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Abstract

Aim: Serum RDW grades were detected in patients with Hashimoto's thyroiditis. We aimed to use
RDW to detect increased cardiovascular events in patients, increased oxidative stress, and
inflammation without the need for an additional cost.

Methods: We collected 904 persons results, 462 patients which have Hashimoto's thyroiditis, and
442 age and sex-matched control cases were comprised in our study. From the laboratory
measurements of the patients’ records were utilized such as hemogram, hs-CRP, fasting blood
glucose, insulin, C-peptide, kidney function tests, liver function tests (ALT, AST), serum lipids (total
cholesterol, triglyceride, HDL, LDL), anti-Tg, and anti-TPO, FT3, FT4, TSH levels.

Results: RDW was considerably scaled up in case group compared to control group (Hashimoto's
thyroiditis =10.08 £ 4.48%, control = 8.95 + 6.68%, p <0.05). Also, MPV was increased in the study
group(p<0.05). hs-CRP showed a statistically significant positive correlation between the level of
RDW.

Conclusions: Although the exact mechanism is still not fully understood, increased RDW levels in
individuals with Hashimoto’s thyroiditis, possibly related to ongoing subclinical inflammation,
neurohumoral activation, and changes resulting from oxidative stress in such patients.

RDW is potentially a valuable tool for assessing cardiovascular diseases among patients diagnosed
with Hashimoto's thyroiditis.
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I ntroduction

Thyroid hormones have a significant role in
the progress of atherosclerotic cardiovascular
disease. Subclinical hypothyroidism and hy-
pothyroidism accelerate atherogenesis. Sub-
clinical hypothyroidism is an independent
risk factor for cardiovascular illness. Addi-
tively, Hashimoto’s thyroiditis is a risk factor
for cardiovascular illness unincorporated of
thyroid hormones *. Hashimoto's thyroiditis
is the most common autoimmune disease,
characterized by lymphocytic infiltration of
thyroid tissue. Although its prevalence var-
ies, approximately 15-20% of the population
in any society has Hashimoto's thyroiditis.
This is a more prevalent problem in women.
In areas where iodine is not deficient, auto-
immune thyroiditis is the most frequent cause
of hypothyroidism 2. The immunological di-
agnosis of Hashimoto thyroiditis is made by
detecting anti-thyroid peroxidase (anti TPO)
and anti-thyroglobulin (anti Tg) antibodies in
serum by various methods. Anti-thyroid pe-
roxidase (Anti TPO) antibody is the most ap-
propriate laboratory test. Autoimmune thy-
roiditis includes a broad spectrum, ranging
from Hashimoto's disease (with goiter) to
atrophic lymphocytic thyroiditis (without
goiter). These diseases differ in the types of
antithyroid antibodies produced 2. Many ge-
netic and environmental parameters founded
in etiology of Hashimoto's thyroiditis, caused
by T cell-mediated autoimmunity *. Patho-
logically, the disease is characterized by in-
filtration of lymphocytes, plasma cells and,
more rarely, multinuclear giant cells of the
thyroid gland ®. In USG, reduction in thyroid
echogenicity and pseudonodules are ob-
served in Hashimoto’s thyroiditis ®. Immuno-
logical diagnosis of Hashimoto's thyroiditis
involves using various methods to detect anti
TPO and anti Tg antibodies in serum. Anti-
thyroid peroxidase (Anti TPO) antibody is
the most appropriate laboratory test. How-
ever, antithyroid antibodies with low titers
can be found in other thyroid diseases, and
even in normal individuals. Initial needle as-
piration biopsy, although not routinely re-
quired for diagnosis, supports diagnosis in

patients with negative antibodies. It is also
necessary to rule out malignancy in patients
with a single nodule 7. As in all autoimmune
diseases, there is harmful interaction of inter-
nal (genetic) and external (environmental)
factors in the formation of Hashimoto's thy-
roiditis °.

Red cell distribution width (RDW) is a pa-
rameter usually found in routinely measured
complete blood count and indicates the het-
erogeneity in the size of circulating erythro-
cytes. High RDW level indicates an in-
creased change in erythrocyte volume. RDW
is the expression of the erythrocyte volume
as a percentage, when divided by the mean
corpuscular volume (MCV). RDW is classi-
cally used in the differential diagnosis of ane-
mia 8. Thyroid hormones increase the eryth-
ropoietic activity of the bone marrow and the
serum erythropoietin level and the amount of
erythrocyte 2,3 diphosphoglycerate and facil-
itates oxygen delivery to the tissues. In hy-
perthyroidism, bone marrow activity in-
creases and erythrocytosis. It can be seen that
anemia is common in hypothyroidism. In hy-
pothyroidism, due to decreased iron absorp-
tion, microcytic, B12 and Folate malabsorp-
tion may cause macrocytic or normocytic
anemia. However, in recent studies, it has
been determined that RDW height is associ-
ated with increased cardiovascular disease®
11 In cardiovascular diseases, peripheral ar-
tery disease, acute heart failure and chronic
heart failure, increased RDW level has been
found to be associated with mortality and
morbidity*?3, Although the relationship be-
tween cardiovascular events and high RDW
has been demonstrated in many studies, there
is no clear understanding of the physio-
pathological mechanism of this relationship.
However, it is thought that chronic inflam-
mation may cause an elevated RDW in cardi-
ovascular diseases. Hashimoto’s thyroiditis
progresses with a low degree of systemic in-
flammation, and this inflammation acceler-
ates the progression of atherosclerosis!#1®.
Hs-CRP is a very important marker in evalu-
ating chronic inflammation *2. In a cohort
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study handeled by Veeranne et al., the predic-
tive value of RDW in terms of cardiovascular
mortality was found to be stronger than hs-
CRP 23, In another study examining the rela-
tionship between RDW and microalbuminu-
ria, which is an independent predictor of car-
diovascular events, high RDW level was
found to be associated with microalbuminu-
ria as an independent variable 4. Despite a
lack of understanding of the exact mecha-
nism, RDW has recently been used as an in-
dicator of chronic inflammation, oxidative
stress and cardiovascular diseases®?°.

As the thyroid hormones are important regu-
lators of the CVS, and T3 nuclear receptor af-
ter binding to proteins, it mediates the expres-
sion of several important cardiac genes. It
also transcribes alpha myosin heavy chain
and sarcoplasmic reticulum ATPase gene.
While increasing beta myosin heavy chain
and decreases the transcription of the phos-
pholamban gene. In hyperthyroidism, cardiac
contractility and cardiac output increase, car-
diac hypertrophy develops, systemic vascular
resistance decreases, and there is an in-
creased frequency of supraventricular tach-
yarrhythmia, similar to atrial fibrillation. The
visa vera situation is also correct (in hypothy-
roidism, the opposite is the case) *°.

It is not recommended to use routine evalua-
tion for checking. If chronic lymphocytic
thyroiditis is suspected in a patient with high
TSH levels, anti TPO and anti Tg are im-
portant in the diagnosis. These autoantibod-
ies are positive in 95-100% of Hashimoto's
thyroiditis. Anti TPO is the most determinant
antibody that can predict the development of
hypothyroidism. The risk of developing ex-
plicit hypothyroidism in a person with sub-
clinical hypothyroidism and antibody posi-
tivity is approximately 4% per year 16,

This study involves a retrospective examina-
tion of the RDW levels of patients with Hash-
imoto's thyroiditis and without (control
group). The hypothesis is that RDW level,
used as an indicator of chronic inflammation,
oxidative stress, and cardiovascular events, is
high in patients with Hashimoto. If, as in our
hypothesis, RDW level is found to be high in
patients with Hashimoto, RDW level can be

used as an indicator of increased cardiovas-
cular risks, increased oxidative stress and in-
flammation in this group of patients, avoid-
ing the need for additional cost or testing.
Dokuz Eyliil University Ethical Committee
has approved the study (2013/44-09).

Materials and Methods

Study design and participants

The universe of the study was the 3788 pa-
tients in endocrinology outpatient clinics.
The study sample were patients with Hash-
imoto’s thyroiditis who applied to Dokuz
Eyliil University Endocrinology Outpatient
Clinic between 2013-2014, and the control
group, those without. By searching over ad-
mission logs from the available medical rec-
ords, patients were identified. Data were re-
trieved from regional servers by qualified re-
search physician. Data on pre-existing
comorbidities, laboratory values, complica-
tions, treatments were collected. According
to this retrospective evaluation, there were a
total of 904 patients, 462 of whom were di-
agnosed with Hashimoto’s thyroiditis, and
442 of whom were in the control group.

1. Inclusion criteria:

* Being over 18 years old,

* Patients whose hemogram, anti-T, anti-M,
FT3, FT4, TSH were checked.

* Patients who are anti-Tg and / or anti-TPO
positive will be considered Hashimoto thy-
roiditis, and those negative for both thyroid
autoantibodies were included in the study as
a control group.

2. Exclusion criteria:

* Patients with acute and chronic renal and
hepatic insufficiency.

+ Patients with liver or kidney transplanta-
tion.

Patients with a history of cancer,

Patients with anemia, female haemoglobin
value <12 mg / dL, male haemoglobin value
<13 mg/ DI

3.Parameters Used During Evaluation and
Monitoring:

In our retrospective study, the following pa-
tient data were monitored: the demographic

¢ online at https://dergipark.org.tr/tr/pub/jocass
ution 4.0 International License

58


https://dergipark.org.tr/tr/pub/jocass

characteristics (age, gender), detailed disease
history, history, blood pressure, waist cir-
cumference, weight, and height. From the pa-
tients’ laboratory measurements, records
were made of hemogram, all sub-parameters
of hemogram, hs-CRP, fasting blood glucose
(FBG), insulin, C-peptide, kidney function
tests (BUN, creatinine), liver function tests
(ALT, AST), serum lipids (total cholesterol,
triglyceride, HDL, LDL), anti-Tg, and anti-
TPO, FT3, FT4, TSH levels.

Statistical analysis

The Kolmogorov-Smirnov test was em-
ployed to examine whether continuous varia-
bles adhered to the normal distribution. If two
independent groups of variables had a normal
distribution, the student’s t test was used to
compare them; otherwise, the Mann Whitney
U Test was applied. Chi-square analysis was

Inclusion criteria:

Being over the age of 18, Patients
whose hemogram, anti-Tg, anti-
TPO, FT3, FT4, TSH have been
checked

904 PATIENTS

Patients who are anti-Tg and / or anti-TPO
positive are considered Hashimato thyroiditis.
Individuals who are negative for both thyroid
autoantibodies are included in the study as a

control group.

Figure 1. Flowchart
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used to determine whether categorical varia-
bles were related. As descriptive statistics,
frequency, percentage, and mean std, devia-
tion values are provided. The statistical anal-
ysis was performed using the SPSS for Win-
dows version 22.0 package program, and p
<0.05 was considered statistically signifi-
cant.The relationship between numerical
variables was tested with the Pearson
correlation coefficient.

Results

The study included 904 people, 462 with
Hashimoto's thyroiditis, with a mean age of
34.45 + 8.43 years, and 442 without Hash-
imoto’s thyroiditis, mean age 33.79 + 9.97.
The demographic and laboratory data of the
participants with and without Hashimoto's
thyroiditis are characterized in Table 1.

3788 PATIENTS

Il

*Exclusion criteria:
* Patients with acute and chronic renal and
hepatic insufficiency.
* Patients who have undergone liver or kidney
transplantation.
*Patients with a history of cancer,
*Patients with anemia, women hemoglobin
value <12 mg / dL, men hemoglobin value <13
mg / dL

PATIENTS
GROUP:462

- CONTROL
GROUP:442
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Table 1. Comparison of demographic and laboratory data of individuals with and without

Hashimoto's thyroiditis

Demographic and Hashimoto's Control
laboratory data thyroiditis Group Group pa
n=462 n=442

Age (year) 34.45 £ 8.43 33.79 £ 9.97 0.304
Gender (Female) 399, % 86.1 385, % 87.1 0.585
Fasting Glucose (mg/dL) 85.13+9.89 85.71+£12.08 0.462
Creatinine (mg/Dl) 0.74 £ 0.37 0.73+0.13 0.966
BUN (mg/dL) 12.47+7.93 11.66 + 3.36 0.075
ALT (u/L) 20.74 £ 14.11 20.40+12.24 0.701
Total cholesterol, (mg/dL) 209.93 +40.83 200.10 +44.37 0.002*
HDL (mg/dL) 54.88 + 13.69 56.67 + 13.02 0.067
LDL (mg/dL) 130.12 + 35.07 122.89 +37.93 0.007*
Triglyceride (mg/dL) 123.72 + 89.60 105.86 + 65.86 0.002*
TSH (uIU/mL) 3.80 + 1.34 1.76 +1.13 0.003*
Free T4 (ng/dL) 1.02 £0.31 1.87 £0.68 0.040*
Free T3 (pg/mL) 3.02+0.80 541+£191 0.072
Anti-TPO (IU/mL) 376.24 + 351.41 2.04+5.09 -
Anti-TG (IU/mL) 143.57 £372.55 2.15+£5.01 =
WBC (uL) 7.07+1.75 6.97 + 1.73 0.373
Hgb (g/dL) 13.46 + 0.99 13.47 £ 0.98 0.913
Htc (%) 40.41 +3.42 40.09 + 4.20 0.205
RBC (uL) 4.62 +0.37 4.58+0.36 0.091
MCV (fl) 87.36 +5.30 87.59 +7.51 0.589
PLT (uL) 252.39 +£49.72 248.33 +53.67 0.239
MPV (fL) 10.51+1.12 9.57+0.72 0.013*
RDW (%) 10.08 + 4.48 8.95 + 6.68 0.003*
PTC (%) 0.31+0.37 0.27+0.14 0.024*
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Figure 2a. Comparison of BMI between two groups
2b. Comparison of HOMA-IR between two groups

Age and gender also do not statistically
differ significantly from one another. In
terms of PLT, Hgb, HTC, RBC, and MCV,
there was no statistically significant
difference between the two groups (p>
0.05). Regarding the levels of serum urea,
creatinine, and ALT, there was no
discernible difference between the two
groups (p> 0.05). Comparing the two
groups' serum RDW levels revealed that the
patient group's RDW level was statistically
significantly higher than the control group's
(Hashimoto’s thyroiditis = 10.08 + 4.48%,
control = 8.95 + 6.68%, p <0.05).

The serum ALT and MPV levels did not
significantly differ from one another (p

p=0.013*

0.6+

0.44

Hs-CRP, mg/l

020 £0.28
: 0.13+0.19

a

%

RDW diizeyi,

<0.05). It was found to be 10.51 = 1.12 in
the patient group, and 9.57 £ 0.72 in the
control group.

Serum total cholesterol, triglyceride, and
TSH levels were found to be statistically
significantly higher in patients with
Hashimoto's thyroiditis, while FT3 and FT4
levels were observed to be statistically
significantly lower. (Table 1)

Using an independent variables t test to
compare the BMI levels of 177 Hashimoto's
thyroiditis patients and 177 controls, it was
found that there wasn't significant
difference among the two groups. (Figure
2a)

20 p=0.003*

15

Figure 3a. Comparison of Hs-CRP between two groups
3b. Comparison of RDW between two groups
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Figure 4. Comparison of MPV between
two groups

Independent variables were used to com-
pare the HOMA-IR levels of 177 patients
with Hashimoto's thyroiditis and 177 con-
trols. The t test revealed a statistically sig-
nificant difference between the two groups
(p =0.02). (Figure 2b)

Between HOMA-IR and RDW level, a sta-
tistically significant positive correlation
was observed (r = 0.265, p = 0.003 *).
Results are compared of hs-CRP levels be-
tween 177 Hashimoto's thyroiditis patients
and 177 individuals in the control group us-
ing independent variables A significant dif-
ference between the two groups was shown
by the t test. (p = 0.013). (Figure 3a)

It was found that the patient group's serum
RDW level was statistically significantly
higher. (p = 0.003) (Figure 3b)

The patient group's serum MPV level was
found to be statistically significantly higher
(p = 0.003). A statistically significant posi-
tive correlation was found between Hs-CRP
and RDW level. (r = 0.344, p <0.001 *)
(Figure 4)

The following pairs of variables did not
have a statistically significant relationship
with one another: anti-TPO, anti-thy-
roglobulin, total cholesterol and LDL and
RDW levels, triglyceride and HDL and
RDW levels.

Discussion

In contrast to the control group, patients
with Hashimoto's thyroiditis had higher

RDW levels, according to our study. Addi-
tionally, we discovered that while serum
HDL cholesterol levels, FT3 and FT4 levels
were found to be statistically significantly
lower in patients with Hashimoto's thyroid-
itis, MPV, PTC serum total cholesterol, tri-
glyceride, and TSH levels were statistically
significantly higher.

Red cell distribution width (RDW) is a pa-
rameter usually found in routinely meas-
ured complete blood count and indicates the
heterogeneity in the size of circulating
erythrocytes.

Although the exact mechanism is still not
fully understood, RDW has recently been
used as an indicator of chronic inflamma-
tion, oxidative stress, and cardiovascular
diseases®!’. There are three known reasons
why RDW may be elevated in an inflamma-
tory environment. First, the impairment of
erythrocyte maturation caused by the desen-
sitization of inflammatory cytokines such as
tumor necrosis factor-o. (TNF-a), interleu-
kin-18 (IL-1B) and interleukin-6 (IL-6)
against erythrocyte progenitors, second, the
entry of juvenile erythrocytes into the circu-
lation, and finally, the formation of anisocy-
tosis 7. Oxidative stress is known to both
predispose to hemolysis and shorten eryth-
rocyte survival 8. Another factor that in-
creases RDW is anisocytosis resulting from
neurohumoral activation °. Thyroid stimu-
lating hormone (TSH) can also accelerate
atherosclerosis when it is above the upper
limit of the reference range®®-?8. In addition,
Hashimoto’s thyroiditis is a risk factor for
cardiovascular disease independent of
thyroid hormones®?. In our study, we
found that RDW increased in accordance
with the literature.

In the study by Aktas G. et al. on Hash-
imoto’s thyroiditis, RDW was found to be
lower in the control group. (p = 0.015) This
study consisted of 102 patients, (85 fe-
males), and a control group of 63, (55 fe-
males). There were no difference between
the groups for age and gender. In our study,
in addition to RDW, significant results were
obtained with TSH and FT4; TSH level was
higher and FT4 level was lower 22,
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In Chang et al.’s meta-analysis of 22 studies
involving 80,216 coronary patients, a corre-
lation was found between increased RDW
and mortality due to increased coronary ar-
tery disease. Furthermore, this research re-
vealed a statistically significant relationship
between RDW and BNP levels in which
RDW and serum BNP levels were exam-
ined in heart failure patients diagnosed with
diabetes. RDW levels were found to be
higher among heart failure patients diag-
nosed with diabetes than those without 2.
Bremmer et al. reported the negative corre-
lation of serum T4 levels with RDW %,
while Montagnana et al. showed a positive
correlation between serum TSH levels and
RDW 2,

RDW, CRP, and ESR were observed to be
significantly higher in the patient group
compared to controls in another retrospec-
tive study that included 165 patients with
inflammatory bowel disease (p <0.05) 2.
Between BMI glucose and RDW level, a
statistically significant positive correlation
was found in this study (r = 0.320, p <0.001
*). Yudkin et al., revealed that CRP had a
positive relationship with insulin resistance
parameters and triglycerides, and a negative
relationship with HDL ?’. In our study, we
found higher MPV in the patient group.
Carlioglu et al. performed a study on BMI
with 51 patients diagnosed with Hash-
imoto’s thyroiditis who were euthyroid, and
51 age-matched people in a control group.
In the analysis, MPV level was found to be
high in the patient group. There was no sig-
nificant difference in TSH, FT3, FT4 levels,
and a positive correlation was found be-
tween both thyroid autoantibodies and
MPV 28, Many studies yield similar results.
In Jabeen et all’s study on diabetic patients,
MPV and hsCRP values were found to be
significantly higher in diabetics than the
control group 2°. An increase in MPV has
been shown in diseases such as DM, acute
coronary syndrome, stroke, and hypercho-
lesterolemia®4°. It has also been suggested
that MPV may have an acute phase reactant
that correlates with disease activity in
rheumatological diseases, such as rheu-

matoid arthritis and ankylosing spondylitis
31

Recently, subclinical hypothyroidism has
become considered as a risk factor for car-
diovascular diseases, due to the patients’
changing lipid profile. In these patients and
those with similar conditions, the level of
serum total cholesterol is thought to be as-
sociated to an increase in LDL cholesterol
and a decline in HDL cholesterol 2. In this
study, the group with Hashimoto's thyroidi-
tis had significantly higher levels of total
cholesterol, LDL, and triglycerides. In the
Rotterdam study, it was found that elderly
women's subclinical hypothyroidism played
a significant role in the occurrence of ather-
osclerosis and myocardial infarction 2. In-
creased RDW level has been found to be as-
sociated with mortality and morbidity in
cardiovascular diseases, peripheral artery
disease, acute heart failure and chronic
heart failure!>®, In the NHANES studly,
conducted between 1988-1994, Perlstein et
al. revealed the relationship between RDW
and death from all causes, CVD, cancer and
lower respiratory tract diseases in 15852
participants .

According to Karkoutly et all, hypothyroid-
ism affected hematologic parameters more
frequently among women patients, as also
reported in our study, this study involved 84
cases 3. Ahmed and Mohammed reported
that, there were 3 groups (control, hypothy-
roidism, hyperthyroidism) and it was re-
vealed that while thyroid pathologies af-
fected women more than men, the root rea-
son of anemia should be sought, and thyroid
pathologies also could be considered *.
Even low PLT levels could be a predictor
for the follow-up of thyroid papillary cancer
%, Mwafy et all recommend lifestyle modi-
fications not only for the prevention of non-
communicable diseases such as morbid
obesity, but also thyroid pathologies, based
on laboratory findings of their 94 obese pa-
tients 3. Although Wang et all named their
article as “There is no obvious relationship
between red blood cell distribution width
and thyroid function.”, in conclusion,
among their 8424 male and 5198 female
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participants, they reported that “anicocyso-
tis” is crucial. The age and gender differ-
ence in RDW have been reported in many
studies. The increased anisocytosis and the
grade inflammation should also be evalu-
ated as this is a key factor, also for cancers
38, The potential important point is oxida-
gigve stress, which should be carefully noted
As there is a correlation of disease severity
with hematology parameters in COVID-19
diagnosed patients, whether diabetics or
not**>0, RDW also could be a predictor for
CVSrisk. The physiological mechanism be-
tween increased mortality and high RDW
levels in terms of cardiovascular mortality
is not known in detail. Besides, oxidative
stress, inflammation, poor pulmonary func-
tion has been shown indirectly in other stud-
ies, these are not fully understood. Autoim-
mune diseases and/or infectious diseases
such as COVID could also attack CVS.
Early recognition of severe diseases is cru-
cial for the optimal use of limited resources.

Conclusion

In this study, the increased RDW level in in-
dividuals with Hashimoto’s thyroiditis.
This may be related to ongoing subclinical
inflammation, neurohumoral activation and
changes resulting from oxidative stress in
such patients. Also, a correlation was found
between increased RDW level and CRP. A
positive relationship was found between
BMI and RDW.

These results, if confirmed by future stud-
ies, suggest that RDW, a parameter of the
complete blood count performed as a rou-
tine examination as an inflammation
marker, may be considered as a parameter
to be used in follow-up in patients with
Hashimoto’s thyroiditis. In this group of pa-
tients, RDW level can be used as a marker
of increased cardiovascular event, and in-
creased oxidative stress and inflammation,
avoiding the need for additional cost or test-
ing.

The results of our retrospective study, we
believe, underline the need for larger-scale

prospective studies that can shed further
light on Hashimoto's thyroiditis in this re-
gard. A low-cost, “sustainable indicator”
could be used to manage patients’ risks, and
RDW is one of these parameters for deter-
mining risk level, along with BMI, CRP,
and other predictors.

Strength of the study

When the literature is evaluated, studies on
RDW, although frequent, focused less fre-
quently on the Hashimoto thyroiditis and
RDW, and include a small number of par-
ticipants and/or patients.
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