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Background: Diabetes is on the rise worldwide and is already considered as an
epidemic by some experts. So, there is a need to raise awareness on the important
factors that can help prevent bacterial infection in wounds of patients with diabetes.
Objective: To study the risk factors of developing diabetic foot ulcer (DFU) in patients
with diabetes. The study is the first in Yemen to investigate the prevalence of bacterial
infection in wounds of diabetic patients.

Materials and Methods: This is a case-control study carried out from November 2018
to May 2019. Twenty diabetic patients with foot ulcer and twenty without foot ulcer
were examined. Risk factors and clinical profile of patients were studied by using a
standardized questionnaire that included gender, age groups, past history of diabetes,
duration of the disease, type of diabetes, DFU, type of ulcer, smoking, glucose level,
and control of blood glucose level.

Results: The risk factors that affected significantly the occurrence of DFU were gender
(0.038), age groups (0.010), and duration of diabetes mellitus (DM) while hyperglycemic
control, smoking, and family history were not. There was no significant difference
(0.977) in mean fasting blood glucose (MBG) between the DM and DFU patients.
Conclusions: Male diabetic patients aged more than 55 years and suffering from DM
for more than 10 years were most likely to have DFU.

diabetic foot ulcer, diabetes mellitus, risk factors, Yemen

Foot ulcers remain one of the most significant and devastating complications of diabetes
and an extremely distressing problem among diabetic patients [1]. Every year, more than 1
million people lose a leg as a consequence of this disease worldwide [2]. Patients with
diabetes may present to the hospital with different levels of foot lesions [3]. Several
studies have specifically assessed factors associated with the occurrence of a DFU.
Characteristics that have been shown to confer a risk of foot ulceration in persons with

diabetes include gender, longer duration of diabetes, previous ulceration or amputation,
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fasting blood glucose (FBG), high HbA1C levels, smoking and inappropriate foot selfcare
habits [4]. In DFU patients, long-term glycemic control is desirable. The standard of care
in diabetes management is self-monitoring of blood glucose at any time.. Blood glucose
monitoring frequency should be individualized and adapted to address the goals of
diabetes care [5]. Also, a longer duration of diabetes and smoking increases the risk of

foot ulcer [6].

Twenty diabetic patients with foot ulcer (DFU) and twenty without DFU were obtained
and diagnosed by the doctors in Mukalla city’s hospitals during the period from Novem-
ber 2018 to May 2019. Data related to risk factors of DFU was collected using a
standardized questionnaire consisting of systematic questions about study variables,
which was used to interview the participants. The variables included in the questionnaire
were gender, age groups, past history of diabetic, duration of diabetic disease, type
of diabetes, DFU, type of ulcer, smoking, glucose level, and control of blood glucose
level. The blood samples were taken from the volunteers after 8—10 hr of fasting. The
blood glucose test was done according to the instructions of kit manufactured by SPEC-
TRUM company using Stat Fax Spectrophotometer instrument. And CBC test was done
according to the instructions of full automated hematology analyzer instrument. Data
analysis was conducted using the software of Statistical Package for Social Sciences
(SPSS) version 25. The graphs were presented using the software program (Excel for
Windows Microsoft) version 10. Descriptive statistics (frequencies, percentages, mean,
and standard deviation) for the study variables were obtained and compared using
t-test. The association between different categories of the explanatory variables was
measured and compared using Pearson Chi-square (X2) test. The level of significance

was set at P-value < 0.05.

Ethical approval for this study was obtained from the Hadhramout University before
commencing the study. The information were taken from the participants after they
agreed gave verbal consent according to the informed consent with confidentiality of

each participant as well as the results.
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This work was supported by different hospitals in Mukalla city — Hadhramout includes
Ibn-Sina Teaching Hospital, Hadhramout Modern Hospital, University Hospital for
GYNOBST and Pediatrics, Al-Riyan Specialized Hospital, Al-Borj Consultant Hospital
and Al-Madina Polyclinic, as well as the Medical Microbiology Department at the

National Center For Public Health Laboratories, Hadhramout branch, Yemen.

Of the 20 diabetes mellitus (DM) patients, 11 (55%) were male and 9 (45%) were female,
and their age group distribution were as follows: two (10%) were < 18 years, six (30%)
were 18-25 years, three (15%) were 26-35 years, one (5%) was 36-55 years, eight
(40%) were more than 55 years; 45% of them were suffering from DM for < 5 years,
35% for 5-10 years, and 20% for > 10 years.

On the other hand, in the DFU patients group, 17 (85%) were male and 3 (15%) were
female. Their age group distribution was as follows: zero (0%) were < 18 years, zero
(0%) were 18-25 years, one (5%) was 26-35 years, five (25%) were 36-55 years, and
fourteen (70%) were > 55 years.

Table 1 shows the relationship of diabetes and DFU with demographic characteristics
(gender and age groups). Males were infected more than females. The age groups 18—
25 and > 55 years were infected more with diabetes and age groups 36-55 and > 55
years were infected more with DFU. A statistically significant association (P < 0.05) was

observed in the study.

According to the studied data of clinical characteristics, the duration of DM was highly
significant in relation to the occurrence of DFU (P-value 0.001). Other factors such as
hyperglycemic control, smoking, and family history showed insignificant relation to DFU.
Table 2 shows the relationship of diabetes and DFU with clinical characteristics.

As shown in Table 3, the mean of FBG levels in DFU patients was higher than the DM
patients, but there was no significant difference between the means of DM and DFU

patients.

The complication of foot ulcer in DM patients is one of the significant medical problems

and an economic burden, therefore identifying the risk factors might help to develop

DOI 10.18502/sjms.v15i2.6750 Page 155



Sudan Journal of Medical Sciences Eidha A. Bin Hameed and Maryam Hamed Baras

TABLE 1. Frequencies and percentages of diabetic and DFU patients in relation to demographic
characteristics

Demographic characteristics = Diabetes Diabetic foot = Total (%) x? test value P-value

mellitus ulcer
No. (%) No. (%)
Gender Male 11 (27.5%) 17 (42.5%) 28 (70%)
Female 9 (22.5%) 3 (7.5%) 12 (30%) 4.286 0.038*
Total 20 (50%) 20 (50%) 40 (100%)
Age groups <18 2 (5%) 0 (0%) 2 (5%)
(years)
18-25 6 (15%) 0 (0%) 6 (15%)
26-35 3 (7.5%) 1(2.5%) 4 (10%) 26 G
36-55 1(2.5%) 5 (12.5%) 6 (15%)
> 55 8 (20%) 14 (35%) 22 (55%)
Total 20 (50%) 20 (50%) 40 (100%)

*Statistical significance at P-value < 0.05

TABLE 2: Frequencies and percentages of diabetic and DFUs patients in relation to clinical characteristics

Clinical characteristics Diabetes Diabetic Total (%) 1 test P-value
mellitus foot ulcer value
No. (%) No. (%)
Hyper- Yes 9(22.5%) 9 (22.5%) 18 (45%)
glycemic
control
No 1(27.5%) 1M (@275%) 22 (55%) 0.000 1
Total 20 (50%) 20 (50%) 40 (100%)
Duration of < 5 years 9 (22.5%) 1(2.5%) 10 (25%)
diabetes
mellitus
5-10 years 7 (17.5%) 3 (7.5%) 10 (25%)
> 10 years 4 (10%) 16 (40%) 20 (50%) 15.2 0.001
Total 20 (50%) 20 (50%) 40 (100%)
Smoking Yes 6 (15%) 7 (1I75%) 13 (32.5%)
No 14 (35%) 13 (32.5%) 27 (67.5%) 0.114 0.736
Total 20 (50%) 20 (50%) 40 (100%)
Family Yes 10 (25%) 12 (30%) 22 (55%)
history
No 10 (25%) 8 (20%) 18 (45%) 0.404 0.525
Total 20 (50%) 20 (50%) 40 (100%)

*Statistical significance at P-value < 0.05

better prevention strategies in diabetic patients. This study focused on the risk factors

that lead to the incidence of DFU in diabetic patients.

In this study, males had a higher incidence of DFU than females with 70%. Similar

results were observed in many studies globally, in Australia 66.2% [7], China 63.8%
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TABLE 3: The difference between fasting blood glucose level in diabetic and diabetic foot ulcers patients

Category Fasting blood glucose levels (mg/dl) t-test P-value
Mean Standard
deviation
Diabetes mellitus 197.7 89.1 ~0.029 0.977
Diabetic foot 198.5 831
ulcer

[8], India 71.7% [9], Pakistan 59% [10], Iran 70% [11], Egypt 65% [12], Iraq 72% [13], and
United Arab Emirates 76.3% [14], whereas the findings were completely different with
Nigerian study that reported females were more affected with DFU 62.0% [15]. And
there was un significant associated with gender as the findings reported with [16, 17].
Our results showed a significant effect of gender among DFU patients, which is similar
to a Jordanian study [18]. Males are more affected by DFU, possibly due to the burden
of life and their exercise habits since male population is more exposed to harder work

with higher risk of trauma in work zone [9].

In our study, the age group > 55 years was the most frequent with DFU, followed by
the age group of 36-55 years and 26-35 years. This is similar to some other studies
carried out in different countries, where the elderly population (> 50 years) was more
likely to get diabetic foot complications in India [19] and Egypt [20]. Another study
revealed that the most common age groups of diabetic patients with foot involvement
were at the fourth and fifth decades [21]. Other studies showed that the foot diseases
were more common in diabetic individuals aged > 60 years in the United States of
America [22] and India [23, 24]; this might be because older age poses the risk of
diminished ability for self-care due of poor vision and impaired mobility. The absence of
these factors in younger patients may make them less susceptible to foot trauma [25].
Also, we found that diabetic patients aged < 25 years do not grow DFU. Shanmugam
et al. indicated that the age range of DFU is 35—80 years [24], so this is a little different
from our study results.

In this study, a direct and statistically significant (P = 0.001) relationship was found
between the duration of DM and the presence of DFU in diabetic patients, similar to the
study reported in [18]. Also, the study found that the patients with DM for > 10 years were
most likely to have DFU with a rate of 50%, followed by those with DM for 5-10 years
and < 5 years with a rate of 25% of each; these results were in agreement with an Iraqi
study results [17]. Other studies revealed that the duration of diabetes was > 10 years
in 58%, 94%, and 61.41% in India [21], Egypt [16], and Pakistan [25], respectively. This is
most likely because of other risk factors such as peripheral neuropathy and peripheral

vascular disease developing with time [16]. In contrast, different findings were seen
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in some studies. A study showed that patients with a duration of DM between 5 and
10 years of were more likely to have DFU [9]. However, Bhaktavatsalam and Chavan
showed that the patient with DM for < 5 years were most likely to be affected with
DFU [26]. This variance in the results might be because the complications are not only
dependent on duration but also on the level of chronic glycemia [5].

Most DFU patients in this study had poor glycemic control (55%) with no statistically
significant relationship between the incidence of DFU and hyperglycemic control as
previously reported by other studies carried out in India (70%) [21], Pakistan (69%) [27],
and Saudi Arabia (66%) [28].

In our study, 60% of the diabetic patients had a family history of diabetes. But historical
family wasn’t considered as a risk factor in (P-value > 0.05). Similar findings were
reported by other studies where family history of diabetes was not associated with
DFU [3-26].

In this study, 32.5% of diabetic patients had a history of smoking with no significant
association with development of diabetic foot complications; this is similar to the study
that reported smoker’s rate in DM patients as 30% [29]. However, higher rates, that is,
44% [6], 61.3% [9], and 70% [30], were also seen in other studies, as well as lower rates
were reported in studies carried out in Western Sydney, Australia 14.5% [7], Pakistan 9%
[27], India 14.8% [23], and Iran 8.1% [31]. Besides, several other studies [16, 26, 28, 30]
reported statistically significant association between smoking and DFU.

Our findings showed that the mean FBG levels were higher in patients with DFU
(198.4mg/dl) than patients without foot ulcers (197.7mg/dl) with no significant association
with the incidence of DFU. These findings correlated with some studies carried out
in Iraq, in [32], the mean FBG was 222.35 mg/dl and 258.5 mg/dl for DM and DFU
patients, respectively, [33] reported 190.1 mg/dl and 223.2 mg/dl for DM and DFU
patients, respectively, , and [34] shows 215mg/dl and 128mg/dl for DFU and DM patients,
respectively, with highly significant association. Similar results were reported in Iran
[31], Egypt [12], and United Arab Emirates [14], and other study that adopted HbAIc to
evaluate the blood sugar levels [30]. These differences in the results may be due to
the techniques used to measure the blood glucose levels. Alc is probably a better
measure of the relationship between blood glucose levels and developing diabetic foot

complications than an FBG measurement.
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Gender, age groups, and duration of DM were the risk factors that contributed most
to the development of DFU. Hence, diabetic patients should be wary of their lifestyle
and follow-up regularly on their health to avoid development in their case with age
advancement. Also, glucose control should be advised by doctors to their diabetic

patients.

The authors are thankful to the Department of Biology, Faculty of Science, Hadhramout

University, Yemen, for its efforts in developing scientific research.

The study did not receive any fundings.

The authors declare that they there is no conflict of interest.

[1 Rosyid, F. N. (2017). Etiology, pathophysiology, diagnosis and management of
diabetic’s foot ulcer. International Journal of Research in Medical Sciences, vol.
5, no. 10, pp. 4206-4213.

[2] Saleem, S., Hayat, N., Ahmed, T., et al. (2017).Risk factors associated with poor
outcome in diabetic foot ulcer patients. Turkish Journal of Medical Sciences, vol.
47, pp. 826-831.

[3] Balla, S., Ahmed, H., and Alhassan, S. (2013). Factors associated with diabetic septic
foot among patients attending the Diabetic Septic Foot Unit in the Military Hospital,
Khartoum State, Sudan. Saudi Journal of Medicine & Medical Sciences, vol. 1, no. 2,
pp. 98-102.

[4] Wangnoo, S. (2016).Diabetic foot: clinical presentation and management in 2015.

Journal of Indian College of Cardiology, vol. 6s, pp. 58-60.

DOI 10.18502/sjms.v15i2.6750 Page 159



Sudan Journal of Medical Sciences Eidha A. Bin Hameed and Maryam Hamed Baras

[5] Khan, Y., Khan, M., and Farooqui M. (2018). Diabetic foot ulcers: a review of current
management. International Journal of Research in Medical Sciences, vol. 5, no. 11,
pp. 4683—-4689.

[6] Patil, A., More, D., Patil, A., et al. (2018). Clinical, etiological, anatomical, and
bacteriological study of “Diabetic Foot” patients: results of a single center study.

Cureus Journal, vol. 10, no. 4, pp. 1-9.

[7] Zaine, N. H., Burns, J., Vicaretti, M., et al. (2014). Characteristics of diabetic foot ulcers
in Western Sydney, Australia. Journal of Foot and Ankle Research, vol. 7, no. 39, pp.
1-7.

[8] Wu, M., Pan, H., Leng, W,, et al. (2018).Distribution of microbes and drug susceptibility
in patients with diabetic foot infections in southwest China. Journal of Diabetes

Research, pp. 1-9.

[9] Malepati, S., Vakamudi, P, Kandati, J., et al. (2018). Bacteriological study of diabetic
foot ulcer according to Wagner’s classification: a one-year study. International

Surgery Journal, vol. 5, no. 1, pp. 98-104.

[10] Aamir, A., Nasir, A., Jadoon, M., et al. (2011). Diabetic foot infections and
their management in a tertiary care hospital. Journal of Ayub Medical College
Abbottabad, vol. 23, no. 1, pp. 58-62.

[11] Yazdanpanah, L., Shahbazian, H., Nazari, |., et al. (2018).Incidence and risk factors of
diabetic foot ulcer: a population-based diabetic foot cohort (ADFC Study)—two-year

follow-up study. International Journal of Endocrinology, pp. 1-8.

[12] Ahmed, M., Said, M., Naira, E., et al. (2013).Infection in diabetic foot. Menoufia Medical
Journal, vol. 26, pp. 49-53.

[13] Al-Salihi, S. S. and Jumaah, I. A. (2013). Bacterial infection of Diabetic foot ulcer.

Diyala Journal for Pure Sciences, vol. 9, no. 4, pp. 15-20.

[14] Manda, V., Sreedharan, J., Muttappallymyalil, J., et al. (2012). Foot ulcers and risk
factors among diabetic patients visiting Surgery Department in a University Teaching
Hospital in Ajman. International Journal of Medicine and Public Health, vol. 2, no.
3, pp. 34-38.

[15] Ogba, O., Nsan, E., and Eyam, E. (2019). Aerobic bacteria associated with diabetic
foot ulcers and their susceptibility pattern. Biomedical Dermatology, vol. 3, no. 1, pp.
1-6.

[16] Al Kafrawy, N. A., Mustafa, E. A., Dawood, A. E., et al. (2014).Study of risk factors of
diabetic foot ulcers. Menoufia Medical Journal, vol. 27, pp. 28-34.

DOI 10.18502/sjms.v15i2.6750 Page 160



Sudan Journal of Medical Sciences Eidha A. Bin Hameed and Maryam Hamed Baras

[17] Mohammed, S. I., Mikhael, E. M., Ahmed, F. T., et al. (2016).Risk factors for occurrence
and recurrence of diabetic foot ulcers among Iraqi diabetic patients. Diabetic Foot
& Ankle, vol. 7, pp. 1-6.

[18] Bakri, F. G., Allan, A. H., Khader, Y. S., et al. (2012). Prevalence of diabetic foot ulcer
and its associated risk factors among diabetic patients in Jordan. Jordan Medical
Journal, vol. 46, no. 2, pp. 118-125.

[19] Shashanka, R. and Rajanna, B. (2016). Bacteriological profile of diabetic foot ulcers:
a clinical study. /JSS Journal of Surgery, vol. 2, no. 3, pp. 38-41.

[20] Hefni, A., Al-Metwally, R., Attia, K. M., et al. (2013).Bacteriological study of diabetic
foot infection in Egypt. Journal of the Arab Society for Medical Research, vol. 8, pp.
26-32.

[21] Mehraj, M. (2017). A review of Wagner classification and current concepts in
management of diabetic foot. International Journal of Orthopaedics Sciences, vol.
4, no. 1, pp. 933-935.

[22] Lipsky, B. A., Berendt, A. R., Cornia, P. B,, et al. (2012). Infectious diseases society of
America clinical practice guideline for the diagnosis and treatment of diabetic foot
infections. Clinical Infectious Disease, vol. 54, no. 12, pp. 132-173.

[23] Shahi, S., Kumar, A., Kumar, S., et al. (2012). Prevalence of diabetic foot ulcer and
associated risk factors in diabetic patients from North India. The Journal of Diabetic
Foot Complications, vol. 4, no. 3, pp. 83-91.

[24] Shanmugam, P, Jeya, M., and Susan, L. (2013). The bacteriology of diabetic foot
ulcers, with a special reference to multidrug resistant strains. Journal of Clinical and
Diagnostic Research, vol. 7, no. 3, pp. 441-445.

[25] Ahmad, A., Asif, K., Saleem, M., et al. (2017). A Study of risk factors of diabetic foot
ulcers. Pakistan Journal of Medical and Health Sciences, vol. 11, no. 1, pp. 174-176.

[26] Bhaktavatsalam, M. and Chavan, M. (2018). Prevalence and risk factors of diabetic
foot ulcer at a tertiary care hospital among diabetic patients. International Journal
of Advances in Medicines, vol. 5, no. 5, pp. 1274-1279.

[27] Khan, H., Khan, Z., Khan, I., et al. (2018). Factors contributing to the development of
diabetic foot ulcers and role of health literacy. Rawal Medical Journal, vol. 36, no. 1,
pp. 34-37.

[28] Ahmed, A., Algamdi, S., Algurashi, A., et al. (2014). Risk factors for diabetic foot
ulceration among patients attending primary health care services. The Journal of
Diabetic Foot Complications, vol. 6, no. 2, pp. 40-47.

[29] Anand, A., Biswal, I., Soni, R., et al. (2016). A clinico-microbiological study of diabetic

foot ulcer patients to identify risk factors and their correlation with prognosis in

DOI 10.18502/sjms.v15i2.6750 Page 161



Sudan Journal of Medical Sciences Eidha A. Bin Hameed and Maryam Hamed Baras

tertiary care hospital in India. International Surgery Journal, vol. 3, no. 2, pp. 669—
673.

[30] Nongmaithem, M., Bawa, A., Pithwa, A., et al. (2016). A study of risk factors and foot
care behavior among diabetics. Journal of Family Medicine and Primary Care, no.
5, no. 2, pp. 399-403.

[31] Madmoli, M., Karami, M., and Madmoli, Y. (2019). Some effective risk factors on
diabetic foot ulcer: study on 2643 cases of patients with diabetes. Journal of
Research in Medical and Dental Science, vol. 7, no. 3, pp. 139-143.

[32] AL-Shammaree, S. A., Abu-ALkaseem, B. A, and Salman, I. N. (2017). Procalcitonin
levels and other biochemical parameters in patients with or without diabetic foot
complications. Journal of Research in Medical Sciences, pp. 1-5.

[33] Alizadeh, S., Beige, Z. B., Poor, S. A., et al. (2019). Study of serum thrombospondin-1
level in diabetic patients with diabetic foot ulcer. Journal of Molecular Pathology
and Biochemistry, vol. 1, no. 102, pp. 1-5.

[34] Jafari, N. J., Firouzabadi, M. S., Izadi, M., et al. (2014). Can procalcitonin be an accurate
diagnostic marker for the classification of diabetic foot ulcers? International Journal

of Endocrinology and Metabolism, vol. 12, no. 1, pp. 1-6.

DOI 10.18502/sjms.v15i2.6750 Page 162



	Introduction 
	Materials and Methods
	Ethical Considerations
	Availability of Data and Material
	Results
	Discussion
	Conclusion 
	Acknowledgements
	Funding
	Conflict of Interest
	References

