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ABSTRACT

Background: The incidence of type 2 diabetes mellitus (T2DM) has been increasing in recent years.
As such, early identification and management of its complications—especially diabetic foot dis-
ease (DFD)—is of great importance. Multiple factors are involved in the pathogenesis of DFD; in
this study, we aimed to study the association between plasminogen activator inhibitor-1 (PAI-1),
high-sensitivity C-reactive protein (hs-CRP), 1st hour erythrocyte sedimentation rate (ESR), and DFD.
Methods: The present work was conducted on 200 T2DM patients with DFD (group [), 200 T2DM
patients without DFD (group I), and 100 healthy subjects (group lll, as a control group). Serum PAI-1
levels (using ELISA) and other inflammatory markers (hs-CRP and 1st hour ESR) were measured in
the three groups. Results: T2DM patients with DFD had significantly higher mean serum levels of
inflammatory markers (including PAI-1, hs-CRP, and 1st hour ESR) compared to T2DM patients with-
out DFD and the control group (p < 0.001). There was a significant positive correlation between
inflammatory markers (including PAI-1, hs-CRP, and 1st hour ESR), metabolic control parameters (in-
cluding fasting plasma glucose, 2-hour postprandial plasma glucose, and glycated hemoglobin),
and severity of DFD in group I and group Il (p < 0.001). Conclusion: DFD is associated with elevated
indicators of systemic and vascular inflammation. PAI-1, hs-CRP, and 1st hour ESR can be considered
as early predictors for vascular tissue damage and can be used for early detection of complications
in diabetic patients. Among these indicators, hs-CRP has greater diagnostic value in the detection

of DFD.
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INTRODUCTION

Diabetes mellitus (DM) is a metabolic disease char-
acterized by hyperglycemia which results from de-
fects in insulin secretion, insulin action, or both.
Type 2 DM (T2DM) is caused by insulin resistance
and usually relative rather than absolute insulin defi-
ciency!. Vasculature is greatly affected by DM, lead-
ing to both microvascular (e.g., diabetic kidney dis-
ease, retinopathy, and neuropathy) and macrovascu-
lar (e.g., myocardial infarction, stroke, and periph-

eral arterial disease) complications?.

Furthermore,
diabetic patients are more susceptible to accelerated
atherosclerosis, which results in macrovascular com-
plications and premature death3.

About 12 — 25% of diabetic patients will develop
DFD at some stage during their lives*, representing
the most common cause of non-traumatic limb loss in
developed countries®. In fact, the risk of amputation
in diabetic patients is about 30 — 40 times higher than
in patients without diabetes according to several sta-
tistical findings®. Foot deformities, limited joint mo-
bility, previous ulceration or amputation, impaired

visual acuity, older age, chronic kidney disease, long
duration of diabetes, and sustained uncontrolled hy-
perglycemia are considered to be risk factors for de-
veloping DFD”.

Plasminogen activator inhibitor-1 (PAI-1) is a sin-
gle chain glycoprotein member of the superfamily of
serine-protease inhibitors®. The increased expression
of PAI-1 in vivo suppresses fibrinolysis, which leads to
deposition of fibrin and tissue damageg. Moreover,
PAI-1 directly interacts with vascular cells and plays a
role in angiogenesis and the regulation of cell replica-
tion, as well as many other biological functions 1013,
It is well established that the risk of coronary heart dis-
ease (CHD) is closely associated with circulating PAI-
1levels and activity 1. Also, PAI-1levels are higher in
patients with hyperinsulinemia > and T2DM '3, pos-
sibly related to the oxidation of serum low-density
lipoprotein (LDL) and insulin resistance!>. Ac-
cordingly, in the present study, we aimed to determine
whether there is any association between PAI-1, other
inflammatory markers, metabolic control parameters,
and DFD.
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METHODS

This case-control study was conducted on 500 sub-
jects aged 30 — 70 years, who were divided into three
groups: group I (200 T2DM patients with DFD),
group II (200 T2DM without DFD), and group III
(100 healthy, age and sex matched control subjects).
DFD was defined as having one or more of the follow-
ing: diabetic peripheral neuropathy (loss of monofila-
ment, vibration sense), peripheral arterial disease (ab-
sent foot pulsation, ankle brachial index (ABI) 0f 0.9),
and/or non-infected diabetic foot ulcers. Then, each
case of DFD was classified according to level of sever-
ity: mild, moderate, and severe. Mild DFD included
cases with diabetic neuropathy, moderate DFD in-
cluded cases with peripheral neuropathy and periph-
eral arterial disease, and severe DFD included cases
with foot ulcers with or without amputation.
Exclusion criteria were as follows: patients with a his-
tory of decompensated liver disease (ALT > 3 up-
per limit of normal), renal impairment (eGFR < 30
ml/m), congestive heart failure, chronic inflamma-
tory conditions (including rheumatoid arthritis, sys-
temic lupus erythematosus, and inflammatory bowel
disease), and active diabetic foot infection. All the
participants included in the study were informed
about the nature of the study, and their oral and writ-
ten consent for voluntary participation in the study
were obtained. Approval from the Ethics Committee
of the Alexandria University, Faculty of Medicine was
also obtained.

Full medical histories were recorded for all of the
subjects in our study (duration of DM; medication
history; smoking history; and comorbid diseases,
e.g., hypertension, CHD, cerebrovascular stroke, clau-
dication, revascularization, and laser photocoagula-
tion). Complete physical examinations were per-
formed and anthropometric measurements—body
mass index (BMI) 16 and waist circumference (WC) 17
—were calculated. Comprehensive foot examinations
included inspection for foot ulcers and/or amputa-
tions, as well as foot abnormalities such as hallux val-
gus, hammer/claw toe, flat foot, Charcot foot, callus,
corns, fissuring, and toe web macerations. In addi-
tion, the nails were inspected for nail dystrophies, in-
grown nails, and onchomychosis 18

The 10 g Semmes-Weinstein monofilament evalua-
tion was used to determine the neurological condition
of the foot. Initially, the patient experienced a sense
of pressure from the buckling of the 10 g monofila-
ment on a proximal spot. The monofilament was then
placed on the plantar surface of the foot perpendicu-
lar to the skin, raising the pressure until the filament
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buckled, with the patients unable to see their feet.
When the patients felt something, they were asked to
reply “yes”. Callus-prone areas were avoided. When
a patient feels fewer than seven sites on their foot, it
is categorized as sensory neuropathy or loss of pro-
tective sensibility. If the patient feels seven or more
locations on their foot, it is considered typical *°.

The ABI for the dorsalis pedis and posterior tibial ar-
teries of both feet were measured to determine the pe-
ripheral vascular condition of the foot. First, the pres-
sures on the ankles were measured. Then, the greater
of the two systolic pressures (from the posterior tib-
ial and dorsalis pedis) at the ankle was compared to
the higher reading of the right and left brachial artery
pressures to determine the ABI. An ABI of 0.9 in
at least one leg was used to define PAD. Standard-
ized Doppler ultrasonic equipment was used to per-
form a hand-held Doppler for all patients (5 MHz;
Nicolet Elite 200 R, VIASYS Healthcare Inc., Madi-
son, WI, USA). The arterial waveforms of the patients
were recorded and categorized as triphasic, biphasic,

or monophasic 2031,

Laboratory Investigations

Blood sampling: sampling was done for fasting
plasma glucose (FPG) in the morning (8.00 - 10.00
AM, after 8 hours of overnight fasting); 2-hour
postprandial plasma glucose (2h PPPG), glycated
hemoglobin (HbA1lc) 22 . complete blood count
(CBC); serum aspartate transaminase (AST) and ala-
nine transaminase (ALT); serum creatinine; fasting
lipid profile (after 12 — 14 hours of overnight fasting),
including serum total cholesterol (TC) and triglyc-
erides (TG), serum high-density lipoprotein choles-
terol (HDL-C), and serum low-density lipoprotein
cholesterol (LDL-C); PAI-1 (using ELISA)?3; high-
sensitivity C-reactive protein (hs-CRP); and 1% hour
erythrocyte sedimentation rate (ESR). The estimated
glomerular filtration rate (eGFR) was calculated us-
ing the MDRD formula for staging of kidney disease.
Early morning urine samples were obtained to as-
sess urine albumin-to-creatinine ratio (UACR). Di-
lated fundus examination was performed for assess-
ment and staging of the presence of diabetic retinopa-
thy 24,

Statistical Analysis

Data were input into the computer and analyzed using
IBM SPSS software package version 20.0 (IBM Corp,
Armonk, NY, USA). The Kolmogorov-Smirnov test
was used to verify the normality of distribution. Sta-
tistical significance of the obtained results was set at
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the 5% level. Correlations between quantitative con-
tinuous variables and parameters were evaluated by

multivariate regression analysis.

RESULTS

General Characteristics

There was no statistically significant difference be-
tween the three groups regarding gender distribution
(p = 0.067) or age (p = 0.166). Smokers constituted
97% of group I patients, compared to 63% for group
II (p = 0.001). Patients with T2DM with DFD had
longer duration of diabetes (p < 0.001). Regarding
DED, 29.5% of cases were mild, 32.0% were moder-
ate, and 38.5% were severe. Foot ulcers were found
in 39.5% of patients, and below knee amputations in
4%. Foot deformities were more prevalent in group
I, where 9.5% had hammer/claw toe and 5.5% had
Charcot foot. Diabetic retinopathy was more preva-
lent in group I, where 58% had NPR and 15.5% had
PR. In T2DM patients with DFD, 48.5% were smok-
ers (p = 0.001), 81.5% were hypertensive (p < 0.001),
17.5% had CHD (p = 0.001), 70% had claudication (p
<0.001), and 14.5% had a history of laser photocoag-
ulation (p < 0.001). Patients with T2DM had higher
BMI and WC values compared to the control group (p
<0.001 and p < 0.001, respectively). Systolic and dias-
tolic blood pressure levels were also higher in patients
with T2DM compared to the control group (p < 0.001,
p <0.001, and p < 0.001, respectively). No significant
differences were observed when comparing patients
with T2DM and DFD to those with T2DM without
DFD regarding BMI, WC, and systolic and diastolic
blood pressure (p = 0.480, p = 0.317, p = 0.376, and p
=0.325, respectively). Regarding ABI, there was a sig-
nificant difference between T2DM patients with DFD
compared to T2DM patients without DFD (p < 0.001),
as shown in Table 1.

Laboratory Parameters

There was no significant difference regarding ALT,
serum creatinine, and eGFR between the three groups
(p = 0.322, p = 0.680, and p = 0.419, respectively).
However, UACR was significantly different between
the groups (p < 0.001). There was no significant differ-
ence between group I and group II regarding TG and
HDL (p = 0.250 and p = 0.067, respectively). How-
ever, group I showed significantly higher mean TC
and LDL compared to group II (p < 0.001). There was
a significant difference regarding FPG, 2h PPPG, and
HbA1C between the groups; group I showed the high-
est mean and group III showed the lowest mean (p <
0.001), as shown in Table 2.

PAI-1 Levels

The mean PAI-1 was 29.76 £ 6.31 for group I, 25.78
=+ 8.58 for group II, and 22.07 % 6.12 for group IIL
Group I and group II showed significantly higher
mean PAI-1 values than group III, with group I show-
ing the highest mean PAI-1 (p < 0.001), as shown in
Figure 1.

Correlation between Serum PAI-1 and
Metabolic Control Parameters

There was a significant positive correlation between
PAI-1 and metabolic control parameters (including
FPG, 2h PPPG and HbAlc), as well as duration of
diabetes in group I and group II (p < 0.001). A sig-
nificant positive correlation was found between PAI-1
and severity of DFD in group I (p < 0.001), as shown
in Figure 2.

hs-CRP Levels

The mean hs-CRP was 2.29 &+ 0.82 mg/dl for group I,
1.21 £ 0.57mg/dl for group II, and 0.69 % 0.12 mg/dl
for group III. Group I and group II showed signif-
icantly higher mean hs-CRP values than group III,
with group I showing the highest mean hs-CRP (p <
0.001), as shown in Figure 3.

Correlation between Serum hs-CRP and
Metabolic Control Parameters

There was a significant positive correlation between
hs-CRP and metabolic control parameters (including
FPG, 2h PPPG and HbA1c), as well as duration of di-
abetes in group I and group II (p < 0.001). A signif-
icant positive correlation was found between hs-CRP
and severity of DFD in group I (p < 0.001), as shown
in Figure 2.

1% hour ESR Levels

The mean 1% hour ESR was 39.18 + 16.85 mm/h for
group I, 24.33 & 11.59 mm/h for group II, and 9.87 £
2.81 mm/h for group III. Group I and group II showed
significantly higher mean 1* hour ESR values than
group IIL, with group I showing the highest mean 1%
hour ESR (p < 0.001), as shown in Figure 4.

Correlation between Serum 1¥ Hour ESR
and Metabolic Control Parameters

There was a significant positive correlation between
1% hour ESR and metabolic control parameters (in-
cluding FPG, 2h PPPG, and HbA1c), as well as dura-
tion of diabetes in group I and group II (p < 0.001). A
significant positive correlation was found between 1%
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Figure 1: Comparison between the three studied groups according to PAI1.
A

Figure 2: Correlation between (A) PAI-1, (B) HS CRP, (C) 1*ESR and HbA1c in group II.
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Table 1: Basic clinical characteristics of studied groups

Cases with Cases with Control group pl p2 p3
T2DM with T2DM
DFD without DFD

Duration of diabetes
Mean =+ SD. 8.05 + 4.18 3.69 + 1.47 - <0.001* - -
Waist circumference
Mean =+ SD. 93.80 £ 8.65 92.55 + 8.98 89.66 £ 7.67 0.317 <0.001* 0.017*
BMI (kg/m?)
Mean =+ SD. 29.29 +£2.94 28.96 + 3.0 27.24 +2.33 0.480 <0.001* <0.001*
Ankle brachial index
(ABI)
Mean =+ SD. 0.83 £0.14 1.01 &+ 0.04 1.03 £ 0.05 <0.001* <0.001* 0.235
Systolic blood pres-
sure (mmHg)
Mean =+ SD. 134.1 +10.93 132.6 4+ 12.20 119.3 £ 8.34 0.376 <0.001* <0.001*
Diastolic blood pres-
sure (mmHg)
Mean + SD. 79.70 £+ 9.18 81.0 £9.81 71.95 £ 7.15 0.325 <0.001* <0.001*

pi: p value for comparing between Cases with T2DM with DFD and Cases with T2DM without DFD, ps: p value for comparing between
Cases with T2DM with DFD and Control group, p3: p value for comparing between Cases with T2DM without DFD and Control group, *:
Statistically significant at p < 0.05

[
|

High sensitive CRP (HS CRP)
(]
|

p <0.001*
3.50
3.00
2.20
0.80 0.90 0.90
0.70
0.50 0.50
! I I
Group 1 Group 11 Group IT1

Figure 3: Comparison between the three studied groups according to HS CRP.
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Table 2: Laboratory investigations of studied groups

Cases with Cases with Control pl p2 p3
T2DM with T2DM group
DFD without DFD

Fasting blood glucose

(FBG)

Mean =+ SD. 193.2 & 50.97 178.5 + 53.98 88.99 + 0.005* <0.001* <0.001*
6.52

2 hours post prandial

blood glucose (2H

PPBG)

Mean =+ SD. 250.6 + 56.63 234.0 £ 66.90 123.4 + 0.009* <0.001* <0.001*
9.99

HbAlc

Mean =+ SD. 8.15 £ 0.68 7.93 £0.75 521£0.21 0.002* <0.001* <0.001*

TC

Mean =+ SD. 203.1 + 32.31 192.9 + 35.68 1513 £ 0.004* <0.001* <0.001*
19.12

TG

Mean =+ SD. 156.4 4 28.58 152.0 & 31.40 118.5 + 0.250 <0.001* <0.001*
15.41

HDL-C

Mean =+ SD. 42.32 +£5.29 43.74 £ 5.86 46.17 £ 0.067 <0.001* <0.001*
4.88

LDL-C

Mean =+ SD. 114.3 + 37.39 94.15 £ 28.90 79.80 = <0.001* <0.001* <0.001*
10.80

Serum Creatinine

Mean =+ SD. 0.72 £ 0.09 0.73 £ 0.09 0.73 £0.11 >0.05 >0.05 >0.05

eGFR

Mean =+ SD. 95.99 &+ 4.07 95.17 £ 5.19 96.40 £ >0.05 >0.05 >0.05
8.88

Urinary albumin/ Cre-

atinine ratio (UACR)

Mean =+ SD. 69.18 £ 50.72 33.08 +27.78 1591 £+ <0.001* <0.001* <0.001*
4.81

ALT

Mean =+ SD. 27.12 + 8.87 26.13 £9.13 25.71 + >0.05 >0.05 >0.05
6.52
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Figure 4: Comparison between the three studied groups according to 1*' ESR.

hour ESR and severity of DFD in group I (p < 0.001), DISCUSSION

as shown in Figure 2.

ROC curve analysis for PAI-1, hs-CRP, and 1% hour
ESR was performed to discriminate DFD from non-
DEFD. It was found that hs-CRP has greater diagnos-
tic value in the detection of DFD; the area under the
curve (AUC) of hs-CRP was 0.856, which was signif-
icant (p < 0.001) and revealed its better performance.
The best hs-CRP cut-off point in this regard was more
than 1.9 for the detection of DFD (with a sensitivity
of 70.5%) and non-DFD (with a specificity of 87.0%).
The positive and negative predictive values were 84.4

and 74.7, respectively.

DM is a worldwide problem, and its prevalence is in-
creasing?®. In particular, T2DM is currently consid-
ered to be one of the major challenges to the health-
care system.

Chronic uncontrolled hyperglycemia is associated
with microvascular and macrovascular complica-
tions, which both play an important role in DFD2,
DFD is a major problem and is considered to be the
most common cause of non-traumatic amputation in
developing countries 2.

In this study, we evaluated the link between inflam-

The AUC of PAI-1 was 0.629, which was significant matory markers (including PAI-1, hs-CRP, and 1
(p < 0.001). The cut-off point was more than 29.75 for hour ESR), metabolic control parameters (including
the detection of DFD (with a sensitivity of 59.0%) and FPG, 2h PPPG, and HbAlc), and DFD. The results
non-DFD (with a specificity of 67.50%). The positive ~showed that both groups of patients with T2DM had
and negative predictive values were 64.5 and 62.2, re- significantly higher mean serum levels of inflamma-

spectively.

tory markers (including PAI-1, hs-CRP, and 1* hour

The AUC of 1" hour ESR was 0.754, which was signif- ~ ESR) compared to the control group, and the mean
icant (p < 0.001). The cut-off point was more than 29  level of inflammatory markers was higher in T2DM
for the detection of DFD (with a sensitivity of 70.0%)  patients with DFD compared to T2DM patients with-
and non-DFD (with a specificity of 65.0%). The posi-  out DFD, indicating that inflammatory markers play
tive and negative predictive values were 66.7 and 68.4,  a role in DFD. In contrast to our findings, Kulwas

respectively, as shown in Figure 5.

et al.?” found that the difference in PAI-1 levels be-
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Figure 5: ROC curve for PAI1, HS CRP/ 1°" ESR to diagnose diabetic foot from non-diabetic foot.

tween diabetic patients with foot ulcers, those with-
out foot ulcers, and the control group was not sta-
tistically significant. In agreement with our re-
sults, Weigelt et al.?® found that diabetic individu-
als with an acute foot ulcer had greater CRP levels
than those without foot ulcers (p < 0.01), and Abol-
fotouh et al.? observed 1% hour ESR levels greater
than 60mm/hr in 70% of DFD patients, but in only
30% of non-DFD patients, which was statistically sig-
nificant. (p = 0.002). In the present study, the mean
serum levels of FPG, 2h PPPG, and HbA1C were sig-
nificantly higher in T2DM patients with DFD com-
pared to T2DM patients without DFD, indicating that
poor metabolic control plays an important role in
DEFD. In agreement with our results, Kulwas et al. 27
observed that HbA1C was >7% in diabetic patients
with foot ulcers and <6.5% in those without foot ul-
cers group, and Hwang et al.3? found that HbA1c was
8% in diabetic patients with foot ulcers and 7.4% in
those without foot ulcers. In our study, there was a
significant positive correlation between inflammatory
markers (including PAI-1, hs-CRP, and 1* hour ESR)
and metabolic control parameters (including FPG,
2h PPPG, and HbA1C) in both groups of diabetic
patients. In agreement with our study, PAI-1 and
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HbAlc—as well as RBG—were found to have sub-
stantial positive relationships in the study conducted
by Adly et al.3!. In another study, Romuk et al.3?
found that PAI-1 expression was strongly and posi-
tively linked with HbAlc concentration in both dia-
betic groups (T1DM and T2DM), showing the impact
of glycemic management on PAI-1 molecule expres-
sion. Increased hs-CRP in diabetic patients with com-
plications or high PAI-1 was found by Adly et al.,3!

1.,33who dis-

which is in agreement with Coulon et a
covered that CRP levels were three-fold higher in un-
complicated diabetic patients compared to controls
and five-fold higher in diabetic patients with subclin-
ical complications. Abolfotouh et al.?? used logistic
regression analysis with the presence of DFD as the
dependent variable to evaluate the risks of DFD in di-
abetic patients, after adjusting for age and gender, and
found that peripheral neuropathic pain (PNP), dura-
tion of diabetes, and ESR level were significant predic-
tors of DFD in diabetic patients.

Some limitations should be considered in our study.
For example, it lacks generalizability in that it was only
conducted at the Diabetes Clinic at Alexandria Main
University Hospital. In addition, the duration of the
study was relatively short (only 14 months). Further-
more, the study only included 500 patients, which is a
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relatively small sample size.

CONCLUSIONS

Inflammation is a potential therapeutic target and
may be both a cause and an effect of DM and its com-
plications. DFD is associated with elevated indica-
tors of systemic and vascular inflammation. There
was a high incidence of early chronic problems, which
was linked to HbAlc and increased inflammatory
biomarkers. We recommend that PAI-1, hs-CRP, and
1% hour ESR be considered as early predictors for vas-
cular tissue damage which can be used for the early
detection of complications in diabetic patients.

ABBREVIATIONS

ABI: Ankle brachial index, ACR: Albumin creatinine
ratio, BMI: Body mass index , CHD: Coronary heart
disease, DFS: Diabetic foot syndrome, DFD: Diabetic
foot disease, DM:Diabetes mellitus, HSCRP: High
sensitive CRP, Ist ESR: First hour ESR, IR: Insuline
resistance, PAD: Peripheral arterial disease, PAI 1:
Plasminogen activator inhibitor 1, T2DM: Type 2 di-
abetes mellitus, WC: Waist circumference
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