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SIGNIFICANCE
Atopic dermatitis is one of the most common skin disor-
ders in childhood, and general anaesthesia has a risk of 
developing potential complications in various organs and 
anaphylaxis and allergies. However, the relationship bet-
ween exposure to general anaesthesia and atopic derma-
titis remains unknown. The results of this study revealed 
that exposure to general anaesthesia was not associated 
with atopic dermatitis in the paediatric population.

General anaesthesia could affect various immune re-
sponses, including Th1 and Th2 immunity, which mig-
ht also affect cells that play an important role in the 
pathogenesis of atopic dermatitis. However, the rela-
tionship between general anaesthesia exposure and 
atopic dermatitis remains unknown. The aim of this 
study was to investigate the risk of developing atopic 
dermatitis after first exposure to general anaesthe-
sia in the paediatric population (18 years or under). 
A retrospective cohort study, including those exposed 
(n = 7,681) and unexposed (n = 38,405; control parti-
cipants) to general anaesthesia (1:5 ratio), was con-
ducted using national sample cohort data from 2002 
to 2015. All participants were followed up for 2 years 
after cohort entry. The 2-year cumulative incidences 
of atopic dermatitis in the exposed and unexposed 
groups were 2.3% and 2.2%, respectively. In the sub-
group analysis by age, the cumulative incidence was 
not significantly different between these cohorts. The 
risks of atopic dermatitis were not significant in the 
exposed group in the univariate model (hazard ratio 
1.05; confidence interval 0.88–1.24) and in the mul-
tivariate model, wherein all covariates were adjusted 
(adjusted hazard ratio, 1.03; 95% confidence interval 
0.87–1.23). The results suggest that children’s expo-
sure to general anaesthesia was not associated with 
increased or decreased risk of atopic dermatitis.

Key words: atopic dermatitis; cohort analysis; general anaes-
thesia; paediatric population.
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Atopic dermatitis (AD), which is one of the most 
common skin disorders in childhood, is a chronic, 

inflammatory skin disease that impairs the quality of life 
of affected children and families (1). AD affects 5–20% 
of children worldwide (2, 3), and its prevalence is 5.9%, 
11.3%, and 14.6% in infants, preschool children, and 
school-age children, respectively (4). It is a multifactorial 
heterogeneous disorder, and patients with AD have an 
increased risk of various comorbid conditions, such 
as attention-deficit hyperactivity disorder, infection, 

autoimmune diseases, including vitiligo and alopecia 
areata, psychosocial disorders, and visual impairment 
(5–7). Furthermore, AD has a development risk of asthma 
and allergic rhinitis, called the atopic march, as the child 
grows (8).

General anaesthesia (GA) has a risk of developing 
potential complications in various organs and anaphy-
laxis and allergies (9–11). Although the exact mechanism 
remains unknown, a previous cohort study showed that 
GA exposure before 1 year of age was associated with a 
lower risk of developing AD (12). Also, GA could affect 
various immunological pathways, including Th1 and Th2 
immunity, which might also affect cells that play an im-
portant role in the pathogenesis of AD (3, 13). However, 
to date, studies on GA and allergic diseases in the paedia-
tric population are very limited and insufficient; hence, 
the relationship between AD and GA remains unclear.

The aim of this retrospective cohort study was to assess 
the risk of development of AD after the first exposure 
to GA in the paediatric population, using a nationwide 
sample cohort that was followed for up to 2 years.

MATERIALS AND METHODS

Data sources

This study was conducted using data from the Korean National 
Health Insurance Service (NHIS) national sample cohort from 
2002 to 2015, comprising 2.2% of the total eligible Korean 
population (14). Random samples were representative of the total 
population. Diagnosis of the sample cohort was based on the Inter-
national Classification of Diseases, Tenth Revision (ICD-10). The 
data contained encrypted personal information, diagnostic codes, 
prescribed drugs, and medical claims. All registered and claimed 
data of the sampled individuals constituted the longitudinal data-
base. The validity and usefulness of the cohort data have been 
verified in previous studies (15–19).

No Association Between First Exposure to General Anaesthesia 
and Atopic Dermatitis in the Paediatric Population
Dong Chan KIM1, Young Woong CHOI2, Eun-So LEE1 and Jee Woong CHOI1

1Department of Dermatology, Ajou University School of Medicine, Suwon and 2Department of Anesthesia, Korea Cancer Center Hospital, 
Seoul, Korea

https://creativecommons.org/licenses/by-nc/4.0/


A
ct

aD
V

A
ct

aD
V

A
d
v
a
n

c
e
s 

in
 d

e
rm

a
to

lo
g
y
 a

n
d
 v

e
n

e
re

o
lo

g
y

A
c
ta

 D
e
rm

a
to

-V
e
n

e
re

o
lo

g
ic

a

D. C. Kim et al. “Atopic dermatitis and general anaesthesia”2/6

Acta Derm Venereol 2022

Study population 

Information on GA exposure was extracted from the sample cohort 
database and divided into intravenous injection, endotracheal tube, 
and mask anaesthesia. During GA, injectable anaesthetics were 
used in intravenous anaesthesia, and inhalational anaesthetics were 
used in mask and endotracheal anaesthesia. The total duration of GA 
was also calculated. To reduce selection bias, the first 2 years (2002 
to 2003) were set as the washout period. To define a GA-exposed 
cohort, patients who were exposed to GA from 1 January 2004, 
were included, and those who were given any diagnostic codes of 
AD (L20 and its sub-classification codes) prior to undergoing the 
first recorded exposure to GA were excluded. Adult patients aged 
19 years and over were also excluded from the analysis.

For the GA-exposed participants, observation began on the day 
of the first exposure (cohort entry date). Age group- (infant and 
toddler (0–2 years), preschool (3–6 years), school age (7–12 years), 
adolescence (13–18 years)), sex-, and parents’ income level- were 
matched to random controls who were never exposed to GA, who 
were identified in a 1:5 manner to obtain an unexposed control 
group. The matched controls entered the study on the same day 
that follow-up began for their GA-exposed counterparts. Both 
cohorts were followed from the cohort entry dates until the day 
the diagnostic code of AD was first given, death, emigration, the 
end of December 2015, or to the day 1 year after the cohort entry 
date, whichever came first. Since a 2-year washout period was 
set before the analysis, the maximum observation period was set 
as 2 years after the cohort entry date, as the effect of GA on AD 
occurrence would decrease over time.

Among both cohorts, the participants with subsequent AD 
were defined as those who had at least 1 ICD-10 diagnostic code 
of AD given by board-certified dermatologists. To investigate 
the differences in its clinical features in both cohort groups, the 
patients with AD were divided into 3 groups according to the 
disease duration (≤ 6, 6–12, and > 12 months) and the duration of 
steroid or immunosuppressant use (no use, 1–30 days, and > 30 
days). The primary independent variable of interest in this study 
was the first exposure to GA. The primary outcome was AD-free 
survival. A flowchart of the study is shown in Fig. 1.

Covariates

Demographic factors at the cohort entry date were collected, and 
the Charlson–Deyo scores were calculated according to a previous 
method (20). Data on prior exposure to regional anaesthesia, 

including spinal and epidural anaesthesia, were also collected. 
Pre-existing comorbid disorders, including systemic comorbidities 
(hypertension, diabetes, dyslipidaemia, and thyroid disorders), 
allergic comorbidities (angioedema or anaphylaxis, allergic 
rhinitis, asthma, and urticaria), immune-mediated dermatologi-
cal comorbidities (lupus erythematosus, vitiligo, psoriasis, and 
alopecia areata), overall psychological disorders confirmed by 
psychiatrists, and overall malignancies were investigated using 
the corresponding ICD-10 codes in the diagnosis field. 

Ethical statement

This study design was reviewed by the institutional review board 
of Ajou University Hospital (AJIRB-MED-EXP-20-050), and 
informed consent was waived by the institutional review board 
owing to the retrospective nature of the study.

Statistical analysis

Descriptive statistics were used to describe the baseline charac-
teristics of the GA exposed and unexposed cohorts. The χ2 test 
or Fisher’s exact test was carried out to evaluate its statistical 
significance for categorical data. The Kaplan–Meier method was 
used to estimate survival curves for each cohort. A Cox proportio-
nal hazard regression model was used to obtain the hazard ratios 
(HRs) and 95% confidence intervals (95% CIs) using patients 
with no exposure as a reference, with and without adjusting for all 
baseline characteristics. The same model was used in the exposed 

Fig. 1. Study flowchart. AD: atopic dermatitis; GA: general anaesthesia; 
ICD: International Classification of Diseases. 1ICD codes: L20 and its all 
sub-classification codes.

Table I. Characteristics of the general anaesthesia exposed and 
unexposed subjects

 
Exposed 
(n = 7,681) 

Unexposed 
(n = 38,405)

Demographics
Sex, n (%)
  Boys 5,193 (67.6) 259,65 (67.6)
  Girls 2,488 (32.4) 12,440 (32.4)
Age distribution, n (%)
  Infant and toddler (0–2 years) 22 (0.3) 110 (0.3)
  Preschool (3–6 years) 37 (0.5) 185 (0.5)
  School age (7–12 years) 2,160 (28.1) 10,800 (28.1)
  Adolescence (13–18 years) 5,462 (71.1) 27,310 (71.1)
Parents’ income level, n (%)
  Lower third 1,814 (23.6) 9,070 (23.6)
  Middle third 2,625 (34.2) 13,125 (34.2)
  Upper third 3,242 (42.2) 16,210 (42.2)
Charlson-Deyo score, n (%)
  0 7,314 (95.2) 37,076 (96.5)
  1–2 360 (4.7) 1,323 (3.5)
  ≥ 3 7 (0.1) 6 (< 0.1)
Exposure to regional anaesthesia, n (%) 633 (8.2) 1,515 (3.9)
Pre-existing comorbidities 
Systemic comorbidities, n (%)
  Hypertension 50 (0.7) 175 (0.5)
  Diabetes 44 (0.6) 169 (0.4)
  Dyslipidaemia 49 (0.6) 162 (0.4)
  Thyroid disorders 111 (1.5) 286 (0.7)
Dermatological comorbidities, n (%)
  Lupus erythematosus 3 (< 0.1) 11 (< 0.1)
  Vitiligo 15 (0.2) 91 (0.2)
  Psoriasis 16 (0.2) 100 (0.2)
  Alopecia areata 50 (0.7) 222 (0.6)
Allergic comorbidities, n (%)
  Angioedema or anaphylaxis 5 (0.1) 14 (< 0.1)
  Allergic rhinitis 1,311 (17.1) 5,438 (14.2)
  Asthma 295 (3.8) 1,265 (3.3)
  Urticaria 177 (2.3) 841 (2.2)
Psychological disorders, n (%) 528 (6.9) 1,756 (4.6)
Overall malignancies, n (%) 91 (1.2) 32 (0.1)
Follow-up time, in years, per subject, mean ± SD 1.93 ± 0.30 1.93 ± 0.30

SD: standard deviation.

http://medicaljournalssweden.se/actadv
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cohort to assess the GA-related risk factors associated with AD. 
The Cox proportional hazard model assumption of proportionality 
was also assessed using Schoenfeld residuals. p-values < 0.05 
were considered statistically significant. Statistical analyses were 
performed using SAS Enterprise Guide 7.1 (SAS Institute Inc., 
Cary, NC, USA). 

RESULTS

Demographic and clinical characteristics of the study 
population
From January 2002 to December 2015, 7,681 GA-
exposed patients and 38,405 unexposed patients, who 
satisfied the eligibility criteria, were identified from a 
representative sample cohort (Fig. 1). The demogra phics 
and characteristics of the exposed and unexposed patients 
are shown in Table I. All demographic features, except 
for the Carlson–Deyo scores, were similar between 
groups. The percentage of patients, who were exposed 
to regional anaesthesia or had pre-existing comorbidities, 
was higher in the exposed group than that in the unexpo-
sed group. All variables were included and adjusted as 
covariates in multivariate Cox regression models. The 
mean ± standard deviation follow-up time per patient of 
both groups was 1.93 ± 0.30 years.

Cumulative incidence of atopic dermatitis in the 
general anaesthesia exposed and unexposed cohorts
During the follow-up period, the incidences of AD in 
the patients with or without GA were 11.1 and 10.6 per 
1,000 person-years, respectively. The Kaplan–Meier 
curve showed no difference in the cumulative incidence 
of AD between the groups (log-rank p = 0.610). The 
2-year cumulative incidence of AD in the GA and non-
GA groups was 2.3% and 2.2%, respectively (Fig. 2a). In 
the subgroup analysis by age, the cumulative incidence 
was not significantly different in both cohorts (Fig. 2b, c). 

Relative risk of atopic dermatitis in the general 
anaesthesia-exposed cohorts
The HRs for AD in the GA-exposed cohorts are sum-
marized in Table II. Cox proportional hazard model 
assumption showed no significant deviation from time 
(p = 0.377) (Fig. S1). The risks of AD were not signifi-
cant in the GA group in the univariate model (HR 1.05; 
95% CI 0.88–1.24) and multivariate model wherein all 
covariates in Table I were adjusted (adjusted HR 1.03; 
95% CI 0.87–1.23). Furthermore, when Cox regression 
analysis was performed in the GA group, there was no 

Fig. 2. The cumulative incidence of atopic dermatitis for the general 
anaesthesia-exposed and unexposed cohorts during 2 years of 
observation period. (a) All. (b) 0–12 years. (b) 13–18 years.

http://medicaljournalssweden.se/actadv
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significant difference in the risk of AD depending on the 
type of GA and surgery (cancer vs non-cancer surgery), 
even after adjusting for baseline covariates. The duration 
of GA was not associated with the occurrence of AD. 

The risk of AD was not statistically significant accor-
ding to the type of inhalational anaesthetics. Among the 
injectable anaesthetics, except for thiopental, there was 
no significant association with the risk of AD.

Clinical features of atopic dermatitis in general 
anaesthesia exposed and unexposed patients
The proportion of patients with AD was analysed ac-
cording to disease duration and frequency of steroid 
or immunosuppressant use during the study period. In 
the GA group, the proportion of patients with AD who 

persisted for more than 6 months (Fig. 3a) or the 
proportion of patients using systemic steroids and 
immunosuppressants (Fig. 3b) was higher than 
those in the non-GA group; however, this was not 
statistically significant.

Sensitivity analysis
If patients with AD were more strictly defined as 
those who had at least ICD-10 diagnostic code of 
AD given by board-certified dermatologists twice, 
the HR on the AD occurrence in the GA group 
was not significant using univariate analysis (HR 
1.04; 95% CI 0.83–1.30; p = 0.719). Similarly, in 
multivariate analysis with adjusted baseline cha-
racteristics, the risk of AD in the GA group was 
not significantly higher than that in the non-GA 
group (HR 1.04; 95% CI 0.83–1.30; p = 0.742) 
(data not shown). If patients with AD were defined 
as those who had at least ICD-10 diagnostic code 
of AD given by board-certified dermatologists 3 
times, the GA exposure did not increase the risk of 
AD development both in the univariate (HR 0.98; 

95% CI 0.75–1.28; p = 0.883) and multivariate analysis 
(adjusted HR 0.97; 95% CI 0.74–1.30; p = 0.839) (data 
not shown).

DISCUSSION

The number of patients undergoing GA in the paediatric 
population is increasing (21, 22), and thus interest in 
whether GA could be a risk factor for various diseases 
has increased (12, 23–26). In particular, previous studies 
revealed that exposure to GA in early childhood and 
multiple exposures increased the risk of developmental 
delay and attention deficit hyperactivity disorder (25, 
26). Conversely, autistic disorders or learning disabilities 
were not associated with a single exposure to GA (24, 

Table II. Hazard ratios of atopic dermatitis in the cohort

Event/total

Univariate model

p-value

Multivariate 
modela

p-valueHR 95% CI HR 95% CI

Exposure to GA
  No 786/38,405 (ref.) (ref.)
  Yes 164/7,681 1.05 0.88–1.24 0.605 1.03 0.87–1.23 0.701
Type of GA
  Mask 7/400 (ref.) 0.754 (ref.)
  Intravenous 5/227 1.19 0.39–3.90 0.645 1.19 0.37–3.85 0.760
  Endotracheal 152/7,054 1.24 0.56–2.55 0.715 1.23 0.58–2.64 0.586
Duration of GA, h
  < 1 155/7,017 (ref.) (ref.)
  ≥ 1 9/664 0.62 0.31–1.20 0.153 0.69 0.35–1.37 0.288
Cancer surgeryb 1/65 0.75 0.11–5.36 0.776 0.53 0.04–7.97 0.643
Inhalational anaestheticsb

  Sevoflurane 74/3,787 0.85 0.62–1.15 0.290 0.80 0.59–1.10 0.658
  Desflurane 17/791 1.04 0.63–1.73 0.866 1.07 0.65–1.78 0.783
  Isoflurane 5/187 1.24 0.51–3.04 0.627 1.34 0.55–3.26 0.525
  Enflurane 36/1,352 1.28 0.89–1.86 0.184 1.32 0.91–1.92 0.141
Injectable anaestheticsb

  Propofol 55/2,909 0.84 0.61–1.16 0.294 0.97 0.70–1.36 0.867
  Thiopental 9/765 0.54 0.27–1.05 0.069 0.51 0.26–0.99 0.048
  Ketamine 4/206 0.90 0.33–2.43 0.835 0.65 0.23–1.79 0.400

aAll variables were considered as covariates, and adjusted. bCox regression was performed 
in the exposed group.
95% CI: 95% confidence interval; ref.: reference; GA: general anaesthesia; HR: hazard ratio.

Fig. 3. Clinical features of atopic dermatitis in 
exposed and unexposed subjects. (a) Proportion 
of patients with atopic dermatitis according to 
disease duration. (b) Proportion of patients with 
atopic dermatitis according to the duration of steroid 
or immunosuppressant uses.

http://medicaljournalssweden.se/actadv
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26). Also, it has been reported that exposure to GA in 
early life reduced the risk of asthma, allergic rhinitis, 
and AD (12). 

The results of the current study revealed that exposure 
to GA was not associated with AD in the paediatric popu-
lation. It was found that only 1 study has been conducted 
on the association between GA and AD in the recently 
conducted systematic review and meta-analysis of risk 
factors for AD (27). The paediatric population was clas-
sified into 3 groups: 0–2, 2–12, and 12–18 years (28). 
Also, the distribution of the lesions and immunological 
composition may differ according to age groups (29). 
Furthermore, at birth, most T cells are naive and de-
veloping gradually into memory subsets (29–31), and 
high 2 with low or unaltered 1 signals in blood were 
reported during the 0–2 years group. Kuo et al. reported 
that exposure to GA before 1 year of age reduced the 
risk of AD, since GA might provide a protective effect, 
promote inflammatory 1 responses, and decrease 2 im-
munity (12). If GA is effective in protecting against AD, 
the risk of developing AD decreases with age. However, 
in a subgroup analysis of the current study investiga-
ting the risk of AD in relation to age, results for GA 
exposure were consistent and not associated with AD. 
Based on the current results, we thought that GA might 
have a negligible effect on the risk of developing AD. 
Furthermore, GA might cause immunological changes 
during or immediately after surgery; however, it will be 
temporary and not persist to a significant extent in the 
general population (32). Therefore, temporary changes 
in immune responses were thought to induce a different 
response from the pathophysiology of AD as a chronic 
heterogeneous disease in children, and GA may not act 
as a protective or aggravating factor for the development 
of AD. 

The current study found no significant association 
with the risk of AD according to anaesthetic use, except 
for thiopental. After adjusting for baseline covariates, 
thiopental significantly decreased the risk of AD, which 
might be related to an immune response mediated by 
thiopental that was distinct from other intravenous 
anaesthetics (33). A previous study revealed that thio-
pental reduced 2-stimulating IL-4 (34). Although the 2 
immune response is important in the pathophysiology of 
AD, it is difficult to explain this with just 1 aspect, since 
AD is a heterogeneous disease. Therefore, it is difficult 
to conclude the existence of a direct relationship bet-
ween thiopental and risk of AD; hence, further research 
is necessary.

The strength of the current study is that it is a nation-
wide population-based cohort study to investigate the 
risk of AD in paediatric participants exposed to GA, with 
a broader age range compared with previous studies. 
However, this study had several limitations. First, it was 
not possible to consider and adjust all risk factors for AD, 
such as genetic and environmental risk factors. Secondly, 

with the retrospective study design, this study could not 
measure the change in immunological effects according 
to GA. Thirdly, the number included in the cohort was 
relatively small in the age group of infants and toddlers.

Overall, whether GA could be a factor influencing AD 
requires careful interpretation, and the current study sup-
ported that GA was not associated with the development 
of AD in the paediatric population. Based on the results 
of this population-based, retrospective matched cohort 
study, it was concluded that exposure of children to GA 
was not associated with increased or decreased risk of 
AD. Therefore, GA in children was considered safe 
regarding the development of AD.
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