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Abstract

Hypertension frequently occurs in subclinical hypothyroidism (SCH). By bolstering thyroid
inflammation, anti-peroxidase antibody (TPO-Ab) causes autoimmune thyroiditis, which is
one of the most common causes of SCH. Since the absence of thyroid cysts is associated
with TPO-ADb (+) based on the indication of latent thyroid damage, we explored the potential
mechanism underlying the association among TPO-Ab, SCH, hypertension, and thyroid
cysts. A cross-sectional study of 1,483 Japanese aged 40—74 years was conducted. Thyroid
cysts were defined as those having a maximum diameter of > 2.0 mm, containing no solid
component. TPO-Ab (+) was positively associated with SCH with hypertension (adjusted
odds ratio [OR] and 95% confidence interval [Cl], 2.62 [1.40, 4.89]) but not with SCH without
hypertension (0.84 [0.37, 1.89]), respectively. Moreover, among participants without thyroid
cysts, SCH was positively associated with hypertension (2.15 [1.23, 3.76]) but not among
participants with thyroid cysts (0.58 [0.16, 2.16]), respectively. TPO-Ab was positively asso-
ciated with SCH with hypertension, but not with SCH without hypertension. In addition, sta-
tus of thyroid cysts might act as a determinant factor on the association between SCH and
hypertension. These findings are efficient tools to clarify the background mechanism that
underlies SCH.

Introduction

Anti-thyroid peroxidase antibody (TPO-Ab) causes autoimmune thyroid disease [1] by bol-
stering thyroid inflammation [2]. In addition, high prevalence of TPO-Ab (+) is reported in
subclinical hypothyroidism (SCH) [3,4]. Since both low-grade inflammations and hypothy-
roidism are known factors that are associated with hypertension [5,6], status of hypertension
among SCH could act as a determinant factor of the association between TPO-Ab and SCH.
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Therefore, TPO-Ab (+) could be positively associated with SCH with hypertension but not
with SCH without hypertension.

In addition, high concentration of thyroglobulin in the fluid from thyroid cysts was
reported by a previous study [7]. Since thyroglobulin plays an important role in synthesizing
thyroid hormone [8], thyroid cysts could possess beneficial effects on thyroid hormone synthe-
sized by pooling thyroglobulin. Our previous study also reported a positive association
between TPO-AD titer and absence of thyroid cysts [9]. Since TPO-Ab injures thyroid, the
absence of thyroid cysts might indicate latent thyroid damage. Moreover, since hypothyroid-
ism is known to be associated with hypertension [6], this study speculated that SCH with
absence of thyroid cysts could be associated with hypertension by indicating latent thyroid
damage.

Furthermore, if the presence of thyroid cysts has a beneficial influence on thyroid hormone
synthesis, thyroid cysts could be positively associated with isolated systolic hypertension
because hyperthyroidism is known to be a common cause of isolated systolic hypertension
[10].

Clarifying those associations by using multi-faceted analysis in a simple population is an
efficient tool to clarify the background mechanism that underlies the association between
TPO-Ab and SCH among eu-thyroid population.

We conducted a cross sectional study of 1483 eu-thyroid Japanese aged 40-74 years who
participated in annual health check-up in 2014.

Methods
Study population

The methods that relate to the present risk survey including thyroid function have been
described elsewhere [9].

We ensured that participants understood the objective of the study and informed consent
was obtained. This study was approved by the Ethics Committee of Nagasaki, University Grad-
uate School of Biomedical Sciences (Project registration number: 14051404).

In 2014, the total number of residents aged 40-74 years in Saza Town (estimated by the
National Institute of Population and Social Security Research in March 2013) was 6,207 [11].
The study population comprised 1,883 Japanese individuals between the ages of 40 and 74
years from Saza town in the western part of Japan who underwent an annual medical checkup
in 2014, as recommended by the Japanese government. The follow-up rate for this annual
health check-up is high; more than 80% of individuals who underwent medical health check-
up in 2014 also underwent medical health checkup in 2015. Participants without thyroid func-
tion data such as thyroid-stimulating hormone (TSH), free triiodothyronine (free T3), and
free thyroxine (free T4) (n = 20), and participants with an abnormal free T3 (normal range:
2.1-4.1 pg/mL) and free T4 (normal range: 1.0-1.7 ng/dL) ranges were excluded (n = 78).
Additionally, participants without TPO-Ab data (n = 302) were excluded.

The remaining 1,483 participants, with a mean age of 60.9 years (standard deviation [SD],
9.0; range 40-74), were enrolled in the study.

Data collection and laboratory measurements

Trained medical staff conducted interviews to obtain clinical characteristic information such
as that on past history of thyroid disease, medications taken for thyroid disease, and hyperten-
sion. Using a blood pressure measuring device (HEM-907; Omron, Kyoto, Japan), systolic
blood pressure (SBP) and diastolic blood pressure (DBP) were recorded at and after more than
5 minutes rest.

PLOS ONE | https://doi.org/10.1371/journal.pone.0240198  October 2, 2020

2/10


https://doi.org/10.1371/journal.pone.0240198
mailto:ritouken@vc.fctv-net.jp
https://www.genken.nagasaki-u.ac.jp/dscr/message/
https://www.genken.nagasaki-u.ac.jp/dscr/message/
http://www.med.nagasaki-u.ac.jp/cm/
http://www.med.nagasaki-u.ac.jp/cm/
https://research-er.jp/categories/512

PLOS ONE

Anti-thyroid peroxidase antibody, subclinical hypothyroidism and hypertension

Hypertension was defined as SBP >140 mmHg and /or DBP >90 mmHg and/or taking
anti-hypertensive medication. Isolated systolic hypertension was defined as SBP >140 mmHg
and DBP <90 mmHg. Isolated diastolic hypertension was defined as SBP <140 mmHg and
DBP > 90 mmHg.

A fasting blood sample was collected in the morning. TSH, free T3, and free T4, were mea-
sured by chemiluminescent Immunoassay (CLIA) and TPO-Ab was measured by electroche-
miluminesnce immunoassay (ECLIA) at the LSI Medience Corporation (Tokyo, Japan).
Normal range of free T3 (2.1-4.1 pg/mL), free T4 (1.0-1.7 ng/dL) TSH (0.39-4.01 pIU/mL)
and TPO-AD (<16 IU/mL) by using these methods were shown elsewhere [12]. Therefore,
individuals with TSH >4.01 pIU/mL among present study population were diagnosed as hav-
ing SCH. A positive value of TPO-Ab (+) was defined as at and above 16 IU/mL.

Thyroid cysts were detected by experienced technicians using a LOGIQ Book XP with a
10-MHz transducer (GE Healthcare, Milwaukee, W1, USA). A thyroid cyst (maximum diame-
ter >2.0 mm) without a solid component was defined as a thyroid cyst for this study. The
reproducibility of thyroid cyst detection based on ultrasonographic photo data of the study
population (n = 20) was satisfactory. The respective intra-observer variations for detecting thy-
roid cysts, which were assessed by two examiners, were simple correlation coefficients (r) =
0.90 (p < 0.01) and r = 0.90 (p < 0.001), and the inter-observer variation was r = 0.70
(p < 0.001).

Statistical analysis

TPO-ADb status-specific characteristics of the study population are expressed as mean +SD
except for TSH and prevalence data. Since TSH showed a skewed distribution, TSH was
expressed as median [the first quartile, the third quartile], followed by logarithmic transforma-
tion. Significant differences by status of TPO-Ab were evaluated using analysis of variance
(ANOVA). Hypertension specific characteristics of thyroid function in SCH were also
expressed using ANOVA.

Logistic regression models were used to calculate odds ratios (ORs) and 95% confidence
intervals (CIs) to determine the association between TPO-Ab and SCH and SCH subtypes cat-
egorized by hypertension status.

Logistic regression models were used to evaluate the association between SCH and hyper-
tension by status of thyroid cysts.

In addition, we also evaluated the association between the status of thyroid cysts and hyper-
tension (isolated systolic hypertension and isolated diastolic hypertension) among participants
not taking anti-hypertensive medication, using logistic regression models.

Three adjustment models were used. The first model was adjusted only for sex-and age
(model 1); the second model (model 2) further included the potential confounding factors that
were directly associated with thyroid function, namely free T3 (pg/mL). As the medication for
thyroid disease might act as a confounding factor in the present study, we used a further
adjusted model to account for thyroid disease medication (no/yes) (model 3).

All statistical analyses were performed with the SAS system for Windows (version 9.4: SAS
Inc., Cary, NC, USA). Values of p<<0.05 were regarded as statistically significant.

Results

Among the study population, 298 were diagnosed as TPO-Ab (+) and 89 were diagnosed as
having SCH.
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Table 1. Characteristics of the study population by status of anti-thyroid peroxidase antibody (TPO-Ab).

TPO-Ab

©) (+)
No at risk 1185 298
Men, % 37.3 31.5 0.065
Age, year 60.7 £ 9.1 61.7 + 8.6 0.068
TSH, (0.39-4.01), pIU/mL 1.53 [1.09, 2.21]*' 1.79 [1.16, 2.77]"" 0.001°*
free T3, (2.1-4.1), pg/mL 32103 32+03 0.402
free T4, (1.0-1.7), ng/dL 1.2+£0.2 1.3+0.2 0.389
Medication for thyroid disease, % 0.5 5.7 <0.001
Past history of thyroid disease, % 1.1 4.4 <0.001
Hypertension, % 40.4 43.6 0.316
Systolic blood pressure, mmHg 125+ 17 126 + 17 0.104
Diastolic blood pressure, mmHg 73 £ 10 74 + 10 0.541
Anti-hypertensive medication, % 30.7 33.2 0.405
Subclinical hypothyroidism (SCH), % 5.2 9.1 0.013
Thyroid cysts, % 35.2 21.8 <0.001

TSH: thyroid stimulating hormone. free T3; free triiodothyronine, free T4; free thyroxine, Values are mean +standard deviation.
*1: Values are median [the first quartile, third quartile].

*2: Logarithmic transformation was used for evaluating p. Normal range of measurements are ().

https://doi.org/10.1371/journal.pone.0240198.t001

Characteristics of study population by status of anti-thyroid peroxidase
antibody (TPO-ADb)

TPO-Ab (+) shows significantly higher TSH value and higher prevalence of SCH than
TPO-AD (-) with significantly lower prevalence of thyroid cysts (Table 1).

Association between hypertension status and thyroid function in SCH

Hypertension status specific characteristics of thyroid function in SCH are shown in Table 2.
While similar values of free T3 and T4 were found in SCH with and without hypertension,

Table 2. Association between hypertension status and thyroid function in patients with subclinical hypothyroidism (SCH).

Hypertension P

Q) (+)
No. at risk 43 46
Men, % 34.9 41.3 0.579
Age, year 58.7 £9.7 66.4 £ 6.6 <0.001
TSH, (0.39-4.01), uIU/mL 4.80 [4.34, 5.96]** 5.75 [4.61, 6.47]** 0.018*2
Free T3, (2.1-4.1), pg/mL 3.1+0.3 3.1+0.3 0.567
Free T4, (1.0-1.7), ng/dL 1.2+0.2 1.2+0.1 0.223
Medication for thyroid disease, % 4.7 6.5 0.706
Past history of thyroid disease, % 0 6.5 0.090

TSH: thyroid stimulating hormone. free T3; free triiodothyronine, free T4; free thyroxine, Values are mean *standard deviation.
*1: Values are median [the first quartile, third quartile].

*2: Logarithmic transformation was used for evaluating p. Normal range of measurements are ().

https://doi.org/10.1371/journal.pone.0240198.t002
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Table 3. Odds ratios and 95% confidence intervals of subclinical hypothyroidism (SCH) with respect to anti-thy-
roid peroxidase antibody (TPO-ADb).

TPO-Ab p

©) (G)
Subclinical hypothyroidism (SCH)

No. at risk 1185 298

No. of case (%) 62 (5.2) 27 (9.1)

Model 1 1 1.77 (1.11, 2.85) 0.018
Model 2 1 1.78 (1.11, 2.87) 0.017
Model 3 1 1.63 (1.00, 2.67) 0.049
Subclinical hypothyroidism (SCH) with hypertension

No. of case (%) 27 (2.3) 19 (6.4)

Model 1 1 2.78 (1.51, 5.10) 0.001
Model 2 1 2.81(1.53,5.18) <0.001
Model 3 1 2.62 (1.40, 4.89) 0.003
Subclinical hypothyroidism (SCH) without hypertension

No. of case (%) 35 (3.0) 8(2.7)

Model 1 1 0.94 (0.43, 2.04) 0.867
Model 2 1 0.93 (0.43, 2.05) 0.868
Model 3 1 0.84 (0.37, 1.89) 0.665

Model 1: adjusted for sex and age. Model 2: + free T3. Model 3: + medication use for thyroid disease.

https://doi.org/10.1371/journal.pone.0240198.t003

significantly higher values of TSH were observed in patients with SCH with hypertension than
in those with SCH without hypertension.

Association between subclinical hypothyroidism (SCH) and anti-thyroid
peroxidase antibody (TPO-Ab)

Table 3 shows the ORs and 95% CIs of SCH for TPO-Ab. TPO-Ab (+) is significantly posi-
tively associated with SCH especially for SCH with hypertension. Those associations were
unchanged even after further adjustment for free T3 and medication use for thyroid disease.

Association between hypertension and SCH by thyroid cysts

Table 4 shows thyroid cysts status-specific association between SCH and hypertension. For
participants without thyroid cysts, SCH was significantly positively associated with hyperten-
sion but not for participants with thyroid cysts. An investigation into the effects of the associa-
tions between thyroid cysts and SCH on hypertension revealed significant interactions.

Characteristics and the association between thyroid cysts and hypertension
limited to participants not taking anti-hypertensive medication

Thyroid cysts’ specific characteristics of the participants who were not taking anti-hypertensive
medication are shown in Table 5. Compared with participants without thyroid cysts, those
with thyroid cysts were significantly older and tended to be women. Table 5 also shows

the association between thyroid cysts and hypertension (isolated systolic hypertension and
isolated diastolic hypertension) and shows that thyroid cysts were significantly positively asso-
ciated with isolated systolic hypertension but not with isolated diastolic hypertension.
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Table 4. Odds ratios and 95% confidence intervals of hypertension in patients with subclinical hypothyroidism
(SCH) with respect to thyroid cysts.

Thyroid cysts Interaction
©) (+)
Subclinical hypothyroidism | p Subclinical hypothyroidism | p
(SCH) (SCH)
©) +) O -
No. at risk 941 60 453 29
No. of case (%) | 344 (36.6) | 34 (56.7) 219 (48.3) |12 (41.4)
Model 1 1 2.13(1.19, 3.81) 0.011 |1 0.65 (0.29, 1.44) 0.282 0.015
Model 2 1 2.16 (1.21, 3.87) 0.010 |1 0.65 (0.29, 1.46) 0.297 0.014
Model 3 1 2.15(1.23, 3.76) 0.007 |1 0.58 (0.16, 2.16) 0.414 0.014

Model 1: adjusted for sex and age. Model 2: + free T3. Model 3: + medication for thyroid disease.

https://doi.org/10.1371/journal.pone.0240198.1004

Discussion

The major finding of this present study is that TPO-Ab is significantly positively associated
with SCH with hypertension but not with SCH without hypertension in the eu-thyroid

Table 5. Odds ratios and 95% confidence intervals of hypertension for thyroid cysts among participants not tak-

ing anti-hypertensive medication.

Thyroid cysts

) (+)
No. at risk 709 311
Men 354 24.8 <0.001
Age, year 57.8+9.5 61.2+8.3 <0.001
TSH, (0.39-4.01), pIU/mL 1.57 [1.11,2.22]*" 1.61 [1.08, 2.34]** 0.373
free T3, (2.1-4.1), pg/mL 32+03 31+03 0.050
free T4, (1.0-1.7), ng/dL 1.2+£0.2 1.2+£0.1 0.108
Medication for thyroid disease, % 2.0 0.3 0.044
Past history of thyroid disease, % 1.3 1.9 0.421
Isolated systolic hypertension
No. of case (%) 45 (6.3) 40 (12.9)
Model 1 1 1.78 (1.12, 2.83) 0.016
Model 2 1 1.78 (1.11, 2.83) 0.016
Model 3 1 1.78 (1.12, 2.85) 0.016
Isolated diastolic hypertension
No. of case (%) 8 (1.1) 3(1.0)
Model 1 1 0.84 (0.22, 3.28) 0.803
Model 2 1 0.83(0.21, 3.24) 0.792
Model 3 1 0.81 (0.21, 3.16) 0.762

TSH: thyroid stimulating hormone. free T3; free triiodothyronine, free T4; free thyroxine, Values are mean

+standard deviation.

*1: Values are median [the first quartile, third quartile].

*2: Logarithmic transformation was used for evaluating p. Normal range of measurements are (). Model 1: adjusted

for sex and age. Model 2: + free T3. Model 3: + medication for thyroid disease.

https://doi.org/10.1371/journal.pone.0240198.t1005
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Fig 1. Potential mechanism underlying the present results. Associations shown in red (a ~i) were observed in the present study. TPO-Ab; anti-
thyroid peroxidase antibody, TSH; thyroid stimulating hormone, SCH; Subclinical hypothyroidism, ISH: Isolated systolic hypertension. IDH: Isolated
diastolic hypertension. *1: Observed among participants with SCH. *2: Observed among participants without taking anti-hypertensive medication.

https://doi.org/10.1371/journal.pone.0240198.9001

population. Moreover, the status of thyroid cysts might act as a determining factor in the asso-
ciation between SCH and hypertension.

The summary of the potential mechanism that underlies these present results was shown in
Fig 1. TPO-Ab is positively associated with SCH with hypertension but not with SCH without
hypertension. Thyroid cysts might support activity of thyroid function by pooling thyroglobu-
lin that results in no significant association between SCH and hypertension.

Previous studies reported that the frequency of TPO-AD (+) is high in SCH [3,4]. This is
compatible with our present finding that TPO-Ab (+) is significantly positively associated with
SCH (Table 3). In addition, we found further evidence that this significant positive association
was limited to SCH with hypertension (Table 3, Fig 1c and le).

Hypothyroidism is a well-known cause of secondary hypertension [6]. A previous meta-
analysis study reported significant association between SCH and increased blood pressure
(both of systolic and diastolic) [13]. Therefore, even among SCH, those with hypertension
might have a stronger biological effect of thyroid hormone deficiency than those without
hypertension. In fact, in our present study, even the values of free T3 and free T4 show no sig-
nificant difference between SCH participants with and without hypertension, SCH with hyper-
tension shows significantly higher value of TSH than that of those without hypertension
(Table 2, Fig 1d).

In this study, TPO-ADb (+) shows significantly higher values of TSH compared to TPO-Ab
(-); whereas, essentially the same values were observed for free T3 and free T4 in both of them
(TPO-Ab (+) and (-)) (Table 1, Fig 1a). As thyroid peroxidase, which has an important role in
synthesizing thyroid hormone [14], is inhibited by TPO-Ab, latent thyroid damage induced by
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TPO-Ab might reduce the effectiveness of producing thyroid hormone, which elevates serum
concentration of TSH.

In addition, a higher TPO-AD titer is revealed to be associated with the absence of thyroid
cysts among eu-thyroid participants possibly by indicating latent thyroid damage [9]. Since
thyroglobulin is revealed to be rich in fluid from thyroid cysts [7], thyroglobulin plays impor-
tant role in thyroid hormone synthesis [8], the presence of thyroid cysts might possess benefi-
cial influence on thyroid hormone synthesized by pooling thyroglobulin. In other words,
absence of thyroid cysts might have disadvantage in the production of thyroid hormone.

Hypothyroidism causes secondary hypertension [6] while absence of thyroid cysts might
have disadvantage in production of thyroid hormone. In our present study, the positive associ-
ation between SCH and hypertension is observed only for participants without thyroid cysts
(Table 4, Fig 1f and 1g). This association also explained that subclinical hypothyroid with
hypertension could possess more disadvantage in the production of thyroid hormone than
that of subclinical hypothyroid without hypertension. Since this type of disadvantage could
emphasize the influence of TPO-Ab, even positive association between TPO-Ab and SCH with
hypertension had no significant association between TPO-Ab and SCH without hypertension
was observed (Table 3, Fig 1c and le).

The prevalence of thyroid disturbances such as subclinical hypothyroidism increases with
age [15]. Aging process might decrease the demand of thyroid hormone activity since
decreased thyroid function may lead to extended longevity [16]. Therefore, thyroid cysts
might be formed during aging partly by indicating comparatively excess portion of thyroid
hormone. In the present study, we found participants with thyroid cysts significantly older
than those participants without thyroid cysts; 60.1 + 9.4 for participants without thyroid cysts
(n=1001) and 62.5 + 7.9 for participants with thyroid cysts (n = 482) (p<0.001) (Table 5, Fig
1b). Under such a condition, the presence of thyroid cysts could have characteristics of higher
thyroid hormone (hyperthyroidism) activity of even in eu-thyroid individuals.

Even both hypothyroidism and hyperthyroidism are associated with hypertension [6,10],
diastolic hypertension is not common for hyperthyroidism. Thyroid hormone (T3) takes an
important role in reducing the systemic vascular resistance [17,18] which lowers diastolic
blood pressure while thyroid hormone (T3) enhance the force of myocardial contraction [19].
Therefore, hyperthyroidism was reported to be a common cause of isolated systolic hyperten-
sion [10]. Our additional analysis among participants without taking anti-hypertensive medi-
cation revealed that thyroid cysts are significantly positively associated with isolated systolic
hypertension but not with isolated diastolic hypertension (Table 5, Fig 1h and 1i).

Participants with lower TSH and TPO-Ab (-) show high rate of reversion to eu-thyroidism
while higher TSH were independently associated with progression to overt hypothyroidism
among elderly participants with SCH (>65 years) [20]. In this study, compared with non-
hypertension, hypertension revealed significantly higher levels of TSH among participants
with SCH. (Table 2, Fig 1d). Further investigations are necessary, present study provides effi-
cient tool to risk estimation for progression of overt hypothyroidism.

To the best of our knowledge, this study is the first study that reveals that the status of thy-
roid cysts could act as a determinant factor on the association between SCH status and hyper-
tension. In addition, this study is also the first study that revealed SCH subtyped by status of
hypertension that might determine the association between TPO-Ab and SCH. Moreover, dis-
similar to typical epidemiological study, our study used multi-faceted analysis that could sup-
port the potential mechanism underlying the major findings. Those are strength of our present
study.

There is growing evidence suggesting that the treatment of SCH may not be beneficial, par-
ticularly in older patients [21]. However, aging patients may progress from SCH to overt
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hypothyroidism. Therefore, determining the timing to begin treatment for hypothyroidism is
difficult in daily clinical practice [22]. Hypertension is a well-known strong health disturbance
factor. As the present study demonstrates the potential mechanism that may underlie the asso-
ciation between SCH and hypertension, the present findings may provide efficient knowledge
for daily clinical practice, although further investigation is necessary.

The potential limitations of this study warrant consideration. First, we evaluated the exis-
tence of a thyroid cyst on the parameters whether it was present or not. However, the number
and size of a given cyst could also be an important factor and further investigation with this
data is necessary. Due to the limited amount of blood samples, we could not evaluate the influ-
ence of anti-thyroglobulin-antibodies, which may act as a strong confounding factor. Further
investigation with data of anti-thyroglobulin-antibody is necessary. Moreover, this was a
cross-sectional study where a causal relationship could not be established. However, in this
study we performed multi-faceted analyses that support the present results in a simple popula-
tion model.

Conclusion

In conclusion, TPO-ADb is significantly positively associated with SCH with hypertension but
not with SCH without hypertension. In addition, status of thyroid cysts might act as a determi-
nant factor on the association between SCH and hypertension. Those findings are efficient
tools to clarify the background mechanism that underlying SCH.

Acknowledgments

We are grateful to the staff of Goto city office for their outstanding support. We would like to
thank Editage (www.editage.jp) for English Language editing.

Author Contributions

Conceptualization: Yuji Shimizu, Naomi Hayashida.

Data curation: Yuji Shimizu, Yuko Noguchi.

Formal analysis: Yuji Shimizu, Yuko Noguchi, Naomi Hayashida.
Funding acquisition: Yuji Shimizu, Takahiro Maeda, Naomi Hayashida.

Investigation: Yuji Shimizu, Shin-Ya Kawashiri, Yuko Noguchi, Yasuhiro Nagata, Takahiro
Maeda, Naomi Hayashida.

Methodology: Yuji Shimizu, Yuko Noguchi, Naomi Hayashida.
Project administration: Yuji Shimizu, Naomi Hayashida.
Supervision: Yuji Shimizu, Takahiro Maeda, Naomi Hayashida.

Validation: Yuji Shimizu, Shin-Ya Kawashiri, Yasuhiro Nagata, Takahiro Maeda, Naomi
Hayashida.

Visualization: Yuji Shimizu.
Writing - original draft: Yuji Shimizu.
Writing - review & editing: Yuji Shimizu, Takahiro Maeda, Naomi Hayashida.

PLOS ONE | https://doi.org/10.1371/journal.pone.0240198  October 2, 2020 9/10


http://www.editage.jp
https://doi.org/10.1371/journal.pone.0240198

PLOS ONE

Anti-thyroid peroxidase antibody, subclinical hypothyroidism and hypertension

References

1.

10.

1.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

Carlé A, Laurberg P, Knudsen N, Perrild H, Ovesen L, Rasmussen LB, et al. Thyroid peroxidase and
thyroglobulin auto-antibodies in patients with newly diagnosed overt hypothyroidism. Autoimmunity.
2006; 39(6):497-503. https://doi.org/10.1080/08916930600907913 PMID: 17060029

Nielsen CH, Brix TH, Leslie RG, Hegedus L. A role for autoantibodies in enhancement of pro-inflamma-
tory cytokine responses to a self-antigen, thyroid peroxidase. Clin Immunol. 2009; 133(2):218-227.
https://doi.org/10.1016/j.clim.2009.07.014 PMID: 19726232

Abdulateef DS, Mahwi TO. Assessment of subclinical hypothyroidism for a clinical score and thyroid
peroxidase antibody: a comparison with euthyroidism grouped by different thyroid-stimulating hormone
levels. Asian Biomedicine. 2019; 13(3):85-93. https://doi.org/10.1515/abm-2019-0045

Mohanty S, Amruthlal W, Reddy GC, Kusumanjali G, Kanagasabapathy AS, Rao P. Diagnostic strate-
gies for subclinical hypothyroidism. Indian J Clin Biochem. 2008; 23(3):279-282. https://doi.org/10.
1007/s12291-008-0062-y PMID: 23105770

Pietri P, Vlachopoulos C, Tousoulis D. Inflammation and arterial hypertension: from pathophysiological
links to risk prediction. Curr Med Chem. 2015; 22(23): 2754—-2761. https://doi.org/10.2174/
0929867322666150420104727 PMID: 25891108

Stabouli S, Papakatsika S, Kotsis V. Hypothyroidism and hypertension. Expert Rev Cardiovasc Ther.
2010; 8(11):1559-1565. https://doi.org/10.1586/erc.10.141 PMID: 21090931

Salabe GB, Fusco A, Milani C, Baschieri |, Ventura T, Cortiello M. Identification of serum proteins, thyro-
globulin and antithyroid antibodies in the fluid of thyroid cysts. Thyroidology. 1990; 2(1):17-23. PMID:
1715746

Citterio CE, Targovnik HM, Arvan P. The role of thyroglobulin in thyroid hormonogenesis. Nat Rev
Endocrinol. 2019; 15(6): 323—-338. https://doi.org/10.1038/s41574-019-0184-8 PMID: 30886364

Shimizu Y, Nabeshima-Kimura Y, Kawashiri SY, Noguchi Y, Nagata Y, Maeda T, et al. Anti-thyroid per-
oxidase antibody and thyroid cysts among the general Japanese population: a cross-sectional study.
Environ Health Prev Med. 2020; 25(1):7. https://doi.org/10.1186/s12199-020-00844-x PMID: 32085700

Prisant LM, Gujral JS, Mulloy AL. Hyperthyroidism: a secondary cause of isolated systolic hypertension.
J Clin Hypertens (Greenwich). 2006; 8(8):596—599. https://doi.org/10.1111/j.1524-6175.2006.05180.x
PMID: 16896276

National Institute of Population and Social Security Research [Home page on the Internet]. [Cited Sep-
tember 24, 2020] http://www.ipss.go.jp/pp-shicyoson/j/shicyoson13/3kekka/Municipalities.asp

LSI Medience Corporation Information. Rinsyokensa Jigyo. 2017;17-04. [Cited September. 24. 2020].
https://www.medience.co.jp/information/pdf/17-04.pdf

Cai Y, Ren'Y, ShiJ. Blood pressure levels in patients with subclinical thyroid dysfunction: a meta-analy-
sis of cross-sectional data. Hypertens Res. 2011; 34(10):1098—1105. https://doi.org/10.1038/hr.2011.
91 PMID: 21796125

Ruf J, Carayon P. Structural and functional aspects of thyroid peroxidase. Arch Biochem Biophys.
2006; 445(2):269-277. https://doi.org/10.1016/j.abb.2005.06.023 PMID: 16098474

Gesing A. The thyroid gland and the process of aging. Thyroid Res. 2015; 8(S1):A8. https://doi.org/10.
1186/1756-6614-8-S1-A8

Gesing A, Lewinski A, Karbownik-Lewinska M. The thyroid gland and the process of aging; what is
new? Thyroid Res. 2012; 5(1):16. https://doi.org/10.1186/1756-6614-5-16 PMID: 23176389

Napoli R, Biondi B, Guardasole V, Matarazzo M, Pardo F, Angelini V, et al. Impact of hyperthyroidism
and its correction on vascular reactivity in humans. Circulation. 2001; 104(25):3076-3080. https://doi.
org/10.1161/hc5001.100621 PMID: 11748103

Ojamaa K, Klemperer JD, Klein I. Acute effects of thyroid hormone on vascular smooth muscle. Thyroid.
1996; 6(5):505-512. https://doi.org/10.1089/thy.1996.6.505 PMID: 8936680

Danzi S, Klein I. Thyroid hormone and blood pressure regulation. Curr Hypertens Rep. 2003; 5(6):513—
520. https://doi.org/10.1007/s11906-003-0060-7 PMID: 14594573

Somwaru LL, Rariy CM, Arnold AM, Cappola AR. The natural history of subclinical hypothyroidism in
the elderly: the cardiovascular health study. J Clin Endocrinol Metab. 2012; 97(6):1962—1969. https://
doi.org/10.1210/jc.2011-3047 PMID: 22438233

Leng O, Razvi S. Hypothyroidism in the older population. Thyroid Res. 2019; 12.2 https://doi.org/10.
1186/s13044-019-0063-3 PMID: 30774717

Khandelwal D, Tandon N. Overt and subclinical hypothyroidism: who to treat and how. Drugs. 2012; 72
(1):17-33. https://doi.org/10.2165/11598070-000000000-00000 PMID: 22191793

PLOS ONE | https://doi.org/10.1371/journal.pone.0240198  October 2, 2020 10/10


https://doi.org/10.1080/08916930600907913
http://www.ncbi.nlm.nih.gov/pubmed/17060029
https://doi.org/10.1016/j.clim.2009.07.014
http://www.ncbi.nlm.nih.gov/pubmed/19726232
https://doi.org/10.1515/abm-2019-0045
https://doi.org/10.1007/s12291-008-0062-y
https://doi.org/10.1007/s12291-008-0062-y
http://www.ncbi.nlm.nih.gov/pubmed/23105770
https://doi.org/10.2174/0929867322666150420104727
https://doi.org/10.2174/0929867322666150420104727
http://www.ncbi.nlm.nih.gov/pubmed/25891108
https://doi.org/10.1586/erc.10.141
http://www.ncbi.nlm.nih.gov/pubmed/21090931
http://www.ncbi.nlm.nih.gov/pubmed/1715746
https://doi.org/10.1038/s41574-019-0184-8
http://www.ncbi.nlm.nih.gov/pubmed/30886364
https://doi.org/10.1186/s12199-020-00844-x
http://www.ncbi.nlm.nih.gov/pubmed/32085700
https://doi.org/10.1111/j.1524-6175.2006.05180.x
http://www.ncbi.nlm.nih.gov/pubmed/16896276
http://www.ipss.go.jp/pp-shicyoson/j/shicyoson13/3kekka/Municipalities.asp
https://www.medience.co.jp/information/pdf/17-04.pdf
https://doi.org/10.1038/hr.2011.91
https://doi.org/10.1038/hr.2011.91
http://www.ncbi.nlm.nih.gov/pubmed/21796125
https://doi.org/10.1016/j.abb.2005.06.023
http://www.ncbi.nlm.nih.gov/pubmed/16098474
https://doi.org/10.1186/1756-6614-8-S1-A8
https://doi.org/10.1186/1756-6614-8-S1-A8
https://doi.org/10.1186/1756-6614-5-16
http://www.ncbi.nlm.nih.gov/pubmed/23176389
https://doi.org/10.1161/hc5001.100621
https://doi.org/10.1161/hc5001.100621
http://www.ncbi.nlm.nih.gov/pubmed/11748103
https://doi.org/10.1089/thy.1996.6.505
http://www.ncbi.nlm.nih.gov/pubmed/8936680
https://doi.org/10.1007/s11906-003-0060-7
http://www.ncbi.nlm.nih.gov/pubmed/14594573
https://doi.org/10.1210/jc.2011-3047
https://doi.org/10.1210/jc.2011-3047
http://www.ncbi.nlm.nih.gov/pubmed/22438233
https://doi.org/10.1186/s13044-019-0063-3
https://doi.org/10.1186/s13044-019-0063-3
http://www.ncbi.nlm.nih.gov/pubmed/30774717
https://doi.org/10.2165/11598070-000000000-00000
http://www.ncbi.nlm.nih.gov/pubmed/22191793
https://doi.org/10.1371/journal.pone.0240198

