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Prevalence and Characteristics of Anemia Associated with Thyroid
Disorders in Non-pregnant Saudi Women during the Childbearing
Age: A Cross-sectional Study

Bassem Refaat

Background: Little is known about the prevalence of thyroid disorders

Methods:

Results:

Conclusion:

and their associated anemia in the Kingdom of Saudi
Arabia. The aim of the current study was to measure the
prevalence and types of thyroid disorders and their rela-
tionship with anemia frequency and types in non-pregnant
Saudi females during the childbearing age.

Blood samples were collected from 600 non-pregnant
females (between =18 and <45 years) with no history of
thyroid dysfunction, chronic diseases, and/or anemia to
measure serum thyroid stimulating hormone (TSH), free
T4, erythrocyte indices, and iron parameters.

Thyroid disorders were detected in 118 partici-
pants (19.6%), and occult hypothyroidism was the most
prevalent type (70/118) followed by overt hypothyroid-
ism (38/118) and hyperthyroidism (10/118). Anemia was
detected in 52 females with abnormal thyroid (44%) and
the prevalence was significantly higher (p < 0.05) com-
pared to euthyroid (14.3%). The red blood cell (RBC)
count, hemoglobin, hematocrit value, serum iron, and
serum ferritin were significantly lower in thyroid disor-
der compared to euthyroid group (p < 0.05). Erythrocyte
indices correlated significantly with serum free T4, while
iron parameters correlated with serum TSH (p < 0.05).

At a Glance Commentary
Scientific background of the subject

Thyroid disorders are associated
with several complications including the
development of anemia. We measured the
frequency of thyroid disorders among 600
non-pregnant Saudi women during the
childbearing age and, the prevalence of ane-
mia were then compared between thyroid
disorders and euthyroid group.

What this study adds to the field

Thyroid abnormalities appeared to be
common in non-pregnant Saudi females
in the kingdom and it was associated with
pathological erythrocyte indices, iron
parameters and anemia in 44% of cases.
Further studies are needed to identify the
underlying mechanism(s) and etiological
factors contributing in the development of
thyroiditis induced anemia.

Thyroid disorders are common in non-pregnant females in the Western province of Saudi Arabia, and
they are associated with an increase in the prevalence of both anemia and iron deficiency. Further
studies are needed to determine the underlying mechanism (s) contributing to the development of
thyroiditis-induced anemia in the kingdom and the role of thyroid hormones in iron metabolism.

(Biomed J 2015;38:307-316)
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hyroid hormones are essential for the normal develop-
ment, differentiation, metabolic balance, and physiologi-
cal function of virtually all tissues!"! and thyroid function
disorders are among the most common endocrine diseases.*!
Thyroid disorders affect females more than males, especially

during the reproductive age.® The prevalence of thyroid
disorders differs from one society to another and hypothy-
roidism is the most prevalent type with a reported frequency
of 2-5% worldwide.™ Also, the prevalence of subclinical
hypothyroidism is approximately 4—8.5% and it can increase
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to up to 20% in women aged 60 years or older.'®”!% Alter-
natively, hyperthyroidism is less prevalent with a frequency
ranging between 0.5 and 2% in women.[!:10-13]

Thyroid disorders are associated with hematological ab-
normalities and anemia is the most prevalent disorder.6!>16-181
Early reports have shown a decrease in the number of red
blood cells (RBCs) in the peripheral blood of patients after
thyroidectomy? and anemia has been defined in 20-60% of
the patients with hypothyroidism.”3!¢ Although early reports
showed that Graves’ disease is also associated with hematologi-
cal disorders,!!1*!1 anemia is not frequently observed in patients
with hyperthyroidism, whereas erythrocytosis is common. 116!
Furthermore, it has been found that all hematological parameters
return to normal when a euthyroid state is achieved.!+**3!

Females are more prone to the development of thyroid
disorders and/or anemia, especially during the reproduc-
tive age and pregnancy.>*¢712 Little is known about the
incidence of thyroid disorders and their associated types of
anemia in Saudi Arabia. Therefore, the aim of the current
study was to measure the prevalence and types of thyroid
disorders and to study their relationship with anemia fre-
quency and anemia types in non-pregnant females during
the childbearing age.

METHODS

Ethical approval

Ethical approval was obtained from the University
Review Ethics Committee before starting the study and
all serum samples were collected after obtaining informed
written consent from all the participants.

Study design

Five milliliters of blood sample was collected from 600
non-pregnant women (age range between 18 and 45 years)
who were selected based on the inclusion and exclusion cri-
teria [Table 1] during their routine check-up at the university
medical center between January and December 2013. All
participants filled a questionnaire regarding their medical

Table 1: Principal inclusion and exclusion criteria

history and the reason for attending the medical center. To
be included in the study, the participants had to be healthy
with no current or past history of acute illness within at
least 3 months prior to recruitment, no past history of/cur-
rent chronic medical condition, not using medication for
significant clinical disease, and not taking iron or vitamin
supplementation. The recruitment of participants was con-
secutive, and half of the blood sample (2.5 ml) was collected
in tubes containing ethylenediaminetetraacetic acid (EDTA)
and the rest in plain tubes.

The participants were divided into two groups accord-
ing to their thyroid profile results. Patients with normal
thyroid profile served as the “control group” and their he-
matological results and iron parameters were compared with
those obtained from the “thyroid disorder” group.

Thyroid hormone measurements

Whole blood samples (2.5 ml) were collected through
venepuncture, centrifuged at 3000 rpm for 20 min, and then
the obtained serum samples were stored frozen at — 20°C un-
til use. The quantitative measurement of thyroid stimulating
hormone (TSH) and free thyroxin hormone (FT4) was done
using electro-chemiluminescence immunoassay (ECLIA) on
Cobas e411 (Roche Diagnostics International Ltd, Basel, Swit-
zerland) according to the manufacturer protocol. The normal
range, according to the manufacturer, for TSH and free T4
was 0.27 — 4.20 pIU/ml and 12-22 pmol/l, respectively. The
detection sensitivity was 0.005 ulU/ml for TSH and 0.3 pmol/l
for FT4. The intra- and inter-assay coefficients of variations for
FT4 were 1.7 and 3.9%, respectively, and for TSH were 1.4 and
3.4%, respectively. The diagnosis and classification of thyroid
abnormalities were according to the guidelines of the National
Academy of Clinical Biochemistry (NACB) for laboratory di-
agnosis and monitoring of thyroid diseases.* Hypothyroidism
was considered when TSH was >4.5 ulU/ml and the level of
FT4 defined the type as either primary (FT4 < 12 pmol/l) or
subclinical (FT4 = 12 pmol/l). Hyperthyroidism was consid-
ered for TSH < 0.10 ulU/ml and FT4 >22 pmol/I.

Principal inclusion criteria

Principal exclusion criteria

Female participant

Patient age >18 and <45 years

Regular menstrual cycle and/or of proven fertility

Not on hormonal therapy and/or oral contraceptive pills
No history of thyroid disorder

Not known to be anemic

Not taking vitamins and/or iron supplementation

No history of autoimmune condition (e.g. type 1 DM, rheumatoid arthritis, etc.)
No concurrent chronic disease (e.g. renal, respiratory, cardiac, liver, type 2

DM and hypertension)

Male participant

Patient age<18 or>45 years

Irregular menstrual cycle and/or infertility

On hormonal therapy and/or oral contraceptive pills

History or known current thyroid disorder

Known to be anemic

Taking vitamins and/or iron supplementation

Autoimmune condition (e.g. type 1 DM, rheumatoid arthritis, etc.)
Concurrent chronic disease (e.g. renal, respiratory, cardiac,
liver, type 2 DM, and hypertension)

Abbreviation: DM: Diabetes mellitus
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Determination of hematological profile

Whole blood samples (2.5 ml) collected in EDTA
containing tubes were processed on Sysmex XS 500 with
five-parameter differential (Sysmex, Lincolnshire, IL,
USA) for the measurement of hemoglobin concentrations,
RBC count, packed cell volume (PCV), mean corpuscular
volume (MCV), and mean corpuscular hemoglobin (MCH).
Anemia was defined by hemoglobin level <11 g/dl, micro-
cytosis by MCV <80 fl, macrocytosis by MCV >98 fl, and
hypochromic anemia by MCH <25 pg.™*

Iron parameters

The quantitative measurement of serum iron, ferritin,
and total iron binding capacity (TIBC) was performed on
Cobas e411 (Roche Diagnostics International Ltd) according
to the manufacturer protocol. Transferrin saturation (TfSat)
was calculated as follows: (serum iron/TIBC) x100.

According to the manufacturer, the normal range of
iron was 37-145 pg/dl, kit sensitivity was 5 pg/dl, and
the intra- and inter-assay variations were <4 and 6.2%, re-
spectively. The normal range of TIBC was 228-428 ug/dl,
sensitivity was 16.8 pg/dl, and the intra- and inter-assay
variations were 1.6 and 2.4%, respectively. The normal
range for the ferritin kit was 7-283 ng/ml, sensitivity was
0.5 ng/ml, and the intra- and inter-assay variations were
5.5 and 7.1%, respectively.

Statistical analysis

Statistical analysis of the results was performed using
SPSS version 16 (SPSS Inc., Chicago, USA). Cross-tab-
ulation followed by Chi-square (y?) test was used for
frequency analysis. Normality and homogeneity of data
were assessed with the Kolmogorov and Smirnoff test and
Levene test, respectively. Student’s 7-test or Mann—Whitney
test was used to compare two groups based on normality.
One-way analysis of variance (ANOVA) followed by least
significant difference (LSD) post-hoc test was used to make
comparisons between more than two groups. Correlations
were determined using Pearson’s test. A p < 0.05 was con-
sidered significant.

Table 2: Prevalence and types of thyroid disorders and anemia
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RESULTS

Prevalence and types of thyroid disorders and
anemia

Overall, thyroid disorders and anemia were detected in
118 (19.6%) and 123 (20.1%) females, respectively. Anemia
was detected in 69 out of 482 participants with normal thy-
roid profile (14.3%) and in 52 out 118 females (44 %) with
thyroid abnormalities [Table 2]. The prevalence of anemia
was statistically different between the control and thyroid
disorder groups (p = 0.00002).

There was a significant difference (p = 0.01) in the mean
age between the control (33.2 + 12.7 years) and the thyroid dis-
order (29.9 + 11.5 years) groups. The mean age was also signifi-
cantly lower (p =0.001) for the anemic group (29.2 + 10.3 years)
compared to the non-anemic group (33.5 = 12.9 years).

The mean + standard deviation (SD) of RBC
count (4.1 0.5 10%ul), hemoglobin concentration (11.8 +2.2 g/
dl),PCV (35.8 £5.1%), and MCH (26.1 + 3.2 pg) were signifi-
cantly lower in the thyroid disorder group compared to the eu-
thyroid group (p < 0.05) [Figure 1]. However, there was no sig-
nificant difference in MCV between the two groups [Table 3].
Moreover, the median values of serum iron (63.9; range
10.23-180.3 pg/dl), ferritin (44.6 ng/ml; range: 3—199 ng/ml),
and TfSat (18.6%; range: 1-54%) were significantly lower and
the median TIBC was significantly higher (407.3 pg/dl; range:
237-889 ug/dl) in the thyroid disorder group when compared
to normal [Figure 2].

The types of thyroid abnormalities detected in the
600 females were as follows: 38 females with overt hypo-
thyroidism (6.3%), 70 females with subclinical hypothy-
roidism (11.6%), and 10 females with overt hyperthyroid-
ism (1.7%). Statistical analysis showed that the prevalence
of subclinical thyroiditis was significantly higher (p = 0.001)
compared to the other two types [Table 2].

The types of anemia detected in the study popula-
tion (600 participants) were microcytic hypochromic anemia
in 74 females (12.3%) and normocytic normochromic ane-
mia in 47 females (7.8%), and the prevalence of microcytic
hypochromic anemia was significantly higher (p = 0.0003)
compared to the other type [Table 2].

Normal thyroid Thyroid disorder (n=118) (%)
(n=482) (%) Overt hypothyroidism Occult hypothyroidism Hyperthyroidism
(n=38) (n=70) (n=10)
Non-anemic (n=479) 413 females (85.7) 20 females (52.6)* 36 females (51.5)* 10 females (100)

Anemic (n=121)
Microcytic hypochromic (74 females) 52 females (10.8)

Normocytic normochromic (47 females) 17 females (3.5)

8 females (21)*
10 females (26.4)*

14 females (20)*
2 females (28.5)*

Zero female (0)
Zero female (0)

*p<0.05 compared to normal thyroid
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Figure 1: Mean = SD of (A) RBC count, (B) hemoglobin concentration, (C) PCV, and (D) MCV in normal and abnormal thyroid (*p < 0.05
compared to normal thyroid).
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Figure 2: Median of (A) serum iron, (B) TIBC, (C) ferritin, and (D) transferrin saturation in normal and abnormal thyroid (*p < 0.05 compared
to normal thyroid).

Prevalence and types of anemia according to tected were: 52 females with microcytic hypochromic ane-
thvroid profile in all study participants (N = 600 mia (10.8%) and 17 females with normocytic normochromic
y P yp P ( ) anemia (3.5%). On the other hand, anemia was detected in
Anemia was detected in 69 participants out of 482 52 females out of 118 with abnormal thyroid profile (44%)
with a normal thyroid profile (14.3%) and the types de- and the types detected were: 22 females with microcytic
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Table 3: Mean+SD of erythrocyte indices and median of iron parameters

Normal thyroid Overt hypothyroidism Occult hypothyroidism Hyperthyroidism
RBCs count (x10%ul) 4.6+0.5 4+0.4° 4.1+£0.5° 4.6+0.6"¢
Hb (g/dl) 13.3£1.8 10.9+1.7¢ 12+2.320 13.7+1.5%¢
PCV (%) 39.5+5 33.6+4° 36+4.9%° 40.3£5.9°¢
MCV (fl) 84.6£6.5 81.1+8.1 83.3+£7.8 87.1+4.7°
MCH (pg) 27.9+2.7 26.1£3.4° 27.3+3.1 29.2+1.8°
Serum iron (ug/dl) 86.6 (range: 5.6-245) 42.7 (range: 10.2-163)* 64.2 (range: 11-180)** 99.1 (range: 19.5-152)"¢
TIBC (pg/dl) 360.1 (range: 198.3-889) 412.2 (range: 245-847)* 411 (range: 237-889)* 316 (range: 301-589)"¢

Ferritin (ng/ml) 74.2 (range: 1.1-231)

Transferrin saturation (%) 25.1 (range: 1-50)

49.1 (range: 3-193)*
9.7 (range: 2-39)*

43.1 (range: 3.2-199)*
21 (range: 1.2-50)°

80.1 (range: 10-150)°¢
31 (range: 3.3-50)"¢

ip <0.05 compared to normal thyroid; *p <0.05 compared to primary hypothyroidism; p <0.05 compared to subclinical hypothyroidism.
Abbreviations: RBC: Red blood cell; PCV: Packed cell volume; MCV: Mean corpuscular volume; MCH: Mean corpuscular hemoglobin; TIBC:

Total iron binding capacity

hypochromic anemia (18.6%) and 30 females with normo-
cytic normochromic anemia (25.4%).

The prevalence of microcytic hypochromic anemia was
significantly higher compared to normocytic normochromic
anemia within the euthyroid group. Also, both types of ane-
mia were significantly more prevalent in the thyroid disorder
group compared to the normal thyroid group [Figure 3].
However, there was no significant difference between both
types within the abnormal thyroid group (p > 0.05).

Of the 38 females with overt hypothyroidism, anemia
was detected in 18 cases (47.4%) and the types detected
were as follows: 8 females with microcytic hypochromic
anemia (21%) and 10 females with normocytic normo-
chromic anemia (26.4%). Anemia was detected in 34 out of
70 females with subclinical hypothyroidism (48.5%) and the
types detected were: 14 females with microcytic hypochro-
mic anemia (20%) and 20 females with normocytic normo-
chromic anemia (28.5%). There was no significant differ-
ence in the prevalence of both types of anemia between the
two groups of thyroid insufficiency. Hyperthyroidism was
detected in 10 females and anemia was not detected in this
group. Significant differences were also detected in the RBC
count, hemoglobin concentrations, PCV, TIBC, and TfSat
between the different types of thyroid disorders [Table 3].

Prevalence of iron deficiency according to
thyroid profile and erythrocyte indices

Overt iron deficiency (OID; <37 pg/dl) was detected
in 118 participants (19.6%) of the total study popula-
tion (N = 600). The frequency of OID was 17.6% (n = 85)
in participants with euthyroid profile (n = 482) and
27.9% (n = 33) in women with abnormal thyroid pro-
file (n = 118). Statistical analysis revealed that the prevalence
of OID was significantly higher in the thyroid disorder group
compared with control (p < 0.05).

OID was detected in 39.5% (n = 15/38) of participants
with overt hypothyroidism and 25.7% (n = 18/70) of those
with occult hypothyroidism. None of the participants with

hyperthyroidism had OID. The frequency of OID was sig-
nificantly higher in both types of hypothyroidism compared
with the euthyroid group, and the prevalence was also sig-
nificantly higher in the “overt hypothyroid” compared with
the “occult hypothyroid” group (p < 0.05).

According to the state of anemia, OID was detected
in 17.9% (n = 86) of the non-anemic group (n = 479),
35.1% (n = 26) of the microcytic hypochromic anemia
group (n="74), and 12.7% (n = 6) of the normocytic normo-
chromic anemia group (n =47). The prevalence of OID was
significantly higher in the microcytic hypochromic anemia
group compared with the other two groups (p < 0.05). Also,
no significant difference was detected between the non-ane-
mic and normocytic normochromic groups (p > 0.05).

Prevalence and types of anemia according to
thyroid profile in participants with normal
serum iron (n = 482)

On further analyzing the prevalence of anemia according
to thyroid profile in those participants with normal serum iron,
anemia was detected in 52 women (13%) out of 397 with eu-
thyroid profile and the prevalence of microcytic hypochromic
anemia (n = 37; 9.3%) was significantly higher compared to
normocytic normochromic anemia (n = 15; 3.7%) (p < 0.05).

Alternatively, anemia was detected in 37 partici-
pants (43.5%) out of 85 women with thyroid disorder
and the prevalence was significantly higher compared
with euthyroid group (p < 0.05). However, the frequency
of microcytic hypochromic anemia (n = 11; 12.9%) was
significantly lower compared with normocytic normochro-
mic anemia (n = 26; 30.5%) within the thyroid disorder
group (p < 0.05).

Of those women with overt hypothyroidism and
normal serum iron (n = 23), anemia was detected in
9 cases (39.1%); of these, microcytic hypochromic ane-
mia was detected in 2 females (8.7%) and normocytic
normochromic anemia in 7 women (30.4%). Anemia was
detected in 28 out of 52 females with occult hypothyroid-
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Percentage and types of anaemia according to thyroid state
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Figure 3: (A) Overall prevalence of anemia in all thyroid groups and (B) prevalence of microcytic hypochromic and (C) normocytic
normochromic anemia in the different groups of thyroid disorder found on analyzing the 600 study participants (*p < 0.05 compared to normal

thyroid; hyperthyroidism group is not included as anemia was not detected in any of the cases).

ism (53.8%) and the types detected were: 9 females with  prevalence of normocytic normochromic anemia was
microcytic hypochromic anemia (16.6%) and 19 females

with normocytic normochromic anemia (36.5%). The ficiency (p < 0.05).
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Correlations between thyroid hormones and
erythrocyte indices

Significant positive correlation was detected between
serum FT4 with RBC count, hemoglobin concentrations,
and PCV [Figure 4]. Also, TSH correlated positively with
TIBC and negatively with serum ferritin [Table 4].

On further analyzing the correlation of thyroid hor-
mones with erythrocyte indices in those participants with
normal serum iron (n = 482), significant correlations were
detected for serum FT4 and TSH with RBC count, hemo-
globin concentrations, and PCV [Table 5].

DISCUSSION

Thyroid disorders—induced anemia is a common health
problem and achieving a euthyroid state would correct the
associated hematological abnormalities.!'*2*2? To the best of

Bassem Refaat 313

Thyroid and anaemia in reproductive women

our knowledge, this is the first study to report the prevalence
of thyroiditis-induced anemia in non-pregnant females dur-
ing the childbearing age in Saudi Arabia.

The present study showed thyroid abnormalities in
19.6% of the study population and the most common
thyroid disorders were subclinical hypothyroidism fol-
lowed by overt hypothyroidism. A significant increase
was observed in the prevalence of anemia in females with
thyroid disorders and it was associated with a decrease
in the number of RBCs, hemoglobin concentration,
PCV, and MCH. Moreover, OID was significantly more
prevalent in the thyroid disorder group compared with the
euthyroid group, and it was associated with a significant
increase in TIBC and a significant decrease in serum
iron, ferritin, and TfSat. The types of anemia detected
in the present study were microcytic hypochromic and
normocytic normochromic anemia. The prevalence of

70

R=0.390
P=0.02 X 108

g s
5 3
< £ .
T 2
g :
[ 4
Se
o Pl 3: 5 s ¢ R=0.474
N P=0.02 X107 P=0.04 X 10
o 10 20 30 40 E ° 10 20 30 40
Serum FT4 (pmol/L) Serum FT4 (pmol/L)
s0-| 100-] R=-0.184
. s P=0.000005
.

Transferrin Saturation (%)

30

40
Serum FT4 (pmol/L)

Serum TSH (uIU/mL)

Figure 4: Correlation of serum free T4 with (A) RBC count, (B) hemoglobin concentration, (C) packed cell volume, and (D) correlation of

serum T'SH with serum transferrin saturation.

Table 4: Results of correlation analysis using Pearson’s test for the hematological indices and iron parameters with TSH and FT4

levels in all study participants (N=600)

RBCs Hb HCT MCV MCH Iron TIBC Ferritin Transferrin saturation
TSH
r value —0.288%* —0.291* —0.295% —0.134* —0.143* -0.161* -0.136* —0.048 —0.184%*
p value 0.03x107 0.006x107!! 0.01x107 0.001 0.00004 0.0007 0.001 0.244 0.00005
FT4
r value 0.443* 0.474* 0.390* 0.182* 0.260* 0.107* —0.053 0.013 0.123*
p value 0.02x1071¢ 0.04x107° 0.02x107# 0.000007 0.01x10 0.008 0.1 0.7 0.003

*p<0.01. Abbreviations: RBC: Red blood cell; MCV: Mean corpuscular volume; MCH: Mean corpuscular hemoglobin; TIBC: Total iron binding
capacity; FT: free thyroxin hormone; TSH: Thyroid stimulating hormone; HCT: Hematocrit
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Table 5: Results of correlation analysis using Pearson’s test for the hematological indices and iron parameters with TSH and FT4 in

participants with normal serum iron level (N=482)

Red blood Hemoglobin Hematocrit Mean corpuscular Mean corpuscular Iron Total iron Ferritin ~ Transferrin
cell count volume hemoglobin binding capacity saturation
TSH
rvalue  —0.271* —0.250%* —0.298%* —-0.049 —-0.038 —0.151%* 0.163* —0.009 —0.182*
pvalue  0.01x107  0.02x10° 0.02x10™ 0.2 0.4 0.001 0.0003 0.8 0.00006
FT4
r value 0.446%* 0.452%* 0.371%* 0.106* 0.186* 0.075 —0.104* —0.015 0.102*
pvalue 0.005x102"  0.01x1072  0.03x107" 0.02 0.0004 0.09 0.02 0.7 0.02

*p<0.01. Abbreviations: TSH: Thyroid stimulating hormone; FT: Free thyroxin hormone

both types significantly increased in overt and occult
hypothyroidism compared to the euthyroid group. Fur-
thermore, serum FT4 correlated significantly with RBC
count, hemoglobin concentration, PCV, and MCH. On
the other hand, TSH correlated significantly but weakly
with serum iron, TIBC, and TfSat.

The results of the present study suggest that thyroid
disorders are common in non-pregnant females of childbear-
ing age from the Western province of the kingdom. Also, the
prevalence of anemia and iron deficiency was significantly
higher in women with hypothyroidism. The significant cor-
relations of FT4 and TSH with erythrocyte indices and iron
parameters suggest that both hormones could have a role in
the regulation of erythropoiesis and iron metabolism.

Thyroid disorders are a major health problem world-
wide, affect females more than males, and the prevalence
varies in different societies.>*! Hypothyroidism, either in
overt or occult form, is the most common type with a preva-
lence of up to 20% in the elderly population.'®*!*! Despite
the fact that thyroid disorders are frequently encountered in
Saudi Arabia, these conditions are understudied and there
is a lack of information on their prevalence, types, and
etiological factors contributing to their development.?6-2”)

The findings of the present study agree with the previ-
ous findings and show that the overall prevalence of thyroid
disorders was 19.6%, suggesting that thyroid dysfunction
is a common endocrine disorder in non-pregnant Saudi fe-
males, at least in the Western province of the kingdom. The
majority of cases had subclinical hypothyroidism (11.6%)
followed by primary hypothyroidism (6.3%), and hyperthy-
roidism (1.7%) was the least frequent type. However, future
studies should include the thyroid antibodies profile, free
T3, and urine iodine to precisely determine the type and
etiology of thyroid disorder in the kingdom.

Thyroid diseases affect the process of hematopoiesis
and several previous reports have shown an association
between the different types of thyroid disease and hema-
tological abnormalities. The most prevalent hematological
disorder with thyroiditis is anemia and it is indicated by a
decrease in the number of RBCs and hemoglobin concentra-
tion. 811131690 The present report correlates with the afore-
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mentioned findings as a significant decrease was observed
in the number of RBCs, hemoglobin concentration, PCV,
and MCH between the thyroid disorder and normal thyroid
groups and the prevalence of anemia increased by threefold
with thyroid dysfunction compared with euthyroid females.
Although anemia was reported with different types of
thyroiditis, it is more common in hypothyroidism compared
to hyperthyroidism.?781114161 The decreased prevalence of
anemia with hyperthyroidism could be explained by the
observed increase in erythrocytosis.®™!® The current study
supports the earlier observations as it showed a significant
increase in the prevalence of anemia in the overt and occult
hypothyroidism groups compared to normal thyroid group.
Also, all the detected cases of hyperthyroidism (n = 10) had
normal erythrocyte indices and iron parameters. This is fur-
ther supported by the significant correlation found between
thyroid hormones with erythrocyte and iron indices.
Several forms of anemia have been reported with thy-
roid disorders and they include normocytic normochromic,
microcytic and/or macrocytic hypochromic, and the severity
of anemia is related to the degree of thyroid abnormal-
ity.222 Anemia of chronic disease, which is in the form of
normocytic normochromic anemia, is the most frequently
encountered type of anemia in hypothyroidism.®!®! It has
been suggested that thyroid hormone deficiency may lead
to bone marrow repression and/or decrease in erythropoietin
production due to the reduction of O, requirements."*! Hypo-
chromic microcytic anemia is less frequently associated with
hypothyroidism and it is mainly due to iron deficiency.?%>?
The results of the present study are in agreement with
the previous reports as normocytic normochromic anemia
and microcytic hypochromic anemia were the only two
types of anemia detected. The frequency of both types was
significantly higher in hypothyroidism compared to normal
thyroid group. However, there was no significant difference
in the prevalence of both types either between overt and
occult hypothyroidism or within each subtype of thyroid
insufficiency on analyzing the results generated from 600
participants.
Interestingly, the exclusion of women with OID in fur-
ther analysis revealed that the most common type of anemia



associated with both overt and occult hypothyroidism was
normocytic normochromic anemia and, similar to previous
studies, its prevalence was significantly higher compared
with microcytic hypochromic anemia. Hence, future stud-
ies should rule out the possibility of hemolysis as a cause
of normocytic normochromic anemia, despite the fact that
hemolytic anemia is rare in hypothyroidism.!®!1%!6! Also, the
observed cases of microcytic hypochromic anemia in the
subanalysis of participants with normal serum iron level
could be due to the co-existence of a chronic inflamma-
tion (e.g. autoimmune thyroiditis). Therefore, future studies
should measure the different thyroid autoantibodies and in-
clude the measurement of serum proinflammatory cytokines.

Several studies investigated the correlation between
thyroid hormones and erythrocyte indices. Bremner et al.
have shown significant correlation between free T4 and TSH
levels and hemoglobin concentrations in 1011 euthyroid
subjects. They, therefore, concluded that small differences
in thyroid hormones in euthyroid subjects are associated
with significant alteration in erythrocyte.” Another recent
study by Schindhelm et al. reported similar results in 701
euthyroid subjects. However, the authors did not observe
any correlation between TSH and erythrocyte indices.* The
present study agrees with the reported findings of Bremner
et al. as there was a significant decrease in erythrocyte
indices in the abnormal thyroid group compared to control
and there was a significant positive correlation of serum FT4
with the RBC count, hemoglobin concentrations, PCV, and
MCH. The present findings support the hypothesis that FT4
plays an important role in the regulation of erythropoiesis.

Also, the observed significant decrease in the iron
parameters and increase in the prevalence of OID within
the hypothyroidism groups suggests that thyroid deficiency,
either in the overt or occult form, could affect the metabolism
of iron. It appears from the results of previous reports that
both iron metabolism and thyroid functions are interdepen-
dent and each one of them could have a regulatory role on the
other. For instance, decrease in serum iron levels has been
observed in patients with subclinical hypothyroidism.?*!
Moreover, subclinical hypothyroidism was investigated in
iron-deficient patients and those who did not respond to iron
salt alone and interestingly, the combination of levothyrox-
ine and iron salt has shown a better performance compared
to each treatment alone.?” Thyroid hormones were also
shown to regulate the gene expression of transferrin; hence,
it has been suggested that the thyroid hormones regulate the
iron metabolism. 232!

On the other hand, several other studies have demon-
strated that iron deficiency could be a risk factor for the
development of thyroid abnormalities. A recent experimen-
tal study reported that iron deficiency prior to pregnancy
in female rats led to maternal hypothyroxinemia during
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gestation.?3 Tron supplementation to children with euthy-
roid goiter was also shown to reduce the size of goiter in a
randomized controlled study.**! Also, mild thyroid hormone
insufficiency was reported in cases of fetal and neonatal iron
deficiency,™ and iron deficiency was also more common
in euthyroid subjects and in those who were positive for
several thyroid autoantibodies."

The results of the present study support the assumption
that both thyroid dysfunction and serum iron are symbiotic,
as suggested by the observed significant increase in the
prevalence of iron deficiency in the thyroid disorder group.
This is additionally supported by the current observation
of significant correlations of serum TSH positively with
TIBC and negatively with serum iron and TfSat. However,
mechanistic elucidation for the observed relation between
serum iron and thyroid dysfunction is not possible from the
present data. Therefore, future studies should investigate
possible common molecules that could be involved in the
regulation of thyroid and iron metabolism. Hepcidin could
be a potential interesting molecule as it is the main iron regu-
latory hormone and also strongly involved in the regulation
of immune system.*’*8 Hence, it could be hypothesized that
pathological alteration in the activity of hepcidin could result
in iron deficiency and/or thyroid dysfunction. However, fur-
ther studies are required to explore the previous hypothesis.

In conclusion, thyroid disorders are common in
non-pregnant Saudi females in the Western province of the
kingdom and they are associated with a d ecrease in RBC
count, hemoglobin concentration, hematocrit value, and iron
parameters, and with anemia in 44% of cases. Normocytic
normochromic anemia and microcytic hypochromic anemia
were the most prevalent types associated with thyroid dys-
function. Further studies are needed to identify the underly-
ing mechanism (s) and the etiological factors contributing
to the development of thyroiditis-induced anemia and to
study the effects of thyroid hormones on iron metabolism.
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