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Abstract Neuropathy and peripheral artery disease rep-
resent the main pathophysiological conditions underlying
diabetic foot. Several studies showed that Lipoprotein(a)—
Lp(a)—and homocysteine (Hcy) can be associated with
diabetic complications, but their relationship with diabetic
foot is unclear. Aim of this study was to investigate whe-
ther Lp(a) and Hcy were associated with diabetic foot
ulcerations, classified according to the presence of
peripheral artery disease (PAD) or neuropathy. From
among consecutive type 2 diabetic attending at the Diabetic
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Foot Clinic 27 subjects with vascular diabetic foot (VDF),
43 with neuropathic diabetic foot (NDF) and 52 controls
without foot ulceration, neuropathy, and PAD were enrol-
led. Both Lp(a) (26.1 &£ 22.7 vs. 14.9 £ 19.5 mg/dl;
P =0.003) and Hcy levels (154 5.7 vs. 122 £
5.1 pmol/l; P = 0.022) were significantly greater in the
VDF group than in controls. Lp(a) levels were significantly
lower in the NDF group than in controls (6.9 + 8.1 versus
149 + 19.5 mg/dl; P = 0.009), while no difference in
Hcy levels was found. Multiple logistic regression analysis
showed that Hcy was associated with VDF (OR: 1.11; 95%
CI: 1.07-14.1; P = 0.048). Lp(a) did not enter the model,
but its P-value was very near to the significant level (OR:
1.09; 95% CI:. 0.99-12.05; P = 0.059). Moreover, low
Lp(a) levels were associated with NDF (OR: 0.84; 95% CI:
0.21-0.96; P = 0.039). Our study has shown for the first
time that high Lp(a) and Hcy levels are associated with the
development of VDF, while low Lp(a) levels appear to be
associated with delayed wound healing in patients with
neuropathic foot ulcerations.
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Introduction

Lipoprotein(a)—Lp(a)—is a LDL-like particle that con-
tains a specific apolipoprotein, named apolipopro-
tein(a) [1]. Lp(a) is a recognized cardiovascular risk factor
[1, 2], since several studies have shown an association
between high Lp(a) levels and cardiovascular disease
(CVD) [1-6]. Lp(a) concentrations are mostly genetically
committed [1]. Some studies have shown that Lp(a) may
play a role in the development of some diabetic
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complications, such as coronary artery disease (CAD),
stroke, and peripheral artery disease (PAD) [7-12]

Homocysteine (Hcy), a sulphydryl aminoacid derived
from the metabolism of methionine, is a genetically
determined risk factor for the development of CVD [13,
14]. Experimental studies have demonstrated that the
reactivity of the sulphydrilic group of Hcy is involved in
the mechanisms underlying changes of vascular endothe-
lial cells that contribute to atherosclerosis and thrombosis
[13, 14]. Some studies have also shown that high Hcy
levels can be associated with diabetic complications, not
only with macrovascular disease but also with neuropathy
[11, 15].

The lifetime risk of a patient with diabetes mellitus to
develop foot ulceration is about 25% [16]. Foot ulceration
is a common complication of diabetes and increases greatly
the risk of limb amputation [17]. About 80% of non-trau-
matic amputations are caused by the presence of diabetes
and 85% of these amputations are preceded by a foot
ulceration [17]. This implies that the presence of foot
ulceration is considered an important risk for morbidity,
mortality, and disability. Foot ulceration is due to an
interplay of several risk factors [17]. Among them, neu-
ropathy and PAD should be considered the most important
pathophysiological conditions. In particular, neuropathy
seems to increase the risk of foot ulceration by 7-fold [18],
while PAD can cause a poor wound healing [17]. The early
identification of diabetic patients at high risk for foot
ulceration can be useful to prevent future limb amputa-
tions. Clearly to obtain this result, it may be important the
identification of subjects at risk before the occurrence of
neuropathy and PAD.

Some studies showed an association of both Lp(a) and
Hcy levels with PAD [12, 19], but others did not [20]. A
relationship between Lp(a) and diabetic neuropathy was
not observed by specific studies [9, 21], while conflicting
results are available in the literature on the association
between Hcy and neuropathy [15, 19, 22].

Some studies observed an association of both
Lp(a) and Hcy with the presence of lower extremity
wound, but these studied did not evaluated the presence
of neuropathy and/or PAD [23, 24]. An interesting recent
study has evaluated the possible relationship of Lp(a) and
Hcy with the prevalence of diabetic foot ulcerations in
type 2 diabetic patients [25]. Even if in that study the
presence of neuropathy and/or PAD was evaluated,
information on the role of Lp(a) and Hcy in the patho-
physiology of diabetic foot was not given.

Aim of this study was to investigate in a group of type 2
diabetic patients whether Lp(a) and Hcy levels were
associated with diabetic foot ulcerations, classified
according to the presence of PAD or neuropathy.
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Materials and methods

For this study, 195 consecutive patients with type 2 dia-
betes mellitus were recruited at the Diabetic Foot Clinic of
the Clinical Institute “Beato Matteo” Vigevano, Italy. We
enrolled both patients without foot ulcers who were
attending at the Clinic for periodic feet examination and
subjects with foot ulcerations. Exclusion criteria were: age
<45 and >70 years, type 1 diabetes, any disease other than
diabetes associated with edema, foot ulcer and/or poly-
neuropathy (such as cirrhosis, kidney disease, heart failure,
vasculitis, alcohol abuse), previous foot ulcers, any con-
dition modifying Lp(a) and/or Hcy levels (such as liver or
renal disease, vitamin supplementation) amputation of any
cause, neoplasia, limited life-expectancy.

Diabetes was diagnosed according to the American
Diabetes Association criteria [26]. Hypertension was
diagnosed according to the European Society of Hyper-
tension/European Society of Cardiology criteria [27] or in
the presence of a specific treatment. Patients with
AER < 30 mg/day were considered normoalbuminuric;
patients with AER between 30 and 299 mg/day were
considered microalbuminuric [28]. Patients were consid-
ered smokers if current smokers or ex-smokers. Family
history of CAD was considered positive in the presence of
a documented myocardial ischemia or infarction in a first-
degree relative. Prior CVD was defined as a documented
personal history of CAD and/or stroke. Body mass index
(BMI) was calculated by the following formula: kg/m”.

In all the patients, the presence of PAD was evaluated
both by the ABI (ankle brachial index), which represents
the ratio of systolic blood pressure in the ankle to that
measured at the level of the brachial artery, and the
transcutaneous oxygen tension or transcutaneous oximetry
(TcPO,), as assessed by TCM4 Radiometer (Medical Aps,
Bronshoj, Denmark).

To assess the presence of distal polyneuropathy nerve
conduction testing [29] were performed at a stable skin
temperature of 31°C and a room temperature of 24°C using
a Medelec electrophysiological system (Synergy Oxford
Instruments Oxford, UK) [30].

Venous blood samples were taken from subjects after
fasting for 12 h. Cholesterol, HDL, and triglycerides were
measured by an automatic analyzer HITACHI 737 (Tokio-
Japan). LDL was calculated by the Friedewald’s formula
[31]. Glycated hemoglobin (HbA1c) was measured by high-
performance liquid chromatography (Biorad, Richmond,
CA). AER was measured by nephelometry (Beckmann,
Milan, Italy). Lp(a) plasma concentrations were determined
by a sandwich-ELISA method (Macra-Lp(a) SDI, Newark,
Delaware). Plasma Hcy level was measured by high-
performance liquid chromatography.
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The study population was subdivided into three groups:
1. Patients with vascular diabetic foot (VDF—n = 27): the
group included subjects with a foot ulceration, ABI < 0.9,
TcPO, < 40 mmHg [32] and absence of polyneuropathy
according to nerve conduction studies. 2. Patients with
neuropathic diabetic foot (NDF—n = 43): the group
included subjects with foot ulceration, documented poly-
neuropathy according to nerve conduction studies,
ABI > 0.9 and TcPO, > 40 mmHg [32]. 3. Controls
(n = 52): the group included subjects without foot ulcer-
ation, absence of polyneuropathy according to nerve con-
duction studies, ABI > 0.9, TcPO, > 40 mmHg [30].
Seventy-three patients with neuro-vascular ulcerations,
without foot ulceration but with polyneuropathy and/or
PAD, were excluded from the study.

Statistical analysis

Both NDF and VDF group was separately compared with
controls in every analysis. To assess differences in vari-
ables normally distributed, such as cholesterol, LDL, HDL,
BMI, the Student ¢ test was utilized. Because of the highly
“skewed” distribution of some variables, such as Lp(a) and
triglycerides levels, to compare their values the Mann—
Whitney U-test was used. The Pearson Chi-squared test
was exploited for frequency comparison. A multiple
logistic regression analysis with the presence of foot
ulceration as the dependent variable was performed.
Variables were categorized as previously shown [11, 33—
36]. We used the recognized cut-off of 30 mg/dl for
Lp(a) [1]. Nevertheless, since Lp(a) levels were signifi-
cantly lower in NDF patients compared with controls, we
tested both a cut-off of 20 mg/dl and a cut-off of 10 mg/dl.
Odds ratios (ORs) were estimated and the results were
given as ORs and 95% CI. Data were presented as
means = SD, unless otherwise stated. P < 0.05 was con-
sidered significant.

Results

Table 1 reports biological and clinical characteristics of the
diabetic patients without foot ulcerations, polyneuropathy,
and PAD (controls), those with NDF and those with VDEF.
As shown, no significant differences in age, BMI, and
glycemic control were observed between controls and each
group with diabetic foot.

Patients with NDF show diabetes duration longer than
that of controls. Smokers and the percentages of subjects
with prior CVD, family history of CAD, micro or macro-
albuminuria were significantly higher in the VDF group
than in controls. No significant differences in diabetes

duration, lipid parameters, and treatment with statins were
observed between subjects with VDF and controls.

Lp(a) levels were significantly lower in patients with
NDF than in controls (6.9 £ 8.1 vs. 14.9 4+ 19.5 mg/dl;
P = 0.009), while no difference in Hcy levels (12.4 £ 5.6
vs. 12.2 £ 5.1 pmol/l; P = 0.549) was found between
NDF group and controls. Both Lp(a) (26.1 £ 22.7 vs.
14.9 + 19.5 mg/dl; P = 0.003) and Hcy (15.4 &+ 5.7 vs.
12.2 &+ 5.1 pumol/l; P = 0.022) levels were significantly
greater in subjects with VDF than in controls.

A multiple logistic regression analysis was performed
with the presence of NDF as the dependent variable and the
following as predictive variables: age, gender, BMI, dia-
betes duration, HbAlc, hypertension, known CVD, family
history of CAD, cholesterol, triglycerides, LDL, HDL,
microalbuminuria, smoking, Lp(a), and Hcy. All potential
predictive variables were tested. VDF patients were not
included in this analysis. Table 2 reports the results of the
analysis. Diabetes duration was the only predictor of NDF
Lp(a), and Hcy did not enter the model. When a cut-off of
10 mg/dl for Lp(a) was used, low Lp(a) levels were sig-
nificantly associated with the presence of NDF in our
diabetic subjects, as reported in Table 2.

Also a multiple logistic regression analysis with the
same predictive variables, but with the presence of VDF as
the dependent variable was performed. NDF patients were
not included in this analysis. Table 3 shows that prior
CVD, smoking habits and high Hcy levels were indepen-
dently associated with the presence of vascular foot
ulcerations in diabetes. Lp(a) did not enter the model, but
its P-value was very close to the significant level (OR:
1.09; 95% CI: 0.99-12.05; P = 0.059).

Discussion

Diabetic foot represents a common and severe complica-
tion of diabetes [17]. Indeed, about 85% of limb amputa-
tions are preceded by a foot ulceration [17]. Moreover,
diabetic foot is often characterized by severe infections and
represents a major risk for mortality in diabetes [17, 37].
This implies that the early identification of diabetic sub-
jects at high risk for foot ulcerations could permit the
prevention of their severe complications. To implement
effective strategies of prevention of diabetic foot, it may be
very useful to identify specific and early predictors. Cer-
tainly, a systematic and frequent examination of the feet
should be done in all diabetic patients with the aim to
identify those at high risk of diabetic foot [38]. It is nec-
essary to detect foot deformities, but also the presence of
diabetic neuropathy and PAD, since these two conditions
represent the main pathophysiological conditions underly-
ing foot ulcerations. Nevertheless, preventive measures of

@ Springer



92

Endocrine (2012) 41:89-95

Table 1 Biological and clinical

. Controls NDF group VDF group
features of controls, patients (n = 52) (n = 43) (n = 27)
with neuropathic diabetic foot _ _ _
(NDF) and those with vascular  Aq6 (years) 553 + 6.1 54.1+ 6.6 572 + 638
diabetic foot (VDF)
Males (%) 51.9 46.5 66.6
BMI 293 + 45 28.8 £ 4.2 29.6 + 5.1
Diabetes duration (years) 9.0 £ 6.1 13.7 £ 8.7% 8.7+ 6.2
HbAlc (%) 75+ 15 73+ 1.6 73+ 14
Hypertension (%) 57.6 60.4 62.9
Prior CVD (%) 11.5 13.9 51.8%
Family history of CAD (%) 21.1 232 44.4%*
Total cholesterol 52 +£0.7 52+£0.7 53+£0.7
(mmol/1)
Triglycerides (mmol/l) 1.8 £09 1.7 £ 0.7 1.9+£09
HDL cholesterol 1.2 £0.2 1.2 +02 1.2 4+0.2
(mmol/1)
LDL cholesterol (mmol/l) 32407 32407 33408
Micro/macroalbuminuria (%) 13.4 11.6 37.0%
Smokers (%) 15.4 13.9 51.8%
Folate (nmol/l) 26.1 £ 13.5 24.7 £ 15.1 269 £+ 12.8
Vitamin B12 421.7 £ 176.1 436.0 £ 1654 411.9 £+ 160.9
(pmol/l)
Patients treated 88.4 90.6 81.5
with metformin (%)
BMI body mass index; CAD Pati.e}r:ts trf':ateda/ 76.9 81.3 85.2
coronary artery disease; CVD with statins (%)
cardiovascular disease; HOmOCySteine (}J.m()l/l) 12.2 £ 5.1 124 £ 5.6 154 £ 5.7*
* P < 0.05 (versus controls); Lipoprotein(a) 149 £ 195 6.9 + 8.1F 26.1 + 22.7F
+ P < 0.01 (versus controls); (mg/dl)

i P < 0.001 (versus controls)

Table 2 Results of a multiple logistic regression analysis with the
presence of Neuropathic Diabetic Foot as the dependent variable

Predictors Odds 95% confidence P-value
ratio intervals

Diabetes duration 1.19 1.08—4.43 0.011

Lp(a) (cut-off: 30 mg/dl) 0.97 0.73-1.11 0.104

Lp(a) (cut-off: 20 mg/dl) 0.91 0.65-1.08 0.099

Lp(a) (cut-off: 10 mg/dl) 0.84 0.21-0.96 0.039

Table 3 Results of a multiple logistic regression analysis with the
presence of vascular diabetic foot as the dependent variable

Predictors Odds ratio 95% confidence intervals P-value
Prior CVD 2.31 1.27-6.92 0.021
Smoking 1.53 1.11-6.74 0.033
Hcy 1.11 1.07-14.1 0.048

diabetic foot could be more effective, if patients at high
risk of NDF and VDF can be identified before the occur-
rence of neuropathy and PAD.
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Our study first shows that high Hcy levels and to a lesser
extent high Lp(a) levels could be predictive of the devel-
opment of VDF ulcerations. Really, this finding is quite
expected, since both Hcy and Lp(a) are recognized risk
factors for PAD [12, 19]. If a foot ulceration occurs, PAD
may cause poor wound healing. This outlines the impor-
tance to prevent PAD. Subjects with high Lp(a) and Hcy
levels could be more prone to develop PAD: this may
imply that in these subjects a more aggressive control of
traditional cardiovascular risk factors should be adopted. In
addition, it may be of interest to understand whether a
reduction in Hey and Lp(a) levels could reduce the risk of
PAD and VDF. Some large studies showed that the
reduction in Hcy levels by vitamin supplementation may
not reduce significantly cardiovascular events [39]. This
should be also verified for the development of VDF.
Lp(a) levels can be reduced by the use of niacin and
recently it has been suggested to treat high Lp(a) levels to
reduce the cardiovascular risk [40]. Specific studies should
verify whether the reduction in Lp(a) levels can modify the
risk of VDF.

The novel intriguing finding of this study regards the
fact that low Lp(a) levels can be associated with NDF. The
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pathophysiological explanation of this finding is not easy,
since no study has ever found an association between low
Lp(a) levels and diabetic neuropathy. This suggests that
low Lp(a) levels do not seem to be a risk factor for NDF via
diabetic neuropathy. On the contrary, low Lp(a) levels
could be responsible for the impaired wound healing of
foot ulcerations due to neuropathy. In other words, one can
speculate that among patients who develop neuropathic
foot ulcerations, those with lower Lp(a) levels could have
some problem to obtain an adequate and rapid wound
healing. The mechanism by which this could happen is
unclear. Nevertheless, it is important to remember that,
although the physiologic role of Lp(a) remains elusive,
some authors have suggested a role of Lp(a) in tissue
reparation and wound healing [1, 41].

In our study, we did not find any association between Hcy
and NDF. This result is in contrast with the finding of the
recent paper of Gonzales et al. [25]. Hcy levels can be affected
by several clinical or pharmacological conditions, such as
renal disease, vitamin deficiency or supplementation [39],
treatment with metformin [42]. In our study, we excluded
patients with any condition modifying Hcy levels and there
was no difference in the percentage of patients treated with
metformin between NDF group and control. In addition, we
did not group together patients with NDF and VDF. However,
we cannot exclude a role of Hey in NDF, since an association
between neuropathy and Hcy has been observed [15] and
hyperhomocysteinemia was seen to be directly associated
with the presence of lower limb wounds [24, 25].

Therefore, our data suggest that Lp(a) may have a role
both in VDF and NDF. High Lp(a) levels could favor PAD,
which is the main responsible for VDF. On the contrary,
low Lp(a) may delay wound healing among subjects with
neuropathy. If these findings will be confirmed by larger
studies, there may be important clinical implications:
indeed, it may be useful to reduce Lp(a) levels to prevent
PAD and other vascular pathologies. Nevertheless, caution
should be paid to excessively decrease Lp(a) levels, par-
ticularly, if neuropathy is present. However, specific
intervention studies are needed.

The first study limitation is that our investigation is not
longitudinal, but case-controlled. Prospective data are
needed to confirm our findings. Second, our population is
relatively small. Nevertheless, the identification of neu-
ropathy and PAD was rigorous, since very effective
instrumental diagnostic methods were used in all the
patients. In addition, to better evaluate the relationship
between the risk factor and each main pathophysiological
mechanism of diabetic foot, we excluded patients with
neuro-ischemic foot ulcerations. Third, we hypothesized
that the relationship between Lp(a) and NDF is linked to an
impaired wound healing due to low Lp(a) levels and not to
a possible association between Lp(a) and neuropathy. We

are aware that this is a speculative interpretation because of
the lack of a specific group of patients with neuropathy
without foot ulcerations. Finally, it is important to
remember that Lp(a) is considered a reactant of acute-
phase, since its levels increase when inflammation is
present [1]. So we cannot exclude that the presence of
inflammation due to foot ulcerations could modify
Lp(a) levels in NDF and VDF groups. In addition,
Lp(a) levels could be affected by microalbuminuria [1]. So
in patients with VDF Lp(a) may be increased, since the
percentage of subjects with microalbuminuria is higher in
the VDF group than in controls. This implies that the real
impact of Lp(a) on diabetic foot ulcerations has to be
further investigated by prospective studies and/or by the
assessment of apo(a) polymorphism that can be modified
by environmental conditions [1]. However, many nontra-
ditional risk factors other than Lp(a) and Hcy can have a
role in the development of diabetic foot ulcerations [20,
43]. So it may be of clinical interest the identification of a
panel of risk factors to stratify the individual risk of each
diabetic patient of developing foot ulcerations. This may
permit personal programs of prevention of diabetic foot
together with an early treatment of foot ulceration by
specific multidisciplinary approach [17, 37, 38, 44].

In conclusion, our study first shows that high Lp(a) and
Hcy levels are associated with the development of VDF,
while low Lp(a) levels may be hypothesized to contribute
to delayed wound healing in patients with neuropathic foot
ulcerations.

Conflict of interest None.
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