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Background: Autoimmune thyroiditis (AIT) is the most frequent cause of

hypothyroidism. Our previous studies have shown that magnetic resonance T1-mapping

is a new technique for quantitatively evaluating the degree of thyroid destruction in AIT

patients. This study aimed to evaluate the effect of levothyroxine on thyroid destruction

in hypothyroid AIT patients using thyroid T1-mapping technique.

Methods: This study recruited 29 hypothyroid AIT patients and 18 age- and

sex-matched healthy individuals. Thyroid T1-mapping values were measured in all

participants and repeated in the AIT patients at 3 months after they achieved a euthyroid

state following levothyroxine treatment.

Results: Thyroid T1-mapping values were higher in the AIT patients than in the

healthy controls (1167.2 ± 163.2 vs. 779.6 ± 83.8ms, P < 0.01), and levothyroxine

treatment significantly decreased the thyroid T1-mapping values of AIT patients

(1006.3 ± 114.6 vs. 1167.2 ± 163.2ms, P < 0.01). Meanwhile, the reduced levels of

anti-peroxidase antibody (TPOAb) and anti-thyroglobulin antibody (TgAb) were observed

in the AIT patients after levothyroxine treatment [TPOAb: 257.6 (23.9–960.6) vs.

1,287.4 (12.6–2000.0) IU/mL, P < 0.01; TgAb: 53.54 (9.58–386.2) vs. 103.9 (34.2–

1,596.8) IU/mL, P < 0.05]. High-sensitivity C-reactive protein (hsCRP) levels showed a

descending tendency following levothyroxine treatment, although there was no statistical

difference (P > 0.05).

Conclusions: In the AIT patients, thyroid T1-mapping values were significantly

increased, and levothyroxine treatment significantly decreased the thyroid T1-mapping

values of the AIT patients. These results might suggest that levothyroxine treatment

alleviates thyroid destruction in hypothyroid AIT patients.
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INTRODUCTION

Thyroid hormone plays a pivotal role in regulating energy
metabolism and organ function (1). Hypothyroidism is one
of the most common endocrine diseases and causes multiple
metabolic disorders and tissue damage (2, 3). Untreated
hypothyroid patients may present with various clinical signs,
including cognitive disorders, dyslipidemia, heart failure,
psychosis, and infertility (2, 3). The most frequent cause of
hypothyroidism is autoimmune thyroiditis (AIT), which is an
organ-specific autoimmune disease characterized by diffuse
lymphocytic infiltration, fibrosis, and epithelial cell destruction
(2, 4). Levothyroxine replacement is the main therapy for
hypothyroidism (2). Levothyroxine treatment ameliorated
metabolic disorders, restored functions of heart and skeletal
muscle, and improved cognitive performance in patients with
hypothyroidism (2, 5, 6). Our recent studies showed that
short-term levothyroxine treatment reverses diffuse myocardial
injuries in hypothyroid AIT patients (6). However, it remains
unclear whether levothyroxine treatment can alleviate thyroid
destruction in hypothyroid AIT patients.

Thyroid longitudinal relaxation time mapping (T1-mapping)
measured by magnetic resonance imaging is a parametric
reconstructed image that has been considered as a new technique
for evaluating tissue fibrosis and edema (7–10). Increased T1-
mapping values were associated with fibrosis degree in histology
(9, 11). Meanwhile, T1-mapping values were also affected by
water molecules in the tissue, which suggested that tissue edema,
like fibrosis, increases T1-mapping values (12, 13). Our previous
study showed that thyroid T1-mapping quantitatively evaluates
the degree of thyroid destruction in AIT patients (7). This
study aimed to evaluate the effect of levothyroxine on thyroid
destruction in hypothyroid AIT patients using thyroid T1-
mapping technique.

MATERIALS AND METHODS

Study Design and Participants
A total of 29 drug-naïve AIT patients with overt hypothyroidism
were recruited from the Endocrinology Department of Beijing
Chao-Yang Hospital between March 2014 and March 2015.
Meanwhile, 18 age- and sex-matched healthy individuals
without AIT were enrolled as the healthy control group.
Free T3 (FT3), free T4 (FT4), thyroid-stimulating hormone
(TSH), anti-peroxidase antibody (TPOAb), anti-thyroglobulin
antibody (TgAb), and thyroid ultrasound were performed in
all participants. The healthy control subjects were defined
based on the following criteria: serum levels of FT3, FT4, and
TSH were in the normal ranges (FT3: 2.63–5.71 pmol/L; FT4:
9.10–19.24 pmol/L; TSH: 0.35–4.94 mIU/L); both TPOAb and
TgAb were negative; and thyroid ultrasound was normal. Overt
hypothyroidism was diagnosed as increased serum TSH levels
and decreased FT4 levels. AIT was diagnosed by elevated TPOAb
(reference range: 0.00–60.00 IU/mL) and/or TgAb (reference
range: 0.00–60.00 IU/mL) and diffuse thyroid enlargement
with typical hypoechoic or heterogeneous thyroid in a thyroid
ultrasound (14). No participants had systemic inflammatory

disease, cancer, metal implants, or claustrophobia. Individuals
who were pregnant, possibly pregnant, or ingesting agents
known to influence thyroid function were also excluded. All
of the hypothyroid patients were given levothyroxine treatment
(Levothyroxine Sodium Tablets, Merck). Levothyroxine was
administrated orally in a single dose in the morning between
30 and 60min before breakfast. The initial dose was 50 µg/d,
and thyroid function was measured every 4 weeks for dose
adjustment. The levothyroxine dose was adjusted by 25 µg each
time until the euthyroid state was achieved (FT4: 9.10–19.24
pmol/L; TSH: 0.35–4.94 mIU/L). All enrolled subjects provided
written informed consent. This study’s protocol was approved by
the Ethics Committee of the Beijing Chao-Yang Hospital, Capital
Medical University.

Clinical Tests
Information about each patient’s health status and medications
was collected using a standard questionnaire. Height and weight
were measured to the nearest 0.1 cm and 0.1 kg, respectively, by
the same trained group. Body mass index (BMI) was calculated
as the weight in kilograms divided by the height in meters
squared. Blood samples were obtained after overnight fasting and
stored at −80◦C. FT3, FT4, and TSH levels were measured by
electrochemiluminescence immunoassay using Abbott Architect
i2000 (Abbott Diagnostics, Abbott Park, IL, USA). The
serum concentrations of TgAb and TPOAb were detected
by chemiluminescent immunoassay. High-sensitivity C-reactive
protein (hsCRP) was measured using an immunonephelometric
assay. The thyroid ultrasound was assessed by a well-trained
ultrasound physician. In the hypothyroidism group, these
measurements were repeated at 3 months after the euthyroid
state was achieved.

Thyroid Magnetic Resonance Imaging
Thyroid magnetic resonance imaging was performed in all
participants in a supine position using 3 Tesla scanners on
a Tim Trio System (Siemens Healthcare, Erlangen, Germany).
Cine images were acquired by gapless whole thyroid coverage,
and slice thickness for cine was 8mm. All routine imaging and
maps were analyzed using Argus (SYNGOMMWPWorkstation,
Siemens AG). T1-mapping was measured by a modified look-
locker inversion-recovery (MOLLI) sequence without contrast
administration (7, 15). Circle regions of interest were drawn
to thyroid tissue in all participants. Shimming and center
frequency adjustments were performed to generate off-resonance
artifact-free images. Two expert radiologists (M. L., 11 years of
experience; F.F.Y., 4 years of experience) were blinded to the
groups and performed image analyses for T1-mapping value. The
T1-mapping values of the left (T1-L-Thyroid) and right (T1-
R-Thyroid) thyroid lobes were calculated by an average across
all of the available slices. The final thyroid T1-mapping value
(T1-Thyroid) was determined by averaging the values of T1-L-
Thyroid and T1-R-Thyroid. In the hypothyroid AIT patients,
thyroid magnetic resonance imaging was repeated 3 months after
the euthyroid state was achieved.
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Statistical Analysis
Data were analyzed using SPSS 21.0 (SPSS, Chicago, IL, USA).
Normally distributed variables were expressed as mean ±

standard deviation (SD). Because TSH, TPOAb, TgAb, and
hsCRP did not have a normal distribution, they were expressed
as medians with upper and lower quartiles. The differences
between the control and hypothyroidism groups were analyzed
by independent Student’s t-test or the Mann–Whitney U-test.
Changes in parameters from baseline values within a group were
evaluated using a two-tailed paired t-test. All statistical tests are
two-tailed, with P < 0.05 considered significant.

RESULTS

Baseline Characteristics of the Control and
Overt Hypothyroidism Groups
The baseline characteristics of the control and overt
hypothyroidism groups are summarized in Table 1. There
was no significant difference in age or gender between the two
groups. The hypothyroid patients had significantly higher body
weight and BMI than the control subjects (body weight: 68.4
± 11.3 vs. 59.2 ± 10.2 kg, P < 0.05; BMI: 26.0 ± 3.9 vs. 22.0
± 3.2 kg/m2, P < 0.01; Table 1). Significantly increased TSH
levels and decreased FT3 and FT4 levels were observed in the
hypothyroidism group as compared with the control group
[TSH: 100.00 (93.11–100.00) vs. 1.88 (1.41–3.08) mIU/L; FT3:
2.45 ± 0.78 vs. 4.36 ± 0.62 pmol/L; FT4: 5.79 ± 1.54 vs. 14.14
± 1.63 pmol/L; all P < 0.01; Table 1]. We also found higher
TPOAb and TgAb titers in the hypothyroid patients compared

with the controls [TPOAb: 1287.4 (12.6–2000.0) vs. 0.4 (0.2–0.6)
IU/mL, P < 0.01; TgAb: 103.9 (34.2–1596.8) vs. 1.3 (0.8–35.9)
IU/mL, P < 0.05; Table 1]. The hsCRP levels were increased
in the hypothyroid patients compared with the control group
[0.60 (0.07–1.48) vs. 0.00 (0.00–0.04) mg/L, P < 0.01; Table 1].
The hypothyroidism group had significantly higher thyroid
T1-mapping values than the control group (1167.2 ± 163.2 vs.
779.6± 83.8ms; P < 0.01; Table 1).

Influence of Levothyroxine Treatment on
Clinical Parameters and Thyroid
T1-Mapping Values
All the hypothyroid patients completed the follow-up of this
study. No serious adverse events were recorded during the
levothyroxine treatment. The euthyroid state was achieved
with a mean dose of 109.4 µg/d in 12.8 ± 3.2 weeks. The
hypothyroid patients who underwent levothyroxine treatment
had FT3, FT4, and TSH levels that were similar to those of
the control subjects (Table 1). After levothyroxine treatment,
the levels of body weight and BMI significantly decreased in
the hypothyroidism group (24.5 ± 4.1 vs. 26.0 ± 3.9 kg/m2,
P < 0.01), but the BMI levels after levothyroxine treatment
were still higher than that in the control group (24.5 ± 4.1
vs. 22.0 ± 3.2 kg/m2, P < 0.05). Moreover, the levothyroxine
treatment significantly decreased the TPOAb and TgAb levels of
the hypothyroid patients [TPOAb: 257.6 (23.9–960.6) vs. 1287.4
(12.6–2000.0) IU/mL, P < 0.01; TgAb: 53.54 (9.58–386.2) vs.
103.9 (34.2–1596.8) IU/mL, P < 0.05; Table 1]. The hsCRP
levels showed a descending tendency following levothyroxine

TABLE 1 | The clinical characteristics of the control and overt hypothyroidism groups.

Parameters Control group

(n = 18)

Overt hypothyroidism group (n = 29) P1 P2 P3

Baseline After levothyroxine

Age,y 35.1 ± 8.1 36.7 ± 9.3 0.489 – 0.489

Gender, Males/Females, n 2/16 3/26 0.619 – 0.619

Body Weight, kg 59.2 ± 10.2 68.4 ± 11.3 64.0 ± 10.7 0.010 0.000 0.185

BMI, kg/m2 22.0 ± 3.2 26.0 ± 3.9 24.5 ± 4.1 0.001 0.000 0.044

FT3, pmol/L 4.36 ± 0.62 2.45 ± 0.78 4.37 ± 0.62 0.000 0.000 0.871

FT4, pmol/L 14.14 ± 1.63 5.79 ± 1.54 15.19 ± 1.93 0.000 0.000 0.105

TSH, mIU/L 1.88 (1.41–3.08) 100.00 (93.11–100.00) 1.52 (0.81–2.60) 0.000 0.000 0.233

TPOAb, IU/mL 0.4 (0.2–0.6) 1287.4 (12.6–2000.0) 257.6 (23.9–960.6) 0.000 0.006 0.000

TgAb, IU/mL 1.3 (0.8–35.9) 103.9 (34.2–1596.8) 53.54 (9.58–386.2) 0.000 0.027 0.000

hsCRP, mg/L 0.00 (0.00–0.04) 0.60 (0.07–1.48) 0.34 (0.02–0.92) 0.006 0.064 0.022

T1-L-Thyroid, ms 778.2 ± 84.4 1171.2 ± 162.6 1004.0 ± 130.7 0.000 0.000 0.000

T1-R-Thyroid, ms 781.7 ± 83.2 1159.7 ± 169.9 1005.9 ± 103.0 0.000 0.000 0.000

T1-Thyroid, ms 779.6 ± 83.8 1167.2 ± 163.2 1006.3 ± 114.6 0.000 0.000 0.000

Data are means ± SD unless indicated otherwise. TSH, TPOAb, TgAb, and hsCRP are shown as median, upper, and lower quartiles. BMI, body mass index; FT3, free T3; FT4, free

T4; TPOAb, antithyroid peroxidase antibodies; TgAb, antithyroglobulin antibodies; hsCRP, high sensitivity C reactive protein; T1-L-Thyroid, The T1-mapping values of the left thyroid

lobar; T1-R-Thyroid, The T1-mapping values of the right thyroid lobar; T1-Thyroid, the averages of T1-mapping values of the left and right thyroid lobars; P1, the hypothyroidism group

before levothyroxine treatment vs. the control group, analyzed by independent Student’s t-test or the Mann–Whitney U-test; P2, comparison of parameters in the hypothyroidism group

after levothyroxine treatment, analyzed by a two-tailed paired t-test or Wilcoxon rank test; P3, the hypothyroidism group after levothyroxine treatment vs. the control group, analyzed by

independent Student’s t-test or the Mann–Whitney U-test.
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treatment, although there was no statistical difference (Table 1).
Notably, the thyroid T1-mapping values significantly decreased
in the hypothyroid AIT patients following the levothyroxine
treatment (1006.3 ± 114.6 vs. 1167.2 ± 163.2ms, P < 0.01), but
were still higher than those in the control subjects (1006.3± 114.6
vs. 779.6± 83.8ms, P < 0.01; Table 1, Figures 1, 2).

DISCUSSION

In the present study, thyroid T1-mapping values were higher in
the hypothyroid AIT patients than in the healthy controls. And
levothyroxine treatment significantly decreased the thyroid T1-
mapping values of the hypothyroid AIT patients. Meanwhile,
reduced levels of TPOAb and TgAb were observed in the
AIT patients after levothyroxine treatment. In the hypothyroid
AIT patients, the hsCRP levels showed a descending tendency
following levothyroxine treatment.

AIT is the most frequent cause of hypothyroidism (2, 4).
The typical thyroid lesions of AIT patients include diffuse
lymphocytic infiltration, fibrosis, and epithelial cell destruction
(14). Magnetic resonance T1-mapping is a parametric
reconstructed image analyzed using a MOLLI sequence (7–
10). T1-mapping values were positively associated with the
degree of histological fibrosis (9, 11). In addition, T1-mapping
values better reflected myocardial edema than conventional
T2-weighted values because of the higher sensitivity to water
(12, 13). Our previous studies have demonstrated that TSH levels
positively correlated with T1-mapping values, and the thyroid
T1-mapping values quantitatively evaluate the degree of thyroid
destruction in AIT patients (7). In the present study, thyroid
T1-mapping values were significantly higher in the AIT patients
than in the healthy controls, and levothyroxine replacement
significantly decreased the thyroid T1-mapping values of AIT
patients. Thus, these results might suggest that levothyroxine
treatment alleviates thyroid destruction in hypothyroid AIT
patients. Because magnetic resonance T1-mapping values
reflect the levels of tissue fibrosis and edema, the decreased
thyroid T1-mapping values following levothyroxine replacement
suggested that the levels of fibrosis and edema were relieved
in the thyroid gland of AIT patients. However, it was difficult
for an image examination to identify how much of the decrease
in T1-mapping values was due to the amelioration of edema

or fibrosis. In AIT patients, infiltrated lymphocytes lead to
inflammatory edema, and subsequent tissue fibrosis in thyroid
(4). It is unlikely that a short-term levothyroxine could reduce
thyroid fibrosis.

AIT is a complex disease mainly mediated by a cellular
autoimmune response, while an evident humoral autoimmune
response is also observed (4). The CD8+ cytotoxic T cells
directly destroy thyroid cells and cause thyroid edema by
inducing cell necrosis or apoptosis (16, 17). Activated CD4+
T lymphocytes impair thyroid cells by producing cytokines,
such as tumor necrosis factor-α (TNF-α) and interleukin-1 (IL-
1), and further induce more lymphocyte infiltration (16, 17).
Nowadays, both T regulatory (Treg) and B regulatory (Breg)
lymphocytes were being increasingly recognized as key elements
in the pathogenesis of AIT (18, 19). Treg cells play a vital
role in immune tolerance by eliminating autoreactive clones,
whereas Breg cells inhibit pro-inflammatory response mainly
by secreting interleukin-10 (IL-10) (18, 19). The dysfunction
of Treg and Breg cells caused the preferred differentiation

FIGURE 2 | Levothyroxine treatment significantly decreased the thyroid

T1-mapping values of hypothyroid AIT patients.

FIGURE 1 | Color maps of thyroid T1-mapping based on a Modified look-locker inversion-recovery sequence. (A) A hypothyroid AIT patient before levothyroxine

treatment (T1 = 1,430ms), (B) A hypothyroid AIT patient after levothyroxine treatment (T1 = 978ms). (A,B) came from the same patient.
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of lymphocytes toward pro-inflammatory cell subtypes, such
as Th1 and Th17 cells, and further results in the increased
production of inflammatory cytokines and an inflammatory
state (18–20). The present study showed that the hypothyroid
AIT patients had increased hsCRP levels when compared with
the control group, and the hsCRP levels showed a descending
tendency following levothyroxine treatment. Since the hsCRP
was commonly regarded as a maker for inflammatory state of
the body, the decreased hsCRP levels following levothyroxine
treatment might suggest the alleviation of immune inflammatory
response. Notably, there are some disputes which should be
clarified (21, 22). Hypothyroidism is associated with a chronic
inflammatory state (21, 23–26). TSH directly induces the
secretion of interleukin-6 (IL-6) in 3T3-L1 adipocytes and TNF-α
in bone marrow cells in vitro (23, 24). Moreover, administration
of TSH increased the serum levels of inflammatory factors,
including IL-6 and TNF-α, and led to a chronic inflammatory
status in humans (25, 26). Also, obesity and insulin resistance
are possible confounders in determining the increase in hsCRP
levels in hypothyroid AIT patients (27). Thus, levothyroxine
treatment restored thyroid function, reduced TSH levels,
improved metabolic disorders, and decreased body weight in
patients with hypothyroidism, which might be involved in
the reduced hsCRP levels. However, in the euthyroid AIT
patients, levothyroxine treatment still significantly decreased the
inflammatory factors and the lymphocytes in thyroid (28, 29).
Moreover, levothyroxine reduced the expression and release of
inflammatory factors, including TNF-α, interleukin-1β (IL-1β),
IL-6, and monocyte chemoattractant protein-1 in the monocytes
of the euthyroid AIT patients (29). TPOAb and TgAb are the
two important antibodies of humoral immunity in AIT. Both
TPOAb and TgAb are mainly produced by B lymphocytes
infiltrated in the thyroid (30, 31). And the TPOAb levels were
positively associated with the infiltrated lymphocyte count in the
thyroid gland (30). The present study showed that levothyroxine
treatment significantly decreased the TPOAb and TgAb levels
of the hypothyroid patients. These results are also supported
by some previous studies. Levothyroxine treatment significantly
reduced the TPOAb levels in both hypothyroid and euthyroid
patients with AIT (28, 29, 32). On the one hand, the decrease
in TPOAb level is probably due to increased clearance of
TPOAb following levothyroxine treatment. On the other hand,
the decreased TPOAb level also might suggest the alleviated
humoral immunity.

The present study is the first one focused on the effect
of levothyroxine on thyroid destruction in hypothyroid AIT

patients using thyroid T1-mapping technique. Our study
found that in addition to ameliorating metabolic disorders
and restoring the functions of heart and skeletal muscle,
levothyroxine treatment also alleviates thyroid destruction in
hypothyroid AIT patients. These results might suggest that early
treatment has potential to delay disease progression for the
hypothyroid AIT patients. However, some limitations of the
present study should be mentioned. First, this study was a single-
center study with a relatively small sample size, which might
have introduced some confounders that influenced the results.
Second, since magnetic resonance T1-mapping values reflect the
levels of tissue fibrosis and edema, it may be challenging to
distinguish how much of the decrease in T1-mapping values was
due to the amelioration of edema or fibrosis. Then, the follow-
up period was short, and we observed only short-term effects of
levothyroxine treatment on thyroid T1-mapping values in AIT
patients with hypothyroidism. Further long-term and large-scale
studies, especially in subclinical hypothyroid AIT patients, are
needed to confirm the results we reported.

In conclusion, hypothyroid AIT patients had increased
thyroid T1-mapping values, and the thyroid T1-mapping values
were significantly decreased after levothyroxine treatment. These
results might suggest that levothyroxine treatment alleviates
thyroid destruction in hypothyroid AIT patients.

DATA AVAILABILITY

All datasets generated for this study are included in the
manuscript and/or the supplementary files.

AUTHOR CONTRIBUTIONS

JL and GW conceived and designed the experiments. JL, ZC,
ML,YJ and ZY performed the experiments. JL and GW analyzed
the data. JL wrote the paper.

FUNDING

This work was supported by grants from the Chinese National
Natural Science Foundation (No. 81600657) and Capital Funds
for Health Improvement and Research (No. 2018-4-2034) to
JL; and the Chinese National Natural Science Foundation
(No. 81770792) and Capital Clinical Research Foundation of
Beijing Municipal Commission of Science and Technology
(No. Z161100000516069) to GW; and Chinese National Natural
Science Foundation (No. 30900364) to ML.

REFERENCES

1. Song Y, Yao X, Ying H. Thyroid hormone action in metabolic

regulation. Protein Cell. (2011) 2:358–68. doi: 10.1007/s13238-011-

1046-x

2. Roberts CG, Ladenson PW. Hypothyroidism. Lancet. (2004) 363:793–803.

doi: 10.1016/S0140-6736(04)15696-1

3. Garin MC, Arnold AM, Lee JS, Tracy RP, Cappola AR. Subclinical

hypothyroidism, weight change, and body composition in the elderly: the

cardiovascular health study. J Clin Endocrinol Metab. (2014) 99:1220–6.

doi: 10.1210/jc.2013-3591

4. Antonelli A, Ferrari SM, Corrado A, Di Domenicantonio A, Fallahi

P. Autoimmune thyroid disorders. Autoimmun Rev. (2015) 14:174–80.

doi: 10.1016/j.autrev.2014.10.016

5. Wang G, Liu J, Yang N, Hu Y, Zhang H, Miao L, et al. Levothyroxine

treatment restored the decreased circulating fibroblast growth factor 21

levels in patients with hypothyroidism. Eur J Intern Med. (2016) 31:94–8.

doi: 10.1016/j.ejim.2016.03.028

6. Gao X, Chen Z, Liu M, Jia YM, Yang N, Yao Z, et al. Effects of short-term

levothyroxine therapy on myocardial injuries in patients with severe overt

hypothyroidism: evidence from a cardiac MRI study. J Magn Reson Imaging.

(2017) 46:897–904. doi: 10.1002/jmri.25628

Frontiers in Endocrinology | www.frontiersin.org 5 March 2019 | Volume 10 | Article 138

https://doi.org/10.1007/s13238-011-1046-x
https://doi.org/10.1016/S0140-6736(04)15696-1
https://doi.org/10.1210/jc.2013-3591
https://doi.org/10.1016/j.autrev.2014.10.016
https://doi.org/10.1016/j.ejim.2016.03.028
https://doi.org/10.1002/jmri.25628
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org
https://www.frontiersin.org/journals/endocrinology#articles


Liu et al. Levothyroxine Alleviates Thyroid Destruction

7. Liu J, Liu M, Chen Z, Jia Y, Wang G. Magnetic resonance T1-mapping

evaluates the degree of thyroid destruction in patients with autoimmune

thyroiditis. Endocr Connect. (2018) 7:1315–21. doi: 10.1530/EC-18-0175

8. Gao X, Liu M, Qu A, Chen Z, Jia Y, Yang N, et al. Native magnetic resonance

T1-mapping identifies diffuse myocardial injury in hypothyroidism. PLoS

ONE. (2016) 11:e0151266. doi: 10.1371/journal.pone.0151266

9. Puntmann VO, Voigt T, Chen Z, Mayr M, Karim R, Rhode K, et al. Native

T1 mapping in differentiation of normal myocardium from diffuse disease in

hypertrophic and dilated cardiomyopathy. JACC Cardiovasc Imaging. (2013)

6:475–84. doi: 10.1016/j.jcmg.2012.08.019

10. Ding Y, Rao S, Yang L, Chen C, ZengM. Comparison of the effect of region-of-

interest methods using gadoxetic acid-enhanced MR imaging with diffusion-

weighted imaging on staging hepatic fibrosis. Radiol Med. (2016) 121:821–7.

doi: 10.1007/s11547-016-0669-7

11. Bull S,White SK, Piechnik SK, Flett AS, Ferreira VM, LoudonM, et al. Human

non-contrast T1 values and correlation with histology in diffuse fibrosis.

Heart. (2013) 99:932–7. doi: 10.1136/heartjnl-2012-303052

12. Ferreira VM, Piechnik SK, Dall’Armellina E, Karamitsos TD, Francis JM,

Ntusi N, et al. T(1) mapping for the diagnosis of acute myocarditis using

CMR: comparison to T2-weighted and late gadolinium enhanced imaging.

JACC Cardiovasc Imaging. (2013) 6:1048–58. doi: 10.1016/j.jcmg.2013.03.008

13. Ferreira VM, Piechnik SK, Dall’Armellina E, Karamitsos TD, Francis JM,

Choudhury RP, et al. Non-contrast T1-mapping detects acute myocardial

edema with high diagnostic accuracy: a comparison to T2-weighted

cardiovascular magnetic resonance. J Cardiovasc Magn Reson. (2012) 14:42.

doi: 10.1186/1532-429X-14-42

14. Melmed S, Polonsky K, Larsen PR, Kronenberg H. Williams Textbook of

Endocrinology. 13th ed. Philadelphia, PA: Elsevier (2016). p. 441–3.

15. Messroghli DR, Radjenovic A, Kozerke S, Higgins DM, Sivananthan MU,

Ridgway JP. Modified look-locker inversion recovery (MOLLI) for high-

resolution T1 mapping of the heart. Magn Reson Med. (2004) 52:141–6.

doi: 10.1002/mrm.20110

16. Mikos H, Mikos M, Obara-Moszynska M, Niedziela M. The role of

the immune system and cytokines involved in the pathogenesis of

autoimmune thyroid disease (AITD). Endokrynol Pol. (2014) 65:150–5.

doi: 10.5603/EP.2014.0021

17. Takasu N, Yoshimura Noh J. Hashimoto’s thyroiditis: TGAb, TPOAb,

TRAb and recovery from hypothyroidism. Expert Rev Clin Immunol. (2008)

4:221–37. doi: 10.1586/1744666X.4.2.221

18. Gonzalez-Amaro R, Marazuela M. T regulatory (Treg) and T helper 17

(Th17) lymphocytes in thyroid autoimmunity. Endocrine. (2016) 52:30–8.

doi: 10.1007/s12020-015-0759-7

19. Santaguida MG, Gatto I, Mangino G, Virili C, Stramazzo I, Fallahi P,

et al. BREG cells in Hashimoto’s thyroiditis isolated or associated to

further organ-specific autoimmune diseases. Clin Immunol. (2017) 184:42–7.

doi: 10.1016/j.clim.2017.04.012

20. Fallahi P, Ferrari SM, Elia G, Nasini F, Colaci M, Giuggioli D,

et al. Novel therapies for thyroid autoimmune diseases. Expert

Rev Clin Pharmacol. (2016) 9:853–61. doi: 10.1586/17512433.2016.

1157468

21. Nagasaki T, Inaba M, Shirakawa K, Hiura Y, Tahara H, Kumeda Y,

et al. Increased levels of C-reactive protein in hypothyroid patients

and its correlation with arterial stiffness in the common carotid artery.

Biomed Pharmacother. (2007) 61:167–72. doi: 10.1016/j.biopha.2006.

10.008

22. Pearce EN, Bogazzi F, Martino E, Brogioni S, Pardini E, Pellegrini G,

et al. The prevalence of elevated serum C-reactive protein levels in

inflammatory and noninflammatory thyroid disease. Thyroid. (2003) 13:643–

48. doi: 10.1089/105072503322239989

23. Antunes TT, Gagnon A, Bell A, Sorisky A. Thyroid-stimulating hormone

stimulates interleukin-6 release from 3T3-L1 adipocytes through

a cAMP-protein kinase A pathway. Obes Res. (2005) 13:2066–71.

doi: 10.1038/oby.2005.256

24. Wang HC, Dragoo J, Zhou Q, Klein JR. An intrinsic thyrotropin-mediated

pathway of TNF-alpha production by bone marrow cells. Blood. (2003)

101:119–23. doi: 10.1182/blood-2002-02-0544

25. Dardano A, Ghiadoni L, Plantinga Y, Caraccio N, Bemi A, Duranti E,

et al. Recombinant human thyrotropin reduces endothelium-dependent

vasodilation in patients monitored for differentiated thyroid carcinoma. J Clin

Endocrinol Metab. (2006) 91:4175–8. doi: 10.1210/jc.2006-0440

26. Gomez-Zamudio JH, Mendoza-Zubieta V, Ferreira-Hermosillo A, Molina-

Ayala MA, Valladares-Salgado A, Suarez-Sanchez F, et al. High thyroid-

stimulating hormone levels increase proinflammatory and cardiovascular

markers in patients with extreme obesity. Arch Med Res. (2016) 47:476–82.

doi: 10.1016/j.arcmed.2016.10.007

27. Peixoto de Miranda EJ, Bittencourt MS, Santos IS, Lotufo PA, Bensenor IM.

Thyroid function and high-sensitivity C-reactive protein in cross-sectional

results from the Brazilian longitudinal study of adult health (ELSA-Brasil):

effect of adiposity and insulin resistance. Eur Thyroid J. (2016) 5:240–6.

doi: 10.1159/000448683

28. Padberg S, Heller K, Usadel KH, Schumm-Draeger PM.One-year prophylactic

treatment of euthyroid Hashimoto’s thyroiditis patients with levothyroxine: is

there a benefit? Thyroid. (2001) 11:249–55. doi: 10.1089/105072501750159651

29. Krysiak R, Okopien B. The effect of levothyroxine and selenomethionine

on lymphocyte and monocyte cytokine release in women with

Hashimoto’s thyroiditis. J Clin Endocrinol Metab. (2011) 96:2206–15.

doi: 10.1210/jc.2010-2986

30. Czarnocka B, Janota-Bzowski M, McIntosh RS, Asghar MS, Watson PF, Kemp

EH, et al. Immunoglobulin G kappa antithyroid peroxidase antibodies in

Hashimoto’s thyroiditis: epitope-mapping analysis. J Clin Endocrinol Metab.

(1997) 82:2639–44.

31. Prummel MF, Wiersinga WM. Thyroid peroxidase autoantibodies in

euthyroid subjects. Best Pract Res Clin Endocrinol Metab. (2005) 19:1–15.

doi: 10.1016/j.beem.2004.11.003

32. Romaldini JH, Biancalana MM, Figueiredo DI, Farah CS, Mathias PC.

Effect of L-thyroxine administration on antithyroid antibody levels, lipid

profile, and thyroid volume in patients with Hashimoto’s thyroiditis. Thyroid.

(1996) 6:183–8.

Conflict of Interest Statement: The authors declare that the research was

conducted in the absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.

Copyright © 2019 Liu, Chen, Liu, Jia, Yao and Wang. This is an open-access article

distributed under the terms of the Creative Commons Attribution License (CC BY).

The use, distribution or reproduction in other forums is permitted, provided the

original author(s) and the copyright owner(s) are credited and that the original

publication in this journal is cited, in accordance with accepted academic practice.

No use, distribution or reproduction is permitted which does not comply with these

terms.

Frontiers in Endocrinology | www.frontiersin.org 6 March 2019 | Volume 10 | Article 138

https://doi.org/10.1530/EC-18-0175
https://doi.org/10.1371/journal.pone.0151266
https://doi.org/10.1016/j.jcmg.2012.08.019
https://doi.org/10.1007/s11547-016-0669-7
https://doi.org/10.1136/heartjnl-2012-303052
https://doi.org/10.1016/j.jcmg.2013.03.008
https://doi.org/10.1186/1532-429X-14-42
https://doi.org/10.1002/mrm.20110
https://doi.org/10.5603/EP.2014.0021
https://doi.org/10.1586/1744666X.4.2.221
https://doi.org/10.1007/s12020-015-0759-7
https://doi.org/10.1016/j.clim.2017.04.012
https://doi.org/10.1586/17512433.2016.1157468
https://doi.org/10.1016/j.biopha.2006.10.008
https://doi.org/10.1089/105072503322239989
https://doi.org/10.1038/oby.2005.256
https://doi.org/10.1182/blood-2002-02-0544
https://doi.org/10.1210/jc.2006-0440
https://doi.org/10.1016/j.arcmed.2016.10.007
https://doi.org/10.1159/000448683
https://doi.org/10.1089/105072501750159651
https://doi.org/10.1210/jc.2010-2986
https://doi.org/10.1016/j.beem.2004.11.003
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org
https://www.frontiersin.org/journals/endocrinology#articles

	Levothyroxine Replacement Alleviates Thyroid Destruction in Hypothyroid Patients With Autoimmune Thyroiditis: Evidence From a Thyroid MRI Study
	Introduction
	Materials and Methods
	Study Design and Participants
	Clinical Tests
	Thyroid Magnetic Resonance Imaging
	Statistical Analysis

	Results
	Baseline Characteristics of the Control and Overt Hypothyroidism Groups
	Influence of Levothyroxine Treatment on Clinical Parameters and Thyroid T1-Mapping Values

	Discussion
	Data Availability
	Author Contributions
	Funding
	References


