Mirtazapine use may increase the risk of hypothyroxinemia in
patients affected by major depressive disorder

Ying Zhao!, Na Wang', Shi Wu Wen?, Mingcan Li', Yuan Yuan', Ravi Retnakaran?,
Ruiling Zhang!, and Desheng Zhai'

Xinxiang Medical University
2University of Ottawa Faculty of Medicine
3University of Toronto

January 26, 2021

Abstract

Background Hypothyroxinemia, i.e. Low free T4 with normal TSH level, which overlaps, to a great extent, with the laboratory
criteria of central hypothyroidism, could be easily neglected, if attention is paid only to patients with elevated TSH. We aimed
to assess the association between mirtazapine use and hypothyroxinemia in patients affected by major depressive disorder.
Methods We conducted a retrospective cohort study in the Second Affiliated Hospital of Xinxiang Medical University between
January 2016 and December 2018. Patients affected by major depression disorder and admitted to the hospital for treatment
during the study period and had thyroid tests at admission and after treatment were included. Patients with abnormal thyroid
function at baseline or received mood stabilizers or quetiapine during hospitalization were excluded. Mirtazapine use was
the exposure measure, and hypothyroxinemia was as the primary outcome of this study. Log-binomial model was used to
estimate the association between mirtazapine use and hypothyroxinemia, after adjusting for potential confounding factors.
Results A total of 220 eligible patients were included in the final analysis. Of them, 88 used mirtazapine. The incidence of
hypothyroxinemia in patients who used mirtazapine was higher (37.5%) than those patients who did not use (19.7%). The
relative risk of developing hypothyroxinemia was 1.64 (95% confidence interval: 1.31-1.78) for mirtazapine use, after adjusting
for confounding factors. Conclusion Mirtazapine use was associated with the risk of developing hypothyroxinemia. Clinicians
should be aware that hypothyroxinemia may be neglected in patients treated by mirtazapine due to attention paid only to those
with elevated TSH.
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What is already known about this subject

It is known that central neurotransmitters system regulates/influences the hypothalamic—pituitary—thyroid
axis. Activation of central dopaminergic and serotonergic system has been reported to inhibit hypothalamic—
pituitary—thyroid axis, reduce TSH releasing and thyroid hormones and may therefore result in hypothyrox-



inemia (normal TSH concentrations and a disproportionately low concentration of free T4). The laboratory
criteria of hypothyroxinemia, defined as “normal TSH and Low free T4”, overlaps, to a great extent, with
the laboratory criteria of central hypothyroidism (low or low-to-normal TSH concentrations and a dispro-
portionately low concentration of free T4). However, hypothyroxinemia or central hypothyroidism could be
easily ignored in patients treated with mirtazapine, a noradrenergic and specific serotonergic antidepressant,
if attention is paid to only patients with elevated TSH.

We have conducted a thorough search of literature on PubMed, using a combination of “mirtazapine” AND
“thyrotropin OR thyroid-stimulating hormone OR TSH OR thyroxine OR free T4 OR Thyroid function OR
hypothyroxinemia OR hypothyroidism”. This search found only one relevant paper that assessed thyroid
function in 17 outpatients affected by major depressive disorder and treated by mirtazapine. A significant
decrease in free T4 but no change in TSH was observed in that study. However, that study did not report
whether free T4 was dropped to the cutoff level defining hypothyroxinemia. Most importantly, no comparison
with non-mirtazapine users among patients affected by major depressive disorder was made.

What this study adds

Our study found that mirtazapine use for patients affected by major depressive disorder may increase the
risk of hypothyroxinemia.

The finding of increased risk of developing hypothyroxinemia after mirtazapine treatment has significant
clinical implication. Clinicians should be aware that thyroid function insufficiency may be ignored in patients
treated by mirtazapine due to attention paid only to those with elevated TSH and failure to recognize
hypothyroxinemia.

Abstract

Background Hypothyroxinemia, i.e. Low free T4 with normal TSH level, which overlaps, to a great
extent, with the laboratory criteria of central hypothyroidism, could be easily neglected, if attention is
paid only to patients with elevated TSH. We aimed to assess the association between mirtazapine use and
hypothyroxinemia in patients affected by major depressive disorder.

Methods We conducted a retrospective cohort study in the Second Affiliated Hospital of Xinxiang Med-
ical University between January 2016 and December 2018. Patients affected by major depression disorder
and admitted to the hospital for treatment during the study period and had thyroid tests at admission
and after treatment were included. Patients with abnormal thyroid function at baseline or received mood
stabilizers or quetiapine during hospitalization were excluded. Mirtazapine use was the exposure measure,
and hypothyroxinemia was as the primary outcome of this study. Log-binomial model was used to estimate
the association between mirtazapine use and hypothyroxinemia, after adjusting for potential confounding
factors.

Results A total of 220 eligible patients were included in the final analysis. Of them, 88 used mirtazapine.
The incidence of hypothyroxinemia in patients who used mirtazapine was higher (37.5%) than those patients
who did not use (19.7%). The relative risk of developing hypothyroxinemia was 1.64 (95% confidence interval:
1.31-1.78) for mirtazapine use, after adjusting for confounding factors.

Conclusion Mirtazapine use was associated with the risk of developing hypothyroxinemia. Clinicians should
be aware that hypothyroxinemia may be neglected in patients treated by mirtazapine due to attention paid
only to those with elevated TSH.
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Introduction

Thyroid function insufficiency can be classified as primary (due to thyroid hormone deficiency) and central
(due to thyroid-stimulating hormone (TSH) deficiency or thyrotropin-releasing hormone (TRH) deficiency)
L. In general, central hypothyroidism is rare, with incidence estimated at 1:80,000 to 1:120,000 in the



general population, and accounts for less than 1/100 cases of hypothyroidism!. Primary hypothyroidism is
defined as TSH concentrations above the reference range and free thyroxine (free T4) concentrations below
the reference range !. In general, the relationship between serum TSH and free T4 is such that a small
decrease in free T4 can result in a relatively large increase in serum TSH, which can subsequently lead to
a TSH level that is above the reference range while the free T4 level is still within the reference range?. In
cases of progression to primary hypothyroidism, TSH level typically continues to increase and free T4 level
falls below the reference range'2. Central hypothyroidism is characterized by a defect in thyroid hormone
secretion due to insufficient stimulation by TSH!. Biochemically, central hypothyroidism is defined by
low-to-normal TSH concentrations and a disproportionately low concentration of free T4'. The laboratory
criteria of hypothyroxinemia, defined as “normal TSH and Low free T4”, overlaps, to a great extent, with
the laboratory criteria of central hypothyroidism 3.

Circulating thyroid hormones concentrations are regulated by the hypothalamic—pituitary—thyroid axis. TSH
controls all aspects of thyroid hormone synthesis and release. Secretion of TSH is stimulated by TRH and in-
hibited by negative feedback through thyroid hormones®. It is known that central neurotransmitters system
regulates/influences the hypothalamic—pituitary—thyroid axis®>7. Activation of the central dopaminergic
and serotonergic system has been reported to inhibit hypothalamic—pituitary—thyroid axis, resulting in de-
crease in the release of TSH and thyroid hormones®?7.

Mirtazapine is a noradrenergic and specific serotonergic antidepressant. It is particularly effective in al-
leviating depressed mood and relieving anxiety and sleep-disturbance symptoms, with lower frequencies of
drug-drug interaction. As a result, it is often used as an adjunctive antidepressant for moderate to severe ma-
jor depressive disorder®®. The current clinical literature regarding mirtazapine and thyroid function is scarce,
with only one study by Gambi et al in 17 outpatients affected by major depressive disorder!’. However,
Gambi’s study did not examine whether patients developed hypothyroxinemia or central hypothyroidism.
Most importantly, no comparison with no mirtazapine user was made in the Gambi’s study'°.

Clinical presentation of thyroid function insufficiency varies greatly and generally without symptom
specificity!. Combined with the fact that symptoms of thyroid function insufficiency and major depres-
sive disorder overlap in many aspects such as fatigue, depression, and weakness !, the evaluation of thyroid
function in patients treated by antidepressants is predominantly biochemical!. However, because central
hypothyroidism is rare, attention is typically paid only on patients with elevated TSH, and central hypothy-
roidism or hypothyroxinemia may be largely neglected®. Thyroid function insufficiency is associated with
poor response to antidepressant therapies in patients with major depressive disorder!?'*. Failure to recog-
nize hypothyroxinemia or central hypothyroidism may result in neglected thyroid dysfunction in individuals
treated by antidepressants, which may lead to poor response to treatment. Thyroxine has been used as a
synergist for treatment-refractory major depression disorder!®. Lower serum level of free thyroxine is also
associated with more affective episodes and greater severity of depression in mood disorders'®.

We have therefore conducted a retrospective cohort study to assess the association between mirtazapine use
and hypothyroxinemia in patients affected by major depressive disorder. Because the evaluation of thyroid
function was based on the reference ranges of TSH and thyroxine, we adopted the term “hypothyroxinemia”
for the “normal TSH level and a disproportionately low level of free T4” in this study.

Methods
Study design and study population

This is a retrospective cohort study conducted between January 2016 and December 2018 in the Second
Affiliated Hospital of Xinxiang Medical University (also known as Henan province Mental Health Center).
Approval by the Ethics Committee of the Second Affiliated Hospital of Xinxiang Medical University was
obtained prior to the commencement of the study.

Patients affected by major depression disorder and admitted to the participating hospital for antidepressant
treatment during the study period with thyroid function tests made at admission and during hospitalization



were included into this study. The diagnosis of major depressive disorder was made by two staff psychiatrists
and confirmed by a third senior psychiatrist, following the “National Guidelines of Diagnosis and Treatment
for Mental Disorders” in China and was coded by International Classification of Diseases, 10*"revision (ICD-
10).

Patients with a thyroid function test outside of the normal range (i.e., TSH: 0.27-4.20mU/L and free T4:
12.00-22.00pmol/L) or on l-thyroxine treatment at admission were excluded. Patients who met the following
criteria were further excluded: 1) ongoing pregnancy or lactation, 2) alterations of hepatic or renal function,
or other serious medical condition, 3) history of alcohol or other substance dependence, 4) primary thyroid
diseases, or known medical conditions that affect thyroid function, or 5) used mood stabilizers (i.e. lithium,
valproic acid, and oxcarbazepine et al.) or quetiapine during hospitalization.

Outcome measures

Hypothyroxinemia, defined as 0.27[?]TSH[?]4.2 mU/L and FT4<12.00 pmol/L, was the primary outcome
of this study. Secondary outcomes included in this study were: The levels of TSH and thyroid hormones,
subclinical hypothyroidism (TSH>4.2 mU/L and 12.00[?]free T4[?]22.00 pmol/L), and overt hypothyroidism
(TSH>4.2 mU/L and free T4<12.00 pmol/L).

Exposure measure

Mirtazapine use during hospitalization for treatment for major depression disorder was the exposure measure
of this study, with any mirtazapine use as the exposed group and no mirtazapine use as the non-exposed

group.

Laboratory tests

The laboratory reference ranges of thyroid hormones were: TSH: 0.27-4.20 mU/L, T4: 66.00-181.00 nmol /L,
free T4: 12.00-22.00 pmol/L, T3: 1.30-3.10 nmol/L, FT3: 3.10-6.80 pmol/L. Standardized criteria of thyroid
function were based on the laboratory reference ranges, as follows: normal thyroid function: 0.27[7]TSH[?]4.2
mU/L and 12.00[?]free T4[?]22.00 pmol/L. Serum samples were collected between 6:00 and 8:00 AM following
an overnight fasting. The tests were completed on the same day at the hospital laboratory. Chemilumines-
cence procedures (Cobas E610 or 411, Roche, Basel, Switzerland) were employed to determine the thyroid
hormones by using Elecsys (TSH, T4, free T4, T3, FT3) kits (Roche Diagnostics Shanghai Ltd, China).

Demographic and clinical data collection

Demographic and clinical data including diagnosis, illness duration, and treatment for major depression
disorder, and value and time at measurement of thyroid functions were collected through review of patients’
medical charts.

Statistical Analysis

Statistical analysis was conducted using the Statistical Package for Social Sciences (IBM SPSS, version 25.0).
We first compared the distribution of baseline characteristics and we then compared outcomes between the
exposed and the non-exposed groups. Means and standard deviations (SDs) or median and interquartile
ranges (IQRs) were used for continuously distributed variables, and t-test or median Mann-Whitney U test
were used for statistical significance as appropriate. Percentage was used for categorical variables and y?
test was used for statistical significance.

Adjusted relative risk (RR) and 95% CI were estimated by log-binomial model to assess the independent
association of mirtazapine use with risk of developing hypothyroxinemia (with no mirtazapine use as the
reference). Multiple linear regression model was used to assess the association of mirtazapine use with
change in free T4 level [A free T4, q): free T4 value after exposure (o)~ free T4 value at baseline (1)].
Potential confounding variables included in the models were age, gender, prior drug exposure (no prior use
of psychiatric medications eg. antipsychotics, mood stabilizers and antidepressants for a minimum 4 months



before admission, were defined as drug free. No drug free versus drug free), baseline free T4 level, duration
of treatment, the use of other kinds of antidepressants, and concomitant non-antidepressant medications.

Results

A total of 220 patients met the eligibility criteria and were included in the final analysis (Figure 1). Among
them, 88 (40%) used mirtazapine as an adjunctive antidepressant and 132 (60%) did not use. The majority of
patients (71.8%) were female. The mean age of the patients was 47.5 (SD:15.23) years and median duration
of illness was 12 months (IQR: 56). The mean interval between the two thyroid function tests (baseline and
after treatment) was 35.6 days (SD 22.54).

Comparison of baseline characteristics between the two study groups

Table 1 compares the distribution of demographics and clinical characteristics of two groups. There were no
significant differences in age, gender, duration of illness, and uses of antipsychotics, benzodiazepines, anxi-
olytics, and selective serotonin reuptake inhibitors (SSRIs) between the two groups. The uses of serotonin-
norepinephrine reuptake inhibitors (SNRIs) or trazodone were higher in the non-mirtazapine group than
those in the mirtazapine group (P <0.01). There were no differences between the two groups with respect
to baseline level of thyroid function measurements (Table 1). On the other hand, baseline free T4 levels
were negatively associated with risk of hypothyroxinemia, with adjusted RR= 0.88 (95% CI: 0.86-0.90) for
1 pmol/L increment in baseline free T4.

Analysis of association between mirtazapine use and occurrence of hypothyroxinemia

The rate of hypothyroxinemia in the mirtazapine group (33/88, 37.5%) was higher than in the non-
mirtazapine group (26/132, 19.7%). After adjusting for age, gender, duration of treatment, baseline free
T4 level, use of other antidepressants (SSRIs, SNRIs or trazodone), use of non-antidepressant medications
and other potential confounders, patients who received mirtazapine as an adjunctive antidepressant were
more likely to develop hypothyroxinemia compared with those who did not receive mirtazapine (adjusted
RR: 1.64, 95% CI: 1.31-1.78) (Table 2).

Analysis of association between mirtazapine use and other thyroid dysfunctions

In the mirtazapine group, the reduction in T4 was 15.63 nmol /L, and was 3.22 pmol/L in free T4, which were
significantly greater than those in non-mirtazapine group (¢ =-3.053, P =0.003, and¢ =-2.861, P =0.005, for
AT4 and A free T4, respectively) (Table 3). In the multiple linear regression model, mirtazapine use was
statistically significantly associated with greater reduction in free T4 level [(A free T4(;_1))] after adjusting
for confounders, with adjusted B -1.14 (95% CI: -1.88" -0.41, P =0.002). The occurrence of subclinical and
overt hypothyroidism was similar in the two groups (Table 3).

Discussion

In this retrospective cohort study, we demonstrated that the risk of developing hypothyroxinemia in pa-
tients who used mirtazapine was 64% higher than patients who did not use, after adjusting for important
confounders.

There are several strengths in this study. To the best of our knowledge, this is the first study to report an
association between mirtazapine and increased risk of hypothyroxinemia. The large sample size of our study
helped to generate stable estimates. The use of electronic inpatients records provided complete measure-
ments of thyroid function: T4, free T4, and TSH at baseline and during treatment. As a result, we could
have complete ascertainment of hypothyroxinemia. Furthermore, we excluded patients who had thyroid
dysfunction at baseline or who received mood stabilizers (i.e. lithium, valproic acid, and oxcarbazepine) or
quetiapine during hospitalization and adjusted for a number of important confounding factors including the
baseline level of free T4 and TSH and the use of other kinds of antidepressants during the treatment. Thus,
the impact of prior thyroid dysfunction or other psychiatric medications on the observed association between
mirtazapine use and hypothyroxinemia would have been minimized.



Limitations of this study should be acknowledged. First, we had no dynamic monitoring information of
thyroid function. Although we have collected data on serum thyroid hormone levels at baseline and during
hospitalization for antidepressants treatment, no additional follow up tests were performed. As a result,
we could not determine whether the effect of mirtazapine on thyroid function persists after discharge from
hospital.

Second, the clinical symptoms/signs of thyroid dysfunction were not available in this study. The laboratory
criteria of hypothyroxinemia, defined as “normal TSH and Low free T4”, overlaps, to a great extent, with the
laboratory criteria of central hypothyroidism®®. Based on available data, we could not definitely differentiate
hypothyroxinemia from central hypothyroidism. We adopted the term “hypothyroxinemia” for the “lower
free T4 (j12.00 pmol/L) and normal TSH level” in our study.

17-21 22-26

Case reports and clinical studies suggested that antidepressants other than mirtazapine may also be
associated with thyroid abnormalities. However, no conclusion could be drawn from these studies due to small
sample size?>-?6, cross-sectional study design 22, incomplete laboratory tests??21:26, and lack information
whether hormone concentrations reached cut off values?®2426, On the other hand, our study found that
the incidence of hypothyroxinemia in patients treated by SSRIs, SNRIs, or combined treatment in non-
mirtazapine group was similar (data available upon request). Our findings, in principle, were consistent with
previous studies/reviews that SSRIs and SNRIs reduced T4/FT4 levels but did not significantly affect TSH
level?7.

Compared with other treatments for major depressive disorder, the impact of mirtazapine treatment on
thyroid function has not been well investigated. To date, only one study reported a significant decrease in
free T4 in 17 outpatients affected by major depressive disorder after mirtazapine treatment for 6 months'®.
No change in TSH was observed and no comparison with non-mirtazapine users was made in that study '°.
Although that study did not report if free T4 was dropped to the cutoff level defining hypothyroxinemia,
the significant decrease in free T4 after mirtazapine treatment!® provides some support to our finding on
mirtazapine and hypothyroxinemia association. That previous study also reported a significant increase in
FT3 after mirtazapine treatment!'®, which was not observed in our study. On the other hand, our study
observed that the degree of reduction in T4 and free T4 after mirtazapine treatment was much higher than
the reductions in T3 and FT3, which suggests that peripheral conversion of T4 to T3 could be affected by
mirtazapine treatment, and this process may occur mostly in liver, heart, muscle and gut, rather than in
thyroid®. Increased peripheral conversion of T4 to T3 may also be a consequence of a compensatory response
to lower function of hypothalamic—pituitary—thyroid axis, due to changes in thyroid hormone metabolism
that serve to maintain normal circulating levels of T3 until the late stages of dysfunction®.

More than 99% of circulating thyroid hormones is bound to serum proteins. It is reported that commercially
available testing kits might show inaccurately low free thyroxine concentrations in patients treated with drugs
which have the capacity to displace thyroid hormone from binding proteins, and it is suggested that serum
dilution in assays could reduce free thyroxine readout®. However, we observed that the degree of reduction
was very similar in both T4 and free T4. For example, the reduction was 18.77% in T4 and 21.09% in
free T4 in the mirtazapine group. It is known that serum dilution in assays would not affect T4 readout 6.
Therefore, in this case, the low serum free T4 levels observed in patients treated with mirtazapine may not
be due to artifactual laboratory effects.

The key to maintain the level of serum free thyroxine is the negative feedback regulation, an appropri-
ate TSH synthesis and release in response to serum thyroid hormone level changes®. Activation of the
central neurotransmitters system, such as dopaminergic and serotonergic system, has been reported to in-
hibit hypothalamic-pituitary-thyroid axis®®7. The increased risk of hypothyroxinemia after mirtazapine
treatment could be explained by the central effect of mirtazapine on hypothalamic/pituitary prevents the
compensatory increase in TSH in response to low T4, thereby ultimately presenting as higher incidence of
hypothyroxinemia in patients treated by mirtazapine. It has been reported that antidepressants (other than
mirtazapine), which improve central dopaminergic and serotonergic system, seem to decrease T4/free T4 lev-
els but maintaining TSH level?”. Our study found that after adjusting for other antidepressant treatments,



the association between mirtazapine treatment and hypothyroxinemia remained significant.

The finding of increased risk of developing hypothyroxinemia after mirtazapine treatment may have signifi-
cant clinical implication.'® Symptoms of thyroid dysfunction and major depressive disorder overlap in many
aspects such as depressive mood, fatigue and weakness''. Thus, hypothyroxinemia could be easily ignored
in major depressive disorder treated with mirtazapine, if attention is paid only to those with elevated TSH.

In addition, clinical studies indicate that thyroid hormone supplementation can improve the response rate
and can also convert patients with refractory depression to responders'®. The beneficial effects of thyroid
hormone supplementation has suggested that a central hypothyroidism may exist in such patients'®. Failure
to recognize hypothyroxinemia or central hypothyroidism may result in ignored thyroid function insufficiency,
which may lead to poor response to treatment in individuals with major depression disorder. It may therefore
be important to identify thyroid function insufficiency during antidepressants treatment for major depressive
disorder, especially in patients receiving mirtazapine as an adjunctive antidepressant.

Conclusion

Our study based on a large cohort of patients affected by major depressive disorder suggests that mirtazapine
treatment may be associated with the increased risk of developing hypothyroxinemia. Further investigations
are needed to clarify the clinical relevance of this association and its long-term impact on the treated patients.

Figure legend
Figure 1 Data source and flow chart.
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