
INTRODUCTION

The development of pressure ulcers slows down the recovery
from illness, and decreases the quality of life (QOL) of patients
(1-4). Generally speaking, the causes of pressure ulcers include :
nutrition indicators (anemia, hemoglobin (Hb), albumin (Alb), nu-
trient intake, body weight) ; factors such as diabetes and low blood
pressure ; moisture content of the skin ; and age (5). Patients whose
voluntary activities are limited by conditions such as motor paraly-
sis and disturbance of consciousness due to underlying disease
easily develop pressure ulcers. However, it is possible to prevent
pressure ulcer formation by providing high-quality care to patients
who are at risk for developing pressure ulcers (6).
Due to the fact that pressure ulcers extend the duration of hos-
pitalization for patients and increase medical fees (7, 8), medical
institutions began to systematically implement measures to pre-
vent pressure ulcers in Japan after medical treatment fees were
revised to include “subtraction of fees for non- implementation of
measures against pressure ulcer” in 2002. The medical treatment
fees were subsequently revised to introduce “addition of fees for
the management of patients with pressure ulcer” in 2004 and “addi-
tion of fees for the care of patients with a high risk of pressure
ulcer.” These incentive systems proved effective in reducing medi-
cal expenses related to pressure ulcers (9).

1. Research on the Prevalence Rate of Pressure Ulcers in Japan

A study conducted by Ohura et al. on the prevalence rate of

pressure ulcers in Japan prior to the implementation of measures
against pressure ulcers found the rate to be 5.8% (10). After meas-
ures against pressure ulcers were implemented, Nagano et al. con-
ducted a study targeting large-scale hospitals in 2004, finding that
the average, maximum, and minimum prevalence rates were 3.09%,
14.1%, and 0.01%, respectively (11). These results suggest that there
are discrepancies between hospitals. Takeda et al. reported in their
2010 study that the pressure ulcer prevalence rate in hospitals
ranged from 1.92 to 3.52% (12). Miyaji et al. conducted a study on
changes in the prevalence rates before and after the implementa-
tion of measures against pressure ulcers, focusing on the same
target groups in 2002, and found that the rate significantly de-
creased six months and one year after the implementation (13).
As the result of the measures taken against pressure ulcers, the
primary diseases affiliated with pressure ulcers changed from cere-
bral vascular diseases to the terminal stage of malignant diseases
in acute care hospitals. Accordingly, there was an increase in pres-
sure ulcer cases that were difficult to treat (14), and the occurrence
rate of pressure ulcers was decreased. New challenges emerged,
however, including hospitalization of aged patients with serious
pressure ulcers (15) and development of pressure ulcers during
the perioperative period (15, 16). Pressure ulcers that occurred
during the perioperative period were observed to heal in a short
period of time, and not to repeat (17). On the other hand, pressure
ulcers that occurred in terminal malignant disease patients were
hard to cure, and often repeated (17).

2. Nursing Needs Score (18, 19)

The basic hospitalization fee system was introduced in 2006,
with the patient to nurse ratio being seven to one to ensure the
quality of acute hospitalization medical care. The system requires
medical institutions to check and maintain a record of the severity
of patients’ diseases, as well as their condition. Within this system,
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judgment criteria are provided by Nursing Needs Score A (NNS-
A) and Nursing Needs Score B (NNS-B) (Tables 1 and 2). NNS-A
provides items concerning treatment and care, and is related to
patient disease severity ; NNS-B concerns patient mobility and ac-
tivities of daily living (ADLs).
It has been reported that NNS-A and NNS-B are weakly corre-

lated with pressure ulcer development (20). Furthermore, Nakamura
et al. conducted a logistic regression analysis of total NNS scores
and reported on the usefulness of total NNS-B scores in estimating
risks during hospitalization periods (21). There is, however, no
study that has conducted analysis using the detailed NNS items.
The data on NNS-A and NNS-B are always collected and stored
at designated hospital information systems (HIS) throughout Ja-
pan. However, these data are not used for any other purposes.
Nursing managers are therefore seeking ways to effectively use
this huge dataset for nursing management.

OBJECTIVE

The objective of this study is to identify the main factors useful
for predicting pressure ulcer development at an acute care hospi-
tal, which usually has a low rate of pressure ulcer cases, in order to
take preventive measures. The study also examines whether the

use of an alternating decision tree (ADT) data mining method is
effective in analyzing medical information and useful for acquiring
new knowledge from imbalanced clinical data.

PATIENTS AND METHODS

1. Patients

The present study targeted patients hospitalized in the Tokushima
University Hospital between January 1 and December 31, 2012.
Patients were divided into case group and control group depending
on whether or not they had developed pressure ulcers during hos-
pitalization.

2. Content of Study

Data on pressure ulcers, as well as the following data (which
werestored in thehospitaldatabase),were used :
1) Basic information on individuals, including sex, age, height,
and weight
2) Disease name, history of operation(s), and operation duration
3) Information related to pressure ulcers
4) Other relevant pieces of information (i.e., NNS-A and NNS-B)

Table 1. Evaluation Chart (NNS-A)

A. Monitoring and treatment 0 points 1 point 2 points
1. Wound treatment none yes ‐
2. blood pressure measurement 0 -4 times more than 5 times ‐
3. Timed urine measurement none yes ‐
4. Respiratory care none yes ‐
5. More than three simultaneous IV lines none yes ‐
6. ECG monitor none yes ‐
7. Syringe driver none yes ‐
8. blood transfusion or use of blood product none yes ‐
9. Specialized treatment
9.1 Use of an antineoplastic drug
9.2 Use of medical drug injection
9.3 radiotherapy treatment
9.4 Use of an immunosuppressive drug none ‐ yes
9.5 Use of a vasopressure drug
9.6 Use of an antiarrhythmic agent
9.7 Management of the drainage

A score

Table 2. Evaluation Chart (NNS-B)

B. Patient’s conditions 0 points 1 point 2 points

10. turn over Can can do if holding on to
something cannot

11. sit up Can cannot ‐

12. maintain a sitting position Can can do if there is
some support cannot

13. transfer activity Can some assistance or
supervision is cannot

14. mouth care Can cannot ‐
15. eating no help is needed some help is needed complete help is needed
16. get (un)dressed no help is needed some help is needed complete help is needed

B score

The Journal of Medical Investigation Vol. 63 August 2016 249



3. Methods of Analysis

Decision trees are powerful classification methods that provide
easily understandable if - then classification rules, and have been
used successfully in many medical studies (22).
However, our data suffer from a very high degree of imbalance,
the number of negative cases largely exceeds the number of posi-
tive cases. Decision trees and many other machine learning and
statistical methods encounter difficulties when working with highly
skewed data (23). Boosting decision trees (24) can improve the
performance of decision trees, but can result in complicated trees
that are difficult to understand. Freund et al. (25) have developed
an easy-to-understand decision tree that uses AdaBoost (26) to
provide weights to decision stumps (two- layer decision tree) and
combine them to generate a single, easy to understand tree called
ADT. ADT consists of decision nodes and prediction nodes. A
decision node is a stump that selects the factor with the highest
information gain ratio (the weighted entropy difference before and
after the data split) and use it to split the data into two branches
according to the values of the selected factor, while the prediction
node contains a real -valued number that represents the weight of
the prediction node. During the prediction phase, each input case
spans over multiple paths along the tree, from the root to different
prediction nodes. The weights of the related prediction nodes are
summed and the final classification is determined by the sign of this
sum. A positive sign indicates a positive case, and a negative sign
indicates a negative case. A higher total sum indicates higher con-
fidence in the decision.
In order to deal with the problem of class imbalance, positive and
negative examples were weighted such that the total weights of
each class were equal. The accuracy, sensitivity, and specificity of
the model were estimated using the 10-fold cross validation proc-
ess. The alternating decision tree was generated using RapidMiner
Studio Ver. 6.4 (27).

RESULTS

1. General Situation of the Target Hospital

Among the total of 12,008 patients hospitalized in 2012 (those
hospitalized more than once were aggregated accordingly), the
prevalence rate and occurrence rate of pressure ulcers were 1.86%
and 0.37%, respectively. Of these, 59 patients already had pressure
ulcers at the time of hospitalization (hereinafter referred to as
carry-on patients), whereas 71 patients developed new pressure
ulcers during hospitalization (those who developed pressure ul-
cers more than once were aggregated accordingly). The average
ratio of patients whose aggregated NNS-A and NNS-B scores
were�5 was 16.2% in 2012.
1) Sex Difference and Pressure Ulcers
Of the 12,008 patients (5,940 men and 6,068 women) hospitalized
in 2012, a total of 130 patients (82 men and 48 women) either had

pressure ulcers at the time of hospitalization (i.e., carry-on pa-
tients) or developed pressure ulcers during hospitalization. While
the male-to- female ratio of hospitalized patients was almost 1 : 1
(49.5% and 50.5%, respectively), the proportions of male and female
patients who developed pressure ulcers during hospitalization
were 63.1% and 36.9%, respectively.
2) Age Difference and Pressure Ulcers
A total of 7,028 patients were aged�65 years, and 4,980 patients
were aged�65 years. The average age of patients with pressure
ulcers was 65.4�16.6 years. The numbers of patients with pressure
ulcers in different age groups were as follows : 0-9 years : four pa-
tients ; 10-19 years : two patients ; 20-29 years : two patients ; 30-
39 years : four patients ; 40-49 years : three patients ; 50-59 years :
17 patients ; 60-69 years : 35 patients ; 70-79 years : 42 patients ;
80-89 years : 33 patients ; and�90 years : three patients.
3) Comparison between Carry-on Pressure Ulcers and Pressure
Ulcers that Developed during Hospitalization
Of the 59 carry-on patients, 13 achieved a recovery, and 10 of
the remaining patients died. Since carry-on patients had devel-
oped pressure ulcers prior to hospitalization, the causes and cir-
cumstances were unknown. The total aggregated number of patients
who developed pressure ulcers during hospitalization was 71, of
whom 38 achieved a recovery, 19 developed pressure ulcers in the
perioperative period, and 17 died (Table 3). Some patients repeat-
edly developed and recovered from pressure ulcers ; as such, the
number of patients who developed pressure ulcers during hospi-
talization represents an aggregated number. Five of 11 patients
who repeatedly developed pressure ulcers were hospitalized a
number of times due to pressure ulcers, four developed new pres-
sure ulcers in the hospital after having recovered from carry-on
pressure ulcers, and two developed repeated pressure ulcers dur-
ing hospitalization.
4) Diseases and Pressure Ulcers
The target hospital, a university hospital, is also a regional core
acute-care hospital characterized by a high number of patients
with varying disease types and severity. Below are the numbers of
patients with malignant tumors who developed pressure ulcers by
disease type. Among 604 patients with otolaryngological diseases,
151 had malignant tumors ; of these, two developed pressure ulcers.
Among 984 patients with respiratory system diseases, 609 had
malignant tumors ; of these, 19 developed pressure ulcers. Among
2,066 patients with digestive diseases or liver, biliary, and pancreas
diseases, 1,228 had malignant tumors ; of these, 23 developed
pressure ulcers. Among 344 patients who had diseases of the skin
or subcutaneous tissue, 14 had malignant tumors ; of these, one
developed a pressure ulcer. Among 899 patients who had diseases
of the kidney and urinary tract or the male reproductive system,
326 had malignant tumors ; of these, 11 developed pressure ulcers.
Among 1,002 patients who had female reproductive system or pu-
erperium diseases, 20 developed pressure ulcers, but none had ma-
lignant tumors. Among 222 patients who had breast diseases, 202
had malignant tumors ; none of these patients developed pressure

Table 3. Comparison between Carry -on Pressure Ulcers and Pressure Ulcers that Developed during Hospitalization

Total
patients

Recovered
patients

Patients who developed
pressure ulcers during the
perioperative period

Deceased
patients

Carry -on patients 59 13 unknown 10
Patients who
developed pressure ulcers 71* 38* 19 17
during
hospitalization

*Aggregated numbers
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ulcers. Thus, differences in pressure ulcer development were ob-
served by disease.

2. Analysis Using ADT

Before generating an ADT, data cleansing was carried out to ex-
clude the data of patients whose nursing needs were not assessed,
and data with missing items. Each patient who developed repeated
pressure ulcers during the hospitalization period was counted as
one case ; thus, the total number reflects the actual number of pa-
tients. Patients who already had pressure ulcers at the time of hos-
pitalization were removed from the case group, which was the
analysis target ; hence, the case group included 51 patients (35 men
and 16 women) who developed pressure ulcers during hospitaliza-
tion, and the control group included 8,235 patients (4,566 men and
3,669 women)without pressure ulcers (Table 4). In the case group,
the average age was 62.1�14.1 years in men, and 67.2�14.7 years
in women ; in the control group, the average age was 62.6�15.6
years in men, and 59.4�18 years in women. NNS-A values were
0.5�1 for the case group and 0.3�0.8 for the control group. NNS-B
values were 3.2�4 for the case group and 1.1�2.3 for the control
group. The values for the case group were higher for both indica-
tors, with the case group NNS-B values being particularly high.
Body mass index (BMI) values were 22.2�4.6 for men and 22.2�3
for women among patients with pressure ulcers, and 23.1�3.7 for
men and 22.6�4.3 for women among patients without pressure
ulcers. These results indicate a slightly lower BMI in the group of
patients with pressure ulcers than in the group of patients with no
pressure ulcers. Among the patients who underwent operations,
3,158 were negative for pressure ulcers and 28 people were posi-
tive for pressure ulcers. The average operation time was 2.7�2.2
hours for patients who were negative for pressure ulcers and 6.5�
4.4 hours for patients who were positive for pressure ulcers. In other
words, the average operation time was longer among patients with
pressure ulcers.
The attributes used for ADT analysis included sex, age, disease,
BMI, and the items of NNS-A and NNS-B. The resulting ADT is
shown in Figure 1. The resulting tree was validated using a 10-fold
cross validation process. The average and standard deviation of
the accuracy, sensitivity, and specificity are 72.1%�3.7%, 79.3%�
18.1%, and 72.1%�3.8%, respectively. The identified factors were
operation time (expressed as “duration” in Figure 1), low BMI, and
transfer activity.

DISCUSSION

The yearly average prevalence rate and occurrence rate of pres-
sure ulcers at Tokushima University Hospital were 1.86% and 0.37%,
respectively, which are relatively low for a Japanese hospital. These
results suggest that appropriate care for pressure ulcers is being
provided at the hospital. Since this is a university hospital that pro-
vides high- level medical care, a specialized team of plastic sur-
geons, certified nurses, dietitians, dentists, and pharmacists takes
measures against pressure ulcers, appropriately blending their re-
spective skills. The low occurrence rate may also be attributed to
the fact that mattresses used for depressurization are appropriate
for patients in need. Research and analysis were conducted to in-
vestigate the pressure ulcer cases that still occurred despite the
appropriate measures taken at the hospital.

1. Age and Sex

Braden Scale does not include the items of age and sex. However,

Table 4. Descriptive Statistics of Patient Characteristics

All inpatients PU-positive PU-negative
Class Male 35 4566

Female 16 3669
Age (years) Male 62.1 (14.1) 62.6 (15.6)

Female 67.2 (14.7) 59.4 (18.0)
NNS score A 0.5 (1.0) 0.3 (0.8)

B 3.2 (4.0) 1.1 (2.3)
BMI Male 22.4 (4.6) 23.1 (3.7)

Female 22.2 (3.0) 22.6 (4.3)
Surgery inpatients PU-positive PU-negative
Class 28 3158
Surgery duration (hr) 6.5 (4.4) 2.7 (2.2)

Mean (SD)

PU-positive : pressure ulcer -positive PU-negative : pressure ulcer -negative

Figure 1. Diagram of Pressure Ulcer Causing Factors Expressed via
ADT
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while Braden admits that age is an important risk factor for pres-
sure ulcers (28, 29), she also posits that the effects of gender cannot
be estimated (29). According to the Waterlow Scale (30), advanced
age and female gender are high-risk factors. The Ohura-Hotta
(OH) Scale (31) deliberately excludes demographics ; hence nei-
ther age nor sex is included.
Focusing first on age, although the ADT did not identify age as
a contributing factor, the number of patients who developed pres-
sure ulcers increased in those over the age of 50 years. Since 50
years is below the threshold for being an aged person, as defined
by the World Health Organization (WHO), it is necessary that
measures be taken to prevent pressure ulcers in this age group
under the premise that “advanced age” as a pressure ulcer causing
factor can be as low as 50 or 60 years, and that patients belonging
to this age group are at a higher risk. Advanced age contributes
to the formation of pressure ulcers because aging results in de-
creases in biological functions, decreases in ADL, and vulnerable
skin. Moreover, aging decreases the moisture content of the stra-
tum corneum and causes wrinkles on the skin (32). Skin wrinkles
are related to skin diseases, including pressure ulcers (33). Vohra
et al. examined pressure ulcers and concluded that aging is a sys-
temic contributing factor (34).
As for sex, while the numbers of hospitalized male and female
patients were almost equal, the number of male patients with pres-
sure ulcers was 1.7 times higher than the number of female patients
affected. Other studies have found that female patients are more
likely to have pressure ulcers (6, 35, 36), male patients are more
likely to have pressure ulcers (37, 38), or the numbers of male and
female patients with pressure ulcers are almost equal (10). These
divergent results suggest that sex is not a constant risk factor.

2. Operation Duration

One study compared a group in which pressure ulcers occurred
and a similar control group, concluding that operation duration
was not correlated with the occurrence of pressure ulcers (15).
However, the Waterlow Scale considers major surgery to be a spe-
cial risk. Chao-Ton Su et al. analyzed the occurrence of pressure
ulcers among surgical patients using a data mining method, con-
cluding that operation duration was one of the risk factors associ-
ated with the occurrence of pressure ulcers (39). The results of the
current study suggest that the estimated probability of pressure
ulcer occurrence is high for cases in which operation duration is
longer than 4.2 hours, and that longer operation duration is a
causative factor for pressure ulcers in acute care hospitals. Con-
versely, transfer activity was identified as an independent factor for
cases in which the operation duration was shorter than 4.2 hours ;
no pressure ulcers occurred in cases in which BMI was 18 or
greater. These results suggest that pressure ulcers may occur
when patients with low BMI scores or limited transfer activity un-
dergo surgery.
Among patients who developed pressure ulcers after undergo-
ing an operation, 70% of cases occurred within one day following
the operation (15). Since treatment is prioritized at the time of op-
eration, the reality is that measures against pressure ulcers are of
secondary importance. Currently, pressure ulcer occurrence and
prevalence rates are considered to be quality indicators for hos-
pitals. Therefore, for acute care hospitals that have successfully
lowered pressure ulcer occurrence and prevalence rates through
countermeasures, preventing pressure ulcers for patients in the
perioperative period is a remaining challenge.

3. BMI

BMI scores can contribute to pressure ulcers in patients who are
extremely obese or thin (40, 41). Our study found low BMI to be
a causative factor for pressure ulcers. Average BMI was 22.4�4.6
for men and 22.2�3 for women in the pressure ulcer group ; average

BMI was 23.1�3.7 for men and 22.6�4.3 for women in the control
group. These average values are within the normal range in both
cases. According to a study that examined the relationships be-
tween BMI, weight, and pressure ulcers (42), the BMI of patients
with pressure ulcers was 28.2�8 for men and 29.5�9.7 for women
in 2006, and 28.4�8 for men and 29.5�9.7 for women in 2007. All
of these average values are considered to be overweight, corre-
sponding to level Iobesity.
Obesity is also a risk factor for deep tissue injury (43). Thin and
obese body shapes give rise to shear force and surface pressure
on different body parts (44). Our study identified low BMI as a
causative factor for pressure ulcers, suggesting that thin body
shapes contribute to pressure ulcers more than obese body shapes
in the Japanese population. Moreover, pathologic bone protrusion
(relative protrusion of the sacral region due to disuse atrophy), a
pressure ulcer causing factor specific to Japanese individuals, is
caused by emaciation. Accordingly, it is necessary to provide pres-
sure ulcer preventive measures for thin patients in Japan.

4. Relationships between Diseases and Pressure Ulcers

The ADT did not identify disease as a related factor to pressure
ulcers. The leading cause of death in Japan has been malignant
neoplasm since 1981. Acute care hospitals frequently find patients
in the terminal stage of malignant disease to have pressure ulcers
(14). The deterioration of general health conditions, regardless of
whether it is due to malignant disease or not, leads to difficulties in
treatment of pressure ulcers. The existence of pressure ulcers is
one of the end indicators for various systemic diseases (45). This
indicator stands in stark contrast to patients who develop pressure
ulcers in the perioperative period, as their risk of developing pres-
sure ulcers disappears once they are past the perioperative period,
a rather unique state. There exist patients with intractable pressure
ulcers in acute care hospitals, due to the hospitalization of patients
in poor general condition. Diseases that cause systemic oxygen
shortages, such as respiratory diseases, decrease the oxygen con-
tent of peripheral tissues. Aging similarly deteriorates respiratory
functions. In this sense, one remaining challenge is to prevent the
development of pressure ulcers in patients with respiratory dis-
eases or limited respiratory functions, the number of which in-
creases with aging.

5. Transfer Activity, Shear Force, and Friction

Ibe et al. (20) and Nakamura et al. (21) conducted research on
the relationships between NNS-A, NNS-B, and the occurrence of
pressure ulcers, focusing on total scores. No study has yet focused
on NNS items and their relationships with pressure ulcers. To re-
veal more detailed causative factors for pressure ulcers, our study
focused on NNS items through the use of an ADT, and identified
transfer activity as a related factor.
The duration of pressure was considered to be the pressure ulcer
causing factor until the mid-20th century (46). However, new find-
ings have been reported since then, including the following : fric-
tion does not cause ischemia (47) ; and as shear force increases,
tissues are destroyed more quickly (48). Consequently, it is now
believed that the causes of pressure ulcers include pressure, shear
force, friction, and microclimate, and that these factors multiply the
effects of each other in a complex manner (49). Given that shear
force and friction tend to occur when patients who cannot conduct
ADLs independently are transferred, it is significant that transfer
activity was identified as a pressure ulcer causing factor. For ex-
ample, when raising the bed of a patient for daily care, it is necessary
to pay attention to friction against and shear force on the back, pres-
sure on the sciatic region, and friction against the heels, because
shear force and pressure occur differently depending on bed move-
ments and body types (43). Among patients who use wheelchairs
and have difficulties in seating, pressure ulcers are likely to develop
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on the back, buttocks, or heels due to their bodies sliding down
while seated in the wheelchair, causing shear force. It is therefore
necessary to select a wheelchair suitable for each patient and to
maintain the right sitting position to prevent the patient from slip-
ping down (50). Studies have been conducted on wheelchair seat
cushions (51) and mattresses (46, 52) for the purposes of allevi-
ating friction, shear force, and pressure ; the results of these stud-
ies are incorporated into pressure ulcer prevention measures in
clinical practice.
The NNS-B defines transfer activity as “moving ‘from a bed to
a wheelchair,’ ‘from a bed to a stretcher,’ ‘from a bed to a portable
toilet’” (18). According to these evaluation criteria, even if a patient
crawls to make such moves, he/she is considered to be “capable”
of transfer activity. In cases in which patients can move little by little
on their own, while a nurse is watching over them, these patients
are considered to be “partially assisted.” In such examples, among
patients who crawl or move slowly on their own, shear force and
friction occur. Given that shear force increases when the body sur-
face experiences friction, the skin is damaged more quickly than
otherwise (53) ; thus, care providers should perhaps refrain from
thoughtlessly recommending patients to move on their own. It is
necessary for patients to use assistive devices in order to prevent
shear force and friction from occurring, while nurses are required
to provide sufficiently attentive support.
Hospitals with good pressure ulcer prevention methods can re-
duce pressure ulcer cases even more by recognizing factors other
than postural change. Movements and positions that might cause
friction or shear force, such as patients’ transfer activity, should
also be considered in order to reduce pressure ulcer cases. This
work shows, based on NNS criteria, that transfer activity is related
to pressure ulcer formation. Care providers are thus faced with the
challenge of developing devices that minimize friction or shear
force.

6. Consideration of Related Factors for Pressure Ulcers Using
ADT

ADT is a powerful classification algorithm that can identify fac-
tors important for class prediction. In this study, ADT shows that
pressure ulcer occurrence can be predicted by operation duration,
transfer activity, and BMI. While many studies have revealed that
shear force and friction are risk factors for pressure ulcer occur-
rence, these studies made empirical judgments without showing
evidence that transfer activities give rise to shear force and friction,
thus causing pressure ulcers. The results of the current study form
a foundation that shows that transfer activity, which gives rise to
shear force and friction, is related to the future development of
pressure ulcers. Since interventions can be implemented to impact
transfer activity, this new finding can be used not only for predic-
tion of pressure ulcer occurrence through evaluation at the time of
hospitalization, but also for prevention of pressure ulcers through
nursing management.

CONCLUSIONS

In this study, data were analyzed from patients hospitalized in the
Tokushima University Hospital during 2012. The analysis, which
was conducted through the use of ADT, revealed that long opera-
tion duration, low BMI, and transfer activity are the main factors
that predict pressure ulcer development at an acute care hospital
that utilizes advanced measures of pressure ulcer prevention. Trans-
fer activity, a new factor found to contribute to pressure ulcers, has
the potential to be impacted through interventional activities. Fi-
nally, ADT has been shown to be an effective method for isolating
factors from highly imbalanced data.

ACKNOWLEDGEMENTS

We would like to thank Mr. Toshifumi Osawa (Tokushima Uni-
versity Hospital) for his advice, and Mr. Hachiro Nakagawa for his
technical assistance with data management.

CONFLICTS OF INTEREST

We have no conflicts of interest to declare.

Certificate of Native Proofreading is issued by ProEdit Japan,
Inc.

REFERENCES

1. Allman RM, Laprade CA, Noel LB, Walker JM, Moorer CA,
Dear MR, Smith CR : Pressure sores among hospitalized pa-
tients. Annals of Internal Medicine 105 : 337-342, 1986

2. Allman RM, Goode PS, Patrick MM, Burst N,Bartolucci AA :
Pressure ulcer risk factors among hospitalized patients with
activity limitation. JAMA 273 : 865-870, 1995

3. Hopkins A, Dealey C, Bale S, Defloor T, Worboys F : Patient
stories of living with a pressure ulcer. Journal of Advanced
Nursing 56 : 345-353, 2006

4. Spilsbury K, Nelson A, Cullum N, Iglesias C, Nixon J, Mason
S : Pressure ulcers and their treatment and effects on quality
of life : hospital inpatient perspectives. Journal compilation :
494-504, 2007

5. Pressure Ulcer Prevention QUICK REFERENCE GUIDE
6. Lyder CH, Person J, Grady JN, Scinto J, Allman R, Bergstrom
N, Rodeheaver G : Quality of care for hospitalized medicare
patients at risk for pressure ulcers. Archives of Internal Medi-
cine 161 : 1549-1554, 2001

7. Bennett G, Dealey C, Posnett J : The cost of pressure ulcers
in the UK. Age and Ageing 33(3) : 230-235, 2004

8. Anthony D, Reynold T, Russell L : The role of hospital ac-
quired pressure ulcer in length of stay. Clinical Effectiveness
in Nursing 8 : 4-10, 2004

9. Sanada H, Nakagami G, Mizokami Y, Minami Y, Yamamoto
A, Oe M, Kaitani T, Iizaka S : Evaluating the effect of the new
incentive system for high-risk pressure ulcer patients on
wound healing and cost-effectiveness : A cohort study. Inter-
national Journal of Nursing Studies 47 : 279-286, 2010

10. Ohura T, Kondo K, Sanada H, Sugiyama M, Tokunaga K, Fujii
T, Moriguchi T : Honpo ni okeru jokuso kanja 655 rei no
gennjo to jittai (In Japanese). Japan Medical Journal 3990.
2000

11. Nagano M, Ebata C, Ogata Y, Tejima M, Sakurai C, Yamada
N, Mukai C, Tokunaga K, Ohura T : The present conditions
of the pressure ulcer prevalence in large scale hospitals in
Japan). Japanese Journal of Pressure Ulcers 7(3) : 386, 2005
(In Japanese)

12. Takeda T, Sido K, Noguchi M, Hashimoto I, Hayashi M,
Higuchi H, Mizutani H : Ryoyosyo betu jokuso yubyouritu,
jokuso no bui, jusyodo (hukasa). Japanese Journal of Pressure
Ulcers 13(4) : 625-632, 2011 (In Japanese)

13. Miyaji Y, Sanada H, Ohura T, Moriguchi T, Tokunaga K,
Sido K : Jokuso taisaku mijisshi gennsan donyu zengo no
jokuso yubyo ritu to sono jittai ni tuite no anketo tyosa hokoku.
Japanese Journal of Pressure Ulcers 8(1) : 92-99, 2006(In
Japanese)

14. Fujioka M, Tasaki I : Evaluation of 237 pressure ulcer pa-
tients after countermeasure for pressure ulcer- An opinion

The Journal of Medical Investigation Vol. 63 August 2016 253



about the management for the pressure ulcer with terminal
cancer. Japanese Journal of Pressure Ulcers 8(1) : 49-53, 2006
(In Japanese)

15. Kaneko M, Maekawa M : Risk assessment of pressure ul-
cers occurred in perioperative and hospitalized patients. THE
OFFICIAL JOURNAL OF JAPANESE SOCIETY OF LABO-
RATORY MEDICINE 57(7) : 659-664, 2009(In Japanese)

16. Yamauchi S, Yanagida H, Takahashi K : An Investigation of
the actual state of pressure ulcers patients at the memorial
heart center of Iwate Medical University. Journal of Japanese
Society of Hospital Pharmacists 40(9) : 1149-1152, 2004(In
Japanese)

17. Setoguchi Y, Ichinohe S, Monden C, Sakai M : Ichi tokutei
kino byoin ni okeru jokuso yubyoritu no genjo. Bulletin of
Faculty of Nursing, Jobu University 4 : 17-25, 2007(In Japa-
nese)

18. www.mhlw.go.jp/seisakunitsuite/bunya/kenkou.../5-2 -2 -
2.pdf

19. Iwasawa K, Tsutsui T : Intensity of Nursing Care Needs Part4
2012, Nihon kango kyokai syuppankai, Tokyo, 2012

20. Ibe T, Ishizaki T, Oku H, Ota K, Takabatake Y, Iseda A,
Ishikawa Y, Ueda A : Predictors of pressure ulcer and physi-
cal restraint prevalence in Japanese acute care units. Japan
Journal of Nursing Science 5(2) : 91-98, 2008

21. Nakamura Y, Ghaibeh AA, Setoguchi Y, Mitani K, Abe Y,
Hashimoto I, Moriguchi H : On admission pressure ulcer
prediction using the Nursing Needs Score. JMIR MEDICAL
INFORMATICS 3(1) : 13pages, 2015

22. Satomi J, Ghaibeh AA, Moriguchi H, Nagahiro S : Predict-
ability of the future development of aggressive behavior of
cranial dural arteriovenous fistulas based on decision tree
analysis. Journal of Neurosurgery 123(1) : 86-90, 2015

23. He H Member, IEEE, Garcia EA : Learning from imbalanced
data. IEEE Transaction on Knowledge and Data Engineering
21(9) : 1263-1284, 2009

24. Guo H, Viktor HL : Learning from imbalanced data sets with
boosting and data generation. : The databoost-IM approach.
ACM SIGKDD Explorations Newsletter 6(1) : 30-39, 2004

25. Freund Y, Mason L : The alternating decision tree learning
algorithm. 16th International Conference on Machine Learn-
ing : 124-133, 1999

26. Freund Y, Schapire RE : A decision theoretic generalization
of on- line and an application to boosting. Journal of Computer
and System Sciences 55(1) : 119-139, 1997

27. http : //www.rapidminer.com
28. Bergestrom N, Braden B : A prospective study of pressure
sore risk among institutionalized elderly. Journal of the Ameri-
can Geriatric Society 40 : 747-758, 1992

29. Bergstrom N, Braden B, Kemp M, Champagne M, Ruby E :
Multi -site study of incidence of pressure ulcers and the rela-
tionship between risk level, demographic characteristics, di-
agnoses, and prescription of preventive interventions. Journal
of the American Geriatric Society 44 : 22-30, 1996

30. http : //www.judy-waterlow.co.uk/index.htm
31. Ohura T, Hotta Y : Nihonjin no jokuso kiken yoin [OH scale]
ni yoru jokuso yobo dai 2 han. Nissoken, Nagoya, 2007(In
Japanese)

32. Flynn C, McCormack BAO : Simulating the wrinkling and
aging of skin with a multi - layer finite element model. Journal
of Biomechanics 43 : 442-448, 2010

33. Sopher R, Gefen A : Effects of skin wrinkles, age and wetness
on mechanical loads in the stratum corneum as related to skin
lesions. Medical and Biological Engineering 49 : 97-105, 2011

34. Vohra RK, McCollum CN : Pressure sores. BMJ 309 : 853-
857, 1994

35. Gunningberg L, Donaldson N, Aydin C, Idvall E : Exploring

variation in pressure ulcer prevalence in Sweden and the USA :
benchmarking in action. Journal of Evaluation in Clinical Prac-
tice 18 : 904-910, 2012

36. Vanderwee K, Defloor T, Beeckman D, Demarre L, Verhaeghe
S, Durme TV : Assessing the adequacy of pressure ulcer pre-
vention in hospitals : a nationwide prevalence survey. BMJ
Quality & Safety 20 : 260-267, 2011

37. Nonnemacher M, Stausberg J, Bartoszek G, Lottko B,
Neuhaeuser M, Maier I : Predicting pressure ulcer risk : a
multifactorial approach to assess risk factors in a large uni-
versity hospital population. Journal of Clinical Nursing 18 : 99-
107, 2008

38. Pernege TV, Raë A, Gaspoz JM, Borst F, Vitekf O, Héliot C :
Screening for pressure ulcer risk in an acute care hospital :
Development of a brief bedside scale. Journal of Clinical
Epidemiology 55 : 498-504, 2002

39. Su CT, Wang PC, Chen YC, Chen LF : Datamining techniques
for assisting the diagnosis of pressure ulcer development in
surgical patients. Journal of Medical Systems 36 : 2387-2399,
2012

40. Kottner J, Gefen A, Lahmann N : Weight and pressure ulcer
occurrence : A secondary data analysis. International Journal
of Nursing Studies 48 : 1339-1348, 2011

41. Drake DJ, Swanson M, Baker G, Pokorny M, Rose MA, Clark-
Reed L, Waters W, Watkins FR Jr, Engelke MK : The associa-
tion of BMI and Braden total score on the occurrence of pres-
sure ulcers. Journal of Wound, Ostomy and Continence Nursing
37(4) : 367-371, 2010

42. VanGilder C, MacFarlane G, Lachenbruch C : Body mass
index, weight, and pressure ulcer prevalence/ an analysis of
the 2006-2007 international pressure ulcer prevalence surveys.
Journal of Nursing Care Quality 24(2) : 127-135, 2009

43. Elsner JJ, Gefen A : Is obesity a risk factor for deep tissue
injury in patients with spinal cord injury?. Journal of Biome-
chanics 41 : 3322-3331, 2008

44. Mimura M, Ohura T, Takahashi M, Kajiwara R, Ohura N Jr :
Mechanism leading to the development of pressure ulcers
based on shear force and pressure during a bed operation :
Influence of body types, body positions, and knee positions.
Wound Repair and Regeneration 17 : 789-796, 2009

45. Jaul E, Calderon-Margalit R : Systemic factors and mortality
in elderly patients with pressure ulcers. International Wound
Journal : 2013

46. Takahashi M, Black J, Dealey C, Gefen A : Pressure in con-
text. International review. Pressure ulcer prevention : pres-
sure, shear, friction and microclimate in context. A consensus
document. 2 -10, London : Wound International, 2010

47. Dinsdale SM : Decubitus ulcers : role of pressure and friction
in causation. Archives of Physical Medicine and Rehabilitation
55 : 147-152, 1974

48. Goldstein B, Sanders J : Skin response to repetitive mechani-
cal stress : a new experimental model in pig. Archives of Physi-
cal Medicine and Rehabilitation 79 : 265-272, 1998

49. Orstead HL, Ohura T, K Harding K : Pressure, shear, fric-
tion, and microclimate in context. International review. Pres-
sure ulcer prevention : pressure, shear, friction and microcli-
mate in context. A consensus document. 1, London : Wound
International, 2010

50. Eto F compilation : Seating no kiso. National Rehabilitation
Center for Persons with Disabilities, Saitama, 2009 (In Japa-
nese)

51. Akins JS, Karg PE, Brienza DM : Interface share and pres-
sure characteristics of wheelchair seat cushion. Journal of Re-
habilitation Research & Development 48(3) : 225-234, 2011

52. Sanada H, Sugama J, Matsui Y, Konya C, Kitagawa A, Okuwa
M, Omote S : Randomised controlled trial to evaluate a new

254 Y. Setoguchi, et al. Pressure Ulcer prediction using ADT



double- layer, JOURNAL OF TISSUE VIABILITY 13(3) : 112-
121, 2003

53. Regar SI, Ranganathan VK, Orsted HL, Ohura T, Gefen A :
Shear and friction in context. International review. Pressure

ulcer prevention : pressure, shear, friction and microclimate
in context. A consensus document. 11-18, London : Wound
International, 2010

The Journal of Medical Investigation Vol. 63 August 2016 255


