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Abstract

Evidence regarding the association between lifestyle factors and hand eczema is

limited.To extensively investigate the association between lifestyle factors (smoking,

alcohol consumption, stress, physical activity, body mass index, diet, and sleep)

and the prevalence, incidence, subtype, severity, and prognosis of hand eczema, a

systematic review and meta-analysis were conducted in accordance with the Meta-

analysis Of Observational Studies in Epidemiology consensus statement. MEDLINE,

Embase, and Web of Science were searched up to October 2021. The (modified)

Newcastle-Ottawa Scale was used to judge risk of bias. Quality of the evidence

was rated using the Grades of Recommendation, Assessment, Development and

Evaluation approach. Eligibility and quality were blindly assessed by two independent

investigators; disagreements were resolved by a third investigator. Data were pooled

using a random-effects model, and when insufficient for a meta-analysis, evidence

was narratively summarized. Fifty-five studies were included. The meta-analysis

(17 studies) found very low quality evidence that smoking is associated with a higher

prevalence of hand eczema (odds ratio 1.18, 95% confidence interval 1.09-1.26).

No convincing evidence of associations for the other lifestyle factors with hand

eczema were found, mostly due to heterogeneity, conflicting results, and/or the

limited number of studies per outcome.
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1 | INTRODUCTION

Hand eczema (HE) is a common skin disease with a considerable

patient burden regarding psychosocial and economic consequences.1,2

Current risk factors for HE are classified as exogenous and endoge-

nous, with atopic dermatitis (AD)3 as the most well-known endoge-

nous risk factor, and exposure to irritants (wet work, friction)4,5 and

contact allergens6 as exogenous factors. Its etiology is complex and

multifactorial, including genetic predisposition, immune dysfunction,

and environmental factors.

Lifestyle has been the subject of increased research for

preventing disease and improving health and well-being. For skin dis-

eases like AD7-9 and psoriasis,10 there is already increased awareness

of lifestyle factors and modifiable behavior. However, little is known

about the association between lifestyle factors and HE. It could be

hypothesized that lifestyle factors such as smoking11 and stress12 may
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skew the immune system toward T helper (Th) 2 immunity, which

could, at least in theory, increase the occurrence, severity, and/or

worsen the prognosis of HE. Likewise, obesity is associated with a

chronic low-grade inflammatory state, which might also influence

HE.13 In addition, for smoking, also non-immunologic effects such as

cutaneous vasoconstriction with delayed wound healing might play a

role in the severity and/or prognosis of HE.14 Following this hypothesis,

it is possible that more inflammatory subtypes such as vesicular HE, or

HE accompanied by AD, are more influenced by lifestyle factors com-

pared to other subtypes. The aim of this systematic review and meta-

analysis was to assess the association between lifestyle factors (includ-

ing smoking, alcohol consumption, stress, physical activity, body mass

index [BMI], diet, and sleep) and prevalence, incidence, subtype, sever-

ity, and prognosis of HE. Because lifestyle factors relate to human

behavior and exposing subjects to unfavorable conditions might be

harmful and unethical, this study focused on observational studies

including subjects with all subtypes of HE.

2 | METHODS

This study was conducted in accordance with the Meta-analysis Of Obser-

vational Studies in Epidemiology (MOOSE) consensus statement.15,16 A

protocol was registered prospectively in PROSPERO (International Pro-

spective Register of Systematic Reviews) (CRD42020207731).

2.1 | Data sources

A literature search was conducted in MEDLINE, Embase, and Web of

Science from inception to October 14, 2021, supervised by an experi-

enced research librarian. Search terms included all terms regarding HE

and synonyms, combined with synonymous and related terms for life-

style factors (see Appendix S1 in the supplement for the full search

strategy).

2.2 | Study selection

After de-duplication,17 all studies were uploaded in RAYYAN (http://

rayyan.qcri.or/)18 for blinded and independent screening for eligibility

based on title, abstract, and keywords by two investigators (LL, MJB).

Disagreements were resolved by reaching consensus or otherwise

treated as a provisional inclusion awaiting full text. References of

included studies and possibly relevant reviews were searched manu-

ally for additional studies. Broad inclusion criteria were applied, and all

human studies that assessed the association between lifestyle factors

and HE, regardless of the underlying etiology, were included. Excluded

were studies without primary data, case reports, case series (n < 10),

reviews, studies that only assessed the association between HE and

second-hand smoking, tobacco allergy, skin exposure and food

(substances), or the use of topical alcohol as disinfectant. We applied

no language restrictions.

Subsequently, full texts were retrieved of all the (provisionally)

included studies. Studies published in languages other than English,

Dutch, or German, were translated by colleagues with sufficient knowl-

edge of the particular language. Abstracts from unpublished studies were

also included if sufficient data were provided. Multiple papers from a sin-

gle study were included if each presented unique data. Final inclusion

was assessed independently by two authors (LL, MJB), and any disagree-

ments were resolved by consulting a third author (BWMA).

2.3 | Data extraction

From each included study, first author name, publication year, coun-

try, study setting and design, number of total subjects, and number of

subjects with HE were extracted. For study outcomes, assessment of

HE, outcome ascertainment, instruments used, and primary study out-

comes were recorded. A list of excluded studies based on full text,

including justifications, was maintained. Authors were contacted in

case of insufficient information or in case full text was not available.

2.4 | Assessment of risk of bias and overall quality
of the evidence

We used the Newcastle-Ottawa Scale (NOS) for cohort and case–control

studies for quality assessment.19 An adapted version of the NOS was

used for cross-sectional studies, as per Quaade et al.2 Each study was

assessed independently in pairs of two among three authors (LL, MJB,

AALMP); a fourth author (BWMA) was asked to resolve differences. If

studies reported results on multiple lifestyle factors and/or outcome

measures, quality assessment was conducted per reported outcome

measure. Cohort and case–control study outcomes with ≥6 points on

the NOS, and cross-sectional study outcomes with ≥7 points, were con-

sidered as low risk of bias. To easily identify the NOS items that were

low (one or two stars) or high risk of bias (zero stars), we used Cochrane's

RevMan version 5.4.1.20 for a visual presentation, as was done previ-

ously by Papola et al.21 Of the three NOS scales used (case–control,

cohort, and cross-sectional) we divided the item comparability in two

(sex and age) so that these are also easily identifiable. For the meta-

analyses the Grades of Recommendation, Assessment, Development and

Evaluation (GRADE)22 methodology was used to assess the overall qual-

ity of the evidence (high, moderate, low, or very low).

2.5 | Data synthesis

In case of missing summary statistics, odds ratios (ORs) were calcu-

lated from raw data, if possible. From the studies included in the

meta-analyses, forest plots with estimated pooled ORs with 95% con-

fidence intervals (CIs) were generated using Cochrane's RevMan ver-

sion 5.4.1.20 We chose the random-effects model for meta-analyses

as the variability between studies was assumed to be high. Overlap of

CIs or point estimates were used to judge inconsistency. To explore the
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possible causes of heterogeneity among study results, a subgroup

analysis based on setting (occupational vs non-occupational) was

performed. To assess the robustness of the synthesized results, a sub-

analysis was performed including only studies with an overall low risk

of bias. If the number of studies allowed it, funnel plot visualization was

used to inspect potential publication bias. When data were insufficient

to conduct a meta-analysis, the evidence was narratively summarized.

3 | RESULTS

3.1 | Literature search

The search identified 5686 records for screening after de-duplication,17

of which 140 met the criteria for full-text extraction. Of these, 91 were

excluded, based mainly on not reporting (separate) data for HE or life-

style factors (see Table S2 in the Supplement for a list of excluded stud-

ies with justification). Six studies were included from references. See

Figure 1 for the Preferred Reporting Items for Systematic Reviews and

Meta-Analyses (PRISMA) 2020 flowchart.15

3.2 | Study characteristics

A total of 55 studies (n=40-65 261),1,5,31-40,23,41-50,24,51-60,25,61-70,26,71-75,27-30

comprising more than 42 500 individuals with HE on 98 different

lifestyle factors and/or outcome measures, were included (Table 1). Study

design included cohort (prospective (n = 13)23,24,69,74,75,29,36-38,51,52,56,58

and retrospective (n = 6)27,44,55,57,61,62), case–control

(n = 7),1,25,39,46,53,64,71 and cross-sectional studies

(n = 29).5,26,41-43,45,47-50,54,59,28,60,63,65-68,70,72,73,30-35,40 HE

was assessed in different study settings, including clinical

(n = 15),1,23,68,69,71,74,75,29,44,53,54,61,64,66,67 occupational

(n = 22),5,24,50,52,55-60,62,63,25,65,73,27,30,36,40,45,47,49 and the general

population (n = 18).26,28,41-43,46,48,51,70,72,31-35,37-39 The diagnoses of

HE was either retrieved from medical records (n = 5),23,44,55,61,62 self-

reported (n= 24),5,26,37,39-41,43,45,46,49-51,27,53,59,70,73,28,30-35 or physi-

cian diagnosed (n = 23),1,24,58,60,63-69,71,25,72,74,75,29,42,47,48,54,56,57

or a combinations of self-reported and physician diagnoses

(n = 3).36,38,52 For the association between smoking and prevalence

of HE a meta-analysis could be performed. No meta-analysis was

possible for all other lifestyle factors and/or outcome measures due

to heterogeneous methods and/or outcomes, and/or insufficient

reporting of data. See Figure S3 for the risk of bias assessment of all

outcomes.

3.3 | Smoking

Seventeen23,27,41-43,45-47,50,30-34,36,38,39 of the 29 included studies

reporting the association between smoking and prevalence of HE

could be included in a meta-analysis. This included 23 983 subjects
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F IGURE 1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 2020 flow diagram for new systematic reviews,
which included searches of databases, registers, and other sources
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with HE and 191 352 subjects without HE, and showed a positive overall

effect in the direction of HE compared with no HE (OR 1.18, 95% CI

1.09-1.26) (Figure 2). Sub-analysis of studies with a low risk of bias

(N = 8)30-34,41-43 demonstrated only a minor difference (OR 1.16, 95%

CI 1.07-1.26) (Figure S4). A sub-analysis comparing studies in a non-

occupational setting (n= 11)23,31,46,32-34,38,39,41-43 versus an occupational

setting (n = 6)27,30,36,45,47,50 showed ORs of 1.21 (95% CI 1.12-1.31) and

1.09 (95% CI 0.92-1.28), respectively (Figures S5,S6). According to the

GRADE approach, the quality of the evidence was very low (Table 2).

Twelve studies could not be included in the meta-analysis due to lack

of data (n = 8),5,28,29,37,40,44,48,49 categorization of smoking habits

other than yes/no (n = 3),24-26 or outcome measures not convertible

to ORs (n = 1).35 Of these, four reported a positive association

between smoking and prevalence of HE,24,26,35,44 and eight reported

no association between smoking and HE.5,25,28,29,37,40,48,49 Two

studies on smoking and HE incidence found no association.51,52

Regarding the association between smoking and specific subtypes of

HE, no consistent results were found.44,53-57 Of the seven studies

reporting on smoking and severity of HE, results were contradictory,

two studies reporting a positive association,58,59 one a negative

association,39 and four no association.5,50,56,60 Two studies reported

a worse prognosis for patients who smoked,61,62 and two studies

reported no association between smoking and longstanding HE or

persistence of HE.29,57 A possible publication bias was detected for

the outcome smoking and prevalence of HE, based on asymmetric

funnel plots (Figures S7 and S8). In combination with the findings

above, this warrants caution regarding generalization.

3.4 | Stress

Twelve studies reported the association between stress and HE on

fourteen outcomes, of which seven1,35,41,45,59,62,63 outcomes had an

overall low risk of bias. Stress was assessed in different ways. Five

studies analyzing stress and prevalence of HE found a positive associ-

ation1,35,41,45,63 and one reported no association.50 In four studies

stress was mentioned as an aggravating factor,29,50,64,66 and four

studies did not find an association between stress and severity of

HE.50,59,60,65 One retrospective cohort study reported more persis-

tence of occupational HE in subjects with higher self-reported fre-

quencies of stress.62

3.5 | BMI

Twelve studies reported results on 13 outcomes of body mass index

(BMI) and HE. Eight outcomes proved to have a low risk of

bias.35,43,44,59,67-69 Five studies reported results on BMI and preva-

lence of HE, of which four reported a positive association between

BMI ≥30 and HE.35,41,43,45 One study found no association between

BMI and prevalence of HE.42 Two studies included results on BMI and

subtype of HE, with different results.6744 Three of four cross-sectional

studies reported no association between BMI and severity of

HE,59,60,68 and one found a positive association between BMI and

severe chronic HE in a subgroup of the included study population.67

One study did not find an association between BMI and the

F IGURE 2 Forest plot smoking and prevalence of hand eczema. Cross-sectional study outcomes with ≥7 points on the Newcastle-Ottawa
Scale were considered low risk of bias. Abbreviations: CI, confidence interval; df, degrees of freedom
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persistence of HE,62 and another study reported no significant differ-

ence in Physician Global Assessment (PGA) change for HE up to

24 months after baseline when comparing different categories of

BMI.69

3.6 | Physical activity

Eleven studies reported results on 12 outcomes of physical activity

and HE, of which seven35,37,42,44,48,62,71 outcomes proved to have

a low risk of bias. Eight studies included results on physical activity

and prevalence of HE, of which four5,37,48,71 found no association

between physical activity and HE. One reported increasing HE fre-

quencies with higher physical activity levels at work only in

women.70 Two reported a negative association between physical

activity during leisure time and HE.35,41 Another study reported

varying outcomes in multiple categories of physical activity with

various associations with HE.42 One study found no association

between physical activity and hyperkeratotic HE compared to other

subtypes of HE.44 Two other studies found no association between

physical activity and severity of HE.5,60 One clinical occupational

retrospective cohort study found that moderate physical activity

>4 hours weekly or regular strenuous exercise was associated with

less-persistent HE.62

3.7 | Alcohol consumption

Seven included studies reported on the association between alcohol

consumption and HE, of which four31,35,48,51 of the outcomes were

assessed as having a low risk of bias. These studies used varying defi-

nitions of alcohol consumption. Six of them reported results on HE

prevalence, of which five28,31,42,48,73 did not find an association

between alcohol consumption and the prevalence of HE. One study

reported a negative association between alcohol consumption and

HE.35 No associations between alcohol consumption and incidence or

severity of HE were reported.51,60

3.8 | Diet

Three studies reported an association between diet and HE, of which

one study33 was of low risk of bias. That study did not find an associa-

tion between a vegetarian/vegan diet and the prevalence of HE in

upper-secondary school children.33 Another study reported that all

patients with vesicular HE who completed an elimination diet

(n = 20/40) had recurrences of vesicles within 5 days after introduc-

ing particular food groups.74 The third study reported results of an

elimination diet in 56 patients with vesicular (patch-test negative) HE,

who reacted to metal salts orally.75 Thirty-six of the patients improved

or cleared after 1 month of dieting and 28 of them followed the pre-

scribed diet for at least 1 year because of recurrences when stopping

the diet.T
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3.9 | Sleep

No studies could be identified reporting the association between the

amount of sleep and HE.

4 | DISCUSSION

4.1 | Main findings

The results of the meta-analysis provided very low quality evidence

that smoking is associated with a higher prevalence of HE. No firm

conclusions could be drawn about the association between smoking

and incidence, subtype, severity, or prognosis of HE. The limited avail-

able evidence may suggest a positive association between stress, BMI,

and prevalence of HE, and a possible role for stress as an aggravating

factor of HE. None of the studies reported a positive association

between alcohol consumption and HE, or BMI, stress, physical activ-

ity, and severity of HE. Both positive and negative associations

between physical activity and prevalence of HE were found. Data

were insufficient to make a statement regarding the association

between diet and HE and lifestyle factors and prognosis of HE in gen-

eral. In addition, limited and contradictory evidence on lifestyle factors

and the subtypes of HE was found.

4.2 | Interpretation

Two previous studies, one meta-analysis and a systematic review, also

reported on smoking and HE.76,77 No association between smoking

and the prevalence of HE was found in the meta-analysis. However,

this conclusion was based on only three studies conducted in the

same country.76 On the other hand, the systematic review indicated

that smoking might cause an increased prevalence and severity of HE,

especially in high-risk occupations.77 The exact mechanism behind the

association between lifestyle factors and HE remains unknown. It has

been described that lifestyle factors such as smoking11 and stress12

may influence the immune system toward Th2 immunity. In addition,

obesity is associated with a chronic low-grade inflammatory state,

which might also influence HE.13 Furthermore, it is also possible that

a healthier lifestyle improves overall health, of which HE might benefit

in conjunction. Although, the reverse might also defensible: HE

impairs quality of life, which may negatively influence health behavior

in subjects affected. However, as it is (almost) impossible to study life-

style factors in designs other than observational studies, results

should be interpreted with caution, as no conclusions on the direction

of found associations can be drawn. Negative associations were

reported for physical activity and HE. The direction of the association

between physical activity might vary by the used definition of physical

activity. It might be hypothesized that performing physical activity at

work might contribute to the occurrence, severity, and prognosis of

HE due to the exposure of irritants. On the other hand, physical activ-

ity during leisure time might be avoided by those affected by HE due

to symptoms. For the majority of the lifestyle factors and outcomes of

HE no convincing evidence was found. Yet this does not exclude that

they might influence HE. The simplest explanation may be that the well-

known endogenous and exogenous factors are of far greater influence

than lifestyle on the prevalence, severity, or prognosis of HE.

4.3 | Heterogeneity and confounders

In the current systematic review, inconsistencies for all lifestyle fac-

tors and almost all outcomes were reported. Part of the conflicting

results might be attributed to the high heterogeneity between studies,

with varying study populations (clinical, occupational, and general

population); with various levels of disease severity, underlying etiolo-

gies, concomitant of lifestyle factors, differences in study design; and

the use of different, mostly not validated, measurement instruments

to assess outcomes. The results of the sub-analysis of smoking and

prevalence of occupational HE were not in line with the systematic

review published previously that reported an increased prevalence of

HE, especially in high-risk occupations.77 However, it should be noted

that the current meta-analysis was based on six studies, of which five

had an overall high risk of bias. And a possible explanation might be that

the overall contribution of smoking to the occurrence of HE is rather

small and, especially in occupational settings with other more predomi-

nant risk factors such as exposure to allergens and irritants, the effect of

smoking on HE might be of less significance than other risk factors.

In addition, confounding factors have to be considered, as both

HE and lifestyle factors can be influenced by patient characteristics

and environment, including age, sex, socioeconomic, and psychosocial

factors. This is partly covered in the quality assessment, where com-

parability was scored based on adjustment for age and sex, resulting

in a lower score for studies showing only unadjusted results. Multivar-

iate analyses were reported with different combinations of included

confounders, so data could not be pooled.

4.4 | Strengths and limitations

This thorough and robust systematic review with meta-analysis gives a

comprehensive overview of the existing literature on a possible associa-

tion between HE and multiple lifestyle factors. In addition, it includes,

besides the occurrence of HE, several other clinically important out-

comes as severity and prognosis of HE. Broad inclusion criteria were

applied, with no restrictions on publication year, language, or study

design. In accordance with the study design, the recommended instru-

ment for quality assessment was chosen: the (adapted) Newcastle-

Ottawa Scale (or NOS). Moreover, the confidence in estimate of the

pooled evidence for smoking and prevalence of HE was assessed with

GRADE. However, there are also several limitations: because studies of

lifestyle factors cannot be randomized, all evidence came from observa-

tional studies with high heterogeneity. The study setting, population,

and design, together with the degree of adjustment for confounders,

varied widely across the studies.
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Due to the limited number of studies for each outcome, it was

not possible to incorporate all these aspects into subgroup analyses.

Heterogeneity did not permit, besides for smoking, meta-analyses

and assessment of pooled outcomes of major concern, and use

GRADE for rating of the evidence. In addition, visual inspection of

the funnel plots detected a possible risk of publication bias for

smoking and HE. Furthermore, reporting bias could not be excluded.

The majority of the studies, which could not be included in the meta-

analysis, due to lack of numerical data, reported no association between

smoking and the occurrence of HE. If data were reported sufficiently it

is not unimaginable that including those (in some cases large) studies

would alter the overall estimated effect. Finally, information bias should

also be taken into account, as self-reported lifestyle behavior might be

prone to influence by socially desirable answers.

This extensive systematic review and meta-analysis found very

low-quality evidence that smoking is associated with the preva-

lence of HE. No convincing evidence of associations for the other

lifestyle factors with HE were found. The data from this systematic

review did not enable differentiation in setting, diagnosis, or popu-

lation. Therefore, it is still possible that lifestyle factors might be

more relevant for specific subgroups of patients with HE. This

should be incorporated in the design of future studies. And if done

so, these studies require the use of validated and well-defined

measurement instruments and need to be complete in reporting

interpretational data.
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