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Abstract: Background and Objectives: Atopic dermatitis (AD), also known as eczema, is a common
chronic inflammatory skin condition affecting 16.5 million adults in the United States. AD is char-
acterized by an impaired epidermal barrier that can predispose individuals to infection. End-stage
renal disease (ESRD) is also commonly complicated by infections due to chronic vascular access
and immune-system dysfunction, possibly related to uremia. Multiple studies have reported that
renal disease is a common comorbidity in adults with atopic dermatitis. The aim of this study was
to determine whether AD is a risk factor for certain infections in patients with ESRD. Materials and
Methods: Using the United States Renal Data System, a retrospective cohort analysis was conducted
on adult ESRD patients initiating dialysis between 2004 and 2019 to investigate associations between
infections and AD in this population. Results: Of 1,526,266 patients, 2290 were identified with AD
(0.2%). Infectious outcomes of interest were bacteremia, septicemia, cellulitis, herpes zoster, and
conjunctivitis. In all infectious outcomes except for conjunctivitis, patients with the infectious out-
comes were more likely to carry a diagnosis of AD. After controlling for demographic and clinical
covariates, AD was associated with an increased risk of cellulitis (adjusted relative risk (aRR) = 1.39,
95% confidence interval (CI) = 1.31–1.47) and herpes zoster (aRR = 1.67, CI = 1.44–1.94), but not with
bacteremia (aRR = 0.96, CI = 0.89–1.05), septicemia (aRR = 1.02, CI = 0.98–1.08), or conjunctivitis
(aRR = 0.97, CI = 0.740–1.34). Conclusions: Overall, after controlling for demographic and clinical
covariates and adjusting for person-years-at-risk, AD was associated with an increased risk for some,
but not all, infections within the population of patients with ESRD.

Keywords: atopic dermatitis; end-stage renal disease; infection; bacteremia; septicemia; cellulitis;
herpes zoster; conjunctivitis

1. Introduction

Atopic dermatitis (AD), also known as eczema, is a common chronic inflammatory
skin condition impacting 31.6 million people in the United States. The prevalence of AD
has reached epidemic magnitude, especially in urban populations [1]. This rapid increase
is attributed to multiple factors, including environmental, lifestyle, and genetic predispos-
ing factors [1]. Environmental factors include drastic changes in seasonality and climate,
increased exposure to traffic-induced air pollution and smoking, and increased water hard-
ness [1]. Increased psychological stress is also associated with the rising prevalence of AD.
Lifestyle factors, such as skincare practices, are another major influence on AD prevalence.
The frequent use of soaps and detergents contributes to skin-barrier dysfunction, promotes
skin inflammation, and leads to the development of AD. AD is commonly associated with
children, affecting up to 20% of children; however, AD also impacts up to 10% of adults,
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ranking 15th worldwide for non-fatal diseases and first for skin diseases, measured in
disability-adjusted life years [2–4].

AD is characterized by an impaired epidermal skin barrier with symptoms including
pruritis, erythema, and xerosis [2,5]. Adult-onset AD exhibits phenotypical differences
compared with childhood-onset AD, such as a decreased association with family history,
higher probability of lesions on the head and hands, and lower probability of flexural
lesions [6]. In addition, children with the early-onset AD often “outgrow” the disease, with
apparent correction of the skin lesions [7]. Nevertheless, there is some confusion as to
whether childhood- and adult-onset AD are the same or distinct entities [7].

The pathogenesis of AD involves T cells, elevated IgE, and cytokines IL-4, IL-5, and
IL-13 [5,8,9]. Some of the genes linked to the process of AD include those encoding proteins
involved in the differentiation of keratinocytes and the maintenance of the skin barrier [10].
With an impaired epidermal barrier, there is dysregulation of the skin microbiome as seen
by the increased Staphylococcus aureus colonization [11]. The combination of skin-barrier
defects, an overactive immune system, and skin-microbiome dysfunction allows for an
increased risk of viral and bacterial infections [12].

End-stage renal disease (ESRD) is a condition in which the kidneys cease functioning,
such that patients with ESRD require long-term dialysis or a transplant to survive. Many
patients live with the implications of ESRD, which include premature mortality and reduced
quality of life [13]. The immune system of ESRD patients is impacted primarily due to
chronic uremia. There may be increased proinflammatory cytokines due to decreased
renal function or uremia-induced generation of cytokines [14]. Furthermore, uremia is also
associated with immunosuppression by decreasing the function of monocytes, neutrophils,
and dendritic cells [14]. Given the state of chronic uremia, as well as continuing vascular
access for dialysis, patients with ESRD are prone to many infectious complications that
contribute to morbidity and mortality [15,16].

Previous studies reporting the connection between AD and chronic kidney disease
are conflicting. A recent 2023 study suggested a bidirectional positive association between
AD and chronic kidney disease such that AD was associated with an increased risk of
chronic kidney disease, and chronic kidney disease was associated with an increased risk of
AD [17]. A case-control study found chronic kidney disease to be weakly associated with
AD, as well as with other skin conditions such as psoriasis and hidradenitis suppurativa,
such that people with stages 3–5 chronic kidney disease were more likely than controls to
have these skin conditions [18]. However, in the cohort with diabetes mellitus, there was no
positive association between AD and chronic kidney disease [18]. Factors underlying these
associations may be electrolyte imbalances, increased uremic substances, and comorbid
diseases [19].

Chronic inflammation in patients with AD is caused by the impaired epidermal barrier
and activation of epidermal pro-inflammatory factors, attracting multiple T cells. T cells
are associated with both acute and chronic kidney diseases, as well as renal fibrosis. In
addition, several pro-inflammatory components generated from the AD process may impair
endothelial function and, consequently, cause kidney vasculature damage or directly lead
to kidney damage [17]. As a result, several studies found that AD was the most common
dermatological manifestation in chronic kidney disease patients [20,21]. No study has
reported the effect of AD and ESRD on infection risk. However, as skin is the source of
many systemic infections in ESRD because of the need to frequently access the bloodstream
for dialysis, we wished to determine whether a worsening of overall skin integrity due
to AD might potentiate the existing risk in ESRD patients. To fill the gap in evidence, the
purpose of this study was to determine the increased risk of infection in patients with both
ESRD and AD, in a study using data exclusively from the United States Renal Data System
(USRDS) [22].
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2. Materials and Methods
2.1. Population

All adult ESRD patients in the USRDS who started dialysis between 2004 and 2019
were eligible for inclusion in the study. Those who were less than 18 years or more than
100 years of age, or had missing or unknown data on age, race, sex, ethnicity, access type,
or dialysis type, were excluded. The total sample size was 1,526,266 [22].

2.2. Database

The USRDS is a nationally recognized data system that systematically collects, ana-
lyzes, and disseminates information pertaining to chronic kidney disease and ESRD within
the United States [22]. The USRDS is funded directly by the National Institute of Diabetes
and Digestive and Kidney Disease (NIDDK), which increases the credibility and rigor of the
data provided. Methodology strictly adheres to established guidelines and best practices in
the field of nephrology research. The USRDS staff, in collaboration with key stakeholders
such as the Centers for Medicare & Medicaid Services (CMS), the United Network for
Organ Sharing (UNOS), and the ESRD networks, work collectively to share datasets and
enhance the accuracy of ESRD patient information within the USRDS dataset.

2.3. Outcome Variables

Infectious outcomes of interest included bacteremia, septicemia, cellulitis, herpes
zoster, and conjunctivitis. Infections following the incident date of dialysis were determined
using hospital, detailed, and physician/supplier claims using International Classification
of Disease (ICD)-9-CM and ICD-10-CM codes (Supplementary Table S1). The value for
the person-years-at-risk was determined as the difference between the first date of the
specific infection diagnosis and the incident date of dialysis. For those without an infectious
outcome, the person-years-at-risk was determined as the difference between the first date
of dialysis and either death or 31 December 2019.

2.4. Main Independent Variable—Atopic Dermatitis Diagnosis

Among those included in the sample, a diagnosis of AD, after the incident date of
dialysis and prior to the occurrence of the first infectious outcome, was determined from
hospital, detailed, and physician/supplier claims using ICD-9-CM and ICD-10-CM codes.

2.5. Demographic and Other Clinical Risk Factors

Demographic data including age, race, sex, ethnicity, dialysis modality, and access type
were determined from the patient data file or Centers for Medicare & Medicaid Services
(CMS) Form 2728. Tobacco use and alcohol dependence were determined from hospital,
detailed, or physician/suppler claims using ICD-9-CM and ICD-10-CM codes.

2.6. Statistical Analysis

All statistical analysis was performed using SAS 9.4, and statistical significance was
assessed using an alpha level of 0.05. Descriptive statistics, including frequencies and
percentages or means and standard deviations, where appropriate, on all variables, were
determined overall, by AD status, and by each type of infection.

To examine the association of each demographic or clinical risk factor with AD, and to
examine the association of AD and demographic and clinical risk factors with each infection,
logistic regression was used to conduct a retrospective cohort study. An offset parameter
of the natural log of the number of person-years-at-risk was used in the estimation of the
relative risk. For AD or for each infection, each risk factor was assessed in a simple, bivariate
model. All risk factors were then entered into a full comprehensive logistic regression
model for the AD outcome or for each infection outcome, and a backward model-building
strategy was used to arrive at the final comprehensive model. Starting with the full model,
the least non-significant demographic or clinical risk factor was removed from the model.
The Akaike’s information criterion (AIC) and −2Log likelihood (−2LL) test were used to
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determine whether the reduced model fit was as good as the previous model. A lower
AIC and non-statistically significant −2LL test indicated that the reduced model was as
good as the previous model. If the reduced model was not as good as the previous model,
the variable was re-entered in the model and the next-least non-significant variable was
examined for removal. The final model included any demographic or clinical risk factor
that was statistically significant and/or needed in the model using the model-building
criteria. The adjusted relative risk (aRR) and corresponding 95% confidence interval (CI)
are presented for the final models.

3. Results
3.1. Descriptive Statistics

The USRDS database contained 1,526,270 ESRD patients, enrolled from 2004–2019, who
met the inclusion and exclusion criteria. Overall, the mean age was 63.5 years (SD = 14.9),
and the majority were of White race (66%) and male sex (57.2%). Nearly all were on
hemodialysis (99.9%), and 80.7% had a catheter as their access type. Of these subjects,
2290 (0.2%) had a diagnosis of atopic dermatitis. Table 1 gives the descriptive statistics
overall and by AD status. The mean age of AD patients was 62.6 years (SD = 14.7), with the
majority being of White race (62.4%) and male (52.1%). All were on hemodialysis (100%),
and 75.7% had a catheter as their access type.

Table 1. Descriptive statistics, overall and by atopic dermatitis, and logistic regression results of
atopic dermatitis.

Final Model

Variable Level Overall
Atopic
Dermatitis
Diagnosis

No Atopic
Dermatitis
Diagnosis

aRR (95% CI) p-Value

Age 63.5 (14.9) 62.6 (14.7) 63.5 (14.9)

Race

Black 425,522 (27.9) 643 (28.1) 424,879 (27.9) 1.05 (0.95–1.15) <0.0001

Other 93,724 (6.1) 218 (9.5) 93,506 (6.1) 1.84 (1.56–2.12)

White 1,007,020 (66.0) 1429 (62.4) 1,005,591 (66.0)

Sex
Female 652,671 (42.8) 1096 (47.9) 651,575 (42.8) 1.36 (1.25–1.47) <0.0001

Male 873,595 (57.2) 1194 (52.1) 872,401 (57.3)

Ethnicity
Hispanic 230,162 (15.1) 335 (14.6) 229,827 (15.1) 1.19 (1.05–1.34) 0.0059

Non-Hispanic 1,296,104 (84.9) 1955 (85.4) 1,294,149 (84.9)

Dialysis
HD 1,525,477 (99.9) 2290 (100.0) 1,523,187 (99.9)
PD 789 (0.1) 0 (0.0) 789 (0.1)

Access type

Catheter 1,232,845 (80.7) 1734 (75.7) 1,231,111 (80.8) 0.75 (0.68–0.83) <0.0001

Graft 49,771 (3.3) 102 (4.5) 49,669 (3.3) 1.05 (0.84–1.30)

AVF 243,650 (16.0) 454 (19.8) 243,196 (16)

Tobacco
Yes 273,814 (17.9) 928 (40.5) 272,886 (17.9) 3.24 (2.98–3.53) <0.0001

No 1,252,452 (82.1) 1362 (59.5) 1,251,090 (82.1)

Alcohol
dependence

Yes 42,412 (2.8) 114 (5.0) 42,298 (2.8) 1.28 (1.06–1.56) 0.0111

No 1,483,854 (97.2) 2176 (95.0) 1,481,678 (97.2)

3.2. Risk Factors Associated with Atopic Dermatitis

As shown in Table 1, in ESRD patients, other race compared with White race, female
sex, Hispanic ethnicity, tobacco use, and alcohol dependence were significantly associated
with an increased risk of AD. Catheter access compared with AV fistula was associated
with a decreased risk of AD.
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3.3. Associations with Infectious Outcomes of Interest

Supplementary Table S2 shows the descriptive statistics of all variables for bacteremia,
septicemia, cellulitis, herpes zoster, and conjunctivitis. Patients with these infectious
outcomes were more likely to carry a diagnosis of AD for all infectious outcomes, except
conjunctivitis, than those patients without the infection.

As shown in Table 2, after controlling for demographic and clinical covariates, AD was
associated with an increased risk of cellulitis and herpes zoster. AD was not associated with
an increased risk of bacteremia or conjunctivitis. In simple logistic regression models, AD
was associated with an increased risk of septicemia; however, it was confounded by tobacco
use, since tobacco use was associated with an increased risk for both AD and septicemia
(Supplementary Table S3).

Table 2. Atopic dermatitis as a risk factor for infection.

Infectious
Outcome

Atopic Dermatitis vs.
No Atopic Dermatitis

aRR (95% CI)

Bacteremia 0.96 (0.89–1.05)

Septicemia 1.02 (0.98–1.08)

Cellulitis 1.39 (1.31–1.47)

Herpes zoster 1.67 (1.44–1.94)

Conjunctivitis 0.97 (0.70–1.34)

As shown in Figure 1, in the final models, increasing age was associated with an
increased risk of all infections, as was female sex. Hemodialysis compared with peritoneal
dialysis was associated with an increased risk of bacteremia, septicemia, and cellulitis,
but not herpes zoster or conjunctivitis. Catheter or graft compared with arteriovenous
fistula (AVF) was associated with an increased risk of all infections. Tobacco use was
also associated with an increased risk of all infections, whereas alcohol dependence was
associated with an increased risk of bacteremia and septicemia.
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Figure 1. Forest plots for the final multivariable logistic regression models of atopic dermatitis in
bacteremia (A), septicemia (B), cellulitis (C), herpes zoster (D), and conjunctivitis (E).

Black race compared with White race was associated with a decreased risk of sep-
ticemia, cellulitis, and herpes zoster. Similarly, other race was associated with a decreased
risk of all infections, as was Hispanic ethnicity. Alcohol dependence was associated with a
decreased risk of cellulitis.

4. Discussion
4.1. Associations with Infectious Outcomes of Interest

In this study we determined a prevalence of AD in the ESRD population of only 0.2%,
much lower than the AD prevalence reported in the general population (approximately
7.3%) [2]. This discrepancy could be due to a focus of the physician treating ESRD patients
on clinical management of their kidney failure and other more immediate threats to health
rather than dermatological conditions. However, it is most likely attributable to the use of
administration codes to identify cases. It should be noted that ICD-9 and -10 codes do not
distinguish between childhood-onset AD that is present into adulthood versus adult-onset
AD, so these patients may not be exclusively one or the other.

Our results showed that ESRD patients with AD were associated with an increased risk
of cellulitis (aRR = 1.39) and herpes zoster (aRR = 1.67), but not bacteremia, septicemia, or
conjunctivitis. Patients with ESRD are prone to infections due to the underlying metabolic
abnormalities [14]. This study found an associated increase in the risk of cutaneous infec-
tions in patients with AD and ESRD, but not mucosal or systemic infections. AD has also
been associated with several non-cutaneous infections such as otitis media, pneumonia,
and streptococcal throat infection in the general population [23].
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Patients with AD are generally chronically colonized by Staphylococcus aureus [24].
Scratching at the already poorly functioning epidermal barrier makes it easier for the
bacteria to penetrate the skin and leads to infections such as cellulitis (commonly) and
bacteremia or septicemia (rarely) [24–26]. There are a multitude of case reports depicting
the presentation of such systemic infections, even though they are less common [27]. The
paucity of systemic infections such as bacteremia and septicemia in patients with AD
carries over into the ESRD population. The substantial metabolic derangements in ESRD
contribute to higher risk for systemic infections in ESRD in the setting of frequent access to
the bloodstream for hemodialysis [28] compared with AD alone. We considered an increase
in risk of systemic infections due to worsening of overall skin integrity due to AD; however,
our results did not find this association with bacteremia or septicemia. It seems possible
that since AD is a disease characterized by an over-activation of the immune system, this
hyper-response is protective against bacteria reaching the blood stream.

Similarly, our study found that AD is not associated with an increased risk of conjunc-
tivitis in patients with ESRD. However, in the general population, AD is associated with
conjunctivitis and it “is the most common ocular comorbidity in AD”, with a prevalence of
31.7% [29]. In patients with ESRD, a common complaint is irritated, scratchy red eyes [30],
which may be difficult to distinguish from conjunctivitis. In addition, patients often have
an electrolyte imbalance of calcium and phosphate, which can lead to deposition of the
excess in the conjunctiva [31,32]. Although this process is inflammatory, it is not necessarily
considered conjunctivitis, which must be ruled out as a diagnosis when patients experience
these symptoms [30]. On the other hand, patients with moderate-to-severe AD may also
be on immunomodulatory drugs such as dupilumab, which is associated with conjunc-
tivitis [33]. Therefore, we would have expected to see an association with an increased
risk of conjunctivitis in patients with AD, if, in fact, they were being treated. However,
it is possible that, as we previously observed with psoriasis in the ESRD population [34],
patients with AD may also be undertreated.

Additionally, our study found that AD was associated with an increased risk of herpes
zoster in ESRD patients. Patients with AD are susceptible to recurrent infections with
viruses like herpes zoster [35]. This infection may occur due to stress-induced reactivation
from an impaired epidermal skin barrier in AD. Consistent with this idea, ESRD patients
with psoriasis also exhibited an increased risk of a diagnosis of herpes zoster, and interest-
ingly, this risk was not mitigated by psoriasis therapy [34]. On the other hand, a systematic
review and network meta-analysis demonstrated that treatment with corticosteroids, in-
fliximab, and the JAK inhibitor tofacitinib, as well as several combination therapies, was
associated with higher herpes zoster risk in patients with psoriasis and psoriatic arthri-
tis [36]. Similarly, another systematic review and network meta-analysis concluded that
the short-term risk of infection (not serious infection) was also higher in patients receiving
biologic and small-molecule treatments for psoriasis and psoriatic arthritis [37]. Thus, both
treated and untreated patients with psoriasis are likely to be at increased risk for infection.
In ESRD patients herpes zoster is known to be associated with increased mortality when
combined with other factors such as age and clinical comorbidities [38]. Given the risk
of herpes zoster in AD and ESRD independently, it may be helpful in the clinical setting
to be aware of these comorbidities and treat complications early. This association also
emphasizes the appropriateness of current clinical guidelines recommending vaccinating
ESRD patients against herpes zoster.

Of note, a similar study on ESRD patients with psoriasis found an increased risk
of all studied infections including bacteremia, septicemia, cellulitis, herpes zoster, and
conjunctivitis [34]. Like AD, psoriasis is also an inflammatory condition with a disrupted
skin barrier; however, it has a slightly different pathogenesis. Psoriasis is characterized by
an overactive Th1 and Th17 immune response compared with the Th2 response primarily
seen in AD. Psoriasis often impacts other systems in the body, such as the joints [39]. The
increased risk of infections seen in psoriasis could possibly be due to the more systemic
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nature of the disease compared with AD which seems to be more prone to infections,
primarily of the skin.

4.2. Demographic and Other Clinical Risk Factors

Other race (aRR = 1.84) and Black race (aRR = 1.05) compared with White race was
associated with an increased risk of AD in the ESRD population. In the general population,
Black people experience AD at higher rates and with greater severity than White people [40].
However, genetic studies examining polymorphisms that determine AD severity often find
that Black people have polymorphisms that are less likely to produce severe AD. Therefore,
severity tends to be attributed to a multitude of socioeconomic, environmental, and health
factors [40]. It is also unknown whether AD is underdiagnosed in these populations. Since
AD can present at varying levels, patients may not seek out health care for the condition,
except in severe cases. On the other hand, Black race was protective against all types of
infection except bacteremia and conjunctivitis, whereas other race was associated with
decreased risk of all types of infection.

Hispanic ethnicity was also associated with an increased risk of AD, although Hispanic
ethnicity was found to be protective against all types of infection. Like Black people, those
of Hispanic ethnicity also experience greater disease burden than White people, largely due
to variations in social determinants of health [40]. It is unknown why these populations
may be associated with decreased risk of some types of infection. Perhaps their increased
disease burden could lead to better treatment adherence for AD, possibly leading to the
lower risk of infection.

Female sex was associated with an increased risk of AD in the ESRD population.
In childhood, AD affects males and females equally, but in adulthood, in the general
population, it is more prevalent in females [41]. This could be due to females being more
likely to seek out medical attention, especially for a cosmetic concern [42]. Being female
was also associated with a higher risk of all infections.

Those on hemodialysis compared with peritoneal dialysis were associated with an
increased risk of bacteremia, septicemia, and cellulitis. Most included ESRD patients were
on hemodialysis (99.9%). Peritoneal dialysis tends to be prescribed for use by patients with
better health, fewer comorbidities, of higher socioeconomic classes, and with higher edu-
cation, likely contributing to its association with a reduced risk of infection [43]. Catheter
access and graft (except for herpes zoster) compared with AVF were associated with an
increased risk of all types of infection. Patients with catheter access have a higher burden of
infection, often related to the site of catheter insertion and the duration of use [44]. Interest-
ingly, catheter access was associated with a decreased risk of AD in the ESRD population.
Perhaps patients with AD were considered susceptible to infection; therefore, they were
more likely to receive graft or AVF access.

Our research in the ESRD population found that a diagnosis of tobacco use was
associated with increased risk of AD. AD is known to be correlated with environmental
tobacco smoke in children as well as in the adult onset of the disease [45–47]. It is not
unexpected that this would be the case in ESRD patients as well. As would be anticipated,
tobacco use also increased the risk of all types of infection.

Likewise, our research found that, in ESRD patients, a diagnosis of alcohol dependence
was associated with an increased risk of AD. In a study of 100 patients, 25% of those with
moderate to severe AD met criteria for an alcohol-use disorder [48]. Alcohol has been found
to induce a primarily Th2-focused response in the immune system and to increase IgE
levels [49], which may explain the increased risk of AD observed here. Alcohol dependence
also increased the risk of bacteremia and septicemia.

4.3. Treatments

Patients with AD are treated based on the severity of their symptoms. The initial goal
is to prevent flares by maintaining moisture in the skin and avoiding irritating chemicals or
clothing. First-line therapy is topical treatments, including corticosteroid creams, ranging in
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strength from class I to class IV based on their vasoconstricting properties, and calcineurin
inhibitors such as pimecrolimus and tacrolimus ointments. For moderate to severe AD,
ultraviolet or systemic immunosuppressant therapy may be used as well [50,51]. In patients
with AD and ESRD requiring systemic therapy for moderate-to-severe AD, dupilumab
is considered the preferred treatment [52]. Cyclosporin has been used for AD and is well
tolerated with minimal renal impairment [52,53].

As previously mentioned, patients using treatments such as dupilumab are at an
increased risk of conjunctivitis. Some studies have shown the rate of herpes zoster infections
is decreased in patients treated with dupilumab and increased in patients treated with
Janus kinase inhibitors [54]. Although our study did not investigate whether patients were
treated for AD or another disease, the expected impacts were not observed overall. In the
case of conjunctivitis, the expected impact would have been an association of AD with an
increased rate of conjunctivitis in ESRD patients, which was not observed. Similarly, with
treatment we would have expected to see a decrease in the rate of herpes zoster infection;
however, in the studied AD group, there was, instead, an association with an increased risk
of herpes zoster infection.

4.4. Strengths and Limitations

The USRDS is the largest and most representative data system that includes nearly the
complete ESRD population in the United States linked to Medicare claims [55]. Using the
USRDS dataset ranging from 2004 to 2019, claims, and other information on adult ESRD
patients initiating dialysis between 2004 and 2019, we found 2290 of 1,526,266 patients to
have a diagnosis of AD (0.2%). Our study showed a much lower prevalence of AD in ESRD
patients due to inherent limitations in the USRDS database, including missing coding of
AD, underreporting, and misclassification, as well as changes in AD definition and coding
over time. These constraints might limit the generalizability of our results, although it
is possible that inclusion of patients with AD in the control group instead resulted in an
underestimation of the effects of AD in the ESRD population. In addition, the specialty
and role of the healthcare professional who included these codes is not able to be inferred
through the ICD-9-CM and ICD-10-CM codes. There has been found to be significant
overlap in the use of ICD-9-CM codes of 691.8, signifying AD, and 692.9 signifying contact
dermatitis [56]. However, our study only looked at ICD-9 code 691.8 for AD. Patients
who may have been inaccurately diagnosed with contact dermatitis would not have been
included. The prevalence of AD in renal patients is much higher in epidemiological
studies, ranging from 2.3% to 4.5% [57]. The concurrence of AD and ESRD is expected
to increase due to the common underlying disease development pathway and chronic
systemic inflammation, as well as the treatment side effects of AD and environmental and
lifestyle factors mentioned above.

5. Conclusions

Using the USRDS to examine the relationship between AD and renal disease has not
been reported previously. After controlling for demographic and clinical covariates, ESRD
patients with AD were determined to be at increased risk for cellulitis and herpes zoster,
but not bacteremia, septicemia, or conjunctivitis. Ultimately, AD is an independent risk
factor for some infections in ESRD patients. Our findings may add evidence to the link
between AD and renal disease, which is needed to better design interventions that may
prevent the epidemic rise of the comorbidity of AD and ESRD. In conclusion, reducing the
incidence of comorbidity of AD and ESRD will not only reduce associated mortality but
also reduce economic and symptom burden, leading to an improved quality of life.

Supplementary Materials: The following supporting information can be downloaded at:
https://www.mdpi.com/article/10.3390/medicina59122145/s1, Table S1: ICD-9-CM and ICD-10-CM
codes for outcomes and variables of interest; Table S2: Descriptive statistics by infectious outcomes;
Table S3: Logistic regression results of effects of atopic dermatitis on infectious outcomes.
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