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Abstract:

Aim. To estimate the impact of metabolic disturbances in type 2 diabetic patients (T2DM) — glucose regulation,
obesity, dyslipidemia, hypertension and risk for ulceration in the preulcerative phase of the diabetic foot
syndrome (DFS).

Materials and methods. In this prospective study 100 T2DM patients were evaluated for 1 year. The
following parameters were estimated: duration, smoking habits, BMI, BP, HbA1c, TG, HDL, LDL, fundoscopy
and measurements for risk score of DFS. Groups were stratified according to measurements : 0 — low risk,

1 — medium risk, 2- high risk, and 3 — very high risk.

Results. Out of 100 patients, 53% were female and 47% male. Mean duration of T2DM was 10.47 £ 4.77
years. Diabetes duration up to 10 years included 52% of subjects and 48 % had a duration of more than

10 years. Forty-three percent were smokers , of which 77.4% were male and 22.6% female. Results of
measurements for risk score stratifications are in visit 1 (V1): score 0 - 29 %, score 1 — 35%, score 2-18%

and score 3 — 18% and after 12 months in visit 2 (V2) score 0- 17 %, score 1 — 39%, score 2-19% and score
3 — 25%. BMI was recorded as follows: normal (18 -25 kg/m2) 14%, overweight (25-30 kg/m2) 71% and obese
(>30 kg/m2) 15% of patients. Mean HbA1c in V1 according the risk score is: 0 - =7.6%, 1- 7.9%, 2 — 8.5% and
3- 8.2% (p<0,005), and in V2: score 0- 7.26%, score 1-7.46%, score 2-7.54% and score 3-7.54%. Systolic
BP categorical scores were measured: score 0 — 136 mmHg, 1 — 142 mmHg, 2 — 145 mmHg, 3 — 142 mmHg.
Mean levels of TG scores were: 0-1.97 mmol/L, 1- 2.37 mmol/L, 2- 2.3 mmol/L, 3- 2.6 mmol/L. Mean levels

of HDL: 0 — 1.06 mmol/L, 1 —1.02 mmol/L, 2 — 0.97 mmol/L, 3 — 1,00 mmol/L. Mean levels of LDL: 0 — 3.69
mmol/L, 1 —4.27 mmol/L, 2 — 4.05 mmol/L 3 — 4.09 mmol/L. Diabetic retinopathy (DR) in V1 was present with
68% - 53% non proliferative and 15% proliferative. In V2, DR was present in 72% of which 51% was non-
proliferative and 21% proliferative.

Conclusion: Suboptimal management of T2DM — high HbA1c, high BP, High TG and high LDL, are multiple
factors for early appearance of DFS and have the impact of early progression from low to high score for foot
ulceration. In T2DM, patients with duration more than 10 years , HbA1¢c>8%, TG>2.2 mmol/L, HDL<1.04
mmol/L , LDL>4 mmol/L have a high risk (2) or very high risk (3) score for ulceration.
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I ntroduction

Diabetes is a chronic metabolic disease
characterized by micro and macro vascular
complications. With a global prevalence of 5-6%,
the number of people with diabetes in the world
according to the International Diabetes Federa-
tion (IDF) is 285 million and by the year 2030 is
expected to be 438 million." Also, with the growth
in prevalence of diabetes and with the longer life
expectancies, the number of chronic diabetes
complications also grows. One of the param-
eters for good glucose regulation, according
IDF recommendations, is HbA1c<7% which
delays chronic complications and prevents co-
morbidity, invalidity and mortality. Concurrently,
it is necessary to prevent risk factors such as
dyslipidemia, high blood pressure, and smoking,
all of which are responsible for atherogenesis
of blood vessels. Unfortunately, it is extremely
difficult to stop the progression of chronic
diabetes complications. Over the course of time
they become the main problem in the treatment
of diabetes and are responsible for deterioration
of quality of life. Macro vascular complications
such as coronary artery disease (CAD), cere-
brovascular disease (CVD) and peripheral artery
disease (PAD) are 2-4 times more frequent in
people with diabetes. Micro vascular complica-
tions, diabetic retinopathy, nephropathy and
neuropathy are also 2-4 times more common in
diabetic persons.

Diabetic foot syndrome (DFS) is a complex
heterogenic disorder that affects 15 -20% of
people with type 2 diabetes (T2DM) and is
responsible for most of the amputations in
developed countries?. DFS consists of clinical
manifestations as well as neurological, vascular

and immunological impairments characterized
by different aetiologies and pathologic mecha-
nisms. T2DM patients have a 25 times higher
risk of lower extremity amputation than general
population.® In a global perspective, 70% of all
non traumatic amputations are due to diabetes.
Distal peripheral neuropathy (DPN) has been
estimated to be present in 50%, while PAD
affects 40%. * These two conditions frequently
are present together in DFS. The importance of
measurements of associated risk factors in DFS
is to prevent ulcerations and amputations. These
measurements for practical and clinical use are
categorized in three phases: 1- pre ulcerative,
2- ulcerative and 3- post ulcerative phase. In the
pre ulcerative phase, the focus is to identify risk
factors, to quantify with a risk score, and finally,
to plan for preventive interventions. Evalua-
tion of risk score has the purpose of classify-

ing the risk for diabetic foot ulceration (DFU).
According to the International Consensus Group
on the Diabetic Foot (ICGDF), the risk score for
ulceration is classified in 4 groups: 0- low risk
(no neuropathy), 1- medium (neuropathy, no
deformity, no PAD), 2 — high (neuropathy, PAD
and/or deformity) and 3 — very high risk (previous
ulcer or amputation). Its purpose is to prevent
and appropriately delay progression from one
phase to other phases of diabetic foot disease.*

The aims of the current study were (1) to
estimate the impact of metabolic effects in type
2 diabetic patients in the pre ulcerative phase
according to risk score and (2) to calculate the
prevalence of DFS in the pre ulcerative phase in
hospitalized patients.
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M aterial and Methods

This is a prospective, observational
study that included 100 T2DM patients hospital-
ized at the University Clinic of Endocrinology

- Skopje. Inclusion criteria were: type 2 DM after
1 year of diagnosis, and both male and female
between 35-75 years of age. Exclusion criteria
were: neuropathy of non diabetic aetiology,

use of drugs for neuropathy, ABI>1.3 (Monck-
eberg’s sclerosis), and persons aged >75 years.
According to duration of T2DM, patients were

divided into 3 groups: up to 5 years, between
5-10 years and more than 10 years.

At enrolment (visit 1 — V1) each patient under-
went history and physical examination, labora-
tory investigations, (glycaemia with Glucose
Analyser 2 - Beckman, and HbA1c ion changing
chromatography, Drew), CBC (complete blood

Results
The group of 100 patients with T2DM

had an average age of 60 + 8 years (35-75).
Risk score stratification for age was: for score

0 — 53.8 yrs, score 1- 59.5 yr, score 2- 64.7yr,
and score 3- 63.3 years. From these results it
can be seen that there is statistical significance
between the risk factor age and risk score for
ulceration. (p=0.04). Distribution of sex was 53%
female and 47% male: Kruskal-Wallis test for
gender shows that male patients have a higher
risk score for ulceration than females (X2 =
8.232, df=3. p<0.05). Average duration of T2DM
was10.47 £ 4.77 years. The risk score in the pre
ulcerative phase of DF is strongly associated
with the duration of diabetes (Kruskal-Wallis
test: X2=8.930, df = 3, p<0.05).

In this study, there was not a statistically signifi-
cant association between smoking and risk score
for ulceration, probably because of a small num-
ber of patients who were smokers (p=0.595). Of
a total 45% of participants who were smokers,
77.4% of these were men and 22.6% women.
BMI in the examined group was 27.61 + 3.22

count), and Lipid profile. Evaluation of measure-
ments in the pre-ulcerative phase of the DFS is
done at the diabetic foot outpatient clinic and pa-
tients are grouped according their risk score for
ulceration. According to these results, a plan for
preventive intervention was developed including
the frequency of visits. Ophthalmologic control
was also performed for each patient at the oph-
thalmologic outpatient clinic. After 12 months
(V2), metabolic parameters and measurements
of DFS were done. Progression from low to high
risk score was also registered.

Measurements of DFS in the preulcerative phase
were systematically classified according the
International Consensus on the Diabetic Foot
(ICGDF).

kg/m2. Results did not show a statistical sig-
nificance for BMI between score groups at risk
for foot ulceration, although in all groups the
patients were overweight (BMI> 25). The BMI of
participants was as follows: normal (18 -25 kg/
m2 )14%, overweight (25-30 kg/m2) 71% , and
obese (>30 kg/m2) 15% of patients.

Systolic blood pressure on average was more
than 130 mmHg, but did not show statistically
significant differences between risk score groups
in V1 (p=0.190) (see Figure 1) and V2 (p=0.453).

Average systolic BP in W1

148,
144,
142 d
140. o
mmHg 138 S5
138,
134 L1
132 L
130
a

Risk score

Figure 1: Average systolic BP in the risk score groups of DFS at 8
visit 1 (V1)
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The analysis of the test values of HbA1c,
showed statistically significant differences be-
tween scores groups in V1 (X2= 8.653, df = 3,
p = 0.034). There were 18% of the total number
of patients with HbA1c <7%, 43% had HbA1c
7-8%, and 49% of patients had HbA1c> 8%. Af-

ter 12 months (V2), because of small differences
in average HbA1c between groups, there was
no statistical significance between groups and
HbA1c score (V2 : X2 =2.178,df =3, p=0.53).
(Table 1)

Table 1. Mean HbA1c in the pre ulcerative phase of DFS (Kruskal Wallis test)

REPORT

P=0.03 V2 HbA1c P=0.53
Mean N Std. Dev. Mean N Std. Dev.
7.61 29 1.03 7.25 17 41
8.00 34 1.21 7.46 39 .56
8.42 19 1.32 7.54 19 .70
8.18 18 1.39 7.54 25 .58
8.00 100 1.23 7.46 100 .57

Examination of the lipid profile in the group of pa-
tients at risk for ulceration did not show statistical
significance in the results of TG, LDL and HDL

cholesterol between the risk scores. However,
patients in V1 had a higher average TG than
those in V2. (Table 2)

Table 2. Average TG in V1 and V2. Kruskal Wallis test: no statistically significant difference in
the distribution of frequencies of patients with TG in different score groups

REPORT

P=0.49 V2TG P=0.16
Mean N Std. Dev. Mean N Std. Dev.
1.96 29 .53 1.92 17 .38
2.36 34 1.29 2.08 39 41
2.30 19 72 1.98 19 .38
2.62 18 2.01 2.23 25 .65
2.28 100 1.22 2.07 100 48

The frequency of patients with TG <2.2 mmol / L
in patients with risk score 0 and 1 is 47%, while
it is 21% for risk score groups 2 and 3. Patients
with values of TG> 2.2 mmol / L were distributed
in the risk score groups equally.

LDL cholesterol was higher in groups with score
1,2 and 3 (LDL>4 mmol / L).

Values of HDL cholesterol did not differ by group
risk score although a somewhat lower value is
noted in group 2 and 3.
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However, differences between negative and
positive Wilcoxon rank test shows statistically
significant differences between risk score groups
V1 and V2 (for TG p=0.011, For LDL p<0.001
and for HDL p=0.013). Values are decreased on
average 0.2 mmol / L from V1 to V2 for TG, for
LDL 0.5 mmol / L and are increased for HDL by
0.03 mmol / L.

In this group of patients, diabetic retinopathy was
present with 68% - 53% having non-proliferative
and 15% proliferative retinopathy. By risk score
at visit 1 retinopathy was present as follows:

D iscussion
Suboptimal metabolic control of diabetes

is associated with the progression of chronic
macro- and microvascular complications. The
impact of poor glucose control, dyslipidae-

mia, hypertension, smoking, and duration of
diabetes is associated with chronic complica-
tions of diabetes. In our population, diabetic foot
syndrome - preulcerative phase was represented
in 61.7% of participants. The risk score in V1
was: score 0- 29%, score 1- 34%, score 2- 19%,
score 3- 18%, while in V2: the risk score was

0- 17%, risk 1- 39%, risk 2- 19%, and risk 3-
25%. The prevalence and incidence of risk score
for ulceration in Mexican Americans in a cohort
study amounted to: risk 0 - 58.6%, risk level 1 -
5.9%, risk level 2- 24.7%, risk level 3 - 10.8%. °
Diabetes is the leading cause of neuropathy in
the Western world. Data from the U.S shows that
ten to seventy percent of patients with diabe-

tes have some form of peripheral neuropathy.®
Distal sensory polyneuropathy in our study group
was present 58% in V1 and 68% in V2 as estab-
lished by history, and testing with monofilament
and tuning fork.

Peripheral arterial disease in different studies
have differing prevalences, and ranges between
22-73%. Prompers et al. (2008) in the EURODI-
ALE study, found a 49% prevalence of PAD in
patients with the diabetic foot syndrome.” In
our study, PAD was present in 41.7% of patients
with T2 DM. Out of 100 T2DM patients, critical
limb ischemia (ABI<0,6) was found in 8.3% and

score 0 — 15% non-proliferative and 0% prolif-
erative, score 1- 18% non-proliferative and 1%
proliferative, score 2 -11% non-proliferative and
6% proliferative, and score 3 - 9% non-prolifer-
ative and 8% proliferative. After 12 months (V2)
diabetic retinopathy was present in 72% of which
51% was non-proliferative and 21% proliferative.
In scored groups diabetic retinopathy was pres-
ent at V2 as follows: score 0 — 6% non-prolifer-
ative and 0% proliferative, score 1 - 22% non-
proliferative and 3% proliferative, score 2 - 10%
non-proliferative and 7% proliferative, and score
3 - 13% non-proliferative and 11% proliferative.

ABI 0.9-0.6 was measured in 31.4% PAD when
measured by ABI in V1 is registered in 41.7%
and in V2 in 46% - ABI 0.9-0.6 in 35%, and
ABI<0.6 in 11%.

The average duration of diabetes in our patients
with diabetic foot syndrome was 10.47 years
(8.6 years in score 0 and 12.6 years in score 3).
This confirms the fact that with longer duration of
diabetes, patients develop a higher risk score for
foot ulceration. Duration of diabetes in patients
investigated for diabetic peripheral neuropathy in
the literature ranges from 8.4 to 12.49 years. ®
The patients in our study showed almost equal
gender representation of men and women with
DFS. Distribution by gender is 53% women and
47% males (Kruskal Wallis test X2 = 8.232, df =
3. p <0.05). The groups with risk score 3 show

a higher percentage of DFS in men (13%) com-
pared with women (5%). This difference is prob-
ably due to the greater number of male smokers
in this risk group (77.4% of patients were men
and 22.6% women of total smokers) and also
probably due to lower ABI (<0.9) in the group
with risk score 3, (72% male vs. 28% female

in V1 and 64% male vs 36% female in V2). If
we take into account the number of cigarettes
smoked per day, it is evident that 90% of males
and only10% of females smoked more than 15
cigarettes / day. Gender distribution was similar
to that found in the literature for diabetic neurop-
athy, 47.8% men and 52.2 % women. ° 10
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BMI showed no statistical significance in the pre
ulcerative phase risk score groups (p> 0.05), al-
though the 2008 study of Pinzur et al. shows that
morbidly obese patients are much more likely

to develop diabetic foot ulcers than non-obese
patients. 1°

Systolic BP on average was more than 130
mmHg, but did not show statistical significance
between risk score groups in V1 (p=0.190) and
V2 (p=0.453). Differences in negative and posi-
tive Wilcoxon signed Ranks Test showed that
there was statistical significance in risk score
groups V1 (140 mmHg) and V2 (134 mmHg) for
the risk factor systolic BP (p<0.01). In the UK-
PDS study, Stratton et al. conclude that each 10
mmHg decrease in updated mean systolic BP
was associated with reduction in risk of 12% for
any complication related to diabetes.’ In visit 1
we note that HbA1c has statistical significance
with the risk score in the pre ulcerative phase of
DFS. At visit 1, those with HbA1c> 8% included
49% of our patients. After 12 months, at visit

2, there was no significant difference between
groups, although in V2 we noted a decrease in
HbA1c by 0.54% compared to risk score groups
in V1. This suggests that improvements in
HbA1c from V1 to V2 do not prevent progres-
sion of risk for foot ulceration for a period of 12
months.

Callaghan et al (2011) in the DISTANCE study
concluded that hypertriglyceridemia is a signifi-
cant risk factor for LEA in diabetic patients.’? In
our study, values of TG, LDL and HDL choles-

onclusion

Inadequate management of Type 2
diabetes — high HbA1c, high BP, High TG and
high LDL, are multiple factors for early appear-
ance of the DFS and had the impact of early
progression from low to high score for foot ulcer-
ation.

The prevalence of diabetic foot syndrome DFS

terol did not show statistical significance for DFS
in the pre ulcerative phase for this period of 12
months, although a value of TG <2.2 mmol / L
is common in patients with risk score 0 and 1
(47%), while for risk score 2 and 3 it is much
less frequent at only 21%. Patients with values
of TG> 2.2 mmol / L are noted in the risk score
groups equally. LDL cholesterol is higher in
groups 1, 2, and 3, (LDL> 4 mmol / L). Values
of HDL cholesterol did not differ by risk score
groups although somewhat lower values are
noted in group 2 and 3.

However, differences between negative and
positive Wilcoxon ranking test shows statistical
significance between risk score groups in V1

and V2 (for TG p=0.011, for LDL p=0.000 and for
HDL p=0.013). TG values are decreased approx-
imately 0.2 mmol/L from V1 to V2, for LDL 0.5
mmol / L and for HDL they are increased 0.03
mmol/L.

Association between DFS, risk score for foot
ulceration and diabetic retinopathy is statistically
significant. Groups with risk score 0 and 1 have
more non-proliferative retinopathy and groups
with score 2 and 3 have more proliferative retin-
opathy (Cross tabulation. Kruskal Wallis test
p<0.01). Independent factors associated with
retinopathy were duration of diabetes, systolic
blood pressure, and HbA1c. The U.K. Prospec-
tive Diabetes Study showed a 34% reduction in
the progression of retinopathy with tighter blood
pressure control and glycemic control.™®

in the pre ulcerative phase is higher than in other
studies probably because of our patient group
(in-patients), and duration of diabetes more

than 10 years, HbA1c>8%, TG>2,2 mmol/L,
HDL<1,04 mmol/L , LDL>4 mmol/L. Our study
has shown that such patients tend to have a

high risk (score 2) or very high risk ( score 3) for
ulceration. 1
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