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ABSTRACT  Background: The association between new-onset atopic der- he initial outbreak of the coronavirus disease 2019

matitis (AD) and the coronavirus disease 2019 (COVID-19)
pandemic was scarcely documented in the literature.
Objectives: To evaluate the incidence of AD in a large na-
tion-wide cohort over 6 years, focusing on changes in inci-
dence following the onset of the COVID-19 pandemic.
Methods: This retrospective cohort study included all
members of the largest HMO in Israel (n=4.8 million) from
2017 to 2022. Patients with newly diagnosed AD were iden-
tified using the ICD-10 code for AD (L20). Incidence rates
were calculated as the number of new diagnoses per 1000
person-years. The pre-COVID period was 1/2017 to 1/2020,
and post-COVID 2/2020 to 12/2022. Age-adjusted incidence
rates were calculated based on the World Health Organiza-
tion's standard population.
Results: The overall crude incidence of AD across the study
period was 3.38/1000 person-years (PYs). From 2017 to 2022,
there was a 36.97% increase in the crude incidence and a
40.44% increase in the age-adjusted incidence, with a mean
annual incidence change of +6.5% and +7.1%, respectively.
Both crude and adjusted annual incidence increases were sig-
nificant (P< 0.001, R? = 0.98; P< 0.001, R2= 0.99, respectively).
The incidence of AD at the follow-up before the COVID-19 pan-
demic was 3.07/1000 PYs, and after was 3.71/1000 PYs.
Conclusions: We observed a significant and nearly consis-
tent annual increase in AD incidence from 2017 to 2022,
across various sex and age groups. Further research is
needed to explore the impact of the COVID-19 pandemic on
rising trends in AD incidence.
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(COVID-19) was in late 2019. The World Health Or-
ganization (WHO) declared COVID-19 a global pandemic
in March 2020. In addition to the burden that COVID-19
disease generated, it also had an impact on the prevalence
of various immune-mediated disorders [1].

Atopic dermatitis (AD) is a common chronic inflam-
matory skin disease with complex and multifactorial
pathophysiology and multiple risk factors, including ge-
netic and environmental risk factors such as a Western
lifestyle, air pollution, and stress [2,3]. It has also been
postulated that a previous severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) infection may also
trigger AD [4].

The literature regarding the possible association be-
tween new-onset AD and COVID-19. As COVID-19 was
a major public health crisis, it is important to investigate
its influence on new-onset AD to better understand its
complexity and pathophysiology.

We assessed the incidence of AD in a large popula-
tion-based nation-wide cohort and evaluated the inci-
dence change following the COVID-19 pandemic.

PATIENTS AND METHODS

DATA SOURCE

The data were extracted from the Clalit Health Services
(CHS) extensive computerized database. CHS serves
about 4.8 million members, more than half of Israel's
population, and is Israel's largest health maintenance
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organization. CHS's population is ethnically, geographi-
cally, and socioeconomically diverse and has continuous
real-time input operating systems. The database is under-
going constant data validation, including logistic tests,
such as matching diagnoses from several sources. Its va-
lidity was confirmed to be high in a previous study [5].

POPULATION AND STUDY DESIGN

This retrospective cohort study included all members of
CHS. The data were collected from 1 January 2017 un-
til 31 December 2022. Data mining methods were per-
formed to collect relevant diagnoses and demographic in-
formation. The diagnosis was extracted using the ICD-9
code for AD (L20).

VARIABLES

Incidence was demonstrated as the number of new diag-
noses per 1000 person-years (PYs). To compute the inci-
dence of AD, the main outcome, the monthly number of
new AD diagnoses in each sex/age group, was divided by
the monthly sum of person-years in the equivalent sex/
age group members in the CHS. The pre-COVID peri-
od was defined as the follow-up time from 01/2017 until
01/2020. The post-COVID time was defined as 02/2020
(the month with the first known case of infection in Isra-
el) until 12/2022. Age-adjusted incidence was calculated
based on the WHO world standard population [6].

STATISTICAL ANALYSIS

Annual incidence trend significance was calculated using
simple linear regression, with the year as the independent
variable and the incidence as the dependent variable. The
coefficient of determination was used to assess the pro-
portion of the variation of the incidence variable. We cal-
culated 95% confidence intervals (95%CIs) to estimate
parameter precision and uncertainty. All P-values were
two-tailed, and the alternative hypothesis was considered

significant if P<0.05. Statistical analysis and data visual-
ization were performed using Python v3.10 (Python Soft-
ware Foundation) and Microsoft Excel™ 2019, Version
2401 (Microsoft® Corporation, Redmond, WA, USA)

ETHICS

This study was approved by the CHS Ethics Committee
(Approval number 0212-17-COM).

RESULTS

At the beginning of the follow-up time, 01/2017, there
were a total of 4.425 million individuals (50.98% fe-
males) in the cohort. At the end of the follow-up period,
12/2022, the cohort included a total of 4.817 million in-
dividuals (50.72% females). Cohort age group distribu-
tion at the beginning and end of the follow-up time is
presented in Table 1. The crude incidence of AD during
the entire follow-up time was 3.38/1000 PYs. The inci-
dence among females and males was 3.55/1000 PY's and
3.20/1000 PYs, respectively. The annual number of new
cases, crude and age-adjusted incidence, sex-specific
incidence, and incidence change of AD are presented in
Table 1 and Figure 1.

There was a 36.97% and 40.44% increase in the crude
and age-adjusted incidence, respectively, from 2017 to
2022, and a mean annual incidence change of +6.5% and
+7.1%, respectively. Both crude and adjusted annual in-
cidence increases were significant (P < 0.001, R?=0.98;
P<0.001, R?2=0.99, respectively). Among males and fe-
males, the change during the follow-up time was 32.12%
and 40.75%, respectively, and the mean annual change
was +5.46% and 7.12%, respectively. The age group's
incidence through the study period is presented in Fig-
ure 2, and the age group incidence by sex is presented in
Table 2. The median age of diagnosis of AD of the entire
cohort was 8.0 (mean = SD: 18.63 + 22.04) years old,

Table 1. Annual incidence of atopic dermatitis per 1000 person-years 2017-2022

o e Crude Age-adjusted Female crude Male crude
Incidence Change Incidence Change Incidence Change Incidence Change
2017 12,677 2.84 - 2.67 - 2.92 - 2.77 -
2018 13,774 3.04 7% 2.87 7.5% 3.17 8.6% 291 5.1%
2019 15,176 331 8.8% 3.13 9.1% 3.42 7.9% 3.19 9.6%
2020 15,923 3.42 3.3% 3.27 4.5% 3.66 7% 3.16 -0.9%
2021 17,868 3.79 10.8% 3.63 11% 4.03 10.1% 3.54 10.1%
2022 18,592 3.89 2.6% 3.75 3.3% 4.11 2% 3.66 3.4%
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Figure 1. Annual incidence of atopic dermatitis per 1000 person-years 2017-2022
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and 5 (16.88 £ 22.37) and 10 (20.15 + 21.63) years old
among males and females, respectively. The median age
of diagnosis by sex and year is demonstrated in Figure 1.

The incidence of AD at the follow-up time before the
COVID-19 pandemic was 3.07/1000 PYs, and the inci-
dence after was 3.71/1000 PYs. The AD incidence among
females and males increased from 3.17 and 2.97/1000
PYs before the pandemic to 3.96 and 3.46/1000 PY's af-
ter the COVID-19 pandemic. The incidence of AD before
and after the COVID-19 pandemic among different age
groups is shown in Table 2.

DISCUSSION

To the best of our knowledge, this is the first study to pro-
vide nation-wide real-world data about the incidence of
AD multiple years after the beginning of the COVID-19
pandemic. Our study's main finding is a major and almost
consistent annual increase in AD incidence from 2017 to
2022 over a broad range of sex/age groups. Our findings
indicate a possible influence of the COVID-19 pandemic
on the occurrence of AD.

2020 2021 2022
Year

The COVID-19 pandemic was a major public health
event that included important exclusive features that
might have influenced the epidemiology of AD, includ-
ing widespread viral infection and largely administered
new mRNA vaccinations, in addition to viral spread pre-
vention strategies such as social distancing, lockdowns,
and hand hygiene.

Reviewing our findings from a high-level view, the
influence of the COVID-19 pandemic on the crude an-
nual incidence of AD change might seem less impres-
sive, as there was already a major increase before the
pandemic and after its peak in 2022. Alternatively, some
evidence might weaken this point of view. For example,
Weil and colleagues [7] presented real-world retrospec-
tive large nation-wide Israeli data, which evaluated the
incidence of AD between 2008 and 2017. The data pre-
sented in this previous study indicated variable trends of
AD incidence in different age groups through the exam-
ined 10-year study follow-up time. As this study's fol-
low-up time was adjacent to ours (it ended in 2017, the
first year of our follow-up), and it is also a nation-wide
study from a different large Israeli healthcare provider
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Figure 2. Annual incidence of atopic dermatitis per 1000 person-years 2017-2022 by age group
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2.37 1,93 1.67 1.86 2.08 1.43
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(the second largest HMO after the CHS). This key com-
parable study might represent similar previous trends in
our HMO population.

Our study showed a declining overall AD incidence
trend consistent among different age groups. In addition,
there were only a few years with an apparent incidence
increase of specific age groups, and most were not con-
secutive (except for the < 6 months age group in 2011-
2013). These study findings might strengthen the hypoth-
esis that our 6-year increasing trend of AD incidence is
unlikely to be incidental nor a continuation of a previous
trend. Moreover, our study's 2020-2021 major annual
incidence increase was more prominent than any other
yearly incidence increase in this previous Israeli study.

During our follow-up time, the greatest annual in-
crease in AD incidence was demonstrated between the
years 2020 and 2021, which was also persistent in al-
most every sex/age group. Although the first confirmed
SARS-CoV-2 cases were at the beginning of 2020, the

year 2021 was a key year in the COVID-19 pandemic
timeline, when several noticeable events happened, in-
cluding the spread of the Alpha, Delta, and part of the
Omicron variants. In addition, some possible association
between SARS-CoV-2 infection and AD is related to a
more long-term impact.

Interestingly, a recent systematic review [8] suggest-
ed that most studies found no statistically significant
changes in the incidence or prevalence of AD due to the
pandemic in different populations. However, the studies
reported in this review have an end follow-up time at the
end of 2020 or the beginning of 2021, are smaller, some
of them reported an increased but insignificant incidence,
and most evaluated only specific age groups. These are
crucial limitations, including their limited timeframe, as
there was a significantly wide SARS-CoV-2 infection
spread during 2021 and 2022, which might weaken the
suggestion that the COVID-19 pandemic had no impact
on AD incidence.
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Table 2. Annual incidence of atopic dermatitis per 1000 person-years 2017-2022 by sex and age group

A ko 2017 2018 2019 2020 2021 2022 2°c‘h7a'n";222 P-value
Under 4 12.82 1248 13.81 12.99 1412 15.49 20.80% 0.035
5-14 3.25 358 371 3.67 4.04 413 27.17% 0.003
15-24 1.10 1.00 1.20 1.31 1.49 1.57 42.30% 0.004
25-34 111 1.52 157 1.76 1.99 1.88 £9.01% 0.007
g 354 1.05 1.23 1.29 1.50 1.73 1.79 69.97% <0.001
= | 45-54 0.86 0.98 1.23 1.25 1.54 1.59 84.50% <0.001
55-64 0.85 0.97 1.20 1.28 1.59 1.46 70.91% 0.005
65-74 1.10 1.42 160 1.66 2.14 1.90 72.14% 0.01
75-84 1.36 1,51 1.96 1.96 252 2.69 98.72% <0.001
Above 85 1.25 1.55 1.83 2.00 2.46 2.00 59.94% 0.03
Under 4 1159 11.03 12.20 1222 13.23 14.24 22.83% 0.01
5-14 350 422 4.16 4.46 468 485 38.54% 0.004
15-24 1.95 2.28 2.48 2.79 2.95 3.00 53.99% <0.001
25-34 2.26 2.69 291 343 356 3.70 63.81% <0.001
g 35 1.69 1.89 2.15 2.45 2.82 2.94 74.04% <0.001
§ 4554 1.31 1.49 172 2.07 241 2.26 72.88% 0.003
55-64 1.07 1.26 1.46 1.56 211 1.86 74.49% 0.009
65-74 1.04 1.26 149 1.54 2.09 1.82 74.42% 0.012
75-84 1.09 1.01 1.08 1.20 1.70 1.62 48.39% 0.026
Above 85 0.62 1.05 0.88 0.90 1.40 1.09 76.45% 0.117

A different trend was displayed by Hurley and col-
leagues [9]. They demonstrated a higher rate of AD
among Irish infants born during the first COVID-19 lock-
down (March to May 2020) compared to a birth cohort
of pre-pandemic-born children. Our findings regarding
infants of a broader age group (under the age of 4 years)
demonstrated a decreased incidence from 2019 to 2020 but
an increased incidence from 2020 to 2021 and from 2021
to 2022. This trend may align with our study's findings, as
children born during the 2020 lockdowns were one year
old in 2021 and two years old in 2022. Accordingly, our
cohort showed an increased incidence among the under-4
age group during these years. Moreover, a recent study
[10] demonstrated a higher risk of developing AD in off-
spring with maternal SARS-CoV-2 infection during preg-
nancy, which might partly explain the increased incidence
in our study from 2020 to 2022 in the under-4 age group.

Another recent nation-wide retrospective cohort study
[11] from South Korea involving almost 7 million individu-
als found an increased long-term risk of various autoimmune
and auto-inflammatory dermatological disorders. Although
AD incidence was not evaluated in this study, the overall

findings support the hypothesis that COVID-19 may act as
a catalyst for autoimmune responses, aligning with the rise
in AD incidence observed during these years in our study.
Another factor that might elevate the incidence of AD is
the influence of SARS-CoV-2 infection on the new onset
of AD, as its possible influence was evaluated in a large co-
hort study [4]. As some studies have shown, the pandemic
caused AD disease exacerbation [12,13], but it might have
led to a higher physician attendance rate among milder
cases, which could have led to higher documentation of
the disease. Vaccinations, which were widely administered
in Israel, were also suggested as a cause of disease exacer-
bation [14] and of new-onset AD in very few reports [15].
The 2020-2021 lockdowns represent another possible
factor that could have affected the disease's onset. Lock-
downs might have influenced clinic attendance; however,
the literature regarding it is heterogeneous [8]. This unclear
influence might be inflected in the increase between 2019
and 2020 among almost every age group, even among
older adults who are at higher risk for severe COVID-19.
Lockdowns are also possibly associated with less exposure
to sunlight alongside low humidity, which may apply an
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immunosuppressive effect on skin inflammation [3]. In
addition, quarantines could have caused lifestyle changes
that could increase Th2 phenotype pathogenicity [2].

Another notable perspective is the overall decreased air
pollution during the pandemic [16], as it was vastly associ-
ated in the literature with increased risk for AD [2]. How-
ever, the obligation to stay home might have led to more
prominent exposure to indoor pollutants, possibly associat-
ed with a higher risk of AD onset [2]. The well-established
psychological impact of the pandemic [17,18] might also
contribute to the incidence trend, as psychosocial stress is
commonly considered a risk factor for AD [19].

Another speculative explanation for this trend is the pos-
sible increase in awareness of the disease than in the past
several years. This increased awareness could have been
derived from the noteworthy approval of several biological
treatments for AD by the U.S. Federal Drug Administration
since 2017 and the inclusion of some of them in the Israeli
national treatments funding program. Moreover, to be en-
titled to the treatment's funding, a documented AD history
must be present, which might encourage formal documen-
tation of this diagnosis. In addition, physicians might tend
to determine a precise diagnosis when having specific treat-
ment options. However, the increases among patients under
the age of 4 years, which until the middle of 2022 were not
approved for any of the new drugs, might weaken these
hypotheses, although having the lowest increase.

To put our research in context, we have shown that there
was a significant increase in AD incidence in the past 6 years,
while the recent literature suggests that AD prevalence has
reached a plateau in countries with high AD prevalence [20].

Our study has several limitations. We did not have any
information regarding the cohort's COVID-19 history
and we only evaluated a few years following the pandem-
ic; therefore, we could see a long-term trend of this inci-
dence. The study's main strength is its large and diverse
cohort that can represent the entire county's population.

CONCLUSIONS

We found a major and almost consistent annual increase
in AD incidence from 2017 to 2022 over a broad range
of sex and age groups. Further studies should assess the
impact of COVID-19 on this increase in incidence.
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