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The most burdensome complication of diabetes is diabetic foot ulceration (DFU). Its prevention can be achieved by 
identification and modification of the risk factors. The study was conducted to determine the correlations between the risk 
factors and the degree of DFU based on Wagner’s classification. A cross-sectional study was performed among patients 
with DFU presented to diabetic foot clinics, Ha’il, KSA (October 2021, to March 2022). The data were handled using SPSS 
23.0. A-136 diabetics with DFU were studied (58.1% Females, and 41.9% males). Their mean age was 61.3±11.7 years. 
The utmost patterns were Wagner’s grade 2 (31.6%) and 3 (24.3%). The grade of the ulcer was significantly correlated with 
the type of DM (P=0.001), duration of DM (P=0.012), previous DFU/amputation (P=0.002), smoking (P=0.007), higher BMI 
(P=0.004), chronic peripheral arterial disease (PAD) (P = 0.025), indoor occupation (P=0.029), hyperlipidemia (P = 0.009), 
and impaired visual acuity (P=0.001). In contrast, it does not with age (P = 0.471), gender (P = 0.183), and chronic renal 
disease (P=0.173). In conclusion, considering Wagner’s classification there was a noteworthy correlation between the 
grade of the DFU with DM type I, duration of DM, higher BMI, previous DFU/amputation, smoking, chronic PAD, indoor 
occupation, presence of hyperlipidemia, and impaired visual acuity. 
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INTRODUCTION 
Increasingly, diabetes (DM) and its consequences are 

becoming a prominent cause of illness and death for 
millions of people worldwide (Tolossa et al. 2020). Diet 
changes coupled with lengthier life expectancies lead to a 
universal increase in the number of DM cases, and by 
2030 they'll be 366 million (Rehman et al. 2018). Diabetes 
might result in neuropathy, and peripheral vascular 
disease thus augmenting the chance of infection and 
reducing wound restoration (Regas et al. 2021). Nearly 
half of non-traumatic lower limb amputations can be 
attributed to DM. The disease leads to lower limb 
amputations every 30 seconds throughout the world 
(Yazdanpanah et al. 2018A). Diabetics are at risk for foot 
ulcers in almost one-third of their lifetime (Yazdanpanah et 
al. 2018A; Doğruel et al. 2022). In addition to considerable 
morbidity, DFU’s complications can place a significant 
burden on patients in terms of hospitalization, 
rehabilitation, and disability, thereby introducing notable 
costs to healthcare systems (Wensley et al. 2018; Mariam 
et al. 2017). Several risk factors have been identified to 

contribute to DFUs, including the lengthy duration of DM, 
the elevation of body mass index (Aamir et al. 2020; Banik 
et al. 2020), previous DFU or amputation (Banik et al. 
2020), and improper foot care (Aamir et al. 2020). There is 
evidence that being male, older age, and living in rural 
areas are associated with a greater risk of DFU (Adem et 
al. 2020). By discovering the risk factors early and 
educating patients about self-care remedies, the incidence 
of DFU is expected to be reduced (Adem et al. 2020; 
Syauta et al. 2021). Several classification systems have 
been created to grade the severity of DFU (Doğruel et al. 
2022; Jeon et al. 2017), of them, Wagner’s classification is 
simple and easily utilized, thus commonly used (Jeon et 
al. 2017; Gupta et al. 2016). 

DFU risk factors evaluation among the Ha'il population 
is not well-documented. Hence, the objective of the study 
was to determine the correlation between the risk factors 
and the degree of DFU based on Wagner's classification. 

  
MATERIALS AND METHODS 
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This non-convenience cross-sectional study was 
performed among patients with DFUs presented to 
diabetic foot clinics in the principal hospitals (King Salman 
and King Khalid hospitals) in Ha’il city, Saudi Arabia, 
during the period from October 2021 to March 2022.  

University of Hail Research Ethics Committee (No. H-
2021-205) reviewed and approved the study protocol. In 
addition, the study was pre-approved by the hospital’s 
administration. 

The patient's signed informed consent was also 
obtained before participation. The study aimed to identify 
the correlations between the risk factors and the severity 
of DFUs according to Wagner's classification. These 
factors were the age, occupation, duration of DM, type of 
DM, Body Mass Index (BMI), hyperlipidemia, chronic 
arterial diseases, chronic renal disease, impaired visual 
acuity, smoking, and previous history of DFU.  

Statistical analysis 
The collected data were handled using SPSS 23.0 

software. Then after were explored as mean and 
percentage in a descriptive table and compared by 
Pearson X2 test. To identify the correlation between the 
risk factors and the graded severity of the DFUs 
Spearman’s correlation test was accomplished and was 
set to be of statistical significance if p was less than 0.05. 
 
RESULTS  

A-136 diabetic patients with DFUs were studied (79 
Females (58.1%) and 41 males (41.9%) (Figure 1).  

 
Figure 1: A; grade 1 recurrent ulcer, B; grade 1 heel 
ulcer, C; grade 3 ulcer  

The vast majority were over 50 years of their age 
(47.3%), with a mean age of 57.3±11.7 years. Normal 
weight was detected in 36 (26.5%), whereas the vast 
majority were overweight and obese in 59 (43.4%) and 41 
(30.1%) respectively. The difference between the groups 
was not significant (P = 0.251). DFUs significantly 
developed in those with indoor occupations such as 
housewives and retired individuals as seen in 47.8% and 
19.1% respectively (P = 0.011). It was significantly more 
prevalent in type II diabetic patients (77.9%). Table 1 
summarizes their demographical characteristics.  

Table 1: Characteristics of the patients with diabetic 
foot ulcer 

Bio-demographic data Recent DFU 
p-value 

 
No % 

Age in years Mean; 57.3±11.7 years 

0.133 

< 30 6 4.4% 

30-40 10 7.4% 

41-50 30 22.1% 

> 50 90 66.2% 

Gender 57.3±11.7 
  

0.035* 
Male (mean age 

,56.5±12.1) 
57 41.9% 

Female (mean age, 
58.1±11.3) 

79 58.1% 

Marital status 
  

0.181 
Single 12 8.8% 

Married 106 77.9% 

Widow 18 13.2% 

Occupation 
  

0.011* 

Student 4 2.9% 

Employee        Outdoor 20 14.7% 

Housewife 65 47.8% 

Retired             Indoor 26 19.1% 

Other 21 15.4% 

Body mass index 
  

0.251 
Normal weight 36 26.5% 

Overweight 59 43.4% 

Obese 41 30.1% 

Type of DM 

0.008* Type I 30 22.1% 

Type II 106 77.9% 

Duration of diabetes in years 

 Range 2 – 37 (Mean; 14.1±2.6) 

< 5 27 19.9%  

6-10 17 12.5% 0.022* 

> 10 92 67.6%  

History of DFU/amputation  

Yes 55 40.4% 
0.001*$ 

No 81 59.6% 

P: Pearson X2 test, $: Exact probability test, * P < 0.05 
(significant) 

The grade of DFUs based on Wagner’s classification 
is illustrated in figure 2. The utmost prevalent pattern was 
grade 2 in 43 (31.6%) patients, and grade 3 in 33 (24.3%) 
patients. 

 
Figure 2: Prevalent pattern of DFU based on Wagner’s 

classification 
There was no correlation between the grade of the 

ulcer and age (P = 0.471). In general, the participants of 
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the study had DM for approximately 14.1±2.6 years 
(range: 2 to 37 years). Regarding the effect of gender, 
there was no correlation between gender and the grade of 
DFU (P = 0.183). Although the incidence of DFU was 
higher in patients with DM type II, its severity was more 
correlated with DM type I (p = 0.001) with a - 0.738 
correlation coefficient, which indicates their correlation 
was very strong, therefore when diabetics had DM type I, 
the higher their Wagner’s grade (Table 1 and 2). The 
grade of ulcers was significantly correlated with the 
duration of DM (p = 0.012) with a 0.316 correlation 
coefficient, which implies the correlation was weak 
between them, and therefore the longer the duration of 
DM, the higher the Wagner’s grade (and vice versa) 
(Table 1 and 2). 

A history of previous DFU/amputation was established 
in 40.4% (55 patients). The grade of ulcers was 
significantly correlated with the history of previous 
DFU/amputation (P = 0.002) with a - 0.410 correlation 
coefficient, which signifies their correlation was very 
strong, and therefore when diabetics had a history of 
previous DFU/amputation, the higher their Wagner’s grade 
(Table 1 and 2). 

There were 21.3% of smokers (29 people) and 78.7% 
of nonsmokers (107 people) among diabetics with DFU. 
The grade of ulcers was significantly correlated with the 
status of smoking (P = 0.007) with a - 0.327 correlation 
coefficient, that elucidates their correlation was very 
strong, and therefore when diabetics with foot ulcers 
smoked, the higher their Wagner’s grade (Figure 3 and 
Table 2). Body mass index (BMI) and the grade of ulcer 
exhibited a meaningful correlation (P = 0.004), with a - 
0.019 correlation coefficient, that explains their correlation 
was very strong, and therefore when DFU patients with 
higher BMI, their ulcer will possess a higher Wagner’s 
grade (Table 1 and 2). A history of chronic renal disease 
(CRD) was established in 10.3% (14 patients), and the 
reminder 89.7% (122 patients) had no CRD. Currently, no 
significant correlation had been observed concerning the 
ulcer grade and CRD (P = 0.173) (Figure 3 and Table 2). 
A history of chronic PAD was identified in 19.8% (27 
patients), while 80.1% (109 patients) had no. The grade of 
ulcers was significantly correlated with the history of 
chronic PAD (P = 0.025) with a 0.376 correlation 
coefficient, which denotes the correlation was weak 
between them, and consequently the presence of chronic 
PAD, the higher the grade of an ulcer (Figure 3 and Table 
2). 

There were 66.9% (91 patients) working indoors and 
33.1% (45 patients) working in outdoor occupations. The 
grade of ulcers was remarkably correlated with the 
occupation (indoor) such as a housewife and those had 
been retirees (P = 0.029) with a 0.275 correlation 
coefficient, which denotes the correlation was weak 
between them, and consequently, those who work indoors 

had the highest ulcer's grade (Table 1 and 2). 
Hyperlipidemia was evident in 50.7% (69 patients) 

with varying values. The grade of ulcers was significantly 
correlated with the value of hyperlipidemia (P = 0.009) 
with a - 0.342 correlation coefficient, that elucidates their 
correlation was very strong, and therefore the higher the 
hyperlipidemia value was, the higher their ulcer's grade 
(Figure 3 and Table 2). 

In this study, the majority of patients 98(72.1%) had 
impaired visual acuity. The grade of ulcers was strikingly 
correlated with the presence of impaired visual acuity in 
the patients (P = 0.001) with a - 0.823 correlation 
coefficient, that interprets their correlation was very strong, 
and thence, when a diabetic had an impaired visual acuity, 
the higher their ulcer's grade (Figure 3 and Table 2). 

 
Figure 3: Risk factors of DFUs 

Table 2: Correlation of risk factors to Wagner’s 
classification 

Wagner’s classification 

 
Correlation  
Coefficient 

p-value* 

Age 0.179 0.471 

Gender 0.503 0.183 

Occupation 0.275 0.029* 

Types of DM - 0.738 0.001* 

Duration of DM 0.316 0.012* 

History of DFU/amputation - 0.410 0.002* 

BMI - 0.019 0.004* 

Smoking - 0.327 0.007* 

Hyperlipidemia - 0.342 0.009* 

Impaired visual acuity - 0.823 0.001* 

Chronic PAD 0.376 0.025* 

Chronic renal disease 0.339 0.173 

* P-values less than 0.05 are considered significant in 
Pearson's chi-square tests. 
 
DISCUSSION 

Having DM does not necessarily lead to foot 
problems. In fact, in the majority, it can be avoided 
(Lázaro-Martínez et al. 2014), by early identification of the 
risk factors, thus enabling the implementation of 
prevention strategies (Hameed and Baras, 2020). The 
study was designed to investigate the correlations 
between numerous risk factors and the severity of the 
ulcer. 

In the current study female gender had a significantly 
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higher risk of developing DFU, this is in keeping with the 
findings of the study in Tunisia (Zantour et al. 2020). In 
contrast, some studies found that males are more 
susceptible to DFU (Gupta et al. 2016; Khan et al. 2018; 
Assaad-Khalil et al. 2015), whereas others did not find a 
relationship between gender and the development of DFU 
(Vibha et al. 2018). Despite female predominance in the 
occurrence of DFU in this study, gender does not correlate 
with the severity of the ulcer.  The mean age was 
57.3±11.7 years, this is in agreement with others who 
reported that the majority of diabetics with DFU were older 
than 50 years (Fawzy et al. 2019). Despite that, it was not 
significantly related to the development of DFU, nor 
correlated with the severity of the ulcer. Similar results 
were obtained in previous studies (Adem et al. 2020; 
Syauta et al. 2021), whereas it was contradicting the 
findings in other studies when the increasing age was 
significantly related to DFU (Fawzy et al. 2019; 
Sarinnapakorn et al. 2016). Age-related deterioration in 
vascular performance correlates with wound healing 
impairment in diabetics, resulting in a worsening ulcer 
(Syauta et al. 2021). Indoor diabetics, such as retirees and 
housewives, had a higher risk of DFUs than outdoor 
diabetics, such as employees. This is in accordance with 
the study conducted in Ethiopia where employed diabetics 
had a higher risk of DFUs (Woldemariam et al. 2020). 

It is still not clear how obesity relates to DFUs. Among 
diabetics, there are two extremes of the relation between 
DFU risk and BMI, as diabetics with BMI less than 25 
kg/m2 and those with a BMI greater than 45 kg/m2 both 
are having a higher risk of getting DFUs. Obesity may 
probably contribute to the development of DFU because of 
decreased lower limb blood flow and greater foot pressure 
in diabetics as compared to those with normal weight 
(Tola et al. 2021). In the current study development of 
DFU is significantly related to the increase in weight, and 
ulcer severity is also correlated with the increase in BMI. 
This is in concordance with different studies in different 
parts of the globe (Mariam et al. 2017; Tola et al. 2021; 
Yazdanpanah et al. 2018B). In contrast, few studies have 
found BMI did not influence DFU (Atosona and Larbie, 
2019; Younis et al. 2018). 

In general, Type I DM affects people at a younger age 
and is more laborious to control or manage than Type II. 
As a result, the probability of DFU is greater (Obaid and 
Eljedi, 2015). In the current study, those with type I DM 
and those receiving insulin therapy had a higher tendency 
to develop DFU, which is inconsistent with others 
(Yazdanpanah et al. 2018A; Woldemariam et al. 2020; 
Tola et al. 2021; Obaid and Eljedi, 2015). Conversely, 
other studies had shown that type II DM patient was at 
greater risk of developing DFUs than persons with type I 
(Al-Rubeaan et al. 2015; Mariam et al. 2017; Saad et al. 
2013). In addition, this study found a correlation between 
DM type I and the grade of ulcer, as consequence 

diabetics with type I DM tended to get a higher grade of 
ulcer. 

In the current study, there is a tight correlation 
between the duration of DM and the degree of DFU, as 
subjects with the disease for more than 10 years are more 
susceptible to having advanced DFU. This finding is in 
agreement with the earlier report from Saudi Arabia (Al-
Rubeaan et al. 2015).  

Despite advances in treatment, the recurrence of 
DFUs remains a serious problem. While several methods 
of preventing foot ulcers exist, the recurrence rate is quite 
high (Lázaro-Martínez et al. 2014). Diabetics with prior 
ulceration are more prone to re-develop DFUs than those 
without. Several factors contribute to this, including 
biomechanical elements, microvascular and 
macrovascular impairments, and peripheral neuropathy 
(Abdissa et al. 2020). In the current study, ulcer severity 
was correlated with a previous history of DFU, and this 
finding is consistent with a few previous studies that found 
that diabetics with a prior DFU were more likely to have 
lower limb amputations (Jeon et al. 2017; Pecoraro et al. 
1990). A significant correlation was evident between 
smoking and the severity of the DFU, this is in keeping 
with others that found those who smoke suffer from 
gangrene more often, which can lead to amputation (Al-
Rubeaan et al. 2015). Diabetics with hyperlipidemia 
experience peripheral arterial occlusive disease, resulting 
in lower limb ischemia and a higher risk of DFU (Bikramjit 
et al. 2015). In the current study, hyperlipidemia was 
remarkably correlated with the severity of DFU. Likewise, 
hyperlipidemia has been associated with diabetic foot in 
several studies (Zhang et al. 2017; Kengne et al. 2009). 
The risk of DFUs increases in those with impaired visual 
acuity because they lack the ability to perform foot care 
activities and keep their feet clean (Iraj et al. 2013). In the 
current study, the grade of DFU in those with retinopathy 
was greater than in those without. A similar result was 
obtained in other studies (Adem et al. 2020; Zhang et al. 
2017; Kengne et al. 2009; Silva et al. 2017). An individual 
with nephropathy is likely to suffer from vascular 
inefficiency, which might lead to physio-pathological 
sequences that can lead up to DFUs (de Vinuesa et al. 
2005).  

This study showed that diabetic nephropathy was 
significantly correlated with the degree of DFU. This is 
inconsistent with others (Adem et al. 2020; Zhang et al. 
2017; Kengne et al. 2009). 

Study limitations 
This study has the potential limitation of being cross-

sectional, where the relationship between exposure and 
outcome cannot be determined since both were surveyed 
simultaneously. Despite that, we consider this study is 
innovative and its results reflect the importance of the 
detection of the risk factors earlier in the course of DM to 
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prevent the development of DFUs to a higher degree, 
which in turn will reduce the management cost and 
prevent the progression to the need for amputation. 

CONCLUSION 
The majority of DFU cases occur in older diabetics. 

The most frequently encountered Wagner’s grade in our 
study was grade 2, followed by grade 3. A notable 
correlation existed between the severity of DFU and DM 
type I, duration of DM, higher BMI, previous 
DFU/amputation, smoking, chronic PAD, indoor 
occupation, presence of hyperlipidemia, and impaired 
visual acuity. Moreover, this study has shown that DFUs 
are a serious problem among diabetics, and therefore, 
early detection and modification of these risk factors as 
well as foot self-care education will be the most effective 
means to cope with this issue. 
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