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Abstract

Background: Atopic dermatitis is characterized by impaired skin barrier and altered cutaneous innate immunity. The
estimated prevalence among Egyptian children was 10-12%. Several studies suggest that it may be associated with
systemic comorbidities other than the spectrum of atopy, such as metabolic syndrome and other inflammatory con-
ditions. The aim of this study is to compare the profile of systemic conditions of diabetes, dyslipidemia, and multiple
inflammatory markers in children with and without diagnosed atopic dermatitis.

Methods: One hundred atopic dermatitis patients and 101 normal controls were collected from outpatient clinic
based on their clinical condition, both had measurement of body mass index, blood sugar, serum insulin, lipid profile,
C reactive protein, and gamma-glutamy! transferase.

Results: Children diagnosed with atopic dermatitis had significantly higher levels of body mass index (34.7 & 5.7 vs
26.1 +4.9), fasting glucose (143.2 £ 30.3 vs 100.8 £ 16.0), serum insulin (11.3 &= 4.4 vs. 4.6 & 3.0), serum triglycerides
(194.1 4 38.1 vs 156.2 4= 31.6), total cholesterol (198.4 &£ 27.7 vs 163.7 & 27.7), alkaline phosphatase (229.4 4 89.8 vs.
189.4 + 46.8), and gamma-glutamyl transferase (54.7 £ 19.9 vs 34.3 £ 9.5), C-reactive protein level was approximately
four times higher (19.9 4 13.2 vs 5.1 & 3.4) and the immunoglobulin E level was approximately 10 times higher
(2050.3 4 843.8 vs 252.7 £ 103.1) than in controls

Conclusion: We found a positive relationship of atopic dermatitis with both diabetes and hyperlipidemia among
children, and positive dose-response relationship of several non-traditional biomarkers of C-reactive protein, gamma-
glutamyl transferase, and alkaline phosphatase with the presence and severity of atopic dermatitis.

Keywords: Atopic dermatitis, Diabetes, Dyslipidemia, C reactive protein, IgE, Glutamyl gamma transferase, Alkaline
phosphatase, Alkaline phosphatase

Background

Atopic dermatitis (AD), a chronic relapsing skin disease,
is characterized by impaired skin barrier and altered
cutaneous innate immunity [1] that affects children more
than adults [2]. The estimated AD prevalence among

*Correspondence: nermeen.bedair@med.helwan.edu.eg

2 Department of Dermatology, Andrology, Sexual Medicine and STDs,
Faculty of Medicine, Helwan University, Cairo, Egypt

Full list of author information is available at the end of the article

@ Springer Open

Egyptian children was 10-12% [3-6] with different
severity levels and complications. Evidence document-
ing association between AD and systemic comorbidities
other than the spectrum of atopy is still controversial,
such as metabolic syndrome [7-9] and other inflamma-
tory conditions [10]. However, inconsistent findings have
been reported around the associations of AD with diabe-
tes and dyslipidemia [11-14]. The aim of this study is to
compare the profile of systemic conditions of diabetes,
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dyslipidemia, and multiple inflammatory markers in chil-
dren with and without diagnosed AD.

Methods

We conducted a case-control study of children (ages
5-18) who sought outpatient care in the Dermatology
Department. Study participants were enrolled between
June 2018 and May 2019. One hundred cases were ascer-
tained by a licensed dermatologist and recruited for the
study. We used the standard AD diagnostic criteria by
Hanifin and Rajika [15] to identify cases. Using the scor-
ing atopic dermatitis (SCORAD) index, we classified the
severity of AD in all cases into three levels—mild (SCO-
RAD index < 25), moderate (SCORAD index 25-40), and
severe (SCORAD index > 40). From the same outpatient
care facility, we also recruited one hundred and one chil-
dren without AD as controls. Children who reported
prior diagnosis of systemic diseases other than bronchial
asthma or diabetes, those who received systemic treat-
ment for AD or other concomitant dermatologic diseases
(psoriasis, vitiligo, ichthyosis, and current skin infections)
were excluded. From the same source population where
patients have shared socioeconomic circumstances, we
identified and recruited 101 children as controls who ful-
filled the criteria of having no AD or any other dermato-
logical disease and were between aged 1 to 14 at the time
of recruitment. Informed verbal consent was obtained
from the parents of all children who participated in the
study. This study was approved by the NHTMRI research
ethical committee.

Measurement of biomarkers

Diabetes was diagnosed by measuring blood glucose lev-
els in blood samples withdrawn from the participants
after 8 h of no caloric intake. Fasting blood glucose level
of 126 mg/dl or higher was diagnostic of diabetes.

Statistical analysis
This study was approved by the research ethical commit-
tee in june 2018. serial 12-2018

body mass index (BMI) calculated for each participant
as body (weight kg)/height® (m?)

Five milliliters of blood was withdrawn from each
participant allowed to clot, and then centrifuged at
3000 rpm for 15 min and serum separated for quantita-
tive determination of the following tests fasting glucose
(mg/dL), alkaline phosphatase (U/L), serum triglycer-
ides (mg/dL), cholesterol (mg/L), and GGT (IU/L) which
assessed by wet chemistry Bachman machine while
CRP (mg/L), IgE were measured by ELISA according to
manufacture instructions. We presented the population
characteristics of demographic, clinical, and laboratory
variables in mean=+ standard deviation (SD) and tested
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Table 1 Baseline  demographic, clinical, and laboratory
characteristics of cases and controls
Controls Cases Pvalue
N=101 N=100
Gender < 0.001
Males 63 (62.4%) 39 (39.0%)
Females 38 (37.6%) 61 (61.0%)
Age (years) 92+£33 11.0+£27 < 0.001
Age categories < 0.001
Children 78 (77.2%) 53 (53.0%)
Adolescents 23 (22.8%) 47 (47.0%)
BMI 26.1+£49 347 £57 <0.001
BMI for age and gender <0.001
Normal 14 (13.9%) 0 (0.0%)
Overweight 52 (51.5%) 19 (19.0%)
Obese 35 (34.7%) 81 (81.0%)
Fasting glucose (mg/dL) 1008 £ 160 1432+£303 <0.001
Diabetes <0.001
Normal 63 (62.4%) 6 (6.0%)
Prediabetes 32 (31.7%) 25 (25.0%)
Diabetes 6 (5.9%) 69 (69.0%)
Insulin (mIU/L) 46+£30 113+44 <0.001
CRP (mg/L) 51+£34 199 +£132 < 0.001
CRP categories <0.001
Normal 95 (94.1%) 18 (18.0%)
Elevated 6 (5.9%) 82 (82.0%)
IgE 2527 £103.1 20503 £843.8 <0.001
IgE categories <0.001
Normal 93 (92.1%) 5 (5.0%)
Elevated 8 (7.9%) 95 (95.0%)
Serum triglycerides (mg/dL) 1562+ 316 194.1 £38.1 <0.001
Triglycerides categories <0.001
Normal 51 (50.5%) 5 (5.0%)
Borderline high 32 (31.7%) 58 (58.0%)
High 18 (17.8%) 37 (37.0%)
Cholesterol (mg/L) 1637 £277 19844277 <0.001
Cholesterol categories <0.001
Normal 96 (95.0%) 66 (66.0%)
Borderline high 2 (2.0%) 21 (21.0%)
High 3(3.0%) 13 (13.0%)
Alkaline phosphatase (U/L) 1894 +468 22944898 < 0.001
Alkaline phosphatase 067
categories
Normal 87 (86.1%) 84 (84.0%)
Elevated 14 (13.9%) 16 (16.0%)
GGT (IU/L) 343495 547+ 199 <0.001
GGT categories < 0.001
Normal 54 (53.5%) 17 (17.0%)
Elevated 47 (46.5%) 83 (83.0%)
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the distribution difference using Student’s ¢ test for con-
tinuous variables; and presented categorical variables in
frequency (proportions) and examined the differences
using x* test. We calculated the coefficient of variation
(CV) for all continuous markers, as group mean/standard
deviation, by the three levels of AD (mild, moderate, and
severe) and the control group. We graphically display the
distributions of all the continuous markers by AD sever-
ity using box and whiskers plots. We considered 2-sided
p value < 0.05 statistically significant. The data were
analyzed using Stata Software (StataCorp. 2019. Stata
Statistical Software: Release 16. College Station, TX:
StataCorp. LLC).

Results

Our study recruited 100 AD cases and 101 controls.
Among the cases, the numbers of mild, moderate and
severe AD were 16 (16%), 34 (34%), and 50 (50%), respec-
tively. Compared to controls, children diagnosed with AD
were more likely to be females (61.0% vs 37.6%), older in
age (11.0 £ 2.7 vs 9.2 &+ 3.3) and had significantly higher
levels of body mass index (BMI) (34.7 £ 5.7 vs 26.1 +
4.9), fasting glucose (143.2 £ 30.3 vs 100.8 £ 16.0), serum
insulin (11.3 £+ 4.4 vs. 4.6 + 3.0), serum triglycerides
(194.1 & 38.1 vs 156.2 + 31.6), total cholesterol (198.4
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+ 27.7 vs 163.7 £ 27.7), alkaline phosphatase (229.4 +
89.8 vs. 189.4 + 46.8), and gamma-glutamyl transferase
(GGT) (54.7 £ 19.9 vs 34.3 £ 9.5) (Table 1). Specifically,
the serum C-reactive protein (CRP) level was approxi-
mately four times higher (19.9 £ 13.2 vs 5.1 £ 3.4) and
the immunoglobulin E (IgE) level was approximately 10
times higher (2050.3 £ 843.8 vs 252.7 £+ 103.1) in AD
cases than in controls, respectively. The distributions of
the continuous diabetes, lipids, and inflammatory mark-
ers displayed in the box and whiskers plots (Fig. 1) show
consistent positive dose-response relationship between
AD severity and level of the markers. Markers of serum
insulin, CRP, IgE, alkaline phosphatase, and GGT have
shown high variability (CV > 30%) across AD severity.

Discussion
In the current case-control study of children, 5-18 years
of age, we observed that AD cases have significantly
higher prevalence of diabetes and dyslipidemia com-
pared to children without AD. We found that biomarkers
of diabetes, lipids, inflammation (CRP and IgE), alkaline
phosphatase, and GGT have a positive dose-response
relationship with the presence and severity of AD.
Several studies have reported findings of positive asso-
ciation between diabetes and atopy that are consistent
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with our study [11, 16-18]. However, the association
between AD and diabetes was not conclusive in the liter-
ature. A large cohort of total 178,507 adults had showed
no positive or negative association between diabetes
and AD [12]. On the other hand, three European case-
control studies, including both children and adults, had
found that the two conditions were inversely associated
[19-21]. The most adopted hypothesis for this inverse
association is the T-helperl/2 (TH1/TH2) paradigm,
which proposed that AD protects patients from develop-
ing diabetes [22, 23]. However, findings by other studies
argued against the oversimplicity of this hypothesis, as
the pathogenesis of both conditions involves autoimmun-
ity components other than T cells, such as TH17, Tregs,
and NK T cells [24, 25]. Genetic predisposition supports
the positive association between AD and diabetes, as five
chromosomal loci were found to be shared by both con-
ditions (1921, 2q33, 5q31.1-q33.1, 6p21, and 11q13) [26].

We observed that inflammatory markers (CRP and IgE)
were significantly elevated in children with AD compared
to controls. Other pediatric studies had found that early
elevation of CRP is associated with lower risks of AD [10,
27] and decreases allergic sensitization in children [28].
However, multiple studies of adults with AD reported
similar findings as ours, and the overall evidence sup-
ports the systemic involvement of AD in immune
response [29, 30], even in the early stage of life, as shown
in our results.

Limitation of this study included the use of obser-
vational case-control study design and a small sample
size. However, given the relatively low prevalence of AD
among children (approximately 10%) and the challenge
of recruiting and following-up cases, a case-control study
is the most cost-efficient design for examining this topic
with our restricted resources.

Conclusion

We found a positive relationship of AD with both dia-
betes and hyperlipidemia among children, and positive
dose-response relationship of several non-traditional
biomarkers of CRP, GGT, and alkaline phosphatase with
the presence and severity of AD. Our findings provide
insights to hypothesis generation and risk factor identi-
fication for future research to protect children with AD.

Acknowledgements
To the patients and their guardians, no funding was received.

Authors’ contributions

All authors put the study design. Drs. Amal Ahmed Mohamed, Dina M
Bassiuny, and Naglaa Fawzy were responsible of sample assessments and lab
measurements. Drs. Eman M. Salah, Aliaa E.M. Daifullah, and Nermeen lbrahim
Bedair were responsible of dermatological examination and determination

of AD and severity. Drs. Ola Gamil Behairy and Mohamed F. Alsoda were
responsible of pediatric exam and BMI. Dr. Youssef Farag was responsible

Page 4 of 5

for statistical analysis. Drs. Nermeen Ibrahim Bedair and Youssef Farag were
responsible for literature review and preparing the draft for this manuscript. All
authors approved the manuscript for publishing.

Funding
No funding was received for this work.

Availability of data and materials

Dr. Amal Ahmed. had full access to all the data in the study and takes responsi-
bility for the integrity of the data and the accuracy of the data analysis. Data
and materials are available upon request.

Declarations

Ethics approval and consent to participate

Ethical committee of the National Research Institute of Hepatic Disease and
Tropical Medicine, approval serial 12/2018 was granted prior to the study
and consent was obtained the guardians of all participants. All participants
approved publication of the studies based on their data.

Consent for publication

Not applicable. All participants approved publication of studies based on their
data, this manuscript contains no individual details, images, or videos that
may require a special consent from any of the participants/guardians and this
is not a case report. All authors approved the manuscript for publishing.

Competing interests
All authors declare that they have no competing interests.

Author details

'Biochemistry Department, National Hepatology and Tropical Medicine
Research Institute, Cairo, Egypt. 2Department of Dermatology, Andrology,
Sexual Medicine and STDs, Faculty of Medicine, Helwan University, Cairo,
Egypt. >Clinical and Chemical Pathology, Faculty of Medicine, Cairo University,
Cairo, Egypt. *“Dermatology, Venerology and Andrology Department, Faculty
of Medicine, Benha University, Banha, Egypt. °Pediatric Department, Faculty
of Medicine, Benha University, Banha, Egypt. °Clinical and Chemical Pathology
Department, National Institute of Diabetes and Endocrinology, Cairo, Egypt.
’Pediatric and Neonatology Department, Ahmed Maher Teaching Hospital,
Cairo, Egypt. ®Department of Epidemiology, Johns Hopkins Bloomberg School
of Public Health, Baltimore, MD, USA.

Received: 21 September 2021 Accepted: 25 October 2021
Published online: 03 November 2021

References

1. Mrabet-Dahbi S, Maurer M (2011) Innate immunity in atopic dermatitis.
Curr Probl Dermatol 41:104-111

2. Boguniewicz M, Leung DY (2011) Atopic dermatitis: a disease of altered
skin barrier and immune dysregulation. Immunol Rev 242(1):233-246

3. El-Khateeb EA et al (2014) Prevalences of skin diseases among primary
schoolchildren in Damietta, Egypt. Int J Dermatol 53(5):609-616

4. El-Akhras A, Sonbol O, Khattab M (1992) Prevalence of skin diseases in
rural area. N Egypt J Med 6:844-849

5. Mostafa FF, Hassan AA, Soliman MI, Nassar A, Deabes RH (2012) Preva-
lence of skin diseases among infants and children in Al Shargia governo-
rate, Egypt. Egypt Dermatol Online J 8(1):4

6. El-Khateeb EA, Imam AA, Sallam MA (2011) Pattern of skin diseases in
Cairo, Egypt. Int J Dermatol 50(7):844-853

7. AliZetal (2018) Association between atopic dermatitis and the meta-
bolic syndrome: a systematic review. Dermatology 234(3-4):79-85

8. Wollina U (2018) Atopic dermatitis and the metabolic syndrome. Clin
Dermatol 36(1):62-66. https://doi.org/10.1016/j.clindermatol.2017.09.010
Epub 2017 Sep 8. PMID: 29241754

9. AliZ Suppli Ulrik C, Agner T, Thomsen SF (2018) Is atopic dermatitis
associated with obesity? A systematic review of observational studies. J
Eur Acad Dermatol Venereol 32(8):1246-1255. https://doi.org/10.1111/
jdv.14879 Epub 2018 Mar 9. PMID: 29444366


https://doi.org/10.1016/j.clindermatol.2017.09.010
https://doi.org/10.1111/jdv.14879
https://doi.org/10.1111/jdv.14879

Mohamed et al. Egypt Pediatric Association Gaz (2021) 69:34

20.

21

Silverberg JI (2015) Association between childhood atopic dermatitis,
malnutrition, and low bone mineral density: a US population-based
study. Pediatr Allergy Immunol 26(1):54-61

. Shalom G et al (2019) Atopic dermatitis and the metabolic syndrome: a

cross-sectional study of 116 816 patients. J Eur Acad Dermatol Venereol
33(9):1762-1767

Andersen YMF et al (2017) Adult atopic dermatitis and the risk of type 2
diabetes. J Allergy Clin Immunol 139(3):1057-1059

Fessler MB et al (2010) Relationship of serum cholesterol levels to atopy in
the US population. Allergy 65(7):859-864

Agon-Banzo PJ et al (2020) Body mass index and serum lipid profile:
association with atopic dermatitis in a paediatric population. Australas J
Dermatol 61(1):e60-e64

Hanifin JM, Rajka G (1980) Diagnostic features of atopic dermatitis. Acta
Derm Venereol Suppl (Stockh) 92:44-47

Silverberg JI, Greenland P (2015) Eczema and cardiovascular risk factors in
2 US adult population studies. J Allergy Clin Immunol 135(3):721-728 e6
Lin CH et al (2016) Childhood type 1 diabetes may increase the risk of
atopic dermatitis. Br J Dermatol 174(1):88-94

Fsadni P et al (2012) Correlation of worldwide incidence of type 1 dia-
betes (DiaMond) with prevalence of asthma and atopic eczema (ISAAC).
Clin Respir J 6(1):18-25

Thomsen SF et al (2011) Relationship between type 1 diabetes and
atopic diseases in a twin population. Allergy 66(5):645-647

Stene LC, Joner G, Norwegian Childhood G (2004) Diabetes study, atopic
disorders and risk of childhood-onset type 1 diabetes in individuals. Clin
Exp Allergy 34(2):201-206

EURODIAB Substudy 2. Infections and vaccinations as risk factors for
childhood type | (insulin-dependent) diabetes mellitus: a multicentre
case-control investigation. Diabetologia. 2000;43:47-53.

Page 5 of 5

22. Rabin RL, Levinson Al (2008) The nexus between atopic disease and auto-
immunity: a review of the epidemiological and mechanistic literature.
Clin Exp Immunol 153(1):19-30

23. Rosenbauer J, Herzig P, Giani G (2003) Atopic eczema in early childhood
could be protective against type 1 diabetes. Diabetologia 46(6):784-788

24. Sheikh A, Smeeth L, Hubbard R (2003) There is no evidence of an inverse
relationship between TH2-mediated atopy and TH1-mediated autoim-
mune disorders: lack of support for the hygiene hypothesis. J Allergy Clin
Immunol 111(1):131-135

25. GazitV et al (2008) Atopy in children and adolescents with insulin-
dependent diabetes mellitus. Isr Med Assoc J 10(12):858-861

26. Lee JKetal (2002) Genome-wide multilocus analysis for immune-medi-
ated complex diseases. Biochem Biophys Res Commun 295(4):771-773

27. Marschan E et al (2008) Probiotics in infancy induce protective immune
profiles that are characteristic for chronic low-grade inflammation. Clin
Exp Allergy 38(4):611-618

28. Mustonen K et al (2013) Inflammatory response and IgE sensitization at
early age. Pediatr Allergy Immunol 24(4):395-401

29. Vekaria AS et al (2017) Moderate-to-severe atopic dermatitis patients
show increases in serum C-reactive protein levels, correlating with skin
disease activity. F1000Res 6:1712

30. Wang J et al (2017) Identification of unique proteomic signatures in
allergic and non-allergic skin disease. Clin Exp Allergy 47(11):1456-1467

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com




	Metabolic and inflammatory biomarkers in children with atopic dermatitis (AD): a case-control study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Measurement of biomarkers
	Statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgements
	References


