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SIGNIFICANCE
- Associations between metabolic and atopic diseases with 

atopic dermatitis severity are not well described.
- Positive correlations were found between metabolic and 

atopic co-morbidites and an increasing severity of AD in 
our study.

- Management of metabolic and atopic co-morbidities, is 
important in the holistic management of adult AD.

Atopic dermatitis (AD) is a systemic inflammatory 
dis order. However, the relationship between seve-
rity of AD and metabolic and atopic conditions is not 
well studied. The aim of this study was to elucidate 
the relationship between severity of AD and comorbi-
dities, such as metabolic conditions (increased body 
mass index, hypertension, hyperlipidaemia, and type 
II diabetes mellitus) and other atopic manifestations 
(allergic rhinitis, asthma and food allergies). A retro-
spective population-based national study of a cohort 
of young adult males conscripted into military service 
in Singapore over a 5-year period was performed, uti-
lizing military electronic medical records. A dose-de-
pendent effect was found between the association of 
comorbidities and severity of AD. Metabolic and atopic 
conditions were significantly correlated with having 
moderate-to-severe AD. An association of metabolic 
and atopic conditions with severity of adult AD was 
found, which suggests that chronic severe AD may re-
sult in increased disease burden and morbidity. 

Key words: atopic dermatitis; eczema; co-morbidities; atopy; 
metabolic.
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Atopic dermatitis (AD) is a chronic relapsing inflam-
matory skin disease with several reported disease 

associations (1), which affects up to 10% of adults (2). 
Comorbidities, such as metabolic conditions (increased 
body mass index (BMI), hypertension, hyperlipidaemia, 
diabetes mellitus) and atopic conditions (allergic rhinitis, 
asthma and food allergies) are reportedly associated with 
a higher risk of adult AD (3–7). AD has been described 
as a systemic inflammatory and allergic skin disease 
(1); hence the presence of metabolic comorbidities and 
atopic conditions in patients with AD is postulated to 
lead to a chronic inflammatory state, which perpetuates 
disease progression, leading to a more severe form of 
AD (8, 9). With a paucity of studies examining the link 
between comorbidities and the severity of AD in adults 
(10, 11), the aim of this study was to further investigate 
the postulated associations in the Singapore population.

Singapore is an urbanized, multi-ethnic society with 
an increasing prevalence of AD, atopic and metabolic 
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conditions, similar to that in other developed countries (2, 
12). Singapore also has a predominantly conscript army, 
which requires all eligible male adult citizens to undergo 
baseline medical health screening prior to enlistment for 
military service. Utilizing the data from this national 
military electronic medical record (EMR), this study 
examined, in a national cohort of young adult males, the 
hypothesis that metabolic and atopic comorbidities are 
associated with increased severity of AD.

METHODS
The study cohort consisted of all military conscripts with a diagno-
sis of AD made during their military medical screening from 1 Jan 
2010 to 31 Dec 2014. Subjects were identified from the Singapore 
Armed Forces EMR using validated Systematized Nomenclature 
of Medicine - Clinical Terms (SNOMET-CT) diagnosis codes 
(D0-10130, D0-10183-87). Diagnoses of hypertension, hyperli-
pidaemia, type 2 diabetes mellitus, allergic rhinitis, asthma and 
food allergies were retrieved from the EMR using SNOMET-CT 
diagnoses codes. During their medical screening, all cases had 
their diagnosis codes documented in the military health records 
after assessment by military medical officers with verification 
from the relevant specialists.

Information such as demographic data (age, ethnic groups), 
highest education level achieved (as a surrogate marker for socio-
economic status) and anthropometric measurements, such as 
height, weight and BMI, were retrieved for analysis as covariates 
and potential confounders (Fig. 1). Severity of AD for each sub-
ject was recorded in the EMR as mild, moderate or severe. This 
physician-based severity classification was global and based on the 
body surface area affected, frequency of disease flare, treatments 
required, and functional impact of those affected. It reflects how 
the disease was affecting the subject’s daily functional activities. 
For example, mild cases of AD had limited involvement, requiring 
only topical therapy with infrequent flares, while moderate AD has 
more frequent intermittent flares. Severe cases of AD were those 
with extensive involvement, requiring systemic immunosuppres-
sants and/or significant impact to function.

Odds ratio (OR), 95% confidence interval (CI), and p-values 
were calculated to test the null hypotheses of the association 
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between the various comorbidities and risks of having moderate 
or severe AD compared with mild AD. In order to adjust for po-
tential confounding, multivariate analysis was carried out, with a 
logistic regression model with the dependent binary outcome as 
developing moderate/severe AD and aforementioned confounding 
factors as the independent variables. Multicollinearity between 
the independent variables was assessed using the variation infla-
tion factor (VIF). In view of multiple comorbidities of interest, 
Bonferroni correction adjustments were applied to p-values to 
address the issue of multiple testing. The Statistical Package for 
Social Sciences (IBM SPSS Version 22) was utilized to perform 
the analysis. 

Ethics

This study received approval from the Singapore Armed Forces 
(SAF) Institutional Review Board, and a waiver of consent from 
participants was granted as the study was a retrospective chart 
review.

RESULTS

A total of 10,077 personnel had a diagnosis of AD and 
were included in this study. Baseline demographic infor-
mation are summarized in Table I. The median age was 
20 years. The majority of the study cohort were Chinese 
(85.2%), followed by Malays (7.3%) and Indians (4.9%). 
Among the study cohort, a total of 2,606 personnel 
(25.8%) were classified to have moderate-to-severe AD. 
Among those who had moderate-to-severe AD, 80.6% 
had moderate AD and 19.4% had severe AD (Table II).

The median BMI of the cohort was 22.1 kg/m2. Meta-
bolic conditions, such as hypertension, hyperlipidaemia 
and type 2 diabetes mellitus, were relatively uncommon, 
ranging from 0.3% to 2.8%. Close to a quarter (23.3%) 
of the cohort had a previous diagnosis of asthma, and 
17.9% of the cohort had a previous diagnosis of allergic 
rhinitis. Known diagnoses of food allergies were uncom-
mon (1.8%). 

Increased BMI (overweight or obese), as well as 
hypertension, hyperlipidaemia, and type 2 diabetes mel-
litus (metabolic conditions) were significantly correlated 

with having moderate-to-severe AD. Those who were 
overweight (defined as BMI ≥ 23 kg/m2) (13) were more 
likely to have moderate-to-severe disease (OR: 1.23, 
95% CI: 1.12–1.35, p < 0.001). Those who were obese 
(defined as BMI ≥ 27.5 kg/m2) (13) were even more 
likely to have moderate-to-severe AD (OR: 1.44, 95% 
CI: 1.28–1.63, p < 0.001). Those who had hypertension, 
hyperlipidaemia and/or type 2 diabetes mellitus were 
also significantly more likely to have moderate-to-severe 
AD (OR: ranging from 1.43 to 6.85). The presence of 
allergic rhinitis, asthma and food allergies (atopic condi-
tions) were also associated with increased risk of having 
moderate-to-severe AD. Having allergic rhinitis and/
or asthma was associated with 5.88-times higher risk 
of having moderate-to-severe AD compared with those 
with no atopic conditions (95% CI: 5.33–6.49, p < 0.001). 
Those with confirmed food allergies were associated with 
1.83-times higher risk of having moderate-to-severe AD 
(95% CI: 1.36–2.47, p < 0.001).

Multivariate logistic regression was performed to 
adjust for confounding. Metabolic conditions, such as 
increased BMI, hypertension, hyperlipidaemia and type 2 
diabetes mellitus, remained significantly associated with 
moderate-to-severe AD after adjustment for the various 
confounding factors and Bonferroni corrections (Table 

Fig. 1. Flow chart of study procedures.

Table I. Distribution of characteristics across atopic dermatitis 
(AD) cases 

Characteristics

Age, years, median (IQR) 20.0 (19.0–21.0)
Ethnicity, n, %
   Chinese 8,587 (85.2)
   Malays 739 (7.3)
   Indians 497 (4.9)
   Caucasians 61 (0.6)
   Others 193 (1.9)
Education level, n, %
   Primary 9 (0.1)
   Secondary 2173 (21.6)
   Pre-university 1,648 (16.4)
   Diploma/degree 6,024 (59.8)
   Others 223 (2.2)
Severity of AD, n, %
   Mild 7,471(74.1)
   Moderate 2,101 (20.8)
   Severe 505 (5.0)
Asthma, n, %
   Yes 2,350 (23.3)
   No 7,727 (76.7)
Allergic rhinitis, n, %
   Yes 1,801 (17.9)
   No 8,276 (82.1)
Food allergies, n, %
   Yes 186 (1.8)
   No 9,891 (98.2)
BMI, kg/m2, median 22.1
Hypertension, n, %
   Yes 167 (1.7)
   No 9,910 (98.3)
Hyperlipidaemia, n, %
   Yes 279 (2.8)
   No 9,798 (97.2)
Type 2 diabetes mellitus, n, %
   Yes 27 (0.3)
   No 10,050 (99.7)

IQR: interquartile range; BMI: body mass index.
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II). Having type 2 diabetes mellitus was the most strongly 
associated with an increased risk of moderate-to-severe 
AD among all the metabolic conditions (OR: 5.62, 95% 
CI: 2.15–14.6, p < 0.001). Atopic conditions (allergic 
rhinitis/asthma) were also significantly associated with 
an increased risk of moderate-to-severe AD (OR: 6.92, 
95% CI: 6.21–7.72, p < 0.001). The association of food 
allergies with severity of AD was no longer positive or 
significant after adjustment for confounding factors. 
There was no evidence of multicollinearity between the 
independent variables included in the regression model 
(VIF ranged between 1.007 and 1.169).

The effect of having multiple metabolic conditions on 
the risk of having moderate-to-severe AD (Table III) was 
evaluated. While having one or more metabolic conditions 
gave a higher risk of having moderate-to-severe AD (OR 
1.24; 95% CI: 1.12–1.37, p < 0.001), having 2 or more 
metabolic conditions gave an even higher risk of having a 
more severe AD (OR 1.88; 95% CI: 1.43–2.47, p < 0.001). 
This dose effect was also observed in individuals with 3 
or more metabolic conditions. They have a 2.73-times 
risk of having moderate-to-severe AD, but this was not 
statistically significant after Bonferroni correction (95% 
CI: 1.04–7.12, p = 0.041, corrected p = 0.246). 

DISCUSSION

A notable finding of this study was the significant associa-
tion between metabolic comorbidities, such as hyperten-
sion, hyperlipidaemia and type 2 diabetes mellitus, and 
moderate-to-severe AD. A significant dose effect of more 
metabolic conditions conferred a higher risk of having 
moderate-to-severe AD. Moreover, the data also suggest 
a dose effect of increased BMI on severity of AD. This 
meant that individuals who were obese, compared with 
those who were overweight, had a further increased risk 
of having moderate-to-severe AD.

Proportionately, co-existing metabolic conditions in 
patients with AD were uncommon in our study popula-
tion. This is not unexpected, given the young age of the 
study population. A study on hypertension in Singapore 
male conscripts with comparable demographics to the 
current study, found a prevalence of 1.6%, which was 
similar to our study findings of 1.7% (14).

These findings are consistent with local population 
studies (12), and since the prevalence of metabolic 
conditions are likely to increase with age, these findings 
have added relevance.

There have been reports of a positive association 
between BMI and AD in adolescents (15, 16), but these 

Table II. Association of comorbidities with moderate-to-severe atopic dermatitis

Comorbidities OR 95% CI p-value
Adjusted 
OR** 95% CI p-value

Corrected 
p-value***

Bodyweight (BMI, kg/m2) 1.03* 1.02–1.04 <  0.001 1.03* 1.02–1.04 < 0.001 < 0.006
Overweight/obesity
   Yes (BMI ≥ 23 kg/m2) 1.23 1.12–1.35 <  0.001 1.22 1.11–1.35 < 0.001 < 0.006
   No (BMI< 23 kg/m2)) 1.00
Obesity
   Yes (BMI ≥ 27.5 kg/m2) 1.44 1.28–1.63 < 0.001 1.40 1.23–1.61 < 0.001 < 0.006
   No (BMI< 27.5 kg/m2)) 1.00
Atopic conditions (allergic rhinitis/asthma)
   Yes 5.88 <  0.001 6.92 6.21–7.72 < 0.001 < 0.006
   No 1.00 1.00
Food allergies
   Yes 1.83 1.36–2.47 <  0.001 0.78 0.57–1.06 0.110 0.660
   No 1.00
Type 2 diabetes mellitus
   Yes 6.85 3.00–15.7 <  0.001 5.62 2.15–14.6 < 0.001 < 0.006
   No 1.00 1.00
Hypertension
   Yes 1.71 1.25–2.35 0.001 1.65 1.16–2.34 0.005 0.03
   No 1.00 1.00
Hyperlipidaemia
   Yes 1.43 1.11–1.84 0.006 1.51 1.13–2.02 0.005 0.03
   No 1.00 1.00
Having one or more metabolic conditions (obesity or overweight/diabetes mellitus/hypertension/hyperlipidaemia)
   Yes 1.25 1.14–1.36 <  0.001 1.24 1.12–1.37 < 0.001 < 0.006
   No 1.00 1.00

*For every 1 year increase in age. **Adjusted by age, ethnicity, education level, year of screening, other co-morbidities. ***Bonferroni correction to address problem 
of multiple testing with 6 comorbidities.

Table III. Association of number of metabolic comorbidities with moderate-to-severe atopic dermatitis

Number of metabolic comorbidities OR 95% CI p-value Adjusted OR* 95% CI p-value
Corrected 
p-value**

One or more 1.25 1.14–1.36 < 0.001 1.24 1.12–1.37 < 0.001 < 0.006
Two or more 1.84 1.45–2.33 < 0.001 1.88 1.43–2.47 < 0.001 < 0.006
Three or more 3.16 1.34–7.46 0.008 2.73 1.04–7.12 0.041 0.246

*Adjusted by age, ethnicity, education level, year of screening, atopy conditions and food allergies. 
**Bonferroni correction.
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results were not stratified according to severity of AD. 
The evidence of the association of cardiovascular risk 
factors and adult AD also remains controversial. A 
positive association was found in 1 US study (3), but 
an Asian AD cohort in Taiwan found a significantly in-
creased risk of ischaemic stroke only (17) and 2 recent 
studies reported no association of hypertension and 
type 2 diabetes with AD (18, 19). A recent systematic 
and meta-analysis review by Ascott et al. reported that 
significant associations with cardiovascular outcomes 
were more common in cohort studies, but no evidence 
was found among cross-sectional studies (20). Anderson 
et al. suggested that these conflicting findings on cardio-
metabolic risk in adults with AD in a general population 
may also be attributed to the heterogeneity of AD clas-
sifications in the study populations (21). One systematic 
review and meta-analysis has suggested that, while adult 
patients with AD may have an increased prevalence of 
some disease risk factors, such as obesity and smoking, 
AD is unlikely to be an independent risk factor for car-
diometabolic disease (9). The prevalence rates of these 
cardiometabolic disease risk factors were also lower in 
patients with AD compared with those with psoriasis 
(22). Some authors have proposed that any observed 
associations between AD and cardiovascular diseases 
might have been confounded by poor health behaviours 
of patients with AD, such as smoking, reduced physical 
activity and drinking alcohol (20). It must be pointed out 
that these large population cohort or database studies may 
not always take into account the severity of AD in their 
analyses. However, a recent review found that increasing 
severity of atopic eczema was associated with increased 
risk of cardiovascular outcomes (21).

These findings, however, are consistent with a recent 
report that showed a biochemical correlation of mode-
rate-to-severe AD with systemic inflammation (23). In 
adult patients with AD, it has also been found that there is 
an increased coronary artery calcium score in the cardiac 
computed tomography angiography of the coronary tree 
(24). This might suggest that, in individuals with poorly 
controlled or severe disease, there is a considerable level 
of inflammatory burden from the skin. These patients 
may require tighter control of their metabolic conditions, 
which forms an important component in the holistic 
management of chronic adult AD.

Atopic conditions were significant risk factors for 
moderate-to-severe AD in our study population. This is 
consistent with a study by Thijs et al. (25), who reported 
that the clinical endotype of adult AD associated with 
co-existent atopic conditions was associated with more 
severe and extensive AD. This endotype also correlated 
with the highest levels of serum mediators, such as 
PARC, TIMP-1 and sCD14, and a predominantly Th-2 
cytokine profile. The observed association of atopic 
conditions with a more severe clinical phenotype of AD 
is parallel with findings that severe AD is associated with 

persistence of asthma into adulthood. The atopic march 
phenomenon describes a common pathomechanism 
of the development of AD at a young age with that of 
other atopic conditions later on; hence, this may explain 
the higher OR between atopic conditions and severity, 
compared with metabolic conditions (26). Interestingly, 
the association with atopic conditions was also found 
to significantly lower the remission rate compared with 
patients without concomitant allergic conditions (27). 
However, it remains to be determined whether control 
of the associated atopic manifestations leads to an im-
provement in AD. We believe that the chronic immune-
activated state of atopic conditions potentially affects 
the inflammatory pathways of AD. However, these risk 
associations may represent epiphenomena; hence, further 
prospective large-scale studies are required. Nonetheless, 
we believe that, in the group of adult patients with AD 
with severe chronic disease, more resources are required 
to regularly screen for the aforementioned conditions and 
to actively manage their comorbidities.

To the best of our knowledge, this is the first study to 
evaluate the association of comorbidities with the seve-
rity of AD. The strength of this study is the large sample 
size, consisting of a national population cohort of more 
than 10,000 subjects. The validity of the results is further 
reinforced by mandatory nature of health screening in 
the population; with almost no missing data from exis-
ting electronic medical records. This is in contrast with 
a questionnaire-based study, which may have reporting 
or recall bias. Based on local studies of AD in earlier 
epidemiological studies in Singapore (28, 29), the sex 
ratio of AD was found to be equal, hence our results 
may be extrapolated to the overall young adults of our 
local population.

However, limitations of our study would be that any 
correlations made in the study are subjected to possible 
reverse causation given the retrospective nature of the 
study and potential non-differential misclassification 
from the diagnostic codes. Validated severity AD scoring 
scales, such as SCORing Atopic Dermatitis (SCORAD) 
and Eczema Area and Severity Index (EASI), were not 
available in the EMR; instead it utilized a global seve-
rity classification that was meant to serve a clinical and 
functional purpose. There is also potential surveillance 
bias, as patients with severe AD or comorbidities may 
receive more frequent medical attention. Duration of AD 
was not captured in the system, and certain known risk 
factors of adult AD, such as environmental risk factors 
(e.g. dietary, smoking, exercise and other lifestyle habits) 
as well as family history of AD and atopy, were not 
present in the military EMR. 

In conclusion, this study has demonstrated the sig-
nificant relationship of comorbidities with the severity 
of adult AD. While large-scale longitudinal studies are 
required to address the relationship of these comor-
bidities and AD, this represents a step in building our 
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understanding of the associations with the more severe 
form of AD in adults. Mitigating strategies in order to 
screen, detect and treat metabolic and atopic conditions 
are therefore important to reduce the overall disease 
burden of chronic adult AD.
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