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ABSTRACT Background Thyroid hormones have a crucial role in metabolism and proliferation of blood cells. Thyroid dysfunction

induces different effects on blood cells such as anaemia, erythrocytosis, leukopenia and thrombocytopenia and in rare
cases pancytopenia. It also alters RBC indices.

Aims and objectives: To estimate blood cell counts and blood cell indices in newly diagnosed Primary hypothyroid patients and to evaluate
the efficacy of the L-thyroxine treatment on the same in Shivamogga population.

Materials and methods: We measured Red blood cell count (RBC), White blood cells / Total leukocyte count (TLC), Differential leukocyte
count (DLC), platelet (PLT) count, blood cell indices like haemoglobin [Hb] concentration, mean corpuscular volume [MCV], mean corpuscular
haemoglobin [MCH], mean corpuscular haemoglobin concentration [MCHC], hematocrit (HCT) / Packed cell Volume (PCV) and Red cell width
distribution (RDW) in 100 newly diagnosed Primary hypothyroid patients & compared it with the euthyroid controls. The same patients were
revaluated after treatment with L-thyroxine at the end of three months. Statistical analysis was done using independent T test. Pearson’s
correlation coefficient test was done to establish the relationships between the parameters.

Results: RBC count was significantly decreased in newly diagnosed Primary hypothyroid patients when compared to euthyroid subjects. There
was no significant difference in TLC, DLC and Platelet count. Blood cell indices like Hb, MCV, MCH, MCHC and HCT were significantly decreased
and RDW wais significantly increased when compared with the euthyroid controls. After three months of L-thyroxine treatment, haemoglobin,
RBC count, HCT, MCV, MCH, MCHC showed significant increase and there was a decrease in RDW which was statistically significant.

Conclusion: Thyroid dysfunction induces varied effects on haematological parameters. In case of patients with unknown haematological
dysfunction, they must be evaluated for thyroid hormones.
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Introduction:

Thyroid gland is the largest and important endocrine gland in the
human body. It is located on the anterior side of the neck, right be-
low the larynx. Hypothyroidism is a clinical syndrome characterized
by the deficiency of thyroid hormones in the target tissue, leading to
generalized slowing of all metabolic processes. The thyroid gland syn-
thesizes and releases T, and T, Biologically active hormones T, and T,
play a significant role in growth, development and function of all ma-
jor tissues'. Thyroid hormones regulate the basal metabolic rate of all
the cells in the body2 These hormones have critical roles in early brain
development, somatic growth, bone maturation, protein synthesis
and regulating production of red blood cells. All these functions are
regulated by attachment of the active form of the thyroid hormone T,
to specific members of the nuclear receptors family. Hormonal output
from the thyroid is mediated by thyroid stimulating hormone (TSH /
thyrotropin) secreted by anterior pituitary. Secretion of thyrotropin is
mediated by thyrotropin - releasing hormone (TRH) secreted by the
hypothalamus. Other effects of thyroid hormones include involve-
ment in haemoglobin production in adult and maturation of Hb in
foetus **. Thyroid hormone synthesis and secretion is regulated by
the negative feedback system that involves the hypothalamus, pitu-
itary and the thyroid gland . The incidence of overt hypothyroidism
has been estimated to be 4.1 cases per 1000 women per year and 0.6
cases per 1000 men per year’. The prevalence has been reported to
be approximately 1-2% in women and 0.1% in men in large popula-
tion studies 8. Incidence of hypothyroidism depends on different
environmental and various geographic factors which include dietary
iodine deficiency, genetic variation in the population.

Hypothyroidism is the most common hormonal deficiency, the
diagnosis can be made quickly, confirmed and the treatment is
straight forward with excellent prognosis. Thyroid hormone defi-
ciency affects virtually every tissue in the body. Thyroid hormones
often have important effect on erythropoiesis. They enhance
erythropoiesis through hyper proliferation of immature erythroid
progenitors and increase secretion of erythropoietin (EPO) by in-
ducing erythropoietin gene expression. Generally it seems that
hypothyroidism causes hypoplasia in all myeloid cell lineages.

With regard to lymphocytes, T, is as a precursor substance for
normal B cell formation in bone marrow through its mediation
of pro-B cell proliferation. Therefore, thyroid disorders can induce
different effects on various blood cell lineages . Hypothyroidism
can cause various forms of anaemia (normochromic-normocytic,
hypochromic-microcytic or macrocytic) through reducing the ox-
ygen metabolism. Patients with hypothyroidism have a decreased
erythrocyte mass due to reduction of plasma volume and may un-
detectable by routine measurement such as haemoglobin concen-
tration >4, Alteration in other haematological parameters such as
haemoglobin (Hb), hematocrit (HCT), mean corpuscular volume
(MCV) ,mean corpuscular haemoglobin (MCH), white blood cell
(WBC) count and platelet count is associated with thyroid dysfunc-
tion ', but all changes return to normal if an euthyroid (normal)
state is obtained. Pancytopenia is a rare side effect whose cause
is not well understood. Immunological mechanisms have been
offered for decline of the life span of erythrocytes and platelets
5. Since there is high prevalence of thyroid dysfunction in Indi-
an population, the present study was undertaken to evaluate the
effect of thyroid hormone deficiency on red blood cells and red
blood cell indices in Shivamogga population.

Materials and methods:

With the approval of the Institutional ethics committee and the in-
formed consent of the participants, a total number of 100 Primary
hypothyroid patients of ages 30-65 years were chosen for the study.
Primary hypothyroid patients were treated and after 3 months of
therapy, they were evaluated again for the haematological parame-
ters.

Exclusion criteria: Patients with cardiovascular, cerebrovascu-
lar and neurological diseases, uncontrolled hypertension, Diabetes
mellitus, chronic renal failure and pregnant females were excluded
from the study. All female patients were asked about their menstru-
al period duration, frequency, and amount of bleeding. Patients
with a menstrual period lasting more than 5 days or more than usual
amount of bleeding were excluded from study.
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Sample collection: About 5-6 ml of venous blood was collected
in EDTA Vacutainer [BD Biosciences] from antecubital vein from each
patient. EDTA anti coagulated blood samples were processed in Hae-
matology Analyser (cell counter) Erba —Sysmax (XP-100). CBC and He-
mogram comprised of RBC count, White blood cells/ Total leukocyte
count (TLC), Differential leukocyte count (DLC) which included lym-
phocyte % neutrophils % and mixed pool % , platelet (PLT) count,
Hb concentration, MCV, MCH, MCHC, HCT/PCV and RDW.

Estimation of thyroid profile was done by Lilac kit by using a Chemilu-
minescence method. The following three parametes were estimated
under thyroid profile.

1. Tri-iodo-L-thyronine (T,)
2. Tetra-iodo-L-thyronine (T,)
3. Thyroid stimulating hormone (TSH).

Diagnosis of Primary hypothyroidism was established based on clini-
cal signs and symptoms and the T,, T, and TSH estimations.

Statistical Analysis:

Data obtained was entered into Microsoft Excel sheet and statistical
analysis was performed by SPSS software. Results were reported as
mean =+ standard deviation (SD) for quantitative variables and per-
centages for categorical variables. Statistical Independent T test was
used to evaluate the significance of differences between two groups.
P- Value of <0.05 was considered as statistically significant.

Results:

Table - 1 shows demographic profile of the study groups. The mean
age & number of the patients in Euthyroid pool and Primary hypothy-
roid pool was shown in Table-1.

Table-2 shows the Thyroid profile of the study groups. Mean
+SD values of TSH, T,, & T, in euthyroid pool were 3.267+1.407
p 1U/ml, 0.993+0.187 ng/dl and 8.873+2.021 pg/dl respectively.
Primary hypothyroid patients were diagnosed based on clinical
signs and symptoms, raised TSH level and lower T, & T, levels.
Mean +SD value of TSH, T, & T, in primary hypothyroid patients
was 54.808+7.090 p IU/ml, 0.282+0.091 ng/dl and 2.433+0.683
ug/dl respectively. After 3 months of therapy with L-thyroxine,
mean +SD values of TSH, T, & T, were 28.335+6.060 u 1U/ml,
0.565+0.063 ng/dl and 4.447+0.538 ug/dl respectively.

Table-3 shows the complete Hemogram of the study groups.
In untreated primary hypothyroid patients, the Mean +SD val-
ues of Blood cell counts were RBC (3.828+0.330 x10° cells/
cumm), WBC which included Total leukocyte count (8.429+1.820
x10® cells/cumm), & Differential leukocyte count like lympho-
cyte (33.68+8.472) % , neutrophils (61.74+8.665)%, mixed
pool (4.59+1.854)% and Platelets (PLT- 2.64+6.812 x 10°cells/
cumm) and Mean +SD values of blood cell indices were Hb
(9.314+1.451)gm%, MCV (72.923+4.600)fl, MCH (24.342+1.600)
pg, MCHC (30.153+0.528)%, HCT/PCV (28.087+4.335)% and RDW
(16.826+1.258)% respectively. There was a statistically signifi-
cant decrease in RBC Count and blood cell indices like Hb, MCV,
MCH, MCHC, HCT/PCV and increase in RDW. Patients treated with
L- thyroxine therapy show correction in these erythrocyte abnor-
malities. As compared with patients with the euthyroid status,
the RDW values showed statistically highly significant difference.

Table-4 shows the comparison of the haematological parame-
ters and thyroid hormone levels in Untreated & treated Prima-
ry hypothyroid patients with healthy Euthyroid controls with
respect to T, T, and TSH and the data was expressed as mean
+ SD. The value of P<0.05, denotes that the results were statisti-
cally significant. There was no significant difference in WBC and
platelet counts between euthyroid and Primary hypothyroid pa-
tients.
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Fig 1: Blood cell counts in Euthyroid, untreated primary hy-
pothyroid & treated primary hypothyroid. (RBC Count x 106,
WBC Count x 103 and Platelet count x 105 cells/ cumm) - Bar
diagram
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Fig 2: Red blood cell indices in Euthyroid, untreated primary
hypothyroid & treated primary hypothyroid. (MCV in fl, MCH
in pg, MCHC in %, Hb in gm%, HCT/PCV in % and RDW in %)
- Bar diagrams

Discussion:

Although frequency of hypothyroidism varies between countries, it is a
common disease. There is metabolic deceleration in hypothyroidism. Ac-
cording to the data of WHO (World Health Organization), anaemia is an
important public health problem. In order to carry out the treatment of
the patient with anaemia correctly, it is necessary to determine etiological
causes. The adverse effect of hypothyroidism on the haematological sys-
tem is the development of anaemia. In our study, 74% of hypothyroid pa-
tients were females. According to the data of WHO, anaemia prevalence is
24.8% throughout the world and it is seen more frequently in underde-
veloped countries'. Thyroid hormones have crucial effect on erythropoie-
sis by induction of erythropoietin secretion and proliferation of erythroid
progenitors ™. Thyroid hormones increase the secretion of erythropoie-
tin (EPO) by inducing erythropoietin gene expression. Thyroid hormones
augment repletion of hypoxia inducible factor-1 (HIF-1) and then induce
growth of erythroid colonies (BFU-E, CFU-E) '®. These hormones also in-
tensify 2, 3 DPG compactness which enhances the delivery of oxygen to
the tissues. Hypothyroidism causes hypoplasia in all myeloid cell lineages.
Thyroid diseases are frequently associated with erythrocyte abnormali-
ties'. Anaemia of hypothyroidism has been ascribed to a physiological
compensation for the diminished need of tissues for oxygen. The low
plasma erythropoietin levels found in hypothyroid anaemia is in accord-
ance with this hypothesis®.Directly or indirectly, stimulation of erythroid
colony development by thyroid hormones, inhibition of the later in its
absence, reduction in the oxygen distribution to tissues and diminution
of erythropoietin level in the absence of thyroid hormones causes normo-
cytic anaemia and this type of anaemia forms the most frequent type of
anaemia in hypothyroid patients?" 2. The determination made by Christ-
Crain and colleagues indicated that erythropoietin values were increased
as a result of L-thyroxine treatment in women with sub clinical hypothy-
roidism?. Treatment of subclinical hypothyroidism with L-thyroxine in pa-
tients with anaemia has beneficial effect on blood count, white blood cell
differential count, reticulocyte effect and blood cell indices %. The greater
percentage of Anaemia in women with hypothyroidism may be linked to
menorrhagia, as is proposed previously by Kosenli et al Z. In this study,

GJRA - GLOBAL JOURNAL FOR RESEARCH ANALYSIS = 66



IF:3.62 | IC Value 70.36

that entire group with menorrhagia was excluded. But, a significant high
incidence of anaemia was observed in this study, thus necessitating the
need to further evaluate other causes of anaemia in hypothyroid patients.
It has also been shown that in concurrent hypocoagulopathies, hypothy-
roidism is associated with increased risk of bleeding and haematological
parameters, including MCH, MCV, MCHC, HCT and Hb significantly im-
prove in patients with significant response to L-thyroxine %. Further stud-
ies need to be done in this area. In the present study also, there was de-
crease in RBC count, blood cell indices like Hb, MCH, MCV, MCHC and HCT.
There was increase in RDW. The cause of the increase in size of the red
cells and of the minor degree of anisocytosis in uncomplicated hypothy-
roidism is unknown . Although no definitive mechanism(s) can be sug-
gested to explain the larger prevalence of increased RDW in patients with
thyroid dysfunction, results of the retrospective cross sectional analysis
study suggest that abnormal levels of thyroid hormones might substan-
tially influence the size variability of circulating RBCs %. After 3 months of
therapy with L-thyroxine, there was improvement in haematological pa-
rameters which was statistically significant. Red cell diameter width was
decreased.

Conclusion:

This study showed that, hypothyroidism is highly associated with
anaemia, especially in women. Thyroid dysfunctions have a direct ef-
fect on most red blood cell indices and proper treatment of hypothy-
roidism can obviate treatment of concurrent anaemia. Further elabo-
rate study is required to investigate the major endocrinal disorder of
vulnerable population with its role in iron homeostasis of the body
and all types of anaemia. We suggest that people with thyroid dis-
order should have routine screening of haematological, biochemical
and hormonal profile assay and simultaneously proper management
of this metabolic disease should be provided based on Ameri-
can endocrinologist guidelines. Hence a multisystem approach is re-
quired to treat patients suffering from hypothyroidism.

Table-1: Demographic profile of the subjects
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|Mean age (Yrs) |53,43

[4933  [5254

[50.08 |

Table-2: Thyroid profile of the study groups: Mean + SD

Groups Estarl‘;fsgi(cjontrols/ Primary hypothyroid
Sex M F M F
Number (n %) |30 70 26 74

Healthy controls / : :
Param- . Untreated prima- |Treated primary
eter (Esusg‘]y roid [Mean ry hypothyroid hypothyroid
TSH (p

1U/ml) 3.267+1.407 54.808+7.090 28.33516.060
Total T3

(ng/dl) 0.993+0.187 0.282+0.091 0.565+0.063
Total T4

(ug/di) 8.873+2.021 2.433+0.683 4.447+0.538
Table-3: Complete Hemogram of the study groups: Mean *
SD

Healthy con- Untreated Treated
Parameter trols/ Euthyroid | Primary Primary
[Mean (SD)] hypothyroid | Hypothyroid

Hb (gm%) 12.083+1.451 9.314+1.451 [10.347£0.917
Total RBC

count (10° 4.249+0.367 3.828+0.330 |4.077+0.179
cells/cumm)

WBC Count /

TC (10%cells/ |8.483+1.879 8.429+1.820 (8.381+1.834
cumm)

Bentrophils 16741412360 |617428.665 |61.70+8.294
(L%Tpmcytes 3231411284  [33.68+8472 [33.86+8.336
Mixed pool (%) |5.30+2.584 4.59+1.854 4.55+£1.872
Platelet count

(10%cells/ 2.67+6.532 2.64+6.812 |2.65+6.619
cumm)

PCV/Hemat-

ocrit (%) 37.254+4.486 28.087+4.335 |31.049+3.938
MCV (fl) 87.267+4.262 72.923+4.600 |78.471+2.708
MCH (pg) 28.379+1.613 24.342+1.600 | 25.674+1.0464
MCHC (%) 32.699+0.708 30.153+0.528 |33.007+0.364
RDW (%) 14.563+1.604 |16.826+1.258 [16.087+0.753

*, The mean difference is significant at the 0.05 level.

Table-4: Comparison of the haematological parameters and thyroid hormone levels in Untreated & treated primary hy-
pothyroid patients with healthy Euthyroid controls.

] " untreated primar
parameter femgn  [mold - famotyod il
TSH (1 1U/ml) 3.267+1.407 PSRN e e P<0.001, H.S*
Total T3 (ng/dI) 0.993+0.187 833%%?;0,_?_15* 838%’—“0?;%3* P<0.001, H.5*
Total T4 (ug/dl) 8.873+2.021 Efg%%?;ﬁﬁg* éfggio?;a?g* P<0.001, H.5*
Hb (gm?%) 12.083+1.451 Syl R P<0.001, H.5*
Total RBC count (10° cells/cumm) |4.249+0.367 TR P Gel P<0.001, H.5*
WBC Count/TC(10° cells/cumm) | 8.483+1.879 PP e P=0.853, N.S
Neutrophils (%) 6241412360 pLjeaees e P=0.973,N.S
Lymphocytes (%) 32.31+11.284 ?,i-g%g;“,@ Sigg’—;?;ﬁg P=0.880, N.S
Mixed pool (%) 5.3042.584 éfg%;;fss‘}g ﬁjg’—a;g?‘g P=0.879, N.S
Platelet (10° cells/cumm) 26746532 B s BN P=0.932, NS
PCV/Hematocrit (%) 37.254+4.486 2o oY P<0.001, H.S*
MCV (f) 87.267+4.262 PoshY ST P<0.001, H.S*
MCH (pg) 28379+1.613 PSR e P<0.001, H.5*
MCHC (%) 32.699+0.708 P RTES oooies P<0.001, H.S*
RDW (%) 14.56321.604 T T re o P<0.001, H.S*

*. The mean difference is significant at the 0.05 level.
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