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Abstract

Objectives: Patients with Diabetic Kidney Disease (DKD) and foot ulcer have poor prognosis. However, no study have
found association of diabetic foot ulcer (DFU) with diabetic kidney dysfunction and their co-existing risk factors.
Materials and Methods: This cross sectional study collected the data for 10,680 patients for 15 years. All variables were
analyzed biochemically and statistically by standardized methodology. Results: Levels of HbAlc, creatinine, systolic and
diastolic blood pressures, microalbuminuria, spot urine protein, and spot urine protein to creatinine ratio were higher
among the groups with foot ulcers (p-value < 0.0001 for all). Average ABI was observed to be lower among the groups
demonstrating nephropathy and DKD (p=0.025 and 0.022 respectively. DFU was significantly associated with HTN
(odds ratio 2.2; 95% CI 1.66 to 2.9; p < 0.0001), nephropathy (odds ratio 4.77; 95% CI 3.53 to 6.5; p < 0.0001) and DKD
(odds ratio 4.77 and 6.83; 95% CI 4.6 to 10.2; p < 0.0001). HbAlc of 7.8% was 60% sensitive and 52% specific for the
development of DFU. Creatinine of 1.2 mg/dl was 75% sensitive and 48% specific for DFU. Spot urine protein excretion
from nephrons of 35 mg/dl was 88% sensitive and 90% specific for the development of DFU. Conclusion:
Nephropathy/DKD are risk factors for the development of DFU. With optimal diabetes control, regular and routine
assessment of the feet and early screening of diabetic patients for neuropathy, nephropathy, hypertension, dyslipidaemia
and other diabetic complications are essential.
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1. Introduction

Diabetes mellitus is a global health problem. Diabetic foot ulcer (DFU) or diabetic foot infection (DFI) are the

major cause of lower extremity amputations (LEA). More than 25% of diabetic patients suffer from foot amputations
during their lifetime and more than 85% of lower extremity amputation are due to foot infections or ulcerations.
Furthermore, diabetes is now the most common cause of preventable Charcot neuroarthropathy. Diabetic foot
problems are considered a complex group of pathologies and also known as “diabetic foot syndrome” (DFS),
including both neuropathy and vasculopahty or vascular insufficiency [1-3]. Periodic neurological assessment and
examination is essential with measurement of ankle brachial index (ABI) and for foot pulses.

Diabetes is major cause of other microvascular diseases, and leading to microvascular complications such as

retinopathy, nephropathy, and chronic renal failure or end stage renal disease (ESRD). Landmark diabetes control and
complication trial (DCCT) and UK Prospective Diabetes Study (UKPDS) have shown that reductions in HbAlc levels
will reduce the risk of diabetic macrovascular and microvascular complications [4].
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Diabetes mellitus is a strong risk factor for chronic kidney disease (CKD). Chronic involvement of the kidney in
diabetic state is currently termed as diabetic kidney disease (DKD). Initially, under the influence of high blood
pressure (HTN), diabetic kidney disease results in microalouminuria or gross proteinuria, nephropathy and may to end
stage renal disease (ESRD) if diabetes is uncontrolled. Furthermore, hypertension (HTN) or elevated systolic and
diastolic pressures are also major risk factors for the nephropathy, proteinuria and ESRD. HTN and Atherosclerotic
cardiovascular disease (ASCVD) are also leading cause of morbidity and mortality among diabetics, coexisting with
DKD [5, 6].

Moreover, research trials have demonstrated that a low ankle brachial index (ABI) of < 0.9 is a predictor and risk
for the coronary artery disease (CAD) and peripheral vascular disease (PVD). Research has demonstrated that chronic
renal dysfunction is also associated with low ABI and with high mortality among patients on hemodialysis [7-10].

Microalbuminuria (30-300 mg/L albumin excretion in urine) is considered a risk biomarker for the cardiovascular
disease. However, it does not represent actual underlying renal injury [11-13]. Recently, spot urine protein UPr and its
ratio with spot urine creatinine UCr is also recommended for diagnosing and monitoring proteinuria; this inexpensive,
easily and quickly performed at tertiary care endocrine, diabetes and hospital settings. Spot urine protein estimation is
very helpful when microalbumin exceeds 300 mg albumin per day (gross proteinuria). The spot urine
protein/creatinine ratio (UPr/UCr or PCR) correlates well with total protein excretion per day, and provides good
estimation of protein excretion from the kidney [14-17].

There are some research trials which have demonstrated association between diabetic foot ulceration and
development of kidney dysfunction or failure. In the past decade, much work was done to find association between
these two pathologies to prevent health cost burden [18]. However, much less work has been published on the risk of
developing renal failure (CKD/DKD), associated co-morbidities, risk factors and proteinuria with DFU. There is a
need to study associations between these risk factors, and development of DKD with DFU. Hence according to the
literature review, we hypothesized that the risk of developing DFU with nephropathy and DKD was associated with
other co-morbidities also, including HTN or increased systolic/diastolic blood pressures, increased levels of serum
creatinine, microalbumin, and spot urine protein, which was not studied previously in such a detailed manner. For the
assessment of glycemic control, HbAlc was also tested. Levels of these variables were measured with or without DFU
and associations with HTN, nephropathy and DKD.

2. Study Design and Methods

This is a prospective cross sectional cohort study, conducted at the diabetology clinic of Aseer Endocrine and
Diabetes Center of Aseer Central Hospital, Ministry of Health, Saudi Arabia. Study started in August 2005, until
September 2020 for more than fifteen years. 10,680 diabetic patients were selected for the study. We included both
type-1 and type-2 diabetic patients. Children of less than 13 years of age, patients with severe liver disease, urinary
tract infection, known cases of nephrotic syndrome before the onset of diabetes, with end stage renal disease (ESRD)
or dialysis and pregnant subjects were excluded from this study. Blood pressure (BP) was measured by standardized
methodology. BP of > 140/90 was labelled as hypertension (HTN). Patients with active foot ulcer (of any grade or
severity) and regular follow up in diabetic foot clinic were labeled as DFU or DIF.

FDA approved arterial Doppler ultrasonic device (atys Medical Doppler System Inc. USA) was used to measure
ABI. Measurements were carried in resting and supine position. Brachial pressure in right arm was measured by
doppler probe (8 MHz). This was then applied to right foot arteries (dorsalis pedis or posterior tibial artery). Artery
with higher pressure was recorded. Right ABI was calculated as ABI = brachial pressure / foot pressure. Same clinical
method was applied to measure left ABI. Average ABI for both feet was calculated for statistical analysis with
nephropathy and DKD.

2.1. Laboratory Methods

Blood samples for clinical chemistry was collected in fasting state. Serum creatinine (mg/dl) was quantitatively
measured by CREA methodology by Dimension® clinical chemistry device (Siemens Healthcare Diagnostics Inc.
Newark, DE 19714, USA). This technique involves picrate for the measurement of creatinine in plasma and urine. In
the presence of a strong base NaOH, picrate chemically reacts with creatinine to form a red chromophore. The rate of
increasing absorbance at 510 nm due to the formation of this chromophore is directly proportional to the creatinine
concentration in the sample of blood or urine and which, is measured using by a bichromatic (510,600nm) rate
methodology. Patients with serum creatinine > 1.5 mg/dl were considered as CKD or DKD

HbAlc was measured by Alc Flex® Reagent by the Dimension® clinical chemistry system (Siemens healthcare
diagnostics Inc. Newark, DE 19714, USA). This detects in vitro quantitatively both percent hemoglobin Alc and total
haemoglobin. The techniques is based on a turbidimetric inhibition immunoassay (TINIA) principle, and the
measurement of total haemoglobin is based on a modification of the alkaline hematin reaction, an NGSP certified
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methodology. % HbAlc in percent was calculated by the percentage of total haemoglobin that is glycated (in g/dL),
which was then standardized according to the DCCT results.

Nephropathy detection was carried out by the measurement of albumin or protein in urine. QuikCheck™ urinalysis
reagent strips (ACON biotech, Co., Ltd.) was used to detect gross proteinuria (macroalbuminuria). Simply, this
technique involves the phenomenon of pH indicators, releasing hydrogen ions to the protein. Samples demonstrating
gross proteinuria (macroalbuminuria) by the colour change of the reagent strips (from 1+ to 4+ proteins) were
considered “nephropathy”. Microalbumin was detected in urine by MALB method (Dimension® clinical chemistry
system device, Siemens Healthcare Diagnostics Inc. Newark, DE 19714, USA). This measures albumin in vitro
quantitatively (mg/L) by particle-enhanced turbidimetric inhibition immunoassay (PETINIA) methodology by colour
change. Samples positive for microalbuminuria were labelled as nephropathy.

Spot urine protein UCFP (Urinary/ Cerebrospinal Fluid Protein) was measured by Dimension® clinical chemistry
system (Siemens healthcare diagnostics Inc. Newark, DE 19714, U.S.A). This detects in vitro total protein in human
urine and cerebrospinal fluid directly and quantitatively by pyrogallol red molybdenum method (Y. Fujita, 1. Mori and
S. Kitano methodology). In the chemical reaction, pyrogallol red combined with sodium molybdate to form a red
complex with maximum absorbance at 470 nm. The protein in the sample reacted with this complex in acid solution to
form a bluish-purple coloured complex, which absorbs at 600 nm. The absorbance at 600 nm is directly proportional
to the concentration of protein in the sample. The analyte concentration is determined by calculation of a logit curve fit
on a previously stored calibration curve. PCR (protein to creatinine ratio) was measured by the formula, PCR = spot
urine protein / spot urine creatinine. All laboratory samples were retrieved by Natcom Hospital Information System
(NATCOM HIS; National Computer System Co. Ltd.

2.2. Statistical Methods

Clinical data was analyzed by IBM® SPSS® statistics, version 20 (IBM Corp.). Data was summarized as
percentages with mean + SD and 95% CI. Independent t-test was used to test the significance between the groups of
variables. Pearson chi-square (¥?) was used to find significant associations among DFU with HTN, nephropathy and
DKD. Logistic Regression, Odds Ratio were considered to measure associations of DFU with HTN, nephropathy, and
DKD/CKD. ROC was used to find cutoff values, sensitivity and specificity for HbAlc, creatinine and spot urine
protein. Statistical power of 90% and p-values (two-sided) of less than 0.05 were considered significant.

The study was reviewed and approved in 2005 by the research committee of Aseer Diabetes and Endocrine Center,
and all methodologies on subjects reported in were in accordance with the Helsinki Declaration of 1975 (revised in
2008).

3. Results

Table 1 presents demographic data. There were 6190 (58%) males and 4490 (42%). 1545 (14.5%) were type-1 and
9135 (85.5%) subjects were type-2. 12% of patients demonstrated diabetic foot infection. Nephropathy was observed
in 39% of patients; 43% was hypertensive and 15% demonstrated DKD/CKD.

Table 1. Demographic data of diabetic patients

Variables N (%) ; Totals = 10680
Male Female
Gender
6190 (58%) 4490 (42%)
. Type-1 Type-2
Type of Diabetes
1545 (14.5%) 9135 (85.5%)
Positive Negative
Hypertension
4592 (43%) 6088 (57%)
Positive Negative
Nephropathy
4166 (39%) 6514 (61%)
Diabetic Kidney Disease Positive Negative
(DKD/ CKD) status 1602 (15%) 9078 (85%)
S . . Positive Negative
Diabetic foot infection
1281 (12%) 9399 (88%)

Descriptive statistics for variables are shown in Table 2. Mean age was 54 years while mean duration of diabetes
was observed to be 16 years for the subjects studied.
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Table 2. Variables with mean + SD

Variables Mean * SD
Age (years) 54 +13.7
Diabetes duration (years) 16+8.7
Serum creatinine (mg/dl) 0.965+0.679
HbAlc % (g/dl) 7815
Systolic BP (mmHg) 129+ 15.8
Diastolic BP (mmHg) 79.6+9.3
Microalbumin in urine (mg/L) 74.6 +106.7
Spot Urine protein (mg/dl) 53.6 £29.5
Spot Urine creatinine (mg/dl) 121+73.7
Protein to creatinine ratio (PCR) 0.61+£2.03
Average ABI (right and left side of body) 1.23+0.33

Significant t-test among group of variables (HbAlc, systolic and diastolic blood pressures, microalbuminuria, spot
urine protein, creatinine, and their ratio) is presented in Table 3. Levels of these variables were high among the groups
demonstrating diabetic foot infection, with significant p-values (p < 0.05) as can be observed in the table.

Table 3. T-test between groups of variables (with and without foot ulcer) with mean+SD and p-values

Comparison of variables with or without Foot Ulcer
Variables and indicators

Mean * 95 % ClI F-value T-value P-values

With Foot Ulcer

Without Foot Ulcer

HbAlc % (g/dI) 86+ 161 78+ 147 21 31 0.002
8t08.7 771079
With Foot Ulcer Without Foot Ulcer

Creatinine (mg/L) 1.3+1.02 0.898 + 0.585 83 8.85 <0.0001
117t01.44 0.87100.93
With Foot Ulcer Without Foot Ulcer

Systolic BP (mmHg) 1365 + 18 127+ 15 5.5 8.3 <0.0001
135 to 139 126 to 128
With Foot Ulcer Without Foot Ulcer

Diastolic BP (mmHg) 83+ 10 78+8 5.8 5.97 <0.0001
821095 78t0 80
With Foot Ulcer Without Foot Ulcer

Microalbumin in urine (mg/L) 1703 + 198 55.0 + 78 99.5 10.5 < 0.0001
131.2 to 297 49.2t081.3
With Foot Ulcer Without Foot Ulcer

Spot Urine protein (mg/dl) 270 + 176 39.8 + 29 202 13.6 < 0.0001
135.6 to 440 17.3t0 65
With Foot Ulcer Without Foot Ulcer

Spot Urine creatinine mg/dl 119 + 66 1205+ 90 0.335 0.189 0.850
114.5t0 124.3 108 to 133

Urine Protein to Creatinine Rati With Foot Ulcer Without Foot Ulcer

rine Protein to Creatinine Ratio

(PCR) 193%37 0.23+0.95 166.8 1 <0.0001

1410243 0.16t0 0.3

Table 4 demonstrates average ABI values with nephropathy and DKD. Average ABI values were lower among the

groups with nephropathy and DKD (1.2 £ 0.28 vs. 1.29 £ 0.38 and 1.15 + 0.23 vs. 1.25 £ 0.33, respectively).
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Table 4. Significant associations between ABI and groups of variables (nephropathy and DKD) with mean+SD and p-values

Variables and indicators

Comparison of variables with or without nephropathy and DKD

Mean + 95 % ClI F-value T-value P-values
With Nephropathy Without Nephropathy
ABI (average) 1.2+0.28 1.29 +0.38 5 1.99 0.025
1.16t01.24 1.22t01.34
With DKD Without DKD
ABI (average) 1.15+0.23 1.25+0.33 2 17 0.022
1tol.2 1.2t01.3

Pearson's (%) and logistic regression with odds ratio is presented in table-5. DFU was significantly associated with
HTN (odds ratio 2.2; 95% CI 1.66 to 2.9; p < 0.0001). Similarly, DFU was significantly associated with the
development of nephropathy and DKD/CKD; odds ratio 4.77 (95% CI 3.53 to 6.5; p < 0.0001) and 6.83 (95% CI 4.6
to 10.2; p < 0.0001), respectively.

Table 5. Significant Pearson's (y2) results for the variables HTN, nephropathy, and CKD/DKD

Pearson's (¢?); Fisher’s exact test Linear-by-linear Logistic Regression and

Variables

p-value p-value Association p-value Odds Ratio (95% CI)
Diabetic foot ulcer and HTN < 0.0001 <0.0001 <0.0001 2.2(1.66t02.9)
Diabetic foot ulcer and nephropathy < 0.0001 <0.0001 <0.0001 4.77 (3.53t06.5)
Diabetic foot ulcer and DKD/CKD < 0.0001 <0.0001 <0.0001 6.83 (4.6 t0 10.2)

Table 6 demonstrates ROC results, AUC and p-values for DFU with HbAlc, creatinine and spot urine protein.
HbA1c of 7.8% was 60% sensitive and 52% specific for the development of DFU (AUC = 0.58; 95% CI 0.521 to
0.624; p < 0.0006). Creatinine of 1.2 mg/dl was 75% sensitive and 48% specific for DFU (AUC = 0.58; 95% CI 0.640
to 0.715; p < 0.0001). Spot urine protein excretion from nephrons of 35 mg/dl was 88% sensitive and 90% specific for
the development of DFU (AUC = 0.585; 95% CI 0.555 to 0.616; p < 0.0001). Sensitivity and specificity for the
development of foot ulcer with these variables are graphically represented by ROC in Figures 1 to 3, respectively.

Table 6. Results of ROC with AUC, 95% ClI, p-values and coordinate cut-off points

: Area under the Standard o R Coordinate cut-off points for the
Test variables curve (AUC) error 95% Cl P-Value development of diabetic foot ulcer
S 7.8 mmHg
Diabetic foot ulcer and HbAlc 0.58 0.26 0.521 to 0.624 < 0.0006 (60% sensitivity and 52% specificity)
L . 1.2 mg/di
Diabetic foot ulcer and creatinine 0.68 0.19 0.640t0 0.715 <0.0001 (75% sensitivity and 48% specificity)
L . . 35 mg/dl
Diabetic foot ulcer and spot urine protein 0.585 0.016 0.555 t0 0.616 <0.0001 (88% sensitivity and 90% specificity)
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Figure 1. ROC for diabetic foot ulcer and HbAlc
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4. Discussion

Figure 3. ROC for diabetic foot ulcer and spot urine protein
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Figure 2. ROC for diabetic foot ulcer and serum creatinine
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Diabetic renal failure and nephropathy has been demonstrated to be associated with diabetic septic foot ulceration
and amputation [19, 20]. Additionally, diabetic patient on dialysis are also at risk of development of foot ulceration
[21, 22]. Moreover, uraemia and renal failure have been associated and are the risk factors for non-healing neuro-
ischaemic foot ulcers and amputations. Uraemia has a direct negative effect on ulcer healing as compared to non-
uraemic patients [23]. Hence, in other words, DKD/CKD has strong association and is a risk for the development of
DFU, chronic non-healing ulcers and amputations, vice versa. It is well known that diabetes effects the kidney
gradually and chronically for several years and leads to decrease in the kidney function or glomerular filtration rate
(GFR); and if untreated at earlier stages, may lead to ESRD [24]. Hence, our study investigated association of DFU
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with renal failure or DKD/CKD. Out of 10,680 patients, 12% presented with DFU. 43% was hypertensive. 39%
demonstrated nephropathy, while 15% was diagnosed as DKD/CKD.

According to Table 3, it was observed that levels of HbAlc, serum creatinine, systolic and diastolic BP,
microalbumin in urine, spot urine protein and PCR were higher among the patients with DFU, with significant p-
values. This statistical analysis suggests that elevated HbAlc or poor glycemic control contribute to the development
of DFU and impairs wound healing. Furthermore, elevated BP significantly effects renal physiology with excretion of
increased levels of microalbumin and proteins into the urine and development of nephropathy. All these
pathophysiologic conditions and DFU are inter-related. Hence, patients with DFU has demonstrated elevated serum
creatinine and renal impairment (DKD/CKD). Additionally, as demonstrated by table-4, ABI values were lower
among the patients demonstrating nephropathy and DKD/CKD (serum creatinine > 1.5 mg/dl), with significant p-
values; this suggests that renal involvement in diabetic metabolic state is significantly associated with lower blood
supply to the feet, indicating strong relationship between atherosclerotic risk and impaired renal function in diabetic
state. This brings attention of clinical researchers to investigate this cause effect relationship at multi-center level.
Moreover, this data was further supported by conducting y? analysis in Table-5, which has demonstrated strong
association of DFU with HTN, nephropathy and DKD/CKD (p-values < 0.0001 for all tested variables).

We also conducted statistical analysis in detail to find out cut-off points for HbAlc, serum creatinine and spot
urine protein to detect the threshold levels of these variables which can significantly contribute to the development of
DFU and can give indication to the physician that active intervention in required to prevent further complications.
Hence, according to table-6, HbAlc values of 7.8% (g/dl) (with 60% sensitivity and 52% specificity), serum creatinine
of 1.2 mg/dl (with 75% sensitivity and 48% specificity), and spot urine protein of 35 mg/dl (with 88% sensitivity and
90% specificity) was associated with development of DFU. Although microalbumin was studied in previous studies
more extensively and was demonstrated to be a biomarker for CVD and incipient nephropathy. However, our current
study for the first time has demonstrated that spot urine protein excretion from the kidney is also as strong risk factor
and biomarker for the development of nephropathy and DFU. Glycemic control should be optimal and HbAlc should
be near the targets (7 to 7.5%) as current data has indicated that DFU was associated with elevated HbAlc (7.8%).
Better glycemic control improves wound healing and prevents diabetic complications.

Finally, it can be concluded that diabetic patients should be assessed and screened at early stages in tertiary care
diabetes centres for the detection of HTN, nephropathy, neuropathy or diabetic foot screening, dyslipidaemia, and
retinopathy as well to prevent complications and reduce health cost. Diabetes guidelines should be used to manage
diabetes and its complications, including diabetic foot ulcers [25-30].

We have investigated for the first time risk factors such as elevated HbAlc, elevated BP or HTN,
microalbuminuria, spot urine protein, for the development of DFU in the presence of nephropathy and DKD. We have
also investigated association of low ABI with nephropathy and DKD. Our data analysis was in consistent with past
studies. Further studies at multicentre level are required to confirm the results of the current study.

5. Conclusion

Our data has prompted and recommended diabetologists, endocrinologists, and physicians to use routine
assessment and screening for diabetes complication detection. These include HTN, dyslipidaemia, nephropathy, DKD,
routine assessment of the feet and peripheral circulation at regular intervals and to focus especially on increasing
serum creatinine, proteinuria and renal failure (DKD/CKD) among the patients with diabetic foot ulcer or DFI.
Patients with diabetes are at increased risk of foot ulcer development and progression. If the risk factors are already
present, such as hypertension, cardiovascular disease, peripheral vascular disease and nephropathy or renal failure,
then the risk is augmented with non-healing ulcer for a long time and poor prognosis with high morbidity and
mortality [31-37]. Hence, according to our study it is recommended that physician should take detailed history,
screening for risk factors, with complete laboratory analysis and management of risk factors simultaneously with best
available medications to prevent further diabetes complications. Close follow up is required for those diabetic patients
who have renal impairment with DSF as the research literature has shown poor prognosis for DSF with renal failure.
Moreover, multidisciplinary approach is required including diabetologist, endocrinologist, nephrologist, diabetes
educator, and chiropodist with foot and ankle surgeon to manage diabetes complications simultaneously.
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