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Introduction

The World Health Organization (WHO) and International 
Diabetes Federation (IDF) declared that the diabetic 
foot problem was a global problem which required 
prompt actions to be taken quickly (1). 

A review has shown that the worldwide annual-
population based incidence of diabetic foot ulcer 
ranges from 1.0% to 4.1% and the prevalence ranges 
from 4.0% to 10.0% (2). In Malaysia, the prevalence 
of foot ulceration in patients who were attending a 
diabetic outpatient clinic was 6.0% (3). It was also 
found that 2.8% of diabetic patients had foot ulcer in 
Kelantan (4) and that the prevalence of diabetic foot 
ulcer was 9.7% in the outpatient setting (5). 

There were multiple factors associated with the natural 
history of foot ulcer in diabetic patients; intrinsic 
risk factors which included metabolic or biologic 
characteristic and the extrinsic risk factors which result 
from the patient’s interaction with the environment. 
Peripheral neuropathy, peripheral vascular disease 
and foot trauma were the three principle mechanisms 
in the pathophysiology of foot ulcer and had been  
well reported by numerous epidemiological studies (6-
10). Socio-demographic and lifestyle factors of diabetic 

patients were also important as the extrinsic risk factors 
that contributed to the etiology of ulceration, but the 
association was inconclusive. However, those factors 
were used in the foot care education and prevention of 
foot ulcer (2, 11, 12). Diabetic patients were encouraged 
to stop smoking and drinking alcohol, to practice non-
weight bearing exercises and to wear proper shoes 
and maintain the ideal body weight in the prevention 
of diabetic foot ulcer. Therefore, this study aimed to 
identify the specific socio-demographic and lifestyle 
factors associated with diabetic foot ulcer.. 

Methodology 

This case-control study was conducted at the  
University of Malaya Medical Centre (UMMC), Kuala 
Lumpur, Malaysia, between November 2005 and May 
2007. 
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The case was defined as the diabetic patient (Type 1 
and Type 2 ) who was newly diagnosed or who has 
a known case of diabetic foot ulcer, and who was 
attended to at the Diabetic Foot Care and Wound 
Management, UMMC. The control was defined as 
the diabetic patient without active foot ulcer, who 
was attended to at the Family Clinic, Primary Care  
Medicine Department, UMMC. Diabetic foot ulcer  
was defined as the full thickness skin break at least to 
Grade 1 Wagner Stage, occurring distal to malleoli (13).

The minimum sample size was calculated using Epi 
Info Version 6 based on the 95% confidence interval,  
80% power of study, prevalence of smokers in Malaysia 

of 24% (14), OR of 2.0 and ratio of 1:2 for case and 
control. A total of 375 respondents which consisted 
of 125 cases and 250 controls were included in  
this study. A universal sampling was used in the 
recruitment of respondents. 

Face-to-face interview was carried out using a 
structured questionnaire which was pre-tested prior 
to the study. The sociodemographic variables were 
age, gender, ethnic, marital status, living status, 
educational level, occupation type and household 
income per month. Lifestyle factors include body  
mass index, smoking status, duration of smoking, 
number of cigarette per day, status of alcohol 

Table 1: Univariate analysis of sociodemographic factors between cases and controls

Variables Cases (n=125) Controls  (n=250) Crude OR (95% CI) p value

1.Age of  resp ondents  (years)
Mean ± s .d 
≥ 65
55 -  64
45 -  54
≤ 44

55.9  ± 9 .3
24 (17.9)
46 (33.6)
39 (50.0)
16 (61.5)

62.5  ± 9 .3
110 (82.1)

91 (66.4)
39 (50.0)
10 (38.5)

0 .93 (0 .91,  0 .95)
1.00
2.32 (1.32, 4.08)
4.58 (2.45, 8.57)
7.33 (2.97, 18.13)

0 .001
0.001

2.  G ender
Male
Female

61 (26.6)
64 (43.8)

168 (73.4)
82 (56.2)

1 .00
2.15 (1 .39,  3 .33)

0 .001

3.  Ethnic
Chinese
Malay
I ndian

15 (16.3)
38 (34.2)
72 (41.9)

77 (83.7)
73 (65.8)

100 (58.1)

1.00
2.67 (1 .36,  5 .26)
3 .70 (1 .97,  6 .94)

0 .001

4.  M arital  status 
Marr ied
Unmarr ied

102 (35.8)
23 (25.6)

183 (64.2)
67 (74.4)

1.00
0.62 (0.36, 1.05)

0.074

5. Living status 
Liv ing with spouse/relat ive/others
Alone

121 (33.1)
4 (44.4)

245 (66.9)
5 (55.6)

1.00
1.62 (0.43, 6.14)

0.474

6. Educational level 
Tertiary
Secondar y
Pr imar y
Never  school ing

13 (71.7)
57 (66.3)
48 (36.1)

7 (25.9)

33 (28.3)
112 (33.7)

85 (63.9)
20 (74.1)

1.00
1.29 (0.63, 2.65)
1.43 (0.69, 2.98)
0.89 (0.30, 2.60)

0.647

7. Household income per month (RM) 
More than 3000
2000 to 2999
1000 to 1999
Less than 1000

30 (36.6)
26 (37.7)
44 (33.1)
25(27.5)

52 (63.4)
43 (62.3)
89 (66.9)
66 (72.5)

1.00
1.05 (0.54, 2.03)
0.86 (0.48, 1.53)
0.66 (0.35, 1.25)

0.499

8. Occupation type 
Unemployed
Professional /non-manual
Manual workers

70 (26.8)
27 (45.0)
28 (51.9)

191 (73.2)
33 (55.0)
26 (48.1)

1.00
2.23 (1.25, 3.98)
2.94 (1.61, 5.35)

0.001

Data are n (%) and mean ± SD
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consumption, duration of alcohol intake, number of 
drinks per week, exercise practice, type of exercise and 
type of foot wear during exercise.

Ethical approval from UMMC and permission from the 
Head of Rehabilitation Department and the Head of 
Primary Care Department were obtained prior to the 
study. Verbal and written consent from the patients 
were obtained also. All the information was kept 
confidential.

The data was entered and analyzed using Statistical 
Package for Social Sciences (SPSS) version 12.5. 
Descriptive and inferential analyses were performed. 
Continuous variables were summarized as mean and 
standard deviation. Median and range were used to 
describe data with skewed distribution. Categorical 
variables were summarized into frequency and 
proportion. In the comparison of cases and controls, 
student t-test was used for normal distribution 
continuous data. A Mann Whitney test was used if 
the data was skewed. Categorical data was analyzed 
with Chi-Square test and Fisher’s exact test.  
Significant level was preset at 0.05 and 95% confidence 
interval was reported with crude and adjusted 
odds ratio. Multivariate Logistic Regression was 
used to determine the independent predictors of  
diabetic foot ulcer. All variables with p < 0.25 and 
biological plausible were entered for multivariate 
analysis. The final model included all variables with 
p < 0.05 and concluded based on the principle of 
Parsimony.

Results
Socio-demographic factors

Table 1 shows the distribution and association of socio-
demographic factors with diabetic foot ulcer. Age, 
gender, ethnic and occupation type were found to be 
significantly different in the proportion between cases 
and controls and significantly associated with diabetic 
foot ulcer (p=0.001).

The controls were significantly older than the cases, 
with the mean age in the cases as 55.9 ± 9.3 years old 
and the controls as 62.5 ± 9.3 years old. The crude OR 
was increasing with decreasing age. Patients at age  
44 and younger had 7.33 times risk of having diabetic 
foot ulcer compared to patients at age 65 and above 
(95% CI 2.97, 18.13)

Females were more in the control group (73.4%) while 
the proportion of males were slightly higher in the case 
group (51.2%). The odds of having diabetic foot ulcer 
in males were 2.15 times more than females (95% CI 
1.39, 3.33).

In ethnic distribution, 83.7% of the patients in the 
control group were Chinese and only 16.3% of 
them were in the case group. Both Malay and Indian 
distributions were also higher in the control group. 
Malay patients had a 2.67 times higher risk (95% CI 
1.36, 2,56) and Indian patients had 3.70 times higher 
risk (95% CI 1.97, 6.94) of having diabetic foot ulcer 
compared to the Chinese patients.

Unemployed persons were the majority in the control 
group (76.4%) compared to the cases (26.8%). The 
proportion of professionals and non-manual workers 
was slightly higher in the control group (55.0%) 
and the proportion of manual workers were almost  
equal in both groups. The odds of having diabetic foot 
ulcer in the professional and non- manual workers 
were 2.23 times (95% CI 1.25, 3.98) compared to the 
unemployed. The manual workers had a higher risk of 
developing diabetic foot ulcer with crude OR of 2.94 
(95% CI 1.61, 5.35).

Lifestyle factors

Table 2 shows the distribution and association of 
lifestyle factors with diabetic foot ulcer. Smoking as a 
factor showed significant statistical association with 
diabetic foot ulcer. The distribution and association of 
other lifestyle factors were not significant.

The proportion of current smoker was higher in the 
case group (63.9%) compared to the control group 
(36.1%) and were significantly different (p=0.001). 
The odds of having diabetic foot ulcer in smokers 
were 4.11 times more than non-smokers (95% CI: 2.00,  
8.43).

Independent risk factors

Table 3 shows the independent risk factors of diabetic 
foot ulcer after using multivariate analysis. In the final 
model of logistic regression, age group, ethnic and 
smoking statuses were significantly associated with 
diabetic foot ulcer. Patients at age 44 and younger 
were 5.90 times (95% CI 2.31, 15.10) more likely to  
have diabetic foot ulcer compared to the patients at 
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age 65 and above. The risk decreases with increasing 
age. The odds ratio in patients at age 45 to 54 was  
4.66 (95% CI 2.42, 8.98) but decreased to 2.46 (95% 
CI 1.36, 4.46) in patients at age 55 to 64. The Indian 
patients had the highest risk of developing diabetic 
foot ulcer and a 3.24 times higher risk (95% CI 1.66, 
6.30) compared to the Chinese. Malay patients also 
had the risk of diabetic foot ulcer with odds ratio of  
2.20 (95% CI 1.08, 8.47). The odds of developing  
diabetic foot ulcer in the smokers were 3.85 times 
higher (95% CI 1.77, 8.35) compared to the non-
smokers.

Discussion

Our findings showed that the younger patients had a 
higher risk of develop diabetic foot ulcer compared 
to the elderly patients. The same finding was also 
found in another study (13, 15). However, age was  
inconclusive as the predictor of diabetic foot ulcer (16, 
19).

This finding contradicted with the theory that the risk 
was higher among the older age group. The elderly 
patients were presumed to be more at risk due to the 
development of complications such as peripheral 

Table 2: Univariate analysis of lifestyle factors between cases and controls

Data are n (%)
a analysis among the smokers case=23 control=13                  ¥ Pearson chi-square
b analysis among the regular drinker case=8 control=2               * Fisher exact test
c analysis among respondents who exercise case=39 control=92       

Variables Cases n=125 Controls  n=125 Crude OR (95% CI) p value

 1.B o dy M ass I ndex 
18.5  –  22.9
≥ 23.0

24 (32.4)
101 (33.6)

50 (67.6)
200 (66.4)

1 .0
1.05  (0.61, 1.81)

0 .854¥

 2 .  Smok ing status
Smoker
Non-smoker

102 (30.1)
23 (63.9)

237 (69.9)
13 (36.1)

1.0
4.11  (2.00, 8.43)

0.001¥

 3 .  No of  c igarette  p er  day a

1 to  10 (L ight)
11 to  20 (Moderate)
≥ 21 (Heav y)

8 (53.3)
7 (77.8)
8 (66.7)

7 (46.7)
2 (22.2)
4 (33.3)

1.0
3.06  (0.47, 19.88)
1.75  (0.36, 8.42)

0.480*

 4 .  D uration of  smok ing a

10 years  and below
11 years  and above

2 (66.7)
21 (63.6)

1 (33.3)
12 (36.4)

1.0
0.81  (0.03, 13.41)

0.917*

 5. Status  of alcohol intake
Non- dr inker
Current  dr inker

109 (32.5)
24 (60.0)

226 (67.5)
16  (40.0)

1.0
1.38  (0.71, 2.71)

0.344¥

 6. Number of drinks per week b

1 to  3  (L ight  dr inker)
4  to  14  (Moderate  dr inker)

6 (85.7)
2 (66.7)

1 (14.3)
1 (33.3)

1.0
0.33  (0.01, 8.18)

0.501*

 7. Duration of alcohol intake b

Below 10 years
11 years and above

1 (50.0)
7 (87.5)

1 (50.0)
1 (12.5)

1.0
7.00  (0.22, 226.0)

0.272*

 8. Exercise
Do exercise
Do not exercise

39 (29.8)
86 (35.2)

92 (70.2)
158 (64.8)

1.0
1.28  (0.81, 2.03)

0.284¥

 9. Type of exercise c

Non weight bearing
Weight bearing

8 (24.2)
31 (24.8)

25 (75.8)
67 (68.8)

1.0
1.45  (0.59, 3.57)

0.423¥

 10. Footwear during exercise c

Sport shoes
Other than sport shoes

18 (25.7)
21 (34.4)

52 (74.3)
40 (65.6)

1.0
1.52  (0.72, 3.22)

0.278¥
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Table 3: Independent predictors of diabetic foot ulcer after the 
multivariate analysis (Final model) 

Predictors Adjusted OR * 95% CI

1. Age group (years)
≥ 65

55-63

45-54

≤ 44

1.00

2.46

4.66

5.90

1.36, 4.46

2.42, 8.98

2.31, 15.10

2. Ethnic
Chinese

Malay

Indian

1.00

2.20

3.24

1.08, 8.47

1.66, 6.30

3. Smoking status
Non smoker

Smoker

1.00

3.85. 1.77, 8.35

* Adjusted with gender, marital status, living status, educational level, 
household income per month, occupation type, body mass index, no. 
cigarette per day, duration of smoking, alcohol, no. of drinks per week, 
duration of alcohol intake, exercise, type of exercise, footwear during 
exercise

neuropathy, peripheral vascular disease and visual 
impairment when the age advances (20, 21). Possible 
reasons as to why the elderly patients had lesser risk 
of diabetic foot ulcer are probably due to the fact 
that most of them were unemployed, less mobile 
and less exposed to the potential trauma to the foot  
compared to the younger age group (13). Another 
possible cause of this finding could be due to the 
imbalanced proportion of patients in elderly age 
group and younger age group. This study had a large 
number of patients at age 65 years old and above and 
82.1% of them did not develop foot ulcer, compared 
to only 26 patients at the age 44 and below and 61.5% 
of them had diabetic foot ulcer. It appears that the  
elderly patients in this study were healthier and 
protected from diabetic foot ulcer.

The possibility of biasness in the study site of cases 
recruitment should be considered. In this study, the 
cases were recruited at the outpatient Diabetic Foot 
Clinic. 

Smoking was inconclusive as the independent risk 
factor for diabetic foot ulcer by previous studies 
(17, 18, 22, 23). In this study, smoking is significantly 
linked to diabetic foot ulcer. The same finding was 
demonstrated by another study in the Netherlands 
(24). Possible explanations as to why smoking was a 
risk for diabetic foot ulcer could be due to its impact 
to the development of neuropathy, peripheral vascular 

disease  (PVD) and retinopathy which could lead to the 
occurrence of foot ulcer in the diabetic patients.

Smoking was a documented risk factor for both 
development and progression of neuropathy in diabetic 
patients. Smoking was also found to be associated 
with retinopathy but less constantly (25). Smoking will 
cause the arteries to constrict and become narrower 
and it also makes the platelet clump together and lead 
to atherosclerosis and finally PVD (26).

Indians was found to have the highest risk in the 
development of diabetic foot ulcer followed by Malays. 
The proportion of diabetes was highest among the 
Indians, therefore they were also exposed to the risk of 
diabetic foot ulcer (14). 

The role of ethnic differences in causing the risk of 
diabetic foot ulcer is still unclear as it may be due to 
differences in cultural, behavioral, socioeconomic 
or physiological factors. The ethnic factor had been 
demonstrated by other studies (16, 27). In fact, Abbot 
et al found that Asians and African Caribbean had 
significantly lower prevalence of diabetic foot ulcer 
compared to the European (27). The explanation given 
was that there were lower proportion of peripheral 
arterial disease, neuropathy, insulin usage and foot 
deformities among Asians and African Caribbeans. 
They were found to have lower level of neuropathy. As 
such, further study should be conducted to determine 
the factors associated with foot ulcer among the Indian 
diabetic patients.

Findings in a cohort study found that high body 
weight was found to be the predictor for diabetic 
foot ulcer (13). However, high body weight was not a  
consistent predictor as other studies found it not to be 
significant (8, 24, 32, 35, 36). The possible mechanism 
for the association of high body weight and the foot 
ulcer was that higher foot pressure was found in 
heavier patients (13). High plantar pressure was one 
of the predictor of diabetic foot ulcer (8, 30). However, 
high body mass was a poor predictor of peak plantar 
pressure. 

Studies have shown that the correlation between body 
mass and plantar pressure to be statistically significant 
but the functional relationship was weak (28, 29). This 
study failed to demonstrate high body weight as a risk 
factor of foot ulcer. 
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Findings from another cohort study found that daily 
alcohol intake was one of the predictors in diabetic foot 
ulcer (30). High alcohol consumption has toxic effect on 
the nerve tissue and eventually neuropathy develops 
(alcoholic neuropathy) and increases the risk of diabetic 
foot ulcer (26). However, alcohol consumption was not 
a significant factor in other studies (18, 22, 23), where 
negative correlation between alcohol consumption 
and diabetic foot ulcer were found.

Exercise was an important component of diabetes 
management that can help maintain physical fitness, 
reduce the glucose level and maintain the body 
weight of patient. Exercise can also help to prevent  
the peripheral neuropathy development by reviving 
motor nerve function and preserving unaffected  
motor nerve. Exercise is highly recommended as part 
of diabetic management, together with a healthy diet 
and pharmacological intervention (31, 32). 

However, weight-bearing exercise (a physical activity 
in which legs and feet bear all the weight, as example 
walking, jogging, treadmill and others) or wearing 
inappropriate footwear during exercise could cause 
abnormal foot pressures, inadequate blood flow or 
ischemia, and inflammation from repetitive stress that 
may result in wounds and ulcers. Non-weight bearing 
exercises such as swimming, cycling, and upper body 
exercise are recommended for diabetic patients, 
especially those who have lost their protective 
sensation (32).

We found all those factors related with exercise not 
significantly associated with diabetic foot ulcer. Even 
with these negative findings, diabetic patients should 
have proper consultation with their physicians on 
exercise to prevent the occurrence of foot ulcer.

Conclusions and Recommendations

Young diabetic patients, smoking, being of Malay or 
Indian ethnicity were the independent risk factors for 
diabetic foot ulcer. Therefore, these factors should be 
considered when screening is done among diabetic 
patients.

Foot care education should be emphasized in Indian 
patients as the risk of having foot ulcer was higher 
compared to Malay and Chinese patients. Screening 
and foot education should be given to all the diabetic 

patients regardless of their age. Diabetic patients at 
the age 55 and less were the productive age group who 
are mostly involved in the work sectors and were more 
mobile. Therefore, although the protective sensation 
of their feet were still intact, they were exposed to 
repetitive stress and feet trauma. All diabetic patients 
who are currently smoking should be referred to 
the smoking cessation programme such as the Quit 
Smoking Clinic. The awareness of the complications 
to smoking should always be delivered to the diabetic 
patients.
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