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The diabetic foot syndrome is one of the most frequent reasons for hospitalization among the dia-
betic population and also one of the most common cause for lower-limb amputation. Apart from the ob-
vious associated morbidity, patients with diabetic foot have an increased risk of death from cardiovas-
cular diseases. Correction of glycaemia, serum lipids and blood pressure lead to a regress in progression
of diabetes complications. In this article, the influence of cardiovascular risk factors on occurrence and
progression of the diabetic foot syndrome in the Indian diabetic population during a 1-year follow up was
analyzed.
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The number of people with diabetes worldwide was estimated at 131 million in 2000;
it is projected to increase to 66 million by 2030 [1]. Previous studies have indicated that
diabetic patients have up to a 25% lifetime risk of developing a foot ulcer [2]. The an-
nual incidence of diabetic foot ulcers is ~3%, and the reported incidence in U.S. and
U.K. studies ranges as high as 10% [3]. Once an ulcer has developed, there is an in-
creased risk of wound progression that may ultimately lead to amputation; diabetic ul-
ceration has been shown to precede amputation in up to 85% of cases [3]. Peripheral
neuropathy and peripheral vascular disease are main underlying conditions in the de-
velopment of diabetic foot syndrome. Apart from tight glycemic control, no other evi-
dence-based treatment is known to ameliorate and prevent diabetic foot. So, identifying
potentially modifiable risk factors for diabetic foot syndrome is crucial. Cardiovascular
risk reduction has over the last 10 years become major part of type 2 diabetes care. The
purpose of this paper is to determine the role of cardiovascular risk factors in diabetic
foot ulcers development.

Materials and Methods

The study was conducted in Dialife Diabetic Centre, Manjeri, Kerala, South India
in 2007—2009. All type 2 diabetic patients who came to the centre in study period were
enrolled. The baseline examination included 1893 patients (1139 men and 754 women;
mean [£SD] age 51 + 10 years; mean duration of diabetes 9.9 £ 5.9 years). Written in-
formed consent was obtained from all patients. Information about sociodemographic
background variables, course of diabetes, its treatment and complications, neuropathic
symptoms, foot problems, claudication, cardiovascular diseases and diet modification
was collected from patients by means of a structured interview. Pin-prick testing at
the hallux, Semmes-Weinstein monofilament testing at the plantar surface of the foot,
128 Hz tuning fork and Achilles tendon reflex testing were assessed to diagnose diabe-
tic neuropathy [4]. Assessment of the ankle-brachial pressure index (ABI) by Doppler
ultrasonography was used for presence or absence of ischemia. A foot ulcer was defined
as a full-thickness skin break at least to Wagner stage 1, occurring distal to the malleoli.
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Baseline measurements included fasting and 2-hour postprandial blood glucose,
HbA Ic, creatinine, total cholesterol, high-density lipoprotein (HDL) cholesterol, and
triglycerides. Levels of low-density lipoprotein (LDL) cholesterol were calculated as
well as glomerular filtration rate (by Cockroft-Gault and MDRD formulas). The urinary
albumin excretion rate was measured from a single 24-hour urine collection. A urinary
albumin excretion rate of 20 to 200 pg per minute was defined as microalbuminuria;
a rate greater than 200 ug per minute was defined as macroalbuminuria. The presence
and severity of diabetic retinopathy were assessed from retinal photographs (two fields
per eye) obtained with a wide-angle camera and scored centrally by one expert in reading
changes of retinopathy.

Cardiovascular disease was defined as either a history of physician-diagnosed car-
diovascular disease (e.g., previous myocardial infarction, angina, coronary-artery by-
pass grafting, or stroke) or ischemic changes detected on a 12-lead electrocardiogram.
Systolic and diastolic blood pressure, body mass index, waist circumference were evalu-
ated. Physical activity classified as low if it takes less than 1 hour per week.

After 1-year of follow up all patients were interrogated about progression or new
onset of diabetic foot ulcers by phone.

The statistical analysis was performed with Statistica (version 8.0). The characteris-
tics of patients were compared with the use of Student’s t-test or the Mann—Whitney
U test where appropriate. The possibility of a threshold effect in the relation between
glycosylated hemoglobin values and the risk of diabetic foot ulcers was evaluated by
comparing the linear and exponential trend lines according to quintiles of glycosylated
hemoglobin. The relation between risk factors and the incidence of foot ulcers was ana-
lyzed with the use of logistic-regression models. All logistic-regression models were
adjusted for the duration of diabetes and glycosylated hemoglobin values. Statistically
significant level was determined at p < 0,05.

Results

Baseline data of the 1893 diabetic patients compares in Table 1. Diabetic foot ulcers
were diagnosed in 14.8% cases. Those in whom foot ulcers were revealed were older
with longer diabetes history, had higher baseline postprandial glucose and glycosylated
hemoglobin level, more often were smokers, had higher prevalence of cardiovascular
disease and diabetes complications.

After 1-year follow up 120 patients (7.4%) were missing to re-evaluation, 37 pati-
ents (2.2%) were died. New onset of diabetic foot ulcer had 41 patients, 55 patients
had progression to the higher grade of the diabetic foot by Wagner classification. All
patients were divided into two groups according to whether diabetic foot did or did not
progress during 1 year follow up. Patients with new onset and progression of diabetic
foot ulcers were combined into the same group. Baseline characteristics of this groups
presented in Table 2. Patients in whom ulcers advanced were on average 4.1 years older,
had diabetes for 3.1 years longer, and had poorer blood glucose control (a glycosylated
hemoglobin value 0.5 percent higher) at baseline than those in whom ulcers did not
progressed.
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Table 1
Baseline characteristics of the study population according to presence
of diabetic foot ulcers at the study start
Parameters With diabetic Without diabetic | p value
foot ulcers foot ulcers
(n=281) (n=1612)
Age, years 56.1+10.2 50.4+10.4 <0.001
Male, % 33.2 32.7 ns
BMI, kg/m’ 23.9+3.6 29.3+1.1 ns
Waist circumference, cm 91.7+9.1 90.6+£10.1 ns
History of smoking, % 45.2 23.1 0.004
Duration of type 2 diabetes, years 11.1+£7.0 6.9+5.7 <0.001
Fasting blood glucose, mg/dl 155148 152+48 ns
2 hour postprandial blood glucose, mg/dl 243+ 67 232+ 71 0.018
HbA1c, % 79+1.7 7.0+1.5 <0.001
History of cardiovascular disease, % 45.9 27.3 <0.01
Systolic blood pressure, mm Hg 137.1+22.1 132.6+19.1 <0.01
Diastolic blood pressure, mm Hg 81.2+11.8 81.9+9.9 ns
Arterial hypertension, % 86.8 74.7 <0.01
Total cholesterol, mg/dl 198 + 37 195+ 37 ns
Low density lipoprotein cholesterol, mg/dl 123+ 32 122 £59 ns
High density lipoprotein cholesterol, mg/dl 44+10 44+9 ns
Triglycerides, mg/dl 158 + 56 150 + 51 0.049
Glomerular filtration rate by MDRD, ml/min/1,73m’ 76.2+19.9 82.5+21.2 <0.001
Albumin excretion rate, pg/min 9.9 (4.3;353.1) 9.4 (4.3; 146.1) ns
Microalbuminuria or macroalbuminuria, % 59.5 35.7 <0.001
Ankles-brachial index 1.0+0.19 0.99+0.08 ns
Any retinopathy, % 49.2 31.8 <0.001
Table 2
Baseline characteristics of the study population according to incidence
of diabetic foot ulcers after 1 year follow up
Parameters No diabetic foot Diabetic foot p value
progression progression
(n=1640) (n=96)
Age, years 50.3+10.9 54.4+12.1 0.02
Male, % 51.2 59.5 ns
BMI, kg/m’ 23.9+3.8 23.0+3.7 ns
Waist circumference, cm 90.7+10.2 88.6+9.4 ns
History of smoking, % 17.9 58.5 <0.001
Duration of type 2 diabetes, years 6.9+5.7 10.0+£5.5 <0.01
Fasting blood glucose, mg/dl 152+48 149 + 56 ns
2 hour postprandial blood glucose, mg/dl 232+ 71 225+ 70 ns
HbA1c,% 7.0+£1.5 75+1.3 <0.001
History of cardiovascular disease, % 33.9 59.4 <0.001
Systolic blood pressure, mm Hg 132.6+19.2 135.5+19.7 ns
Diastolic blood pressure, mm Hg 81.9+£9.9 85.6+10.8 0.018
Arterial hypertension, % 78.2 96.5 <0.001
Total cholesterol, mg/dl 195+ 37 203+42 ns
Low density lipoprotein cholesterol, mg/dl 122+ 59 138 £33 <0.01
High density lipoprotein cholesterol, mg/dl 44+9 42+7 ns
Triglycerides, mg/dl 150 + 51 148 £ 28 ns
Glomerular filtration rate by MDRD, ml/min/1,73 m’ 82.6+£21.3 82.2+£19.9 ns
Albumin excretion rate, ug/min 9.3(6.1;347.2) 10.0 (5.2; 354.4) 0.03
Microalbuminuria or macroalbuminuria, % 41.2 65.5 <0.001
Ankles-brachial index 0.97+0.09 0.91+0.26 0.004
Any retinopathy, % 48.5 51.4 ns
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In unadjusted comparisons, patients in whom foot ulcers advanced also had higher
baseline level of low density lipoprotein (LDL) cholesterol and albumin excretion rate
and a lower ABI. More patients in whom ulcers progressed had baseline hypertension,
microalbuminuria or macroalbuminuria, a history of cardiovascular disease, and a his-
tory of smoking.

Adjustment for possible confounding by the two major known determinants of dia-
betic foot — duration of diabetes and glycosylated hemoglobin value — attenuated or
abolished some associations with diabetic foot progression (Table 3). The risk factors
that remained significantly associated with the development of foot ulcers were base-
line cardiovascular risk factors (ABI, levels of LDL cholesterol and triglycerides). The
urinary albumin excretion rate at baseline was also elevated in patients in whom ul-
cers progressed.

Table 3
Risk factors for diabetic foot progression after adjustment
for glycosylated hemoglobin value and duration of diabetes
Variable Odds Ratio (95% ClI) p value
Waist circumference, cm 1.35(1.16—1.62) 0.04
History of smoking, % 1.56 (1.18—2.05) <0.001
History of cardiovascular disease, % 2.75(1.71—4.52) <0.001
Arterial hypertension, % 1.98 (1.20—2.73) <0.001
Low density lipoprotein cholesterol, mg/dl 1.23 (1.04—1.52) 0.01
Triglycerides, mg/dl 1.38 (1.17—1.59) 0.01
Albumin excretion rate, ug/min 1.37 (1.11—1.54) 0.001
Microalbuminuria or macroalbuminuria, % 1.46 (1.08—2.10) 0.02
Ankles-brachial index 1.49 (1.22—1.61) <0.001
Any retinopathy, % 1.8 (1.23—2.31) 0.001

After adjustment for glycosylated hemoglobin value and duration of diabetes, we
found that the presence of hypertension, albuminuria (either microalbuminuria or macro-
albuminuria), any retinopathy, history of cardiovascular disease, and history of smoking
at baseline were significantly associated with newly diagnosed and progressed diabetic
foot ulcers. Both former and current smoking at baseline were significantly related to
foot ulcers when included separately, with adjustment for glycosylated hemoglobin val-
ues and duration of diabetes. Since both smoking groups had similar risk, they are pre-
sented jointly.

Discussion

In the South Indian type 2 diabetic patients cohort 14.8% had a foot ulcer. Com-
pared with other studies based on known diabetes, the proportion with history of foot
ulcer in our study is high [4, 5]. The lower rates of foot ulcer history identified in pre-
vious population-based studies may be due to the fact that these studies were conducted
in different healthcare settings and may not have been representative of the general
diabetic patient population.

In this population-based study during a period of one year, the incidence of new
onset of diabetic foot ulcers was 2.5%, whereas progression of existing ulcers were ob-
served in 19,6%, confirming strong contributions of glycemic control and duration of dia-
betes to the risk of diabetic foot ulcers [6]. We observed that cardiovascular risk factors,
such as hypertension, smoking, abdominal obesity, and elevated triglyceride levels, and
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the presence of cardiovascular disease at baseline appear to be related to newly diag-
nosed or progression of diabetic foot ulcers. Association between the risk factors and in-
creased diabetes-related morbidity and mortality were reported early [7]. Patients who
died during follow-up had more retinopathy (42 vs 16%, p = 0.002), neuropathy (57 vs
23%, p < 0.001), microalbuminuria (45 vs 6%, p < 0.0001), coronary heart disease
(50 vs 13%, p < 0.0001), and peripheral vascular disease (27 vs 9%, p = 0.005) at base-
line than patients who survived. In a multiple logistic regression analysis macroangiopa-
thy (p = 0.004), neuropathy (p = 0.007), HbAlc (p = 0.018) and albumin excretion rate
(» = 0.016) were independent risk factors for death. Mortality in patients with neuro-
pathy is high, and the cause of death is often coronary heart disease [7]. Previous cross-
sectional studies have reported associations between diabetic neuropathy and height [8],
cigarette smoking [9], low levels of HDL cholesterol [10], and hypertension [10], in addi-
tion to established risk factors, level of glycemia, and duration of diabetes. A follow-up
of subjects with either type 1 or type 2 diabetes suggested that both type 1 and type 2 dia-
betes and markers of microvascular disease were associated with the severity of neu-
ropathy [11].

The baseline cross-sectional data in the present study are evidence of a strong as-
sociation between foot ulcer progression and other microvascular complications, sug-
gesting a common pathogenic mechanism. We found that macrovascular complications
of diabetes relate significantly to a history of foot ulcer. This is strongly supported by the
recent American Diabetes Association statement on preventive foot care in diabetes [12].
Macrovascular complications probably reflect disease severity. In busy clinical practices,
with limited time available during practitioner-patient encounters, macrovascular com-
plications probably receive primary focus, and the state of the feet may easily be over-
looked. However, the presence of macrovascular complications should indicate care-
ful foot inspection.

Apart from the use of medication to induce glucose values approaching normogly-
cemia, no other treatments currently exist to reduce the progression to neuropathy. Ag-
gressive treatment of hypertension is now standard clinical practice in the management
of nephropathy and retinopathy [13], and the results of the present study make a case
for clinical trials to confirm the efficacy of antihypertensive agents and possibly other
strategies for cardiovascular risk reduction in slowing the progression of diabetic foot.
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CEPOEYHO-COCYAUCTbLIE ®AKTOPbI PUCKA
U CUHAPOM ANABETU4ECKOW CTONMbI
Y XKUTEJIEW IOXKHON UHOUU, CTPAJAIOLLUX
CAXAPHbIM AUABETOM

M.M. Pennuc, E.K. lllaBaposa, 7K./I. Ko6anasa

Kadenpa nporeneBTrkn BHyTpeHHUX O0e3HEH
Poccuiicknit yHUBEpCUTET APYKOBI HAPOIOB
ya. Muknyxo-Maxknasa, 8, Mockea, Poccus, 117292

CuHApoM AMabeTH4ecKOH CTOMbI — OAHA M3 HauboJiee YacThbIX NPUYMH TOCHUTATIHU3ALUH U aMITy-
TalK HWKHUX KOHEYHOCTEH y OONBHBIX, CTPAJAIOIINX CaXapHbIM auadeToM. [lalmeHTsl ¢ CHHApOMOM
JabeTHUecKOl CTOIBI, KPOME HAIMYHUS Y HUX COIYTCTBYIOIIEH MaTOJIOTHH, OTHOCATCS K TPYIIE BHICOKOTO
pHCKa CMEPTH OT CEepAEeYHO-COCYAUCTHIX 3a0oneBaHuii. Koppekuus ypoBHS ITIIOKO3bI, JHITHIOB B KPOBU
Y apTepUaIbHOTO JABJICHUS MPUBOAUT K CHIKEHUIO YacTOTHI JUA0eTHYECKUX OCIIOXKHEHUH. B cTaThe mpo-
AQHAIM3MPOBAHO BIIMSIHUE CEPIEYHO-COCYAUCTHIX (PAKTOPOB PUCKA HA BO3HUKHOBEHHE M Pa3BUTHE CHH/I-
poMa TnabeTHIecKol CTONbl Y MHAMHCKOTO HaceJIeHHUs B TeYEHHE OJJHOTO Tojla HaOIIoAeHHSI.

KiroueBble ciioBa: nuabeTHdeckas CToma, CepeYHO-COCYANUCTBIA PHUCK, epudeprdecKas MoJH-
HelpomnaTHs, PeTHHONATHSI, BO3PACT, KypeHHE.
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