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Summary in English

Background: In recent years, possible associations between eczema and cardiovascular risk
factors (CVRFs) and cardiovascular diseases (CVDs) have been explored. Studies have found
positive associations between eczema and certain CVRFs including increased body mass
index (BMI) and abdominal adiposity and CVDs including increased risk of myocardial
infarction, angina pectoris and stroke. However, the results are conflicting and have not been
thoroughly explored in Norwegian populations.

Objectives: To investigate the cross-sectional association of eczema with CVRFs and CVDs
in a large Norwegian population.

Materials and methods: We obtained data from the third survey of the Nord-Trendelag Health
Study (HUNT3). HUNT3 is a population-based study, carried out from 2006 to 2008. All
inhabitants in Nord-Trgndelag County aged 20 years or older were invited, and a total of 50 800
adults participated (54%). We classified participants as having eczema and CVDs according
to self-reported information in HUNT3 and used objective measurements of CVRF from
measurements collected in HUNT3. Linear and logistic regression were used to estimate
adjusted associations between CVRFs and self-reported CVDs in three distinct, mutually
exclusive groups; no eczema, participants with eczema on hands, and participants with
eczema on hands and childhood eczema.

Results: A total of 5757 participants reported ever having had eczema on hands and among
them, 4206 (73.0%) participants answered a supplementary hand eczema questionnaire. In
this questionnaire, 1311 (31.2%) participants reported having had eczema in childhood. In
total, our study included a total of 45018 participants with no eczema, 4446 individuals with
eczema on hands and 1311 individuals with eczema on hands and childhood eczema. We
found that eczema on hands was positively associated with increased waist circumference
(mean 93.8, 95% CIl 93.6-93.9) and increased BMI (mean 27.7, 95%CI 27.5-27.8) compared
to the group with no eczema (means 93.5, 95%CI 93.4-93.5 and 27.1, 95%CI 27.1-27.1
respectively). In addition, eczema on hands was positively associated with verified
hyperglycemia (OR 1.26, 95% CI 1.13-1.41), angina pectoris (OR 1.49, 95%CI 1.05-1.50),
heart failure (OR 1.37, 95%CI 1.01-1.85) and other heart diseases (OR 1.49, 95% CI 1.27-
1.76), compared individuals with no eczema. Participants reporting both eczema on hands and
childhood eczema had marginally higher levels of micro C-reactive protein than the group with
no eczema (means 3.1, 95% CIl 2.8-3.4 and 2.7, 95% CIl 2.7-2.8, respectively) and we
observed a positive association concerning “other heart diseases” (OR 1.47, 95% CI 1.06-
2.05) when comparing the group with eczema on hands and in childhood to the group with no
eczema. We found no association between eczema on hands and childhood eczema for
diastolic blood pressure, blood glucose, blood lipids, myocardial infarctions or stroke.
Conclusions: In this cross-sectional, population-based study, we found that eczema was
positively associated with measures of adiposity, verified hyperglycemia, as well as angina
pectoris, heart failure and “other heart diseases”. For the latter association, we observed a
stronger association in the group that also reported childhood eczema.



Sammendrag pa norsk

Bakgrunn: Mulige assosiasjoner mellom eksem og kardiovaskulzere risikofaktorer (KVRF) og
kardiovaskuleere sykdommer (KVS) blitt undersgkt i nylige ar. Studier har funnet positive
assosiasjoner mellom eksem og visse KVRF-er som gkt kroppsmasseindeks (KMI) og
abdominal fedme, samt KVS-er, inkludert gkt risiko for hjerteinfarkt, angina pectoris og slag.
Ikke desto mindre er disse resultatene motstridende og har ikke blitt grundig undersgkt i norske
populasjoner.

Formal: A undersoke den tverrsnittsbaserte assosiasjonen av eksem med KVRF-er og KVS-
er i en stor norsk populasjon.

Materialer og metode: Viinnhentet data fra den tredje undersgkelsen av Helseundersgkelsen
i Nord-Trgndelag (HUNT3). HUNT3 er en populasjonsbasert studie gjennomfart fra 2006 til
2008. Alle innbyggere i Nord-Trendelag fylke pa 20 ar eller eldre ble invitert og totalt 50 800
(54%) deltok. Vi klassifiserte deltakere til @ ha eksem og KVS-er etter selvrapportert
informasjon i HUNT3 og brukte objektive mal pa4 KVRF-er fra malinger samlet inn i HUNT3.
Lineaer og logistisk regresjon ble brukt for & estimere justerte assosiasjoner mellom KVRF-er
og selvrapporterte KVS-er i tre distinkte, disjunkte grupper; ingen eksem, deltakere med eksem
pa hender, og deltakere med eksem pa hender og barndomseksem.

Resultater: Totalt 5757 personer rapporterte a ha hatt eksem pa hendene og blant dem,
besvarte 4206 (73.0%) deltakere et tilleggsskjema om handeksem. | dette sparreskjemaet
rapporterte 1311 (31.2%) a ha hatt eksem i barndommen. Var studie inkluderte totalt 45018
deltakere med ingen eksem, 4446 deltakere med eksem pa hendene and 1311 deltakere med
eksem pa hendene og barndomseksem. Vi fant at eksem pa hender var positivt assosiert med
gkt midjemal (gjennomsnitt 93.8, 95% CIl 93.6-93.9) og gkt KMI (gjennomsnitt 27.7, 95% CI
27.5-27.8) sammenliknet med gruppen med ingen eksem (gjennomsnitt henholdsvis 93.5,
95% CI1 93.4-93.5 0og 27.1, 95% CI 27.1-27.1). | tillegg var eksem pa hender positivt assosiert
med bekreftet hyperglykemi (OR 1.26, 95% CI 1.13-1.41) angina pectoris (OR 1.49, 95% ClI
1.05-1.50), hjertesvikt (OR 1.37, 95% CI 1.01-1.85) og «annen hjertesykdom» (OR 1.49, 95%
Cl 1.27-1.76), sammenliknet med individer uten eksem. Deltakere som rapporterte bade
eksem pa hender og barndomseksem hadde marginalt hgyere nivaer av micro C-reaktivt
protein enn gruppen med ingen eksem (gjennomsnitt henholdsvis 3.1, 95% Cl 2.8-3.4 0g 2.7,
95% CI 2.7-2.8) og vi observerte en positiv assosiasjon for «annen hjertesykdom» nar man
sammenliknet gruppen med eksem pa hender og i barndom med gruppen uten eksem (OR
147, 95% CI 1.06, 2.05). Vi fant ingen assosiasjon mellom eksem pa hender og
barndomseksem for diastolisk blodtrykk, blodsukker, hjerteinfarkt eller slag.

Konklusjoner: | denne populasjonsbaserte tverrsnittsstudien fant vi at eksem var positivt
assosiert med mal pa fedme, bekreftet hyperglykemi, i tillegg til angina pectoris, hjertesvikt og
«annen hjertesykdom». For sistnevnte assosiasjon observerte vi en sterke assosiasjon i
gruppen som ogsa rapporterte barndomseksem.



1. Introduction

1.1 Eczema

1.1.1 Clinical course and presentation

Eczema is a chronic inflammatory skin disease, characterized by a relapsing-remitting disease
course. lts clinical hallmarks are intense pruritus and recurrent eczematous lesions. The
lesions consist of poorly defined erythema, papules, vesicles, crusting and lichenoid skin. The
degree of skin changes depend on the severity of the disease and if the lesions are acute
onset or chronically present (1, 2). The lesions may appear on any part of the body, but
typically display an age-related distribution pattern. In infants, the lesions are most often found
on the head and face, as well as on the extensor surfaces of the extremities and the diaper-
area is typically spared. In toddlers and children, the lesions are typically located on the flexural
surfaces of the extremities. In adults, the most common localization is on the hands, typically
presented as chronic hand eczema, as well as on the neck and eyelids. In infants, toddlers
and children, lesions are often acute, with intense erythema, exudations and vesicles, while
in adults, the lesions are chronic in appearance, with skin thickening and visible excoriations.
The clinical course may vary with season in northern countries, with many patients experience
less severe symptoms in the summer months (2). Characteristic signs to the lesions include
palmar hyperlinearity, Dennie-Morgan lines (lines in the skin below the eyelid) and Herthoge's
sign (a thinning of the lateral third of the eyebrow) (1). In patients with skin of color (SOC), the
characteristic erythema of eczema is less noticeable and provides a diagnostic challenge.
Eczema patients with SOC also tends to be more scattered, papular lesions with post
inflammatory hyperpigmentation and lichenification, the latter appearing as an ashen
thickening of the skin (3).

Eczema is a heterogenous disease without any specific diagnostic tests and could be divided
into atopic and non-atopic subtypes. Eczema is a clinical diagnosis, and several diagnostic
criteria have been proposed, where the UK working party criteria (4) or the Hanifin and Rajka
criteria (5) are commonly used (1). These two sets of diagnostic criteria are developed for
atopic dermatitis. However, eczema has been suggested as an umbrella term to cover both
atopic and non-atopic types of dermatitis, as not all atopic dermatitis-patients show IgE
mediated allergic sensitization and are therefore not strictly atopic. The terms atopic dermatitis
and eczema are often used interchangeably in published literature (6).

1.1.2 Prevalence

Eczema is a common disease with an estimated prevalence 10-20% in the developed world
(6) and is more prevalent in urban areas compared to rural ones (7). In Norway, the prevalence
has been reported to be as high as 23% in children (8). It was previously believed to be a
childhood disease with a lower prevalence in adults, however, recent studies have found the
prevalence in adults to be equally high as in children (7). Furthermore, patients who may
appear to have outgrown the disease, continue to have hyper-sensitive skin and may



experience recurrence of symptoms after long periods of remission (1).The lifetime prevalence
for hand eczema specifically has been estimated to 15% in the general population (9).

1.1.3 Etiology and pathophysiology

Eczema is believed to arise from a complex interplay between genetic and environmental
factors. | addition to genetics, skin barrier function, immunological factors and microbiota are
considered to be particularly important. A family history of atopic disease is the strongest
known risk factor for eczema and genome-wide association studies have linked more than 30
genetic loci to eczema across different populations (10). A systematic review which included
information from 35 155 twin pairs estimated the heritability of atopic dermatitis to be
approximately 75% (11), which is considered to be a high heritability for a complex trait.
However, as the concordance rate in monozygotic twins is 72-86% (12), environmental
influences also play a role in the development of disease.

The two main pathophysiological mechanisms associated with eczema are impaired barrier
function and increased cutaneous inflammations due to an inappropriate immune response to
antigens encountered (1). The clinical manifestation of eczema and efficacy of anti-
inflammatory treatments such as topical corticosteroids and topical calcineurin inhibitors point
to a primary dysfunction in the immune system. In addition, molecular genetics have provided
evidence of mutations in the structural proteins of the stratum corneum. This causes changes
in epithelial barrier function, leading to emerging inflammation as a downstream effect, rather
than the primary dysfunction (13).

Filaggrin and skin barrier function

The skin is the largest organ in the human body and serves as a protective barrier against
pathogens, toxins and irritants. The skin is also involved in homeostasis, regulating the loss
of water and ions. The barrier function of skin is dependent on proliferation, differentiation
and eventual desquamation of keratinocytes in the epidermis (14).

The most common genetic factor contributing to eczema is changes in the Filaggrin (FLG)
gene, most commonly a loss-of-function mutation. The FLG-protein is vitally important in
formation of the skin barrier preventing trans-epidermal water loss (TEWL) and hinders the
entry of pathogens, allergens and toxins (15). Mutations in the FLG gene leads to barrier
dysfunction through increased TEWL and changes in skin pH, leading to the clinical feature of
dry skin. In turn, this leads to increased colonization of staphylococcus aureus, Th2-cell
activation and pruritus (16). Mutations in FLG is found in up to 50% of Northern European
patients with eczema (15, 17). While mutations in FLG are neither necessary nor sufficient for
the development of eczema, carriers are more likely to have a severe clinical course and
increases the probability of symptom persistence into adulthood (16). Apart from FLG loss-of-
function mutations, other inherited factors and can impair epidermal function, such as copy
number variants (1).

Immune cell dysfunction

Cutaneous inflammation and immune cell dysregulation are both central for the disease
pathogenesis. The defective barrier function characteristic for eczema leads to changes in the
inflammatory milieu of the skin. Firstly, an increase in pH leads to activation of Th2 cells



through an increase of IL-1 alpha and beta. Recent studies have implicated Th2 cytokines
KIF3A, IL-4, and IL-13 as key molecules in the development of eczema (18). IL-4 and IL-13
are overexpressed in acute eczema lesions. In addition, these cytokines inhibit FLG
production and function, and as such, skin barrier dysfunction and cutaneous inflammation act
as mutually reinforcing processes. Furthermore, the Th2 cytokines help activate B-cells into
IgE production, increasing the levels of IgE, which is characteristic for atopic phenotypes such
as eczema (19).

Environmental factors

Certain triggers can incite flare-ups or worsening of lesions in eczema patients. These
triggering factors include irritants or allergens in sensitized individuals, cold weather, humidity,
or mechanical damage from repeated scratching (1, 6). Other implicated environmental
exposures include rural living, air pollutants, cigarette smoking, both in utero and in adulthood,
maternal stress as well as skin microbiota (20). Healthy skin acts as a barrier to pathogens
and the disrupted skin barrier in atopic dermatitis leads to a dysregulated microbiome of the
skin. In eczema, the microbiome is less diverse and dominated by Staphylococcus aureus and
Staphylococcus epidermidis (21). The staphylococcal species produce exotoxins and
superantigens which further drive cutaneous inflammation. A recent mendelian randomization
study also provides evidence of a causal relationship between body mass index (BMI) and
atopic dermatitis (22). The global prevalence of atopic dermatitis is increasing, underscoring
the influence of environmental factors (6).

1.1.4 Management and treatment

Treatment of eczema is multifaceted, aiming at improving epidermal function and reducing
inflammation to manage symptoms and obtain long-term disease control. The choice of
therapy is usually based on disease severity, and includes topical-, photo-, and systemic
therapies (6). A cornerstone of the treatment is topical moisturizers. Eczematous skin has a
lower water and lipid content (23), leading to reduced barrier function and penetration of
allergens and irritants. Other treatments to restore skin hydration and barrier function include
wet wraps and oil baths (24). The two most commonly used anti-inflammatory agents in
treatment of eczema are topical corticosteroids and topical calcineurin inhibitors, used in
combination with a moisturizing regime. Systemic treatments include conventional
immunosuppressive agents, such as oral cyclosporine and methotrexate. Recently,
Dupilumab, a fully human monoclonal antibody that targets the IL4-receptor alfa, and thereby
inhibits both IL-4 and IL-13 signaling has been approved for difficult-to-treat eczema in Norway
(25). Dupilumab shows good efficacy and safety data in adults and adolescents (26, 27).

1.1.5 Comorbidities

A growing number of epidemiological studies have established associations between eczema
and multiple atopic- and non-atopic comorbidities (28, 29). Atopic comorbidities include
asthma, allergic rhinitis, food allergies and eosinophilic esophagitis (30). The mechanism for
the atopic comorbidities in eczema is believed to be due to the propensity for IgE production
in patients, as well as transcutaneous penetration of allergens through an impaired skin
barrier. In addition, increased activation of Th2 inflammatory pathways are important for the
development of both eczema and asthma bronchiale (31). Large-scale genetic studies have
identified shared genetic susceptibility across the atopic comorbidities, and specifically



identified common genes involved in dysregulating the expression of immune-related genes
(10).

Non-atopic comorbidities that have been associated with eczema includes contact dermatitis,
infections, mental illness (anxiety, depression and increased risk of suicide) (31). The
increased rates of mental illnesses have been hypothesized to be due to pruritus and
associated sleep disturbances, as well as social stigma and isolation (31).

1.2 Predisposition for cardiovascular risk factors and
cardiovascular diseases

Cardiovascular diseases (CVDs) are the leading cause of death worldwide and most CVDs
can be prevented by addressing modifiable risk factors, such as tobacco use, obesity and
physical activity (32). In recent years, the possible associations between eczema and
cardiovascular risk factors (CVRFs) and CVDs has gained traction. While the relationship
between eczema and atopic comorbidities have been thoroughly studied and are likely causal
(33), the relationship between eczema and CVRFs/CVDs is less clear, and studies have
yielded conflicting results (34, 35).

1.2.1 Eczema and cardiovascular risk factors

Cardiovascular risk factors are any factors, modifiable or non-modifiable factors which
increases risk for cardiovascular disease or cardiovascular death and include age, gender,
family history, blood pressure, cholesterol, diabetes and smoking, to name a few (36). A
positive association between increased weight and eczema has been found in North
American, Asian and European populations, according to meta-analyses (22, 37). Patients
with eczema in the USA have also been found to partake in behaviors known to increase
cardiovascular risk, such as smoking and alcohol consumption and limited physical activity
(38) and US children with eczema have been found to have higher rates of central obesity and
high blood pressure (39).

1.2.2 Eczema and cardiovascular diseases

Cardiovascular diseases are diseases affecting the heart and vascular systems and include
among others myocardial infarctions (Ml), angina pectoris and ischemic stroke (40). While the
presence of some CVRFs in eczema have been established, their clinical significance
warrants further investigations. Studies from both Denmark and USA have reported
associations between eczema and Ml (41, 42). Another study from Taiwan found no increased
risk of Ml but did report a positive association between ischemic stroke and eczema (43). The
discrepancies in these results may be explained by unsuitable or lack of adjusting covariates,
differences in study design or due to different populations being studied (34, 38, 41, 44).

The possible links between eczema, and CVRFs and CVDs are likely complex and
multifactorial. Possible explanatory mechanisms include shared genetic variants between
eczema, CVRFs and CVDs, systemic low-grade inflammation, shared inflammatory
pathways between eczema and atherosclerosis and a sedentary lifestyle, possibly due to
asthma and skin discomfort (38).



2. Study aims

Population-based studies of the association between CVRFs and CVDs in individuals with
eczema are sparse in Norwegian populations. Specifically, we are only aware of one such
study, where the relationship between increased BMI and eczema was investigated (22). We
therefore aimed to examine these associations in a large, population based-cohort study in
Norway. CVRFs may be present without giving any symptoms and recognizing the clinical
importance of these risks could introduce early initiations of preventive therapies among
patients with eczema and improve individualized treatment regimens to reduce cardiovascular
risk.



3. Study population and methods

3.1 The HUNT-Study

The HUNT-Study is a large, population-based cohort study performed over four periods;
HUNT1 (1984-86), HUNT2 (1995-97), HUNT3 (2006-08) and HUNT4 (2017-19) (45). All
inhabitants in Nord-Trgndelag county aged 20 years or older were invited to participate. The
surveys included multiple questionnaires, standardized clinical examinations, urine and non-
fasting venous blood samples. In the present study, we used data from HUNT3. In HUNT3,
93 860 persons were invited, and 50 800 (54%) chose to participate. In HUNT3, researchers
collected baseline questionnaires with self-reported iliness and certain behavioral risk factors
including smoking. Anthropometric measures, vitals and venous blood samples were also
collected. Participants who reported having certain diseases in the baseline questionnaire
were sent additional questionnaires to more thoroughly survey a specific disease.

3.2 Classification exposure and outcomes

3.2.1 Exposure: Eczema

In the baseline assessment of HUNT3, all participants were asked to answer yes or no to the
following multiple answer-question: “Do you have/have you ever had any of the following
diseases? Eczema on hands”. Eczema was defined by a positive answer to this question. A
total of 5757 (11.3%) participants reported to have had eczema on hands in HUNT3. We
excluded 24 participants with missing information on this question. Some of the participants
answering yes to this question were sent an additional, eczema specific questionnaire,
provided that they were not selected for more than two other, high-priority disease-specific
questionnaires, as the number of additional questionnaires was limited to three (45). A total of
5748 participants were sent this questionnaire and 4206 (73%) chose to participate. The
additional, eczema-specific questionnaire asked “Did you have eczema as a child? (also called
atopic dermatitis)” to which the participants could answer yes, no or don’t know. Childhood
eczema was defined by having a positive answer to this question. We excluded 50 participants
with missing on the eczema in childhood question. A total of 1311 (31.2%) participants asked
reported having had eczema in childhood. In total, the present study included total of 45018
participants without eczema, 4446 participants with eczema on hands, and 1311 participants
with eczema on hands and in childhood. As the number of study participants is high in each
group, all outcome variables were assumed to be normally distributed for all groups, according
to the central limit theorem.

3.2.2 Classification of outcomes

The endpoints of the present study were based on objective measures from clinical and
biochemical examinations by specially trained staff in HUNT3, as well as self-reported CVRFs
and CVDs



Classification of cardiovascular risk factors

Waist circumference

Waist circumference was measured after maximal expiration at the level of the umbilicus or
halfway between the bottom of the ribs and the top of the hips, whichever was smaller. The
participants were standing upright with arms hanging on the side. The measurements were
done above light clothing and rounded to the nearest whole centimeter. We excluded 445
participants with missing information on waist circumference.

Body mass index

Height was measured without shoes and given in centimeters, with one decimal. Weight was
measured with the participants wearing light clothes and without shoes. Weight was reported
in kilograms with one decimal. BMI was calculated by dividing weight in kilograms by height in
meters squared. We excluded 408 individuals with missing information on BMI. These
participants were excluded from all analyses, as BMI was used as an adjusting covariate.

Systolic and diastolic blood pressure

Blood pressure was measured using Dinamap CARESCAPE V100 (GE Healthcare).
Measurements were done with the participant in a sitting position, after being seated for two
minutes with the cuff on the arm, and arm resting on a table. Cuff size was adjusted according
to arm circumference. Three consecutive automatic measurements were done at one-minute
intervals and rounded to the nearest 2 mmHg. The blood pressure reported in this paper is
the rounded arithmetic mean of measurement two and three, if all three available. If only two
measurements were available, the last measurement was used. We excluded 416 and 420
participants with missing information on systolic blood pressure (SBP) and diastolic blood
pressure (DBP), respectively.

Cholesterol in serum

Serum cholesterol was measured in a non-fasted state and analyzed by cholesterol esterase
methodology. Results are reported in mmol/L. We excluded 1473 participants with missing
information on serum cholesterol.

High Density Lipoprotein-Cholesterol in serum

High density lipoprotein-cholesterol (HDL-cholesterol) was measured in a non-fasted state
and analyzed by Accelerator selective detergent methodology. Results are reported in mmol/L.
We excluded 1474 participants with missing information on serum HDL-cholesterol.

Triglycerides in serum

Serum triglycerides was measured in a non-fasted state and analyzed using Glyserol
Phosphate Oxidase methodology. Results are reported in mmol/L. We excluded 762
participants with missing information on serum triglycerides.

Non-fasting glucose in serum

Serum glucose was measured in a non-fasted state and analyzed by Hexokinase/G-6-PDH
methodology. Results are reported in mmol/L. We excluded 1472 participants with missing
information on non-fasting glucose in serum.



micro C-reactive protein in serum

Serum micro C-reactive protein (micro CRP) was measured in a non-fasted state and
analyzed by latex immunoassay methodology. Results are reported in mg/L. We excluded 763
participants with missing information on micro CRP in serum.

Self-reported cardiovascular risk factors

In the baseline questionnaire in HUNTS3, all participants were asked to answer yes or no to the
following questions “Has it ever been verified that you had high blood sugar (hyperglycemia)?”
and “Do you take, or have you taken medication for high blood pressure?” and “Have you had,
or do you have diabetes?”. Participants with positive answers were classified as having
CVRFs. We excluded from the analyses participants with missing information on these
questions, 35 participants for verified hyperglycemia, 29 participants for antihypertensive
medication and 29 participants for diabetes.

Classification of cardiovascular diseases

Angina pectoris, myocardial infarction, heart failure, “other heart diseases” and stroke/brain
hemorrhage were defined by a positive answer to the question: Do you have/have you ever
had any of the following diseases? “Angina pectoris”, “Myocardial infarction”, “Heart failure”,
“Other heart diseases” and Stroke/Brain hemorrhage in the baseline questionnaire in the
HUNTS3. We excluded participants with missing information on these questions, 28 participants
for angina pectoris, 25 participants for myocardial infarction, 26 participants for heart failure,
30 participants for other heart diseases and 25 participants for stroke/brain hemorrhage.

3.3 Ethics and personal protection

This study was approved by the Regional Committees for Medical and Health Research Ethics
in Mid-Norway (2015/586). Participation in the HUNT Study was based on a written informed
consent signed before inclusion. Every participant may withdraw their consent at any time.
Before data are made accessible to researchers the files are de-identified, i.e. name and
identification number are converted into project numbers. We have used HUNT Cloud as our
computer environment for storage of HUNT data.

3.4 Statistical analyses

To estimate the adjusted means and 95% confidence intervals (Cls) of the various CVRFs in
participants with eczema and childhood eczema compared to those without eczema,
univariate linear regression was used. To estimate the odds ratios (ORs) and corresponding
95% Cls for CVDs and certain CVRFs in participants with eczema and childhood eczema,
compared to those without eczema, we used a binary logistic regression model. The same
approaches were applied when estimating adjusted means and ORs comparing participants
with childhood eczema to those with eczema in adulthood only.

We selected potential confounders based on a priori considerations of factors that are related
to both eczema, CVRFs and CVDs. All analyses were adjusted for possible confounding by
age (years), sex (women, men), smoking (never, former, occasional and current) and BMI
(continuous), except BMI which was adjusted for age, sex and smoking status. We excluded
participants with missing values on the confounders from the analysis (1424 participants with



missing information on smoking and 408 participants with missing information on BMI). All
statistical analyses were performed using IBM SPSS statistic for Macintosh, version 25
(Chicago, IL, USA).



4. Results

4.1 Characteristics of the study population

Characteristics of the study population in given in Table 1. The self-reported prevalence of
eczema on hands in HUNT3 was 11.3%, and among them 31.2% of participants asked also
reported having had eczema in childhood. The present study included 45018 participants with
no eczema, 4446 participants with eczema on hands and 1311 participants with eczema on
hands and childhood eczema. The gender distribution was almost equal among the
participants with no eczema (53.1% women), however, there were more women in both the
participants with eczema on hands (65.7% women) and the participants with eczema on hands
and in childhood (69.3% women). Overall in HUNT3, women were slightly overrepresented
with the highest attendance in the middle-aged group.

Current smokers were more prevalent in participants with eczema on hands (21.4% current
smokers) than in participants with no eczema (17.0% current smokers) and the eczema on
hands and eczema in childhood group (15.9% current daily smokers). This is also reflected
when comparing the proportions of participants who have never smoked. Among the
participants with eczema on hands, 38.0% were never smokers, whereas an increased
proportion were never-smokers in the no eczema and eczema on hands and eczema in
childhood groups (43.1% and 45.6% never smokers, respectively). Proportions of former and
occasional smokers are equally distributed amongst the participants with no eczema, eczema
on hands and eczema on hands and in childhood groups.

Table 1. Characteristic of the study participants according to eczema-status

HUNTS3 (n = 50 800)

No eczema Eczema on hands Eczema on hands
and in childhood
(n = 45018) (n = 4446) (n=1311)
Women, n (%) 23909 (53.1) 2922 (65.7) 908 (69.3)
Age in years, mean (SD) 53.6 (16.2) 51.3 (14.9) 45.1 (16.1)
Smoking status
Never, n (%) 18832 (43.1) 1646 (38.0) 589 (45.6)
Former, n (%) 14262 (32.6) 1448 (33.4) 395 (30.6)
Occasional, n (%) 3211 (7.3) 309 (7.1) 103 (8.0)
Current, n (%) 7421 (17.0) 927 (21.4) 205 (15.9)

Abbreviations: HUNT3, The Nord-Trgndelag Health Study 3; SD, standard deviation

4.2 Cardiovascular risk factors according to eczema

4.2.1 Continuous cardiovascular risk factors

The adjusted mean waist circumference of the eczema on hands group was 93.8 cm (95% ClI
93.6-93.9), slightly higher than the no eczema group with its adjusted mean of 93.5 cm (95%
Cl 93.4-93.5) (Table 2). BMI was also higher in the eczema on hands group (adjusted mean
27.7 95% CI 27.5-27.8) than in the no eczema group (adjusted mean 27.1 95% CIl 27.1-27.1)
and the eczema and childhood eczema group (adjusted mean 27.2 95% CI 72.0-27.5). All
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three groups had a mean BMI in the overweight range (BMI = 25). The SBP was lower in the
group with eczema on hands and in childhood (adjusted mean 129.3, 95% CIl 128.4-130.2)
than in the group with no eczema (adjusted mean 130.6, 95%CI 130.5-130.7). There is a
tendency towards higher levels of micro-CRP in the group with eczema and childhood eczema
(adjusted mean 3.1, 95% CI 2.8-3.4) compared to the group with no eczema (adjusted mean
2.7, 95% CIl 2.7-2.8) and the group with eczema on hands (adjusted mean 2.7 95% CI 2.5-
2.9), despite slightly overlapping Cls. There was no difference in DBP, serum levels of
cholesterol, HDL-cholesterol, triglycerides and non-fasting glucose between the three study
groups.

Table 2. Means, adjusted means and 95%Cls of the continuous cardiovascular risk factors
according to eczema in HUNT3.

No eczema Eczema on hands Eczema on hands and in
childhood
(n = 45018) (n = 4446) (n = 1311)

Mean Adjusted mean Mean Adjusted mean Mean Adjusted mean

(SD) (95% ClI) * (SD) (95% ClI) * (SD) (95% ClI) *
\C’\iﬁi'j:nference 93.5 93.5 93.8 93.8 91.6 93.6
om) (12.2) (93.4-93.5) (12.9) (93.6-93.9) (12.8) (93.3-94.0)

) 27.1 27.1 27.5 27.7 26.9 27.2

BMI (kg/m?) (4.4) (27.1-27.1) (4.7) (27.5-27.8) (4.7) (27.0- 27.5)

130.8 130.6 129.1 130.2 124.9 129.3
SBP (mmHg) 15 6) (130.5-130.7) (18.3) (129.7-130.7) (16.4) (128.4-130.2)

73.5 73.4 72.8 73.5 71.1 73.0
DBP (mmHg) 113, (73.3-73.5) (10.9) (73.2-73.8) (10.6) (72.4-73.6)
Cholesterol 55 55 55 55 5.4 55
(mmol/L) (1.1) (5.5-5.5) (1.1) (5.5-5.5) (1.1) (5.4-5.5)
?r%ésterol 13 13 14 13 14 14
(mmolL) (0.4) (1.3-1.4) (0.4) (1.3-1.4) (0.4) (1.3-1.4)
Triglycerides 1.6 1.6 1.6 1.6 1.5 1.6
(mmol/L) (1.0) (1.6-1.6) (1.0) (1.6-1.7) (0.9) (1.5-1.7)
g‘ﬁ’;j:‘;“”g 5.6 5.6 55 5.6 53 55
mmollL) (1.6) (5.6-5.6) (1.5) (5.5-5.6) (1.2) (5.4-5.6)
micro CRP 2.7 2.7 2.8 2.7 2.9 3.1
(mg/L) (5.8) (2.7-2.8) (5.0) (2.5-2.9) (6.9) (2.8-3.4)

*All variables adjusted for age, sex, smoking status and BMI, except BMI which is adjusted for age,
sex and smoking status.
All values have been rounded to one decimal point
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Abbreviations: SD, standard deviation; Cl, confidence interval; BMI, body mass index; SBP, systolic
blood pressure; DBP, diastolic blood pressure; HDL, high-density lipoprotein; CRP, C-reactive protein

4.2.2 Dichotomous cardiovascular risk factors

Participants with eczema had an OR for an episode of verified hyperglycemia of 1.26 (95% CI
1.13-1.41) compared to non-eczema participants (Table 3). Despite the difference in verified
hyperglycemia, no corresponding difference in OR was found for diabetes when comparing
participants with eczema on hands to participants with no eczema. In addition, participants
with eczema on hands are had no increased OR for being treated/have been treated for
hypertension compared to the no eczema group (OR 1.05, 95% CI 0.96-1.15). A negative
association for treatment with antihypertensive agents was found for participants with eczema
on hands and in childhood compared to non-eczema participants (OR 0.79, 95% CI 0.65-
0.95).

Table 3. Odds ratio (OR) of hyperglycemia, diabetes and antihypertensive treatment
according to eczema in HUNT3.

Eczema on hands and in
No eczema Eczema on hands

A < childhood
(n = 45018) (n = 4446) (n = 1311)
Count Count OR* 95%Cl  Count OR* 95% Cl

L’e“f'ed , 3704 448 126 1.13-141 88 1.02  0.83-1.29

yperglycemia
Diabetes 2047 187 1.03 0.88-121 28 0.77  0.52-1.12
reatrment for 10173 933 1.05 096-1.15 146 079  0.65-0.95

ypertension

*Adjusted for age, sex, smoking status and BMI
All estimated values have been rounded to two decimal points
Abbreviation: OR, odds ratio; Cl, confidence interval

No difference in OR for dichotomous CVRFs was found when comparing participants with
eczema on hands and in childhood and those with eczema only in adulthood (Table 4).

Table 4: Odds ratio (OR) for dichotomous cardiovascular risk factors comparing participants
with eczema in childhood to those with eczema in adulthood only.
Eczema on hands Eczema on hands and in childhood

(n = 4446) (n =1311)
Count Count OR* 95% CI
Verified hyperglycemia 448 88 0.85 0.65-1.12
Diabetes 187 28 1.03 0.65-1.63
Treatment for hypertension 933 146 1.00 0.79-1.26

*Adjusted for age, sex, smoking status and BMI.
All estimated values have been rounded to two decimal points.
Abbreviations: OR, odds ratio; Cl, confidence interval.

4.3 Cardiovascular disease outcomes

Participants with eczema on hands had an OR for angina pectoris of 1.25 (95% CI 1.05-1.50),
compared to those with no eczema (Table 5). Participants with eczema on hands also had
higher odds of heart failure (OR 1.37, 95% CI 1.01-1.85) and “other heart diseases” (OR, 1.49,
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95% CI 1.27-1.76) compared to non-eczema participants. No difference in odds of Ml (OR
1.06, 95% CI 0.86-1.30) or stroke/brain hemorrhage (OR 1.14, 95% CI 0.93-1.40) was found
when comparing participants with eczema on hands to non-eczema participants.

Participants with eczema on hands and childhood eczema had higher odds for “other heart
diseases” (OR 1.47, 95% CI 1.06-2.05), compared to non-eczema participants, but not for
angina pectoris (OR 0.83, 95% CI 0.50-1.36), MI (OR 0.69, 95% CI 0.39-1.24), heart failure
(OR 0.17, 95% CI 0.02-1.22) or stroke/brain hemorrhage (OR 0.82, 95% CI 0.49-1.37).

Table 5: Odds ratio (OR) for established cardiovascular diseases in participants with eczema
compared to participants with no eczema

Eczema on hands and in

No eczema Eczema on hands childhood
(n =45018) (n = 4446) (n = 1311)
Count Count OR* 95% ClI Count OR* 95% ClI

Angina pectoris 1811 166 1.25 1.05-1.50 17 0.83 0.50-1.36
Myocardial 1566 121 1.06 0.86-1.30 12  0.69  0.39-1.24
infarction
Heart failure 554 56 1.37 1.01-1.85 1 0.17 0.02-1.22
Other heart
diseases 1521 186 149 1.27-1.76 38 1.47 1.06-2.05
Stroke/Brain
hemorrhage 1257 116 1.14 0.93-1.40 15 0.82 0.49-1.37

*Adjusted for age, sex, smoking status and BMI
All estimated values have been rounded to two decimal points
Abbreviations: OR, odds ratio; Cl, confidence interval

No difference in OR for CVDs was found when comparing participants with eczema on hands
and in childhood to those with eczema only in adulthood (Table 6).

Table 6: Odds ratio (OR) for dichotomous cardiovascular diseases comparing participants with
eczema in childhood to those with eczema on hands.
Eczema on hands Eczema on hands and in childhood

(n = 4446) (n=1311)
Count Count OR* 95% ClI
Angina pectoris 166 17 0.95 0.53-1.68
Myocardial infarction 121 12 0.92 0.47-1.81
Heart failure 56 1 0.20 0.03-1.58
Other heart disease 186 38 1.29 0.85-1.96
Stroke/Brain hemorrhage 116 15 0.84 0.46-1.54

*Adjusted for age, sex, smoking status and BMI.
All estimated values have been rounded to two decimal points
Abbreviations: OR, odds ratio; Cl, confidence interval.
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5. Discussion

5.1 Summary and interpretation of main findings

In this population based, cross-sectional study, we found that eczema on hands was positively
associated with increased waist circumference, increased BMI, verified hyperglycemia, angina
pectoris, heart failure, and “other heart diseases”, compared to participants with no eczema.
We found no association between eczema on hands and blood pressure, blood glucose, -
lipids or -micro CRP, diabetes, MI and stroke/brain hemorrhage compared to participants with
no eczema. For participants reporting both eczema on hands and childhood eczema, we found
a negative association for SBP and antihypertensive treatment compared to participants with
no eczema, but a positive association for micro CRP. In addition, we found a positive
association for “other heart diseases” compared to participants with no eczema. There was no
difference in OR for any of the dichotomous CVRFs and CVDs comparing participants with
eczema on hands and in childhood to participants with eczema on hands only

5.1.1 Cardiovascular risk factors

Eczema on hands was positively associated with increased waist circumference (adjusted
mean 93.8, 95% CI 93.6-93.9) compared with participants with no eczema (adjusted mean
93.5, 95% CI 93.4-93.5). The Cls of the estimated means do not overlap, however the
difference between the estimates is only 0.3 cm. When analyzing large populations, Cls will
be narrow and reveal subtle differences, but the clinical relevance of a 0.3 cm increase in waist
circumference is questionable. Our calculations are adjusted for BMI, showing that individuals
with eczema on hands have a higher propensity for gaining weight around their midsections
than the group without eczema, regardless of overall weight gain. A study on an adult Korean
population found increased odds of central obesity in individuals with atopic dermatitis (46)
and a study on US children found increased odds for being in the upper 85" percentile for
waist circumference (39). While our results somewhat support these findings, we have not
investigated rates of central obesity (waist circumference >94 cm in men, >80 cm in women
(47)).

Eczema on hands was also positively associated with an increased BMI (mean 27.7, 95% ClI
27.5-27.8) compared to participants with no eczema (mean 27.1, 95% CIl 27.1-27.1). There is
no overlap of Cls and they are relatively narrow, indicating that our estimates are precise.
There is also an indication that individuals with eczema on hands have higher BMIs than
individuals with eczema on hands and childhood eczema (adjusted mean 27.2, 95% CI 27.0-
27.5), as there is just slight overlap of the Cls. However, as for waist circumference, the
difference between the adjusted means for participants with eczema on hands and no eczema
is low, only 0.6 kg/m?. This association has been reported previously, a meta-analysis found
increased odds of atopic dermatitis in overweight and obese individuals in North-America and
Asia, but not in Europe (37). A Mendelian randomization study including data from HUNT and
UK Biobank, investigated the potential causal relationship between higher BMI and eczema.
They found evidence for a small, but potential important causal effect of BMI on eczema (22).

A high SBP is an independent risk factor for CVD and a facet of cardiometabolic ill-health. Our
results show no increased SBP in participants with eczema on hands compared to the no
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eczema-participants, in fact, participants with eczema on hands and in childhood have a lower
SBP (mean 129.3, 95% CI 128.4-130.2) than participants with no eczema (mean 130.6, 95%
C1 130.5-130.7). There was no overlap of Cls, however, the absolute difference is small. SBP
tends to increase with age and the group with eczema on hands and in childhood have a lower
mean age than the two remaining groups. Our analyses are adjusted for age, so it is not likely
that the results can be explained by increasing age alone. A possible explanation is that SBP
decreases with regular physical activity (48), which may decrease with age. Also, individuals
with eczema also in childhood have less likely ever been treated with antihypertensive
medications compared to the control group (OR 0.79, 95% CI 0.65-0.95). Our results are in
line with a study from Japan where patients with “healed” atopic dermatitis had low rates of
hypertension (49). However, the results are conflicting and in contrast with three previous
studies; a study of 34 525 US adults finding increased prevalence of hypertension in atopic
dermatitis patients (38), a multicenter case-control study finding higher SBPs in children with
atopic dermatitis (39) and a US study of insurance claims finding increased rates of essential
hypertension in patients with atopic dermatitis (50). The discrepancies could be explained by
different study methods, possible sample bias and demographic characteristics.

Our study did not identify any difference in measured non-fasting serum glucose between our
study groups. However, individuals with eczema on hands were more likely to ever have an
episode of hyperglycemia verified compared to individuals with no eczema (OR 1.26, 95% CI
1.13, 1.41). An OR of 1.26 is only suggestive and unconvincing as conclusive evidence based
on a single study. Despite the increased odds for verified hyperglycemia compared to
individuals with no eczema, individuals with eczema on hands did not have higher odds of
diabetes (OR 1.03, 95% CI 0.96-1.15). A study of 34 535 US adults found increased
prevalence in patients with atopic dermatitis of prediabetes and childhood onset diabetes, but
not lifetime prevalence of diabetes unless adjusted for hay fever and asthma (38).

No differences in any blood lipids were identified between any of the groups. The Cls for all
estimated means were narrow, indicating precise measurements. A study of 34 535 US adults
also found an increased lifetime and 1-year prevalence of high cholesterol when adjusting for
hay fever and asthma (38). In contrast, a study of three large cohorts identified no such
association (34). The latter study also investigated levels of other blood lipids (HDL-cholesterol
and triglycerides) and did not identify any significant association between them and eczema
status (34). micro CRP is a biomarker of ongoing inflammation and high levels are associated
with myocardial infarctions and death (51). In our study, we found a tendency towards
increased levels of micro CRP in individuals with eczema on hands and in childhood, (adjusted
mean 3.1, 95% CI 2.8-3.4) compared to participants with no eczema (mean 2.7, 95% CI 2.7-
2.8), with slightly overlapping Cls. The CI of the former group is somewhat wide, indicating the
need for increased sample size to increase the precision of this estimate.

While individuals with eczema on hands and eczema on hands and childhood eczema appear
to have some increased CVRFs (increased waist circumference, BMI, verified hyperglycemia
and increased micro CRP), these are only risk factors for CVDs. To establish the clinical
significance of these findings, we investigated if these groups have higher OR of established
CVD.
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5.1.2 Established cardiovascular disease

We found that participants with eczema on hands have higher OR for angina pectoris
compared to the control group (OR 1.25 95% CI 1.05-1.50). Our results are in line with two
other studies (34, 42). Interestingly, one of these studies also reported a stronger association
with increasing severity of atopic dermatitis(34). However, we did not investigate severity of
disease. There was no increased OR for participants with eczema on hands compared to no
eczema for myocardial infarction (OR 1.06 95%CI 0.86-1.30) or stroke/brain hemorrhage (OR
1.14, 95% CI 0.93-1.40), despite previously reported positive associations between both
myocardial infarction (42) and stroke (43). We found increased OR for heart failure (OR 1.37
95% CI 1.02-1.85) and “other heart diseases” (OR 1.49, 95% CI 1.27-1.76) for participants
with eczema on hands compared to the no eczema group. The latter association was also
found when comparing the group with eczema on hands and childhood eczema to the no
eczema group. The association between eczema and other heart diseases has been studied
previously, with positive associations being found (42). This study investigated a total of three
datasets, of which two contained “other heart diseases” as an outcome variable. In both
datasets, there was an increased OR for “other heart diseases” in participants with eczema
compared to no eczema. Our results show weaker associations (smaller OR), but more
precise estimates, as our Cls are narrower. Eczema on hands was positively associated with
heart failure compared to the no eczema participants (OR 1.37 95% CI 1.02-1.85), but not
compared to the group with eczema on hands and in childhood (OR 0.20, 95% CI 0.03-1.58).
Nor did the group with eczema on hands and in childhood have higher odds of heart failure
than the no eczema group (OR 0.17, 95% CI 0.02, 1.22). The study of three datasets (42)
identified increased odds of congestive heart failure (analogous to heart failure in our study)
in patients with eczema and again, the magnitude of the association identified is larger than
in our study, but less precise. Both groups with eczema on hands and eczema on hands and
in childhood had higher odds of having other heart diseases than the no eczema group (OR
1.49, 95% CI 1.27-1.76 and OR 1.47, 95% CI 1.06-2.05, respectively). No difference in odds
for having a stroke/brain hemorrhage was found comparing any of the three groups. This is in
contrast with a population-based study of matched pairs in Taiwan, identifying increased risk
of ischemic strokes in participants with atopic dermatitis.

5.2 Methodological considerations

The main aim of an epidemiological study is to present estimates of the effect of an exposure
on the rate of disease in a population which is both precise and valid. There are two types of
error, random and systematic error, which may in turn threaten the precision and validity of
the estimates.

5.2.1 Precision

Precision refers to the degree of variation in a measurement. Random error in an experiment
can arise from the “the natural, periodic fluctuation or variation in the accuracy or precision of
(...) any data sampling technique or health measurement tool or scale” (562). If there is little
random error, the estimate is described as precise. Random error is variation which occurs
randomly and therefore equally likely to skew results in either direction (52). In our study, we
used Cls as a measure of precision, with narrow Cls indicating precise estimates. Further, Cls
provide information about the strength of association. In HUNTS3, the clinical and lab
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measurements are collected by the same group of specially trained staff for all participants,
measured objectively and analyzed using the same methodology (when applicable). This
reduces the risk of random errors in our study. Another way to reduce the risk of random error
in a study is to increase sample size (53). In our study, there was a relatively high number of
participants. This reduces the random error and increases precision. This is indicated by the
relatively narrow Cls, especially for the no eczema group. However, by dividing the individuals
with eczema into two subgroups, the number of participants decreases and so does precision,
apparent by the wider Cls, particularly for the group with childhood eczema. The estimates for
this group are more imprecise than the estimates for the no eczema-group.

5.2.2 Validity

The overall validity of a study is made up of internal and external validity. Validity is threatened
by systematic error which “arises from an innate flaw in data sampling technique or
measurement instrument” (52). In contrast to random error, systematic error is non-random in
nature, distorting findings in one direction and is independent of sample size (52). Main types
of systematic error include selection bias, information bias and confounding (53).

Selection bias

Selection bias occurs from any error in selecting individuals to participate in the study or from
factors affecting participation (53). Overall, the participation rate in HUNT3 was 54% and the
study was population based, which carries less risk of selection bias paralleled to hospital-
based studies. Women were more likely to participate in the study than men. Women also
have higher rates of eczema on their hands (54). This may cause the prevalence of eczema
on hands to be falsely high. However, it seems unlikely that eczema alone played a major role
in the decision to participate or not. People with no diseases may be generally less concerned
with their health and less likely to participate in a medical study of this nature. This may cause
the prevalence of all diseases to be falsely increased. However, a study of the non-participants
in HUNT3 found that non-participants have higher prevalences of several chronic diseases,
including CVDs and diabetes (55). This may be because people with severe chronic ilinesses
have more difficulties participating in a study which requires you to fill out a thorough
questionnaire and attend a testing facility for data collection. In addition, certain individuals
reporting eczema on hands were not sent the eczema-specific questionnaire if they qualified
for more than two high-priority additional questionnaires. These high-priority questionnaires
included diabetes and CVDs. Some of the participants classified as only “eczema on hands”
may actually belong in the eczema on hands and childhood group, and their positive answers
to diabetes or CVDs attributed to this group, causing the prevalence of these diseases in the
childhood eczema group to be falsely low, and correspondingly, falsely high in the eczema on
hands group. In addition, individuals with negative answers to the hand eczema question were
not sent this questionnaire and therefore not able to indicate if they had childhood eczema at
all. As some individuals have atopic dermatitis in childhood and later outgrow the disease, it
is likely that individuals in our no eczema-group in fact had eczema as children. The number
of patients who outgrow symptoms is estimated to be ~20% (56, 57) and we can therefore
assume that a similar percentage of individuals in our no eczema group did have eczema at
some point in their life. While technically selection bias, as it is an error in the selection of
individuals in the childhood eczema group, the error leads to misclassification of certain
individuals, a phenomenon most associated with information bias.
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Information bias

Information bias occurs from errors in data collection of exposure or outcomes (53). Our study
is based on self-reported eczema on hands, an instrument of HUNT3 which has not been
validated. Hand eczema is one of the most common presentations of atopic dermatitis in
adulthood and patients with eczema have a higher propensity for epidermal dysfunction and
therefore dry and cracked skin. However, our case group likely contains individuals with
irritative contact dermatitis, suggested in part by the increased proportion of women in our
case groups. Additionally, “eczema on hands” is a somewhat unspecific term; some may
interpret it as “dry hands” and answer affirmatively based on that. In future studies, using
electronic health records (EHRs) will be useful, as diagnoses in EHRs are doctor-confirmed.
The additional questionnaire asking participants with hand eczema to indicate if they had
eczema in childhood lends way to recall bias. Some of the individuals may not remember if
they had eczema as a child and be misclassified in the eczema on hands-group. This form of
bias is further fortified by the fact that our constructed variable equaled a “no” answer with a
“‘don’t know” answer and they were both classified ad hand eczema-only. While this made our
childhood eczema group the “sincerest” atopic dermatitis group according to the U.K Working
Party Diagnostic Critera, individuals in both the no eczema and eczema on hands group may
belong in this group as well. As some of the outcomes (diagnosis of CVDs and certain CVRFs)
are self-reported, these may be influenced by information bias, as people with one disease
are more likely to be aware of any other diseases they may have, and more likely to answer
yes to those questions. This way, the rate of CVDs and CVRFs may be falsely thigh in the
eczema-groups or conversely, the rate of eczema may be falsely increased in people with
CVDs. Additionally, individuals with any disease (e.g. eczema) are more likely to ever have
been in contact with health services and are therefore more likely to have had a blood test
verifying hyperglycemia. They may also be screened more frequently for other conditions,
such as heart diseases and angina pectoris. It is less likely that individuals with these
conditions are screened for eczema, unless presenting with a dermatological complaint.

Confounding

A confounding variable is any variable correlating positively or negatively with both the
exposure and the outcome (52), but not an transitional step in the causal pathway between
exposure and outcome (58). To attenuate the effect of confounders on the final result, they
can be adjusted for in the analysis. In our study, we chose confounders based on a priori
subject-matter knowledge. We chose age, sex, BMI and smoking status as confounders,
adjusting for them in our analyses. We cannot, however, rule out other confounding variables
effect on our results. For example, we have not adjusted for socioeconomic information. While
smoking status can be viewed as a surrogate, further adjustments, for example of education
levels would have been favorable, as we know that socioeconomic factors could be a risk
factor for both hand eczema, CVRFs and CVDs. Further, some patients are treated with
corticosteroids, which can have cardiovascular and metabolic side effects. Also, a well-known
comorbidity of eczema, asthma bronchiale, may impair one's ability to exercise and therefore
lead to increased blood pressure, body weight and in turn, poor cardiovascular outcomes.

External validity

External validity, or generalizability, is the degree to which any effect measured in a study
reliably reveals the effect of exposure and can make inferences about populations outside the
study setting (59). A prerequisite for external validity is an internally valid study. The present
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study has a relatively large number of participants and the results can be assumed to apply to
other Norwegian populations. Trgndelag county is considered representative for the whole
country regarding sociodemographics, morbidity and mortality (60). However, we cannot
establish if the results apply to other geographical areas. Additionally, as the internal validity
of the present study can be called into question regarding the definition of eczema, it is likely
that the associations between hand eczema and increased waist circumference, BMI and
certain CVDs are generalizable, the same cannot be said for individuals with eczema used as
an umbrella term.

5.2.3 Causation

Cross-sectional studies are a relatively low-cost way to investigate associations between two
or more conditions in a large number of participants. However, because the associations are
studied only at a set point in time, the results cannot infer causality between two conditions,
just their association. Therefore, we cannot conclude that eczema on hands leads to e.g. a
higher waist circumference or that eczema in childhood causes increased levels of micro CRP,
just that these factors are more likely to appear together than apart. To establish causality in
epidemiology, prospective or retrospective studies are needed. Observational studies are
prone to bias due to confounding and reverse causation. To avoid these biases, Mendelian
randomization (MR) has emerged as a powerful tool in which genetic variants are used as
unbiased instrumental variables for modifiable exposures.
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6. Conclusion and future perspectives

In conclusion, the present study is a population-based, cross sectional study providing
evidence for the association of having eczema on hands to increasing body mass index, waist
circumference, verified hyperglycemia, angina pectoris, heart failure and other heart disease.
It also shows that having eczema in childhood is associated with having higher levels of micro
CRP, a biomarker of inflammation and predictor of myocardial infarction. The clinical effect of
this finding is unclear, as individuals with eczema in childhood only has increased odds of
“other heart disease” and not the other CVD’s studied.

We found that participants with eczema have some increased levels of CVRFs and self-
reported established CVDs. Together with previously published studies, our findings support
a broad clinical approach to eczema patients. However, our study did not address causal
inference and the potential underlying mechanisms of the observed associations are likely
complex. Mechanistic studies are required to gain insight into these underlying relationships.
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