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Patients and methods The studied group consisted 
of 44 patients (37 women, 7 men), diagnosed with 
endogenous sHT in the course of toxic multinod‑
ular goiter (TMNG), diffused thyroid autonomy 
(DTA), or autonomously functioning thyroid nod‑
ule (AFTN). The patients were included in the study 
based on the following criteria: 1) decreased TSH 
serum concentration (<0.36 mIU/l). To exclude 
the patients with temporarily suppressed TSH, 
it was measured at least 2 times, at intervals of 
at least 6 weeks; 2) normal fT3 and fT4 levels: 3.5–
7.9 pmol/l and 7.64–19.7 pmol/l, respectively, also 
measured twice at intervals of at least 6 weeks; 3) 
results of the thyroid ultrasound examination and 
Tc ‑99m scintiscan, suggesting one of the follow‑
ing diagnoses: TMNG, DTA, or AFTN.

We measured antithyroid autoantibodies to ex‑
clude the patients with sHT in the course of au‑
toimmune thyroid disease.

Tc ‑99m thyroid scintiscan, radioiodine uptake 
testing, and thyroid ultrasound examination were 
performed in every patient at admission.

All the patients were subsequently treated with 
radioiodine. The individual therapeutic radioio‑
dine activity was calculated with the equation de‑
scribed elsewhere.3

The patients were evaluated every 3 months 
of following the therapy. We measured TSH, 
fT3, fT4, total cholesterol (TC), LDL ‑C, HDL‑
‑C, triglycerides (TG), and sex hormone binding 
globulin (SHBG) serum concentration at admis‑
sion, and at every check ‑up visit until the last 
visit 6 months after euthyroidism restoration. 
To determine TSH, fT3, and fT4 serum concen‑
trations, we used the AutoDELFIA Immunoas‑
say system kits (PerkinElmer, Turku, Finland). 
To analyze the lipid profile parameters, we uti‑
lized the enzymatic colorimetric method with 

Introduction Subclinical hyperthyroidism (sHT) 
is characterized by low thyroid ‑stimulating hor‑
mone (TSH) serum concentration and normal 
levels of free thyroxine (fT4) and free triiodo‑
thyronine (fT3), and it affects 0.2% to 15.4% of 
the general population.1 sHT can be detrimental 
to the human body and can develop into clinically 
overt hyperthyroidism (HT).1 Although the con‑
dition is called “subclinical,” in a recent study 
83.7% of patients with sHT manifested symp‑
toms of HT.2

sHT is associated with an increased risk of ar‑
rhythmias, acute myocardial infarction, pulmo‑
nary embolism, and cardiovascular and all ‑cause 
mortality.3 Patients with sHT present increased 
heart ventricle volume and mass, disturbed left 
ventricle relaxation, increased diameter of the as‑
cending aorta, as well as worse physical capacity.4,5

Lipid metabolism, total cholesterol, low‑
‑density lipoprotein cholesterol (LDL ‑C), apolipo‑
protein B, and lipoprotein(a) levels are decreased 
in sHT and HT, mainly due to an increased LDL 
receptor expression in the liver and enhanced cho‑
lesterol turnover. High ‑density lipoprotein cho‑
lesterol (HDL ‑C) serum concentration tends to  
decline because of a direct effect of thyroid hor‑
mones on cholesteryl ester transfer protein and 
hepatic lipase activity.6 Increased oxidative stress 
and enhanced LDL ‑C oxidation may promote ath‑
erosclerosis and thus be one of the factors con‑
tributing to increased cardiovascular risk in hy‑
perthyroid state.7

However, it is still unclear if and to what extent 
the treatment of sHT impacts lipid metabolism. 
To address this knowledge gap, we prospective‑
ly evaluated how the transition from sHT to eu‑
thyroidism, achieved by radioiodine treatment, 
influenced lipid profile parameters.
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transient HT that required a short course of me‑
thimazole therapy, however, after the drug was 
stopped, the patients were either euthyroid or hy‑
pothyroid and no recurrence of sHT was observed. 
Three patients presented transient exacerbation 
of HT 3 months after radioiodine administration, 
requiring a short period of methimazole treat‑
ment. Two patients developed hypothyroidism, 
which was treated with levothyroxine substitu‑
tion and led to the restoration of euthyroidism.

The mean (SD) time from the diagnosis of sHT 
till radioiodine treatment was 12.7 (9.8) months, 
while the mean time between radioiodine treat‑
ment and the achievement of euthyroidism was 
6.9 (4.8) months. Control laboratory tests assess‑
ing the lipid profile status were performed after 
a mean time of 5.7 (4.2) months after confirma‑
tion of euthyroidism. The mean total time from 
radioiodine treatment until control measurement 
was 12.6 (6.1) months.

The restoration of euthyroidism was associ‑
ated with a significant increase in LDL ‑C and 
HDL ‑C. An increase in TG and TC serum con‑
centrations was also observed but it was not sig‑
nificant (TAbLE 1). We also calculated non ‑HDL ‑C 
levels and noted a rise in this parameter from 
141.11 mg/dl to 145.05 mg/dl. We found a weak 
but significant correlation between posttreat‑
ment fT3 and serum HDL‑C concentrations 
(r = –0.303, P = 0.046). No significant correlations 
were found between any other pre‑ or posttreat‑
ment lipid profile parameters and TSH, fT4, or fT3 
levels. We also evaluated SHBG levels. The post‑
treatment SHBG serum concentration (medi‑
an, 35.7 [IQR, 25.2; 47] nmol/l) was significant‑
ly lower (P <0.001) than before the treatment 
(median, 51 [IQR, 33.1; 64.9] nmol/l). 

Discussion The latest American Thyroid Asso‑
ciation guidelines recommend treating patients 
with persistently suppressed TSH levels below 
0.1 mIU/l and: 1) older than 65 years, 2) those 
who are symptomatic, 3) patients with heart dis‑
eases, cardiac risk factors, osteoporosis, or post‑
menopausal women who are not on estrogen 
or bisphosphonate therapy. Treatment of sHT 
should be, however, individually considered in 
all patients without the abovementioned risk 
factors, if TSH is persistently below 0.1 mIU/l.8 
The 2015 European Thyroid Association guide‑
lines similarly recommend treatment of sHT in 
older patients, with certain risk factors, thyroid 
pathologies or significant TSH suppression, and 
an individualized approach in younger patients, 
with a lower degree of TSH suppression and lack 
of signs of thyroid pathology.9 Our study pro‑
vides further data that can be used by clinicians 
in the process of decision making in therapy of 
patients with sHT.

There is a general agreement that the treat‑
ment of overt HT is associated with an increase 
in TC, LDL, HDL, and apolipoprotein B levels, 
while TG tend to stay unchanged.10 The mag‑
nitude of changes in HDL ‑C and LDL ‑C serum 

the COBAS INTEGRA (Basel, Switzerland) an‑
alyzer and Roche (Basel, Switzerland) reagents.

The protocol of the study is in accordance with 
the Declaration of Helsinki and was approved by 
the local bioethics committee (5/2003). All pa‑
tients provided written informed consent to par‑
ticipate in the study.

Statistical analysis The statistical analysis was 
carried out with STATISTICA package, version 
12.0 (StatSoft, Tulsa, Oklahoma, United States). 
We assumed a P value below 0.05 to be significant. 
The Kolmogorov–Smirnov test was used to check 
the normality of the distribution of the variables 
and their differences. The paired t test was em‑
ployed to compare paired groups with normal‑
ly distributed variables. The Wilcoxon test com‑
pared paired samples with variables not normal‑
ly distributed. Pearson linear correlation coeffi‑
cient was used to test for correlation of the data 
with normal distribution.

Results A total of 44 patients (37 women, 7 men) 
with sHT participated in the study. Their mean 
(SD) age was 45.9 (11.0) years (range, 22–65). 
The underlying thyroid pathologies causing sHT 
were: TMNG in 38 patients, DTA in 4 and AFTN 
in 2. Radioiodine treatment resulted in the res‑
toration of biochemical euthyroidism. Detailed 
thyroid function test results and lipid profile pa‑
rameters before and after the treatment are pre‑
sented in TAbLE 1. At the moment of the diagnosis 
14 patients had their TSH level suppressed below 
0.1 mIU/l, while 30 patients showed partial sup‑
pression (0.1–0.36 mIU/l).

All the patients achieved euthyroidism af‑
ter a 36 ‑month follow ‑up. Only 3 patients had 

TAbLE 1 Complete thyroid function test results and lipid profile parameters before 
and after treatment

Parameter Mean SD P value

TSH, mIU/l Before treatment 0.16 0.10 <0.001

After treatment 1.32 0.75

FT3, pmol/l Before treatment 6.48 0.69 <0.001

After treatment 5.77 0.57

FT4, pmol/l Before treatment 14.16 2.37 <0.001

After treatment 13.05 1.85

HDL ‑C, mg/dl Before treatment 64.02 15.68 0.04

After treatment 66.25 16.34

LDL ‑C, mg/dl Before treatment 114.32 33.50 0.02

After treatment 121.89 36.52

TG, mg/dl Before treatment 95.16 39.86 0.28

After treatment 102.57 61.90

TC, mg/dl Before treatment 204.59 39.07 0.11

After treatment 211.09 39.56

SI conversion factors: to convert cholesterol to mmol/l, multiply by 0.0259, trigycerides 
to mmol/l, by 0.0113

Abbreviations: 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
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and different causes of sHT exert the same ef‑
fect on lipid metabolism, and whether the ob‑
served changes are clinically relevant in terms of 
cardiovascular risk.
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concentrations after the restoration of euthy‑
roidism were found to correlate with the fT4 lev‑
el.11 According to the latest meta ‑analysis10 on 
the influence of thyroid dysfunction treatment 
on serum lipid metabolism, the treatment of 
HT results in a rise of TC by 44.50 mg/dl, LDL‑
C by 31.13 mg/dl, HDL‑C by 5.52 mg/dl, apoli‑
poprotein A by 15.6 mg/dl, apolipoprotein B by 
26.12 mg/dl, and lipoprotein(a) by 4.18 mg/dl. 
Data on the effect of sHT treatment on the lipid 
profile are scarce and heterogeneous. The men‑
tioned meta ‑analysis10 reported no changes in 
TC, LDL ‑C, HDL ‑C, and TG after the treatment 
with radioiodine, surgery, or antithyroid drugs. 
However, a subgroup analysis of studies that 
included a follow ‑up longer than 6 months re‑
vealed a significant increase in TC, LDL ‑C, HDL ‑C, 
and TG.10 The latter observation is in concor‑
dance with our study, which comprised a simi‑
lar follow ‑up and yielded similar results. A study 
by Bel Lassen et al12 showed that patients with 
multinodular goiter and sHT suffered from a rise 
in body weight and LDL‑C levels after thyroidec‑
tomy. The changes observed in those parameters 
were significantly greater than in the group of 
euthyroid individuals who also underwent thy‑
roidectomy.12 However, in another study no rel‑
evant differences in lipid metabolism were found 
6 months after restoration of euthyroidism in 
patients with longstanding sHT treated for dif‑
ferentiated thyroid carcinoma.13 This suggests 
that depending on the treatment modality and 
the underlying cause of sHT, the restoration of 
euthyroidism can differently impact serum lip‑
id metabolism.

According to a study by Greenlund et al,14 sHT 
treatment causes an increase in body mass (in‑
cluding both fat and fat ‑free mass). This can fur‑
ther contribute to the development of hyperlip‑
idemia seen during treatment of HT and sHT. In‑
terestingly, in our study we did not observe any 
changes in body mass before and after the treat‑
ment, however, we did not perform a body com‑
position analysis.

A paper by Sigal et al15 examined the changes 
in plasma lipid metabolism in a group of patients 
treated for differentiated thyroid carcinoma af‑
ter the transition from euthyroidism to exoge‑
nous sHT, which is a reverse process to the one 
described in our paper. They detected an increase 
in HDL ‑C by 21.6%, in unesterified cholesterol 
by 12.3%, and in lipoprotein(a) by 33.3% after 
achieving sHT. There were no significant chang‑
es in TC, LDL ‑C, non ‑HDL ‑C, TG, apolipoprotein 
A ‑I, and apolipoprotein B.15

We showed that the treatment of sHT results 
in a significant increase in LDL ‑C and HDL ‑C se‑
rum concentrations. The rise in serum TG and to‑
tal serum cholesterol did not reach statistical sig‑
nificance. Further studies assessing the impact 
of sHT treatment on lipid metabolism are still 
needed, especially since none of those conducted 
so far assessed changes in lipoproteins. It is also 
still not clear if different treatment modalities 

http://creativecommons.org/licenses/by-nc-sa/4.0
https://doi.org/10.1056/NEJMcp1709318
https://doi.org/10.1056/NEJMcp1709318
https://doi.org/10.5603/EP.a2018.0088
https://doi.org/10.5603/EP.a2018.0088
https://doi.org/10.5603/EP.a2018.0088
https://doi.org/10.1089/thy.2010.0333
https://doi.org/10.1089/thy.2010.0333
https://doi.org/10.1089/thy.2010.0333
https://doi.org/10.1007/s12020-016-0877-x
https://doi.org/10.1007/s12020-016-0877-x
https://doi.org/10.1007/s12020-016-0877-x
https://doi.org/10.1111/j.1365-2265.2010.03957.x
https://doi.org/10.1111/j.1365-2265.2010.03957.x
https://doi.org/10.1111/j.1365-2265.2010.03957.x
https://doi.org/10.1111/j.1365-2265.2010.03957.x
https://doi.org/10.1089/10507250252949405
https://doi.org/10.20945/2359-3997000000075
https://doi.org/10.20945/2359-3997000000075
https://doi.org/10.20945/2359-3997000000075
https://doi.org/10.1089/thy.2016.0229
https://doi.org/10.1089/thy.2016.0229
https://doi.org/10.1089/thy.2016.0229
https://doi.org/10.1159/000438750
https://doi.org/10.1159/000438750
https://doi.org/10.1159/000438750
https://doi.org/10.1210/clinem/dgaa672
https://doi.org/10.1210/clinem/dgaa672
https://doi.org/10.1210/clinem/dgaa672
https://doi.org/10.1210/jcem.85.5.6595
https://doi.org/10.1210/jcem.85.5.6595
https://doi.org/10.1210/jcem.85.5.6595
https://doi.org/10.1210/jcem.85.5.6595
https://doi.org/10.1210/jcem.85.5.6595
https://doi.org/10.1111/cen.13237
https://doi.org/10.1111/cen.13237
https://doi.org/10.1111/cen.13237
https://doi.org/10.1111/j.1365-2265.2006.02660.x
https://doi.org/10.1111/j.1365-2265.2006.02660.x
https://doi.org/10.1111/j.1365-2265.2006.02660.x
https://doi.org/10.1111/j.1365-2265.2006.02660.x
https://doi.org/10.4158/EP.14.8.973
https://doi.org/10.4158/EP.14.8.973
https://doi.org/10.4158/EP.14.8.973
https://doi.org/10.3389/fendo.2020.00176
https://doi.org/10.3389/fendo.2020.00176
https://doi.org/10.3389/fendo.2020.00176
https://doi.org/10.3389/fendo.2020.00176

