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Abstract

Objective: With the increase in the prevalence of diabetes and
associated complications, most of the healthcare expenditure is
due to treatments of diabetes complications. This study evalua-
ted the determinants affecting the total treatment cost in hos-
pitalized patients with diabetic foot ulcers (DFU), an important
complication of diabetes. Material and Methods: Factors af-
fecting cost in 300 cases of hospitalization due to DFU were
analyzed retrospectively. Hospital invoices were examined, and
incurred cost of each patient was calculated in Turkish lira and
then converted into US dollars at the exchange rate on the date
of hospitalization, considering the number of days of hospitali-
zation. Results: Among the 300 included patients, the ratio of
male/female participants was 1.94. The mean age of the pati-
ents was 62.6+11 years. Hemoglobin Alc mean was determined
as 9.5+2.4%. The average hospitalization time was 17.8+12.9
days. When the average cost was analyzed according to Wagner
phases, the average cost increased as the stage of the disease.
The factor that most affected the cost was hospitalization cost
(p=0.001, r=3.24). Diagnostic imaging tests affected the total
cost the most (p=0.001, r=2.52) after hospitalization. Conclu-
sion: The cost of hospitalization was the most important factor
affecting the total cost in the analysis of DFU. Therefore, taking
precautions before the advancement of ulcer stage and treat-
ment at an early stage is expected to reduce the treatment cost.
In addition, reducing the duration of hospital stay will be effec-
tive in reducing the cost of DFU treatment.
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Ozet

Amag: Diyabet ile birlikte diyabete bagl komplikasyonlarin da
artmasiyla saglik harcamalarinin gogu diyabet komplikasyonla-
rinin tedavi harcamalarindan kaynaklanmaktadir. Bu galismada,
diyabetin énemli bir komplikasyonu olan diyabetik ayak Ulseri
ile hastanede yatan hastalarda, toplam tedavi maliyetini etkile-
yen faktorler degerlendirildi. Gereg ve Yontemler: Diyabetik
ayak Ulseri nedeniyle hastaneye yatirilan 300 olguda, maliyeti
etkileyen faktdrler geriye donik olarak incelendi. Hastane fatu-
ralari incelendi ve her hastanin tahakkuk eden maliyeti Turk li-
rasi olarak hesaplandi ve hastanede yattigi glin sayisi dikkate
alinarak yatis tarihindeki doviz kuru Gzerinden ABD dolarina gev-
rildi. Bulgular: Ug yiiz hasta arasinda erkek/kadin katilimci
orani 1,94 idi. Hastalarin ortalama yasi 62,6+11 yil idi. Hemog-
lobin Alc ortalamasi %9,5+2,4 olarak belirlendi. Ortalama has-
tanede kalis sliresi 17,8+£12,9 giindi. Wagner evrelerine gore
ortalama maliyet incelendiginde, hastaligin evresi arttikga orta-
lama maliyet ylkselmisti. Maliyeti en gok etkileyen faktér has-
tanede kalmak igin 6denen maliyet olarak saptandi (p=0,001,
r=3,24). Toplam maliyeti hastaneye yatis maliyetinden sonra en
fazla etkileyen dedisken ise tanisal goruntileme testleriydi
(p=0,001, r=2,52). Sonug: Hastanede yatis maliyeti, toplam
maliyeti etkileyen en 6nemli faktordd. Bu nedenle Ulser evresi
ilerlemeden 6nlem alinmasi ve erken dénemde tedavi edilmesi-
nin tedavi maliyetini distrecektir. Ayrica mimkin olan en kisa
slirede hastanin, hastaneden taburcu edilmesi ve hastanede
kahs slresinin azaltilmasi da diyabetik ayak ulseri tedavisin ma-
liyetinin dusurulmesinde etkili olacaktir.

Anahtar kelimeler: Diabetes mellitus;
diyabetik ayak ulseri; tedavi maliyeti
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Introduction DFU diagnosis who applied to outpatient

Diabetic foot ulcer (DFU) is one of the com-
mon complications of both Type 1 and Type
2 diabetes mellitus (DM). Patients with DFU
generally need long and intensive treat-
ments. DFU is the primary cause of the ne-
cessity of hospitalization in diabetes and the
reason for hospitalization of one in every
five diabetic patients (1). DM is the cause of
50-70% of non-traumatic amputations.
Treatment of diabetic patients suffering from
DFU is more costly than the non-DFU dia-
betic population (2). Healthcare costs for
people diagnosed with diabetes represent a
significant proportion of the estimated na-
tional cost of $ 327 billion in the United
States (3). In Turkey, 16.4% of total health
expenditures was due to the treatment of di-
abetes in 2008. However, this rate increased
to 23% in 2012 (4).

In 2025, the number of people with diabetes
is expected to increase from 51 million to 72
million (41% increase) in developed coun-
tries and from 84 million to 228 million
(170%) in developing countries (5, 6). Un-
fortunately, the number of DFU patients is
expected to increase with the increase in the
number of patients with diabetes (7). The
cost of DFU treatment is quite high because
of amputation, long duration of wound care,
the need for hospitalization, and loss of
workforce. Although patients with DFU re-
quire substantial resource utilization, little is
known about the burden of DFUs on the
healthcare system around the world. More-
over, studies on the evaluation of costs for
the treatment and diagnostic intervention
are limited. In this study, we aimed to ret-
rospectively evaluate treatment cost in pa-
tients followed up for DFU and determine
the effect of each factor on the total cost.

Material and Methods

A total of 300 male and female patients with
Type 2 DM over the age of eighteen who
were hospitalized in Endocrinology and Me-
tabolism department for the treatment of
DFU were included in our study. Among
them, there were 198 (66%) males and 102
(34%) females. The number 300 was deter-
mined by a calculation of the sample’s
power analysis. Patients whose diagnosis
and treatment were first made at our center
were included in the study. Patients with

clinics or were hospitalized in other clinics
were not included in the study.

Age, gender, hemoglobin Alc, Wagner
grade, and length of hospital stay were ex-
amined with a diagnosis of DFU in these 300
patients (ages of 18-90), with grades 1 to 5
according to the Wagner Classification.
There are various methods of classification
of DFU; nevertheless, Wagner classification is
used more frequently than others. This clas-
sification was made according to the ulcer
area, depth, and tissue damage. Wagner
classification is a potential guide for the treat-
ment approach in clinical practice (8,9).
Cost of negative-pressure wound treatment,
diagnostic imaging examinations, daily
dressing and wound care, antibiotic therapy,
insulin treatment, amputation treatment,
and hospitalization were calculated. Total
cost was analyzed (Republic of Turkey Social
Security Institution bills of our hospital were
retrospectively examined) (10). All this in-
formation was recorded in case report
forms. The impact of each factor on the total
cost was determined.

The mean length of stay and the mean cost
analysis of 300 patients with DFU complica-
tions were estimated. To calculating the cost
of hospitalization of each patient, the data
obtained from the day of hospitalization to
the day of discharge were analyzed. In this
study, costs were calculated in Turkish lira
() and converted to USD ($) at the ex-
change rate at the time of the hospitaliza-
tion.

This study was approved by the Ethics com-
mittee of the Gaziantep University Clinical
Research Ethics Committee and conducted
in accordance with the Helsinki Declaration
Principles. Decision number of 145 dated
12.09.2018.

The criteria of research participation for pa-
tients were: diagnosed with Type 2 diabetes,
having DFU, more than eighteen years of
age.

Statistical Analysis

The compatibility of numerical data to nor-
mal distribution was tested with the
Shapiro-Wilk test. Student’s t-test was used
to compare variables with normal distribu-
tion in two groups. One-way analysis of vari-
ance was used to compare variables that fit
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normal distribution in three or more groups.
The relationships between quantitative vari-
ables thought to have an effect on the total
cost were examined by Pearson’s correlation
analysis, and then regression analysis was
applied to determine their effects on the
total cost. SPSS 22. 0 (SPSS Inc. Chicago.
IL. USA) package program was used for the
analysis of data. p<0.05 was considered sig-
nificant. Treatment cost was the dependent
variable, while the cost of negative pressure
wound therapy, diagnostic imaging exami-
nations, daily wound care, and dressing, an-
tibiotic treatment, insulin medication, and
hospitalization were independent factors.

Results

A total of 300 participants included 198
(66%) males and 102 (34%) females, with
the male: female ratio of 1.94. The mean
age of the patients was 62.6 years, the he-
moglobin Alc average was 9.5%, and the
average hospitalization time was 17.8 days.
When cases are analyzed according to aver-
age cost, antibiotic treatment had the high-
est average, amounting to $ 603.9 (Table
1).

According to the Wagner Classification, 37
patients were diagnosed as grade 1
(12.33%), 61 patients were diagnosed as
grade 2 (20.33%), 110 patients were diag-
nosed as grade 3 (36.67%), 52 patients
were diagnosed as grade 4 (17.33%), and
40 patients were diagnosed as grade 5
(13.33%) DFU. Only 45 of the patients had
an amputation.

Analysis of the average cost of the cases ac-
cording to the Wagner grades revealed that
the average cost increased as the grade in-
creased (Table 2).

A statistically significant, moderately posi-
tive correlation was observed between the
Wagner Grade and the cost of amputation
treatment (p<0.005, r=0.684). Patients
with Wagner 1 DFU did not need hospital-
ization.

On examining the relationship of the total
cost to other variables, a statistically signif-
icant relationship was observed between the
total cost and the cost of negative-pressure
wound therapy, daily wound care and dress-
ing, antibiotic treatment, insulin medication,
amputation treatment, and hospitalization.
A statistically significant relationship was ob-
served through Pearson’s correlation analy-
sis on the relationship between quantitative
variables that could have an impact on cost.
According to the regression analysis, the
most significant variable was the hospital-
ization cost, followed by the cost of diag-
nostic imaging examinations (Table 3).

Discussion

In this study, we investigated the determi-
nants of treatment costs of patients with
DFU. The costs of treatment of patients with
DFU were estimated to be higher than those
of hyperglycemic patients without DFU (11).
In our study, the cost of hospitalization was
found to be the most important factor af-
fecting the total cost in the cost analysis of
DFU.

Table 1. Demographic data, laboratory findings, and cost analysis of 300 diabetes patients with foot ulcers.

Variables

Age (years)

Hemoglobin Alc (%)
Hospitalization time (days)

Cost of negative-pressure wound therapy (USD $)

Cost of daily wound care and dressing (USD $)
Cost of antibiotic treatment (USD $)

Cost of insulin medication (USD $)

Cost of hospitalization (USD $)

Total cost (USD $)

Cost of diagnostic imaging examinations (include angiography) (USD $)

Mean standard deviation
62.6+11
9.5+2.4

17.8+12.9
104.9+305.4

88.9+64.1

80.6+94.1
603.9+603.4
146.7+114.8
267.3+194.5

1973.5+1611.2
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Table 2. The relationship between Wagner grades and

cost of hospitalization.

Cost (USD $)
Number of mean standard
Wagner grade cases deviation
2 81 772.07+655.25
3 117 1863.26+1292.23
4 62 1927.48+1332.45
5 40 3556.05+2077.80

Thus, reducing the duration and number of
hospitalizations will be effective in reducing
the cost of treatment of DFU. Patients with
DFU may need to stay in the hospital for a
longer duration due to uncontrolled hyper-
glycemia, long-term wound care, late-heal-
ing wound infections, debridement,
amputations, and emerging complications;
(12) these factors contributed to increasing
the cost. The average cost was also found
to increase as the Wagner grade increased.
The highest average cost of treatment was
of Wagner grade five patients. As the Wag-
ner grade progressed, prolonging the
length of hospitalization and increasing the
frequency of amputation led to increasing
costs. In our study, the relationship be-
tween the Wagner grade and the cost of
amputation treatment was statistically sig-
nificant. It is expected that taking precau-
tions before the disease reaches the
advanced grade and starting treatment
from the early grade will reduce the treat-
ment cost.

A meta-analysis investigating the cost-ef-
fectiveness of diagnostic imaging methods
revealed that some non-invasive diagnostic

procedures performed on patients did not
contribute to the treatment; in fact, they in-
creased the total cost (13). Similarly, in our
study, we observed that after the hospital-
ization cost, the variable affecting the total
cost the most was diagnostic imaging tests.
Most cases in our study had the use of di-
rect radiography, magnetic resonance (MR),
bone scintigraphy, and lower extremity ar-
terial doppler ultrasonography. Further as-
sessment of the available bills showed that
bone scintigraphy was the most costly per
shot among the imaging methods, consider-
ing the available bills. The patient with DFU
must undergo X-ray radiography imaging to
detect bone deformities in the wound area,
foreign objects, or gas formations in soft tis-
sue. Therefore, the use of low-cost exami-
nations is recommended first in the case of
DFU suspicion (14). Direct X-ray radiography
may not be sufficient for patients who do not
recover with antibiotherapy and are ob-
served to have osteomyelitis or deep soft
tissue abscess. In these cases, the sensitiv-
ity and specificity of MR imaging are higher
(15). Bone scintigraphy and other radionu-
clide bone scans can be performed in pa-
tients where MR imaging is contraindicated
or cannot be performed (16). We think that
avoiding unnecessary use of imaging meth-
ods such as MR and bone scintigraphy would
be cost-effective and hope that developing
radiological examination eligibility criteria
will be helpful in reducing unnecessary de-
mands and building consensus among de-
partments.

The male/female ratio of participants in this
study was found to be 1.94. The reason for
the higher rates of DFU in male patients
compared to female patients may be be-

Table 3. Results of regression analysis between total cost and various variables.

Regression model

Cost of negative-pressure wound therapy
Cost of diagnostic imaging examinations
Cost of daily wound care and dressing
Cost of antibiotic treatment

Cost of insulin medication

Cost of hospitalization

Regression coefficient p value
0.827 0.001
2.522 0.001
1.027 0.110
0.847 0.001
1.397 0.001
3.242 0.001
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cause men work under physically severe
conditions, do not care enough about foot
hygiene, and due to neuropathy.

Prolonged hospitalization is an important
factor that leads to high costs. In our study,
patients with DFU had longer hospitalization
times.

This study, however, had some limitations.
Wagner classification, despite very useful,
is quite outdated and overcome by many
other methods, more recently introduced.
We should have chosen one of these more
updated classification methods. Second,
our study did not include patients with
reperfusion procedures or bypass surgery.
Besides, off-loading footwear cost was also
not taken into account. However, we
thought that the study addresses a very
important issue, which is often underval-
ued. Evaluation of the costs of DF, different
components of health system expenditure,
and differences between costs in patients
with different complexities will be very use-
ful for the economy of the countries. Thus
we hope that the aim of this study is not
only inspirational but will provide guidance
for future studies.

Conclusion

The most important factor affecting the total
cost in the cost analysis of DFU was found
to be the cost of hospitalization. Reducing
the rate of hospitalizations will be effective
in reducing the treatment cost of DFU.
Therefore, taking precautions before the dis-
ease reaches an advanced stage and start-
ing treatment at an early stage will shorten
the length of hospital stay and reduce the
total cost of treatment.
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