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A B S T R A C T   

There is accumulating evidence that individuals with schizophrenia show altered levels of thyroid hormones. 
However, a qualitative and quantitative synthesis of findings in this field has not been performed so far. 
Therefore, we aimed to perform a systematic review and meta-analysis of studies investigating the levels of 
thyroid-stimulating hormone (TSH), free thyroxine (fT4), total thyroxine (tT4), free triiodothyronine (fT3) and 
total triiodothyronine (tT3) in multiple-episode schizophrenia (MES) and first-episode psychosis (FEP). Elec
tronic databases were searched from their inception until 30th May 2020 by two independent reviewers. 
Random-effects meta-analyses and meta-regression analyses were performed. Altogether, 19 studies were 
included. Persons with FEP had significantly lower TSH levels (5 studies, g = − 0.26, 95%CI: − 0.47 to − 0.06, p =
0.013, I2 = 21.3%), higher fT4 levels (3 studies, g = 0.58, 95%CI: 0.15–1.01, p = 0.008, I2 = 64.6%) and lower 
tT3 levels (2 studies, g = − 0.60, 95%CI: − 0.82 to − 0.37, p < 0.001, I2 = 0%) compared to controls. Elevated TSH 
levels were found in persons with MES (13 studies, g = 0.20, 95%CI: 0.02–0.39, p = 0.031, I2 = 50.0%). Our 
findings imply that the levels of TSH might be decreased in persons with FEP and increased in those with MES. 
Other alterations need to be confirmed by additional studies. These findings imply the need to monitor the levels 
of TSH and thyroid hormones from the onset of psychosis.   

1. Introduction 

Physical health impairments are highly prevalent among persons 
with schizophrenia and largely contribute to reduced life expectancy 
(Piotrowski et al., 2017). Apart from cardiovascular diseases, persons 
with schizophrenia tend to develop several endocrine abnormalities 
related to the dysfunction of the hypothalamic-pituitary-adrenal (HPA) 
axis, release of neurosteroids (Misiak et al., 2018) and appetite- 
regulating hormones (Misiak et al., 2019) as well as hyper
prolactinemia (González-Blanco et al., 2016). Some of these alterations 

might also be associated with a risk of metabolic syndrome and its single 
components. The development of certain endocrine abnormalities is 
associated with individual level risk factors that include poor dietary 
habits, sedentary behavior and adverse effects of antipsychotics. How
ever, some of them, e.g., hyperprolactinemia, insulin resistance and the 
HPA axis alterations, can also appear in early psychosis and might be 
related to intrinsic pathophysiological mechanisms (González-Blanco 
et al., 2016; Hubbard and Miller, 2019; Lis et al., 2020). 

Less is known about the role of thyroid hormones in the patho
physiology of schizophrenia. In response to low levels of thyroid 
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hormones, including thyroxine (T4) and triiodothyronine (T3), the hy
pothalamus secrets thyrotropin-releasing hormone (TRH). Subse
quently, TRH stimulates the anterior pituitary to release thyroid- 
stimulating hormone (TSH) that activates the secretion of thyroid hor
mones. This regulation is called the hypothalamic-pituitary-thyroid axis 
and acts through a negative feedback. It is important to note that thyroid 
hormones play a role in neurodevelopmental processes, such as differ
entiation of neural cells, synaptogenesis and myelination. Indeed, T4 is 
the major thyroid gland hormone that can cross the blood-brain barrier; 
however, T3 can also enter the brain through complex transport 
mechanisms (Tost et al., 2020). Subsequently, T4 is converted to T3 by 
deionidase type 2 in astrocytes, and T3 can enter neurons (Noda, 2015). 
There are membrane and non-genomic intracytoplasmatic receptors for 
thyroid hormones, although the most well-characterized are genomic 
thyroid receptors (TRs), which regulate gene expression by acting as 
ligand-activated transcription factors. Notably, T3 exerts biological ac
tivity through the interactions with two isoforms TRs - TRα1 and TRβ1. 
However, the TRα1 isoforms represent 70–80% of all receptors and ac
count for most effects of thyroid hormones in the brain, while TRβ1 
exhibits more restricted tissue expression pattern in the brain (Bernal, 
2007; Ercan-Fang et al., 1996). Although TRs are expressed early (TRα1) 
and later (TRβ1) in the embryonic development, they are also described 
as moderate to prominent in adult brain regions, mainly the cerebral 
cortex and the hippocampus (Bradley et al., 1989). Thyroid hormones 
have been shown to affect neurodevelopmental processes, such as 
neuronal proliferation, migration, differentiation and synapse formation 
(Dezonne et al., 2015), while in adult brain they interact with glial cells 
that modulate immune responses, regulate neurotransmitter release, 
and control neuron metabolism (Noda, 2018). Thyroid hormones are 
important for modulation of dopaminergic, serotonergic, glutamatergic, 
and GABAergic networks (Santos et al., 2012). 

It has been reported that clinically relevant hyperthyroidism might 
manifest in people with psychotic symptoms, while hypothyroidism may 
give rise to mood symptoms that resemble negative symptoms of 
schizophrenia (MacDonald and Schulz, 2009; Marian et al., 2009; 
Snabboon et al., 2009). A recent population-based study demonstrated 
that a diagnosis of schizophrenia is significantly more prevalent in hy
pothyroid patients compared to controls (Sharif et al., 2018). However, 
studies investigating the levels of thyroid hormones in persons with 
psychotic disorders have provided mixed findings. Recognizing the 
pattern of alterations related to thyroid hormones in persons with 
schizophrenia might have important implications due to several clinical 
correlates. For instance, few cross-sectional studies have provided evi
dence for the association between altered levels of thyroid hormones 
and cognitive deficits or comorbid metabolic syndrome in persons with 
psychotic disorders (Ichioka et al., 2012; Kalinowska et al., 2019; Labad 
et al., 2016). Therefore, in this study we aimed to perform a systematic 
review and meta-analysis of studies investigating the levels of TSH and 
thyroid hormones in persons with schizophrenia and first-episode psy
chosis (FEP). 

2. Materials and methods 

2.1. Search strategy 

Three reviewers were involved in searches of online databases from 
their inception until 30th May 2020 (see Supplementary Table 1 for 
details). Online searches were performed in agreement with the PRISMA 
guidelines (Moher et al., 2009), and the protocol of our systematic re
view and meta-analysis was registered in the PROSPERO database 
(registration number: CRD42020163283). The PRISMA checklist was 
presented in Supplementary Table 2. 

2.2. Eligibility criteria 

Publication records were included if they met the following criteria: 

1) reported the levels of TSH and/or thyroid hormones, including free 
thyroxine (fT4) and/or total thyroxine (tT4) and/or free triiodothyro
nine (fT3) and/or total triiodothyronine (tT3) in serum or plasma 
samples; 2) necessary data (mean and SD for the levels of TSH and 
thyroid hormones, the number of participants and medication status) 
were available in the manuscript or upon request (corresponding au
thors of eligible publications were contacted if necessary); 3) case- 
control studies comparing the levels of thyroid hormones between per
sons with schizophrenia, schizoaffective disorder or FEP and healthy 
controls; 4) English language articles. This systematic review was 
limited to case-control studies due to the fact that these studies often 
build first evidence between specific mechanisms and outcomes (Tenny 
et al., 2020). To our knowledge, a qualitative and quantitative synthesis 
of evidence in this field has not been performed so far. Moreover, the 
levels of TSH and thyroid hormones are related to various environ
mental exposures and comorbid physical health impairments that might 
be difficult to control in longitudinal studies (Ferrari et al., 2017). In 
case of overlapping samples, data were included from the study 
reporting results from the largest sample. We excluded animal model 
studies, studies without healthy controls, non-original studies (e.g., 
editorials, commentaries and reviews) and studies without necessary 
data to perform meta-analysis. 

2.3. Data extraction 

The following data were extracted from eligible publications (mean 
± SD or the number of cases): 1) age; 2) sex; 3) body mass index (BMI); 
4) the levels of TSH and thyroid hormones; 5) scores of the Positive and 
Negative Syndrome Scale (PANSS) (Kay et al., 1987); 6) medication 
status and 7) the type of assay used to determine the levels of hormones. 
Data provided as median and interquartile range (IQR) were converted 
to calculate mean and SD. More specifically, the median was used as an 
approximation of the mean (Higgins et al., 2019). In turn, SD was 
calculated by dividing IRQ by 1.35 (Hozo et al., 2005). 

Quality assessment was performed using the Newcastle-Ottawa Scale 
(NOS) (Wells et al., 2000). The NOS is a “star system” that enables to 
assess three categories of quality: 1) the selection of study groups (the 
maximum score is 4 stars); 2) the comparability of study groups (the 
maximum score is 2 stars) and 3) the ascertainment of exposure or 
outcome of interest (the maximum score is 3 stars). The total NOS score 
ranges between 0 and 9 stars. Higher number of stars indicates better 
quality. Matching patients and healthy controls for age and sex was 
considered to allocate stars for the comparability of studied groups. 

2.4. Data analysis 

Heterogeneity was evaluated using the Cochran Q and I2 statistics. 
Due to anticipated heterogeneity, random-effects models were used and 
standardized mean difference (Hedges' g) was calculated as the effect 
size estimate. Hedges' g was selected to dermine effect size estimates due 
to expected heterogeneity in the methods used to measure the levels of 
TSH and thyroid hormones (Ellis, 2010). Moreover, the use of Hedges' g 
is recommended in case of small studies (n < 20) (Lakens, 2013). A 
leave-one-out sensitivity analysis was performed to investigate if any 
single study contributed to heterogeneity. Subgroup analyses were 
performed to explore thyroid hormones alterations separately for drug- 
or antipsychotic-naïve persons with FEP and medicated or unmedicated 
individuals with multiple-episode schizophrenia (MES). Meta-regression 
analyses were performed for continuous moderators that were recorded 
by at least six studies (age of persons with FEP and MES as well as 
healthy controls, the percentage of males, illness duration and scores of 
the PANSS) and categorical moderators if each category was represented 
by at least four studies (type of assay used to determine the levels of 
thyroid hormones) (Fu et al., 2011). Publication bias was assessed using 
the Egger's test in case of analyses based on at least 10 studies (Sterne 
et al., 2008). Results of all analyses were considered significant if the p- 
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value was less than 0.05. The STATISTICA software, version 12.5, was 
used to conduct the analyses. 

3. Results 

Initial search identified 2582 publication records and 19 studies 
were finally included in systematic review and meta-analysis (Fig. 1) 
(Banki et al., 1984; Barbero et al., 2014; Baumgartner et al., 2000; 
Bičíková et al., 2011; Boral et al., 1980; Bratek et al., 2015; Del Cacho 
et al., 2019; Extein et al., 1982; Garcia-Rizo et al., 2012; Jose et al., 
2015; Lin et al., 2019; Loosen et al., 1977; Petrikis et al., 2016; Prange 
et al., 1979; Roy et al., 1989; Wahby et al., 1988; Yazici et al., 2002; Zhu 
et al., 2020). General characteristics of eligible studies are shown in 
Table 1, while the levels of hormones are presented in Supplementary 
Table 3. Altogether, these studies investigated the levels of thyroid 
hormones in 1138 persons with FEP and MES as well as 730 healthy 
controls. In case of three publication records (Barbero et al., 2019, 2014; 
Labad et al., 2016), samples were overlapping and the corresponding 
author was contacted to provide data from the largest number of par
ticipants. This sample is further reported as Barbero et al. (2014). 

The NOS score varied between 3 and 7 (4.00 ± 1.05, Supplementary 
Table 4). Persons with FEP or MES and healthy controls were matched 
for age and sex in the majority of studies, except for five studies (Boral 
et al., 1980; Extein et al., 1982; Lin et al., 2019; Loosen et al., 1977; Zhu 
et al., 2020). Only two studies controlled for the effects of BMI (Garcia- 
Rizo et al., 2012; Zhu et al., 2020). In the study by Zhu et al. (2020), 
persons with FEP and MES had significantly higher BMI compared to 
healthy controls. In turn, persons with FEP and controls had similar BMI 

in the study by Garcia-Rizo et al. (2012). There were six studies of 
persons with FEP (Bičíková et al., 2011; Del Cacho et al., 2019; Garcia- 
Rizo et al., 2012; Jose et al., 2015; Petrikis et al., 2016; Zhu et al., 2020). 
All of these studies were based on drug-naïve or antipsychotic-naïve 
persons. In one study, medicated persons with early psychosis were 
recruited (illness duration shorter than 3 years) (Barbero et al., 2014). 
Other studies were based on persons with MES, who had been drug- or 
antipsychotic-free (Banki et al., 1984; Baumgartner et al., 2000; Boral 
et al., 1980; Jose et al., 2015; Loosen et al., 1977; Prange et al., 1979; 
Roy et al., 1989; Wahby et al., 1988) or medicated (Bratek et al., 2015; 
Extein et al., 1982; Lin et al., 2019; Telo et al., 2016; Zhu et al., 2020). 
The minimum time period without pharmacological treatment in drug- 
free or antipsychotic-free persons with MES varied between 5 days 
(Prange et al., 1979) and 2 months (Jose et al., 2015). 

3.1. TSH 

All studies included in this systematic review and meta-analysis 
investigated the levels of TSH. Results of the Egger's test did not reach 
the significance threshold (regression intercept = 0.05, 95%CI =
− 1.95–2.04, p = 0.960) indicating no evidence of publication bias (see 
Supplementary Fig. 1 for funnel plot). Pooled data analysis revealed no 
significant differences [g = 0.001, 95%CI = − 0.12–0.12, p = 0.982, I2 =

53.65%, Q = 23.7, p(Q) = 0.014] in the levels of TSH between patients 
and healthy controls (Table 2, Fig. 2, Supplementary Fig. 2). However, 
subgroup analysis showed significantly lower levels of TSH in drug- 
naïve or antipsychotic-naïve persons with FEP [g = − 0.26, 95%CI =
− 0.47 - -0.06, p = 0.013, I2 = 21.3, Q = 5.1, p(Q) = 0.279] as well as 
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Fig. 1. Selection of studies (Moher et al., 2009).  
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Table 1 
General characteristics of studies.  

Study Patients Controls Illness stage Medication status Hormones Assay NOS 

n (M/F) Age, 
yearsa 

n (M/F) Age, 
yearsa 

Banki et al. (1984) 24 (0/24) 41.0 ±
13.0 

15 (0/15) 42.0 ±
11.0 

MES Drug-free (≥30 days) TSH RIA 4 

Barbero et al. (2014) 70 (43/27) 24.4 ±
5.2 

50 (22/ 
28) 

23.8 ±
4.8 

Early 
psychosis 

Medicated TSH and fT4 UK 5 

Baumgartner et al. 
(2000) 

31 (22/9) 29.2 ±
9.1 

24 (17/7) 32.0 ±
4.6 

MES Drug-free (≥7 days) TSH, tT4, tT3 and rT3 RIA 3 

Bičíková et al. (2011) 22 (13/9)b 32.6 ±
7.4 

47 (25/ 
22)b 

31.0 ±
5.9c 

FES Drug-naïve TSH and fT4 CLA 5 

Boral et al. (1980) 31 (16/15) 22–52 31 (16/ 
15) 

UKd MES Drug-free (≥15 days) TSH, tT4 and tT3 RIA 3 

Bratek et al. (2015) 15 (15/0) 36.6 ±
7.5 

15 (15/0) 37.3 ±
7.8 

MES Medicated TSH UK 4 

Del Cacho et al. 
(2019) 

61 (38/23) 24.6 ±
9.3 

45 (25/ 
20) 

27.6 ±
10.0 

FEP Drug-naïve TSH UK 4 

Extein et al. (1982) 30 (22/8) 26.5 ±
8.5 

20 (9/11) 29.9 ±
8.6 

MES Medicated TSH and tT4 RIA 3 

Garcia-Rizo et al. 
(2012) 

33 (20/13) 28.6 ±
7.1 

33 (21/ 
12) 

26.8 ±
5.5 

FEP Antipsychotic-naive TSH UK 5 

Jose et al. (2015) 38 (38/0) 26.8 ±
4.4 

38 (38/0) 29.0 ±
7.1 

FES and MES Drug-naïve and drug-free (at least 
60 days) 

TSH, fT4 and fT3 CLA 4 

Lin et al. (2019) 69 (40/29) 41.8 ±
10.4 

44 (13/ 
31) 

40.2 ±
8.6 

MES Medicated TSH and tT3 UK 3 

Loosen et al. (1977) 9 (0/9) 28.9 ±
2.0 

40 (0/40) 35.9 ±
1.7 

MES Drug-free (≥7 days) TSH RIA 3 

Petrikis et al. (2016) 40 (27/13) 32.5 ±
9.8 

40 (27/ 
13) 

32.3 ±
9.1 

FES Drug-naïve TSH, fT4 and T3 CLA 7 

Prange et al. (1979) 17 (8/9) 28.0 ±
4.9 

17 (8/9) UK MES Drug-free (≥5 days) TSH, tT4 and tT3 RIA 3 

Roy et al. (1989) 14 (7/7)e 25.4 ±
4.4 

14 (7/7) UKf MES Drug-free (≥14 days) and 
medicated 

TSH RIA 5 

Telo et al. (2016) 63 (31/32) 44.7 ±
10.4 

53 (26/ 
27) 

41.6 ±
8.0 

MES Medicated TSH, fT4 and fT3 CLA 4 

Wahby et al. (1988) 37 (37/0) 35.5 ±
3.9 

45 (45/0) 37.8 ±
1.7 

MES Drug-free (4–8 days) TSH, tT4 and fT4 RIA 4 

Zhu et al. (2020) 486 (292/ 
194) 

39.3 ±
12.6 

154 (93/ 
61) 

37.3 ±
8.1 

FES and MES Antipsychotic-naïve and 
medicated 

TSH, tT4, fT4, tT3 
and fT3 

CLA 4 

Yazici et al. (2002) 58 (35/23) 32.5 ±
11.4 

30 (15/ 
15) 

33.0 ±
10.0 

MES Drug-free (≥7 days) TSH, tT4, fT4, tT3 
and fT3 

UK 3 

Abbreviations: CLA – chemiluminescent assay; FEP – first-episode psychosis; FES – first-episode schizophrenia; fT3 – free triiodothyronine; fT4 – free thyroxine; MES – 
multiple-episode schizophrenia; NOS – the Newcastle-Ottawa Scale; RIA – radioimmunoassay; TSH – thyroid stimulating hormone; tT3 – total triiodothyronine; tT4 – 
total thyroxine; UK – unknown. 

a Data expressed as mean ± SD or range. 
b The levels of hormones reported for 13 male patients and 22 male controls. 
c SD calculated according to the formula: SD = Interquartile range/1.35. 
d Patients and controls were reported to be matched for age; however, descriptive statistics for age of controls were not provided. 
e The levels of hormones reported for 13 patients and 13 controls. 
f Patients and controls were reported to be matched for gender; however, the numbers of male and female controls were not provided. 

Table 2 
Main and subgroup analyses.  

Hormone Analysis k Meta-analysis Heterogeneity analysis 

g 95%CI p I2 Q p(Q) 

TSH Pooled analysis 20 0.001 − 0.12–0.12 0.982 53.65% 23.7 0.014 
FEP (AP/drug-naïve) 5 − 0.26 − 0.47 to − 0.06 0.013 21.3% 5.1 0.279 
MES (medicated and unmedicated) 13 0.20 0.02–0.39 0.031 50.0% 24.0 0.020 

tT4 Pooled analysis 8 − 0.03 − 0.62–0.56 0.931 94.4% 125.9 <0.001 
MES (medicated and unmedicated) 7 0.08 − 0.66–0.83 0.824 95.1% 121.9 <0.001 

fT4 Pooled analysis 9 0.36 0.09–0.62 0.009 79.5% 39.1 <0.001 
FEP (AP/drug-naïve) 3 0.58 0.15–1.01 0.008 64.6% 5.65 0.059 
MES (medicated and unmedicated) 4 0.22 − 0.24–0.68 0.357 85.2% 20.2 <0.001 

tT3 Pooled analysis 8 − 0.55 − 0.76 to − 0.34 <0.001 89.0% 63.6 <0.001 
FEP (AP/drug-naïve) 2 − 0.60 − 0.82 to − 0.37 <0.001 0% 0.01 0.933 
MES (medicated and unmedicated) 6 − 0.20 − 0.79–0.39 0.504 92.0% 62.4 <0.001 

fT3 Pooled analysis 5 0.07 − 0.06–0.20 0.293 0% 3.2 0.525 

k refers to the number of comparisons. 
Significant effect size estimates or heterogeneity measures (p < 0.05) were marked with bold characters. 
Abbreviations: AP – antipsychotic; FEP – first-episode psychosis; MES – multiple-episode schizophrenia; fT3 – free triiodothyronine; fT4 – free thyroxine; TSH – thyroid 
stimulating hormone; tT3 – total triiodothyronine; tT4 – total thyroxine. 
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significantly higher levels of TSH in medicated and unmedicated persons 
with MES [g = 0.20, 95%CI = 0.02–0.39, p = 0.031, I2 = 50.0%, Q =
24.0, p(Q) = 0.020]. Sensitivity analysis demonstrated that after 
removing single studies from the subgroup analysis of persons with FEP 
(Del Cacho et al., 2019) or MES (Prange et al., 1979; Roy et al., 1989; 
Zhu et al., 2020), there were trends toward significant between-group 
differences in TSH levels (Supplementary Table 5). Moreover, sensi
tivity analysis revealed that after removing two single studies (Boral 
et al., 1980; Lin et al., 2019), the levels of TSH remained significantly 
lower in persons with MES compared to healthy controls with not sig
nificant heterogeneity. However, meta-regression analysis (Table 3) 
revealed no significant moderators in the analysis of TSH levels. 

3.2. tT4 

The levels of tT4 were assessed by seven studies (Baumgartner et al., 
2000; Boral et al., 1980; Extein et al., 1982; Prange et al., 1979; Wahby 
et al., 1988; Yazici et al., 2002; Zhu et al., 2020). Pooled analysis of these 
studies (Table 2, Supplementary Fig. 3) revealed no significant between- 
group differences in the levels of tT4 [g = − 0.03, 95%CI = − 0.62–0.56, 
p = 0.931, I2 = 94.4%, Q = 125.9, p(Q) < 0.001]. No significant dif
ferences in tT4 levels between persons with MES and healthy controls 
were found [g = 0.08, 95%CI = − 0.66–0.83, p = 0.824, I2 = 95.1%, Q =

121.9, p < 0.001]. Sensitivity analysis demonstrated that differences in 
the levels of tT4 between individuals with MES and healthy controls 
remained not significant after removing single studies (Supplementary 
Table 5). No single study was found to account for heterogeneity. There 
was only one study that assessed the levels of tT4 in persons with FEP. 

Meta-regression analysis demonstrated significant negative correla
tions of the NOS score (β = − 0.57, 95%CI = − 1.11 to − 0.04, p = 0.035) 
and age of healthy controls (β = − 0.20, 95%CI = − 0.38 to − 0.01, p =
0.035) with effect size estimates in the pooled analysis (Table 3). After 
limiting the subgroup analysis to studies of individuals with MES and the 
NOS score ≥ 4 (Wahby et al., 1988; Zhu et al., 2020), between group 
differences in tT4 levels were not significant and heterogeneity 
remained significant [g = − 0.57, 95%CI = − 1.26–0.11, p = 0.101, I2 =

88.1%, Q = 8.4, p(Q) = 0.004]. 

3.3. fT4 

The levels of fT4 were determined by eight studies (Barbero et al., 
2014; Bičíková et al., 2011; Jose et al., 2015; Petrikis et al., 2016; Telo 
et al., 2016; Wahby et al., 1988; Yazici et al., 2002; Zhu et al., 2020). 
Pooled [g = 0.36, 95%CI = 0.09–0.62, p = 0.009, I2 = 79.5%, Q = 39.1, 
p < 0.001] and subgroup analysis of drug-naïve or antipsychotic-naïve 
persons with FEP [g = 0.58, 95%CI = 0.15–1.01, p = 0.008, I2 = 64.6%, 
Q = 5.7, p (Q) = 0.059] revealed significantly elevated levels of fT4 in 
the group of patients compared to healthy controls (Table 2, Fig. 2, 
Supplementary Fig. 4). Persons with MES and healthy controls had 
similar levels of fT4 [g = 0.22, 95%CI = − 0.24–0.68, p = 0.357, I2 =

85.2, Q = 20.2, p(Q) < 0.001]. The difference in fT4 levels between 
drug-naïve or antipsychotic-naïve persons with FEP and healthy controls 
appeared to be not significant after removing the studies by Bičíková 
et al. (2011) [g = 0.44, 95%CI = − 0.01–0.89, p = 0.053, I2 = 68.4%, Q 
= 3.2, p(Q) = 0.075] or Zhu et al. (2020) [g = 0.60, 95%CI =
− 0.32–1.52, p = 0.199, I2 = 79.3%, Q = 4.8, p(Q) = 0.028] (Supple
mentary Table 5). Differences in the levels of fT4 between persons with 
MES and healthy controls remained not significant after removing any 
single study (Supplementary Table 5). Moreover, heterogeneity 
remained significant in sensitivity analysis of studies based on persons 
with MES. Meta-regression analysis did not identify any significant 
moderators for the levels of fT4 (Table 3). 

3.4. tT3 

The levels of tT3 were assessed by seven studies (Baumgartner et al., 
2000; Boral et al., 1980; Lin et al., 2019; Petrikis et al., 2016; Prange 
et al., 1979; Yazici et al., 2002; Zhu et al., 2020). The levels of tT3 were 
significantly lower in the group of patients based on the pooled analysis 
[g = − 0.55, 95%CI = − 0.76–0.34, p < 0.001, I2 = 89.0%, Q = 63.6, p 
(Q) < 0.001]. More specifically, this difference was significant in drug- 
or antipsychotic-naïve persons with FEP [g = − 0.60, 95%CI = − 0.82 to 
− 0.37, p < 0.001, I2 = 0%, Q = 0.01, p(Q) = 0.933] but not in subjects 
with MES [g = − 0.20, 95%CI = − 0.79–0.39, p = 0.504, I2 = 92.0, Q =
62.4, p(Q) < 0.001] (Table 2, Fig. 2, Supplementary Fig. 5). However, 
the subgroup analysis of persons with FEP was based on two studies 
(Petrikis et al., 2016; Zhu et al., 2020). No single study accounted for 
heterogeneity in subgroup analysis of persons with MES (Supplementary 
Table 5). Moreover, differences in tT3 levels between persons with MES 
and healthy controls remained not significant after removing any single 
study. No significant moderators were found in meta-regression 
analyses. 

3.5. fT3 

The levels of fT3 were measured by four studies (Jose et al., 2015; 
Telo et al., 2016; Yazici et al., 2002; Zhu et al., 2020). Due to low 
number of studies, subgroup and meta-regression analyses were not 
performed. There were no significant differences between persons with 

Fig. 2. Summary of effect size estimates for differences in the levels of 
hypothalamic-pituitary-thyroid axis hormones between persons with schizo
phrenia and healthy controls. Abbreviations: AP – antipsychotic; FEP – first- 
episode psychosis; fT3 – free triiodothyronine; fT4 – free thyroxine; MES – 
multiple-episode schizophrenia; TSH – thyroid stimulating hormone; tT3 – total 
triiodothyronine; tT4 – total thyroxine. 
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MES or FEP and healthy controls [g = 0.07, 95%CI = − 0.06–0.20, p =
0.293, I2 = 0%, Q = 3.2, p(Q) = 0.525] (Table 2, Fig. 2, Supplementary 
Fig. 6). These findings and heterogeneity measures remained not sig
nificant in sensitivity analysis (Supplementary Table 5). 

4. Discussion 

Our meta-analysis revealed that drug-naïve or antipsychotic-naïve 
persons with FEP have lower levels of TSH compared to healthy controls 
with no evidence of heterogeneity. However, after removing a single 
study (Del Cacho et al., 2019), only a trend toward significantly lower 
TSH levels in unmedicated individuals with FEP was observed. More
over, we found significantly higher levels of fT4 and significantly lower 
levels of tT3 in unmedicated subjects with FEP. At this point, it is 
important to note that the analysis of tT3 levels was based on two 
studies, and thus sensitivity analysis was not performed. In turn, the 
difference in fT4 levels was not significant after removing two single 
studies (Bičíková et al., 2011; Zhu et al., 2020). The study by Zhu et al. 
(2020) was based on the largest sample of antipsychotic-naïve persons 
with FEP (n = 92) and healthy controls (n = 154). In turn, Bičíková et al. 
(2011) assessed a small and relatively homogenous sample of male in
dividuals with FEP (n = 13) and male controls (n = 22). 

The mechanisms of alterations in the levels of thyroid hormones in 
unmedicated persons with FEP remain unknown. Alterations observed 
in subjects with FEP (decreased levels of tT3 and TSH as well as elevated 
levels of fT4) resemble those reported in patients with the non-thyroidal 
illness syndrome (NTIS) characterized by altered negative feedback 
between TSH and thyroid hormones. The development of NTIS has been 

reported in severe somatic illnesses but also in conditions caused by 
acute or chronic stress, especially in hospitalized patients (Pappa et al., 
2011). The NTIS captures deranged profile of thyroid hormones mani
festing in low levels of tT3 and/or fT3 (Pappa et al., 2011). In some 
cases, altered levels of TSH, tT4 and fT4 have been demonstrated (Adler 
and Wartofsky, 2007). For instance, elevated fT4 levels may appear in 
patients with NTIS during starvation or prolonged fasting that induce 
the release of fatty acids inhibiting protein bonding (Lim et al., 1993). 
Stress-induced NTIS may also manifest in reduced levels of TSH and 
increased levels of fT4 due to the suppressing effects of glucocorticoids 
on TSH secretion and conversion of T4 to T3 (Adler and Wartofsky, 
2007). Importantly, elevated blood cortisol levels have been widely 
reported in subjects with FEP (Hubbard and Miller, 2019). At this point, 
it is also important to note that peripheral inflammation, observed in 
FEP (Upthegrove et al., 2014), can also contribute to alterations 
observed in NTIS (De Luca et al., 2021). However, the role of intrinsic 
mechanisms should also be considered. For instance, DeLisi et al. (1991) 
found that a history of thyroid disorders is significantly more frequent in 
first-degree relatives of persons with FEP compared to healthy controls. 
It has also been shown that variation in the HOPA gene, encoding the 
thyroid receptor co-activator protein, may impact a risk of schizo
phrenia (DeLisi et al., 2000; Sandhu et al., 2003). A series of case reports 
presented hyperthyroidism-induced psychosis (Kimoto et al., 2019; 
Shaikh et al., 2020). Moreover, autoimmune encephalitis with clinical 
manifestation resembling schizophreniform psychosis might be associ
ated with the presence of anti-thyroid antibodies (Endres et al., 2020). 
Similarly, the clinical manifestation of Hashimoto's thyroiditis might 
include psychosis (Churilov et al., 2019). Another possibility is that 

Table 3 
Meta-regression analysis.  

Hormone Analysis Moderator k β 95%CI p Adj. R2 

TSH Pooled analysis Age of patients 17 0.01 − 0.01–0.03 0.176 35.15% 
Age of controls 17 0.01 − 0.02–0.03 0.669 0% 
% of male patients 17 − 0.34 − 1.01–0.34 0.328 0% 
% of male controls 16 − 0.33 − 0.98–0.32 0.321 0% 
Illness duration 7 − 0.0001 − 0.003–0.003 0.849 0% 
PANSS-P 7 − 0.01 − 0.04–0.01 0.399 0% 
PANSS-N 7 0.004 − 0.03–0.04 0.803 0% 
NOS 20 − 0.13 − 0.29–0.04 0.127 4.80% 
Assay (CLA) 14 − 0.39 − 0.79–0.02 0.063 4.15% 

MES Age of patients 11 0.002 − 0.02–0.02 0.865 0% 
Age of controls 10 0.0003 − 0.04–0.04 0.988 0% 
% of male patients 12 − 0.05 − 0.84–0.74 0.897 0% 
% of male controls 11 − 0.02 − 0.84–0.80 0.954 0% 
Illness duration 7 − 0.001 − 0.003–0.003 0.849 0% 
Minimum time without treatment 7 − 0.01 − 0.03–0.02 0.442 0% 
NOS 14 − 0.08 − 0.25–0.08 0.320 0% 

tT4 Pooled analysis Age of patients 7 − 0.05 − 0.20–0.10 0.516 0% 
Age of controls 6 − 0.20 − 0.38 - -0.01 0.035 44.96% 
% of male patients 6 − 0.39 − 4.79–4.01 0.862 0% 
NOS 8 − 0.57 − 1.11 to − 0.04 0.035 39.74% 

MES Age of patients 6 − 0.08 − 0.22–0.05 0.230 29.65% 
% of male patients 6 − 0.39 − 4.79–4.01 0.862 0% 
NOS 7 − 0.61 − 1.53–0.30 0.190 17.65% 

fT4 Pooled analysis Age of patients 9 − 0.03 − 0.07–0.01 0.160 5.63% 
Age of controls 9 − 0.02 − 0.08–0.03 0.389 0% 
% of male patients 7 0.44 − 1.26–2.14 0.614 0% 
% of male controls 7 0.01 − 0.01–0.02 0.239 1.51% 
PANSS-P 6 0.01 − 0.03–0.05 0.562 0% 
PANSS-N 6 − 0.02 − 0.07–0.02 0.309 5.59% 
NOS 9 − 0.08 − 0.35–0.19 0.552 0% 

tT3 Pooled analysis Age of patients 7 − 0.004 − 0.09–0.09 0.937 0% 
Age of controls 6 − 0.06 − 0.22–0.09 0.427 0% 
% of male patients 6 0.28 − 4.74–5.31 0.912 0% 
NOS 8 − 0.16 − 0.46–0.15 0.313 6.16% 

MES NOS 6 − 0.80 − 2.08–0.49 0.223 28.96% 

k refers to the number of comparisons. 
Significant moderators (p < 0.05) were marked with bold characters. 
Abbreviations: CLA – chemiluminescence; fT4 – free thyroxine; TSH – thyroid stimulating hormone; tT3 – total triiodothyronine; tT4 – total thyroxine; PANSS-N – the 
Positive and Negative Syndrome Scale (subscale of negative symptoms); PANSS-P - the Positive and Negative Syndrome Scale (subscale of positive symptoms). 

B. Misiak et al.                                                                                                                                                                                                                                  



Progress in Neuropsychopharmacology & Biological Psychiatry 111 (2021) 110402

7

available evidence is not sufficient to conclude that individuals with FEP 
show elevated levels of fT4 and decreased levels of tT3 due to low 
number of studies and the observation that these findings were not 
significant after removing single studies. 

The levels of TSH were elevated in persons with MES with significant 
heterogeneity. After removing two single studies (Boral et al., 1980; Lin 
et al., 2019), this difference remained significant with no evidence for 
heterogeneity. It is likely that the difference in our findings on the levels 
of TSH and thyroid hormones between individuals with MES and those 
with FEP is due to greater exposure to antipsychotic treatment. Impor
tantly, our analysis also included studies of unmedicated individuals 
with MES. However, a minimum time period without medications was 
relatively short (between 3 and 30 days) and was not associated with 
effect size estimates for the levels of TSH and tT4. Nevertheless, this 
observation does not preclude a potential impact of antipsychotics on 
the levels of TSH and thyroid hormones as some antipsychotics might 
exert long half-time (e.g., 75 h for oral aripiprazole) (Broder et al., 
2012). Moreover, the majority of individuals with MES included in our 
meta-analysis were medicated with antipsychotics (n = 515, 79.5%). It 
has repeatedly been shown that antipsychotics may impact the levels of 
thyroid hormones. Vedal et al. (2018) found that the use of antipsy
chotics was associated with lower levels of fT4 in a large sample of 
persons with severe mental disorders (n = 1345). This association was 
mainly driven by the use of quetiapine and olanzapine. Similarly, a large 
retrospective cohort study demonstrated that acute treatment with 
quetiapine is strongly associated with the development of new-onset 
hypothyroidism (Zhao et al., 2021). Other studies have shown that 
phenothiazine and amisulpride may increase the levels of TSH after 
stimulation by thyrotropin-releasing hormone (TRH) (Gründer et al., 
1999; Khalil and Richa, 2011; Wetzel et al., 1994; Zatelli et al., 2014). In 
turn, clozapine has been found to decrease TRH-stimulated level of TSH 
(Paunovlć et al., 1991). Furthermore, other medications, including 
mood stabilizers and antidepressants may also affect the levels of thy
roid hormones (Hennessey and Jackson, 1996). A recent population- 
based study showed increased rate of hypothyroidism in patients with 
schizophrenia after, but not before, the onset of psychosis (Melamed 
et al., 2020). However, it remains largely unknown whether antipsy
chotics directly impact functioning of the hypothalamic-pituitary- 
thyroid axis. It cannot be excluded that antipsychotic-induced weight 
gain and subsequent obesity contribute to the development of hypo
thyroioidism. Indeed, there is evidence that obesity may induce thyroid 
autoimmunity and hypothyroidism (Song et al., 2019). Finally, given 
that NTIS can appear in the course of severe medical conditions, it 
cannot be excluded that observed differences in the profile of TSH and 
thyroid hormones between individuals with FEP and those with MES are 
secondary to differences in the severity of psychopathological 
manifestation. 

Our study has important limitations that need to be acknowledged. 
First, the majority of eligible studies were based on small samples with 
questionable representativeness. Certain subgroup analyses were also 
performed on a low number of eligible studies. Similarly, it should be 
noted that the effects of some moderators, e.g., symptomatic manifes
tation or illness duration, were tested by a limited number of studies. 
Moreover, the majority of eligible studies did not record potential con
founding factors, e.g., those related to adiposity, the type and dosage of 
antipsychotics. It cannot be excluded that these factors contributed to 
heterogeneity that was high in some analyses. Although we found that 
quality of studies and age of healthy controls were associated with effect 
size estimates for tT4 levels, no significant moderators were found for 
other analyses. It is likely that due to unavailability of detailed clinical 
data, we were unable to find other factors explaining heterogeneity. 
Another point is that we were not able to disentangle whether observed 
differences in the levels of thyroid hormones are clinically relevant due 
to a lack of reporting the proportion of participants with abnormal levels 
of hormones. It should also be noted that we were unable to perform 
more detailed analyses of medication effects due to unavailability of 

necessary data. Finally, causal associations between altered levels of 
thyroid hormones and schizophrenia cannot be established due to a lack 
of longitudinal studies included in our meta-analysis. 

In sum, results of this meta-analysis imply that decreased levels of 
TSH might be present at the onset of psychosis, while elevated levels of 
TSH might appear in persons with MES. Other hormonal alterations 
related to the activity of the hypothalamic-pituitary-thyroid axis require 
additional, population-based studies, controlling for the effects of 
various confounding factors. Moreover, longitudinal studies are needed 
to provide insights into causal associations between thyroid hormones 
and the development of psychosis as well as to dissect the role of anti
psychotics in the development of thyroid disorders. Nevertheless, our 
observations support the need of monitoring thyroid function from the 
onset of psychotic disorders. 
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Bratek, A., Koźmin-Burzyńska, A., Krysta, K., Cierpka-Wiszniewska, K., Krupka- 
Matuszczyk, I., 2015. Effects of hormones on cognition in schizophrenic male 
patients—preliminary results. Psychiatr. Danub. 27, 261–265. 

Broder, M.S., Bates, J.A., Jing, Y., Hebden, T., Forbes, R.A., Chang, E., 2012. Association 
between second-generation antipsychotic medication half-life and hospitalization in 
the community treatment of adult schizophrenia. J. Med. Econ. 15 (1), 105–111. 

B. Misiak et al.                                                                                                                                                                                                                                  

https://doi.org/10.1016/j.pnpbp.2021.110402
https://doi.org/10.1016/j.pnpbp.2021.110402
https://doi.org/10.1016/j.ecl.2007.04.007
https://doi.org/10.1111/j.1600-0447.1984.tb01212.x
https://doi.org/10.1111/j.1600-0447.1984.tb01212.x
https://doi.org/10.1016/j.schres.2015.04.030
https://doi.org/10.1111/eip.12873
https://doi.org/10.1016/S0920-9964(99)00187-5
https://doi.org/10.1016/S0920-9964(99)00187-5
https://doi.org/10.1038/ncpendmet0424
https://doi.org/10.1038/ncpendmet0424
http://refhub.elsevier.com/S0278-5846(21)00161-5/rf0035
http://refhub.elsevier.com/S0278-5846(21)00161-5/rf0035
http://refhub.elsevier.com/S0278-5846(21)00161-5/rf0035
http://refhub.elsevier.com/S0278-5846(21)00161-5/rf0035
http://refhub.elsevier.com/S0278-5846(21)00161-5/rf0040
http://refhub.elsevier.com/S0278-5846(21)00161-5/rf0040
https://doi.org/10.1073/pnas.86.18.7250
http://refhub.elsevier.com/S0278-5846(21)00161-5/rf0050
http://refhub.elsevier.com/S0278-5846(21)00161-5/rf0050
http://refhub.elsevier.com/S0278-5846(21)00161-5/rf0050
http://refhub.elsevier.com/S0278-5846(21)00161-5/rf0055
http://refhub.elsevier.com/S0278-5846(21)00161-5/rf0055
http://refhub.elsevier.com/S0278-5846(21)00161-5/rf0055


Progress in Neuropsychopharmacology & Biological Psychiatry 111 (2021) 110402

8

Churilov, L.P., Sobolevskaia, P.A., Stroev, Y.I., 2019. Thyroid gland and brain: enigma of 
Hashimoto’s encephalopathy. Best Pract. Res. Clin. Endocrinol. Metab. 33 (6), 
101364. https://doi.org/10.1016/j.beem.2019.101364. 

De Luca, R., Davis, P.J., Lin, H.Y., Gionfra, F., Percario, Z.A., Affabris, E., Pedersen, J.Z., 
Marchese, C., Trivedi, P., Anastasiadou, E., Negro, R., Incerpi, S., 2021. Thyroid 
hormones interaction with immune response, inflammation and non-thyroidal 
illness syndrome. Front. Cell. Dev. Biol. 8, 614030. https://doi.org/10.3389/ 
fcell.2020.614030. 

Del Cacho, N., Butjosa, A., Vila-Badia, R., Cuadras, D., Kaplan, M., Rubio-Abadal, E., 
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