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Risk factors associated with diabetic foot disease in diabetes patients:
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Abstract

Objective The aim of this study is to identify the correlation between multiple risk factors in the development of diabetic foot disease (DFD)
in Oman. It also aims to identify the effect of having multiple significant risk factors on the disease progression, and to explore which risk
factor shows the highest correlation with disease development.

Methods A retrospective case—control study was conducted with 100 patients and 200 controls. Data of the participants were extracted
from hospital’s Electronic Patient Record System (Alshifa) from 2000 to 2018. Chi-square, Fisher exact test, Odds Ratio and Multiple
regression analysis were used to determine the significance of various risk factors.

Results Having a HbATc > 7, body mass index > 30 kg/m? and blood pressure over 140/90 mmHg showed a strong correlation with the
development of DFD. Other risk factors such as age of diabetes, gender, total blood cholesterol, triglyceride levels, LDL, and HDL did not
show any significant correlation with DFD.

Conclusions Risk factors for DFD are highly prevalent in our society, controlling these risk factors could minimize the morbidity and the
mortality related to this disease as well as reducing the economic impact related to it. Proper education for those at a higher risk could play

an important role in the control of this disease.
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Advances in Knowledge

- This is the first study to assess the risk factors of DFD in
Oman.

- The study revealed high incidents of uncontrolled risk
factors in Oman.

- It opens the door for future articles to study this disease
and explore more about it.

Application to Patient Care

- This study gives the community chance to identify DFD
risk factors and by that it is possible to prevent getting
high numbers of new DFD cases by controlling these
modifiable risk factors.

- Creating a new management technique to control these
risk factors.

- Increased public awareness of DFD risk factors and its
substantial impact on the incidence and outcomes of the
disease.

Introduction

One of the most difficult challenges that faces modern med-
icine is chronic diseases,' and diabetes mellitus (DM) is one
of the devastating conditions with many complications, the
World Health Organization (WHO) estimated that the global
prevalence of diabetes among adults (above 18 years) was
8.5% in 2014.? Based on the International Diabetes Federation
(IDF), the prevalence of diabetes in the Middle East and
North Africa (MENA) was 9.6% in the population with age
from 20 to 79 in 2017.> The IDF predict that the prevalence
will increase to 12.1% in 2045.> Oman is of no exception in this
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regard. 71,625 patients of the Omani population are suffering
from diabetes based on a Ministry of Health (MoH) records in
2011.* The annual health report of Ministry of Health (MoH)
in 2016 showed that the number of diabetic patients in Oman
was 89,246 for all those who are registered in MoH Al Shifa
system.” The recent STEPs survey for non-communicable dis-
eases (NCD) 2107 revealed that approximately 14.5% of the
Omani population are diabetic.® 86.6% were identified by the
health system and 13.4% were newly diagnosed during the
survey.®

Diabetes is a very serious condition if not controlled.?
This disease can lead to various consequences. There are many
manifestations of diabetic complications, but the most import-
ant ones are cardiovascular diseases, neuropathy, nephropathy,
retinopathy, skin conditions, hearing impairment, Alzheimer’s
disease and diabetic food disease (DFD).

DFD is a disastrous complication of diabetes, and it is
defined as foot ulcers associated with peripheral arterial dis-
ease and neuropathy which can lead to development of gan-
grene that may eventually require lower limb amputation.”
The prevalence of DFD has a large variation depending on
the region and the income of the country.’ The average preva-
lence of DFD worldwide is 6.4% among diabetic patients.* In
the MENA region, the prevalence of DFD in Saudi Arabia was
4.3%, while it was a bit higher in Jordan and Algeria with prev-
alence of 5% and 11.9% respectively.®

DEFD is a serious complication and it can impact the
patient’s quality of life.” Based on IDF, those who have diabetes
are at risk of requiring surgical amputation 10-20 times more
than those who do not have it.> Almost half of the lower limbs
amputation in Oman from 2003 to 2013 are diabetes-related
and it is anticipated to rise in the upcoming years.’!' In 2007,
one-third of diabetes treatment cost was spent on foot ulcers,
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and this shows that DFD is a true burden from the economic
aspect worldwide.? There are many risk factors that have been
shown to have a direct relation in developing DFD. These risk
factors are age, gender, smoking, diabetes duration, hyperten-
sion, neuropathy, peripheral vascular disease and poor glyce-
mic control.”? Al-Rubeaan et al in Saudi Arabia showed that
DEFD is associated with certain risk factors such as duration of
diabetes, hypertension, and poor glucose control.'?

There is a paucity in studies related to DFD as there are
only two studies conducted in Oman since 1991 about DFD;
and they did not investigate the different risk factors associ-
ated with DFD.'? There was a call from Oman Medical Journal
for more research in DFD in April 2017 in this area.”® Thus,
to the best of our knowledge, this is the first study in Oman
that focuses mainly on the risk factors associated with devel-
opment of DFD. This study aims to identify the correlation
between multiple risk factors in the development and progres-
sion of DFD in Oman.

Methods

A retrospective case—control study was conducted from
December 2018 to March 2019. This study covered all MoH
health centers from all Governorates of Oman. Data were
collected from the case records of those who were clinically
diagnosed to have DFD due to Type 2 DM from 2000 to 2018,
almost two decades regardless of their onset of diabetes. The
population surveyed adults aged 20 years or older, men and
women, as well as nationals and non-national residents. Those
younger than 20 years old, tourists, and persons from labor
camps were excluded. Patient’s anonymity was maintained to
ensure patient confidentiality. True crypt (program used to
keep data protected) was used as a safety measure to ensure
confidentiality. All retrieved case files were studied thoroughly
to find out all the relevant data related to DFD patients includ-
ing their presence of foot ulcers, date of diagnosis, onset of
disease, age, gender, HbAc1 (levels of glycosylated hemoglo-
bin), body mass index (BMI), LDL, HDL, triglyceride, and
total blood cholesterol before getting DFD. Average of three
consecutive results was taken for the highest representation
of the patients controlling status. Other risk factors that were
planned to be included are smoking status, social status, and
educational status but unfortunately these risk factors were
not available for most of the patients.

Sample size calculation

Sample size calculation for this study was done using Epi info
software. A 95% confidence level and a power of 90% was used
with a ratio of controls to cases of two. The sample size for the
study group (cases) was calculated to be 100 patients. A total
of 100 DM case files with DFD and 200 DM controls without
DFD were studied from December 2018 to March 2019, using
case files extracted from 79 medical centers, representing all
Governorates of Oman.

Case selection strategy

To minimize bias and to ensure generalizability, the patients
included in the study were chosen through random sampling
by choosing random case number from the records (regard-
less of date of diagnosis, age, and gender). Microsoft excel was
used to get random sequence of patients according to their
number from each health center.
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Ethical approval

Prior to its initiation, the ethical approval was obtained from
Research and Ethical Review & Approve Committee (RERAC)
of MoH.

Inclusion criteria

All samples (cases and controls) were type 2 DM, they should
be above 20-year-old and they must have a patient record in
MOH system (Alshifa). The selection criteria for cases is that
they must have DFD while controls do not have DFD.

Exclusion criteria

Patients with type 1 DM and those who are younger than 20
years were excluded. Diabetes unrelated ulcers and amputa-
tions were excluded. Pregnant women who have gestational
diabetes were excluded as well. In addition, those who have
genetic diseases such as sickle cell disease and rheumatoid
arthritis were eliminated because of the impact of these dis-
eases on ulcers formation. These exclusion criteria were
applied for cases and controls. The inclusion and exclusion cri-
teria were strictly followed to avoid any confusion that could
affect the quality of the results.

Statistical analysis

Statistical analysis was calculated using the SPSS 23.0 software.
Further analysis using Chi-square test was done to assess the
correlation of multiple risk factors and DFD. Multiple risk fac-
tors such as age of diabetes, gender, hypertension, BMI, total
blood cholesterol, triglyceride levels, LDL, HDL, and poor gly-
cemic control were studied. Odds ratio were also calculated.
Reference ranges of the international standard of WHO was
used for the risk factors. Data were safely stored and encrypted
using TrueCrypt software to ensure confidentiality and integ-
rity of patient records.

Results

Three-hundred patients (100 Cases and 200 Controls) were
included in this study from all governorates of Oman.

Mean age of the population was calculated and the gender
distribution was demonstrated in Fig. 1 and Table 1.

Diabetic males mean age was slightly less (56) and it was
very near to diabetic females mean age which was 58 years
(Table 3). Females who are suffering from DFD had mean age
of 64 and the number was higher in DFD male patients with a
mean age of 66 (Table 2).

Poorly controlled blood glucose (HbA1C)

Among patients of DFD 91% (n=91) had poorly controlled
blood sugar while only 9% (n=9) had controlled blood glucose
(Table 3). Table 3 shows that 52% (n=104) of diabetic patients
had poorly controlled blood sugar and 48% (n=96) were hav-
ing a good control. Poorly controlled diabetic patients showed
a significant association in developing DFD. DM patients with
DEFD (cases) are 9.3 times more likely to have elevated HbA1C
than the controls without DFD (univariate analysis P-value
<0.001) (multivariate analysis P-value <0.001) (Table 4).

Body mass index

The second risk factor studied is BMI, which also showed a big
variation between cases and controls. Obesity appeared in 40%
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Fig. 1 Patients demographic characteristics.

Table 1. Age at onset of diabetes among DM patients and DFD
patients.

DFD patients (Cases) age at 20-44 26% (n=26)
onset diabetes
45-65 64% (n=64)
>65 10% (n=10)
Diabetic patients (Controls) age 20-44 37.5% (n=75)
at onset of diabetes
45-65 54.5% (n=109)
>65 8% (n=16)

Table 2. Mean age of each sex among DM patients and DFD
patients.

Diabetic Patients Female Male
(Controls) Mean age 58 years 56 years
DFD Patients Female Male
(Cases) Mean age 64 years 66 years

(n=80) of the controls and 60% (n=120) were non-obese. On
the other hand, 62% (n=62) of DFD patients were obese and
38% (n=38) were non-obese. Our study demonstrated that
being an obese is a significant risk factor that is associated with
DFD. DM patients with DFD are 3.2 times more likely to be
obese than controls without DFD (univariate analysis P-value
<0.001) (multivariate analysis P-value = 0.034) (Table 4).
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Table 4. Variables achieving independent statistical significance
as risk factors for DFD by multivariate analysis.

0dds 95% C.I. for Odds ratio
P value .

ratio Lower Upper
Hbalc .000 8.6 18.9 40
Blood pressure .000 45 8.1 25
BMI 034 1.9 33 1.1
Total cholesterol 510 13 3.0 0.6
Triglyceride .800 1.1 20 0.6
HDL 553 14 4.1 0.5
LDL 871 09 20 04
Constant 028 4.004

Blood pressure

Table 3 shows that blood pressure (BP) was high in 78% (n=78)
of DFD patients while only 28% (n=28) had controlled BP.
Percentages were significantly different in diabetic patients,
66.5% (n=135) had controlled BP and 33.5% (n=70) were not.
BP was a significant risk factor DM patients with DFD are 5.3
times more likely to have high blood pressure than controls
without DFD (univariate analysis P-value <0.001) (multivari-
ate analysis P-value <0.001) (Table 4).

Gender

Females were slightly more in both cases 52% (n=52) and
control 55.5% (n=111) when compared to males in both cases
48% (n=48) and controls 44.5% (n=89). But the difference was
not statistically significant (Fig. 1) (p-value = 0.56).

Age at onset of diabetes

Age at onset of diabetes was divided into three groups (20-44,
45-65, >65). Among DFD patients, age at onset of diabetic
patients showed the following: 26% (n=26) had diabetes in the
age between 20 and 44 years and 64% (n=64) got the disease
in the age between 45 and 65 years, while only 10% (n=10)
acquired the disease above 65 years old. On the other side,
diabetic patient’s age showed the following: 37.5% (n=75) of
them had diabetes in the age between 20 and 44 years and

Table 3. Variables achieving independent statistical significance as risk factors for DFD by univariate analysis.

T2DM patients DFD patients
Pvaluea  0dds ratio
Total Normal Abnormal  Total Normal Abnormal

Total number 200 100

HbA1c 200 96(48%) 104(52%) 100 9(9%) 91(91%) <0.001 9.3
BMI 200 120(60%) 80(40%) 100 32(32%) 68(68%) <0.001 32
Blood pressure 200 133(66.5%)  67(33.5%) 100 28(28%) 78(78%) <0.001 55
Total cholesterol 200 158(79%) 42(21%) 100 70(70%) 30(30%) 0.09 1.6
Triglyceride 200 136(68.5%)  64(31.5%) 100 57(57%) 43(43%) 0.06 1.6
HDL 200 196(98%) 4(2%) 100 98(98%) 2(2%) 1 1
LDL 200 126(63%) 74(37%) 100 58(58%) 42(42%) 0.40 1.2
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54.5% (n=109) got the disease in the age between 45 and 65
while only 8% (n=16) acquired the disease in the age above 65
(p-value = 0.14) (Table 1).

Total cholesterol

Total blood cholesterol was also studied as a risk factor for
DFD and the percentages was as the following: 70% (n=70) of
DFD patients had a normal total cholesterol and 30% (n=30)
had a high total blood cholesterol. The numbers were slightly
better in diabetic patients with 79% (n=158) having normal
total cholesterol and 21% (n=42) had a high total blood cho-
lesterol. The difference between cases and controls was not
statically significant (odds ratio = 1.6) (univariate analysis
P-value =0.09) (multivariate analysis P-value = 0.51) (Table 4).

Triglyceride

Triglyceride also followed the same trend as total cholesterol.
Among diabetic patients, 31.5% (n=63) had a high triglyceride
and 68.5% (n=137) had a normal triglyceride. The percentages
were slightly high in DFD patients 43% (n=43) who have high
triglyceride and 57% (n=57) had controlled level. Triglyceride
showed a trend to significant correlation with DFD. (odds
ratio =1.6) (univariate analysis P-value =0.06) (multivariate
analysis P-value = 0.80) (Table 4).

HDL

Percentages of HDL were the same in both cases and controls
with 92% having a normal HDL level in the blood and 8% had
low HDL levels. HDL did not show any association with DFD
(odds ratio = 1) (univariate analysis P-value =1) (multivariate
analysis P-value=0.55) (Table 4).

LDL

LDL did not show any association with the progression of
DFD. Sixty-three percent (63%) (n=126) of diabetic patient
had a normal triglyceride level while 37% (n=74) had a high
triglyceride level. On the other side, 42% (n=42) of DFD
patients had a high level of triglyceride and 58% (n=58) were
within the normal limits. LDL did not show a statistically sig-
nificant correlation with DFD (odds ratio = 1.2) (univariate
analysis P-value=0.40) (multivariate analysis P-value = 0.87)
(Table 4).

Multiple risk factors

Eighty-six percent (86%) of DFD patients had two or more
significant risk factors; and only 14 (14%) of them got one or
no significant risk factor. On the other hand, 70 (35%) of dia-
betic patients had two or more significant risk factors and 130
(65%) got one or no significant risk factor. Multivariate anal-
ysis showed that those who had two or more significant risk
has a 10 times higher risk of developing DFD in comparison
to those who do not have any of these risk factors (Table 5).

Table 5. The effect of multiple risk factors on the development
of DFD.

DFD Yes No Pvalue
Exposed 86 (86%) 70 (35%)
Not exposed 14 (14%) 130 (65%) <0.001

*Exposed= two or more significant risk factors
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Discussion

DFD progression and risk factors have been investigated in
many previous studies. This study has shed the light on nine
different risk factors and identified their correlation with the
presence of DFD. Three of the risk factors were found to have a
statistically significant correlation with DFD. Poorly controlled
blood glucose (HbA1c) was shown to be a strong contributing
risk factor with DFD. This finding is in line with many other
studies.*”” Our study found a strong correlation between
HbA1C and DFD, and this is probably due to the effect of HbA1c
on the development of neuropathy and microvascular injury.*®
BMI is also a common risk factor for DFD but it’s impact is less
than that of HbA1lc. Many studies demonstrated an association
between BMI and DFD.**! Our study revealed that having a
BMI of >30 has a significant correlation with the development
of DFD which could be due to external or internal influence of
the increased weight on the presence of foot ulcers.'**

Furthermore, our study confirmed that increased blood
pressure has a strong association with the development of
DFD. This finding was also supported by many other stud-
ies.’>"> This could be due to the occlusion of the blood vessels
in the limb.*!

Gender is a very controversial subject in DFD progression,
many studies showed that males are likely to develop DFD while
others did not confirm this finding.** In our study, we did not
find any correlation between gender and DFD. Based on our
results, it was obvious that the general control (blood glucose
level HbA1c, blood pressure and BMI) in females was worse than
males and this could play a very important role in developing
DFD, but at the same time, males are more prone to foot ulcers
due to probably physical activity and less foot care in compari-
son to females. It was found that males with DFD were slightly
more than females but the difference was not statistically signifi-
cant. Larger sample size is required to confirm this finding.

Age at onset of DM was also studied and it did not show
any correlation with the occurrence of DFD. Most of the
studies showed that longer duration of diabetes increases the
chance of getting diabetes complications which means those
who got diabetes at a younger age have a higher chance of get-
ting manifestations later in life.’> Some studies demonstrated
that age of diabetic patients does not play an important role in
DFD development.'**

This study revealed that lipid profile do not have any
correlation with DFD. Our finding is similar to many other
studies."** Lipid profile in general do not appear to play an
important role in developing DFD.

Multivariate analysis of the risk factors showed a strong
association with the development of DFD for those who had
two or more risk factors. It has been found that patients with
two or more significant risk factors have 11 times higher
risk of DFD in comparison to those who have less or no risk
factors.

Limitations

Being of a retrospective nature, this is one of the limitations
of this study and therefore limited our ability to analyze some
risk factors, which was intended to be studied initially. In
addition, direct access to AlShifa system is available only for
the past 5 years. Furthermore, larger sample size is required to
confirm these findings.
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Recommendations

Prevention and control of DM and DFD requires that it be pri-
oritized at the national and governorate levels while strength-
ening multisectoral, legislative and societal aspects, as it
increases risks to health, social, and financial progress. Second,
encourage large-scale awareness campaigns to control modifi-
able risk factors for people with diabetes: physical inactivity,
unhealthy diet, and alcohol consumption. Third, improve the
health system to ensure access to basic techniques for testing,
diagnosing, valid, and safe drugs as well as continuous mon-
itoring of diabetes in primary health-care sessions. Fourth,
implement evidence-based practices and decision-making in
diabetes management through the use of a simplified informa-
tion system to ensure the best quality of data. Fifth, developing
health clinics in all health institutes to promote early detection
and examination of diabetes, as well as acting as data sources
for prevention and health progress. Sixth, improving the
implementation of the Omani national policy on diet, physical
activity, and health, and engaging with the agricultural sector
to promote healthy diets and eating habits. Seventh, strength-
ening laws related to the manufacture, packaging, and market-
ing of food and beverages to reduce consumption of unhealthy
foods. Eighth, encouraging an active lifestyle and reducing the
sedentary lifestyle through implementing the physical activity
toolkit in the country.

Conclusion

DEFD is a real-life threating complication of diabetes. Poorly
controlled diabetes (HbAlc > 7), obesity (BMI > 30 kg/m?)
and high blood pressure (>140/90 mmHg) were significantly
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correlated with progression to DFD. These risk factors are
modifiable, and so it is important to raise the level of aware-
ness among diabetic patients. Controlling these risk factors
can help in reducing future DFD related morbidity and mor-
tality. There are few studies with low output and impact in the
fields of diabetic foot care and DFD in Oman which focused
on epidemiology, prevention, and management of DFD. More
studies are required to further improve our understanding of
the scope of DFD, and the impact of the existing diabetes pro-
grams on the level of diabetic foot care in Oman. Continuous
support governmental and financial support for diabetic foot
research is important. Cooperation with major regional and
international diabetic foot research organizations, such as
The ‘Gulf Diabetic Foot Working Group’ (GDFWG) and the
‘International Working Group on the Diabetic Foot; is essen-
tial (i.e., through sharing intervention, programs, and initiat-
ing collaborative multicenter studies).

There is a dearth of studies related to DFD in Oman,
thus more studies are urgently needed, and stronger screen-
ing programs are required to obtain the exact number of DFD
patients in Oman who are at high risk. The investigated results
are essential to support the formulation and implementation
of initiation and action plans for DM and DFD that enhance
patients’ health status. Developing this plan can ensure not
only a huge financial return on investment in the health bud-
get but more importantly, improving the quality of life for
Omanis.
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