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(S I N

Abstract: Lithium has been a cornerstone treatment for bipolar disorder (BD). Despite descriptions in
the literature regarding associations between long-term lithium therapy (LTLT) and development
of a thyroid disorder (overt/subclinical hypo/hyperthyroidism, thyroid nodule, and goiter) in BD,
factors such as time to onset of thyroid abnormalities and impact on clinical outcomes in the course
of illness have not been fully characterized. In this study we aimed to compare clinical characteristics
of adult BD patients with and without thyroid disorders who were on LTLT. We aimed to identify
the incidence of thyroid disorders in patients with BD on LTLT and response to lithium between
patients with and without thyroid disorders in BD. The Cox proportional model was used to find the
median time to the development of a thyroid disorder. Our results showed that up to 32% of patients
with BD on LTLT developed a thyroid disorder, of which 79% developed hypothyroidism, which
was corrected with thyroid hormone replacement. We did not find significant differences in lithium
response between patients with or without thyroid disorders in BD. Findings from this study suggest
that patients with BD and comorbid thyroid disorders when adequately treated have a response to
lithium similar to patients with BD and no thyroid disorders.

Keywords: lithium; bipolar disorder; thyroid; mood disorders; retrospective studies

1. Introduction

Thyroid functioning plays an important role in mood stabilization, especially in bipolar
disorder (BD) [1]. The prevalence of abnormal thyroid function in the US population varies,
with reported rates of elevated and decreased TSH levels of 9.5% and 2.2%, respectively [2].
Hypothyroidism, just like mood disorders, is more common in females than males [3,4].
One of the probable causes of thyroid dysfunction in BD is the use of Lithium (Li) therapy [5].
Several studies have identified risk factors for Li-induced hypothyroidism such as the
thyroid peroxidase antibodies, female sex, older age, and a positive family history of
hypothyroidism [6-8]. Thyroid autoimmunity, a common cause for hypothyroidism, is
prevalent in BD, which may or may not be associated with Li treatment [9]. Hypothyroidism
can contribute to rapid cycling in BD [10], although this is not shown consistently [11].
Li may also cause hyperthyroidism and rarely Graves’ disease [12,13]. Lithium is a gold
standard mood stabilizer for BD; however, it continues to remain underutilized, to a greater
extent in the US [14-16]. Thyroid and renal dysfunctions associated with probable Li
use, requiring regular monitoring of renal and thyroid indices, have been proposed as
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some of the reasons for underutilization of Li [15,17,18]. However, whether Li-induced
hypothyroidism warrants the discontinuation of Li remains to be elucidated.

Pre-clinical studies have shown that Li has several biological effects on the thyroid
gland, some of which include an increase in iodine content within the thyroid gland; reduc-
tion in thyroid gland activity for production of thyroxine (T4) and triiodothyronine (T3);
blocking the release of thyroid hormones from the gland; and alteration in the thyroglob-
ulin structure (a protein in the thyroid gland that is essential in the formation of thyroid
hormones). Due to its action on the thyroid gland, Li can be used as an augmentation agent
for the treatment of hyperthyroidism [12].

While there is consensus among the clinical practice guidelines for the treatment of
overt hypothyroidism with thyroid hormone replacement (THR), recommendations for
management of subclinical hypothyroidism (SCH—elevated TSH and normal free T4)
remain inconsistent. Recent clinical practice guidelines on SCH recommended THR when
patients are younger, planning pregnancy, symptomatic, or have cardiovascular disease or
dyslipidemia [19]. The same clinical practice guidelines reported no significant change in
depressive symptoms with THR. Thyroid disorders—both hypo- and hyperthyroidism—
can create a clinical conundrum for treating clinicians in managing BD patients who are on
long-term lithium therapy (LTLT).

Considering the dearth of real-world clinical practice data to guide clinicians regarding
optimal decision choices in clinical practices following development of thyroid disorders
in BD patients receiving LTLT, we conducted a historical cohort study and investigated
the association between LTLT and the development of thyroid disorders (overt/subclinical
hypo/hyperthyroidism, thyroid nodule, and goiter). We investigated the Li response in
patients who developed thyroid disorders compared to those who did not, as well as
the time to development of thyroid disorders. Our secondary aim was to investigate the
difference in the time to thyroid disorder development between males and females.

2. Methods

In this historical cohort study, we included adult patients (>18 years) with BD on LTLT
(i.e., lithium prescribed for a minimum of 1 year) who were enrolled in the Mayo Clinic
Bipolar Biobank at Mayo Clinic in Rochester, Minnesota [16,20], from 1 July 2009 to 5 May
2018. All included patients fulfilled the DSM-IV-TR criteria and diagnostic confirmation of
BD-type I/BD-type II or schizoaffective bipolar subtype [21]. Our exclusion criteria were
patients not on LTLT. The Mayo Clinic Bipolar Biobank was created in collaboration with
the Linder Center of HOPE/University of Cincinnati and the University of Minnesota to
promote and foster research on disease risk and pharmacogenomic treatment response in
BD [20]. This study was approved by the Mayo Clinic Institutional Review Board.

The data on demographics, medical comorbidities [22], duration of Li treatment, and
relevant clinical characteristics were extracted from the electronic medical records (EMR).
Laboratory data were extracted using the Mayo Data Explorer, available at the Mayo
Clinic. Duration of Li therapy was calculated from chart review by adding the duration
of different Li trials as published earlier [16,23]. To assess the medical illness burden, we
used the Modified Cumulative Illness Rating Scale (MCIRS) [24]. The MCIRS identifies
14 items involving different systems with a score range from 0 to 4. The severity index is
the mean of the scores of the first 13 categories—excluding psychiatric comorbidity—to
study the comorbidity burden; individual category mean score was evaluated to study the
specific comorbidity.

Treatment response to Li was assessed using the Alda-A scale [25]. Alda-A scale is a
composite measure of clinical improvement in severity, duration, and frequency of illness
and is rated from 0 to 10. Response to Li treatment was defined as good, moderate, or poor
response based on Alda-A score > 7, 4-6, and <3, respectively. Internal consistency was
previously assessed with Kappa statistics (intraclass correlation coefficients) for Alda-A
scores between raters reaching 0.968, 95% CI (0.933, 0.986) [26]. We elected to use the A
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subscale since it has shown to have comparable intraclass correlation compared to the total
score [27]. However, the Alda-A score was not corrected for any confounding factor.

2.1. Ascertainment of the Thyroid Disorder

Diagnosis of thyroid disorders was adjudicated via clinical diagnoses in the EMR (as
documented by treating clinicians) or according to the TSH and free T4 levels. Thyroid
disorders were divided into the following functional subtypes: overt hypothyroidism,
subclinical hypothyroidism, overt hyperthyroidism, and subclinical hyperthyroidism. From
a structural perspective, we identified benign nodule, benign diffuse goiter, toxic nodule,
and toxic multinodular goiter. When the etiology was known, the diagnosis of Hashimoto’s
thyroiditis or Graves’ disease was also listed.

2.2. Outcomes

Our primary outcome was the development of incident thyroid disorders. We inves-
tigated the difference in the time to thyroid disorder development between males and
females. Our secondary outcome was response to Li between patients with and without
thyroid disorders. We reported data on the incident thyroid disorder cases among BD
patients on LTLT. We also compared TSH levels at baseline, and by the end of the study
between patients with and without thyroid disorders.

2.3. Statistical Analysis

Descriptive characteristics for categorical variables were summarized as frequencies
and significance differences were tested using chi-square test and Fisher’s exact test de-
pending on the number of elements in each cell. Continuous variables were reported as
mean (standard deviation (SD), median (interquartile range (IQR) and categorical vari-
ables as counts and percentages. The unpaired Student’s-t test and Mann-Whitney U
test were used to compare continuous variables with normal distribution and for skewed
distribution, respectively.

For analyses with thyroid disorders as the outcome, patients were studied from the
start date of LTLT until the occurrence of thyroid disorders, the study end date, or the last
date available in the EMR, whichever came first. The Cox proportional hazards model was
used to estimate the hazard ratio and median time to the development of thyroid disorders
between males and females after starting Li. Kaplan—Meier plots were used to show the
time from Li initiation to the development of thyroid disorders between males and females.
All analyses were performed using R software for statistical computing (version 4.2.2) in
RStudio IDE (version 2022.12.0+353) [28,29]. p-values < 0.05 were considered significant.

3. Results

The study included 154 BD patients on LTLT. At baseline, 16 patients had preex-
isting thyroid disorders (prevalent cases) before starting Li and 2 patients had missing
thyroid status at baseline and thus were excluded from the primary analysis. During LTLT,
43 patients (31.6%) developed incident thyroid disorders. Clinical characteristics of the
study population (N = 136) are described in Table 1. Participants were predominantly
females (57.4%) with BD-I (BD-1/1I distribution of 69.9%/27.9%, respectively), median age
of 40.5 years (at study enrollment), with a median time to follow-up of 7.9 years. Compared
to the non-thyroid disorder group, patients with thyroid disorders had higher median
MCIRS scores (18 vs. 21; p = 0.01) and borderline increased history of trauma (32% vs. 50%,
p = 0.05). There were no other significant differences in terms of demographic and clinical
variables between the thyroid disorders and non-thyroid disorders groups.

At baseline, 16 patients had prevalent thyroid disorders and a total of 61 patients had
thyroid disorders by the study end date. At one year of Li treatment, 7% (n = 9/131) of
patients developed thyroid disorders. Thirty-two percent of patients (n =43/136) developed
new thyroid disorders by the study end date, of which 79% (n = 34/43) developed overt
or subclinical hypothyroidism and 94% (32/34) of these patients (with subclinical /overt
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hypothyroidism) were on THR (Table 2). The majority of the patients who were on THR
received treatment with levothyroxine. Regarding hyperthyroidism, one patient was on
methimazole and propranolol, respectively. Only two patients discontinued Li due to the
development of thyroid disorders.

Table 1. Study population characteristics, reported as Median (Q1, Q3) or N (%).

No Thyroid Disorder Thyroid Disorder

All (N =136) };n - 93) y (n = 43) p-Value
Age at enrollment 40.5 (29.7, 55.0) 40.3 (29.4, 54.8) 40.7 (32.2, 55.8) p=0.64
Age at study end 47.5 (37.0, 60.0) 47 (35.0, 60.0) 48 (37.5, 60.5) p=0.72
Gender (Female) 78 (57.35) 48 (51.61) 30 (69.77) p=0.06
Race (Non-White) 10 (7.35) 5 (5.38) 5 (11.63) p=0.29
BMI (n = 134) 29.5(25.1, 35.5) 29.3 (254, 35.4) 24.6 (25.0, 35.8) p=0.93
Diagnosis

BD-I 95 (69.85) 65 (69.89) 30 (69.77)

BD-II 38 (27.94) 25 (26.88) 13 (30.23)

BD NOS/SZ 3(2.21) 3(3.23) 0 (0.00) p=0.64
Age at BD diagnosis (n = 133) 27 (21.0, 41.0) 29 (22.0, 42.0) 25(20.2,36.2) p=042
Age at first depressive episode (n = 108) 22 (16.0, 34.0) 23 (16.2, 34.0) 21 (16.2, 32.0) p=0.82
Age at Lithium start (n = 135) 32.4(24.0,44.9) 33.6(24.1,45.6) 32(23.7,40.2) p=051
zti“g;)treatmem duration in years 8.84 (5.51,14.9) 8.73 (5.45,13.1) 11 (6.05, 17.3) p=037
Married (n = 130) 67 (51.54) 45 (51.14) 22 (52.38) p=1.00
Education > 12 years (n = 132) 129 (97.73) 88 (96.70) 41 (100.00) p=0.55
History of ADHD 20 (14.71) 16 (17.20) 4 (9.30) p=0.30
History of Psychosis (n = 133) 62 (46.62) 42 (46.15) 20 (47.62) p=1.00
History of Trauma (n = 133) 50 (37.59) 29 (31.87) 21 (50.00) p=0.05
Suicide attempts > 1 (n = 134) 38 (28.36) 26 (28.26) 12 (28.57) p=1.00
Alcohol Use Disorder (n = 133) 46 (34.59) 28 (30.77) 18 (42.86) p=0.33
Family History (First-degree)

Bipolar Disorder 35 (25.74) 23 (24.73) 12 (27.91) p=0.68

Major Depression 50 (36.76) 35 (37.63) 15 (34.88) p=0.85

Substance abuse 37 (27.21) 24 (25.81) 13 (30.23) p=0.68
MCIRS score 19 (15.8, 23) 18 (15, 22) 21(18, 26) p=0.01

Abbreviations: BD-I = Bipolar type I; BD-II = Bipolar type II; BD NOS = Bipolar disorder not otherwise specified;
ADHD: Attention-Deficit/Hyperactivity Disorder; SZ = Schizoaffective disorder; MCIRS = Modified Cumulative
Illness Rating Scale.
Table 2. Thyroid status of patients with abnormal thyroid functioning.
Baseline Study End On Thyg‘ifdl;%pigcf ment at
(Before Lithium) (New /Excluding baseline) (New/Excluding baseline)
Hypothyroid /Hashimoto’s 11 (5) 29 (0) 29 (0) b
Subclinical Hypothyroid 2 5 3
Hyperthyroid (Graves’ disease) 2(2) 0(0) 0
Subclinical Hyperthyroid 0 1 0
Benign Nodule/Goiter 1 7 3¢
Toxic Nodule/Goiter 0 1 14
Total 16 43 36
Data not available 2 0 0

2 Thyroid replacement/augmentation was with T4 for all patients; b One patient stopped Li following thyroid
dysfunction, but continued thyroid replacement; © One patient on T4 augmentation, two patients on replacement
following thyroidectomy; d One patient on thyroid replacement following thyroidectomy.

The median time to the development of a thyroid disorder was significantly lower in
females compared to males (17.0 vs. 42.6 years, p = 0.04), Figure 1. Compared to males,
females had a higher risk of thyroid disorder (HR = 2.00, 95% CI, 1.02 to 3.95: log-rank
p =0.04).
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Figure 1. Survival, free of thyroid disorders estimated via the Kaplan—-Meier method, stratified by sex.

In Figure 2, we present the frequency distribution of diagnosis of new thyroid abnor-
mality over the course of Li treatment. In our study, 7% of patients developed thyroid
disorders within one year of lithium therapy and 60.5% of patients developed thyroid
disorders within five years of lithium therapy. More than one-third of patients developed
thyroid disorders after five years of lithium therapy.

0 1 2 3 4 5 6 7 8 9 10 12 14 16 18 20 2!

5
Years (from start of lithium treatment)

Figure 2. Frequency distribution of diagnosis of new thyroid abnormality during lithium treatment
(N =38).
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Table 3 shows the Li response (measured with Alda-A score) and laboratory values
between the thyroid disorder and non-thyroid disorder groups. There were no significant
differences in the Li response between patients with or without thyroid disorders. The mean
Alda-A scores were also similar between the thyroid disorder and non-thyroid disorder
groups (6.26 vs. 6.38; p = 0.92). BD patients with thyroid disorders had similar TSH levels at
baseline compared to the non-thyroid disorder group (2.26 vs. 1.76, p = 0.06), but the value
was significantly higher at 1 year. There were no other significant differences between the
two groups.

Table 3. ALDA Response and Laboratory values.

All No Thyroid Disorder Thyroid Disorder

(N =136) (n = 93) (n = 43) p-Value
ALDA (n=123)
ALDA Responders, n (%) 61 (49.59) 42 (49.41) 19 (50.00) p=1.00
ALDA—A Score, Mean (SD) 6.34 (2.35) 6.38 (2.27) 6.26 (2.54) p =092
ALDA Response, n (%)
Good 61 (49.59) 42 (49.41) 19 (50.00) p=0.85
Moderate 48 (39.02) 34 (40) 14 (36.84)
Poor 14 (11.38) 9 (10.59) 5 (13.16)
Lab (Mean (SD)
S. TSH Baseline (n = 77) 1.92 (1.03) 1.76 (0.95) 2.26 (1.15) p=0.06
S. Lithium After 1 year Li (n = 77) 0.69 (0.28) 0.70 (0.28) 0.65 (0.27) p=032
S. TSH After 1 year Li (n = 65) 3.17 (2.19) 2.66 (1.3) 4.30 (3.20) p=0.05
S. Lithium End of study (n =71) 0.69 (0.41) 0.63 (0.39) 0.78 (0.43) p=0.13
S. TSH End of study (n = 73) 2.42 (1.43) 2.34 (1.14) 2.55 (1.80) p=10.96

4. Discussion

In this historical cohort study, we investigated the effects of LTLT on thyroid func-
tion among patients with BD. About a third of patients with BD on LTLT developed a
thyroid disorder during the evaluation period, the majority of whom (79%) developed
hypothyroidism (subclinical or overt). These findings are similar to a recent study by Lieber
and colleagues, where they observed 27% of patients with BD developed overt hypothy-
roidism [30]. In our cohort, the majority of the patients with hypothyroidism were treated
with THR and only two patients with thyroid disorders discontinued Li. The prevalence of
thyroid disorders approximates up to 10% in the general population [2] and increases up to
20% in patients with BD [31]. Specifically, studies have underscored that 33% of patients
with BD and mixed affective states had TSH abnormalities and 7% in cases of pure manic
states [32]. Notably, treatment with Li has been reported to increase prevalence rates of
thyroid disorders to up to 54% [7].

In our study, 7% of patients developed thyroid disorders within one year of lithium
therapy. This is lower than reported in some of the earlier studies [33]. A Swedish retro-
spective cohort study reported a mean delay from lithium to initiation of THR of 2.3 years
(SD 4.7) with a median of 10 months [30]. A plausible explanation for these findings may
relate to their inclusion of patients with BD and schizoaffective disorders in the depressive
phase and focusing on those patients who discontinued Li. Our study showed a lifetime
prevalence of thyroid disorder diagnosis in approximately 40% of the study cohort, with
approximately 32% incident cases of thyroid disorder diagnosis by the end of the study.
These findings are in accordance with the broader literature, which underscores higher
rates of thyroid disorder with prevalence rates up to 47% in all Li-treated patients [12,34].
Reassuringly, we found no significant differences in Li response between patients with or
without thyroid disorders when adequately treated, which further emphasizes the impor-
tance of properly treating thyroid dysfunction while continuing Li therapy to maintain
mood stabilization.

We found that females had a shorter time to the development of a thyroid disorder
compared to males and had double the risk (HR = 2.00) of developing thyroid disorders
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compared to males. These findings also align with previous studies that have highlighted
higher rates of hypothyroidism associated with females [5]. Our results showed higher
MCIRS scores in the thyroid disorder group compared to the non-thyroid disorder group,
highlighting a higher comorbidity burden in BD with the thyroid disorder group. Au-
toimmune disorders and family history of thyroid abnormalities are additional risk factors
for Li-induced hypothyroidism [35,36]. BD has been reported to be associated with im-
mune dysregulation and autoimmune disorders [37,38]. The role of immunological and
immuno inflammatory hypothesis both in the pathophysiology of the disease and treatment
side-effects remains an area of active investigation [39].

Lastly, our results underscore that BD patients with thyroid disorders had a borderline
higher prevalence of history of psychological trauma compared to the non-thyroid disorder
group. History of trauma has been associated with alterations in the HPT axis and immune
dysfunction, leading to increased risk of thyroid and autoimmune disorders [40,41], which
prompts further exploration of the pathophysiology and interconnection between thyroid-
bipolar illness and history of psychological trauma.

Clinical Implications

Patients with BD receiving LTLT, especially females, are at a higher risk of developing
thyroid disorders. This is consistent with prior studies; thus, it is advisable to have a close
monitoring of thyroid functioning, especially in females [8]. Findings from this study
suggest that patients with BD and comorbid thyroid disorders when adequately treated
with THR have a response to Li similar to patients with BD and without thyroid disorders.
Further, THR has been used as augmentation strategies for resistant depression [42,43].
These results are reassuring and provide evidence to support continuing Li therapy in
patients with thyroid disorders and highlights the importance of collaboration with patients’
primary care providers/endocrinologists if needed. Given that many cases developed after
the first year of lithium therapy, it is advisable to continue periodic monitoring of thyroid
function long term.

5. Strengths and Limitations

Our study has several strengths. We performed a thorough and comprehensive review
of clinical data and used robust statistical methods to explore their correlations. Our study
cohort includes patients from the Bipolar Biobank, which closely mirrors a real-world
clinic representation of BD patients treated with LTLT. Our study cohort also has a longer
median follow-up time, which has helped us measure and compare the longitudinal and
time-varying effects of LTLT on the thyroid.

While interpreting these findings, we should also be wary of its several limitations.
Apart from the inherent shortcomings of a retrospective study design including confound-
ing biases, missing data, and lack of homogeneity across the collected data, our study
is also limited by its smaller cohort size and its limited diversity. For our results to be
generalized, the study needs to be repeated in larger and more diverse populations in a
prospective setting. We also did not explore in detail any of the intrinsic or extrinsic factors
that may have predisposed a patient toward a state of immune dysregulation and thyroid
abnormality. Our study results thus lack the ability to infer causality, and it describes the
association of thyroid disorder only in long-term lithium treated patients with BD.

6. Conclusions

One-third of patients with BD on LTLT developed thyroid dysfunction, with similar
Li response rates between patients with thyroid disorders and non-thyroid disorders.
Most patients with thyroid disorder were on thyroid replacement therapy. The high rates
of thyroid disorders shown in this study associated with LTLT complement previous
literature and suggest, as clinical guidelines, a recommendation to closely monitoring
thyroid hormone function during Li treatment for early identification and diagnosis of
thyroid disorders.



Brain Sci. 2023, 13, 133 8 of 10

Author Contributions: Conceptualization, M.A.F,, ] M.B., B.S., N.A.N., M.P. and B.].; methodology,
M.AF,JM.B, B.S.,, N.A.N,, M.P. and B.J.; software, B.J. and V.P;; formal analysis, B.J., N.A.N. and
V.P; data curation, B.J., N.A.N., RK.,, M.P, M.E. and B.S.; writing—original draft preparation, B.J.,
N.AN,, VP,RK,MP,ME, A.O, AB.C.-B.,, ER.-N,,S.LM,, BJ.C.,]JM.B.,, M.N.S.,, M.A.F. and B.S.;
writing—review and editing, B.J.,, N.A.N., VP, RK, M.P, M.E,, A.O.,, AB.C-B, ER-N, SLM, B].C,
JM.B.,, M.N.S.,, M.A'F. and B.S.; supervision, B.S.; funding acquisition, M.A.F. and ].M.B. All authors
have read and agreed to the published version of the manuscript.

Funding: This research was supported by The J. Willard and Alice S. Marriott Foundation and the
Mayo Clinic Center for Individualized Medicine.

Institutional Review Board Statement: The studies involving human participants were reviewed
and approved by Mayo Clinic Individualized Medicine Biobank for Bipolar Disorder-IRB 08-008794.
The patients/participants provided their written informed consent to participate in this study.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data are not publicly available because of restrictions; they contain
information that could compromise the privacy of the research participant. The data that support the
findings of this study are available on reasonable request from the corresponding author.

Acknowledgments: FRN is in part supported by a National Institute of Mental Health K23 Award
(K23MH120503). NAN was supported by the National Institute of General Medical Sciences of the
National Institutes of Health under award number T32 GM008685.

Conflicts of Interest: FRN receives grant support from the National Institute of Mental Health K23
Award (K23MH120503) and from a 2017 NARSAD Young Investigator Award from the Brain and
Behavior Research Foundation; has a U.S. Patent and Trademark Office patent # 10857356; receives
consultant fees from Otsuka Pharmaceutical and has received non-financial research support from
Soterix Medical. SLM is or has been a consultant to or member of the scientific advisory boards of
Avanir, Allergan (now AbbVie), Bracket (now Signant Health), Naurex, Idorsia, Intra-Cellular Thera-
pies, Inc., Shire (now Takeda), Sunovion, and Takeda. She is or has been a principal or co-investigator
on studies sponsored by the Agency for Healthcare Research & Quality (AHRQ), Avenir, AstraZeneca,
Cephalon, Forest, Marriott Foundation, Medibio, National Institute of Mental Health, Orexigen Ther-
apeutics, Inc., Jazz, Shire (now Takeda), Sunovian, and Takeda Pharmaceutical Company Ltd. She is
also an inventor on United States Patent No. 6323236 B2, Use of Sulfamate Derivatives for Treating
Impulse Control Disorders, and along with the patent’s assignee, University of Cincinnati, Cincinnati,
Ohio, has received payments from Johnson & Johnson, which has exclusive rights under the patent.
MAF has received grant support from Assurex Health and Mayo Foundation, received CME travel
and honraria from Carnot Laboratories, and has Financial Interest/Stock ownership/Royalties from
Chymia LLC. BS received grant support from Mayo Clinic. BJ, NAN, VP, RK, MP, ME, AO, ABCB,
BJC, JMB, and MNS reports no financial relationships with commercial interests.

References

1. Singh, B.; Sundaresh, V. Thyroid Hormone Use in Mood Disorders: Revisiting the Evidence. J. Clin. Psychiatry 2022, 83, 42331.
[CrossRef]

2. Canaris, G.J.; Manowitz, N.R.; Mayor, G.; Ridgway, E.C. The Colorado thyroid disease prevalence study. Arch. Intern. Med. 2000,
160, 526-534. [CrossRef] [PubMed]

3. Aoki, Y, Belin, RM,; Clickner, R.; Jeffries, R.; Phillips, L.; Mahaffey, K.R. Serum TSH and total T4 in the United States population
and their association with participant characteristics: National Health and Nutrition Examination Survey (NHANES 1999-2002).
Thyroid 2007, 17, 1211-1223. [CrossRef] [PubMed]

4.  Kajantie, E.; Phillips, D.I.; Osmond, C.; Barker, D.].; Forsen, T.; Eriksson, ].G. Spontaneous hypothyroidism in adult women is
predicted by small body size at birth and during childhood. J. Clin. Endocrinol. Metab. 2006, 91, 4953-4956. [CrossRef] [PubMed]

5. Shine, B.; McKnight, R.F,; Leaver, L.; Geddes, ].R. Long-term effects of lithium on renal, thyroid, and parathyroid function: A
retrospective analysis of laboratory data. Lancet 2015, 386, 461-468. [CrossRef]

6. Kibirige, D.; Luzinda, K.; Ssekitoleko, R. Spectrum of lithium induced thyroid abnormalities: A current perspective. Thyroid. Res.
2013, 6, 1-5. [CrossRef]

7. Bocchetta, A.; Bernardi, F; Pedditzi, M.; Loviselli, A.; Velluzzi, E; Martino, E.; Zompo, M.D. Thyroid abnormalities during lithium
treatment. Acta Psychiatr. Scand. 1991, 83, 193-198. [CrossRef]

8. 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, 72-82. [CrossRef]


http://doi.org/10.4088/JCP.22ac14590
http://doi.org/10.1001/archinte.160.4.526
http://www.ncbi.nlm.nih.gov/pubmed/10695693
http://doi.org/10.1089/thy.2006.0235
http://www.ncbi.nlm.nih.gov/pubmed/18177256
http://doi.org/10.1210/jc.2006-1093
http://www.ncbi.nlm.nih.gov/pubmed/16984989
http://doi.org/10.1016/S0140-6736(14)61842-0
http://doi.org/10.1186/1756-6614-6-3
http://doi.org/10.1111/j.1600-0447.1991.tb05523.x
http://doi.org/10.1111/bdi.12163

Brain Sci. 2023, 13, 133 90f 10

10.

11.

12.
13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Kupka, R.W.; Nolen, W.A,; Post, RM.; McElroy, S.L.; Altshuler, L.L.; Denicoff, K.D.; Frye, M.A.; Keck, PE., Jr.; Leverich, G.S,;
Rush, A.J. High rate of autoimmune thyroiditis in bipolar disorder: Lack of association with lithium exposure. Biol. Psychiatry
2002, 51, 305-311. [CrossRef]

Kupka, RW,; Luckenbaugh, D.A.; Post, RM.; Leverich, G.S.; Nolen, W.A. Rapid and non-rapid cycling bipolar disorder: A
meta-analysis of clinical studies. J. Clin. Psychiatry 2003, 64, 1483-1494. [CrossRef]

Post, RM.; Kramlinger, K.G.; Joffe, R.T.; Roy-Byrne, P.P; Rosoff, A.; Frye, M.A.; Huggins, T. Rapid cycling bipolar affective
disorder: Lack of relation to hypothyroidism. Psychiatry Res. 1997, 72, 1-7. [CrossRef]

Lazarus, J.H. Lithium and thyroid. Best Pract. Res. Clin. Endocrinol. Metab. 2009, 23, 723-733. [CrossRef]

Barclay, M.L.; Brownlie, B.E.; Turner, J.G.; Wells, J.E. Lithium associated thyrotoxicosis: A report of 14 cases, with statistical
analysis of incidence. Clin. Endocrinol. 1994, 40, 759-764. [CrossRef] [PubMed]

Baldessarini, R.J.; Leahy, L.; Arcona, S.; Gause, D.; Zhang, W.; Hennen, ]J. Patterns of psychotropic drug prescription for US
patients with diagnoses of bipolar disorders. Psychiatr. Serv. 2007, 58, 85-91. [CrossRef] [PubMed]

Post, R M. The new news about lithium: An underutilized treatment in the United States. Neuropsychopharmacology 2018, 43,
1174-1179. [CrossRef] [PubMed]

Pahwa, M.; Joseph, B.; Nunez, N.A.; Jenkins, G.D.; Colby, C.L.; Kashani, K.B.; Veldic, M.; Moore, K.M.; Betcher, H.K.; Ozerdem, A.
Long-term lithium therapy and risk of chronic kidney disease in bipolar disorder: A historical cohort study. Bipolar Disord. 2021,
23, 715-723. [CrossRef]

Pahwa, M.; Singh, B. Lithium in patients with chronic kidney disease—To continue versus discontinue? Bipolar Disord. 2022, 24,
549-550. [CrossRef] [PubMed]

Rybakowski, ]. K. Challenging the negative perception of lithium and optimizing its long-term administration. Front. Mol.
Neurosci. 2018, 11, 349. [CrossRef]

Bekkering, G.; Agoritsas, T.; Lytvyn, L.; Heen, A.; Feller, M.; Moutzouri, E.; Abdulazeem, H.; Aertgeerts, B.; Beecher, D.; Brito, J.
Thyroid hormones treatment for subclinical hypothyroidism: A clinical practice guideline. BMJ 2019, 365, 12006. [CrossRef]
Frye, M.A.; McElroy, S.L.; Fuentes, M.; Sutor, B.; Schak, K.M.; Galardy, C.W.; Palmer, B.A.; Prieto, M.L.; Kung, S.; Sola, C.L.
Development of a bipolar disorder biobank: Differential phenotyping for subsequent biomarker analyses. Int. J. Bipolar Disord.
2015, 3, 1-7. [CrossRef]

First, M.B.; Gibbon, M. The structured clinical interview for DSM-IV axis I disorders (SCID-I) and the structured clinical interview
for DSM-1V axis II disorders (SCID-II). In Comprehensive Handbook of Psychological Assessment; John Wiley & Sons, Inc.: Hoboken,
NJ, USA, 2004.

Singh, B.; Singh, A.; Ahmed, A.; Wilson, G.A.; Pickering, B.W.; Herasevich, V.; Gajic, O.; Li, G. Derivation and validation of
automated electronic search strategies to extract Charlson comorbidities from electronic medical records. Mayo Clin. Proc. 2012,
87, 817-824. [CrossRef] [PubMed]

Kumar, R.; Joseph, B.; Pazdernik, V.M.; Geske, J.; Nunez, N.A.; Pahwa, M.; Kashani, K.B.; Marin, V.; Betcher, HK,;
Moore, K.M.; et al. Real-world clinical practice among patients with bipolar disorder and chronic kidney disease on long-term
lithium therapy. J. Clin. Psychopharmacol. 2023, 43, 6-11. [CrossRef] [PubMed]

Salvi, E; Miller, M.D.; Grilli, A.; Giorgi, R.; Towers, A.L.; Morichi, V.; Spazzafumo, L.; Mancinelli, L.; Espinosa, E.; Rappelli, A. A
manual of guidelines to score the modified cumulative illness rating scale and its validation in acute hospitalized elderly patients.
J. Am. Geriatr. Soc. 2008, 56, 1926-1931. [CrossRef]

Nunes, A.; Trappenberg, T.; Alda, M.; The International Consortium on Lithium Genetics (ConLiGen). Asymmetrical reliability
of the Alda score favours a dichotomous representation of lithium responsiveness. PLoS ONE 2020, 15, e0225353. [CrossRef]
[PubMed]

Joseph, B.; Nunez, N.; Pahwa, M.; Singh, B. Inter-rater reliability among physicians in assessing lithium treatment outcomes by
Alda Scale. In Proceedings of the Bipolar Disorders, Virtual Conference, 19-20 June 2020; p. 60.

Scott, J.; Etain, B.; Manchia, M.; Brichant-Petitjean, C.; Geoffroy, P.A ; Schulze, T.; Alda, M.; Bellivier, F; Amare, A.; Ardau, R.; et al.
An examination of the quality and performance of the Alda scale for classifying lithium response phenotypes. Bipolar Disord.
2020, 22, 255-265. [CrossRef]

R Core Team. R: A Language and Environment for Statistical Computing; R Foundation for Statistical Computing: Vienna, Austria,
2022; Available online: https:/ /www.R-project.org/ (accessed on 10 December 2022).

Posit team. RStudio: Integrated Development Environment for R; Posit Software, PBC: Boston, MA, USA, 2022. Available online:
http:/ /www.posit.co/ (accessed on 10 December 2022).

Lieber, I; Ott, M.; Ohlund, L.; Lundqvist, R.; Eliasson, M.; Sandlund, M.; Werneke, U. Lithium-associated hypothyroidism and
potential for reversibility after lithium discontinuation: Findings from the LiSIE retrospective cohort study. J. Psychopharmacol.
2020, 34, 293-303. [CrossRef] [PubMed]

Kirkegaard, C.; Faber, J. The role of thyroid hormones in depression. Eur. J. Endocrinol. 1998, 138, 1-9. [CrossRef]

Zarate, C.A.; Tohen, M.; Zarate, S.B. Thyroid function tests in first-episode bipolar disorder manic and mixed types. Biol.
Psychiatry 1997, 42, 302-304. [CrossRef]

Johnston, A.M.; Eagles, ].M. Lithium-associated clinical hypothyroidism: Prevalence and risk factors. Br. |. Psychiatry 1999, 175,
336-339. [CrossRef]


http://doi.org/10.1016/S0006-3223(01)01217-3
http://doi.org/10.4088/JCP.v64n1213
http://doi.org/10.1016/S0165-1781(97)00076-0
http://doi.org/10.1016/j.beem.2009.06.002
http://doi.org/10.1111/j.1365-2265.1994.tb02509.x
http://www.ncbi.nlm.nih.gov/pubmed/8033366
http://doi.org/10.1176/ps.2007.58.1.85
http://www.ncbi.nlm.nih.gov/pubmed/17215417
http://doi.org/10.1038/npp.2017.238
http://www.ncbi.nlm.nih.gov/pubmed/28976944
http://doi.org/10.1111/bdi.13052
http://doi.org/10.1111/bdi.13209
http://www.ncbi.nlm.nih.gov/pubmed/35332966
http://doi.org/10.3389/fnmol.2018.00349
http://doi.org/10.1136/bmj.l2006
http://doi.org/10.1186/s40345-015-0030-4
http://doi.org/10.1016/j.mayocp.2012.04.015
http://www.ncbi.nlm.nih.gov/pubmed/22958988
http://doi.org/10.1097/JCP.0000000000001632
http://www.ncbi.nlm.nih.gov/pubmed/36584244
http://doi.org/10.1111/j.1532-5415.2008.01935.x
http://doi.org/10.1371/journal.pone.0225353
http://www.ncbi.nlm.nih.gov/pubmed/31986152
http://doi.org/10.1111/bdi.12829
https://www.R-project.org/
http://www.posit.co/
http://doi.org/10.1177/0269881119882858
http://www.ncbi.nlm.nih.gov/pubmed/31670617
http://doi.org/10.1530/eje.0.1380001
http://doi.org/10.1016/S0006-3223(97)00250-3
http://doi.org/10.1192/bjp.175.4.336

Brain Sci. 2023, 13, 133 10 of 10

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Bocchetta, A.; Loviselli, A. Lithium treatment and thyroid abnormalities. Clin. Pract. Epidemiol. Ment. Health 2006, 2, 1-5.
[CrossRef]

Frye, M.A,; Denicoff, K.D.; Bryan, A.L.; Smith-Jackson, E.E.; Ali, S.O.; Luckenbaugh, D.; Leverich, G.S.; Post, R M. Association
between lower serum free T4 and greater mood instability and depression in lithium-maintained bipolar patients. Am. . Psychiatry
1999, 156, 1909-1914. [CrossRef] [PubMed]

Kirov, G. Thyroid disorders in lithium-treated patients. J. Affect. Disord. 1998, 50, 33—40. [CrossRef] [PubMed]

Rege, S.; Hodgkinson, S.J. Immune dysregulation and autoimmunity in bipolar disorder: Synthesis of the evidence and its clinical
application. Aust. N. Z. . Psychiatry 2013, 47, 1136-1151. [CrossRef] [PubMed]

Joseph, B.; Nandakumar, A.L.; Ahmed, A.T.; Gopal, N.; Murad, M.H.; Frye, M.A_; Tobin, W.O.; Singh, B. Prevalence of bipolar
disorder in multiple sclerosis: A systematic review and meta-analysis. Evid. Based Ment. Health 2021, 24, 88-94. [CrossRef]
Hamdani, N.; Doukhan, R.; Kurtlucan, O.; Tamouza, R.; Leboyer, M. Immunity, inflammation, and bipolar disorder: Diagnostic
and therapeutic implications. Curr. Psychiatry Rep. 2013, 15, 1-8. [CrossRef]

Toloza, EJ.; Mao, Y.; Menon, L.P; George, G.; Borikar, M.; Erwin, PJ.; Owen, R.R.; Maraka, S. Association of thyroid function with
posttraumatic stress disorder: A systematic review and meta-analysis. Endocr. Pract. 2020, 26, 1173-1185. [CrossRef]

Plaza, A.; Garcia-Esteve, L.; Torres, A.; Ascaso, C.; Gelabert, E.; Imaz, M.L.; Navarro, P.; Valdés, M.; Martin-Santos, R. Childhood
physical abuse as a common risk factor for depression and thyroid dysfunction in the earlier postpartum. Psychiatry Res. 2012,
200, 329-335. [CrossRef]

Elsayed, O.H.; Ercis, M.; Pahwa, M.; Singh, B. Treatment-Resistant Bipolar Depression: Therapeutic Trends, Challenges and
Future Directions. Neuropsychiatr. Dis. Treat. 2022, 18, 2927-2943. [CrossRef]

Seshadri, A.; Sundaresh, V.; Prokop, L.J.; Singh, B. Thyroid Hormone Augmentation for Bipolar Disorder: A Systematic Review.
Brain Sci. 2022, 12, 1540. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.1186/1745-0179-2-23
http://doi.org/10.1176/ajp.156.12.1909
http://www.ncbi.nlm.nih.gov/pubmed/10588404
http://doi.org/10.1016/S0165-0327(98)00028-7
http://www.ncbi.nlm.nih.gov/pubmed/9716277
http://doi.org/10.1177/0004867413499077
http://www.ncbi.nlm.nih.gov/pubmed/23908311
http://doi.org/10.1136/ebmental-2020-300207
http://doi.org/10.1007/s11920-013-0387-y
http://doi.org/10.4158/EP-2020-0104
http://doi.org/10.1016/j.psychres.2012.06.032
http://doi.org/10.2147/NDT.S273503
http://doi.org/10.3390/brainsci12111540

	Introduction 
	Methods 
	Ascertainment of the Thyroid Disorder 
	Outcomes 
	Statistical Analysis 

	Results 
	Discussion 
	Strengths and Limitations 
	Conclusions 
	References

