It was found to be an early and sensitive
Unfortunately, lower extremity peripheral arterial marker of acute coronary syndrome and non-fatal
disease (LEPAD) is found asymptomatic in most people myocardial infarction. In an examination approach
with diabetes and only 20% of them have symptoms among healthy individuals, increased plasma
associated with LEPAD @, concentrations of calprotectin were found to predict the

Diabetes significantly increases the risk of lower risk of future cardiovascular events ©,
limb amputations, 10-20 times more than those without Aim of the work was to study the association of
diabetes @, PAD causes significant long-term disability plasma and urinary calprotectin levels with peripheral
in patients with diabetes. Therefore, the treatment of arterial disease in type 2 diabetic patients.

patients with PAD may be costly due to the need for a
variety of diagnostic tests, treatment procedures, and PATIENTS AND METHODS

hospitalization @, A case control study conducted on 90 subjects
Calprotectin has been recognized as an endogenous divided into 60 type 2 diabetics recrurited from
Toll-like receptor activator and as a glycation end- Endocrinology Clinic and Diabetic Foot Research Unit,
product (RAGE) receptor. Calprotectin is thought to act Ain Shams University Hospital and 30 healthy control
as an intracellular differentiation marker for subjects. The 60 diabetic patients were subdivided into
macrophages and as an extracellular protein complex 2 groups.
(DAMP). Elevated plasma levels of calprotectin have Group 1: 30 type 2 diabetics with peripheral
been reported in a variety of chronic inflammatory arterial disease (15 females and 15 males) that was
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assessed either by history and foot examination for
PAD. Also PAD was assessed by measuring ankle-
brachial index (ABI) using systolic blood pressure of
brachial artery in each arm and systolic blood pressure
in lower limb wusing ultrasonic pocket Doppler
(Sonotrax, version 12, EDAN company, 01-54455405-
12) on the anterior tibial artery of each foot. The ABI of
each leg is calculated by dividing the highest ankle SBP
by the highest arm SBP ©. A normal ABl is 1.0-1.1. The
ABI cut off < 0.9 was used to diagnose LEPAD.

Group I1: 30 patients with T2DM without lower
limb peripheral arterial disease (8 females and 22
males).

Group I1l: 30 healthy control subjects (13
females and 17 males) age and sex matched. They were
collected from relatives and friends of the patients.

Exclusion criteria: included patients with history of
ischemic heart disease, cerebrovascular accident,
profound organ failure, history of malignancy or history
of medications of rhumatological disease and pregnant
women. The protocol for this study comply with the
principles laid down in Declaration of Helsinki
recommendations.

Ethical approval:

The study followed the ethical standards and was
approved by the Ethical Committee of Ain Shams
University. All subjects gave informed consent to
participate in this study.

All participants were subjected to full medical
history, thorough clinical examination including
measurement of blood pressure, body weight, height and
BMI (kg/m?).

Laboratory studies:

Plasma and urinary calprotectin were measured
by sandwich ELISA. Other biochemical measurements:
glycated hemoglobin by quantitative colorimetric
method. Serum total cholesterol level, LDL cholesterol,
serum triglycerides by enzyme colorimetric assay using
commercially available kit. Complete blood count, urine
analysis and highly sensitive CRP by ELISA were also
measured.

Statistical analysis

Recorded data were analyzed using the statistical
package for social sciences, version 20.0 (SPSS Inc.,
Chicago, llinois, USA). Quantitative data were expressed
as meant standard deviation (SD). Qualitative data were
expressed as frequency and percentage. Independent-
samples t-test of significance was used when comparing
between two means.

Chi-square (x?) test of significance was used in
order to compare proportions between two qualitative
parameters. The confidence interval was set to 95% and
the margin of error accepted was set to 5%. The p-value
was considered significant as the following:

e P-value <0.05 was considered significant.

e P-value <0.001 was considered as highly
significant.

e P-value >0.05 was considered insignificant.

RESULTS

There was non-significant difference between the
studied groups as regards sex (P > 0.05). The mean age
was significantly higher in type 2 diabetics with PAD
compared to the other 2 groups (58.63 + 8.48 vs. 52.00
+ 5.71 group Il & 55.30 £ 5.42 group I1) (p <0.001).
There was non-significant difference regarding smoking
status between the studied groups (P=0.165). There was
significant longer duration of diabetes on comparing
type 2 diabetics with and without PAD (15.27 £ 7.41 vs.
8.77 £ 5.77 years) (p < 0.001). Blood pressure was
significantly higher on comparing type 2 diabetic patients
without PAD versus healthy control group (P=0.006).
BMI was significantly higher in type 2 diabetics with
PAD compared to the other 2 groups consequently
(33.13 £ 6.51 vs. 28.48 £ 4.77 & 24.95 + 1.09) (p <
0.001). There was non-significant difference regarding
history of dyslipidemia between the studied groups
(P=0.654).

There was highly significant difference (p <
0.001) between groups regarding glycated hemoglobin,
LDL cholesterol and hs CRP. In addition, there was
significant difference between groups regarding s. cr, s.
total cholesterol and serum triglycerides (P < 0.05).
While there was no significant difference regarding
white blood cell count (P > 0.05) (Table 1).
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Table (1): Comparison between data characteristics of all studied groups regarding laboratory data using ANOVA test.

. T2DM Healthy Post HOC
Laboratory Data gﬁg'\(ﬂNvl’gg without PAD Control ANAO . vrfllje p1 P2 P3
- (N=30) (N=30)
Fasting blood glucose
(mg/dl) 188.90+6.26 150.17+£33.72 | 91.70+10.73
Mean + SD 38.19 <0.001 |0.003 |<0.001 |<0.001
Glycated hemoglobin
AlLC (%)
Mean + SD 8.54+0.84 7.99+0.69 5.04+0.56 215.02 | <0.001 |0.003 |<0.001 |<0.001
Serum creatinine
(mg/dl)
Mean + SD 0.91+0.16 0.89+0.16 0.83+0.12
Range 0.6-1.4 0513 0.6-1 2.99 0.045 |0.762 [0.054 |0.027
Total cholesterol
(mg/dl)
Mean + SD 228.73+47.57 |222.43+40.80 |203.53+25.71
Range 154.347 180-323 178.261 3.37 0.039 |0.534 [0.014 |0.065
LDLc (mg/dl)
Mean + SD 131.63+28.57 | 116.00+21.97 |109.50+9.45
Range 73-180 75-150 99-127 8.39 <0.001 |0.006 |<0.001 |0.245
HDLc (mg/dl)
Mean + SD 42.40+7.81 41.83+£9.00 43.30+6.45
Range 30-57 25.56 30-58 0.27 0.765 |0.780 |0.657 |0.470
Triglyceride (mg/dl)
Mean + SD 181.23+7.69 165.5046.22 140.8045.85 423 0018 10265 |0.005 |0.082
White blood cell count
Mean + SD 6463.33+988.67 |6360.00+792.826670.00+£603.69 | 0.23 0.795 |0.825 |0.658 |0.507
hsCRP  (mg/L) by
ELISA
Mean + SD 13.05+2.22 12.36+1.57 4.60£1.53
Range 0-17 15 5.8 203.21 |<0.001 |0.140 |<0.001 |<0.001

P1: Comparison between T2DM with and without PAD; P2: Comparison between T2DM with PAD and healthy control; P3: Comparison
between T2DM without PAD and healthy control. BMI:body mass index.
F- ANOVA test; P-value <0.05 significant; p-value <0.001 highly significant; p-value >0.05 no significant

There was highly significant elevation of plasma calprotectin level (P < 0.001) in type 2 diabetics with PAD
compared to the other groups. Urinary calprotectin was significantly higher on comparing type 2 diabetics with and
without PAD vs healthy control (p < 0.001) (Table 2).

Table (2): Comparison between the studied groups as regard plasma and urinary calprotectin level.

T2DM with T2DM Healthy ) Post HOC
Calprotectin PAD (N=30) without Control ANOVA vaF:ue p1 P2 P3
B PAD (N=30) (N=30)

Plasma calprotectin level
E\r/l)g/ml) SD 447.40+100.40 | 365.67+76.22 | 255.80+75.59

ean + .40£100. .67+76. .80475.
Range 340-715 990-515 118-410 38.51 | <0.001 | <0.001 | <0.001 | <0.001
Urinary calprotectin level
E\r/l)g/ml) SD 322.30+43.36 | 322.20+48.35 | 215.30+37.88

ean + .30+43. .20+48. .30437.
Range 240-390 218-410 150-290 60.71 | <0.001 | 0.993 | <0.001 | <0.001

In multivariable regression analysis; age (odds ratio (OR) 1.3, p 0.001), current smoking status (OR 26.60, P 0.04),
BMI (OR 1.21, P 0.003), duration of diabetes mellitus (OR 1.73, P 0.001), fasting blood glucose (OR 1.01, P 0.006),
glycated hemoglobin (OR 2.74, P 0.008) and plasma calprotectin were independent determinant of peripheral arterial
disease in T2DM patients (Table 3).
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The cut-off value of plasma calprotectin to predict peripheral arterial disease in those with PAD versus healthy
control group was > 330 pg/ml with a sensitivity of 100%, a specificity of 90%, positive predictive value (PPV) of
90.9%, negative predictive value (NPV) of 100% and accuracy of 95%. The cut-off of urinary calprotectin to predict
peripheral arterial disease in type 2 diabetics with PAD versus healthy control group was > 228 pg/ml with a sensitivity
of 100%, a specificity of 80%, positive predictive value (PPV) of 83.3%, negative predictive value (NPV) of 100%

and accuracy of 96%.

Table (3): Multivariable regression analysis of independent variables of PAD in T2DM

Variables Odds Ratio | p value (95% Conf.
Age (years) 1.13 0.001 2.9 10.4
Sex 2.55 0.089 0.0 0.5
Current smoking status 26.60 0.04 0.0 0.4
History of hypertension 0.48 0.068 -0.4 0.0
History of dyslipidemia 3.70 0.523 -0.3 0.2
Body mass index (BMI) kg/m? 1.21 0.003 1.7 7.6
Presence of Peripheral Neuropathy 3.634 0.030 2.653 4.833
Duration of diabetes mellitus 1.73 <0.001 3.1 9.9
Treatment of diabetes mellitus 3.10 0.121 -0.1 0.7
Fasting blood glucose mg/dl 1.01 0.006 11.6 65.9
Glycated hemoglobin (A1C) 2.74 0.008 0.2 0.9
Serum creatinine mg/dl 0.06 0.782 -0.1 0.1
Total cholesterol mg/dl 0.98 0.584 -16.6 29.2
Low Density Lipoprotein mg/dl 1.05 0.021 2.5 28.8
High Density Lipoprotein mg/d| 1.06 0.795 -3.8 4.9
Triglyceride mg/dl 0.98 0.298 -14.3 45.7
White blood cell count 1.00 0.833 -875.2 1081.9
hsCRP mg/L by ELISA 1.24 0.168 -0.3 1.7
Plasma calprotectin level 1.03 0.001 35.7 127.8
Urinary calprotectin level 0.97 0.993 -23.6 23.8

DISCUSSION

To best of our knowledge, our study is the first
study describing the correlation between calprotectin
(plasma and urinary) concentrations and lower
extremities peripheral arterial disease (LEPAD) in type
2 diabetic patients.

Our study showed that the mean of plasma
calprotectin level was significantly higher in type 2
diabetics with PAD by about 45% compared to those
without PAD and to healthy control group by about 75%
as well. This comes in agreement with Ortega et al. ©
who found increased level of calprotectin associated
with atherosclerosis in type 2 diabetic patients. Peng et
al. ™ conducted his study in Shanghai, which included
375 type 2 diabetes participants with and without
coronary artery disease (CAD). The mean age of those
with type 2 diabetics and CAD was 68.63 + 10 years.
They did carotid ultrasound for those without CAD and
reported that the level of plasma calprotectin was
elevated in type 2 diabetics with CAD and its level was
positively correlated with severity of CAD. In those
without clinically overt CAD, the plasma level of
calprotectin was positively correlated with carotid
intima media thickness.

In our study, the mean of urinary calprotectin
level was higher in type 2 diabetic patients with PAD
and without PAD compared to healthy control group.
This finding was in agreement with Ortega et al. ©.

Our study showed that there was no association
between plasma calprotectin in type 2 diabetics with
PAD and age. This is in agreement with Sekimoto et al.
©. Providing normal renal function, this finding will
pave the way to set one plasma calprotectin cut-off for
all age groups, but large study is required to prove this.
In contrast, Cotoi et al. @ found that high plasma
calprotectin level was associated with age.

In our study, advanced age was a significant
predictor for PAD among T2DM. This finding is in
agreement with Eltoony et al. *. However, our finding
is inconsistent with Alzahrani et al. @ who found no
association between old age and PAD among patients
with T2DM in Saudi participants.

In the receiver operating characteristics analysis
ROC analysis, the area under the curve (AUC) was 0.95,
which reflects the accuracy of the calprotectin as a
diagnostic biomarker for PAD in type 2 diabetics. Peng
et al. @ found that AUC for plasma calprotectin was
limited (only 0.63) for the diagnosis of coronary artery
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disease and was not superior to that of hsCRP in their
study. They attributed this to anti-lipid medications,
which was used by a small number of the patients. The
pathogenesis of PAD is not identical to that of coronary
arteries where inflammation is more dominant in PAD
@3, In (ROC) the area under the curve was 0.96, which
reflect the accuracy of the urinary calprotectin as a
diagnostic biomarker for LEPAD in T2DM.

In our study, multivariable regression analysis for
independent variables in type 2 diabetics with PAD
revealed that plasma calprotectin level was a significant
laboratory predictor of PAD in type 2 diabetic patients.
Furthermore, advanced age, current smoking status,
body mass index were significant clinical predictors for
PAD in type 2 diabetic patients.

CONCLUSION

Plasma calprotectin was high in T2DM with PAD.
Urinary calprotectin level in T2DM with PAD was
similar to T2DM without PAD. Plasma calprotectin was
independent determinant of PAD in T2DM, suggesting
the possible role of calprotectin in development of
atherosclerosis and peripheral arterial disease and the
possibility of its use as a biomarker for diabetic
vasculopathy.
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