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Carotid Intima-Media Thickness and Lipid Profile In
Children Patients With Hypothyroidism
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ABSTRACT
Hypothyroidism is a condition where there is a decrease or absence of thyroid hormone production as a result of a
disorder occurring anywhere in the hypothalamo-pituitary-thyroid axis. There are very few studies in the literature
reporting on the effect of hypothyroidism on lipid metabolism and carotid intima-media thickness (CIMT) in children.
The present study was designed to determine whether hypothyroidism is associated with an increase in the CIMT and lipid
levels in patients under thyroid hormone replacement therapy.
The study included 30 children (under thyroid hormone replacement therapy) diagnosed with hypothyroidi and a control
group comprising 30 healthy, euthyroid children. All the patients were examined for clinical characteristics, and the serum
lipid levels and the CIMT were measured.
Mean age was 8.47 ± 5.22 years in the patient group and 8.82 ± 4.91 years in the control group. Patient group TSH value
was significantly higher than control group (9.95 ± 18.43, 1.93 ± 1.04, p = 0.021, respectively). The t otal cholesterol (TC),
low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), and TG values were similar in
both group (p = 0.065, p = 0.429, p = 0.219, and 0.391, respectively). CIMT values of the patient and control groups did
not differ significantly (0.40 ± 0.08 and 0.39 ± 0.07, p = 0.920, respectively)
In this study, contrary to the rare studies in the children's age group in the literature, no significant changes in lipid pr ofile
and CIMT were detected in patients with hypothyroidism. Further prospective studies are needed to substantiate these
findings in children with hypothyroidism.
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Introduction
Hypothyroidism is a condition where there is a
decrease or absence of thyroid hormone
production as a result of a disorder occurring
anywhere in the hypothalamo-pituitary-thyroid
axis. The incidence is around 0.1-2 % on average
(1). In primary hypothyroidism, plasma thyroidstimulating hormone (TSH) is high and free
thyroxine (fT4) is low. Free triiodothyronine
(fT3), usually begins to decrease in the stage of
advanced hypothyroidism. While fT3 and fT4 are
normal, the state where the TSH value increases is
also called subclinical hypothyroidism (SH) (2). In
hypothyroidism, there is a slowdown in metabolic
rate. Symptoms and signs vary depending on the
duration of exposure to hypothyroidism and the
degree of failure of thyroid hormones. Thyroid
hormones have important effects on many tissues
and organs in the body. One of the most obvious
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effects on the body is its effects on the
cardiovascular system (3).
Hypothyroidism leads to greatly increased plasma
levels of cholesterol, phospholipids and
triglycerides and almost always excessive lipid
storage in the liver. In long-term hypothyroidism,
the risk of atherosclerosis increases significantly
(4). The increased risk of atherosclerosis has been
shown to be due to hypercholesterolemia,
particularly an increase in low-density lipoprotein
cholesterol (LDL-C). In some studies investigating
the relationship of hypothyroidism with
atherosclerosis, changes causing atherosclerosis
have been reported to improve with levothyroxine
(LT4) treatment (5, 6).
It is known that the increase in carotid intima
media thickness (CIMT) is an early marker of
atherosclerosis. There are studies showing that
CIMT increases in patients with hypothyroidism
as a result of hyperlipidemia and impaired
endothelial function (7).
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In this study, we aimed to investigate the
relationship between hypothyroidism and CIMT
and lipid parameters in pediatric patients with
hypothyroidism under thyroid hormone therapy.

statistical computations. P value < 0.05 was
considered statistically significant.

Material and Methods

While the mean age of the patient group was 8.47
± 5.22 years, the mean age of the control group
was 8.82 ± 4.91 years and there was no significant
difference between the groups (p > 0.05). Twelve
(40%) of both groups were boys and 18 (60%)
were girls. There was no significant difference
between groups in terms of height, body mass
index (BMI), sBP and dBP (p > 0.05) (Table 1).
The TSH value of the study group was
significantly higher than the control group (9.95 ±
18.43, 1.93 ± 1.04, p = 0.021, respectively).
Although the mean fT3 value in the study group
was significantly lower than the control group, the
fT3 values in both groups were within the normal
reference range. The fT4 value was similar in both
groups (Table 2).
In the evaluation of lipid levels of the groups;
although the TG level of the study group was
higher than the control group, this difference was
not statistically significant (p = 0.391). In
addition, although the HDL-C level of the study
group was lower than the control group, this
difference was not significant (p = 0.429). There
was no significant difference between the groups
in terms of TC and LDL-C value (Table 2) In the
evaluation of the groups in terms of CIMT; In the
measurement made from the left carotid artery,
the CIMT value of the study group was 0.40 ±
0.08 mm, while the control group was 0.39 ± 0.07
mm and there was no significant difference
between the groups (p = 0.920). Similarly, there
was no significant difference in the measurements
made from the right carotic artery (Table 3).

Results

This study was carried out between September
2019 and January 2020 at Yuzuncu Yıl University
Faculty of Medicine. A total of 30 patients who were
diagnosed with hypothyroidism (receiving thyroid
replacement therapy) in the Department of
Pediatric Endocrinology, without systemic
hypertension, any other acute or chronic disease
or any known cardiac problems were included in
the study. A total of 30 patients who applied to
the pediatric cardiology outpatient clinic with a
murmur complaint, who did not have an
acute/chronic systemic disease or cardiac disease,
were determined as the control group.
The height and weight of the groups, and after
resting for 10 - 15 minutes, systolic blood pressure
(sBP) and diastolic blood pressures (dBP) were
measured. Venous blood samples were taken for
TSH, fT4, fT3, LDL-C, total cholesterol (TC),
Triglyceride (TG) and high-density lipoprotein
cholesterol (HDL-C). Samples were studied on the
same day. TSH, sT4, sT3 LDL-C, TC, TG and
HDL-C measurements were studied in the
biochemistry laboratory, using commercial kits in
the
Architect
Ci16200
autoanalizer.
Ultrasonographic imaging of the groups was done
on the day of studying biochemical parameters.
Ultrasonographic Evaluation: Carotid artery
doppler ultrasonography (USG) examination was
performed with Siemens ACUSON S2000™
(Siemens Healthcare, Erlangen, Germany) device
using 14L5 linear probe. All USG examinations
were performed by the same experienced
radiologist in a quiet environment, after each
individual had been resting for approximately 15
minutes. While the patients were in the supine
position, CIMT was measured approximately one
cm proximal to the both right and left carotic
artery bifurcation.
Ethics committee approval was received by
decision 04/06/18, numbered 04. Detailed
consent was obtained from all patients and their
parents included in the study.
Statistical Analysis: The studied variables were
presented as mean, minimum and maximum
values. Student t test was used to compare control
and patient group means for the studied variables.
SPSS (ver: 21) statistical program was used for all

Discussion
Thyroid hormones have important effects on
many tissues and organs in the body. It shows its
effects on the cardiovascular system directly and
indirectly. It shows its direct effects by affecting
myocytes at the receptor and nuclear levels, and
indirect effects by changing the hemodynamic and
sympathetic tone in the autonomic nervous
system. Thyroid hormones directly and indirectly
affect cardiac contractility and decrease systemic
vascular resistance(SVR) by dilatation in arterioles.
In the case of hypothyroidism, bradycardia,
decrease in cardiac output and increase in systemic
vascular resistanceoccur. In hypothyroidism,
mild
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Table 1. Demographic Characteristics of The Study and Control Groups
Age (years)
Gender (female/mal)
Weight (kg)
Lenght (cm)
BMI (kg/m2)
sBP (mmHg)
dBP (mmHg)

Study (n=30)
8.47 ± 5.22
18/12
28.58 ± 16.22
123.01 ± 29.12
19.20 ± 3.13
106 ± 10
65 ± 8

Control (n=30)
8.82 ± 4.91
18/12
28.92 ± 19.33
119.10 ± 31.23
19.01 ± 4.20
103 ± 10
63 ± 9

P
0.792
1
0.943
0.618
0.842
0.279
0.407

BMI, Body Mass Index; dBP, diastolic blood pressure; sBP, systolic blood pressure

hypertension may occur, and as there is a greater
increase in diastolic pressure, there may be a
narrowing in the pulse pressure (3).
Considering the effects of thyroid hormones on
many systems, early diagnosis and proper
treatment of hypothyroid disease become
important.
Atherosclerosis, which is common today, is the
most common cause of mortality and morbidity.
Cardiovascular diseases developing on the basis of
atherosclerosis are still the leading causes of death
(8). Atherosclerosis often affects elastic arteries
such as aorta, carotid and iliac arteries, and large
and medium-sized arteries such as coronary and
popliteal arteries. Fatty streaks, the first sign of
atherosclerosis, were also detected in the aorta in
childhood. Atherosclerotic events that start from
childhood affect the vascular structures in the
body and clinical symptoms of this process appear
in the future (9). Therefore, it is important to be
able to diagnose atherosclerosis before organ
involvement.
Thyroid hormones exert their most pronounced
effects on the cardiovascular system (3). It is
known that lipid metabolism is negatively affected
in hypothyroidism. It is suggested that the major
mechanism of the development of atherosclerosis
in hypothyroidism is the defect in the lipid profile
and endothelial dysfunction caused by the defect
in this lipid profile. It is stated that the increased
risk of atherosclerosis in hypothyroidism is due to
hyperlipidemia, especially LDL-C increase (10). In
some studies investigating the relationship
between hypothyroidism and atherosclerosis,
changes causing atherosclerosis have been
reported to improve with LT4 treatment (5-7, 11).
In summary, as a result of all these effects, when
hypothyroidism is not treated properly, lipid
metabolism deteriorates, and as a result, the
incidence of cardiovascular disease increases. Unal
et al. evaluated 38 pediatric patients with
hypothyroidism, found high TC, LDL-C, HDL-C
values in the patient group (12). In another study

conducted by Dahl et al. in the child age group,
228 SH patients and 1215 control groups were
compared. TC and non-HDL-C levels were found
to be significantly higher in children with SH (13).
In a study by Witte et al in 12756 healthy children
age group, they found a significant relationship
between TSH level and LDL-C, TC, TG level (14).
Contrary to these studies, in the study of Catli et
al., they did not find a significant difference
between the group with SH and the control group
in terms of LDL-C, TC and HDL-C value (15).
Similar to the study of Catli et al., we did not find
a significant difference between the patient group
and the control group in terms of LDL-C, TC,
TG, HDL-C values. However, in our study group,
the TSH value was significantly higher than the
control group (p = 0.021) (Table 2). We think that
the lipid profile in our study was similar to the
control group, it was due to early diagnosis and
regular hormone replacement therapy.
CIMT, which is one of the parameters used in the
evaluation of arterial stiffness, is increasingly used
as a predictive marker for atherosclerosis in
estimating the risk of cardiovascular disease (16,
17). The increase in CIMT causes an increase in
arterial stiffness. The increase in arterial stiffnes
implies an increased risk for the development of
atherosclerosis (18, 19). Although there is no
normal reference interval for CIMT in children by
age, values above 0.75 mm or an annual increase
of 0.03 mm in CIMT are considered abnormal
(20).
It is known that the increase in CIMT in
hypothyroidism is an early marker of
atherosclerosis. In several studies, the increase of
CIMT in patients with hypothyroidism has been
linked to several mechanisms. It has been shown
that endothelial functions are impaired as a result
of adverse effects of lipid metabolism in patients
with hypothyroidism, and as a result, CIMT has
been shown to increase (7). There are studies that
found that the damaged lipid profile improved and
CIMT decreased as a result of levothyroxine
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Table 2. Thyroid Hormone and Lipid Hormone Levels of The Groups
Study (n=30)
Control (n=30)
P
TSH (mIU/L)
9.95 ± 18.43
1.93 ± 1.04
0.021
fT3 (pg/ml)
3.40 ± 0.68
3.90 ± 0.32
0.001
fT4 (ng/dl)
1.11 ± 0.21
1.05 ± 0.10
0.117
TG (mmol/L)
103 ± 47
92 ± 53
0.391
TC (mmol/L)
128 ± 29
131 ± 22
0.651
LDL-C (mmol/L)
59.7 ± 22.5
63.8 ± 16.6
0.429
HDL-C (mmol/L)
53.9 ± 16.1
58.9± 15.5
0.219
fT3, free triiodothyronine; fT4, free thyroxine; HDL-C, high-density lipoprotein cholesterol; LDL-C,
low-density lipoprotein cholesterol; TC, total cholesterol; TG, triglycerides; TSH: thyroid -stimulating
hormone
Table 3. Carotid Artery Doppler Ultrasonographic Evaluations of The Groups
Study (n=30)
0.40 ± 0.08
0.41 ± 0.07

CIMT (left) (mm)
CIMT (right) (mm)

Control (n=30)
0.39 ± 0.07
0.39 ± 0.06

P
0.920
0.731

CIMT, carotid intima-media thickness

treatment (21, 22). In the literature, there are
many studies investigating the relationship
between
hypothyroidism
and
SH
and
cardiovascular disease in the adult age group.
However, there are not enough studies done in the
child age group. Studies in the pediatric age group
are mostly related to SH and the number of
studies investigating CIMT and lipid profile with
hypothyroidism is very low. In the study carried
out by Unal et al in a child patient with 38 SH,
they found the CIMT value significantly higher in
the patient group compared to the control group
(12). In the study of Del Busto-Mesa et al. in 101
adults with hypothyroidism, they found LDL-C,
TC and CIMT values significantly higher in the
patient group. They found that these values of the
patient group regressed after LT4 treatment (23).
In another study with patients with 40
hypothyroidism and 36 SH, serum LDL-C, TC
and CIMT were significantly higher than the
control group. With thyroid hormone replacement
therapy, it was determined that the CIMT and
lipid parameters decreased in these patients, and
the decrease in CIMT was thought to be related to
the decrease in lipid parameters (22). In a metaanalysis study conducted by Gao et al., they found
increased CIMT even in patients with
hypothyroidism with a TSH value of < 10 mIU/L
(24). Contrary to these studies, Almeida et al. did
not detect a significant difference in both lipid
parameters and CIMT parameters in their study
with an adult patient with SH (25). In our study,
similar to the study of Almeida et al., we did not
find a significant difference between the groups in

terms of CIMT values and lipid profile (p > 0.05).
This can be because our patients are at an early
age, receive regular LT4 therapy, and are in a
euthyroid condition.
In hypothyroidism, arterial compliance decreases
as a result of endothelial dysfunction and
disruption of relaxation of vascular smooth
muscle cells, which leads to increased SVR. In
subclinical hypothyroidism, as a result of the
decrease in the amount of nitric oxide, impairment
in endothelium-dependent vasodilation was
shown. These effects may narrow the pulse
pressure by causing diastolic hypertension in
approximately 30% of patients, and with thyroid
hormone replacement therapy, endotheliuminduced vasorelaxation occurs and blood pressure
returns to normal in most patients (26). In a study
by Itterman et al. in 17023 children, a positive
correlation was found between serum TSH level
and hypertension, and they emphasized that SH
causes an increased risk of hypertension (27). In
another study with 5872 adults, while a positive
relationship was found between serum TSH level
and dBP, no significant relationship was found
between TSH and sBP (28). In a meta-analysis
performed by Ye et al. in 50147 adult subjects,
they found the sBP and the dBP of patients with
SH similar to the control group (p > 0.05) (29). In
our study, there was no significant difference
between the groups in terms of sBP and dBP (p >
0.05). This may be because our patients received
LT4 treatment and were in a euthyroid state. In
addition, the mean age of our patients was 8.47 ±
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5.22 years. In other words, the fact that our
patients are at an earlier age may explain why BP
is not affected. Therefore, this study does not
exclude the possible relationship between
hypothyroidism and blood pressure. More studies
are needed to reach definitive opinion on this
matter.
Study Limitations: There were some limitations
of our study. Firstly, the number of cases is low,
in the both group.
In our study, the lipid levels in both groups were
between the normal values. This condition may be
related to the young age groups or this may be due
to patients being treated. Perhaps, if there was a
third group of untreated hypothyroidism, this
would be more clearly understood. The same can
be said for CIMT. In addition, the average age of
both groups is around 8 years old. We believe that
these patients should be reevaluated in this respect
at an older age, such as 16 - 18 years. The study
would have been better if the carotid artery
distensibility and carotid artery strain were
observed with CIMT.
In conclusion, this study is one of the very rare
studies evaluating lipid parameters and CIMT in
pediatric patients with hypothyroidism under
thyroid replacement therapy. We anticipated an
increase in lipid parameters and CIMT, one of the
early markers of atherosclerosis, in patients with
hypothyroidism. However, in this prospective
study, we did not find a significant difference
between the patient group and the control group
in terms of lipid profile and CIMT, in contrast to
the rare studies in the pediatric age group in the
literature. We think that the absence of any
difference between the groups in terms of these
parameters may be due to the low number of
patients, early diagnosis of the patients, regular
follow-up and treatment of the patients, and low
average age of the sample group. This result we
found does not exclude the relationship between
hypothyroidism and lipid profile and CIMT. More
and more long-term prospective studies are
needed to understand whether there is a
relationship between hypothyroidism and CIMT
and lipid parameters in children with
hypothyroidism under FT4 therapy. If there is a
relationship, it is clear that this situation should be
supported by new studies to clarify whether this
relationship is temporary or permanent.

References
1.

Canaris GJ, Manowitz NR, Mayor G, et al.
The Colorado thyroid disease prevalence
study. Arch Intern Med. 2000; 160: 526–534.
2. Atmaca H, Tanriverdi F, Gokce C, et al. Do
we still need the TRH stimulation
test?. Thyroid. 2007; 17: 529–533.
3. Osman F, Gammage MD, Franklyn JA.
Thyroid disease and its treatment: short-term
and
long-term
cardiovascular
consequences. Curr Opin Pharmacol. 2001; 1:
626–631.
4. Cappola AR, Ladenson PW. Hypothyroidism
and atherosclerosis. J Clin Endocrinol Metab,
2003; 88: 2438-2444.
5. Meier C, Staub JJ, Roth CB, et al. TSHcontrolled L-thyroxine therapy reduces
cholesterol levels and clinical symptoms in
subclinical hypothyroidism: a double blind,
placebo-controlled trial (Basel Thyroid
Study). J Clin Endocrinol Metab. 2001; 86:
4860–4866.
6. Caraccio N, Ferrannini E, Monzani F.
Lipoprotein
profile
in
subclinical
hypothyroidism: response to levothyroxine
replacement, a randomized placebo-controlled
study. J Clin Endocrinol Metab. 2002; 87:
1533–1538.
7. Monzani F, Caraccio N, Kozàkowà M, et al.
Effect of levothyroxine replacement on lipid
profile and intima-media thickness in
subclinical hypothyroidism: a double-blind,
placebo- controlled study. J Clin Endocrinol
Metab. 2004; 89: 2099–2106.
8. Lu H, Daugherty A. Atherosclerosis
[published correction appears in Arterioscler
Thromb
Vasc
Biol.
2016
Apr;36(4):e32]. Arterioscler Thromb Vasc
Biol. 2015; 35: 485–491.
9. Napoli C, Glass CK, Witztum JL, et al.
Influence of maternal hypercholesterolaemia
during pregnancy on progression of early
atherosclerotic lesions in childhood: Fate of
Early
Lesions
in
Children
(FELIC)
study. Lancet. 1999; 354: 1234–1241.
10. von Hafe M, Neves JS, Vale C, et al. The
impact of thyroid hormone dysfunction on
ischemic heart disease. Endocr Connect. 2019;
8: R76–R90.
11. Duman D, Demirtunc R, Sahin S, et al. The
effects of simvastatin and levothyroxine on
intima-media thickness of the carotid artery in
female normolipemic patients with subclinical
hypothyroidism: a prospective, randomizedcontrolled
study. J
Cardiovasc
Med
(Hagerstown). 2007; 8: 1007–1011.
12. Unal E, Akın A, Yıldırım R, et al. Association
of
Subclinical
Hypothyroidism
with

East J Med Volume:27, Number:4, October-December/2022
556

Çetin et al / Carotid Intima-Media Thickness In Hypothyroidism

13.

14.

15.

16.

17.

18.

19.

20.

Dyslipidemia and Increased Carotid IntimaMedia Thickness in Children. J Clin Res
Pediatr Endocrinol. 2017; 9: 144–149.
Dahl AR, Iqbal AM, Lteif AN, et al. Mild
subclinical hypothyroidism is associated with
paediatric dyslipidaemia. Clin
Endocrinol
(Oxf). 2018; 89: 330–335
Witte T, Ittermann T, Thamm M, et al.
Association
between
serum
thyroidstimulating hormone levels and serum lipids in
children and adolescents: a population-based
study of german youth. J Clin Endocrinol
Metab. 2015; 100: 2090–2097
Çatlı G, Anık A, Ünver Tuhan H, et al. The
effect
of
L-thyroxine
treatment
on
hypothyroid symptom scores and lipid profile
in children with subclinical hypothyroidism. J
Clin Res Pediatr Endocrinol. 2014; 6: 238–244
Lorenz MW, Markus HS, Bots ML, et al.
Prediction of clinical cardiovascular events
with carotid intima-media thickness: a
systematic
review
and
meta-analysis.
Circulation. 2007; 115: 459-467
Vlachopoulos C, Aznaouridis K, Stefanadis C.
Prediction of cardiovascular events and allcause mortality with arterial stiffness: a
systematic review and meta-analysis. J Am Coll
Cardiol. 2010; 55: 1318-1327
Harloff A, Strecker C, Reinhard M, et al.
Combined measurement of carotid stiffness
and
intima-media
thickness
improves
prediction of complex aortic plaques in
patients with ischemic stroke. Stroke. 2006;
37: 2708-2712
Vlachopoulos C, Aznaouridis K, Stefanadis C.
Prediction of cardiovascular events and allcause mortality with arterial stiffness: a
systematic review and meta-analysis. J Am Coll
Cardiol. 2010; 55: 1318–1327
Jacoby DS, Mohler III ER, Rader DJ.
Noninvasive atherosclerosis imaging for
predicting cardiovascular events and assessing

21.

22.

23.

24.

25.

26.
27.

28.

29.

therapeutic interventions. Curr Atheroscler
Rep. 2004; 6: 20–26
Nagasaki T, Inaba M, Kumeda Y, et al.
Decrease of arterial stiffness at common
carotid artery in hypothyroid patients by
normalization of thyroid function. Biomed
Pharmacother. 2005; 59: 8–14
Kim SK, Kim SH, Park KS, et al. Regression
of the increased common carotid artery-intima
media thickness in subclinical hypothyroidism
after thyroid hormone replacement. Endocr J.
2009; 56: 753–758.
del Busto-Mesa A, Cabrera-Rego JO, CarreroFernández L, et al. Changes in arterial
stiffness, carotid intima-media thickness, and
epicardial fat after L-thyroxine replacement
therapy in hypothyroidism. Endocrinol Nutr.
2015; 62: 270–276.
Gao N, Zhang W, Zhang YZ, et al. Carotid
intima-media thickness in patients with
subclinical
hypothyroidism:
a
metaanalysis. Atherosclerosis. 2013; 227: 18–25.
Almeida CA, Teixeira Pde F, Soares DV, et al.
Carotid intima-media thickness as a marker of
cardiovascular risk in patients with subclinical
hypothyroidism.
Arq
Bras
Endocrinol
Metabol. 2007; 51: 472-477.
Klein I, Danzi S. Thyroid Disease and the
Heart. Curr Probl Cardiol. 2016; 41: 65–92.
Ittermann T, Thamm M, Wallaschofski H, et
al. Serum thyroid-stimulating hormone levels
are associated with blood pressure in children
and adolescents. J Clin Endocrinol Metab.
2012; 97: 828–834.
Iqbal A, Figenschau Y, Jorde R. Blood
pressure in relation to serum thyrotropin: The
Tromsø study. J Hum Hypertens. 2006; 20:
932–936.
Ye Y, Xie H, Zeng Y, et al. Association
between subclinical hypothyroidism and blood
pressure--a meta-analysis of observational
studies. Endocr Pract. 2014; 20: 150–158.

East J Med Volume:27, Number:4, October-December/2022
557

