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Abstract

Globally, anxiety and depression are the most common psychiatric disorders that add large

burdens to individuals and society; however, the mechanisms underlying these disorders

are unclear. Several studies have found that eczema is a shared risk factor for both these

conditions. We identified and evaluated eligible observational studies from EMBASE and

PubMed. In total, 20 relevant cohort and case-control studies comprising 141,910 patients

with eczema and 4,736,222 control participants fulfilled our established criteria. Information

extracted included study design, location, sample size, sex distribution of cases and controls

or reference cohorts, measurements of outcomes, odds ratio (OR) with 95% confidence

interval (CI), and adjusted factors for exposure associated with outcome risk. The meta-

analysis was performed by calculating the pooled OR with 95% CI, and heterogeneity was

assessed using Cochrane Q and I2 statistics. The pooled effect showed a positive associa-

tion (n = 4,896,099, OR = 1.63, 95% CI [1.42−1.88], p<0.001) between eczema and depres-

sion or anxiety, with positive associations also observed in the depression (n = 4,878,746,

OR = 1.64, 95% CI [1.39−1.94], p<0.001) and anxiety (n = 4,607,597, OR = 1.68, 95% CI

[1.27−2.21], p<0.001) groups. Subgroup and sensitivity analyses confirmed that these find-

ings were stable and reliable. This study suggests that eczema is associated with an

increased risk of developing depression and anxiety, which may assist clinicians in the pre-

vention or treatment of these disorders.

Introduction

Anxiety, which is characterized by excessive fear and worry, is a common mental disorder

with a high prevalence worldwide. A 2017 global epidemiologic study suggested that approxi-

mately 280 million people are diagnosed with an anxiety disorder [1]. Anxiety disorders dem-

onstrate one of the highest non-fatal disease burdens in women, and although awareness is
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growing rapidly, the prevalence of this disease remains high owing to its misunderstood etiol-

ogy [1]. Furthermore, an increasing amount of literature proposes that anxiety disorders often

coexist with other psychiatric disorders, such as depression and substance abuse [2].

Depression, another common disorder, is characterized by anhedonia, reduced motivation,

and disruption of daily activities. Similar to anxiety, the etiology of depression is unclear; thus,

its incidence continues to increase. The 1-year prevalence of depression is approximately 6%,

while the lifetime prevalence is almost three times higher (15–18%) [3]. Notably, the societal

and economic burdens associated with depression are extremely high. Based on a study of

global burden of diseases, depressive disorders were characterized as one of the leading causes

of years lived with disability for both sexes [1]. Despite both anxiety and depression being

harmful to public health, the underlying mechanisms are still unclear. Besides, the etiological

and pathological heterogeneity between these two diseases do contribute to the burdens of

someone who suffered both of them. Unfortunately, 49~81% depressive patients met criteria

of anxiety and 47~88% anxiety individuals can be diagnosed with depression too [4]. Thus, the

identification of risk factors shared between anxiety and depression could contribute to the

development of effective measures to prevent these diseases.

A growing number of studies have found that eczema is a risk factor for both anxiety and

depression [5–7]; however, some researchers have argued that it may not be associated with an

increased risk of either disorder [8, 9]. To address this discrepancy, we conducted a meta-anal-

ysis that aimed to provide a comprehensive resource for clinicians when making decisions

regarding prevention or treatment of these diseases.

Methods

Literature search

Two authors (LQ and TZW) formulated the search strategy and separately searched the

PubMed and EMBASE databases. The following core search terms were used: “eczema,” “der-

matitis, atopic,” “cohort studies,” and “case-control studies.” The detailed search strategy and

progress are shown in S1 Method in S1 File. After scanning the literature, the two authors

independently extracted the filtered relevant studies. Additionally, the listed references of

related meta-analyses and reviews were used as potential resources. The remaining authors

were divided into two groups to screen the titles and abstracts of all the extracted articles and

to confirm eligibility for further analysis. The following inclusion criteria were used during the

full-text review: cohort or case-control studies investigating the relationship between eczema

and depression or anxiety, and studies where the exposure was eczema or atopic dermatitis

and depression or anxiety was the outcome. Furthermore, the odd ratios (ORs) or risk ratios

with 95% confidence intervals (CIs, or sufficient data), were calculated. At least two reviewers

independently performed a full-text review of the eligible studies. All disagreements were

resolved by the corresponding authors.

Data extraction

Two authors (LQ and JHX) extracted all data from the included studies after a full-text review.

The following items were collected: study identification (defined as first author’s name and the

year published), study design, region where the study was conducted, sample size, sex distribu-

tion of cases and controls or reference cohorts, measurements of outcomes, ORs with 95% CIs,

and adjusted factors for the exposure associated with the risk of outcomes. When a study con-

tained more than one cohort, data for each cohort was extracted separately. In addition, in

studies with missing data, we collected or calculated the exact data. The Newcastle-Ottawa

Scale (NOS) was used to evaluate the quality of the studies.
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Statistical analyses

This meta-analysis was conducted to identify the association between eczema and depression

or anxiety and the combined effect of these two diseases (outcome defined as the presence of

any one of the two disorders) by calculating the pooled ORs with 95% CIs. Heterogeneity was

assessed by Cochrane Q and I2 statistics [10]. If the p-value>0.1 and I2<50%, the heterogene-

ity was considered not significant, and a fixed-effects model was applied to calculate the overall

effect size (ES); however, when the p-value <0.1 or I2>50%, the ES was evaluated by a ran-

dom-effects model. In addition, subgroup analyses were used to explore whether region, study

design, sex, conducted years, NOS score, or sample size were contributing factors for heteroge-

neity. Before conducting the subgroup analysis, we defined small samples as studies with less

than 500 participants, medium studies as those with a sample size between 500 and 5,000, and

large studies as those with a sample size of more than 5,000 participants. Moreover, high-qual-

ity studies were defined as those with a NOS score of 7 or more. We also performed sensitivity

analyses to assess the impact of each study on the pooled ES and the stability of the outcome.

Furthermore, to judge publication bias, we used Egger’s [11] and Begg’s [12] tests. All modules

were performed using STATA software (version 16.0; StataCorp, College Station, TX, USA).

Results

Two databases were searched (PubMed and EMBASE), resulting in identification of 12,109

studies. An additional three studies [13–15] were included from the reference lists of two pub-

lished meta-analyses [16, 17]. After scanning for duplicates, 2,411 studies were excluded.

Then, the titles and abstracts of the remaining 9,698 studies were screened. Thereafter, the full

text of 133 studies were reviewed, and 20 eligible studies [9, 13–15, 18–33] were included; the

detailed process is shown in Fig 1. Finally, a total of 4,896,099 participants were included. Of

these, 18 studies (n = 4,878,746) investigated the association between eczema and the risk of

developing depression [9, 13, 15, 18–26, 28–33]. In comparison, nine of the eligible studies

(n = 4,607,597) were conducted to explore the association between eczema and anxiety [9, 13,

15, 18, 24, 25, 30, 31, 33]. Detailed information on the characteristics of these studies is shown

in Table 1.

Eczema and depression or anxiety

A total of 20 studies were included in this analysis. Of these, 10 were prospective cohort studies

[9, 14, 20, 22, 24, 26, 27, 29, 30, 33] and another 10 were case-control studies [13, 15, 18, 19, 21,

23, 25, 28, 31, 32]. Furthermore, the originating regions included Asia (n = 5 [13, 18, 24, 25,

28], Europe (n = 13 [14, 19–23, 26, 27, 29–33], and North America (n = 2 [9, 15]. The pooled

ES indicated that there was a positive association between eczema and the risk of developing

depression/anxiety (OR = 1.63, 95% CI [1.42, 1.88], p(ES)<0.001); however, significant hetero-

geneity was also observed (p<0001, I2 = 90.8%; Fig 2A).

To identify the potential influencing factors that contributed to the heterogeneity, we per-

formed a subgroup analysis. In consideration of the different impact of eczema on depression/

anxiety between males and females, the gender was chosen to perform subgroup analysis.

While the significant difference was not shown between males and females. Additionally, it

was found that the studies without analyzing males and females separately mainly contributed

the heterogeneity (p< 0001, I2 = 94.0%, eFig 1a in S1 File). However, there were only one

study analyzed the effect on females and only two studies analyzed males. We found that stud-

ies from North America showed no contribution to heterogeneity (I2 = 0.0%, p = 0.801), and

low-quality studies also showed a smaller trend of heterogeneity; however, the p-value and I2

were still significant (I2 = 57.1%, p = 0.022; eFig 1a in S1 File). Nevertheless, after removing the

PLOS ONE Eczema is a risk factor for anxiety and depression

PLOS ONE | https://doi.org/10.1371/journal.pone.0263334 February 18, 2022 3 / 15

https://doi.org/10.1371/journal.pone.0263334


studies with a sample size less than 500 [13, 18, 19, 23, 25], the subgroup analysis showed that

cohort studies may be the contributing factor for heterogeneity (p<0001, I2 = 94.0%; eFig 1b

in S1 File). In addition, the association remained positive (pooled OR = 1.54, 95% CI [1.35,

1.75], p(ES)<0.001). As all the deleted studies were case-controlled, a sensitivity analysis was

conducted, revealing that the ES did not change considerably, regardless of whether the studies

were excluded (Fig 3).

Eczema and depression

Eighteen studies were analyzed to assess the interaction between eczema and depression. Of

these, eight were cohort studies [9, 20, 22, 24, 26, 29, 30, 33] and 10 were case-control studies

[13, 15, 18, 19, 21, 23, 25, 28, 31, 32]. More than 141,910 patients with eczema and 4,736,222

control participants were included in our meta-analysis. In addition, five studies [13, 18, 24,

25, 28] originated from Asia, 11 [19–23, 26, 29–33] originated from Europe, and two [9, 15]

originated from North America. Our results indicated that the association between eczema

and the risk of developing depression was significantly positive (OR = 1.64, 95% CI [1.39,

1.94], p(ES)<0.001). Substantial heterogeneity was also observed for this comparison (p<0.001,

I2 = 90.8%; Fig 2B).

In the subgroup analysis, compared with other regions and high-quality studies, contribu-

tions from North America (I2 = 62.8%, p = 0.101) or studies with low-quality (I2 = 56.6%,

p = 0.032) appeared relatively smaller; however, statistically, this was difficult to interpret.

When the study design was chosen as the subgroup, the heterogeneity was attributable to small

(p = 0.053, I2 = 57.3%) and large sample size (p<0.001, I2 = 93.3%) studies (detailed data

shown in eFig 1 in S1 File). The heterogeneity of studies with a medium sample size was not

Fig 1. PRISMA flow chart for study selection.

https://doi.org/10.1371/journal.pone.0263334.g001
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Fig 2. Forest plots of the three groups. Forest plot of eczema associated with (a) anxiety/depression, (b) depression,

and (c) anxiety groups. The pooled effect size and 95% confidence interval are indicated with a white diamond. The

effect size and 95% confidence interval for each study are indicated by a black diamond and black line. The gray

squares refer to the weight of each study calculated in the pooled effect size.

https://doi.org/10.1371/journal.pone.0263334.g002

Fig 3. Sensitivity analysis of eczema associated with anxiety/depression.

https://doi.org/10.1371/journal.pone.0263334.g003
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statistically significant (p = 0.524, I2 = 0%). The conducted year of these studies can’t distin-

guish the period that contributed to the heterogeneity mainly. Furthermore, after study

removal, the ES did not fluctuate in the sensitivity analysis (eFig 2a in S1 File). When the dif-

ferent impact of eczema on depression/anxiety between males and females was taken into con-

sideration, the results showed that the studies without separating females and males into two

groups were a major contributing factor to heterogeneity (eFig 1a in S1 File). And significant

difference between males and females was not found.

Eczema and anxiety

Nine studies included in the analysis examined the relationship between eczema and anxiety.

They comprised five case-control studies [13, 15, 18, 25, 31] and four cohort studies [9, 24, 30,

33]. A total of 106,894 patients with eczema and 4,500,703 control participants were included.

In addition, four studies [13, 18, 24, 25] were from Asia, three [30, 31, 33] were from Europe,

and another two [9, 15] were from North America. Our meta-analysis showed that eczema was

significantly associated with an increased risk of developing anxiety (pooled OR = 1.68, 95%

CI [1.27, 2.21], p(ES)<0.001). Similar to the other two meta-analyses, significant heterogeneity

was observed (p<0.001, I2 = 92.7%; Fig 2C).

When the NOS score was selected for the analysis, we found that low-quality studies had a

very limited contribution to the heterogeneity (p = 0.479, I2 = 0.0%); however, the weight of

these studies (17.85%) was far less than that of those of relatively high quality (82.15%). When

region was considered, the subgroup analysis results showed that studies from Europe

(p = 0.155, I2 = 46.4%) and North America (p = 0.629, I2 = 0.0%) may have limited contribu-

tions to the heterogeneity. Furthermore, the sensitivity analysis revealed that, regardless of the

studies, the ES did not change significantly (eFig 2b in S1 File).

Publication bias

For the eczema and depression/anxiety groups, the Begg’s (p = 0.417) and Egger’s tests

(p = 0.233) revealed no significant bias (Fig 4). Moreover, evidence of publication bias in the

eczema and depression groups was not observed (Begg’, p = 0.88; Egger, p = 0.242). These anal-

yses were not performed in the eczema and anxiety groups owing to the limited number of

studies included.

Discussion

Depression and anxiety are the most common psychiatric disorders worldwide, and both result in

heavy burdens to society and the afflicted individuals. Several studies have found that eczema is

associated with an increased risk of developing depression or anxiety [16, 17, 34]; however, many

cross-sectional studies were included in these analyses. Therefore, it is difficult to clarify the

impact of an eczema diagnosis. In addition, they failed to consider the combined effect of depres-

sion and anxiety. Thus, we conducted this meta-analysis with only case-control and cohort studies

to verify the potential causal relationship between eczema and depression/anxiety.

The main finding of this meta-analysis was that there was a significant and positive associa-

tion between eczema and the risk of depression or anxiety. A positive association was also

found between eczema and depression/anxiety. Despite the differing inclusion criteria, the

pooled ES was consistent with two similar meta-analyses [16, 34]. These results indicate that

eczema is a shared risk factor for depression and anxiety. Ronnstad et al. hypothesized that

burdens caused by eczema (e.g., itching, disrupted sleep, and social isolation) contributed to

an increased risk of developing depression or anxiety [16]; however, the potential mechanism

underlying these effects is still unclear.
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Several studies have demonstrated that depression and anxiety are often concomitant [35–

37]. A population-based study conducted by Shafiee et al. indicated that the symptoms of

depression and anxiety may be associated with excessive oxidative stress [38]. In addition,

their previous cohort study revealed an association between enhanced inflammatory states and

increased depression and anxiety scores based on Beck Depression and Anxiety Inventories

[39]. Furthermore, Vogelzangs found that the expression of cytokines in response to ex vivo
stimulation of blood by lipopolysaccharides is positively associated with current or previous

depression/anxiety, and some therapies can improve the symptoms of both disorders [40].

Therefore, researchers have suggested that the two disorders share some common risk factors

[41]. Moreover, studies have found that oxidative stress is increased and antioxidant capability

is decreased during the exacerbation of eczema [42]. Additionally, as an inflammatory skin

disease, eczema is characterized by immune dysregulation and inflammatory activation [43],

and the expression of many proinflammatory factors is upregulated in the peripheral blood of

patients with eczema [44]. Therefore, these data suggest that eczema is associated with depres-

sion and anxiety at the physiological level. In combination with the results of this study, these

data suggest that eczema may increase the risk of depression and anxiety through these com-

mon pathways.

Our results also show that eczema may be a risk factor for depression, which is consistent

with recent studies, although the designs of these studies differed [45–47]; however, the rela-

tionship between eczema and depression in our present findings differ from those of Slattery

et al. who conducted a community-based analysis [8]. The possible reasons for this discrep-

ancy include the following: first, the sample size of the study was significantly lower than that

of most of the studies included in our meta-analysis; second, their participants were from a

specific community, while the participant selection criteria varied greatly among our included

studies; and finally, the diagnosis of eczema and depression differed significantly. Moreover,

Fig 4. Publication bias assessment of eczema associated with anxiety/depression. (a) The horizontal line refers to

pooled effect estimates, and the two oblique lines indicate the pseudo 95% confidence intervals. (b) Egger’s test showed

the absence of significant publication bias concerning eczema associated with anxiety/depression. Detailed

information for both the tests is shown on the right side.

https://doi.org/10.1371/journal.pone.0263334.g004
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another population-based study with a larger sample size supports our finding [48]. Based on

the growing body of evidence, we conclude that eczema has a negative role in the development

of depression.

A positive association between eczema and anxiety was found in a recent cohort study with

many participants [7]. In addition, a European dermatological multicenter study demon-

strated that patients with hand eczema had higher anxiety scores [49]. This meta-analysis was

in accordance with those studies and indicated that eczema was related to the development of

anxiety. Although the mechanism is not completely understood, the following studies offer

some valuable insight. First, an animal experiment conducted by Yeom et al. found that mice

with atopic dermatitis-like skin lesions also displayed anxiety-like and depression-like behav-

iors, which were associated with neuroplasticity-related changes in reward circuitry [50]. Sec-

ond, Li et al. found that atopic dermatitis-like and anxiety-like symptoms in BALB/c mice can

be reduced by the antidepressant fluoxetine [51]. Finally, treating patients with eczema with

dupilumab can ameliorate the skin condition and improve symptoms of anxiety [52]. Thus, it

can be inferred that there may be some shared mechanisms between eczema and anxiety.

Therefore, eczema may be a risk factor for the pathogenesis of anxiety.

Considering the high heterogeneity, a subgroup analysis was performed among the three

groups. First, the subgroup analysis showed that the heterogeneity was mainly from cohort

studies after excluding several case-control studies with small sample sizes in the depression/

anxiety group. This suggests that sample size was the principal contributor to the heterogeneity

demonstrated between the case-control studies. Moreover, owing to a variety of influencing

factors that may result in differences, heterogeneity appeared more obvious between the

cohort studies. Second, in the depression group, the heterogeneity arising from the small and

large sample sizes can be explained in a similar way to that of the depression/anxiety group.

The large sample size studies mainly comprised cohort studies. Lastly, in the anxiety group,

relatively high-quality studies, owing to the various sample sizes and different study designs,

contributed most to the heterogeneity; however, the sensitivity analysis of the three groups

also showed that our results were stable.

There are several strengths in this meta-analysis. First, most of the included studies were

cohort-based, which has been considered the most conceivable observational study design

when identifying causal relationships or risk factors [53]. Second, the stable results of the sensi-

tivity analysis confirmed that our findings were reliable. Finally, there was no significant publi-

cation bias demonstrated. Our meta-analysis is not without limitations. First, obvious

heterogeneity was observed in the three groups; however, after performing subgroup analysis,

potential contributors were identified in each group. In addition, the sensitivity analysis veri-

fied the reliability of our results. Second, the association between the severity of eczema and

depression or anxiety could not be clarified due to limited information. Third, the data could

not be completely adjusted for probable confounders. Finally, the mechanisms underlying our

findings are still not fully understood.

In summary, our results demonstrated that eczema is a risk factor for developing depression

or anxiety. Given the growing number of patients with both these disorders, our findings are

significant and warrant adoption of relevant protective/preventative measures; however, as the

mechanisms are still unclear, further well-designed studies are needed to reveal the potential

molecular signaling pathways underlying the present results.
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