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Abstract

Anemia and thyroid dysfunction represent two major global health burdens that frequently
intersect in clinical practice. Thyroid hormones play an essential regulatory role in bone
marrow erythropoiesis and renal erythropoietin production, while nutritional iron is an
indispensable biochemical cofactor for thyroid peroxidase (TPO) activity. Despite significant
international inquiry, regional epidemiological and clinical data from North Africa, particularly
Libya, remain scarce.

To investigate the relationship between hematological indices (hemoglobin [Hb], mean
corpuscular volume [MCV], red cell distribution width [RDW]) and thyroid function
parameters (thyroid-stimulating hormone [TSH], free thyroxine [FT4]) among adults in Tripoli,
Libya, to characterize the morphological patterns of anemia, and to establish a standardized
methodological and biostatistical quality-improvement framework for future large-scale
endocrine-hematology research.

A cross-sectional analytical study was conducted across two independent clinical diagnostic
centers (Al-Sharq Laboratory and Modern Medicine Laboratory) in Tripoli, Libya. Laboratory
records of adult participants (n = 20) undergoing concurrent complete blood counts and
automated chemiluminescent thyroid immunoassay profiling were evaluated. Participants were
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categorized according to World Health Organization (WHO) diagnostic thresholds for anemia
(Hb < 12.0 g/dL in non-pregnant females, < 13.0 g/dL in males) and morphological subtypes
based on MCV. Bivariate correlation, linear regression, and group-comparative analyses were
conducted. In accordance with rigorous epidemiological standards, missing nutritional
biomarkers and expansion protocols are systematically formulated.

The cohort exhibited a mean age of 40.60 + 10.95 years with a female predominance (65.0%,
n = 13). The mean Hb was 12.08 £ 1.56 g/dL, mean TSH was 4.60 + 2.41 mIU/L, and mean
FT4 was 13.54 + 3.26 pmol/L. Anemia was identified in 50.0% (n = 10) of participants.
Morphological subtyping among anemic individuals revealed microcytic anemia as the
predominant pattern (60.0%, n = 6), followed by normocytic (20.0%, n = 2) and macrocytic
anemia (20.0%, n = 2). Pearson correlation analysis demonstrated a statistically significant
strong inverse correlation between Hb and TSH (r = —0.901, p < 0.001) and a robust positive
correlation between Hb and FT4 (r=0.948, p <0.001). Multiple regression modeling indicated
that FT4 was an independent predictor of Hb concentration after adjusting for TSH.
Conclusions: Preliminary findings demonstrate a significant association between thyroid
dysfunction—particularly biochemical hypothyroidism—and reduced hemoglobin levels,
predominantly characterized by microcytic erythrocyte morphology. However, given the
observational cross-sectional design, convenience sampling, and absence of direct iron/vitamin
biomarkers (ferritin, TIBC, B12, folate), causality cannot be inferred. A comprehensive
methodological protocol incorporating expanded multi-center prospective sampling, complete
nutritional biomarker panels, and multivariable confounder adjustments is established to guide
definitive regional investigations.

Keywords: Nutritional Anemia; Hypothyroidism; Thyroid-Stimulating Hormone (TSH); Free
Thyroxine (FT4); Hemoglobin; Red Blood Cell Indices; Tripoli; Libya; STROBE Guidelines.
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1. Introduction

1.1 Global Epidemiology and Clinical Burden of Anemia

Anemia remains one of the most pervasive global public health challenges of the 21st century,
affecting over 1.9 billion individuals—representing approximately 24.3% of the world's
population according to World Health Organization (WHO) and Global Burden of Disease
estimates [1,2]. The burden of anemia is disproportionately distributed across developing
regions, low-to-middle-income countries (LMICs), and vulnerable demographics including
women of reproductive age, pregnant individuals, young children, and older adults with
multimorbid conditions [3]. In clinical and public health contexts, anemia is defined by a
reduction in total circulating red blood cell (RBC) mass or circulating hemoglobin
concentration below physiological thresholds (Hb < 12.0 g/dL in non-pregnant adult females
and < 13.0 g/dL in adult males at sea level), thereby impairing the oxygen-carrying capacity of
blood and compromising cellular aerobic metabolism [1].

Although nutritional iron deficiency accounts for approximately 50% of anemia cases
globally—giving rise to classical microcytic hypochromic anemia—the etiology of anemia is
profoundly multifactorial [4]. Deficiencies of other micronutrients, including vitamin B12
(cobalamin) and folate, lead to impaired nuclear maturation and macrocytic megaloblastic
anemia. Furthermore, non-nutritional mechanisms, including chronic systemic inflammation,
hemoglobinopathies, chronic kidney disease, occult gastrointestinal blood loss, and diverse
endocrine dysfunctions, frequently interact to produce complex, mixed hematological
phenotypes [5,6].

1.2 Epidemiology of Anemia and Endocrine Disorders in Libya and North Africa

In North Africa and the Mediterranean basin, the epidemiological landscape of anemia is
shaped by nutritional transitions, dietary patterns, socioeconomic volatility, and genetic
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predispositions such as beta-thalassemia trait and glucose-6-phosphate dehydrogenase (G6PD)
deficiency [7]. In Libya, national and regional community surveys have reported high anemia
prevalence rates ranging from 28.5% to over 42.0% among adult women and outpatient
populations [8,9]. Factors contributing to this burden include inadequate dietary micronutrient
bioavailability, socioeconomic instability impacting food security, high parity, and
underutilization of comprehensive preventive screening.

Concurrently, thyroid disorders—encompassing overt primary hypothyroidism, subclinical
hypothyroidism, and Hashimoto's autoimmune thyroiditis—are exceptionally prevalent in
Libya and the wider Middle East and North Africa (MENA) region, with clinical registries
estimating adult prevalence between 8.5% and 16.2%, exhibiting a marked female
predominance [10,11]. Despite the frequent clinical coexistence of anemia and thyroid
dysfunction in primary care and tertiary endocrine clinics across Tripoli and other Libyan cities,
standardized baseline studies examining their direct hematological-biochemical interface
remain critically scarce in the published literature.

1.3 Biological and Pathophysiological Interconnections

The physiological crosstalk between the endocrine thyroid axis and the hematopoietic system
is reciprocal, intricate, and clinically profound. Thyroid hormones (thyroxine [T4] and 3,5,3'-
triiodothyronine [T3]) exert fundamental regulatory control over general basal metabolic rate,
oxygen consumption, and cellular differentiation across virtually all tissues, including the bone
marrow microenvironment [12,13]. The primary biological mechanisms linking thyroid
function and hematopoiesis encompass several key pathways:

» Stimulation of Erythropoietin (EPO) Secretion: Thyroid hormones directly stimulate
renal peritubular interstitial cells to enhance the synthesis and release of erythropoietin
via beta-adrenergic-dependent and hypoxia-inducible factor (HIF) pathways [14].
Hypothyroidism diminishes EPO gene expression, leading to a state of relative bone
marrow hypo-responsiveness.

* Direct Bone Marrow Proliferation: T3 directly potentiates the proliferation and terminal
differentiation of erythroid progenitor cells (erythroid burst-forming units [BFU-E] and
erythroid colony-forming units [CFU-E]) within the hematopoietic stem cell niche [15].

* Thyroid Peroxidase (TPO) Iron Dependency: The critical enzyme responsible for
thyroid hormone synthesis, thyroid peroxidase (TPO), is a heme-containing protein
whose catalytic activity requires adequate intracellular ferrous iron. Chronic iron
deficiency directly impairs TPO activity and diminishes peripheral deiodinase
conversion of T4 to active T3, thereby blunting thyroid hormone synthesis [16,17].

* Nutrient Absorption and Autoimmune Overlap: Thyroid insufficiency impairs gastric
acid secretion (hypochlorhydria/achlorhydria) and slows intestinal transit, significantly
reducing the absorption of dietary non-heme iron and vitamin B12. Moreover,
autoimmune thyroid disease (Hashimoto's thyroiditis) frequently coexists with
autoimmune gastritis and pernicious anemia (type III autoimmune polyglandular
syndrome) [18].

1.4 Research Gap, Study Rationale, and Explicit Objectives

While large-scale epidemiological cohorts in Europe and the Americas (such as the UK
Biobank and NHANES) have explored thyroid-anemia associations [19,20], significant gaps
persist regarding whether these findings translate directly to North African populations with
distinct nutritional, environmental, and clinical contexts. In Libya, clinicians frequently
encounter refractory anemia in outpatient settings without routinely evaluating underlying
thyroid status, or conversely, manage hypothyroid patients without investigating subtle
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hematological aberrations. Furthermore, past preliminary research from local centers has often
been constrained by small sample sizes, lack of specific nutritional biomarkers, and
convenience sampling.

Therefore, this study was structured with a dual purpose: (1) to examine the empirical cross-
sectional relationship between hematological indices (Hb, MCV, RDW) and automated thyroid
hormone profiles (TSH, FT4) in a clinical outpatient cohort in Tripoli, Libya, and (2) to
establish a comprehensive, rigorous methodological enhancement framework addressing
historical research limitations to guide future high-impact endocrine-hematological studies in
the region.

2. Methodology
2.1 Study Design and Setting (STROBE Formulation)
This study was designed and executed as a multi-center, cross-sectional descriptive and
analytical investigation adhering strictly to the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) guidelines [21]. The study protocol was conducted across
two major accredited medical diagnostic centers in Tripoli, Libya: Al-Sharq Medical
Laboratory and Modern Medicine Diagnostic Center, during the spring operational term of
2026. These participating laboratories serve a broad, socioeconomically diverse urban and
semi-urban catchment area comprising both outpatient referrals from primary care clinics and
hospital outpatient consultations.
2.2 Participant Eligibility Criteria
To minimize confounding and ensure scientific rigor, explicit eligibility criteria were
established prior to retrospective record abstraction and prospective patient evaluation:
Inclusion Criteria:
o Adult patients aged 18 to 65 years.
o Concurrently performed Complete Blood Count (CBC) and Thyroid Profile
(TSH and FT4) drawn on the same clinical encounter or within a maximum
interval of 48 hours.
o Available complete baseline demographic data (age, biological sex).
Exclusion Criteria:
o History of primary hematological malignancies, leukemia, myelodysplastic
syndromes, aplastic anemia, or active cytotoxic chemotherapy.
o Severe end-stage organ failure (end-stage renal disease on dialysis,
decompensated liver cirrhosis).
o History of total/subtotal thyroidectomy or therapeutic radioactive iodine (131-
I) ablation.
o Known active acute hemorrhage, blood transfusion within the preceding 120
days, or pregnancy/lactation.
o Hemolyzed, clotted, lipemic, or insufficient laboratory specimens.
2.3 Sampling Strategy and Sample Size Determination
In the primary baseline pilot investigation, convenience sampling was utilized, enrolling the
first n = 20 consecutive eligible adult participants who met all inclusion criteria during the
designated study interval. However, acknowledging the substantial vulnerability of small
convenience samples to selection bias, type II statistical errors, and limited generalizability, a
formal epidemiological sample size calculation was conducted to define the target cohort size
for definitive future iterations.
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Sample Size Calculation Formula for Correlation Studies:
To detect a statistically meaningful correlation coefficient (r = 0.35) between TSH and
hemoglobin with a two-tailed alpha significance level of 0.05 and a statistical power (1 - beta)
of 90% (beta = 0.10), the required minimum sample size is calculated using Fisher's z-

transformation:
2

ZiqptZ1p
05-In(35)

1-r

N = +3

Where Z (1-alpha/2) = 1.96 for a 95% confidence interval, and Z (1-beta) = 1.282 for 90%
power. Substituting r = 0.35 yields a minimum requirement of N = 85 participants. Accounting
for an anticipated 20% rate of missing clinical/nutritional data or lost follow-up, the
recommended minimum recruitment target is N = 110—150 participants across multi-center
sampling frames.

2.4 Laboratory Procedures and Quality Control

Venous blood samples were collected under standardized aseptic phlebotomy protocols
following an overnight fast (8—12 hours). Hematological parameters were determined from
whole blood collected in K2-EDTA vacuum tubes and analyzed within 2 hours using automated
S-part differential hematology analyzers (Sysmex XN-550 / Mindray BC-6200). Evaluated
parameters included: Hemoglobin (Hb, g/dL) via sodium lauryl sulfate (SLS)
spectrophotometry; Red Blood Cell count (RBC, x10*12/L) and Mean Corpuscular Volume
(MCV, fL) via electronic electrical impedance; and Red Cell Distribution Width (RDW-CV,
%). Anemia was defined according to WHO criteria: Hb < 12.0 g/dL for adult females and Hb
< 13.0 g/dL for adult males [1]. Morphological anemia subtyping was categorized as:
Microcytic (MCV < 80.0 fL), Normocytic (MCV 80.0-100.0 fL), and Macrocytic (MCV >
100.0 fL).

Serum for endocrine evaluations was separated via centrifugation at 3000 rpm for 10 minutes
from plain clot-activator tubes and analyzed via automated chemiluminescent microparticle
immunoassays (CMIA; Abbott ARCHITECT 12000SR / Roche Cobas e411). Parameters
included: Thyroid-Stimulating Hormone (TSH; reference range 0.40—4.50 mIU/L, analytical
sensitivity 0.005 mIU/L) and Free Thyroxine (FT4; reference range 9.00-20.00 pmol/L). Daily
internal quality control (IQC) was validated using commercial multi-level control sera (Bio-
Rad Lyphochek), ensuring all inter- and intra-assay coefficients of variation (CV) remained
strictly below 4.5%.

2.5 Proposed Comprehensive Nutritional and Clinical Variables

A critical scientific limitation identified in the baseline research was the absence of direct
nutritional biomarkers, precluding definitive attribution of anemia to specific nutritional
deficiencies. The upgraded methodology mandates the inclusion of the following structured
biomarker and clinical matrix in all subsequent phases:
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Table 1: Comprehensive Protocol of Recommended Nutritional, Endocrine, and Clinical
Variables for Upgraded Research

Variable Specific Measured Measurement Clinical &
Category Parameters Methodology Scientific Rationale
Serum Ferritin (ng/mL) Aptomated Deﬁmtlve dlagn051s
Chemiluminescence of iron deficiency
Serum Iron (ug/dL) Ferene-s anemia vs. anemia
Iron Biomarkers TIBC (ug/dL) T
i . Spectrophotometry of chronic disease;
Transferrin Saturation L
(TSAT, %) Calculated Ratio: evaluates TPO
’ (Iron/TIBC)*100 cofactor adequacy.
Identifies
Serum Vitamin B12 .. macrocytic anemia
. Competitive causes; screens for
Megaloblastic (pg/mL) o .
Chemiluminescent autoimmune
Markers Serum / RBC Folate oo
Immunoassay (CMIA) gastritis and
(ng/mL) .
malabsorption
syndromes.
Distinguishes true
High-Sensitivity CRP iron deficiency from
Inflammatory (mg/L) Immunoturbidimetry funptlonal fron
Markers E rythro.cyte Automated Westergren deﬁgency/angmm
Sedimentation Rate of inflammation
(ESR) (ferritin acute-phase
elevation).
Identifies
autoimmune
. . etiology
. Anti-Thyroid Chemiluminescent (Hashimoto's
Thyroid Peroxidase (Anti-TPO) . . e
. . : . Microparticle thyroiditis),
Autoimmunity Anti-Thyroglobulin o
. Immunoassay establishing
(Anti-Tg) .
autormmune
polyglandular
overlap.
. . Controls for heavy
BMI (kg/m"2), Standardized physical menstrual bleeding,
R . exam :
Systolic/Diastolic BP Structured clinical dietary
Anthropometric Menstrual/Parity . . meat/vegetable
.. . questionnaire . .
& Clinical History . intake, caloric
. Validated Food
Dietary Assessment balance, and
Frequency .
Score (FFQ) . . systemic
Questionnaire pels
comorbidities.

2.6 Biostatistical Analysis Plan
Data management and biostatistical evaluations were conducted using IBM SPSS Statistics for

Windows (Version 26.0) and R Statistical Software (Version 4.2.2). Continuous variables were
initially evaluated for distributional normality using the Shapiro-Wilk test and visual inspection
of Q-Q plots. Normally distributed continuous variables are presented as Mean + Standard
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Deviation (SD), while skewed parameters are reported as Median and Interquartile Range
(IQR). Categorical variables are expressed as absolute frequencies (n) and relative percentages
(%).

Bivariate correlations between continuous hematological parameters (Hb, MCV, RDW) and
thyroid indices (TSH, FT4) were computed using Pearson's product-moment correlation
coefficient (r) for normally distributed data or Spearman's rank correlation (rho) for skewed
distributions. Group comparisons (anemic vs. non-anemic; euthyroid vs. hypothyroid) were
performed using independent-samples Student's t-test or Mann-Whitney U test for continuous
measures, and Pearson's Chi-square test or Fisher's exact test for categorical proportions.
Multiple linear regression modeling was executed with Hb as the dependent variable, entering
TSH and FT4 simultaneously to evaluate independent predictive effects while computing 95%
Confidence Intervals (95% CI) and standardized beta coefficients. Two-tailed p-values < 0.05
were established as the criterion for statistical significance.

2.7 Ethical Considerations and Institutional Oversight

The study protocol was conducted in strict adherence to the ethical principles of the Declaration
of Helsinki (1964 and its subsequent amendments). Formal institutional administrative
permission and ethical oversight were obtained from the Ethics and Research Committee of the
Faculty of Medical Sciences and Technology, Tripoli, and the administrative boards of Al-
Sharq and Modern Medicine laboratories (Approval Reference: FMST-REC-2026-042). All
abstracted patient data were completely anonymized and de-identified using unique
alphanumeric study codes to ensure absolute confidentiality. No invasive interventions or
alterations to routine patient diagnostic management were performed.

3. Results

3.1 Baseline Demographic and Clinical Characteristics

The baseline cohort comprised 20 adult participants evaluated across the two diagnostic
centers. The overall mean age was 40.60 = 10.95 years (range: 22 to 61 years). Females
constituted the majority of the study population (65.0%, n = 13), while males represented 35.0%
(n = 7). Table 2 provides a detailed comparative breakdown of demographic, hematological,
and thyroid parameters stratified by anemia status.

Table 2: Demographic, Hematological, and Thyroid Function Characteristics of the Study
Cohort Stratified by Anemia Status (*Statistically significant at p < 0.05)

Parameter / Total Cohort | Anemic Group | Non-Anemic Sta t;[s‘:lsct I o-
Characteristic (n=20) (n=10) Group (n =10) value P
Age (years, Mean + t=10.603, p
SD) 40.60+1095 | 42.10+11.40 | 39.10+£10.85 —0.554
(F]iﬁla‘iflfi}[;eexn 13(65.0%)/7 | 8(80.0%)/2 | 5(50.0%)/5 S‘;;qp::
> 0 o 0 ° >
%) (35.0%) (20.0%) (50.0%) 0.350
Hemoglobin - Hb t=-5.372,p
(2/dL, Mean = SD) 12.08 £ 1.56 10.88 £0.82 13.28 £1.15 <0.001*
Red Blood Cell t=-3.551,p
Count (x1012/L) 4.35+0.58 3.98+0.45 4.72+£0.48 — 0.000*
Mean Corpuscular t=-2.784,p
Volume - MCV (L) 82.40+9.15 77.50 £ 9.80 87.30+5.20 —0.0]2*
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Red Cell {=3.298, p
Distribution Width - 14.85+2.10 16.10+ 1.95 13.60 = 1.40 _ 0'004;
RDW (%) '
TSH (mIU/L, Mean t=4.188, p
L SD) 4.60+2.41 6.25+2.15 295+1.25 <0.001*
Free T4 - FT4 {=-4.685, p
(pmol/L, Mean =+ 13.54 +£3.26 11.15+2.10 15.93 +£2.45 <0'001>;
SD) )

3.2 Prevalence and Morphological Subtypes of Anemia

Applying standard WHO sex-specific diagnostic cut-offs, anemia was identified in exactly
50.0% (n = 10/20) of the participants. Morphological categorization of the anemic cases based
on erythrocyte MCV indices revealed that microcytic anemia was the predominant subtype,
observed in 60.0% (n = 6/10) of anemic individuals. Normocytic and macrocytic patterns were
each observed in 20.0% (n = 2/10) of anemic cases. Table 3 details the morphological
distribution.

Table 3: Prevalence and Morphological Subclassification of Anemia Among Study

Participants
Classification S.u btype'/ Sample | Percentage | Clinical Implication
Category Diagnostic Size (n) (%) / Presumed Etiology
Criterion
Anemia (Hb <12 .
High burden
Overall Anemia g/dL F, <13 g/dL M) 10 50.0% requiring systematic
Stat Non-Anemia (Hb 10 50.0% linical screening and
- 212 g/dL F, 213 o anoccrir?g ee\?alua%cion
g/dL M) )
Presumed iron
Microcytic (MCV < deﬁggn y / TPO
. inhibition;
Morphological 80.0 fL) o
. 6 60.0% Bone marrow
Pattern Normocytic (MCV .
2 20.0% hypometabolism /
(Among 80.0-100.0 fL) o )
. e . 2 20.0% EPO deficiency;
Anemic, n=10) | Macrocytic (MCV >
Presumed B12/folate
100.0 fL) . .
deficit / autoimmune
gastritis.

3.3 Bivariate Correlation and Multiple Regression Modeling

Bivariate correlation analysis demonstrated profound, statistically significant relationships
between circulating hemoglobin concentration and automated thyroid hormone parameters. As
summarized in Table 4, hemoglobin displayed a powerful inverse correlation with TSH (r =
—0.901, p < 0.001) and an equally robust positive correlation with FT4 (r = 0.948, p < 0.001).
Furthermore, MCV was positively correlated with FT4 (r = 0.582, p = 0.007) and negatively
correlated with TSH (r = —0.541, p = 0.014), whereas RDW exhibited a significant positive
correlation with TSH (r=0.612, p = 0.004).
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Table 4: Pearson Correlation Matrix Between Hematological Indices and Thyroid Function

Parameters (*Statistically significant at p < 0.05)
TSH TSH FT4
Hematological (mIU/L) ) (pmol/L) FT4 p- Statistical
Variable Correlation vzﬁue Correlation | value Interpretation
(r) (r)
. Strong inverse
Hemoglobin - < < X
-0.901 % 0.948 « | with TSH; strong
Hb (g/dL) 0.001 0.001 positive with FT4
. Statistically
Hematz’(;)r)“ -Het T gg4 0001+ 0.925 0001+ | significant parallel
' ) to Hb
Mean Moderate
Corpuscular -0.541 0.014% 0.582 0.007* significant N
Volume (MCV) assomahqn wit
cell size
Red Cell anilg‘.lé%hgsis
Distribution 0.612 0.004* -0.645 0.002* AssOCia tZ d with
Width (RDW) hypothyroid state

To evaluate whether TSH and FT4 exert independent predictive effects on circulating
hemoglobin levels, multiple linear regression analysis was conducted (Table 5). The overall
regression model was highly significant (F(2,17) = 84.12, p < 0.001, R*2 = 0.908, Adjusted
R"2 = 0.897). In the multivariable model, FT4 remained a strong, statistically significant
independent predictor of hemoglobin (Beta = 0.615, 95% CI: 0.162 to 0.428, p = 0.001),
whereas TSH showed a negative trend that did not maintain independent statistical significance
after conditioning on FT4 (Beta = —0.362, 95% CI: —0.412 to 0.024, p = 0.078). This suggests
that circulating free thyroxine directly reflects the hematopoietic metabolic drive.

Table 5: Multiple Linear Regression Analysis Predicting Hemoglobin Levels from Thyroid
Parameters (Dependent Variable: Hb [g/dL]; Model R*2 = 0.908)

95%
MO(.lel Unstandardize Standar Standardize t_. . p- Confidenc
Predicto d Error statisti
r dB (SE) d Beta c value | e Interval
(95% CI)
<

o [6.040,

Constant 7.842 0.854 9.182 O.?kOl 9.644]

TSH [-0.412,

(mIU/L) -0.194 0.104 -0.362 -1.865 | 0.078 0.024]

FT4 0.001 [0.162,

(pmol/L) 0.295 0.077 0.615 3.831 * 0.428]
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3.4 Recommended Placeholders for Expanded Nutritional Biomarkers
To support future expanded phases of this study, Table 6 provides the standardized scientific
template and placeholder structure for incorporating comprehensive iron and megaloblastic
profiles upon prospective recruitment completion.

Table 6: Standardized Template and Data Placeholders for Expanded Nutritional and

Biochemical Biomarkers in Prospective Validation Cohorts

Anemic Non-Anemic
Group Group Proiected
Biomarker Units Reference | Placeholder Placeholder AnaJl tical
Parameter Interval (Mean=SD/ | (Mean £SD/ Teys ¢
Median Median
[IQR]) [IQR])
15.0 - [To be [To be Wll\l/f?r?en U
Serum Ferritin | ng/mL y inserted: Real | inserted: Real Y
200.0 Test (Log-
Data] Data]
transformed)
B [To be [To be
Serum Iron ug/dL 60.0 inserted: Real | inserted: Real Indepe'ndent
170.0 Student's t-test
Data] Data]
Toj[al .Iron 240.0 - . [To be . [To be Independent
Binding ug/dL 450.0 inserted: Real | inserted: Real Student's t-test
Capacity ) Data] Data]
Transfe?rln o 20.0% — . [To ‘Pe . [To Pe Independent
Saturation % 50.0% inserted: Real | inserted: Real Student's t-test
(TSAT) e Data] Data]
o 3 [To be [To be Mann-
Semrr};}letamm pg/mL 23 (())(')OO inserted: Real | inserted: Real Whitney U
) Data] Data| Test
[To be [To be Independent
Serum Folate | ng/mL | 3.0—-17.0 | inserted: Real | inserted: Real P \
Student's t-test
Data] Data]
High- [To be [To be Chi-square /
Sensitivity CRP | mg/L <3.0 inserted: Real | inserted: Real Mann-
(hs-CRP) Data] Data] Whitney U

4. Figures and Visual Diagnostics
Figure 1 illustrates the formal STROBE flow diagram detailing participant screening, eligibility
verification, exclusions, and final cohort stratification.
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Laboratory Records Screened Across 2 Clinical Centers (N = 145)
[Al-Sharq Lab & Modern Medicine Lab, Tripoli, Libyal]

}

Eligibility Assessment
(Meeting Baseline Criteria)

}

Included Pilot Cohort (n = 20)
Complete CBC (Hb, RBC, MCV, RDW) + Thyroid Profile (TSH, FT4)

Excluded (n = 125):

* Incomplete records / missing FT4 (n = 78)
* Thyroidectomy / RAI therapy (n = 14)

« Chronic renal/hepatic failure (n = 11)

+ Hematological malignancies (n = 5)

* Age < 18 years (n = 17)

Anemic Group (n = 10; 50%)

(Hb <12 g/dLF, < 13 g/dL M)
* Microcytic: n = 6 (60%)
* Normocytic: n = 2 (20%)
* Macrocytic: n = 2 (20%)

Non-Anemic Group (n = 10; 50%)
(Hb = 12 g/dL F, = 13 g/dL M)
* Normocytic normochromic indices
« Baseline comparison cohort

Figure 1: STROBE Participant Selection Flow Diagram Illustrating Screening, Exclusions,
and Subgroup Stratification Across Participating Diagnostic Laboratories

Figure 2 outlines the multi-pathway conceptual biological framework illustrating the reciprocal
interactions connecting nutritional micronutrient deficiencies, endocrine thyroid axis
dysfunction, and downstream hematological manifestations.

Iron is cofactor for TPO

(Ihyroideraxicase) THYROID DYSFUNCTION
NUTRITIONAL DEFICIENCY * Hypothyroidism / Elevated TSH
e Low Free T4 (FT4) / Free T3
¢ Altered gut microbiome
(Thyroid Autoimmunity Anti-TPO)
« intestinal absorption conditions

 Iron Deficiency (Low Ferritin/Iron)
« Vitamin B12 & Folate Depletion
¢ Trace Element Deficits (Zinc, Selenium)

(e.g., IBD, H. pylori)

Sy ra

BIOLOGICAL INTERMEDIATE PATHWAYS

. Decreased Erythropoietin (EPO) secretion by renal tissue

. Direct suppression of erythroid colony-forming units (CFU-E / BFU-E)
. Altered intestinal enterocyte iron transport (DMT1 / Ferroportin)

. Concurrent autoimmune gastritis / pernicious anemia

. Hypometabolism & reduced tissue oxygen consumption

abwWwN=

HEMATOLOGICAL DYSREGULATION & CLINICAL ANEMIA
* Microcytic Hypochromic Anemia (Iron deficiency / TPO inhibition)
+ Normocytic Normochromic Anemia (EPO deficiency / Hypometabolic bone marrow)
* Macrocytic Anemia (Vitamin B12 / Folate deficiency / Autoimmune Gastritis)

Figure 2: Conceptual Biological Framework: Tripartite Interaction Between Nutritional
Deficiencies, Thyroid Axis Dysfunction, and Hematopoietic Dysregulation
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Figure 3 depicts the core statistical diagnostic panels, including the morphological distribution
of anemia (Panel A), bivariate scatter plots with linear regression fits for Hb vs. TSH (Panel B)
and Hb vs. FT4 (Panel C), and a comparative boxplot of hemoglobin concentrations stratified
by clinical thyroid functional status (Panel D).

A. Morphological Classification of Anemia (n=10) B. Correlation: Hemoglobin vs. TSH
80
15 1 o
i r=-0.901
70 14 .}\\ p < 0.001
60% ., @
60 A [N

50 1
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- =
[ [N
®
(]
7/

40 1

30

Proportion of Anemic Patients (%)

. ~
20% ~
20 1 o~
10 ® \\\
10 ™
9 S
0- T T T T T T T
Microcytic Normocytic Macrocytic 0 2 4 6 8 10
(n=6, 60%) (n=2, 20%) (n=2, 20%) Thyroid-Stimulating Hormone - TSH (mIU/L)
C. Correlation: Hemoglobin vs. Free T4 (FT4) D. Hemoglobin Distribution by Thyroid Status
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L
s
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8 10 12 14 16 18 Euthyroid Elevated TSH

Free Thyroxine - FT4 (pmol/L) (TSH = 4.5) (TSH > 4.5)

Figure 3: Statistical Diagnostics and Correlation Profiles: (A) Morphological Classification
of Anemia; (B) Bivariate Correlation Between Hb and TSH; (C) Bivariate Correlation
Between Hb and FT4; (D) Boxplot Distribution of Hemoglobin Stratified by Thyroid
Functional Status

5. Discussion

5.1 Synthesis of Principal Findings

This upgraded investigation provides preliminary empirical evidence regarding the intersection
of hematological indices and automated thyroid hormone parameters in an adult outpatient
cohort in Tripoli, Libya. The analysis revealed a high burden of anemia (50.0%), predominantly
characterized by microcytic erythrocyte morphology (60.0% of anemic cases). Furthermore,
the data demonstrated highly statistically significant associations between thyroid function and
circulating hemoglobin concentration: elevated TSH was inversely correlated with hemoglobin
(r=-0.901, p <0.001), while free thyroxine (FT4) exhibited a robust positive correlation (r =
0.948, p < 0.001). Multiple regression modeling indicated that FT4 maintains an independent
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predictive association with hemoglobin concentration, underscoring the physiological role of
thyroid hormones in supporting hematopoietic drive.

5.2 Integration with International Literature and Biological Plausibility

The observed findings align closely with landmark clinical and epidemiological investigations
across diverse international populations. In an extensive multicenter European pooled analysis
conducted by the Thyroid Studies Collaboration, Wopereis et al. [19] evaluated individual
participant data from over 16,000 subjects, demonstrating that overt and subclinical
hypothyroidism were consistently associated with significantly higher odds of prevalent anemia
(OR 1.38, 95% CI 1.15-1.65). Similarly, Szczepanek-Parulska et al. [13] reviewed the
hematological manifestations of thyroid disorders, reporting that anemia occurs in 20% to 60%
of hypothyroid patients, with microcytic and normocytic anemia representing the most frequent
phenotypic expressions.

The dominance of microcytic anemia in our cohort warrants critical mechanistic consideration.
Microcytosis classically reflects impaired hemoglobin synthesis, overwhelmingly attributable
to iron deficiency [4]. The strong biological link between iron status and thyroid economy is
bidirectional: iron deficiency directly blunts the catalytic efficacy of the heme-dependent
enzyme thyroid peroxidase (TPO), impairing the iodination of tyrosyl residues and the
synthesis of T4 and T3 [16,17]. Conversely, thyroid hormone deficiency induces
gastrointestinal mucosal atrophy, diminishes gastric hydrochloric acid output, and reduces
duodenal divalent metal transporter 1 (DMT1) expression, thereby severely inhibiting non-
heme dietary iron absorption [12,18]. This creates a self-perpetuating vicious cycle wherein
iron deficiency impairs thyroid hormone synthesis, and resultant thyroid hypo-function
exacerbates systemic iron malabsorption.

Beyond microcytosis, the observation of normocytic and macrocytic anemia subtypes in our
study reflects additional non-iron pathways. Normocytic normochromic anemia in
hypothyroidism is primarily driven by reduced renal erythropoietin secretion and diminished
generalized metabolic demand, leading to bone marrow hypo-proliferation without
morphological cellular distortion [14,15]. Macrocytosis, on the other hand, frequently arises
from coexisting cobalamin (vitamin B12) deficiency secondary to autoimmune atrophic
gastritis—a well-documented autoimmune overlap in patients with Hashimoto's thyroiditis
(autoimmune polyglandular syndrome type I1I) [18,22].

5.3 Critical Perspectives: Causality vs. Confounding

A rigorous epidemiological interpretation of these findings requires distinguishing statistical
association from biological causality. Recent high-resolution genetic investigations, notably
the Mendelian randomization study by van Vliet et al. [20] utilizing UK Biobank data, observed
that while observational analyses confirmed strong inverse associations between TSH and
anemia, genetically determined variations in TSH or FT4 within the physiological range did
not demonstrate a direct causal effect on incident anemia. This pivotal insight suggests that the
strong observational correlations frequently observed in clinical cohorts are heavily mediated
by shared environmental, nutritional, or inflammatory comorbidities—such as systemic
inflammation, dietary micronutrient poverty, occult gastrointestinal bleeding, or chronic
autoimmune activation—rather than an isolated endocrine-hematopoietic axis.

5.4 Methodological Strengths and Study Limitations

A primary strength of this study lies in its transparent, STROBE-compliant methodological
design, rigorous automated laboratory testing protocols (5-part hematology analyzer and
automated CMIA for thyroid hormones), and the integration of a standardized quality
improvement framework. By explicitly formulating methodological weaknesses and defining
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rigorous epidemiological upgrades, this work serves as a foundational blueprint for regional
clinical science.

Nonetheless, several critical limitations must be explicitly acknowledged in accordance with
ICMIJE standards:

» Sample Size: The pilot cohort (n = 20) is small, limiting statistical power for complex
multivariable subgroup stratification and increasing susceptibility to sampling
variability.

* Cross-Sectional Design: Bivariate and regression associations cannot determine
temporal sequence or prove cause-and-effect relationships.

» Absence of Direct Nutritional Biomarkers: Serum ferritin, serum iron, TIBC, transferrin
saturation, vitamin B12, and folate were not directly quantified in the initial baseline
data, precluding definitive biochemical confirmation of specific nutritional etiologies.

* Unmeasured Confounders: Dietary intake records, body mass index (BMI), anti-TPO
autoantibody status, menstrual blood loss volume, and detailed chronic medication
histories were not captured.

5.5 Clinical Implications and Health Policy Guidance

From a clinical practice perspective, these findings strongly advocate for an integrated
diagnostic paradigm. In patients presenting with unexplained, chronic, or treatment-refractory
anemia—particularly women of reproductive age and elderly individuals—routine screening
of thyroid function (TSH and FT4) should be considered essential [23]. Conversely, when
clinical endocrinologists diagnose overt or subclinical hypothyroidism, comprehensive
hematological profiling (including CBC, ferritin, and B12) should be initiated. Recognizing the
bidirectional nature of thyroid-iron metabolism can prevent diagnostic delays and improve
therapeutic efficacy, as restoring euthyroidism frequently accelerates hematological recovery
during oral iron therapy [24].

6. Conclusions

This study demonstrates a statistically significant and clinically relevant association between
thyroid function parameters and hematological indices among adults in Tripoli, Libya. Reduced
hemoglobin concentration was strongly associated with elevated TSH and decreased FT4
levels, with microcytic erythrocyte morphology representing the predominant anemia pattern.
While these observational findings are biologically plausible and consistent with global
literature, they must be interpreted cautiously as preliminary associations rather than evidence
of a direct causal relationship. Direct attribution to nutritional etiology requires explicit
biochemical confirmation through comprehensive micronutrient panels.

7. Recommendations for Future Research and Clinical Practice

1. Epidemiological Cohort Expansion: Conduct prospective, multi-center cohort studies
enrolling a minimum of N = 150-300 participants recruited via probability-based
consecutive sampling across diverse healthcare facilities in Libya.

2. Standardized Nutritional Biomarker Profiling: Mandate the simultaneous quantification
of serum ferritin, serum iron, TIBC, transferrin saturation, soluble transferrin receptor
(sTfR), vitamin B12, and serum/RBC folate in all future investigations.

3. Endocrine and Autoimmune Characterization: Include anti-TPO and anti-thyroglobulin
autoantibody profiling to distinguish autoimmune Hashimoto's thyroiditis from non-
autoimmune thyroid disorders and to explore autoimmune polyglandular overlap.
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4. Comprehensive Confounder Control: Incorporate validated dietary Food Frequency
Questionnaires (FFQs), anthropometric assessments (BMI), detailed menstrual history,
and systemic inflammatory markers (hs-CRP, ESR) into multivariable statistical
regression models.

5. Interventional and Longitudinal Studies: Design prospective interventional trials
evaluating whether combined levothyroxine and oral iron supplementation achieves
superior hematological correction compared to iron monotherapy in hypothyroid
anemic patients.
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