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Abstract
Background: Conclusions regarding the association between antithyroid antibodies or thyroid dysfunction and
rapid cycling bipolar disorder (RCBD) have been conflicting. Previous studies suggest that the impact of antithyroid
antibodies on mental wellbeing seems to be independent of thyroid function. Here, we investigated their independent
association with RCBD in a large, well-defined population of bipolar disorder (BD).
Methods: Fast serum levels of free thyroxine (FT4), free triiodothyronine (FT3), thyroid Stimulating Hormone (TSH),
TPO-abs and Tg-abs were simultaneously measured in 352 patients with BD. Clinical features of BD were collected
through semi-structural interview conducted by trained interviewers with background of psychiatric education.
Results: Neither hypothyroidism nor hyperthyroidism was significantly associated with RCBD. Both TPO-abs and Tg-abs
were significantly related to RCBD, even after controlling for gender, age, marriage status, education, antidepressants
treatment, comorbidity of thyroid diseases, and thyroid function (serum levels of FT3, FT4 and TSH). Although TPO-abs
and Tg-abs were highly correlated with each other, binary logistic regression with forward LR selected TPO-abs, instead
of Tg-abs, to be associated with RCBD. TPO-abs was significantly, independently of Tg-abs, associated with
hyperthyroidism, while Tg-abs was marginally significantly related to hypothyroidism at the presence of TPOabs.
Conclusion: TPO-abs might be treated as a biomarker of RCBD. Further exploring the underlying mechanism
might help understand the nature of RCBD and find out new treatment target for it.
Keywords: Bipolar disorder, Rapid cycling, Thyroid dysfunction, Antithyroid peroxidase antibodies, Anti-thyroiglobulin
antibodies

Background
Both thyroid dysfunction and antithyroid antibodies
have been widely reported to be associated with affective
disorders. Cross-sectional [1, 2] or cohort studies [3, 4]
have found that hypothyroidism increased risk of developing depression or bipolar disorder. Thyroid hormones,
as an adjunctive treatment, have been proved to be effective in improving the response to ongoing treatment
among euthyroid patients with refractory depression [5,
6] or bipolar depression [7]. Further studies indicate that
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thyroid hormones seem to show modulating effect on
the brain serotonin system [8, 9], which might partly explain the role of thyroid hormone in the pathophysiology
of affective disorders. At the same time, several studies
have found that the prevalence of antithyroid antibodies
is higher among patients with depression or bipolar disorder (BD) than general population [10, 11] or those
with schizophrenia [12]. Compared to health control,
the prevalence of antithyroid peroxidase antibodies
(TPO-Abs) in bipolar offspring [13] or co-twins of bipolar cases [14] is also found to be higher, implying BD
might share common genetic predisposition with autoimmune thyroiditis.
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Among the relationship between autoimmune thyroiditis
and bipolar disorder, the association between autoimmune
thyroiditis and rapid cycling bipolar disorder (RCBD) is especially paid attention to. A large number of studies show
that RCBD is associated with hypothyroidism [15–19]. Furthermore, high dose of levothyroxine is also reported to
help stabilize mood among RCBD [20, 21], suggesting
hypothyroidism might play a role in the development of
RCBD. In addition, a clinical research finds that TPO-abs
are related to rapid cycling bipolar disorder [22].
However, not all studies can document such association [10, 23–25]. Moreover, although autoimmune thyroiditis is one of the major cause of thyroid dysfunction,
the impact of antithyroid antibodies on mental wellbeing
seems to be independent of thyroid dysfunction [26]. Finally, although both TPO-abs and Tg-abs are biomarkers of autoimmune thyroiditis, it is still unclear
which dominates the association between autoimmune
thyroiditis and BD. Most of previous studies seem to
favor TPO-abs [27]. However, a recent study finds the
prevalence of Tg-abs (but not TPO-abs) is related to a
lower risk of readmission in BD, suggesting Tg-abs
might play a part in the association between autoimmune thyroiditis and BD. That is to say, what role
TPO-abs, Tg-abs, and thyroid dysfunction play in the association between autoimmune thyroiditis and BD, particular RCBD remains unknown. We hypothesized that
TPO-abs, Tg-abs, and thyroid dysfunction might correlate with each other but impose different impact on BD.
Thus, in this study, we measured both thyroid function
and serum level of antithyroid antibodies among a large,
well-defined population of BD, aiming to explore the independent impact of thyroid dysfunction and antithyroid
antibodies on RCBD.

Methods
Subjects

Cases were drawn from patients who were admitted or had
ever admitted for mood disorders to the inpatient service of
the Third Affiliated Hospital of Sun Yat-sen University between July 1, 2012 and February 1, 2018. Potential participants were recommended by their treating psychiatrists.
Eligible participants met the DSM-IV-TR criteria for BD by
using Chinese version of the Structured Clinical Interview
for the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, Text Revision (DSM-IV-TR) Axis 1
Disorders (SCID-I) [28]. Patients with evidence of organic
mental disorder were excluded. Patients who were pregnant
or confined in the past 6 months were also excluded. All the
subjects were Han Chinese, aged 18 or above, had no currently active severe physical diseases confirmed by routine
clinical examination and provided written informed consent.
This study were reviewed and approved by the Clinical
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Research Ethics Committee of the Third Affiliated Hospital
of Sun Yat-Sen University.
Measurement
Biochemical measurement

The fasting blood samples were collected between 7:00 AM
and 9:00 AM. For inpatient cases, blood drawing was arranged on the next day after admission. All the blood samples were sent to the immunology laboratory of the Third
Affiliated Hospital of Sun Yat-sun University to have thyroid
function and antithyroid antibodies measured within 2 h
after the blood was drawn.
The assays of free thyroxine (FT4), thyroid stimulating hormone (TSH), TPO-abs and anti-thyroglobulin antibodies
(Tg-abs) were done by the chemilumniscence (CLIA)
method using ADVIA Centaur system (Siemens, Massachusetts, USA). Reagents were also obtained from the Siemens
Company. The reference ranges for these assays were listed
as the following: FT4 = 11.5–22.7 pmol/l, FT3 = 3.5–6.5
pmol/l, TSH = 0.55–4.78μIU/ml, TPO-Abs or Tg-Abs =0–
60 U/ml.
Definition of hypothyroidism, hyperthyroidism, TPO-abs
positivity and Tg-abs positivity

According to previous reports [29–31], hypothyroidism
here was defined as FT4 < 11.5 pmol/l or TSH > 4.78μIU/
ml or currently under levothyroxine treatment, hyperthyroidism was defined as FT4 > 22.7 pmol/l or TSH <
0.55μIU/ml. If both FT4 and TSH fell in their reference
ranges, thyroid function was considered as normal.
TPO-Abs or Tg-Abs was considered as positivity when
their titres were above 60 U/ml.
Clinical assessment

General sociodemographic and clinical characteristics were
collected via a questionnaire designed by the researchers.
Diagnostic assessment was performed using the Chinese version of the Structured Clinical Interview for the Diagnostic
and Statistical Manual of Mental Disorders, Fourth Edition,
Text Revision (DSM-IV-TR) Axis 1 Disorders (SCID-I) [28].
Rapid cycling was determined by examining the number of
prior affective episodes in the past 12 months according to
the above-mentioned diagnostic assessment. An affective episode was defined as a manic, hypomanic, mixed or depressive mood separated by 8 weeks of euthymia or an episode of
an opposite polarity [32]. “Truncated episodes”, which met
DSM-IV-TR severity criteria but not duration criteria for an
episode of mania, hypomania, or major depression [33], were
also counted. Rapid cycling was established once the number
of prior affective episodes (including truncated episodes) in
the past 12 months reached 4 or above. If truncated episode
was included, the patient should be fully symptomatic for at
least 8 weeks during the reference year, aiming to exclude
those who had been ill for only a few days [33]. Severity of
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the current episode were evaluated with the 17-item
Hamilton Depression Scale (HAMD-17) [34] and the Young
Mania Rating Scale (YMRS) [35]. Atypical features were
assessed by the corresponding section of the Chinese version
of SCID-I based on the patients’ most severe depressive episode they had ever experienced. Comorbidity of thyroid diseases was confirmed by reviewing the patients’ previous
medical history and medical records stored in our hospital’s
electronic medical system. The above-mentioned interview
was conducted by trained psychiatrists in our study team.
Statistic analysis

The prevalence of hypothyroidism, hyperthyroidism, TPOabs positivity and Tg-abs positivity were calculated. Subjects
were divided into two groups according to whether they had
the feature of rapid cycling: rapid cycling (RC) and non-rapid
cycling (NRC). For continuous data with normal distribution,
independent- samples t-test was used to test the difference
between RC and NRC groups. Differences in categorical
parameters between groups were tested using Chi-square
test. Univariate binary logistic regression was performed to
examine the association between hypothyroidism, hyperthyroidism, TPO-abs or Tg-abs and RCBD. Multivariate logistic
regression model was used to adjust for potential confounding factors. Spearman’s correlation analysis was administered
to test the relationship between TPO-abs and Tg-abs. Odds
ratios and 95% confidence intervals were used to quantify
the strength of associations. The results were considered significant at P < 0.05. All data were analyzed using commercial
statistical package SPSS 19.0 (SPSS, Inc., Chicago, IL).

Results
The demographic and clinical characteristics of the
subjects

Totally, 375 candidates were screened and finally 352 (93.9%)
subjects were eligible to be included in this study. Among
the 23 ineligible candidates, 9 refused to participate in this
study, 10 were suffering from other acting severe physical
diseases, 2 were pregnant, and 2 were confined in the past 6
months. The demographic and clinical characteristics of the
352 eligible participants were detailed in the Table 1. Except
YMRS total scores were higher in NRC than in RC (p =
0.010), no significant difference was found between NRC and
RC in age, gender proportion, education, marriage status,
psychotic features, atypical features, comorbidity of thyroid
diseases, substance abuse, HAMD-17 total scores, BMI, style
of current episode, duration of illness and psychopharmaceutical treatment (p > 0.05).
The association between thyroid dysfunction and RCBD
Comparison of fast serum levels of FT3, FT4, and TSH
between RC and NRC

We first compared the fast serum levels of FT3, FT4,
and TSH between RC and NRC in all the participants.
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As Table 2 demonstrated, RC did not differ significantly
from NRC in the serum levels of FT3, FT4 and TSH.
However, the variances of FT3, FT4 and TSH in RC
were significantly larger than those in NRC (p = 0.03, <
0.001, < 0.001 respectively). Then, we did the same comparison after excluding patients with comorbidity of thyroid diseases. It came out that only the variance of FT4
was significantly different between RC and NRC (p =
0.002). However, if the above-mentioned comparison
was done in female and male participants respectively,
the difference in the variance of FT4 between RC and
NRC only existed in female participants (p < 0.001). Finally, the same comparison was performed again after
excluding patients with comorbidity of thyroid diseases
or under psychopharmaceutical treatment within 3
months prior to recruitment. The results showed that
both the mean and the variance of FT3, FT4 and TSH
were not significantly different between RC and NRC
(p > 0.05).
The prevalence of hypothyroidism and hyperthyroidism in
BD

In order to examine the association between
hypothyroidism or hyperthyroidism and RC, patients with
comorbidity of thyroid diseases were excluded. Totally,
333 eligible patients were included in the analysis, including 280 (84.1%) with normal thyroid function, 27 (8.1%)
with hypothyroidism and 26 (7.8%) with hyperthyroidism.
As seen in Fig. 1, the prevalence of hypothyroidism was
higher among patients under psychopharmaceutical treatment than those without psychopharmaceutical treatment
(p = 0.012), and both the prevalence of hypothyroidism
and that of hyperthyroidism were higher among patients
with comorbitidy of thyroid diseases than those without
comorbidity of thyroid diseases. Although there was a
tread for higher prevalence of hypothyroidism and hyperthyroidism among female subjects than among male ones,
the difference did not reach significance (p > 0.10), even
after adjusting for psychopharmaceutical treatment and
comorbidity of thyroid diseases. In addition, married or
ever married subjects also showed a higher prevalence of
hyperthyroidism than those never married (p = 0.064), and
the difference reached slight significance (p = 0.046) after
controlling for psychopharmaceutical treatment and comorbidity of thyroid diseases. Education, marriage status
and age did not significantly affect the prevalence of
hypothyroidism or hyperthyroidism (p > 0.10).
The association between hypothyroidism or
hyperthyroidism between RCBD

Univariable binary logistic regression was performed
with rapid cycling (RC = 1, NRC = 0) as dependent
variable and hypothyroidism (hypothyroidism = 1, normal thyroid function = 0) as independent variable. No
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Table 1 The demographic and clinical characteristics of the subjects
variables

RCa
N = 46

NRC
N = 306

Total
N = 352

Age (mean ± SD) (year)

28.2 ± 14.2

27.8 ± 10.6

27.5 ± 11.6

Female [n (%)]

31 (67.4%)

175 (57.2%)

206 (58.5%)

Years of education (mean ± SD) (year)

12.0 ± 3.5

12.5 ± 3.3

12.4 ± 3.3

14 (30.4%)

95 (31.0%)

109 (31.0%)

Marriage status
Married [n (%)]
Single [n (%)]

29 (63.0%)

199 (65.0%)

228 (64.8%)

Divorced [n (%)]

3 (6.5%)

11 (3.6%)

14 (4.0%)

Widowed [n (%)]
Psychotic features [n (%)]

0 (0.0%)

1 (0.3%)

1 (0.3%)

9 (19.6%)

66 (21.6%)

75 (21.3%)

N = 44

N = 297

N = 341

Increased appetite [n (%)]

6 (13.0%)

68 (22.9%)

74 (21.7%)

Weight gain [n (%)]

4 (8.7%)

55 (18.5%)

59 (17.3%)

Hypersomnia [n (%)]

14 (30.4%)

81 (27.3%)

95 (27.0%)

Comorbidity of thyroid diseases

5 (10.9%)

14 (4.6%)

19 (5.4%)b

Substance abuse [n (%)]

2 (4.3%)

22 (7.2%)

24 (6.8%)

Atypical features

a

HAMD-17 total scores (mean ± SD)

19.4 ± 7.6

18.7 ± 9.5

18.7 ± 9.2

YMRS total scores (mean ± SD)

8.3 ± 8.0

11.8 ± 10.5*

11.3 ± 10.4

BMI (mean ± SD)

21.4 ± 3.5

21.8 ± 3.6

21.7 ± 3.5

remission

3 (6.5%)

28 (9.2%)

31 (8.8%)

depressive

27 (58.7%)

144 (47.1%)

171 (48.6%)

(hypo)manic

1 (2.2%)

29 (9.5%)

30 (8.5%)

mixed

15 (32.6%)

105 (34.3%)

120 (34.1%)

Current episode

Duration of illness (mean ± SD) (year)

5.1 ± 5.7

4.9 ± 6.0

4.8 ± 5.9

Psychopharmaceutical treatment [n (%)]

15 (32.6%)

105 (34.3%)

120 (34.1%)

Lithium [n (%)]

2 (4.3%)

19 (6.2%)

21 (6.0%)

Anticonvulsants [n (%)]

8 (17.4%)

46 (15.1%)

54 (15.3%)b

Antipsychotics [n (%)]

10 (21.7%)

80 (26.1%)

90 (25.5%) c

Antidepressants [n (%)]

9 (19.6%)

38 (12.4%)

47 (13.4%)d

*p < 0.05; RC: rapid cycling; NRC: non-rapid cycling; HAMD-17: 17-item Hamilton Depression Scale; YMRS: Young Mania Rating Scale
a
Including 9 with history of Grave’s diseases, 3 with thyroiditis, 2 with thyroid cyst, 2 with thyroid nodule, 1 with history of thyroid cancer., 3 with
primary hypothyroidism.
b
Including 43 under sodium valproate, 11 under lamotrigine, 8 under oxcarbazepine, 1 under topiramate
c
Including 54 under Quetiapine, 21 under olanzapine, 7 under aripiprazole, 5 under parpiperazone, 3 under risperdone, 2 under clozapine, 2 under amisulpride, 2
under haloperidol, 1 under ziprasidone,
d
Including 12 under escitalopram, 9 under venlafaxine, 7 under paroxetine, 3under duloxetine, 5 under fluoxetine,. 4 under fluvoxamine, 3 under mitrazapine, 5
under sertraline, 6 under escitalopram, 2 under bupropion,

significant association was found between RC and
hypothyroidism (p = 0.481, OR = 0.452,95%CI = 0.123–
2.387. After adjusting for gender, psychopharmaceutical treatment, the association still did not reach
significance (p = 0.428). Similar statistical analysis did
not find significant association between RC and
hyperthyroidism (p = 0.847, OR = 0.884, 95%CI =
0.253–3.096) either and even after adjusting for gender, psychopharmaceutical treatment (p = 0.783).

The association between TPO-abs or Tg-abs and RCBD
The prevalence of TPO-abs and Tg-abs positivity

Totally, 223 patients with the results of TPO-abs and
Tg-abs were available to be analyzed here. The prevalence of TPO-abs positivity and Tg-abs positivity were
11.2% (25/223) and 10.8% (24/223) respectively. Figure 2 showed a significant higher prevalence of TPOabs and Tg-abs positivity among patients with comorbidity of thyroid diseases than those without such
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Table 2 Comparison of fast serum levels of FT3, FT4, and TSH between RC and NRC
FT3 (mean ± SD)
(pmol/l)

FT4 (mean ± SD)
(pmol/l)

TSH (mean ± SD)
(μIU/ml)

Pa

Pb

Pc

d

4.9 ± 1.7

19.0 ± 15.4

3.2 ± 7.5

0.982g

0.313g

0.251g

Non-RCBD (n = 306)

4.9 ± 0.9

16.7 ± 4.7

1.9 ± 1.6

0.030h

< 0.001h

< 0.001h

g

RCBD (n = 47)

e

RCBD (n = 41)

Non-RCBD(n = 292)

4.7 ± 0.9

19.3 ± 16.0

2.1 ± 1.4

0.982

0.313

0.251g

4.9 ± 0.9

16.6 ± 4.7

1.9 ± 1.5

0.56h

< 0.002h

< 0.792h

RCBD (n = 14)

5.0 ± 0.7

17.0 ± 3.0

1.7 ± 1.0

0.842

0.702

0.705g

Non-RCBD (n = 123)

5.1 ± 1.0

17.6 ± 5.7

1.9 ± 1.9

0.894h

0.592h

0.485h

f

g

g

g

RCBD Rapid cycling bipolar disorder
a
For FT3
b
For FT4
c
For TSH
d
Including all the patients
e
Excluding patients with comorbidity of thyroid diseases
f
Excluding patients under pyschopharmaceutical treatment within 3 months prior to recruitment or with comorbidity of thyroid diseases
g
Test for equality of means
h
Test for equality of variance

comorbidity (p < 0.001). In addition, a trend for higher
prevalence of TPO-abs and Tg-abs positivity was seen
among female, less educated, elder, and married or
ever married subjects, but all the differences did not
reach significance (p > 0.10).

The relationship between TPO-abs and Tg-abs

Spearman’s correlation analysis found TPO-abs was significantly related to Tg-abs (r = 0.360, p < 0.001). Further
univariate binary logistic regression with Tg-abs (1 =
positivity, 0 = negativity) as dependent variable and
TPO-abs (1 = positivity, 0 = negativity) as independent
variable showed that Tg-abs positivity was significantly

associated with TPO-abs positivity (p < 0.001, OR =
35.000, 95%CI = 12.089–101.332).
The association between antithyroid antibodies and RCBD

Univariate binary logistic regression was performed
with rapid cycling (RC = 1, NRC = 0) as dependent
variable and TPO-abs (positivity = 1, negativity = 0) as
independent variable. The result showed that RC was
significantly associated with TPO-abs (p < 0.001, OR =
5.130, 95%CI = 2.064–12.752), and the association
remained significant after adjusting for gender, age,
marriage status, education, antidepressants treatment,
comorbidity of thyroid diseases, and thyroid function
(serum levels of FT3, FT4 and TSH) (p = 0.003).

Fig. 1 The prevalence of hypothyroidism and hyperthyroidism in bipolar disorder
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Fig. 2 The prevalence of TPO-abs and Tg-abs positivity in bipolar disorder

Similar statistic analysis also found a significant association between RC and Tg-abs (p < 0.001, OR = 5.466,
95%CI = 2.177–13.723), and after adjusting for gender,
age, marriage status, education, antidepressants treatment, comorbidity of thyroid diseases, and thyroid
function (serum levels of FT3, FT4 and TSH), the association remained significant (p = 0.002).
Considering TPO-abs and Tg-abs were highly correlated with each other and they were both associated with
RCBD as the above-mentioned results showed, multivariate binary logistic regression was conducted with
rapid cycling (RC = 1, NRC = 0) as dependent variable,
TPO-abs (positivity = 1, negativity = 0) and Tg-abs (positivity = 1, negativity = 0) as independent variables. Forward LR was used to select one of the independent
variables that could represent the association with RC. It
came out that TPO-abs was selected to maintain in the
equation (p < 0.001, OR = 5.435, 95%CI = 2.165–13.646).

The association between antithyroid antibodies and
thyroid dysfunction

Univariate binary logistic regression was performed with
hypothyroidism or hyperthyroidism as dependent variable,
TPO-abs or Tg-abs as independent variables and psychopharmaceutical treatment as covariant to explore the
relationship between antithyroid antibodies and thyroid
dysfunction. TPO-abs positivity was found to be significantly associated with hyperthyroidism (p < 0.001, OR =
8.872, 95%CI = 3.454–22.788) but not with hypothyroidism
(p > 0.10). Tg-abs was found to be marginally significantly
related to hypothyroidism (p = 0.077, OR = 3.068, 95%CI =
0.886–10.619) but not with hyperthyroidism (p > 0.10).
However, if adjusting for TPO-abs, the weak association
between Tg-abs and hypothyroidism was not significant
any more (p > 0.10), while if adjusting for Tg-abs, the association between TPO-abs and hyperthyroidism was still significant (p < 0.001, OR = 18.481, 95%CI = 4.510–75.739).
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Discussion
The association between thyroid dysfunction and RC

In this study, we did not find a significant association
between hypothyroidism or hyperthyroidism and rapid
cycling, which was contrary to some previous reports
[15, 16, 36–38], but consistent with a number of other
studies [10, 23, 24, 39–42]. Instability of thyroid function
might contribute to this inconsistence. Just as this study
and other studies suggest, both comorbidity of thyroid
diseases and antithyroid antibodies positivity [10] can
affect thyroid function. Psychopharmaceutical treatment
is another influencing factor. Beside lithium [43–45],
many other medications such as quetiapine, risperidone,
and aripiprazole, are reported to lead to hypothyroidism
[46]. In addition, this study found a trend for higher
prevalence of hypothyroidism in female and elder subjects, which was consistent with previous reports [47–
49]. However, in the studies reporting a positive association between hypothyroidism and RCBD, most of the
subjects were female, treated with lithium, had a history
of thyroid diseases or consisted of a small sample [17,
50]. These limitations might be the reasons why their
conclusion could not be replicated by later large scale
studies.
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possibility is that TPO-abs directly act on the corresponding antigen in the mood regulation center, since
increased antithyroid antibodies levels have been detected in cerebrospinal fluid of patients with Hashimoto’s thyroiditis-associated encephalopathies [60] and
TPO-abs can specifically bind to human astrocytes [61].
Furthermore, previous study suggests that antithyroid
antibodies might directly affect brain function [62],
though the exact mechanism is still unclear. The fact
that the impact of antithyroid antibodies on mental wellbeing is independent of thyroid function, in return, adds
to evident that antithyroid antibodies might act directly
on the brain to affect the mood. Finally, vasculitis resulting in abnormalities in cortical perfusion might be another possible mechanism, since abnormalities in
cortical perfusion were frequently found in a serial of
BD patients with TPO-ab positivity [63]. Although not
all the studies confirm the association between antithyroid antibodies and RC [10, 23], in these two studies,
one [23] comprised a small sample (only 22 subjects),
another’s prevalence of RC reached 42.9% (51.8% in female and 33.9% in male) [10], much higher than the
13.1% (46/352) found in this research and the 9% reported in a French national study [19], suggesting the
representativeness of their sample was low.

The association between antithyroid antibodies and RC

In this study, we found that both TPO-abs and Tg-abs
were positively associated with RC, which was in line
with Oomen’s report [22] that TPO-abs positivity (in
particular with high titres and or with TSH > 4.0 mU/l)
was significantly associated with RCBD. Thus, we provided further evident for a large national study’s finding
that presence of thyroid disorder was one of the risk factors of developing RCBD [19]. One possible mechanism
that may be involved in the association between TPOabs and RCBD is the episodic alternating of hyperthyroidism (due to leakage of thyroid hormone from
autoimmune-destructed thyrocytes) and hypothyroidism
(due to a transient loss of functional thyrocyte mass)
[22], since a neuromodulatory link has been found between the hypothalamic-pituitary-thyroid axis (HPTaxis) and serotonin [51–53] or β-adrenergic receptors
[54] in the limbic region, a major part in charge of mood
regulation. However, this study and other studies [26,
55] found that the association between TPO-abs with
mental wellbeing was independent of thyroid function,
suggesting that it seemed to be unlikely to act via this
mechanism. Another possible mechanism for this association is that increased cytokines, produced in the immune reaction [56], act on the hypothalamic-pituitaryadrenal axis via receptors in the brain [57]. However,
not all studies reported increased cytokines in RCBD
[58, 59]. Therefore, to what extend this mechanism participates in this association remains unknown. A third

The association between TPO-abs, Tg-abs and thyroid
dysfunction

In this study, we found that TPO-abs and Tg-abs were
highly correlated with each other and both associated
with RCBD. In the past, probably because Tg-abs was
less specific for lymphocytic thyroiditis, TPO-abs was
considered better marker for lymphocytic thyroiditis
than Tg-abs. Therefore, TPO-abs was preferentially or
solely used [10]. Although in this research, binary logistic regression with forward LR selected TPO-abs to remain in the equation, we still cannot tell which one
really matters. However, from the perspective of the relationship between antithyroid antibodies and thyroid
dysfunction, TPO-abs is more influencing than Tg-abs,
since TPO-abs is significantly associated with hyperthyroidism and the association is independent of Tg-abs,
but Tg-abs is only marginally significantly associated
with hypothyroidism and such association must depend
on the presence of TPO-abs, which was consistent with
the previous view [64] that Tg-abs alone in the absence
of TPO-abs were not usually associated with thyroid
dysfunction.
Strengths and limitations

Our study has the following strengths: First, it comprises
one of the largest sample of BD patients ever examined.
Second, thyroid function, TPO-abs and Tg-abs were
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measured simultaneously, which enable us to systematically examine their relationship. Third, most of everknown potential confounding factors were excluded or
adjusted in the process of statistics. Finally, the BD sample was well-defined by collecting as many clinical features as possible through face-to-face semi-structural
interview. However, in interpreting our results it is important to realized that most of the thyroid function
tests in our study were arranged on the next morning
after admission to hospital, it therefore is possible that
the prevalence of hypothyroidism be underestimated and
that of hyperthyroidism be overestimated since transient
mild elevations of free and total T4 have been commonly noted in acutely admitted psychiatric patients as
a result of non-specific response to the stress of
hospitalization [65, 66]. But, as noted above, it cannot
explain the full picture of our results, such as TPO-abs
being related positively to hyperthyroidism, and so
seems an implausible explanation for all of our findings.
But we cannot deny such possibility. Secondly, the
cross-sectional design of the study precludes inferences
about the causal relation between antithyroid antibodies
or thyroid dysfunction and BD. Finally, our sample is
relatively small, and will limit our power to detect any
weak but potential important association.

The abovementioned funding bodies had no further role in the study design,
collection, analysis and interpretation of data; in the writing of the report;
and in the decision to submit the paper for publication.

Conclusion
In sum, in a large well-defined BD population, we find
that both TPO-abs and Tg-abs, instead of hypothyroidism
or hyperthyroidism are significantly associated with RC,
and such association is independent of thyroid dysfunction. TPO-abs is, independently of Tg-abs, related to
hyperthyroidism while Tg-abs is marginally associated
with hypothyroidism at the presence of TPO-abs. Although TPO-abs and Tg-abs are highly correlated with
each other, TPO-abs seems to be more influencing in the
association with RCBD and thyroid dysfunction. Therefore, TPO-abs might be treated as a biomarker of RCBD.
Further exploring the underlying mechanism might help
understand the nature of RCBD and find out new treatment target for it.

Received: 28 February 2019 Accepted: 31 October 2019

Acknowledgements
The authors would like to gratefully acknowledge the contributions of all of
the nurses, technicians, and patients that participated in this study.
Authors’ contributions
Conception and Design: QZ. Recruitment of participants and clinical measurement:
ZG, XW, ZC, YL, YW, ZH, ZY. Biochemical measurement: ZC. Collection and
management of data: ZG, XW, ZC, YL, YW, ZH, ZY. Analysis and Interpretation of
Data: YL, YW, ZH, ZY. Drafting the Article: ZG, XW, ZC. Revising it for Intellectual
Content: ZG, QZ. All authors read and approved the final manuscript.
Funding
Funding for this study was provided by Science and Technology Program of
Guangzhou (201609010086), the Third Affiliated Hospital of Sun Yat-Sen University, Clinical Research Program and the Natural Science Foundation of
Guangdong Province, China (101510089010000214 and 2018A030313489).

Availability of data and materials
The data that support the findings of this study are available on request
from the corresponding author (Qi Zhang, Biotherapy Center, the Third
Affiliated Hospital of Sun Yat-sen University, NO.600, Tianhe Road, Tianhe District, Guangzhou, China, 510630. Qizhang85253333@163.com). The data are
not publicly available due to privacy or ethical restrictions.
Ethics approval and consent to participate
This study were reviewed and approved by the Clinical Research Ethics
Committee of the Third Affiliated Hospital of Sun Yat-Sen University. The research had been performed in accordance with the Declaration of Helsinki.
Written informed consents had been attained from all the participants based
on the principle of self determination. The participants’ rights were fully
respected and preserved in the whole process of this study.
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.
Author details
Department of Psychiatry, the Third Affiliated Hospital of Sun Yat-sen
University, Guangzhou, China. 2Clinical laboratory, the Third Affiliated Hospital
of Sun Yat-sen University, Guangzhou, China. 3Biotherapy Center, the Third
Affiliated Hospital of Sun Yat-sen University, NO.600, Tianhe Road, Tianhe
District, Guangzhou 510630, NO, China.
1

References
1. Delitala AP, Terracciano A, Fiorillo E, Orru V, Schlessinger D, Cucca F.
Depressive symptoms, thyroid hormone and autoimmunity in a populationbased cohort from Sardinia. J Affect Disord. 2016;191:82–7.
2. Chueire VB, Silva ET, Perotta E, Romaldini JH, Ward LS. High serum TSH
levels are associated with depression in the elderly. Arch Gerontol Geriatr.
2003;36(3):281–8.
3. Thomsen AF, Kvist TK, Andersen PK, Kessing LV. Increased risk of developing
affective disorder in patients with hypothyroidism: a register-based study.
Thyroid. 2005;15(7):700–7.
4. Kim EY, Kim SH, Rhee SJ, Huh I, Ha K, Kim J, Chang JS, Yoon DH, Park T, Ahn
YM. Relationship between thyroid-stimulating hormone levels and risk of
depression among the general population with normal free T4 levels.
Psychoneuroendocrinology. 2015;58:114–9.
5. Bauer M, Hellweg R, Graf KJ, Baumgartner A. Treatment of refractory
depression with high-dose thyroxine. Neuropsychopharmacology. 1998;
18(6):444–55.
6. Rudas S, Schmitz M, Pichler P, Baumgartner A. Treatment of refractory
chronic depression and dysthymia with high-dose thyroxine. Biol Psychiatry.
1999;45(2):229–33.
7. Bauer M, London ED, Rasgon N, Berman SM, Frye MA, Altshuler LL,
Mandelkern MA, Bramen J, Voytek B, Woods R, et al. Supraphysiological
doses of levothyroxine alter regional cerebral metabolism and improve
mood in bipolar depression. Mol Psychiatry. 2005;10(5):456–69.
8. Mason GA, Bondy SC, Nemeroff CB, Walker CH, Prange AJ Jr. The effects of
thyroid state on beta-adrenergic and serotonergic receptors in rat brain.
Psychoneuroendocrinology. 1987;12(4):261–70.
9. Gur E, Lerer B, Newman ME. Chronic clomipramine and triiodothyronine
increase serotonin levels in rat frontal cortex in vivo: relationship to
serotonin autoreceptor activity. J Pharmacol Exp Ther. 1999;288(1):81–7.
10. Kupka RW, Nolen WA, Post RM, McElroy SL, Altshuler LL, Denicoff KD, Frye
MA, Keck PE Jr, Leverich GS, Rush AJ, et al. High rate of autoimmune
thyroiditis in bipolar disorder: lack of association with lithium exposure. Biol
Psychiatry. 2002;51(4):305–11.

Gan et al. BMC Psychiatry

(2019) 19:378

11. Bergink V, Burgerhout KM, Weigelt K, Pop VJ, de Wit H, Drexhage RC,
Kushner SA, Drexhage HA. Immune system dysregulation in first-onset
postpartum psychosis. Biol Psychiatry. 2013;73(10):1000–7.
12. Degner D, Haust M, Meller J, Ruther E, Reulbach U. Association between
autoimmune thyroiditis and depressive disorder in psychiatric outpatients.
Eur Arch Psychiatry Clin Neurosci. 2015;265(1):67–72.
13. Hillegers MH, Reichart CG, Wals M, Verhulst FC, Ormel J, Nolen WA,
Drexhage HA. Signs of a higher prevalence of autoimmune thyroiditis in
female offspring of bipolar parents. Eur Neuropsychopharmacol. 2007;17(6–
7):394–9.
14. Snijders G, de Witte L, Mesman E, Kemner S, Vonk R, Brouwer R, Nolen WA,
Drexhage HA, Hillegers MHJ. The seroprevalence of antithyroid peroxidase
antibodies in bipolar families and bipolar twins: results from two
longitudinal studies. Int J Bipolar Disord. 2017;5(1):1.
15. Kusalic M. Grade II and grade III hypothyroidism in rapid-cycling bipolar
patients. Neuropsychobiology. 1992;25(4):177–81.
16. Cowdry RW, Wehr TA, Zis AP, Goodwin FK. Thyroid abnormalities associated
with rapid-cycling bipolar illness. Arch Gen Psychiatry. 1983;40(4):414–20.
17. Gyulai L, Bauer M, Bauer MS, Garcia-Espana F, Cnaan A, Whybrow PC.
Thyroid hypofunction in patients with rapid-cycling bipolar disorder after
lithium challenge. Biol Psychiatry. 2003;53(10):899–905.
18. Bauer MS, Whybrow PC, Winokur A. Rapid cycling bipolar affective disorder. I.
Association with grade I hypothyroidism. Arch Gen Psychiatry. 1990;47(5):427–32.
19. Azorin JM, Kaladjian A, Adida M, Hantouche EG, Hameg A, Lancrenon S,
Akiskal HS. Factors associated with rapid cycling in bipolar I manic patients:
findings from a French national study. CNS Spectr. 2008;13(9):780–7.
20. Bauer MS, Whybrow PC. Rapid cycling bipolar affective disorder. II.
Treatment of refractory rapid cycling with high-dose levothyroxine: a
preliminary study. Arch Gen Psychiatry. 1990;47(5):435–40.
21. Afflelou S, Auriacombe M, Cazenave M, Chartres JP, Tignol J. Administration
of high dose levothyroxine in treatment of rapid cycling bipolar disorders.
Review of the literature and initial therapeutic application apropos of 6
cases. Encephale. 1997;23(3):209–17.
22. Oomen HA, Schipperijn AJ, Drexhage HA. The prevalence of affective
disorder and in particular of a rapid cycling of bipolar disorder in patients
with abnormal thyroid function tests. Clin Endocrinol. 1996;45(2):215–23.
23. Bartalena L, Pellegrini L, Meschi M, Antonangeli L, Bogazzi F, Dell'Osso L,
Pinchera A, Placidi GF. Evaluation of thyroid function in patients with rapidcycling and non-rapid-cycling bipolar disorder. Psychiatry Res. 1990;34(1):13–7.
24. Joffe RT, Young LT, Cooke RG, Robb J. The thyroid and mixed affective
states. Acta Psychiatr Scand. 1994;90(2):131–2.
25. Cassidy F, Ahearn EP, Carroll BJ. Thyroid function in mixed and pure manic
episodes. Bipolar Disord. 2002;4(6):393–7.
26. Mussig K, Kunle A, Sauberlich AL, Weinert C, Ethofer T, Saur R, Klein R,
Haring HU, Klingberg S, Gallwitz B, et al. Thyroid peroxidase antibody
positivity is associated with symptomatic distress in patients with
Hashimoto's thyroiditis. Brain Behav Immun. 2012;26(4):559–63.
27. Barbuti M, Carvalho AF, Kohler CA, Murru A, Verdolini N, Guiso G, Samalin L,
Maes M, Stubbs B, Perugi G, et al. Thyroid autoimmunity in bipolar disorder:
a systematic review. J Affect Disord. 2017;221:97–106.
28. So E, Kam I, Leung C, Chung D, Liu Z, Fong S. The Chinese-bilingual SCID-I/
P project: stage 1--reliability for mood disorders and schizophrenia. Hong
Kong J Psychiatry. 2003;13(1):7–19.
29. Radhakrishnan R, Calvin S, Singh JK, Thomas B, Srinivasan K. Thyroid
dysfunction in major psychiatric disorders in a hospital based sample. Indian
J Med Res. 2013;138(6):888–93.
30. Baumgartner C, Blum MR, Rodondi N. Subclinical hypothyroidism: summary
of evidence in 2014. Swiss Med Wkly. 2014;144:w14058.
31. Kent GN, Stuckey BG, Allen JR, Lambert T, Gee V. Postpartum thyroid
dysfunction: clinical assessment and relationship to psychiatric affective
morbidity. Clin Endocrinol. 1999;51(4):429–38.
32. Schneck CD, Miklowitz DJ, Calabrese JR, Allen MH, Thomas MR, Wisniewski SR,
Miyahara S, Shelton MD, Ketter TA, Goldberg JF, et al. Phenomenology of rapidcycling bipolar disorder: data from the first 500 participants in the systematic
treatment enhancement program. Am J Psychiatry. 2004;161(10):1902–8.
33. Bauer MS, Brow PCW. Validity of rapid cycling as a modifier for bipolar
disorder in DSM-IV. Depression. 1993;1(1):11–9.
34. Hamilton M. A rating scale for depression. J Neurol Neurosurg Psychiatry.
1960;23:56–62.
35. Young RC, Biggs JT, Ziegler VE, Meyer DA. A rating scale for mania:
reliability, validity and sensitivity. Br J Psychiatry. 1978;133:429–35.

Page 9 of 10

36. Szabadi E. Thyroid dysfunction and affective illness. BMJ. 1991;302(6782):923–4.
37. Khouzam HR, Bhat VG, Boyer J, Hardy W. Rapid cycling in a patient with
bipolar mood disorder secondary to Graves' disease. Am J Psychiatry. 1991;
148(9):1272–3.
38. Bauer M, Goetz T, Glenn T, Whybrow P. The thyroid-brain interaction in thyroid
disorders and mood disorders. J Neuroendocrinol. 2008;20(10):1101–14.
39. Sack DA, James SP, Rosenthal NE, Wehr TA. Deficient nocturnal surge of TSH
secretion during sleep and sleep deprivation in rapid-cycling bipolar illness.
Psychiatry Res. 1988;23(2):179–91.
40. Valle J, Ayuso-Gutierrez JL, Abril A, Ayuso-Mateos JL. Evaluation of thyroid
function in lithium-naive bipolar patients. Eur Psychiatry. 1999;14(6):341–5.
41. Wehr TA, Sack DA, Rosenthal NE, Cowdry RW. Rapid cycling affective
disorder: contributing factors and treatment responses in 51 patients. Am J
Psychiatry. 1988;145(2):179–84.
42. Post RM, Kramlinger KG, Joffe RT, Roy-Byrne PP, Rosoff A, Frye MA, Huggins
T. Rapid cycling bipolar affective disorder: lack of relation to
hypothyroidism. Psychiatry Res. 1997;72(1):1–7.
43. Kirov G. Thyroid disorders in lithium-treated patients. J Affect Disord. 1998;
50(1):33–40.
44. Kirov G, Tredget J, John R, Owen MJ, Lazarus JH. A cross-sectional and a
prospective study of thyroid disorders in lithium-treated patients. J Affect
Disord. 2005;87(2–3):313–7.
45. Johnston AM, Eagles JM. Lithium-associated clinical hypothyroidism.
Prevalence and risk factors. Br J Psychiatry. 1999;175:336–9.
46. Lambert CG, Mazurie AJ, Lauve NR, Hurwitz NG, Young SS, Obenchain RL,
Hengartner NW, Perkins DJ, Tohen M, Kerner B. Hypothyroidism risk
compared among nine common bipolar disorder therapies in a large US
cohort. Bipolar Disord. 2016;18(3):247–60.
47. Ozerdem A, Tunca Z, Cimrin D, Hidiroglu C, Ergor G. Female vulnerability for
thyroid function abnormality in bipolar disorder: role of lithium treatment.
Bipolar Disord. 2014;16(1):72–82.
48. Canaris GJ, Manowitz NR, Mayor G, Ridgway EC. The Colorado thyroid
disease prevalence study. Arch Intern Med. 2000;160(4):526–34.
49. Dayan CM, Daniels GH. Chronic autoimmune thyroiditis. N Engl J Med. 1996;
335(2):99–107.
50. Sierra P, Camara R, Tobella H, Livianos L. What is the real significance and
management of major thyroid disorders in bipolar patients? Rev Psiquiatr
Salud Ment. 2014;7(2):88–95.
51. Tejani-Butt SM, Yang J, Kaviani A. Time course of altered thyroid states on 5HT1A receptors and 5-HT uptake sites in rat brain: an autoradiographic
analysis. Neuroendocrinology. 1993;57(6):1011–8.
52. Cleare A, McGregor A, O'keane V. Neuroendocrine evidence for an
association between hypothyroidism, reduced central 5-HT activity and
depression. Clin Endocrinol. 1995;43(6):713–9.
53. Bauer M, Heinz A, Whybrow P. Thyroid hormones, serotonin and mood: of
synergy and significance in the adult brain. Mol Psychiatry. 2002;7(2):140.
54. Tejani-Butt SM, Yang J. A time course of altered thyroid states on the
noradrenergic system in rat brain by quantitative autoradiography.
Neuroendocrinology. 1994;59(3):235–44.
55. Carta MG, Hardoy MC, Carpiniello B, Murru A, Marci AR, Carbone F, Deiana L,
Cadeddu M, Mariotti S. A case control study on psychiatric disorders in
Hashimoto disease and Euthyroid goitre: not only depressive but also
anxiety disorders are associated with thyroid autoimmunity. Clin Pract
Epidemiol Ment Health. 2005;1:23.
56. Rapaport MH, Guylai L, Whybrow P. Immune parameters in rapid cycling
bipolar patients before and after lithium treatment. J Psychiatr Res. 1999;
33(4):335–40.
57. Takao T, Tracey DE, Mitchell WM, De EBS. Interleukin-1 receptors in mouse
brain: characterization and neuronal localization. Endocrinology. 1990;127(6):
3070–8.
58. Munkholm K, Weikop P, Kessing LV, Vinberg M. Elevated levels of IL-6 and
IL-18 in manic and hypomanic states in rapid cycling bipolar disorder
patients. Brain Behav Immun. 2015;43:205–13.
59. Siwek M, Sowa-Kućma M, Styczeń K, Misztak P, Nowak RJ, Szewczyk B,
Dudek D, Rybakowski JK, Nowak G, Maes M. Associations of serum cytokine
receptor levels with melancholia, staging of illness, depressive and manic
phases, and severity of depression in bipolar disorder. Mol Neurobiol. 2017;
54(8):5883–93.
60. Ferracci F, Moretto G, Candeago R, Cimini N, Conte F, Gentile M, Papa N,
Carnevale A. Antithyroid antibodies in the CSF their role in the
pathogenesis of Hashimoto’s encephalopathy. Neurology. 2003;60(4):712–4.

Gan et al. BMC Psychiatry

(2019) 19:378

61. Blanchin S, Coffin C, Viader F, Ruf J, Carayon P, Potier F, Portier E, Comby E,
Allouche S, Ollivier Y. Anti-thyroperoxidase antibodies from patients with
Hashimoto's encephalopathy bind to cerebellar astrocytes. J Neuroimmunol.
2007;192(1–2):13–20.
62. Bunevicius R, Prange AJ Jr. Thyroid disease and mental disorders: cause and
effect or only comorbidity? Curr Opin Psychiatry. 2010;23(4):363–8.
63. Bocchetta A, Traccis F, Mosca E, Serra A, Tamburini G, Loviselli A. Bipolar
disorder and antithyroid antibodies: review and case series. Int J Bipolar
Disord. 2016;4(1):5.
64. Hollowell JG, Staehling NW, Flanders WD, Hannon WH, Gunter EW, Spencer
CA, Braverman LE. Serum TSH, T(4), and thyroid antibodies in the United
States population (1988 to 1994): National Health and nutrition examination
survey (NHANES III). J Clin Endocrinol Metab. 2002;87(2):489–99.
65. Bauer M, Heinz A, Whybrow PC. Thyroid hormones, serotonin and mood: of
synergy and significance in the adult brain. Mol Psychiatry. 2002;7(2):140–56.
66. Roca RP, Blackman MR, Ackerley MB, Harman SM, Gregerman RI. Thyroid
hormone elevations during acute psychiatric illness: relationship to severity
and distinction from hyperthyroidism. Endocr Res. 1990;16(4):415–47.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 10 of 10

