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Background: Elderly patients with incontinence are at risk of developing incontinence-

associated dermatitis (IAD). Although perineal risk factors of IAD have been identified, the 

contribution of tissue tolerance to IAD remains poorly understood.

Objective: This study aimed to identify predictors of IAD development in three categories of 

potential risk factors: perineal environment, tissue tolerance, and toileting ability.

Methods: This was a prospective clinical study, conducted at a long-term medical facility in 

Japan between November 2011 and April 2012. The subjects were elderly female patients with 

urine and/or fecal incontinence, and constantly wearing absorbent products. The patients were 

monitored during 42 days for the onset of IAD and the emergence of potential risk factors of 

IAD related to tissue tolerance (skin hydration status, maceration, erythema index [EI], etc), 

perineal environment (urination, stool properties, etc), and toileting ability (mobility and cogni-

tive awareness). The risk factors were identified by univariate and multiple logistic regression 

analysis. Receiver operating characteristic (ROC) curve analysis was conducted to evaluate the 

predictive validity of the risk factors.

Results: Among the 46 patients enrolled, IAD developed in 25 (54.3%). The factors signifi-

cantly associated with IAD development were loose or liquid stools (odds ratio [OR]: 20.612, 

95% confidence interval [CI]: 1.118–379.852, P=0.042), malodorous urine (OR: 37.094, 95% 

CI: 3.480–395.399, P=0.003), and EI $46 (OR: 35.191, 95% CI: 5.254–235.729, P , 0.001). 

The ROC curve analysis identified EI $46 as the most reliable predictor of IAD (sensitivity: 

0.92, specificity: 0.81). These factors were integrated into a new risk assessment tool for the 

development of IAD in elderly patients with incontinence.

Conclusion: This study demonstrates that EI constitutes a more valid predictor than perineal 

factors to monitor patients in clinical settings and to prevent the development of IAD.

Keywords: nursing, risk factor, erythema index, liquid stool, malodorous urine

Introduction
Incontinence-associated dermatitis (IAD) is an inflammation of the skin that occurs 

when urine or stool comes into contact with perineal or perigenital skin.1 The prevalence 

of IAD among elderly people with incontinence ranges from 5.7% to 25%,2–4 whereas 

its incidence among elderly people ranges from 3.4% to 7.6%.5,6 IAD considerably 

affects an individual’s physical and psychological well-being. Therefore, there is an 

urgent need for practical risk assessment tools to prevent IAD development.

The efficiency of risk assessment tools depends on the validity and reliability of the 

risk factors of IAD. Previous studies investigated the perineal environment3,5 and tissue 
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tolerance, especially skin moisture,7,8 to identify risk factors 

of IAD in elderly patients with incontinence. However, 

two studies on incontinence evaluated the characteristics 

of skin hydration based on moisture exposure.7,8 A Perineal 

Assessment Tool (PAT) was designed to measure the risk of 

perineal skin injury in hospitalized patients.9 Although the 

reliability of the PAT was reported to be acceptable, the PAT 

evaluates the severity of IAD and cannot evaluate the risk 

for IAD. In other words, none of these studies tested whether 

factors related to tissue tolerance, such as skin hydration, may 

constitute risk factors for the development of IAD.

We hypothesized that skin maceration caused by inconti-

nence would be a risk factor for IAD. Brown10 defined a skin 

condition at risk for IAD, based on skin hydration/dehydra-

tion and altered pH; however, instruments are required for 

these measurements, and this limits adequate monitoring. 

We previously described the impact of incontinence on skin 

characteristics.11 The results showed that dermal/epidermal 

hydration and skin redness (erythema index [EI]) were more 

severe in skin macerated by incontinence than in nonmac-

erated skin. These findings supported the development of 

inflammation in macerated skin. Furthermore, transepidermal 

water loss and skin pH were higher in macerated skin, sug-

gesting that skin maceration reduces barrier functions. In 

addition, this study revealed that EI was the best identifier 

of skin maceration.

The purpose of the present study was to identify the risk 

factors for IAD development, including skin maceration and 

EI, in three major categories (perineal environment, tissue 

tolerance, and toileting ability), to evaluate their predictive 

ability for IAD development, and to develop a new risk 

assessment tool for IAD development.

Materials and methods
Study design and subjects
A prospective clinical study was conducted in Japan between 

November 2011 and April 2012 at a long-term medical facility 

containing 500 beds for mostly elderly patients. This survey 

was allowed in two of the ten units. The inclusion criteria 

were female patients who had urine and/or fecal incontinence 

and who constantly wore absorbent products. The exclusion 

criteria were patients with skin damage on their buttocks or a 

serious medical condition. The women recruited were at high 

risk of developing skin maceration on their buttocks because 

a large skin area came in contact with urine regularly. The 

Medical Ethics Committee of Kanazawa University approved 

the study protocol (approval number 336). Written informed 

consent was obtained from all subjects or their family.

Definition and diagnosis of IAD
The visible skin characteristics of IAD were redness, skin 

loss, and rash.12 Also, a color chart was used to diagnose the 

shade of redness. Prior to the study, all nurses and health care 

assistants were trained using text containing pictures of IAD, 

during interactive sessions. When nurses or health care assis-

tants detected skin lesions or skin changes indicative of IAD on 

the buttocks, they immediately contacted the researcher, who 

examined the skin and took pictures. The diagnosis of IAD 

was established independently by a fully trained researcher 

(Department of Wound Care Management), a dermatologist, 

and a wound/ostomy/continence nurse, using photographs. 

A consensus reached by two raters on the diagnosis of IAD 

was deemed acceptable. Interrater reliability (Fleiss’s κ) was 

κ=0.60, which indicates fair to good reliability.13 The shade of 

redness was determined by a specific researcher.

Identification of the potential risk factors 
for the development of IAD
The variables considered are based on Brown’s conceptual 

model of perineal dermatitis (Figure 1).10 Tissue tolerance was 

evaluated in terms of age, health status, body mass index (BMI), 

skin maceration, and EI. Subjects with a BMI ,18.5 kg/m2 

were classified as underweight. Skin maceration was defined 

according to our previous study showing that whitened skin, 

including whitening limited to a hair follicle, was in a swol-

len state.11 A fully trained researcher (Department of Wound 

Care Management), a dermatologist, and a wound/ostomy/

continence nurse independently diagnosed skin maceration on 

photographs. A consensus reached by two raters was deemed 

as acceptable for the diagnosis. Interrater reliability (Fleiss’s κ) 

Intact skin

Tissue tolerance

Perineal environment

Toileting ability

Age: ≥65 years 
Health status: chronic illness
Nutrition: body mass index (BMI)
Skin hydration: skin maceration, EI
Skin dehydration: skin maceration, EI
Altered pH: skin maceration, EI

Characteristic of incontinence (frequency, volume):
frequency of changed absorbent pads and feces
Type of incontinence: urine and feces, feces, urine
Mechanical chafing: bedridden state, contracture of the
lower extremities 

Increased skin permeability
Fecal enzymes: loose or liquid stools
Microorganisms (bacterial/fungal): turbid urine, malodorous urine

Mobility, cognitive awareness

Inducing agents (irritants, allergen): loose or liquid stools, turbid urine,
malodorous urine and vaginal discharge

·
·
·
·
·
·

·

·
·

·

·

Incontinence associated-dermatitis (IAD) at the buttocks

Figure 1 Categories of potential risk factors for the development of incontinence- 
associated dermatitis in elderly patients.
Note: Data from Brown.10

Abbreviation: EI, erythema index.
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was κ=0.64. EI was used for the quantification of erythema.14 

Color calibration of all photographs was performed using 

adjustment levels on image editing software (Photoshop CS5; 

Adobe Systems, San Jose, CA, USA). Image calculations using 

EI were performed with ImageJ software (National Institutes 

of Health, Bethesda, MD, USA).

The perineal environment was evaluated in terms of the 

frequency of feces and change of the absorbent pads, as well 

as the type of incontinence; the bedridden state; contractures 

of the lower extremities; and the presence of loose or liquid 

stools, malodorous urine, turbid urine, and vaginal discharge. 

We checked whether pads were changed four or more times 

a day, because they are usually changed three times a day 

in clinical practice, based on the patient’s urine volume. We 

checked whether patient’s feces frequency was at least three 

times a week because a lower feces frequency indicates 

constipation. With respect to the fecal properties, loose or 

liquid stools were defined as type six or seven, according 

to the Bristol stool form scale.15 The urine was identified 

as turbid when urine sediment was confirmed on a patient’s 

absorbent pad, and as malodorous when a specific researcher 

noticed that patient’s urine smelled stronger than usual.

Toileting ability was assessed in terms of mobility and 

cognitive awareness. We determined whether patient could 

go to a toilet or use a bedside commode. Cognitive aware-

ness was defined as whether the patient expressed the need 

to defecate and urinate.

Procedure
Data were collected during 42 consecutive days. Age, health 

status, BMI, type of incontinence, bedridden state, contrac-

tures of the lower extremities, mobility, and cognitive aware-

ness were identified on day 1 of the investigation. To diagnose 

skin maceration and IAD and to calculate EI, photographs 

of the buttocks were taken weekly by the researcher at the 

time of pad changing. It took approximately 3 minutes per 

patient to take the photograph. The presence of turbid urine, 

malodorous urine, and/or vaginal discharge was assessed 

weekly by the researcher. Data on the frequency of absorbent 

pad changes, feces, and loose or liquid stools were collected 

from the medical records.

Data analysis
The following analysis was performed to identify the risk 

factors for the development of IAD (objective 1). First, the 

variables of tissue tolerance, perineal environment, and toilet-

ing ability showing P,0.1 by univariate analysis of relative 

risk (RR) were considered as potential risk factors. For the 

univariate analysis, the EI data were categorized by receiver 

operating characteristic (ROC) curve analysis. Second, mul-

tiple logistic regression analysis was performed to evaluate 

the risk factors. The potential risk factors identified in the 

different categories (tissue tolerance, perineal environment, 

and toileting ability) were analyzed separately because vari-

ables of the perineal environment are direct causes of IAD, 

whereas variables of tissue tolerance and toileting ability 

correspond to trigger factors for IAD.

The following analysis was performed to evaluate the 

predictive ability of the risk factors for the development of 

IAD using ROC curve analysis (objective 2). The parameters 

were the area under the curve (AUC), sensitivity, specific-

ity, positive predictive value, negative predictive value, and 

positive likelihood ratio.

For the group of subjects who developed IAD, the data 

of the week before IAD diagnosis was analyzed. In contrast, 

for the group of subjects who did not develop IAD during 

the 42-day period, the data of the last week of the investiga-

tion were analyzed. All data were analyzed using SPSS for 

Windows, Version 20.0 (IBM Corp, Armonk, NY, USA), and 

statistical significance was set at P,0.05.

Results
A total of 82 patients were available for this study, and after 

applying the inclusion and exclusion criteria, 46 were included 

(Figure 2). The median (interquartile range) of patient’s age 

was 91 (87–93) years. All patients suffered from functional 

incontinence and chronic illness preventing them from going 

to the toilet or using a bedside commode. Additionally, their 

cognitive awareness was impaired, and they did not express 

the need to defecate and urinate; as a result, the RR of the 

variables for toileting ability was not calculated.

During the follow-up period, 25 patients (54.3%) 

developed IAD. Most of IAD patients (n=19 [76%]) only 

Assessed for eligibility (n=82)

With IAD or other skin damage 9
Refused participation in this study 12
With serious medical problem 12
Without absorbent products 3

Entry (n=46)

Developed IAD (n=25) Never had IAD (n=21)

Excluded (n=36)

Follow-up 42 days

Figure 2 Flow chart displaying the process of study selection and the design.
Abbreviation: IAD, incontinence-associated dermatitis.
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Table 1 Univariate analysis of the relative risk of developing incontinence-associated dermatitis

Relative  
risk

95% CI P Attributable  
risk

Perineal environment
Frequency of absorbent pads changes ($4 times/day) 2.439 0.411–14.476 0.357 28.8
Urine and feces incontinence 2.037 0.763–5.438 0.150 31.1
Contractures of the lower extremities 0.682 0.328–1.421 0.363 -16.4
Bedridden state 0.500 0.370–0.677 0.114 -50.0
Feces frequency ($3 times/week) 2.528 1.317–4.852 0.006 43.7
Loose or liquid stools 9.677 1.431–65.445 ,0.001 57.8
Malodorous urine 5.489 1.907–15.799 ,0.001 70.9
Turbid urine 2.000 0.578–6.922 0.260 25.0
Vaginal discharge 0.638 0.326–1.247 0.390 -24.2
Tissue tolerance
Age $65 years 1.100 0.265–4.656 1.000 4.5

Body mass index ,18.5 kg/m2 1.013 0.560–1.831 1.000 0.7
Skin maceration 2.893 1.713–4.884 0.001 59.5
Erythema index $46 6.039 2.413–15.118 ,0.001 74.7

Note: n=46.
Abbreviation: CI, confidence interval.

Table 2 Multivariable logistic regression analysis for the risk 
factors of incontinence-associated dermatitis related to the 
perineal environment

Odds ratio 95% CI P

Feces frequency  
$3 times/week

4.562 0.365–57.043 0.239

Loose or liquid stool 20.612 1.118–379.852 0.042
Malodorous urine 37.094 3.480–395-399 0.003

Abbreviation: CI, confidence interval.

Table 3 Multivariable logistic regression analysis for the risk factors 
of incontinence-associated dermatitis related to tissue tolerance

Odds ratio 95% CI P

Skin maceration 11.201 0.817–153.535 0.070
Erythema index $46 35.191 5.254–235.729 ,0.001

Abbreviation: CI, confidence interval.

developed pink redness, three (12%) developed pink redness 

and rash, two (8%) developed pink redness and skin loss, and 

one (4%) developed pink redness, rash, and skin loss.

The cutoff EI for IAD development was identified by ROC 

curve analysis. An EI of 46 showed a sensitivity of 0.920 and 

specificity of 0.857, whereas an EI of 48 showed a sensitiv-

ity of 0.840 and specificity of 0.952. Therefore, EI $46 was 

selected as potential risk factor of developing IAD, owing to 

the high sensitivity, and was used in the univariate analysis.

The selection of the potential risk factors was based on the 

univariate analysis of the RR of developing IAD (Table 1). 

Three factors from the perineal environment were identi-

fied: feces frequency (RR: 2.528, 95% confidence interval 

[CI]: 1.317–4.852), loose or liquid stools (RR: 9.677, 95% CI: 

1.431–65.445), and malodorous urine (RR: 5.489, 95% CI: 

1.907–15.799). Two variables from tissue tolerance were 

identified: skin maceration (RR: 2.893, 95% CI: 1.713–4.884) 

and EI $46 (RR: 6.039, 95% CI: 2.413–15.118).

Multivariable logistic regression analysis was conducted 

with the five potential risk factors. Among the perineal 

environment factors, loose or liquid stools (odds ratio [OR]: 

20.612, 95% CI: 1.118–379.852, P=0.042) and malodor-

ous urine (OR: 37.094, 95% CI: 3.480–395.399, P=0.003) 

were significantly associated with the development of IAD 

(Table 2). Among the tissue tolerance factors, only EI $46 

(OR: 35.191, 95% CI: 5.254–235.729, P,0.001) was signifi-

cantly associated with the development of IAD (Table 3).

The discriminative validity of the three risk factors for the 

development of IAD was assessed by ROC curve analysis (Fig-

ure 3). Loose or liquid stools generated the highest specificity 

and positive predictive value, but the lowest sensitivity, negative 

predictive value, and positive likelihood ratio (Table 4). On the 

other hand, EI $46 exhibited the highest sensitivity, negative 

predictive value, and positive likelihood ratio, with good speci-

ficity and positive predictive value (Table 4). These data suggest 

that the most valid predictor of IAD would be EI $46.

Discussion
This study presents the complete analysis of the risk factors of 

IAD for elderly patients with incontinence, considering three 

main categories: perineal environment, tissue tolerance, and toi-

leting ability. Previous studies mainly considered perineal envi-

ronment and/or toileting ability.3,5,7–9 This more comprehensive 
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Figure 3 Receiver operating characteristic curves for the risk factors of 
incontinence-associated dermatitis in elderly patients.

Admission

Appropriate
skin care

Routine
follow-up

Appropriate
skin care

Skin condition: EI ≥46

No

Yes
Presence of loose or liquid
 stools and/or malodorous

 urine

Yes

No

Figure 4 Decision tree of the new risk assessment tool for incontinence-associated 
dermatitis in elderly patients.
Abbreviation: EI, erythema index.

Table 4 Receiver operating characteristic curve analysis of the significant risk factors of incontinence-associated dermatitis

AUC 95% CI Sensitivity Specificity PPV NPV PLR

Loose or liquid stools 0.747 0.577–0.916 0.56 0.95 0.93 0.65 0.51
Malodorous urine 0.851 0.709–0.992 0.89 0.81 0.84 0.87 4.74
Erythema index $46 0.847 0.703–0.991 0.92 0.81 0.85 0.90 4.83

Abbreviations: AUC, area under ROC curve; CI, confidence interval; PPV, positive predictive value; NPV, negative predictive value; PLR, positive likelihood ratio; 
ROC, receiver operating characteristic.

approach led to the identification of the most significant factors 

associated with IAD development, and these risk factors had 

the ability to predict the onset of IAD within a week of assess-

ment of these risk factors. Most importantly, for the first time, 

this report identified EI $46 as a risky skin condition for IAD 

and the most valid predictor of IAD development. Our previ-

ous study confirmed that median EI value of intact skin at the 

buttocks was 40.3 (interquartile range: 33.7–43.0).16

The three independent risk factors for IAD identified in 

this study are loose or liquid stools, malodorous urine, and 

EI $46. The first two factors would cause the development 

of IAD, whereas EI is considered a trigger factor. Liquid 

stools are more alkaline and contain a higher concentration 

of metabolically active proteolytic and lipolytic enzymes, 

than normal stools.17 Therefore, they irritate the skin and 

cause IAD. Malodorous urine generally indicates anaerobic 

microflora,18 and foul odor may indicate presence of white 

blood cells.19 The bad odor is caused by bacterial ureases 

splitting urea into ammonia, which also raises the pH of 

urine.19 Previous studies showed that malodorous urine is 

significantly associated with urinary tract infection (UTI)20–22 

and the presence of nitrite and leukocyte esterase.20 In fact, 

the levels of nitrite and leukocyte esterase in malodorous 

urine were identified as good indicators of UTI.23 Therefore, 

the alkaline pH of malodorous urine may irritate the skin and 

cause IAD. However, our study was not designed to identify 

the cause of the malodorous urine. Therefore, further research 

is required to reveal the association between malodorous 

urine and infected urine.

Among the skin characteristics, EI was identified as a 

valid predictor of IAD, but not skin maceration. By definition, 

skin maceration is caused by prolonged exposure to moisture, 

which could be water or urine. Accordingly, we thought that 

skin maceration would constitute a specific predictor of IAD. 

Skin maceration caused by only water without irritant might 

not be a risk condition for IAD because of the absence of 

inflammation. EI provides a quantitative measurement of 

skin inflammation24,25 and was consequently identified, in the 

present study, as the most valid risk indicator of IAD.

Implementation
The three risk factors of IAD identified in this study are useful 

and easy to use in clinical practice because they are evaluated 

without special skills or expensive instruments. Therefore, we 

propose a new risk assessment tool for IAD, based on these 

factors (Figure 4). The workflow would start with the mea-

surement of EI at the time of admission. If EI $46, preven-

tive care, ie, current best practice recommendations,26 should 

be provided to the patient. If EI ,46, the patient should be 

monitored for loose or liquid stools and malodorous urine. If 

one of these two factors is confirmed, preventive care should 

be provided to the patient.
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Preventive care for IAD is not always provided to the 

patient when needed because the medical staff has insufficient 

patient information on the incontinence immediately after 

admission. On the other hand, the present study shows that 

the patients can be monitored regularly for EI to prevent the 

development of IAD. The assessment method is rapid and 

noninvasive, and the 3 minutes required to take a photograph 

can easily be inserted in the daily routine of the caretakers.

Limitations
This study presents some limitations. The strength of the 

association between the risk factors of IAD and the develop-

ment of IAD could not be determined due to the small sample 

size. The risk assessment tool proposed herein is limited to 

the buttocks because the cutoff EI may be different in other 

regions with different skin properties, such as the groin and 

pudendum. Likewise, the use of this risk assessment tool for 

young individuals would require validation, due to changing 

skin conditions with age.

Conclusion
This is the first study reporting EI as index of a skin condi-

tion at risk for the development of IAD. In addition, loose or 

liquid stools and malodorous urine were significantly associ-

ated with IAD development. These three risk factors of IAD 

allowed us to design a new highly valid risk assessment tool 

that is easily implemented in clinical practice.
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