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Abstract
Objectives: Post-viral alopecia is a prevalent sequela of SARS-CoV-2 infection, yet its

biochemical correlates remain poorly defined. This study aimed to elucidate the
hematological and metabolic parameters associated with hair loss in patients with a history
of COVID-19 compared to unexposed controls.

Materials and Methods: This retrospective case-control study included 366 adult
outpatients presenting with alopecia (101 with prior SARS-CoV-2 infection; 265 without).
Comprehensive clinical and laboratory data, encompassing blood counts, biochemical
panels, and thyroid indices, were evaluated. Data were subjected to univariate and
multivariable logistic regression models. A stringent Bonferroni correction was applied.
Results: Univariate comparisons revealed significantly elevated serum iron, AST, and MCV
levels, alongside altered thyroid profiles in the COVID-19 (+) cohort (p < 0.05). However,
following multivariable adjustment for baseline confounders, notably a paradoxically higher
chronic comorbidity burden in the control group, the initial significance of these parameters
was attenuated. Serum iron remained a robust, strictly hypothesis-generating, associative
marker (p < 0.001), whereas TSH showed a marginal trend (p = 0.058).

Conclusion: The biochemical footprint of post-COVID-19 hair loss highlights altered iron
homeostasis rather than sustained, broad-spectrum systemic inflammation. While our
findings are hypothesis-generating rather than mechanically definitive due to the
retrospective design, they underscore the clinical utility of targeted metabolic screening in
primary care to optimize post-viral alopecia management.

Keywords: Post-COVID-19, hair loss, telogen effluvium, biomarkers, iron, TSH.
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Introduction

The COVID-19 pandemic has generated a broad spectrum of lingering sequelae, with non-

scarring hair loss (HL), predominantly telogen effluvium (TE)

emerging as a frequent complication. Although the precise pathophysiology linking SARS-
CoV-2 to HL remains to be fully elucidated, stress, systemic inflammation, hormonal
dysregulation, and metabolic shifts are hypothesized as main factors.2 Non-scarring
alopecias include alopecia areata, androgenetic alopecia, traction alopecia, tinea capitis,
anagen effluvium, and telogen effluvium (TE), are those that do not cause permanent damage

to the hair follicle.3

Despite the surge in recent literature, the mechanisms underlying the persistence of post-
COVID-19 alopecia remain partially defined.3* While hematological alterations have been
documented in acute COVID-19, the role of pre-existing systemic factors in exacerbating
post-viral hair loss lacks thorough investigation.> This study addresses this gap by evaluating
specific biomarkers to elucidate the biological stressors involved, potentially informing

more targeted clinical management strategies.

The biomarkers evaluated in this analysis serum iron, aspartate aminotransferase (AST),
and thyroid hormones were selected based on their established associations with follicular
homeostasis. While iron is fundamental for hair growth, aberrant elevations may reflect
systemic oxidative stress, which is hypothesized to impair follicular function.® Furthermore,
AST was included as a potential surrogate for systemic or hepatic stress—states frequently
documented in SARS-CoV-2 infection, which may indirectly correlate with hair health.3
Similarly, thyroid-stimulating hormone (TSH) and thyroxine (T4) were monitored to
evaluate the impact of thyroid dysregulation, a recognized physiological trigger for hair cycle

disruption.2

This study evaluates these biomarkers in a cohort of hair loss patients with a prior history

of SARS-CoV-2 infection, compared to a control group of HL without such exposure. By
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examining these parameters, we aim to elucidate the biological associations between prior
infection and subsequent hair loss dynamics, potentially informing future clinical

interventions and patient care.

Materials and Methods

Study participants

The study was conducted with data from patients who presented to the dermatology

outpatient clinics with complaints of HL, esp. TE between April 1, 2020, and August 31, 2022.

Study population

Assuming a moderate effect size (Cohen’s d = 0.6), a 5% significance level (two-tailed), and
80% power, with a 1:2 case-to-control ratio, a minimum of 38 cases and 76 controls (total n
= 114) was required for adequate statistical power using the Mann-Whitney U test. Our final
sample included 101 cases and 265 controls (total n = 366), and the final sample (n = 366)

exceeded this requirement.

The study population comprised patients aged 18 years and older who presented to the
dermatology outpatient clinics with primary complaints of HL between April 1, 2020, and

August 31, 2022. Participants were categorized into two groups:

1. Case Group: Individuals with a documented history of SARS-CoV-2 infection, confirmed
either by a positive PCR test or clinical diagnosis (ICD-10 codes U07.1, U07.2) within the six

months preceding their dermatological consultation.

2. Control Group: Individuals presenting with HL who had no documented history of SARS-

CoV-2 infection.

Comparative analysis of the study cohorts demonstrated no statistically significant

differences regarding age, sex, or alopecia subtype (p > 0.05). Notably, the prevalence of
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chronic comorbidities was marginally higher in the control group (p = 0.046) (Table 1).
Exclusion criteria comprised age under 18 years, incomplete medical records, history of
chemotherapy or radiotherapy within the preceding year, diagnosis of acute tinea capitis,
and concurrent treatment for alopecia at the time of enrollment. The systematic flowchart

detailing the patient selection process is presented in Figure 1.

Adult patients presenting to the dermatology outpatient
clinic with alopecia complaints (April 2020 — August 2022)
(n=6,352)

Patients requiring laboratory evaluation | i *Excluded (n=2,581): No requirement for further
(n=3,771) ! laboratory evaluation*

I S .

. . i *Excluded (n=3,405):
Patients assess(ed for ;tudy eligibility | ____ »! - Incomplete medical records (n=3,354)
n=366

| - Age <18 years (n=48)
l | - Diagnosis of Alopecia Areata (n=1) or Universalis (n=2)*

Total Patients Included (n=366)

7 ;

Case Group Control Group
(Confirmed prior SARS-CoV-2 infection; n=101) (No prior SARS-CoV-2 infection; n=265)

Figure 1. Systematic patient selection flowchart according to study criteria

Study design and Measurements

This study was designed as a single-center, retrospective case-control study to assess the
association between prior SARS-CoV-2 infection and various HL etiologies, focusing on
telogen effluvium. Reporting followed the STROBE (Strengthening the Reporting of

Observational Studies in Epidemiology) guidelines for case-control studies.

The outcome of interest was standardized by categorizing HL based on ICD-10 codes (L65.0,
L63, L64), primarily focusing on Telogen Effluvium, which is the expected post-viral
manifestation. Demographic information, comorbidities, and laboratory variables were
extracted from the hospital’s electronic health records and cross-referenced with national

health databases. The recorded data included hemogram parameters (WBC, HGB, HCT, MCV,
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RDW, PLT, MPV, NEU, LYM) and biochemical markers (urea, creatinine, AST, ALT, TSH, fT4,
vitamin B12, folate, ferritin, iron, and total-binding iron capacity). All laboratory parameters
were evaluated according to the standard reference intervals established by our institutional
central laboratory. Specifically, the reference ranges were defined as follows: serum iron
(60-170 pg/dL), AST (0-35 U/L), TSH (0.4-4.0 mIU/L), and MCV (80-100 fL). In the case
group, blood samples were generally obtained within 1-6 months following COVID-19
diagnosis. The onset of HL was typically reported within 2-12 weeks prior to the
dermatology visit, consistent with the expected latency period of telogen effluvium HL onset,
and blood sampling varied among patients. To reduce variability, the laboratory data closest

to the initial dermatological consultation were prioritized for analysis.

Ethical Approval and Informed Consent

The study was approved by the University of Health Sciences Ankara Diskapi Yildirim
Beyazit Training and Research Hospital ethics committee (Protocol No 140/34,20.06.2022)
and conducted in accordance with the 1964 Helsinki Declaration and its subsequent
amendments. Written informed consent was obtained from all participants before their

enrollment.

Statistical analysis

Statistical analyses were performed using the IBM SPSS 20.0 statistical software package.
Data normality was assessed via the Shapiro-Wilk normality test and Q-Q plots; group
variance homogeneity was checked via Levene's homogeneity test. Power analysis
(calculated using G*Power) indicated that a total sample of 114 participants (1:2 ratio) was
required to detect a moderate effect size (Cohen’s d = 0.6) with 80% power at alpha = 0.05.
Continuous variables are presented as mean * standard deviation or median (interquartile
range [IQR]) based on normality; categorical variables are expressed as frequencies and
percentages. Missing values for TSH (n=1), B12 (n=1), folate (n=6), and ferritin (n=1) within
the 366-patient cohort were addressed via median imputation to preserve statistical power

and mitigate outlier influence in multivariate modeling. Furthermore, laboratory parameters
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were standardized to ensure analytical consistency. A p-value less than 0.05 was considered
statistically significant. For univariate comparisons, the Mann-Whitney U test and Chi-
square test were utilized. Predictors of prior SARS-CoV-2 infection were assessed across 22
clinical and laboratory parameters using univariate logistic regression. To counteract Type
[ error inflation from multiple comparisons, a Bonferroni correction was applied,
establishing a strictly adjusted significance threshold of p < 0.00227 (0.05/22). To ensure
comprehensive adjustment for potential confounders within the multivariate logistic
regression framework, variable selection was guided by the Hosmer-Lemeshow criterion.
Specifically, candidate predictors that demonstrated a potential association in the
preliminary univariate analysis at a liberal significance threshold of p < 0.25 were selected
for inclusion. Consequently, age, serum iron, and TSH were incorporated into the final

multivariate model.

Results

A total of 366 participants (101 cases and 265 controls) were included in the study. The
descriptive analysis is outlined in Table 1. Preliminary univariate analysis (Table 1) revealed
no statistically significant differences between the case and control groups regarding gender,
age distribution, or specific HL subtypes (p > 0.05 for all), except for chronic diseases in the
case group (x2: 3.984; p = 0.046). To rigorously address the potential confounding
introduced by different alopecia phenotypes, a dedicated subgroup analysis was restricted
to patients explicitly diagnosed with Telogen Effluvium (L65, n=296). Within this
homogeneous TE cohort, serum iron levels remained robustly and significantly elevated in
the prior SARS-CoV-2 infection group (n=81) compared to the uninfected controls (n=215)
[p <0.001 (Mann-Whitney U test), confirming that this biochemical alteration is intrinsically

linked to the post-viral TE presentation rather than diagnostic heterogeneity.
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Table 1. Baseline Demographic and Clinical Characteristics of the Study Population

Control Group Case Group (COVID- 2 —value
(COVID-19 Negative) 19 Positive) X P
Variables n % n %
Female 207 71,6 82 28,4
Sex 0,252 0,616
Male 58 75,3 19 24,7
<25 102 75,0 34 25,0
Age group 26-35 77 72,6 29 27,4 1,039 0,595
> 35 86 69,4 38 30,6
Yes 62 64,6 34 35,4
Comorbidities 3,984 0,046
No 203 75,2 67 24,8
L63* 35 71,4 14 28,6
Alopecia L64* 14 700 6 30,0 0,097 0,953
Subtype
L65* 216 72,7 81 27,3

*L63: Alopecia Areata, L64: Androgenetic Alopecia, L65: Non-Scarring Hair Loss, x2: Chi-

square, p<0.05 is considered statistically significant.

A prior diagnosis of COVID-19 was significantly associated with higher levels of AST and TSH,
as well as lower levels of T4 (p < 0.05 for each). Additionally, the study discovered that serum
iron measurements were notably higher in HL patients who had experienced COVID-19 (p <
0.001). A comparative analysis of biochemical and hematological markers is detailed in

Tables 2 and 3.
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Table 2. Comparison of Laboratory Parameters Between COVID-19 (+) and Control Groups

Control  Group Case Group
(CoviD-19 (CovID-19 x2 p
Parameter n % Negative) Positive)
n % n %
Urea (17 - 43 Low 37 10,1 29 78,4 8 21,6 1,947 0,378
mg/dL)
Normal 320 87,4 231 72,2 89 27,8
High 9 2,5 5 55,6 4 44,4
Creatinine (0.5-  Low 14 3,8 11 78,6 3 21,4 0,423 0,809
1.2 mg/dL)
Normal 343 93,7 247 72,0 96 28,0
High 9 2,5 7 77,8 2 22,2
AST (0-35U/L) Low - - - - - - 5403 0,020
Normal 356 97,3 261 73,3 95 26,7
High 10 2,7 4 40,0 6 60,0
ALT(0-35U/L) Low - - - - - - 0,060 0,806
Normal 339 92,6 246 72,6 93 27,4
High 27 7,4 19 70,4 8 29,6
TSH (0.4-4.0 Low 1 0,3 0 0,0 1 100,0 6,215 0,045
mlU/L)
Normal 349 95,4 247 74,0 87 26,0
High 5 1,4 18 58,1 13 41,9
fT4 (0.93 - 1.70 Low 12 3,3 4 33,3 8 66,7 9,579 0,008
ng/dL)
Normal 349 95,4 257 73,6 92 26,4
High 5 1,4 4 80,0 1 20,0
Vitamin B12 (197 Low 24 6,6 20 83,3 4 16,7 1,542 0,463
- 771 pg/mL)
Normal 331 90,4 237 71,6 94 28,4
High 11 3,0 8 72,7 3 27,3
Folate (3.1-17.5 Low 11 3,0 6 54,5 5 45,5 2,704 0,259
ng/mL)
Normal 348 95,1 255 73,3 93 26,7
High 7 1,9 4 57,1 3 42,9

*AST: Aspartate Aminotransferase Test, ALT: Alanine Aminotransferase Test, TSH: Thyroid-stimulating

hormone, x2: Chi-square, p<0.05 is considered statistically significant
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Regarding hematological indices, although the median MCV was similar between the case
group (86.9, IQR: 83.3-89.7) and the control group (86.6, IQR: 83.9-88.9) (p = 0.554).
However, a categorical analysis of MCV (low, normal, high) revealed significant differences

between groups (x2=11.080, p=0.004)(Table 3).

Table 3. Comparison of Laboratory Parameters Between COVID-19 (+) and Control Groups-2

Control Group Case Group
(COVID-19 (COVID-19
Parameters n % Negative) Positive) x2 p
n % n %
Low 107 29,2 78 72,9 29 27,1
Ferritin (13-400 Normal 250 683 181 72,4 69 27,6 0,161 0,923
ng/mL)
High 9 2,5 6 66,7 3 33,3
Low 202 55,2 168 83,2 34 16,8
Serum Iron (60-
170 pg/dL) Normal 164 44,8 97 59,1 67 40,9 26,141 <0.001
High - - - - - -
Low 3 0,8 2 66,7 1 33,3

Total Iron-Binding
Capacity (TIBC) Normal 290 79,2 212 73,1 78 26,9 0,356 0,837
(250-450 pg/dL)

High 73 19,9 51 69,9 22 30,1
Low - - - - - -
WBC (4.5-11.0x Normal 354 967 259 73,2 95 26,8 3,177 0,077
10°/uL)
High 12 33 6 50,0 6 50,0
Low 28 7,7 22 78,6 6 21,4
HGB (12.0-16.0 Normal 322 88,0 232 72,0 90 28,0 0,660 0,719
g/dL)
High 16 44 11 68,8 5 31,2
Low 13 36 10 76,9 3 23,1
HTC (36-46%) Normal 312 85,2 223 71,5 89 28,5 0,922 0,631
High 41 11,2 32 18,0 9 22,0
Low 8 2,2 5 62,5 3 37,5
MCV (80-100 fL) Normal 354 967 260 73,4 94 26,6 11,080 0,004
High 4 1,1 0 0,0 4 100,0
Low 66 18,0 46 69,7 20 30,3 0,312 0,856
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RDW (115 - Normal 292 79,8 213 72,9 79 271
14.5%) High 8 2,2 6 75,0 2 25,0
Low - . . . - -
PLT (150-
400x10%/uL) Normal 335 915 244 728 91 27,2 0,368 0,544
High 31 8,5 21 67,7 10 32,3
Low - - - - - -
MPV (7.4-104fL)  Normal 338 923 245 72,5 93 27,5 0,014 0,904
High 28 7,7 20 714 8 28,6
Low - . . . - -
NEU (2.0-7.0 .
Y10%/L) Normal 358 97,8 261 72,9 97 271 0,224
High 8 2,2 4 50,0 4 50,0
Low - . . . - -
LYM (1.0-4.0 Normal 300 82,0 218 727 82 27,3 0,008 0,930
x10°/uL)
High 66 18,0 47 71,2 19 18,8
Total (n) 366 1000 265 72,4 101 276

*Fisher’s Exact Test, y2: Chi-square, p<0.05 is considered statistically significant.
WBC: White Blood Cell, HGB: Hemoglobin, HTC: Hematocrit, MCV: Mean Corpuscular Volume,
RDW: Red Cell Distribution Width, PLT: Platelet, MPV: Mean Platelet Volume, NEU: Neutrophil,
LYM: Lymphocyte

Univariate analysis revealed that serum iron was the sole parameter significantly associated
with prior SARS-CoV-2 infection. Notably, this association retained its significance even after
the application of the highly conservative Bonferroni correction (p=0.000054), thereby

demonstrating the profound statistical robustness of this relationship. (Table 4)
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Table 4. Univariate Logistic Regression Analysis of Selected Parameters Associated with

Prior SARS-CoV-2 Infection

Variable 0Odds Ratio (OR) 95% CI p-value
Serum Iron 1.001 1.0005 - 1.0015 <0.001*
TSH 1.158 0.9914 - 1.3529 0.064
Age 1.011 0.9927 - 1.0313 0.224
AST 1.015 0.9880 - 1.0442 0.267
Urea 1.017 0.9834 - 1.0527 0.317
Sex (Male) 0.826 0.4640 - 1.4736 0.519
Ferritin 1.001 0.9970 - 1.0053 0.577

OR: Odds Ratio; CI: Confidence Interval; TSH: Thyroid-Stimulating Hormone; AST: Aspartate

Aminotransferase; p < 0.05 is considered statistically significant.

*Indicates the variable that retained statistical significance following Bonferroni correction
(adjusted threshold: p < 0.00227). All other hematological and biochemical indices failed to
reach statistical significance (p > 0.50)

The independent biomarkers demonstrating clinical and statistical relevance based on prior

SARS-CoV-2 infection were illustrated in Figure 2.

In the multivariable logistic regression model, serum iron remained independently
associated with prior SARS-CoV-2 infection after adjusting for age and TSH (aOR = 1.001;
95% CI, 1.0005-1.0015; p < 0.001). TSH exhibited a trend toward marginal significance (p =
0.058). Although the odds ratio for serum iron reflects a per-unit increment, it signifies a
clinically relevant cumulative effect, as a 50-unit discrepancy corresponds to an approximate

5% shift in relative risk.
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(A) Distribution of Serum Iron Levels (B) Distribution of TSH Levels
(p < 0.007) (p = 0.058)
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Figure 2. Box-and-strip plots of laboratory parameters demonstrating clinical and statistical relevance based
on prior SARS-CoV-2 infection. Red horizontal bars represent median values, while box boundaries denote the
interquartile range (IQR; 25th and 75th percentiles). (A) Serum iron levels were significantly elevated in the
COVID-19 (+) participants (B) TSH measurements exhibited a marginal trend toward differentiation between

the groups

Discussion

This study aimed to investigate the relationship between COVID-19 infection and HL. The
present study suggests that serum iron levels may serve as an independent biochemical
correlate in HL patients with a prior history of SARS-CoV-2 infection. This observed
association demonstrated notable statistical robustness, persisting not only through
stringent Bonferroni correction for multiple comparisons but also remaining significant

within multivariable models adjusted for potential confounders such as age and TSH.

Hair loss following COVID-19 is a widely reported phenomenon that encompasses a
heterogeneous spectrum of clinical diagnoses. While it frequently presents with features
consistent with TE, the viral prodrome has also been linked to the exacerbation of
androgenetic alopecia and the relapse of alopecia areata.2’8 Diffuse HL and especially TE is
typically observed within weeks to months following the infectious episode in this

context.?10 Given this diagnostic heterogeneity, post-viral alopecia is more accurately
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conceptualized as a broad clinical manifestation rather than a singular, uniformly driven
entity.”8 The inclusion of diverse phenotypes, such as Alopecia Areata (L63) and
Androgenetic Alopecia (L64) alongside Telogen Effluvium (L65), mirrors the inherently
heterogeneous nature of post-viral alopecia. SARS-CoV-2-precipitated systemic
inflammation and metabolic stress do not merely induce acute TE; they can also exacerbate
alternative hair loss modalities via immune dysregulation and follicular microinflammation.
Consequently, investigating this expansive spectrum provides a more comprehensive

framework for capturing the real-world clinical landscape encountered in primary care.

Consequently, any accompanying biochemical or hematological alterations may largely
reflect transient, generalized physiological responses to the preceding infection, rather than

functioning as independent, causative drivers of the HL process.

Serum higher iron measurements were demonstrated to have a significant correlation with
prior SARS-CoV-2 infection. A notable limitation of our study design is the utilization of a
control group consisting of individuals with pre-existing alopecia rather than healthy, non-
alopecic subjects. Because the biomarkers under investigation, such as iron and thyroid
indices, are intrinsically linked to follicular dysregulation, accurately discerning the specific
pathogenetic impact of the virus is inherently complex. Despite this confounding baseline,
the associative risks identified within our logistic regression framework underscore a
potential virus-driven metabolic shift that warrants careful clinical consideration. Rather
than indicating improved iron status, these elevations likely reflect inflammation-induced
dysregulation, where pro-inflammatory cytokines impair iron sequestration. This shift may
trigger a premature transition of hair follicles into the telogen phase.1011 However, since
laboratory assessments in our cohort were conducted at highly variable intervals (1 to 6
months) post-infection, biological inferences regarding iron metabolism must be interpreted
with caution. Serum iron is profoundly time-dependent and heavily influenced by fluctuating
acute-phase responses during post-infectious recovery.l2 While previous studies have

reported an association with iron deficiency and HL in COVID-19.1314 consequently, the
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observed elevations may largely represent transient acute-phase reactions rather than a

persistent or direct mechanistic driver of follicular disruption.

Another notable finding was the elevated TSH levels observed in patients with a prior SARS-
CoV-2 infection. This aligns with literature suggesting that thyroid dysfunction may develop
following COVID-19 due to immune-mediated thyroid inflammation.2 Nevertheless, the
interpretation of thyroid panel alterations is intrinsically limited by our study's temporal
heterogeneity. Thyroid hormones are sensitive to non-thyroidal illness syndrome and
undergo significant fluctuations during acute and convalescent phases. Given the variable
timeline between viral clearance and blood sampling, the observed TSH elevations might
reflect disparate stages of post-viral endocrine recovery rather than a uniform

pathophysiological trigger for premature telogen transition. 17.18

Post-viral sequelae, systemic inflammation, and oxidative stress have been hypothesized to
influence proteoglycan metabolism, which plays a supportive role in maintaining the anagen
phase of the hair cycle. It is plausible that such metabolic disturbances may indirectly
contribute to the prolonged HL observed following SARS-CoV-2 infection.1® Concurrently,
the marginal TSH elevation observed in the multivariable model warrants cautious
interpretation. Given the heterogeneous timing of laboratory assessments, this subtle
endocrine fluctuation likely reflects transient post-infectious systemic stress rather than a
direct mechanistic trigger for HL. Consequently, this relationship remains strictly associative

and necessitates prospective investigation within the long COVID-19 framework.!

Elevated AST levels in the case group, while not directly attributable to HL in extant
literature, suggest possible liver dysfunction or systemic inflammation. AST is a marker of
liver stress, which has been reported in COVID-19 patients due to widespread inflammatory
damage.2021 Nonetheless, AST is a highly dynamic enzyme with a time-dependent serum
half-life. Given the broad window of laboratory assessment relative to the onset of SARS-
CoV-2 infection and subsequent HL, these elevated levels might represent recovering acute
hepatic injury from the viral prodrome.21 Therefore, projecting a definitive mechanistic link
between transient transaminitis and delayed HL remains methodologically challenging.22.23
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Although serum iron demonstrated a robust independent association and TSH exhibited a
marginal trend in our models, these retrospective observations remain strictly hypothesis-
generating and necessitate prospective validation. Furthermore, our cohort was
predominantly composed of mild-to-moderate COVID-19 cases, a clinical demographic in
which profound hematological dysregulation is intrinsically less frequent.24# This milder
disease trajectory, coupled with the previously discussed temporal heterogeneity in
laboratory sampling, likely accounts for the absence of significant variations in established
systemic inflammatory indices, such as the neutrophil-to-lymphocyte (NLR) and platelet-to-

lymphocyte (PLR) ratios.2>

Another notable methodological constraint is the wide temporal variability (1 to 6 months)
concerning laboratory sampling following the initial SARS-CoV-2 infection. Because
biomarkers such as serum iron and thyroid indices are highly dynamic and exquisitely
sensitive to the resolving phases of systemic inflammation (e.g., convalescent acute-phase
responses or non-thyroidal illness syndrome), this lack of temporal standardization
precludes the establishment of definitive causality. The observed biochemical fluctuations
may therefore represent disparate stages of post-viral physiological recovery rather than a

stable, uniform pathogenic trigger for alopecia.

Additionally, a nominal elevation in mean corpuscular volume (MCV) was observed among
patients with a history of SARS-CoV-2. Rather than indicating a persistent hematological
defect, this observation might reflect transient, inflammation-induced alterations in
erythropoiesis.2¢ In a parallel context, systemic immune activation following vaccination has
also been implicated in episodes of HL.%10 Although the literature suggests that infection-
induced alopecia is generally more severe than its vaccine-induced counterpart, presumably
mirroring a more intense inflammatory cascade, we could not adjust for this variable. Since
our data collection predated widespread immunization initiatives, vaccination status

constitutes an unassessed confounder in the present analysis.

Furthermore, the absence of significant differences across the remaining biochemical

parameters is likely a direct consequence of the aforementioned temporal heterogeneity in
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laboratory sampling. Because these systemic markers are inherently time-dependent and
highly sensitive to varying stages of post-infectious recovery, future investigations must
strictly standardize evaluation timelines while robustly controlling for confounding
variables, including specific pharmacotherapies (e.g., corticosteroids, antivirals), baseline

comorbidities, and psychosocial stress.

Importantly, the multivariate logistic regression model, adjusted for age, sex, and chronic
comorbidities, demonstrated that no clinical or biochemical variables remained as
independent predictors of previous SARS-CoV-2 infection. While initial univariate analyses
highlighted significant intergroup differences across several biochemical parameters, the
complete attenuation of these associations in the multivariate model is a critical
methodological finding. It strongly suggests that the laboratory abnormalities observed
univariately were predominantly driven by confounding demographic and clinical factors.
Consequently, our results preclude any definitive causal conclusions. The initial univariate
variations should not be interpreted as specific mechanistic drivers of conditions such as
post-COVID-19 telogen effluvium; rather, they are strictly hypothesis-generating. These
laboratory deviations might merely reflect a non-specific surrogate for broader
physiological perturbations, potentially suggesting a loose association with generalized

systemic inflammation or metabolic stress rather than a direct etiologic pathway.

Regarding the baseline characteristics of our study population, a paradoxical imbalance was
observed. Chronic comorbidities were more prevalent in the control group, introducing
potential confounding for markers like AST and TSH. However, this baseline imbalance
underscores the robustness of our findings. Since pre-existing conditions typically elevate
these stress biomarkers, their significant differentiation in the COVID-19 (+) cohort suggests
the post-viral impact supersedes baseline metabolic stressors. Nonetheless, this clinical

heterogeneity warrants cautious interpretation.

Consequently, while these biochemical and hematological deviations cannot be
independently attributed to a specific post-COVID-19 etiology, their recognition holds
substantial value in everyday clinical practice. The data tentatively support the broader
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concept that a milieu of systemic inflammation and generalized stress may parallel episodes
of HL. In the realm of family medicine, proactively monitoring iron stores, thyroid indices,
and liver enzymes in affected individuals is highly advisable. Such assessments serve not to
establish a definitive causal link to prior infection, but rather to ensure a well-rounded,

multidimensional approach to patient evaluation and overall management.

Limitations

Limitations of this study include its retrospective, single-center design, and the lack of
adjustment for unmeasured confounders, such as disease severity, dietary shifts, acute
COVID-19 pharmacotherapies, and psychosocial stressors, which may independently alter
hair cycle dynamics. A core methodological constraint is the utilization of a control group
consisting of individuals with pre-existing alopecia rather than healthy, non-alopecic
subjects; because the biomarkers under investigation are intrinsically linked to baseline
follicular dysregulation, isolating the virus-specific pathogenetic impact is inherently
complex. Furthermore, the significant timing heterogeneity among SARS-CoV-2 infection,
the clinical onset of hair loss, and the subsequent laboratory evaluations fundamentally
constrains biological interpretability. Since key biomarkers (e.g., serum iron, ferritin, AST,
and thyroid hormones) are strictly time-dependent and highly susceptible to post-infectious
recovery dynamics, this temporal variability precludes the establishment of a definitive
pathogenetic timeline. Consequently, although a stringent Bonferroni correction mitigated
Type I error inflation during univariate analyses, the complete attenuation of independent
predictors within the multivariable framework necessitates a cautious, strictly hypothesis-

generating interpretation of the findings.

Conclusion

In conclusion, this retrospective analysis identifies notable univariate associations between
prior SARS-CoV-2 infection and specific hematological and biochemical alterations,
particularly serum iron and TSH dynamics, in patients presenting with alopecia.

Nevertheless, the lack of independent predictors within the multivariate logistic regression
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framework underscores the complex, confounding interplay of pre-existing comorbidities
and baseline physiological variations. Therefore, rather than establishing definitive
mechanistic pathways, our findings are strictly hypothesis-generating. The subtly altered
biochemical footprint delineated here suggests a potential post-viral metabolic shift that
warrants further investigation. From a Family Medicine perspective, primary care serves as
the crucial gateway for the early detection and longitudinal management of such post-viral
sequelae. Since alopecia frequently prompts the initial clinical visit, family physicians hold a
pivotal role in the holistic evaluation and triage of these patients. Integrating targeted
metabolic assessments into first-line evaluations can optimize early intervention and
alleviate the diagnostic burden. Ultimately, future prospective, multicenter studies with
rigorous control for temporal and demographic confounders are warranted to fully elucidate

the specific dynamics of post-viral alopecia and refine clinical management strategies.
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