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   INTRODUCTION 

 Incontinence-associated dermatitis (IAD) is caused by the pro-
longed exposure of the skin to urine, stool, or both. 1  Clinical 
manifestations include erythema and edema of the skin; if left 
untreated, IAD can lead to swelling, blister formation, and 
skin breakdown. Secondary infections, mainly fungal infec-
tions, may also develop due to increased susceptibility of the 
skin. 2  Incontinence-associated dermatitis also causes pain and 
discomfort, which can ultimately lead to a loss of indepen-
dence and reduced health-related quality of life. 1  ,  3  ,  4   

 Prevalence and Incidence of IAD 
 Prevalence refers to the proportion of a population (expressed 
as a percentage) that suff ers from IAD at a given time, while 
incidence is defi ned as the proportion of individuals who de-
veloped IAD during a given period of time. 5  Prevalence rates 
for IAD vary from 5.2% to 50% 2  ,  6-11  while incidence rates 
range from 3.4% to 25%. 12-14  In a recent multicenter retro-
spective study, IAD prevalence was examined in adults cared 
for in acute care, long-term acute care, and rehabilitation fa-
cilities in the United States and Canada. 15  Th e prevalence of 
incontinence and IAD in the entire population was 18% and 
4.3%, respectively. Th e prevalence of IAD in incontinent pa-
tients was 8.4% in long-term care versus 19% in acute care 
facilities. 15  A multisite study of acute care facilities in 36 states 
in the United States found that the prevalence of IAD was 
21.3% in the entire population, and 45.7% among patients 
with incontinence. 7  

 Others have reported lower rates of IAD. For example, a 
secondary analysis of 3 consecutive cross-sectional multi-
center studies of 78 nursing homes in Germany, using the 
Incontinence-Associated Dermatitis Intervention Tool-D 
(IADIT-D), 16,17  found a prevalence rate of 5.2% of patients 
with incontinence. 6  Similarly, a cross-sectional observation-
al study from tertiary hospitals in China reported an IAD 
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searched the PubMed, CINAHL, and MEDLINE databases. 
We searched for published articles from 1996 to April 2018. 
We began with 1996 because it was the first year we found a 
published pathophysiologic framework for perineal dermati-
tis in adults.33,34 Search terms are listed in Table 1; multiple 
combinations searched used the Boolean operators “OR” and 
“AND.” Inclusion criteria were articles published in the En-
glish language that focused on the etiology and pathophysi-
ology of incontinence-related skin damage. Exclusion criteria 
were articles without available full text and studies related to 
the prevention and management of IAD.

Outcomes
The initial search retrieved 1408 records (Figure). After screen-
ing of titles and abstracts, studies related to prevention and 
management of IAD were excluded, and 135 eligible articles 
were identified. After duplicate removal, 13 studies and review 
articles were selected; we added an additional 3 elements pub-
lished subsequent to our review (Table 2).

IAD Pathophysiology
The first conceptual model of the etiology and pathophysiol-
ogy of perineal dermatitis we found incorporated concepts of 
tissue tolerance, type of incontinence, and use of absorbent 
products as contributing to IAD.35 Subsequently, the contri-
bution of an alkaline skin pH and its ability to activate diges-
tive enzymes in skin exposed to fecal matter were evaluated.33 
Frequent cleansing regimens were hypothesized to lead to 
physical and chemical irritation of the skin.34

More recent models highlight the multifactorial nature of 
IAD.5,33-38 It is proposed that, following exposure to urinary or 
fecal incontinence, there is an increase in transepidermal water 
loss (TEWL), an indicator of reduced skin barrier integrity,38 
and elevated pH, leading to inflammation, as evidenced by cy-
tokine and histamine release. The role of frequent cleansing 
regimens and secondary infection of the skin has also been de-
scribed as contributing to IAD. Unfortunately, these models 
are based on clinical experience rather than direct empiric data.

Etiologic Factors
As its name implies, incontinence is the main etiologic factor 
for the development of IAD. Therefore, we hypothesize that 
the severity of the skin damage depends on the type of incon-
tinence and its chemical constituents. Urine is mainly com-
posed of water (95%), urea, and multiple organic/inorganic 
compounds. Its composition is highly variable and is influ-
enced by ethnicity, diet, hydration, environmental conditions, 
time of the day, and excretion of drug metabolites.39 Biological 
urine has a pH ranging between 4.8 and 8.0.40-43

The mechanisms underlying skin barrier disruption follow-
ing urine exposure are not entirely understood,23 but it has 

prevalence rate of 0.73%, and a multisite study of 66 acute 
care facilities in Wales reported a prevalence rate of 4.3%.10,11 
Variability in reported prevalence and incidence rates may be 
attributed to difference in care setting, geographic region, and 
whether rates were reported in all patients versus patients with 
incontinence only. Additional factors leading to variability in 
reported prevalence and incidence rate may also be influenced 
by use of assessment tools for diagnosis of IAD, and confusion 
of IAD with partial-thickness (stage 2) pressure injuries.18

Several instruments have been developed for IAD assess-
ment14,19–22; however, none have gained widespread use in the 
clinical setting.1 An IAD severity categorization tool (Ghent 
Global IAD Categorization Tool [GLOBIAD]) was developed 
by a panel of experts for use in clinical and research settings.3,9 
This instrument comprises 3 categories for assessing IAD.1,9 
Recent work, involving an international sample of 823 health 
professionals, showed increased sensitivity of the GLOBIAD 
in distinguishing between intact but erythematous skin and 
skin loss. However, clinical signs of infection were difficult to 
be determined, as these cannot be assessed merely by photo-
graphs. We assert that this work is a step forward toward the 
development of an internationally accepted IAD categoriza-
tion tool, but acknowledge that additional work is required.21

Prevention and Management of IAD
Maintenance of continence is the most effective strategy for 
primary prevention of IAD. Secondary prevention focuses on 
4 main strategies: (1) a structured skin care regimen to cleanse 
the skin and protect it from additional exposure to urine or 
fecal matter, (2) use of products that absorb moisture from 
the skin, (3) removal of the source of excessive moisture, and 
(4) treatment of secondary cutaneous infections.23 Skin care 
regimens were historically based on the use of soap and wa-
ter for cleansing. However, a seminal study reported that fre-
quent cleansing with soap and water, and drying using a towel, 
may paradoxically damage the skin barrier.24 Evidence from a 
scoping review suggested that skin protectants such as barrier 
creams, liquid polymers, and cyanoacrylates can be used to 
protect skin barrier function.25

Problems in IAD Research
In spite of the increasing interest in IAD, a code for this condi-
tion is not included the World Health Organization’s current In-
ternational Classification of Diseases, Tenth Revision (ICD-10).26 
Incontinence-associated dermatitis in infants is classified as di-
aper dermatitis (L22); it may be coded as irritant contact der-
matitis (L24.9), but the source of the irritant is unspecified.27 
We assert that neither code is adequate for classifying IAD in 
adults; diaper dermatitis links skin damage to use of a diaper 
whereas unspecified irritant contact dermatitis lacks the specific-
ity needed to identify fecal or urinary incontinence as etiologic 
factors.28 In addition, labeling IAD as diaper dermatitis ignores 
differences in skin barrier function in adults versus infants, and 
differences in the type of absorbent and other containment de-
vices used to manage incontinence.5,29-31 The aim of this scoping 
review was to summarize published literature on the etiology 
and pathophysiology of IAD, identify gaps in current knowl-
edge, and provide directions for additional research.

METHODS

Our review was based on the methodological framework 
for scoping review described by Arksey and O’Malley.32 We 

TABLE 1.
Search Terms

Incontinence-associated 
dermatitis OR incontinence 
associated dermatitis AND etiology

pathophysiology

pathology

mechanisms

inflammation
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been proposed that overhydration of the epidermis, swelling 
of corneocytes, and maceration of the skin contribute to cuta-
neous damage.44 Warner and colleagues45 exposed the skin of 
the forearm to water and urine for prolonged periods (4 and 
24 hours). Histologic analysis revealed extensive disruption of 
the intercellular lipids of the stratum corneum, induction of 
pools of water in the intercellular space and within individual 
corneocytes. This pooling, along with trapped solutes in cor-
neocytes, was postulated to create an osmotic pull, creating 
initial damage that is exacerbated with repeated exposure. Skin 
damage also may be aggravated by fecal bacteria that convert 
urea in urine into ammonia by the reaction of urease enzyme,46 
thus raising pH to alkali levels and impairing the protective 
acid mantle of the skin’s surface. This alkaline environment 
further disrupts skin barrier function via production of lip-
id-processing enzymes such as β-glucocerebrosidase.47

Studies in infants showed that ongoing use of diapers alone 
produces a significant increase in TEWL and pH when com-
pared to undiapered skin, and these changes led to inflamma-
tion and influenced the severity of diaper dermatitis.29,48 How-
ever, these studies were performed in infants and any direct 
comparison with IAD in adults should be undertaken with 
caution. These observations offer some insight into role of oc-
clusion in the pathophysiology of IAD.

IAD and Exposure to Urine
We identified several studies that evaluated skin response 
when exposed to urine in a controlled laboratory setting. In 
one study, infant urine was applied to the skin of adult volun-
teers on 3 sites, 2 on the arm and 1 on the back, over a period 
of 3 days.49 The skin barrier at these sites was compromised by 
tape stripping, excessive hydration, or both. Saline and sodium 
lauryl sulfate (SLS) were used as negative and positive controls, 
respectively. Results showed that urine produced a higher de-
gree of erythema than saline, but less than SLS. Urine exposure 
created a higher increase in pH than skin exposed to saline or 
SLS, and this change was not dependent on the condition of 
the skin.49 Skin barrier function was not assessed in this study. 
The use of infant biological material on adult skin limits the 
physiologic and clinical relevance of findings.42,50

In another study, an experimental model of IAD was devel-
oped using synthetic-urine (s-urine) and ammonium hydrox-
ide (% w/v), to adjust its pH to alkali levels to 8.0.51 In the 
preliminary investigation, human volunteers (n = 6) had their 
forearms exposed to different s-urine solutions for 6 hours. 
An erythematous skin response was observed based on a visual 
scoring system and changes in blood flow. In addition, the 
degree of erythema and the severity of skin barrier disruption 
were associated with increasing concentrations of ammonium 
hydroxide. However, there was no significant effect on cuta-
neous pH. Subsequently, the forearms of volunteers were ex-
posed to an alkaline s-urine solution (pH = 10.3) for 6 hours 
daily for a period of 5 days, and visible erythema and signifi-
cant increases in blood flow were observed compared to saline 
control sites. There was also an increase in TEWL compared to 
baseline values that was statistically significant after the fourth 
day of exposure. Again, there were no significant effects on 
skin pH.

In spite of these informative results, we assert that this mod-
el is not representative of the physiologic and clinical condi-
tions that lead to the development of IAD. Our rationale for 
this conclusion is based on the following observations: (1) the 
urinary pH values used were beyond the anticipated range of 
human urine, (2) the exposure time (6 hours) is longer than 
the recommended frequency at which incontinent patients 
are checked for wetness in clinical practice,25 (3) the effects 
of wetness, water per se, and occlusion were not considered 
and distinguished from the effects of s-urine, and (4) exposure 
was limited to s-urine. Additional research is needed to deter-
mine the relationship of urine and its inherent pH on IAD 
development.

In a study published subsequent to our original scoping 
review and analysis, skin response when exposed to s-urine 
was evaluated in a group of 30 female volunteers older than 
65 years.52 The hip and buttock region of participants was 
exposed to an absorbent, disposable under pad soaked with 
400 mL of s-urine (pH 8.0) for 4 hours. Skin physiology and 
the integrity of skin barrier function were investigated using 
TEWL, surface pH, and skin hydration measurements, tak-
en at baseline and at regular intervals (15 and 30 minutes, 

Figure. PRISMA flowchart.
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1, 2 and 4 hours). Visual assessment of erythema was also per-
formed. Results demonstrated that skin hydration and surface 
pH increased significantly after just 15 minutes of exposure 

when compared to baseline values. Additionally, TEWL val-
ues increased significantly at the end of exposure period com-
pared to baseline values. These findings differ from a study of 

TABLE 2.
Study Table

Study Type of Study Aim of Study Subjects Conclusion of Study

Beeckman et al34 Literature review To provide the current evidence 
on the prevention and treat-
ment strategies for IAD

An appropriate skin cleansing and skin protection regimen is 
needed for IAD prevention

Beeckman et al18 Systematic review and 
meta-analysis

To identify the association 
between IAD and pressure 
injuries

There is a possible association between IAD, its most import-
ant etiologic factors, and the development of pressure 
injuries

Beeckman et al21 Development and 
validation study

To design and psychometrically 
evaluate the GLOBIAD 
categorization tool

34 experts from 
13 countries

GLOBIAD instrument was developed but further work is 
required for its validation

Beeckman28 Integrative review To provide an update on IAD 
terminology, etiology, 
epidemiology, observation, 
prevention, and treatment

Skin maceration, chemical irritation, and physical irritation 
are important etiologic factors for IAD

Black et al76 Review To review current knowledge 
on IAD and intertriginous 
dermatitis

An optimal skin care is required for the prevention of IAD

Gray et al5 Review To provide existing knowledge 
on IAD pathophysiology

Scientific evidence is lacking on IAD epidemiology, etiology, 
and pathophysiology. Future research is needed to identi-
fy novel interventions for IAD

Gray et al23 Review To review current knowledge on 
IAD pathophysiology

Conditions defined as moisture-associated skin damage, 
including IAD, have common etiologies

Gray et al75 Review To review current knowledge 
and research gaps on IAD 
pathophysiology

There is a significant gap in knowledge on IAD epidemiology, 
etiology, and pathophysiology

Ichikawa-Shigeta et al44 Cross-sectional com-
parative study

To reveal the physiological and 
appearance characteristics 
of skin maceration associ-
ated with urine and/or fecal 
incontinence

Elderly women 
with urinary  
and/or fecal  
incontinence 
(n = 63)

Erythema index is appropriate for identifying skin maceration 
caused by incontinence

Larner et al51 Experimental human 
study

To develop a cumulative human 
model of IAD

Healthy adults  
(n = 6)

Exposure of the skin to alkaline (pH 10.3) s-urine for 6 h/d 
over a 5-d period produces a human model of IAD

Mugita et al70 Experimental animal 
study

To determine the histopatho-
logical changes in the skin 
when exposed to proteolytic 
enzymes and bacteria

Sprague Dawley 
rats (n = 
17)

Bacteria can penetrate macerated rat skin, and in combi-
nation with the digestive enzymes produce inner tissue 
damage and inflammation

Phipps et al52 Experimental human 
study

To evaluate the effects of 
urinary incontinence on skin 
barrier function and assess 
the risk of IAD

Elderly women 
older than 65 
y (n = 30)

Exposure for 15 min to an incontinence pad containing 
s-urine led to a significant increase in moisture content 
and cutaneous pH (P < .01). TEWL was also increased 
after 4 h of exposure (P < .01)

Voegeli67 Review To provide current knowledge on 
IAD and the challenges for 
clinical practice

It is difficult to deliver evidence-based nursing care for IAD 
patients due to the lack of terminology and the numerous 
commercial products

Warner et al45 Experimental human 
study

To examine the effects of 
water and urine on stratum 
corneum integrity

Healthy male 
adults  
(n = 2)

Exposure for prolonged periods to water and urine leads to altered 
stratum corneum morphology, swollen corneocytes, disorgani-
zation of lipids, and appearance of large pools of water

Wen et al69 Experimental animal 
study

To determine the biological 
changes in animal model 
following exposure to 
pancreatin

Male guinea pigs 
(n = 78)

The severity of skin damage was associated with increasing 
pancreatin concentration. A significant dose-depen-
dent increase in the levels of IL-2 and IFN-γ was also 
observed

Woo et al25 Scoping review To summarize existing evidence 
on the management and 
prevention of moisture- 
associated skin damage

Moisture can lead to severe skin damage, and the authors 
concluded that barrier ointments, liquid polymers, and 
cyanoacrylates can be used to protect skin barrier 
function against the harmful effects of moisture

Abbreviations: GLOBIAD, Ghent Global IAD Categorization Tool; IAD, incontinence-associated dermatitis; IFN-γ, interferon-γ; IL-2, interleukin-2; s-urine, synthetic-urine; TEWL, transepidermal water loss.
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younger volunteers where a longer exposure to s-urine did not 
significantly change skin pH.51 This difference may be attrib-
utable to differences in the buffering capacity of the skin of 
older versus younger participants.53-56

Ammonia
Ammonia, a common constituent of urine, has been linked to 
the development of diaper dermatitis and subsequently incor-
porated into more contemporary models of the development 
of IAD. For example, Brevibacterium ammoniagenes produces 
ammonia from urea that, when applied on the skin in an ex-
perimental model, causes erythema.57 This finding is consis-
tent with results of another study when urine, smelling strong-
ly of ammonia, were applied to the buttocks of infants over 
a period of 4 hours, resulting in inflammation.58 However, 
the role of ammonia on diaper dermatitis was challenged in a 
study by Leyden and colleagues,59 who reported that ammonia 
concentration was higher in a group of infants with no diaper 
dermatitis (n = 63) than 18 infants with diaper dermatitis.59

IAD and Exposure to Stool
Formed stool is approximately 75% water, protein, undigested 
fats and food residues, polysaccharides, and bacteria. As with 
urine, its composition varies widely depending on moisture 
content and diet, including fiber and protein intake.60-63 The 
pH range of stool varies from 5.0 to 8.0.64 Clinical experience 
suggests that liquid stool is more damaging than formed stool, 
due to its higher composition of lipolytic (lipid-digesting) and 
proteolytic (protein-digesting) enzymes and alkaline pH. Sev-
eral studies have demonstrated that fecal enzymes are highly 
active in an alkaline environment.29,65,66 In contrast, formed 
stool tends to have a more neutral pH that does not activate 
digestive enzymes.1,65

To evaluate the possible role of digestive enzymes in the 
development diaper dermatitis, combinations of enzymes and 
bile salt solutions corresponding to the concentrations in in-
fant stool were applied to the back of healthy adult volunteers 
(n = 11).65 As positive and negative controls, SLS and phos-
phate buffer (pH 8.0) were used respectively, together with an 
untreated site. Visible erythema assessment and measurements 
of TEWL and skin pH were completed at 5-, 12-, and 19-day 
intervals, with reapplication of solutions. After the fifth day 
of exposure, all enzyme solutions and the SLS caused a visible 
erythema that increased until day 19, and the SLS produced 
the highest degree of irritation. The enzyme preparation com-
posed of the high amounts of digestive enzymes was the most 
irritant. By contrast, the solutions containing elastase, chymo-
trypsin, and trypsin, were less irritating, but their activity was 
pH-dependent, possibly attributed to skin barrier disruption 
from the alkaline buffer.68

The effect of fecal material from infants was investigated on 
the barrier function of skin in both infants and adults. Fecal 
material obtained from 16 infants by their mothers was ap-
plied for 4 hours on 2 skin sites on the infant’s buttocks and 
2 skin sites on the mother’s forearm. Two additional sites were 
left untreated and acted as controls. Exposure to fecal material 
produced erythema in both infants and adults when compared 
to the control sites; treated sites were also found to have in-
creased TEWL and cutaneous pH. Exposed sites were then 
compromised by tape stripping (n = 10) resulting in a fur-
ther increase in erythema based on visual assessment; though 
no significant changes in TEWL and skin pH were detected. 
These findings suggest that exposure to stool increases the 

susceptibility of the skin to other irritants. However, fecal 
composition and moisture content varies between infants and 
adults,62 and the results of the preceding studies may not be 
directly applicable to adults. Another limitation of that study 
is that each infant/mother was treated with the child’s own 
biological material and hence each subject received a different 
treatment.49

A more recent animal study examined the biological effects 
of the skin pancreatin, an enzyme found in stool. Guinea pigs 
were exposed to 1%, 5%, and 10% pancreatin solutions (pH 
= 9.0) for 1, 3, and 5 days. Results showed that the severi-
ty of skin damage, assessed using a visual scoring system, was 
associated with pancreatin concentration and length of expo-
sure.69 The maximum skin response was observed after 3 versus 
5 days of exposure. Transepidermal water loss measurements 
were not taken to assess the skin barrier function, representing 
the main limitation of the study. Additional limitations are the 
use of an animal model and limitation of enzymatic content 
to pancreatin.

Stool also contains intestinal bacteria that may create or 
exacerbate skin damage. The relationship between intesti-
nal bacterial species and skin damage was demonstrated in 
a study using an animal model (Sprague Dawley rats) who 
had their dorsal skin exposed for 4 hours to a model of fe-
cal incontinence consisting of an agarose gel with 2 proteo-
lytic enzymes (trypsin and chymotrypsin) corresponding to 
physiological adult concentrations, followed by inoculation 
with Pseudomonas aeruginosa for a period of 30 minutes.70,71 
The contralateral skin received no exposure to the synthetic 
material, though it was inoculated with P. aeruginosa. Results 
showed visible erythema on the proteolytic-exposed skin but 
not on the skin exposed to bacteria only. Immunohistochemi-
cal analysis of the skin exposed to the proteolytic skin revealed 
invasion of bacteria and the presence of inflammatory cells, 
including epidermal Langerhans cells and macrophages, in 
the deeper areas of the dermis. The authors concluded that 
the tissue damage in IAD is distinct from irritant contact 
dermatitis (ICD), which is restricted to the dermal-epidermal 
junction.70

Dual Incontinence
Clinical experience indicates that dual (urinary and fecal) in-
continence is associated with more severe skin damage than 
patients exposed to urinary or fecal incontinence alone. This 
observation is supported by one study using an animal model. 
After prolonged exposure of hairless mice to a combination 
of urine and feces, a higher degree of erythema was evident, 
indicating an inflammatory response.46

Animal models are widely used in research; however, the 
applicability of these models to human skin is limited. We rec-
ommend continued use of in vivo research models to enhance 
methodologies and our overall understanding of the etiology 
and pathophysiology of IAD. We also recognize an urgent 
need for studies in humans.

Duration and Frequency of Exposure
Duration and frequency of exposure impact the development 
of IAD. In a long-term acute care setting (n = 171), the re-
ported incidence rate of IAD was 7.6% and the median time 
to develop was 13.5 (3-25) days.12 In a secondary analysis8 of 
a multicenter study,73 of over 900 nursing home residents and 
16 nursing homes, the median onset of IAD was 13 (6-42) 
days.8 In a surgical/trauma critical care unit of patients with 
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primarily fecal incontinence (n = 45), the reported median 
time to IAD development was 4 days.74

The effects of duration and frequency of exposure have also 
been evaluated in laboratory-based studies. In experimental set-
tings, human skin was exposed to urine and/or feces for vary-
ing periods (5 hours to 21 days).46,49,51,53,65 Findings varied and 
this discrepancy may be attributed to the different pH values 
of the solutions. For example, Mayrovitz and Sims53 exposed 
the forearm skin of healthy volunteers to an s-urine formula-
tion with a pH 7.9 over a period of 5.5 hours. They found a 
decrease in blood flow to the exposed skin.53 In contrast, Phipps 
and colleagues52 used the same s-urine formulation with its pH 
adjusted to 8.0 with ammonium hydroxide and demonstrated 
that exposure of forearm skin for up to 6 hours produced visible 
erythema.51 In addition, several studies reported that exposure 
to urine/feces for several days leads to a visible erythema and to 
the disruption of the skin barrier.46,49,51,65 Nevertheless, the use 
of different skin models, the source of urine or fecal matter, and 
the various anatomical sites tested in those studies limit the ex-
trapolation of the findings to IAD occurring in a clinical setting.

Frequent Cleansing
In clinical practice, skin cleansing is completed in response to 
frequent episodes of incontinence in order to remove irritat-
ing urine and fecal material, and promote patient comfort and 
dignity. It has been suggested that frequent cleansing may on 
its own be damaging to the skin.1,34 This hypothesis is support-
ed by Voegeli,24 who evaluated 6 standard washing and drying 
techniques performed twice (every 2 hours) on the volar aspect 
of the forearm of 15 healthy volunteers. Repeated cleansing of 
the skin, with soap and water, led to an increase in TEWL and 
skin pH, and compromised cutaneous integrity. Physical irri-
tation, such as friction, towel drying, and shear from clothing 
and incontinence pads, is also hypothesized to contribute to 
development of or exacerbated existing IAD.1,34,72

Other Factors
Incontinence-associated dermatitis is a multifactorial condi-
tion.2,43,54-56 Additional factors that may contribute to IAD in-
clude: (1) occlusion from absorbent products, (2) mechanical 
damage, and (3) infection from pathogens.2,75,76 With respect 
to occlusion, the damaging effects of urine and/or feces may 
be aggravated under occlusive conditions created by absorbent 
products used to contain urine or stool.9,75 However, a more re-
cent study suggested that occlusion does not have a significant 
effect on healthy skin, and in fact it makes the skin less sus-
ceptible to irritation.68,77 Given the variability in the outcomes 
of these studies, additional research is needed to elucidate the 
effect of occlusion on the pathophysiology of IAD. Similarly, 
the role of secondary fungal and bacterial skin infections in the 
pathophysiology of IAD is not well understood. The conver-
sion of urea to ammonia creates an alkaline pH environment, 
which hinders normal skin microbiota, and as a consequence 
promotes the growth of pathogenic bacteria, including Staph-
ylococcus aureus.78 The protective production of nitric oxide, 
which occurs as a protective mechanism against growth of 
pathogens on the skin, requires a mildly acidic environment.79 
As a results a rise in pH impairs this protective mechanism 
and favors the growth of coliform microorganisms that thrive 
in the more alkaline environment of the gut. Opportunistic  
fungal infections (eg, candidiasis) also occur; for example, 
Junkin and Selekof9 reported that 18% of patients with IAD 
also had evidence of cutaneous candidiasis.

Inflammatory Response of the Skin in IAD
Incontinence-associated dermatitis is an inflammatory skin 
condition. Houwing and colleagues80 obtained biopsies in 
patients with IAD; histologic analysis revealed an inflamma-
tory pattern with partial loss of the epidermis, dilated vessels, 
and swelling of the endothelium. They also reported edema of 
the dermis and presence of inflammatory cells. However, the 
inflammatory biomarkers associated with IAD development 
have not been identified, and we identified only one animal 
study that investigated the release of cytokines. The inflam-
matory mediators released following exposure to various con-
centrations of a fecal enzyme (pancreatin) at varying exposure 
times were examined. A significant dose-dependent increase in 
the levels of interleukin-2 (IL-2) and interferon-γ (IFN-γ) was 
demonstrated.69 No human studies concerning the inflamma-
tory response triggered in IAD were located; we assert that 
additional research in this area is urgently needed.

CONCLUSIONS

We completed a scoping review of knowledge related to the 
etiology and pathophysiology of IAD. Evidence indicates that 
urine and stool in contact with the skin act as etiologic agents 
for the development of IAD. Evidence further suggests that 
the pathophysiology of IAD is multifactorial. We found a pau-
city of empirical evidence elucidating the pathophysiology of 
IAD, and multiple gaps in essential knowledge. Future studies 
should be undertaken to evaluate: (1) the role of urine and 
its inherent pH on skin integrity, (2) the role of stool, specif-
ic digestive enzymes, and fecal bacteria on skin integrity, (3) 
the permeability and susceptibility of the skin to damage fol-
lowing frequent cleansing activities and occlusion, and (4) the 
specific inflammatory response triggered following exposure to 
urine and stool.
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