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Background: Subclinical hypothyroidism (SHT) may increase the risk of cardiovascular disease. We 
compared endothelial function between SHT patients and euthyroid individuals, and evaluated the effects 
of levothyroxine therapy on endothelial function in the patients.
Materials and Methods: In a quasi‑experimental study, flow‑mediated dilatation (FMD) and intima‑media 
thickness (IMT) were assessed in SHT patients and healthy controls (n = 25 in each group). Patients then 
received levothyroxine (50 µg/day) for 2 months, and the FMD and IMT assessments were repeated.
Results: Patients and controls were similar in IMT (0.56 ± 0.09 vs. 0.58 ± 0.08 mm, P = 0.481), but FMD 
was lower in patients than in controls (4.95 ± 2.02 vs. 6.50 ± 2.57%, P = 0.011). A significant increase 
was observed in FMD (4.11 ± 2.37%, P = 0.001), but not in IMT (−0.004 ± 0.020 mm, P = 0.327), after 
levothyroxine therapy among the patients.
Conclusions: Patients with SHT have endothelial dysfunction which responds to levothyroxine therapy. 
Randomized placebo‑controlled trials are needed to confirm these findings.
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Brief Report

INTRODUCTION

Subclinical hypothyroidism (SHT) is defined by 
an elevation in plasma concentration of thyroid 
stimulating hormone (TSH) in spite of a normal free 
thyroxine.[1] It can be found in about 4% of the general 
population which is more frequent among women and 
with increasing age (up to 15% in elderly).[2] Studies 
have shown that hypothyroidism is associated with 
increased risk of cardiovascular diseases (CVDs), 
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possibly through dyslipidemia and endothelial 
dysfunction.[3,4] However, there is a controversy about 
the impacts of SHT on cardiovascular health.

A number of studies have shown that SHT is associated 
with atherosclerotic changes and, therefore, may 
increase the risk of CVDs.[5‑7] Impaired brachial 
artery flow‑mediated dilation (FMD) which indicates 
endothelial dysfunction[8] and increased carotid 
intima‑media thickness (IMT) which indicates 
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atherosclerotic changes[9] are both reported among SHT 
patients.[10,11] However, there are studies that found no 
clear association in this regard.[12‑14] Moreover, trials on 
the effects of levothyroxine therapy on vascular functions 
in SHT patients have provided inconsistent results.[15‑18] 
Accordingly, it is not yet clear whether SHT is a risk 
factor for CVDs and whether levothyroxine therapy 
can decrease such risk. Therefore, we aimed to evaluate 
the relation between SHT and endothelial dysfunction. 
Furthermore, we evaluated the effects of levothyroxine 
therapy on endothelial function in SHT patients.

MATERIALS AND METHODS

Study design
This quasi‑experimental trial was conducted on a 
consecutive sample of patients with SHT referring 
to the Isfahan Endocrine and Metabolism Research 
Center (Isfahan, Iran) during the year of 2013. The 
SHT was confirmed by laboratory results as TSH 
levels higher than 4 mIU/L, but normal serum levels 
of free T4. An age‑ and sex‑matched sample of subjects 
with normal lab results were selected as controls. 
Subjects with the following characteristics were not 
included in the study: Being under treatment for 
hypothyroidism; having history of cardiac disease, 
kidney disease, liver disease, malignancies, or cerebral 
vascular disorders; hypertension (blood pressure 
higher than 140/90 mmHg); diabetes (fasting blood 
sugar [FBS] higher than 126 mg/dL); obesity (a body 
mass index [BMI] of over 30 kg/m2); active smokers; and 
pregnant or lactating women. Sample size was calculated 
as 25 subjects in each group considering type I error 
probability of 0.05, study power of 0.8, and expecting 
at least 2% difference between the two groups in FMD 
according to previous studies.[19] The Ethics Committee 
of the Isfahan University of Medical Sciences approved 
the study protocol, and informed consent was taken from 
all patients. The trial was registered at clinicaltrials.
gov (identification number: NCT02090907).

Assessments
Demographic data including age, gender, weight, 
and height were obtained from all participants. FBS, 
cholesterol, triglyceride, high‑density lipoprotein (HDL), 
and low‑density lipoprotein (LDL) were measured.

FMD brachial artery diameter was measured using 
a B‑mode sonogram (ALOKA 5000 system, 7.5 MHz 
transducer). The baseline diameter of the brachial 
artery was measured after a 10‑min rest by placing the 
probe at 5 cm above the anterior cubital cavity of the 
nondominant arm. Then, a pneumatic pressure cuff was 
wrapped around their forearm at 300 mmHg for 5 min. 
The measurement process was repeated 90 s after the 
cuffs were undone. Measurement of arteries’ diameter 

was performed during the diastolic phase. The FMD% 
was calculated according to the following formula;[8]

Maximumdiameter baseline diameter
FMD% = ×100

Baseline diameter

Common carotid, IMT. Using the sonogram B‑mode 
images, the thickness of the intima‑media was 
measured by placing the probe on the common carotid 
artery. All ultrasound assessments were done by a 
single skilled sonogram operator.

Medical treatment
Patients with SHT were treated with daily doses of 
50 µg of levothyroxine for 2 months. The TSH level was 
measured after 2 weeks of therapy and levothyroxine 
dosage was modified to keep the TSH level in 
normal range. Furthermore, in case of symptoms of 
hyperthyroidism like palpitation, tachycardia, etc., 
TSH level was measured, and levothyroxine dosage 
was modified. After the treatment, TSH, FMD, and 
IMT measurements were repeated.

Data analysis
Data were analyzed using the SPSS software 
version 16.0 (SPSS Inc., Chicago IL, USA). Comparison 
between the case and control groups was done using 
the independent t‑test (and Mann–Whitney U‑test) 
for quantitative variables and Chi‑square test for 
qualitative variables. Paired t‑test was used to 
compare the FMD, IMT, and TSH among the patients 
from before to after the treatment. A P value of <0.05 
was considered statistically significant.

RESULTS

During the study period, 25 patients with SHT and 25 
healthy controls were studied. Baseline characteristics 
of the patients and controls are summarized in Table 1. 
There was no difference between the two groups 

Table 1: Comparison of baseline characteristics between the 
two groups
Variables Patients (n=25) Controls (n=25) P
Age (year) 35.9±7.6 37.5±7.3 0.468*
Gender, (female/male) 15 (60)/10 (40) 15 (60)/10 (40) 0.613†

BMI (kg/m2) 26.0±2.0 25.8±2.0 0.821*
FBS (mg/dL) 87.6±9.8 86.3±7.4 0.585*
Cholesterol (mg/dL) 177.4±25.2 186.1±36.9 0.337*
Triglyceride (mg/dL) 152.3±91.6 149.8±93.1 0.924‡

HDL (mg/dL) 49.2±9.3 54.0±11.2 0.107*
LDL (mg/dL) 108.6±26.7 102.9±30.1 0.495*
Dyslipidemia 12 (48) 11 (44) 0.776†

TSH (mIU/L) 7.19±1.29 2.4±0.55 <0.001*
Data are presented as mean±SD or number (%). *Independent t‑test, †Chi‑square 
test, ‡Mann–Whitney U‑test. FBS: Fasting blood sugar, HDL: High‑density lipoprotein, 
LDL: Low‑density lipoprotein, TSH: Thyroid stimulating hormone, BMI: Body mass 
index, SD: Standard deviation
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in demographic or laboratory data except the TSH 
level (7.19 ± 1.29 vs. 2.4 ± 0.55 mIU/L, P < 0.001).

Comparison of endothelial function between patients 
and controls
The IMT was not significantly different between the 
patients and controls; 0.56 ± 0.09 versus 0.58 ± 0.08 mm, 
P = 0.481. After controlling for demographic and 
baseline laboratory data, still there was no association 
between SHT and IMT (β = 0.098, P = 0.522). The 
FMD was significantly lower in patients than in 
controls; 4.95 ± 2.02 versus 6.50 ± 2.57%, P = 0.011. 
This difference was also present after controlling for 
demographic and baseline laboratory data as well as 
baseline brachial artery diameter (β = 0.335, P = 0.016).

Factors associated with endothelial function in patients
No clear association was found between age, gender, 
BMI, and lipid profile with IMT or FMD in patients 
with SHT. There was a significant correlation between 
baseline TSH level and IMT (r = 0.507, P = 0.010). The 
association between baseline TSH level and FMD was 
not statistically significant (r = −0.367, P = 0.071). 
Baseline IMT and FMD were also significantly 
correlated (r = −0.426, P = 0.034).

Comparison of endothelial function before and after 
treatment in patients
After medication, plasma TSH level significantly 
decreased from 7.19 ± 1.29 to 2.56 ± 0.69 mIU/L (ranged 
1.50–4.00 mIU/L), P < 0.001. Comparison of FMD 
before and after medication showed a significant 
increase from 4.95 ± 2.02 to 9.06 ± 2.85%, P = 0.001. 
However, no significant change was observed in 
IMT after medication; change from 0.56 ± 0.09 to 
0.57 ± 0.08 mm, P = 0.327.

DISCUSSION

This study results showed an association between 
SHT and endothelial dysfunction in terms of impaired 
endothelium‑dependent vasodilation. Furthermore, 
higher TSH level in SHT patients was associated with 
greater IMT and lower FMD among the SHT patients 
in our study. Moreover, we found that levothyroxine 
therapy could improve endothelial function in these 
patients by increasing FMD, though 2 months 
treatment with levothyroxine had no effects on IMT. 
Several studies have shown that hypothyroidism has 
adverse impacts on the cardiovascular system.[20] 
However, a limited number of studies are done on 
the effects of SHT on the cardiovascular system, 
and endothelial function and their results have been 
controversial.[12‑14] Some of the studies did not find a 
significant relation between SHT and cardiovascular 
events.[12,13] On the other hand, a number of researches 

found an association of SHT with endothelial 
dysfunction and cardiovascular mortality.[5,21] Similar 
to our study, Shavdatuashvili showed that FMD is 
impaired in subjects with SHT. These authors also 
reported that higher levels of serum TSH, cholesterol, 
and LDL are associated with more endothelial 
dysfunction in SHT patients.[22] Furthermore, Razvi 
et al. demonstrated that treatment of SHT patients 
with levothyroxine lead to a significant improvement 
in cardiovascular risk factors. They found free T4 
level as the most significant variable that predicts a 
decrease in cholesterol and improvement of FMD.[15] In 
the present study, we found no significant alteration 
in IMT after treatment with levothyroxine. In contrast 
with our findings, Monzani et al. found a significant 
decrease in IMT and also an improvement in lipid 
profile in patients with SHT after levothyroxine 
therapy. It could suggest that lipid infiltration may 
characterize an important mechanism underlying 
increase of IMT in SHT.[16] However, we found no 
clear association between lipid profile and endothelial 
dysfunction in SHT patients which might be due to the 
small sample of our patients. Another study showed 
that the decrease in nitric oxide availability causes 
endothelial dysfunction in SHT patients that could 
be reversed by levothyroxine therapy independent 
from alteration in lipid profile.[4] Nagasaki et al. in 
their studies showed that levothyroxine therapy in 
hypothyroid patients not only improves IMT through 
decreasing levels of LDL cholesterol and total/HDL 
cholesterol ratio but also potentially can reduce 
elevation of Von Willebrand factor to attenuate 
vascular injury as a result of cardiovascular effects 
of thyroid hormone.[23,24]

There are some limitations to our study. The study was 
not a randomized placebo‑controlled trial and having 
a bias toward endothelial dysfunction in patients 
with SHT and also toward the effects of medication is 
possible. Our sample size was relatively small, and study 
duration was short which did not permit us to investigate 
long‑term effects of medication on endothelial function, 
especially IMT. Furthermore, we measured lipid profile 
only at baseline, while its evaluation after treatment 
could provide better data on the potential benefits of 
levothyroxine therapy in SHT patients.

In summary, we found impaired endothelium‑dependent 
vasodilation in patients with SHT, with the level 
of TSH being correlated with the magnitude of 
endothelial dysfunction. Levothyroxine therapy can 
improve endothelial function in SHT patients by 
increasing the FMD, but short‑term treatment has 
no significant effect on IMT. Randomized controlled 
trials with longer treatment duration are needed to 
confirm these findings.
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