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Introduction: Alopecia areata (AA) is an immune-mediated, non-scarring hair loss disorder that can 
begin in childhood. Data on comorbidities and biochemical risk factors in pediatric AA remain limited.

Objectives: To compare clinical comorbidities and biochemical parameters in pediatric patients with 
AA versus healthy controls.

Methods: This retrospective, matched case-control study included 200 pediatric AA patients and 400 
age- and sex-matched healthy controls. Clinical characteristics and comorbidities were obtained from 
patient records. Hemoglobin, ferritin, vitamin B12, and thyroid-stimulating hormone (TSH) levels 
were analyzed. Independent predictors were identified using multivariable logistic regression.

Results:  Vitiligo (3.5% vs. 0.5%; P=0.008), allergic asthma (9.5% vs. 3.8%; P=0.007), and  
attention-deficit/hyperactivity disorder (ADHD) (3.5% vs. 0.5%; P=0.008) were significantly more 
frequent in the AA group, whereas atopic dermatitis was more common but not statistically sig-
nificant. Hemoglobin levels were comparable. Serum vitamin B12 [233.5 (192.7–270.0) vs. 356.7  
(318.7–396.8) pg/mL; P<0.001] and ferritin [14.4 (6.5–22.3) vs. 19.4 (11.6–27.0) ng/mL; P<0.001] 
were significantly lower, and TSH levels were also reduced (3.40 ± 1.48 vs. 3.71 ± 1.50 mIU/L; 
P=0.017). Multivariable analysis identified low vitamin B12 (OR = 0.964, 95% CI: 0.958–0.970; 
P<0.001) and low ferritin (OR = 0.965, 95% CI: 0.944–0.988; P=0.003) as independent risk factors.

Conclusions: Pediatric AA is associated with vitiligo, asthma, ADHD, and reduced levels of ferri-
tin, vitamin B12, and TSH. These findings underscore the importance of comprehensive clinical and  
biochemical evaluation in pediatric AA.

ABSTRACT
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Introduction

Alopecia areata (AA) is a T cell–mediated non-scarring alo-

pecia directed against hair follicles, with a lifetime prevalence 

of approximately 2% [1,2]. Although its etiopathogenesis is 

not fully understood, genetic, autoimmune, environmental, 

and psychosocial triggers have been implicated [3,4]. In ad-

dition, imbalances in micronutrients essential for healthy 

hair follicle development have been discussed; in particular, 

ferritin and vitamin B12 deficiencies have been suggested as 

potential risk factors [5-8]. Moreover, increasing evidence 

indicates that the disease is not only dermatological but also 

associated with autoimmune, inflammatory, and psychiatric 

conditions [9-13].

In childhood, AA shows a higher prevalence compared 

to adults (1.92% vs. 1.47%), and 40% of cases begin be-

fore the age of 20 [14,15]. Pediatric AA may differ clinically 

from adult-onset AA in several aspects. It tends to progress 

to more resistant and extensive forms and to follow a re-

current course [16,17]. Furthermore, the comorbidity profile 

may differ between children and adults [18]. Childhood is 

also a period when associated conditions such as autoim-

mune thyroiditis may first manifest and when psychosocial 

vulnerability is greater [19-21]. In addition, physiological re-

quirements for micronutrients are increased during this stage 

[22]. Understanding the relationship of pediatric AA with 

comorbidities and biochemical characteristics may provide 

insight into its pathogenesis and allow more individualized 

treatment and holistic management. However, studies spe-

cifically investigating pediatric AA remain limited [23-25].

Objectives

The aim of this retrospective matched case-control study was 

to evaluate clinical comorbidities and biochemical param-

eters in pediatric AA patients and to compare the findings 

with healthy controls.

Methods

Ethical Approval

This study was approved by the Ethics Committee of Kar-

tal Dr.Lutfi Kırdar City Hospital (Approval Number: 

2024/010.99/9/19). The research was conducted in accor-

dance with the principles of the Declaration of Helsinki. Due 

to the retrospective design of the study, informed consent 

was waived by the ethics committee.

Study Design and Population

This retrospective matched case-control study included 200 

pediatric patients aged 0–18 years who were diagnosed with 

AA between 01 January 2014 and 30 August 2024.

The control group consisted of 400 children who pre-

sented consecutively to the dermatology outpatient clinic 

during the same period solely for routine health examina-

tions. None of these individuals had AA. Patients receiving 

systemic treatments that could affect laboratory results (e.g., 

vitamin B12, iron, iodine, systemic corticosteroids) were ex-

cluded from the study.

Controls were matched to cases by age and sex. All data 

were obtained from the hospital’s electronic medical record 

(EMR) system.

Study Variables and Definitions

Demographic data included age and sex. The diagnosis of 

alopecia areata was made by dermatologists based on clini-

cal features and trichoscopic findings. Clinical subtypes were 

classified according to dermatological examination findings 

as described in the literature: patchy AA was defined as lo-

calized, focal areas of hair loss on the scalp. alopecia totalis 

(AT) as complete scalp hair loss, and alopecia universalis 

(AU) as loss of scalp, facial, and body hair [26,27]. Nail 

changes (pitting, ridging, dullness, et cetera) were systemat-

ically recorded. Family history of AA was documented, and 

comorbidities were determined only if recorded as confirmed 

diagnoses by specialists.

Biochemical parameters included hemoglobin (Hb) as an 

indirect indicator of iron status, ferritin as a marker of iron 

stores, serum vitamin B12, and thyroid-stimulating hormone 

(TSH) levels, all of which were evaluated for their potential 

associations with AA. These parameters were chosen because 

their potential associations with AA have been reported in 

the literature, and they have biologically meaningful roles in 

hair follicle health and immune function [6,8].

Thyroid function was assessed only with TSH values, 

which are considered sufficient for screening according to 

current guidelines [28]. All tests were evaluated according to 

the reference ranges of the respective laboratory. Abnormal 

values were defined as follows: vitamin B12 <200 pg/mL, 

ferritin <15 ng/mL, and TSH <0.4 or >4.0 mIU/L. Hemo-

globin levels were interpreted based on age- and sex-specific 

reference ranges, and values below the lower limit were con-

sidered anemia.

Statistical Analysis

The normality of continuous variables was tested using the 

Kolmogorov–Smirnov test, and homogeneity of variances 

was evaluated with the Levene test. Continuous variables are 

presented as mean ± standard deviation or median (25th–

75th percentile), and categorical variables as number and 

percentage (%). Group comparisons for continuous vari-

ables were performed using the Student’s t-test if parametric 

assumptions were met, or the Mann–Whitney U test other-

wise. Categorical variables were analyzed using Pearson’s 
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χ² test. In 2 × 2 contingency tables, Fisher’s exact test was 

used when more than one quarter of the expected cell counts 

was <5; when expected counts were between 5 and 25, the  

continuity-corrected χ² test was applied.

To identify the most significant independent determi-

nants distinguishing cases from controls, multivariable logis-

tic regression analysis was performed. Variables with P<0.15 

in univariate analysis were included as candidate risk fac-

tors in the model. For each independent variable, odds ratios 

(ORs), 95% confidence intervals (CIs), and Wald statistics 

were calculated. All analyses were performed using IBM 

SPSS Statistics, version 25 (IBM Corp., Armonk, NY, USA). 

A two-tailed P<0.05 was considered statistically significant.

Results

Demographics

A total of 200 pediatric patients with AA aged 0–18 years and 

400 age- and sex-matched healthy controls were included in 

the study. The mean age was 13.2 ± 2.5 years in the AA group 

and 13.2 ± 2.4 years in the control group, with no statistically 

significant difference (P=0.972). The proportion of female par-

ticipants was also similar between groups: 55.5% in the AA 

group and 53.5% in the control group (P=0.643) (Table 1).

Clinical Characteristics

Among AA patients, 93.0% (N=186) had patchy alopecia, 

4.5% (N=9) had AT, and 2.5% (N=5) had AU. Nail changes 

were present in 10.5% (N=21) of the patients. A family his-

tory of AA was reported in 6.0% (N=12) (Table 1).

Comorbidities

Atopic dermatitis (AD) was more frequently observed in the 

AA group (10.0%, N=20) than in controls (6.0%, N=24), 

although the difference did not reach statistical significance 

(P=0.108). Allergic asthma was significantly more common 

in the AA group (9.5%, N=19 vs. 3.8%, N=15; P=0.007). The 

frequencies of vitiligo (3.5%, N=7 vs. 0.5%, N=2; P=0.008) 

and attention deficit hyperactivity disorder (ADHD) (3.5%, 

N=7 vs. 0.5%, N=2; P=0.008) were also significantly higher 

in the AA group compared with controls (Table 2). In addi-

tion, allergic rhinitis (1.0%, N=2 vs. 0.25%, N=1; P=0.562), 

depression (0.5%, N=1 vs. 0.25%, N=1; P=1.000), anxiety 

disorder (0.5%, N=1 vs. 0.0%, N=0; P=0.317), and ankylos-

ing spondylitis (0.5%, N=1 vs. 0.0%, N=0; P=0.317) were 

detected in only one or two cases and did not show a statis-

tically significant difference.

Laboratory Findings

Hemoglobin levels (mean ± SD) were comparable between 

the AA and control groups (12.9 ± 1.05 vs. 13.1 ± 1.03 g/dL; 

P=0.067). In contrast, serum vitamin B12 [median (IQR)] and 

ferritin [median (IQR)] levels were significantly lower in the 

AA group compared with controls [233.5 (192.7–270.0) vs.  

356.7 (318.7–396.8) pg/mL; P<0.001, and 14.4 (6.5–22.3) vs.  

19.4 (11.6–27.0) ng/mL; P<0.001, respectively]. Thy-

roid-stimulating hormone (TSH) levels (mean ± SD) were 

also significantly reduced in the AA group (3.40 ± 1.48 vs. 

3.71 ± 1.50 mIU/L; P=0.017) (Table 3).

Multivariate Logistic Regression Analysis

In multivariate logistic regression analysis, only serum  

Vitamin B12 (OR=0.964, 95% CI: 0.958–0.970; P< 0.001) 

and serum ferritin levels (OR=0.965, 95% CI: 0.944–0.988, 

P=0.003) showed a significant association with being in 

the AA group. Although vitiligo showed a notable odds 

ratio (OR: 7.648), it did not reach statistical significance 

(P=0.059) (Table 4).

Table 1. Demographic and clinical characteristics of cases in the control and case groups.

Controls (N=400) Cases (N=200) p-value OR (95% CI)

Age (years) * 13.2±2.4 13.2±2.5 0.972A 0.999 (0.932-1.071)

Sex

Male 186 (46.5%) 89 (44.5%) - 1.000

Female 214 (53.5%) 111 (55.5%) 0.643B 1.084 (0.771-1.525)

Disease subtype

Patchy alopecia - 186 (93.0%) n/a n/a

Alopecia totalis - 9 (4.5%) n/a n/a

Alopecia universalis - 5 (2.5%) n/a n/a

Nail changes - 21 (10.5%) n/a n/a

Family history - 12 (6.0%) n/a n/a

*Data were expressed as mean ± standard deviation. AStudent’s t test, BPearson’s χ² test. OR: Odds Ratio, CI: Confidence Interval,  
n/a: Not applicable.
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Table 2. Distribution of comorbid conditions in control and case groups.

Controls (N=400) Cases (N=200) p-value OR (95% CI)

Atopic dermatitis 24 (6.0%) 20 (10.0%) 0.108A 1.741 (0.937-3.234)

Vitiligo 2 (0.5%) 7 (3.5%) 0.008B 7.218 (1.485-35.071)

Allergic asthma 15 (3.8%) 19 (9.5%) 0.007A 2.694 (1.338-5.424)

ADHD 2 (0.5%) 7 (3.5%) 0.008B 7.218 (1.485-35.071)

Allergic rhinitis 1 (0.25%) 2 (1.0%) 0.259B 4.03 (0.36–44.7)

Anxiety disorder 0 (0.0%) 1 (0.5%) 0.333B 4.02 (0.13–120.3)

Ankylosing spondylitis 0 (0.0%) 1 (0.5%) 0.333B 4.02 (0.13–120.3)

Abbreviations: ADHD: Attention Deficit Hyperactivity Disorder. A Continuity‑corrected χ² test, B Fisher’s exact test. OR: odds ratio,  
CI: confidence interval.

Table 3. Laboratory findings in control and case groups.

Controls (N=400) Cases (N=200) p-value OR (95% CI)

Hemoglobin (g/dL)* 13.1±1.03 12.9±1.05 0.067A 0.858 (0.727-1.011)

Vitamin B12 (pg/mL)** 356.7 (318.7-396.8) 233.5 (192.7-270.0) <0.001B 0.964 (0.958-0.970)

Ferritin (ng/mL)** 19.4 (11.6-27.0) 14.4 (6.5-22.3) <0.001B 0.967 (0.951-0.983)

TSH (mIU/L)* 3.71±1.50 3.40±1.48 0.017A 0.870 (0.775-0.976)

Continuous variables were expressed as *mean ± standard deviation or **median (25th-75th) percentiles; as appropriate. AStudent’s t test,  
BMann Whitney U test. OR: odds ratio, CI: confidence interval.

Table 4. Multivariable logistic regression analysis of factors differentiating case and control groups.

OR 95% CI Wald χ² p-value

Atopic dermatitis 1.804 0.653-4.981 1.296 0.255

Vitiligo 7.736 0.941-63.599 3.623 0.057

Other atopic conditions 1.656 0.592-4.634 0.923 0.337

ADHD 2.849 0.375-21.657 1.024 0.312

Hemoglobin (g/dL) 1.100 0.833-1.452 0.450 0.502

Vitamin B12 (pg/mL) 0.964 0.958-0.970 141.592 <0.001

Ferritin (ng/mL) 0.965 0.943-0.988 9.121 0.003

TSH (mIU/L) 0.913 0.757-1.102 0.898 0.343

Abbreviations: ADHD: Attention Deficit Hyperactivity Disorder, OR: odds ratio; CI: confidence interval.

Subgroup Analysis Based on the Clinical Subtypes 
of Alopecia Areata

In the AA group (N=200), patchy alopecia was the most fre-

quently observed clinical subtype (N=186, 93.0%), followed 

by AT (N=9, 4.5%) and AU (N=5, 2.5%). No statistically 

significant difference was found between the subtypes in 

terms of mean age, sex distribution, nail involvement, fam-

ily history, atopic dermatitis, vitiligo, other atopic conditions 

(asthma, allergic rhinitis, and allergic conjunctivitis), or  

attention-deficit/hyperactivity disorder (ADHD) (P>0.05).

Discussion

In this retrospective case-control study, clinical and  

laboratory-based risk factors associated with pediatric AA 

were evaluated. In our cohort, the coexistence of vitiligo 

was significantly higher among pediatric AA patients. This 

finding is consistent with the approximately 3% prevalence 

reported in pediatric series and the increased risk described 

in large cross-sectional studies [18,29,30].

The association between AA and vitiligo has been ex-

plained at both immunological and genetic levels [31-35]. 

Autoimmune mechanisms are implicated in both diseases. 

In AA, melanocytes and keratinocytes within the hair folli-

cle are targeted, whereas in vitiligo, epidermal melanocytes 

represent the main target [32]. Furthermore, AA and vitil-

igo share common genetic susceptibility loci (e.g., CTLA4, 

PTPN22, IL2RA). This overlap highlights the role of the 

JAK/STAT pathway and specific cytokines (IL-2, IFN-γ) in 

both conditions [33-35].
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independent risk factor. This finding is consistent with the 

pediatric AA literature [57]. Ferritin reflects iron storage and 

also exerts antioxidant properties [58]. Low ferritin may be 

linked to the impaired oxidative balance reported in AA [57].

In our study, low serum vitamin B12 levels were inde-

pendently associated with pediatric AA. Similar results have 

been reported by Kundak et al. in pediatric populations [59]. 

By contrast, studies in general AA populations have not con-

sistently demonstrated such an association [60-61]. Vitamin 

B12 is essential for DNA synthesis and proliferation of hair 

matrix cells [62,63]. In addition, it exerts antioxidant effects 

through homocysteine metabolism and modulates immune 

cell function via methylation pathways [64,65]. Consider-

ing the increased physiological demands and immunological 

differences specific to childhood, deficiencies in ferritin and 

vitamin B12 may be particularly relevant to both follicular 

biology and the immunopathogenesis of AA. The retrospec-

tive design of the study does not allow establishing a causal 

relationship between low ferritin and vitamin B12 levels and 

AA. Larger, prospective studies are needed to evaluate the 

impact of correcting these parameters on clinical outcomes 

and disease prognosis. Similarly, within the same method-

ological limitations, the results of this study do not support 

recommending changes in clinical practice, such as obtaining 

blood samples from all pediatric patients.

TSH levels were lower in the AA group. Previous stud-

ies have also reported associations between AA and thyroid 

disorders in both pediatric and general AA populations 

[24,66-68]. To clarify this relationship in children, prospec-

tive studies are needed that incorporate confounding factors 

as well as antithyroid antibodies and additional thyroid hor-

mone parameters.

No significant difference was observed among AA sub-

types in terms of demographic characteristics, nail involve-

ment, family history, or comorbidities. This may be related 

to the limited number of AT and AU patients in our cohort. 

Nevertheless, it may also suggest that despite the clinical 

heterogeneity of AA, underlying pathogenic mechanisms are 

largely shared across subtypes.

Limitations

Our study has several limitations. The retrospective,  

single-center design may limit the generalizability of the find-

ings. Laboratory parameters could have been influenced by 

unmeasured confounders such as nutritional status and prior 

infections. Furthermore, as the laboratory parameters were 

obtained retrospectively, the samples were collected at differ-

ent time points and may have been analyzed using different 

instruments or calibration protocols, potentially introducing 

measurement variability. This variability should be acknowl-

edged as a limitation that may restrict the interpretability 

of the observed biochemical differences. In addition, thyroid 

In the present study, atopic dermatitis (AD) was the most 

frequent comorbidity; although more common in the AA 

group compared with controls, the difference was not statis-

tically significant. Prior studies, however, consistently report 

AD as the most common comorbidity in pediatric AA, with 

prevalence ranging from 17% to 33%, markedly higher than 

in the general population [18,36]. Differences between our 

findings and previous reports may be explained by sample 

size, reliance on retrospective diagnostic records, and demo-

graphic variation.

The increased risk of AD in AA has been linked to filag-

grin mutations, suggesting a shared genetic background [37]. 

Moreover, recent evidence indicates that Th2-predominant 

AA subtypes may be associated with AD. Elevated IL-13 

levels detected exclusively in atopic AA patients and better 

clinical responses to IL-4 receptor inhibitors in atopic pheno-

types further support this relationship [38-41].

Allergic asthma was significantly more common in the 

AA group. This observation is in line with prior studies re-

porting up to 20% prevalence and approximately a two-

fold increased risk of asthma among pediatric AA patients 

[36,42-46]. Interestingly, this risk has been found to be even 

higher than that reported in some adult AA populations  

[44-46]. Mendelian randomization analysis by Wen Xu et 

al. demonstrated a direct causal association between AA and 

allergic diseases, implicating Th2 pathways [47]. These cyto-

kines may promote hair loss by enhancing T-cell infiltration 

around the hair follicle [43]. The higher asthma risk in pedi-

atric than in adult AA patients may reflect both the greater 

prevalence of atopic diseases in childhood and developmen-

tal differences in immune responses.

With regard to psychiatric comorbidities, prior studies 

have shown that children with AA are more likely than the 

general population to present with anxiety, depression, and 

ADHD [48-50]. In our study, no significant difference was 

observed for depression and anxiety. This may be explained 

by diagnostic challenges in pediatric age, including limited 

verbal expression, reduced awareness, and small sample size. 

By contrast, ADHD was significantly more frequent in the 

AA group. This finding is consistent with a large Taiwan-

ese cohort study reporting an approximately 30% increased 

risk of AA in children with ADHD [51]. Shared inflamma-

tory processes (e.g., elevated IL-6, TNF-α, CRP) and HLA 

gene polymorphisms (HLA-DR4, HLA-DRB1) may provide 

a biological basis for this association [51-53]. Furthermore, 

ADHD symptoms such as impulsivity and difficulty remain-

ing seated in class are more easily recognized by parents and 

teachers, potentially leading to earlier referral and diagnosis. 

This may explain why ADHD was the most common psychi-

atric comorbidity identified in our cohort [54-56].

No association was observed between hemoglobin 

levels and AA; however, low ferritin levels emerged as an 
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function was assessed solely by TSH, without inclusion of 

fT4, fT3, or antithyroid antibodies. Finally, disease severity 

could not be evaluated using the SALT score.

Conclusion

Our findings revealed significant associations between pe-

diatric AA and low ferritin, vitamin B12 deficiency, reduced 

TSH levels, vitiligo, allergic asthma, and ADHD. The obser-

vation that vitamin B12 deficiency, an association inconsis-

tently demonstrated in adult series, was significant only in 

this pediatric cohort is noteworthy. Although the retrospec-

tive design precludes causal inference, reliance on clinical 

records rather than self-report represents a methodological 

strength. Due to the limitations of the retrospective design, 

these findings do not support routine laboratory evaluation 

for all pediatric patients with AA. These findings may guide 

dermatologists to broaden laboratory assessments when 

appropriate, tailor treatment plans accordingly, and collab-

orate in a multidisciplinary manner in the management of 

pediatric AA.
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