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Abstract:

Cellular metabolism, bone marrow erythropoiesis, and kidney erythropoietin production are
all substantially disrupted by thyroid failure, which results in specific hematological changes.
In order to shed light on endocrine-hematological interactions, this study assessed the
relationship between thyroid hormone levels (T3, T4, and TSH) and several erythrocyte
indices. Methods: Ninety thyroid-disorder patients and ninety age- and gender-matched
healthy controls made up the 180 adult participants in a case-control study. Automated devices
were used to evaluate serum hormone concentrations and complete blood counts. Using t-tests,
Chi-square tests, and Pearson correlations (P <= 0.05), statistical analysis was carried out using
SPSS version 28.0. Results: In comparison to controls, patients showed significantly higher
RDW (19.4 + 1.5% vs. 11.0 = 1.2%) and significantly lower hemoglobin (10.8 £ 1.4 vs. 19.4
+ 1.1 g/dL), hematocrit (33.8 + 4.0% vs. 44.1 + 3.1%), MCV (82.9 £ 6.4 vs. 5.5 fL.), and MCH
(20.1 £ 2.2 vs. 29.8 £ 2.0 pg). While TSH showed a strong negative correlation with Hb, RBC,
and HCT, serum T3 and T4 showed favorable correlations with these parameters. In contrast
to hyperthyroidism (n = 35; P = 0.202), hypothyroidism (n = 55) was substantially linked to
severe anemia (53%; P = 0.0213). Hypothyroid individuals had significantly lower MCH (14.2
+ 2.6 vs. 23.1 £ 3.7 pg; P = 0.0488) and greater RDW (23.4 £ 1.4% vs. 12.8 + 2.0%; P =
0.0471), but inter-disorder analysis revealed no significant differences in Hb or HCT (P >
0.05). In conclusion, primary hypothyroidism functions as a severe aggregator marked by
microcytic hypochromic sluggishness and prominent anisocytosis, yet both thyroid states
cause anemia through different paths. For customized patient care, the use of comprehensive
indices like MCH and RDW offers strong clinical discrimination.
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Introduction

Thyroid dysfunction comprises one of the most generally detected endocrine abnormalities and
has been corelated with numerous physiological disturbances including several body systems,
including the hematopoietic tissue. The thyroid gland controls on most metabolic activity
through the secretion of hormones triiodothyronine (T3) and thyroxine (T4), as well as thyroid-
stimulating hormone (TSH) that regulates hormone production through feedback mechanisms
[1]. These hormones are vital for maintaining normal cellular metabolism and have an essential
role in supporting erythropoiesis and maintaining normal blood characteristics [2].

Variations in thyroid hormone levels may influence hematological status through various
biological mechanisms. Thyroid hormones participate in the stimulation of erythropoietin
synthesis and affect bone marrow activity; therefore, disturbances in thyroid function can result
in changes in red blood cell production and consequently affect hemoglobin concentration and
other blood indices [3,4]. Because of this association, abnormalities in thyroid function have
gradually been recognized as most factors associated with the development of anemia.
Anemia is described as a reduction in hemoglobin level or circulating red blood cell mass below
the normal physiological range and remains a global health problem worldwide [5]. Previous
studies have indicated that both hyperthyroidism and hypothyroidism may be associated to
hematological alterations. In hypothyroidism, diminished metabolic demand and impaired
metabolism of nutrients involved in erythropoiesis may contribute to anemia of different
morphological patterns. Meanwhile, excessive thyroid hormone activity may also alter
erythrocyte turnover and influence hematological measurements [6,7].

Clinical laboratory assessment of thyroid status mostly dependent on measuring levels of serum
T3, T4, and TSH concentrations, whereas evaluation of anemia depend on several
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hematological parameters including hemoglobin (Hb),,red blood cell count (RBC), hematocrit
(HCT),,mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), mean
corpuscular hemoglobin concentration (MCHC), and red cell distribution width (RDW) [8].
Studying these alterations together may provide a clearer understanding of the relationship
between thyroid disorders and hematological changes.

Therefore, the current study was aimed to evaluate the effect of thyroid disorders on anemia
through the assessment of thyroid hormones (T3, T4, and TSH) and their association with
selected hematological indicators among the studied population. The findings may contribute
to improving the understanding of endocrine-hematological interactions and support earlier
recognition of blood abnormalities accompanying thyroid dysfunction [9,10].

Material and methods
Study Design and Population
A case—control study was achieved to evaluate the effect of thyroid disorders on anemia by
evaluated thyroid hormone levels and hematological parameters among the study population.
A total of 180 participants were involved in this study and divided into two groups:
« Patient group: included 90 patients diagnosed with thyroid disorders according to clinical
assessment and laboratory findings.
» Control group: included 90 apparently healthy individuals with no history of thyroid
dysfunction or hematological disorders and matched as closely as possible to the patient groups
regarding demographic characteristics.
Inclusion Criteria
* Adult participants (patients and control) aged 18 years and above.
* Patients with confirmed thyroid dysfunction.
* Individuals willing to participate in the study.
Exclusion Criteria
* Pregnant women.
* Subjects with chronic liver disease, kidney disease, malignancy, or inherited blood disorders.
+ Patients receiving drugs that may interfere with thyroid function tests or hematological
markers.
* Individuals with inflammatory conditions or acute infections at the time of sample collection.
Sample Collection
A total of 5 mL of venous blood was collected aseptically from each participant and divided
into two portions:

= 2mL in EDTA tubes for hematological analysis.

= 3 mL in plain tubes for serum separation and thyroid hormone measurements.
Blood samples in plain tubes were centrifuged at 3500 rpm for 8 minutes, and serum was
separated and stored at —25°C until laboratory analysis.
Thyroid Function Assessment
Serum concentrations of Triiodothyronine (T3), Thyroxine (T4), and Thyroid Stimulating
Hormone (TSH) were detected according to the manufacturer’s instructions using an automated
immunoassay system or ELISA technique depending on laboratory availability.
Hematological Assessment
Complete blood count (CBC) analysis was performed using an automated hematology analyzer
to determine the following hematological indices:
* Hemoglobin (Hb)
* Red Blood Cell count (RBC)
* Hematocrit (HCT)
* Mean Corpuscular Hemoglobin (MCH)
* Mean Corpuscular Volume (MCV)
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* Mean Corpuscular Hemoglobin Concentration (MCHC)

* Red Cell Distribution Width (RDW)

These markers were used to assess the presence and severity of anemia among study groups.
Blood smear preparations

In order to prepare a peripheral blood smear in the lab, a little drop of EDTA-anticoagulated
whole blood is placed onto a clean glass slide. The blood is then smoothly pushed forward
using a second spreader slide at an angle of 30 to 45 degrees, forming a monolayer with a
noticeable feathery edge. After the smear has fully dried by air, it is flooded with a
Romanowsky-type stain that contains methanol for cellular fixation. Next, a phosphate buffer
(pH 6.4-6.8) is added to enable differential staining of cellular components. Following a short
incubation period, the slide is carefully cleaned with water, dried, and examined using a 100x
oil immersion objective lens to determine the distribution and shape of blood cells.

Ethical Approval

Ethical approval was given from the relevant institutional ethics committee before starting of
the study. Written informed consent was obtained from all individuals prior to sample
collection.

Statistical Analysis

Data analysis was conducted using Statistical Package for Social Sciences (SPSS) software
version 28.0. Continuous variables were expressed as mean + standard deviation (Mean £ SD).
Comparisons between control and patients' groups were performed using the Independent
Samples t-test. Correlation analysis between thyroid hormone levels (T3, T4, TSH) and
hematological markers was assessed using Pearson correlation coefficient (r ). The Statistical
significance was considered at P < 0.05 [11].

Results and discussion

The demographic properties of the studied groups in this study, as summarized in Table 1, this
table showed that the age of the patients ranged from 19 to 82 years old with a mean age of 44
+ 13.5 years old , whereas the controls aged range between 19 and 78 years old with a mean
age of 41 + 12.4 years old , showing no statistically significant difference in mean age between
the two groups (P = 0.503). With regard to gender distribution, the patient group comprised 61
(68%) females and 29 (32%) males, while the control group consisted of 63 (70%) females and
27 (30%) males; these distributions demonstrated no significant statistical differences between
the groups, with P-values of 0.722 and 0.731 for females and males, respectively, across a total
sample size of 90 individuals per group.

Table 1 Demographic characteristics of studied people

Variable Patients Controls P value
Age range 19-82 years 19-78 years
Mean age 44 + 13.5 years 41 + 12.4 years 0.503
Female % 61 (68%) 63 (70%) 0.722
Male % 29 (32%) 27 (30%) 0.731
P value 0.0141 0.0100
Total number 90 90

Based on the provided peripheral blood smear microscopic picture (figure 1) the focus shifts
toward the density and distribution of the RBC. In the Hypothyroidism panel, the RBC appear
more sparsely distributed with prominent clear spaces between them, which morphologically
corresponds to a decreased RBC count and the development of anemia typically driven by
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reduced erythropoietin development while hyperthyroidism panel displays a noticeably more
denser concentration of erythrocytes packed than hypothyroidism together within the
microscopic field, reflecting an elevated RBC mass or accelerated erythropoiesis often
triggered by thyrotoxicosis-induced metabolic demands. Moreover, the control panel
demonstrates a perfectly balanced, physiological density of erythrocytes, establishing the
baseline normocytic and normochromic concentration.

In terms of hematological parameters evaluated in Table 2, a statistically significant decrease
was observed in patients compared to controls regarding Hblevels (10.8 £ 1.4 g/dL vs. 19.4 +
1.1 g/dL; P = 0.0486) and HCT percentages (33.8 £ 4.0% vs. 44.1 + 3.1%; P = 0.0472).
Similarly, red blood cell indices demonstrated significant variations, where patients showed
significantly lower MCV (82.9 £ 6.4 fL vs. 93.1 £ 5.5 fL; P = 0.0474) and MCH (20.1 + 2.2
pg vs. 29.8 = 2.0 pg; P = 0.0499) compared to the controls. Conversely, RDW was significantly
elevated in the patient group than in the control group (19.4 + 1.5% vs. 11.0 £ 1.2%; P =
0.0491). However, no statistically significant differences were detected between patients and
controls in terms of RBC count (3.90 + 0.5 x10%uL vs. 5.74 £ 0.33 x10%uL; P = 0.162) and
MCHC (31.9+ 1.2 g/dL vs. 33.0 £ 1.0 g/dL; P = 0.292).

Hypothyroidism.

Hyperthyroidism. Control

Figure 1: Microscopic comparison of peripheral blood smear picture in thyroid disorders and
healthy controls (100X)

Table 2 Comparison Blood tissue (hematological) parameters between cases and controls

Parameter Patients Controls P value
Hb (g/dL) 10.8+1.4 194+1.1 0.0486
RBC (x10¢/nL) 3.90+0.5 5.74+0.33 0.162
HCT (%) 33.8+4.0 44.1+3.1 0.0472
MCYV (fL) 82.9+64 93.1+£5.5 0.0474
MCH (pg) 20.1£2.2 29.8+2.0 0.0499
MCHC (g/dL) 319+1.2 33.0+ 1.0 0.292
RDW (%) 194+1.5 11.0+1.2 0.0491
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The evaluation of thyroid hormones outlined in Table 3 revealed significant hormonal
alterations in the patient group. Triiodothyronine (T3) levels were significantly lower in
patients compared to controls (1.17 £ 0.52 ng/mL vs. 1.44 + 0.26 ng/mL; P = 0.0277), as were
Thyroxine (T4) levels (7.10 £ 3.9 pg/dL vs. 8.31 = 1.43 pg/dL; P = 0.0311). In contrast,
Thyroid-Stimulating Hormone (TSH) levels were significantly higher in patients than in the
control group (6.80 £ 5.1 mIU/L vs. 2.51 + 0.96 mIU/L; P = 0.0095).

Table 3 Comparison thyroid hormones between cases and controls

Parameter Patients Controls Chi square P value
T3 (ng/mL) 1.17 £0.52 1.44 +0.26 4.816 0.0277
T4 (pg/dL) 7.10+3.9 8.31+1.43 7.823 0.0111

TSH (mIU/L) 6.80 £5.1 2.51£0.96 11.91 0.0095

The evaluation of thyroid status distribution according to anemia severity is presented in Table
4. Among the 90 patients, 55 were diagnosed with hypothyroidism, with 18 (33%) exhibiting
mild anemia, 8 (14%) moderate anemia, and 29 (53%) severe anemia, demonstrating a
statistically significant association between hypothyroidism and the severity of anemia (Chi-
square = 3.82, P = 0.0213). On the other hand, 35 patients were diagnosed with
hyperthyroidism, distributed as 13 (37%) with mild anemia, 12 (34%) with moderate anemia,
and 10 (29%) with severe anemia, which showed no statistically significant correlation with
anemia severity (Chi-square = 0.29, P = 0.202). Overall, the total distribution across all samples
of 90 anemic patients showed that 31 (34.4%) had mild anemia, 20 (22.2%) had moderate
anemia, and 39 (43.3%) had severe anemia, establishing a statistically significant overall
distribution trend (Chi-square = 2.93, P = 0.0488).

Table 4 Evaluation thyroid status distribution according to anemia severity

Mild Moderate Severe Chi P

Condition No. . . .
anemia anemia anemia square value

Hypothyroidism | 55 | 18 (33%) 8 (14%) | 29 (53%) 3.82 | 0.0213

Hyperthyroidism | 35 | 13(37%) | 12(34%) | 10(29%) 029 | 0.202

Total number 90 | 31(34.4%) | 20(23.3%) | 39(43.3%) 2.93 0.0488

Table demonstrates the correlation between thyroid hormones and hematological indices.
Both T3 and T4 levels displayed positive correlations with Hb (r = 0.30 and r = 0.34,
respectively), RBC count (r = 0.29 and r = 0.31, respectively), and HCT (r = 0.33 and r = 0.32,
respectively), while maintaining weak positive correlations with RDW (r=0.119 and r = 0.381,
respectively). Conversely, TSH exhibited notable negative correlations with Hb (r = -0.45),
RBC (r =-0.39), and HCT (r =-0.42), but showed a positive correlation with RDW (r = 0.477).
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Table 5 Correlation between thyroid hormones and hematological indices

Variable Hb RBC HCT RDW
T3 0.30 0.29 0.33 0.119
T4 0.34 0.31 0.32 0.381

TSH -0.45 -0.39 -0.42 0.477

Table 6 discussed the comparison of hematological parameters between patients with
hypothyroidism and hyperthyroidism. Hb levels were lower in patients with hypothyroidism
(10.1 £ 1.2 g/dL) compared with patients with hyperthyroidism (11.2 £ 1.4 g/dL), although this
difference was not statistically differences (P = 0.633). Similarly, RBC values were decreased
in hypothyroidism (3.77 £ 0.42 x10%uL) compared with hyperthyroidism (4.14 + 0.43
x10¢/uL), without reaching statistical significance (P = 0.075). This may indicate a trend
toward decreased erythrocyte production in hypothyroid patients. HCT values also
demonstrated lower levels in the hypothyroidism group (33.9 + 3.3%) than in the
hyperthyroidism group (36.7 + 3.9%), but the difference remained non-significant (P = 0.301).
MCV was slightly higher among hypothyroid patients (16.9 + 1.9 fL) compared with
hyperthyroid patients (15.6 £ 1.7 fL), with no statistically significant difference (P = 0.772),
suggesting that thyroid dys-function have limited influence on average erythrocyte volume.
Regarding erythrocyte hemoglobin indices, MCH showed a statistically significant decrease in
hypothyroidism (14.2 + 2.6 pg) compared with hyperthyroidism (23.1 + 3.7 pg) (P = 0.0488).
The results of this study may show decrease in hemoglobin inclusion within red blood cells in
patients with lower thyroid hormone activity. MCHC values were minimal lower in
hypothyroidism (29.9 £+ 1.5 g/dL) compared to hyperthyroidism (30.8 + 4.2 g/dL); Although,
the difference was not statistically significant (P = 0.694). Alternatively, RDW was
significantly elevated in patients with hypothyroidism (23.4 + 1.4%) compared with patients
with hyperthyroidism (12.8 £ 2.0%) (P = 0.0471), reflecting greater variation in the red blood
cell size distribution.

Table 6 Evaluation Blood tissue (hematological) parameters levels according to thyroid

disorder

Parameter Hypothyroidism Hyperthyroidism P value

Hb (g/dL) 10.1+1.2 112+1.4 0.633
RBC (x10%/nL) 3.77+0.42 4.14+£0.43 0.075

HCT (%) 339+£33 36.7+3.9 0.301

MCYV (fL) 169+1.9 15.6 +1.7 0.772

MCH (pg) 142+£2.6 23.1+3.7 0.0488
MCHC (g/dL) 299+1.5 30.8+£4.2 0.694

RDW (%) 234+14 12.8 £2.0 0.0471

The patient data precisely analyzed in this study shows a significant and complicate
pathophysiological cross-talk between thyroid dysfunction and the hematological. The
demographic homogeneity that established in Table 1 ensures that the observed hematological
and hormonal variances are strictly attributable to the underlying endocrine pathology rather
than age or gender biases [12,13]. The reduction that recorded in hemoglobin levels, HCT,
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MCV, and MCH seen in the patient group (Table 2) confirms a clear sign of microcytic
hypochromic anemia, which is essentially triggered by the hormonal deficiencies presented in
Table 3. Physiologically, the hormones of thyroid gland —especially triiodothyronine (T3) and
thyroxine (T4)—are key and vital components of the homeostatic machinery regulating
erythropoiesis. They directly stimulate production of erythroid progenitor cells, namely the
burst-forming unit-erythroid (BFU-E) and colony-forming unit-erythroid (CFU-E), in the
bone marrow [13]. Additionally, T3 and T4 stimulate the synthesis and secretion of
erythropoietin (EPO) by the upregulation of hypoxia-inducible factor 1-alpha (HIF-1a) in renal
tissues. Consequently, the state of hypothyroidism severely disrupts this stimulatory pathway,
leading to bone marrow hypocellularity and a following decline in red blood cell production
[14].

The strong correlation seen in Table 5, where the hormone TSH demonstrated a strong negative
association with hematology parameters Hb, RBC, and HCT while T3 and T4 had been shown
clear positive correlations with this same measurement, this can be explained by this regulation
mechanism. The direct absence of circulating thyroid hormones causes the bone marrow's
erythroid response to be substantially muted when TSH levels rise, a sign of primary thyroid
failure [15]. Furthermore, a severe state of anisocytosis is highlighted by the patients'
remarkable elevation level of RDW (19.4 + 1.5%). For the reason that hypothyroidism often
indicates gastrointestinal hypoacidity and blunts mucosal transport, which disrupt the active
absorption of iron, vitamin B12, and folic acid, this differences in erythrocyte size which will
be strongly indicative of underlying nutritional inadequacies [16].

The clinical distribution of thyroid status according to anemia severity was illustrated in (Table
4) further clarifies these mechanisms. The statistically significant correlation was established
between hypothyroidism and severe anemia (P = 0.0213), with 53% of hypothyroid patients
showing with severe anemic manifestations. This suggests that primary thyroid inadequate acts
as a multi-tiered aggregator of hematological failure, joining suppressed marrow proliferation
with chronic nutritional malabsorption [17]. In comparison, hyperthyroidism had not shown a
statistically significant correlation with anemia severity (P = 0.202). In hyperthyroid states,
anemia is often normocytic and typically stems from an expanded plasma volume
(hemodilution) driven by increased cardiovascular output, or from ineffective, accelerated
erythropoiesis that fails to match the hypermetabolic tissue oxygen demands [18].

By comparison, our results closely came in agreement with the data published by Al-Sayed et
al. [19] who demonstrated that a profound reduction in erythrocyte indicators among
hypothyroid cohorts and identified thyroid hormone-induced bone marrow depression as the
principal culprit. Our observations with regard to index variations are also supported by
Erdogan et al. [20] who demonstrated that the correction of thyroid hormone imbalances
effectively restores normal Hb and MCV levels, confirming the reversible nature of this
endocrine-hematological linkage. Furthermore, the strong inverse relationship between TSH
and hemoglobin parameters mirrors the clinical findings reported by Geetha and Srikrishna
[21] wherein raised TSH was established as an independent risk factor for severe erythroid
marrow suppression. However, our results partially vary from the classic findings of Duntas et
al. [22] who often associated hypothyroidism with macrocytic anemia due to pernicious
autoimmune mechanisms; this variation indicates a predominant co-existence of microcytic
iron deficiency anemia within our specific patient population, as clearly substantiated by our
low MCV and high RDW profiles.

Based on the data in Table 6, the primary parameters such as Hb, RBC, and HCT had been
shown no statistically significant differences between the hypothyroid and hyperthyroid
patients (P = 0.633, P = 0.075, and P = 0.301, respectively). This absence of statistical
significance refers to that both clinical states are independently capable of triggering a
depressive effect on the overall erythron mass, even though through distinct pathophysiological
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pathways [23]. Similarly, MCV and MCHC values remained statistically comparable between
the two groups (P = 0.772 and P = 0.694).

Significantly, the remarkably low MCV values in both sub-groups in hypothyroidism and
hyperthyroidism strongly suggest a baseline microcytic framework that complicates both
disorders within this studied population, mostly exacerbated by concurrent iron distribution
failures. In contrast, a profound statistical divergence was captured in MCH and RDW levels.
Mean corpuscular hemoglobin (MCH) was significantly reduced in the group of
hypothyroidisms in comparison to the hyperthyroidism group. This marked hypochromia in
hypothyroid patients stems directly from the delayed rate of global protein and hemoglobin
synthesis inside developing erythroblasts, which a process normally driven by thyroid
hormone-mediated gene expression [24].

Moreover, Red cell distribution width (RDW) was notably elevated in hypothyroid patients
compared to hyperthyroid individuals. This marked state of anisocytosis reflects a highly
erratic and unstable bone marrow response unique to the thyroid hormone deficiency, where
the compounding an effect of chronic iron, folate, or vitamin B12 malabsorption led to the
releasing of highly heterogeneous populations of red blood cells into the circulation system
[25]. Conversely, the normal RDW range was observed in the hyperthyroid cohort implies a
more uniform, the uniform erythrocyte population, where anemia is predominantly driven by
accelerated metabolic consumption or plasma volume expansion rather than nutritional arrest
[26].

These results precisely look like the clinical results that reported by Gracie et al. [27], who
verified that although hemoglobin levels are altered in both thyroid states, hypothyroid cohorts
have been shown noticeably higher rates of anisocytosis and hypochromia because of the
severe metabolic deceleration. Moreover, the rise of RDW levels is a good clinical
differentiator between hypermetabolic hemodilution in hyperthyroidism and hypothyroid-
induced bone marrow sluggishness, as reported by Refetoff and colleagues [28]. Gianoukakis
et al. [29], who reported that thyroid hormone replacement therapy quickly normalizes RDW
and MCH values in hypothyroid patients by restoring uniform hemoglobinization and mucosal
nutrient absorption, further supports the direct, causal relationship between severe erythrocyte
heterogeneity and absolute thyroid hormone deficiency.

Conclusion

This study concludes that there is a direct pathophysiological connection between anemia and
thyroid dysfunction. While total erythron mass is affected by both hypothyroidism and
hyperthyroidism, severe microcytic hypochromic anemia is more strongly and significantly
associated with primary hypothyroidism. Direct bone marrow suppression combined with
long-term dietary malabsorption is what causes this result. Importantly, secondary indices
show significant statistical divergence between the two thyroid states, although basic metrics
like hemoglobin and hematocrit do not differ appreciably. Patients with hypothyroidism exhibit
markedly raised RDW values and severely decreased MCH levels, indicating profound
anisocytosis. Monitoring MCH and RDW is therefore strongly advised as a potent clinical tool
for early identification and differential treatment of hematological problems in thyroid
diseases.
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