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Context: Severe acute respiratory syndrome-coronavirus 2 (COVID-19) vaccines

may incur changes in thyroid functions followed by mood changes, and patients

with Hashimoto thyroiditis (HT) were suggested to bear a higher risk.

Objectives: We primarily aim to find whether COVID-19 vaccination could

induce potential subsequent thyroid function and mood changes. The

secondary aim was to find inflammatory biomarkers associated with risk.

Methods: The retrospective, multi-center study recruited patients with HT

receiving COVID-19–inactivated vaccines. C-reactive proteins (CRPs), thyroid-

stimulating hormones (TSHs), and mood changes were studied before and after

vaccination during a follow-up of a 6-month period. Independent association

was investigated between incidence of mood state, thyroid functions, and
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inflammatory markers. Propensity score–matched comparisons between the

vaccine and control groups were carried out to investigate the difference.

Results: Final analysis included 2,765 patients with HT in the vaccine group and

1,288 patients in the control group. In the matched analysis, TSH increase and

mood change incidence were both significantly higher in the vaccine group

(11.9% versus 6.1% for TSH increase and 12.7% versus 8.4% for mood change

incidence). An increase in CRP was associated with mood change (p< 0.01 by the

Kaplan–Meier method) and severity (r = 0.75) after vaccination. Baseline CRP,

TSH, and antibodies of thyroid peroxidase (anti-TPO) were found to predict

incidence of mood changes.

Conclusion: COVID-19 vaccination seemed to induce increased levels and

incidence of TSH surge followed by mood changes in patients with HT. Higher

levels of pre-vaccine serum TSH, CRP, and anti-TPO values were associated with

higher incidence in the early post-vaccine phase.
KEYWORDS

COVID-19 vaccines, Hashimoto thyroiditis, thyroid function, inflammation,
mood change
Introduction

Hashimoto thyroiditis (HT) is an autoimmune condition

featured by lymphocytic destruction and chronic inflammation of

thyroid gland (1, 2), and pathological process involves the

interaction between the genetic and environmental factors (2).

Antibodies of thyroid peroxidase (anti-TPO) and/or thyroglobulin

(anti-TG) are increased, which serve as the main criteria for

diagnosis if combined with symptoms of hypothyroidism or low

echogenicity in ultrasound. HT is usually underdiagnosed because

of symptomatic dormancy. Foreign antigen–associated immune

alterations, followed by internal inflammation, were hypothesized

as one of the probable reasons for symptomatic conversion from

long-term dormancy (3–5).

In the era of COVID-19 posing the greatest threat to public

health, the introduction of various types of vaccines successfully

decreased the rate of COVID-19 infection for both healthy

populations and those with underlying diseases (6, 7). Immune

response and safety in patients with HT have been concretely

evidenced, and all patients are recommended to receive vaccines

(8, 9). To date, sparse cases of thyroiditis in the general population

have been reported after vaccination, and thyroid function changes

are reported in healthy subjects recently (10–13). However,

inflammatory and corresponding phenotypical changes have not

been investigated after the introduction of a foreign antigen into

immune system in the current stage when all patients are suggested

to receive COVID-19 vaccines.

Next, whether vaccine-associated inflammatory marker changes

are inducible to thyroid dysfunction and symptom changes in

patients with HT has not been studied. Thyroid functions are

critically linked to mood states, and the rate of mood swings is
02
significantly higher in the HT population, with reports in the large

samples of three times of incidence in 1 year as compared to general

population (14, 15). Considering the association with antigen

presentation and subsequent immune upregulation, changes in

disease status are possible from subclinical to apparent symptoms.

Incidence of mood state disorders in the era of COVID-19

pandemic requires further investigation due to the high levels of

stress-afflicted HT people, which represents a psychiatrically

susceptible group of patients with potential immune and thyroid

dysregulation (11, 16). Such investigation may offer an added value

to clinicians and patients who demand data on long-term influence

of vaccines on subclinical HT. Thus, in the current study, we aim to

find the vaccination-associated thyroid function and mood changes

and to investigate how related inflammatory markers influence

the outcomes.
Methods

Patients and study design

The retrospective, multi-center study recruited patients with

clinical or subclinical HT to receive standard two-dose inactivated

CoronaVac (BBIBP-CorV) vaccines during May 2021 to January

2022. Because there have not been guidelines for vaccine safety in

China for patients with HT during recruitment period, vaccination

was primarily decided voluntarily by patients. Thus, patients not

receiving vaccines during study period were included as the control

group, and corresponding matching by propensity scores was done

to reduce bias. Diagnosis of HT was the presence of clinical

symptoms of hypothyroidism combined with the increased levels
frontiersin.org
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of anti-TPO and/or anti-TG antibodies. Ethical approval was

obtained at the Second Affiliated Hospital of Shantou University

Medical College as a waiver option for the retrospective study

protocol. This study was performed according to the principles of

Declaration of Helsinki, Good Clinical Practice, and all patients

provided informed consent before participation.

The primary outcome was to evaluate the mood and thyroid

function changes after COVID-19 vaccination, and an exploratory

analysis was carried out to identify potential associations between

inflammation markers and primary outcome. To illustrate role of

vaccines and to control for the potential psychiatric-related

conditions during COVID-19 pandemic, a control cohort with

HT was recruited in the same hospitals that did not receive

vaccines as geographical match during study period. The smallest

sample size was calculated by PASS (V 15.0) before recruitment to

reach the effect size of the thyroid-stimulating hormone (TSH)

levels of 5% difference with pre-specified alpha of 0.05 and beta of

0.20, and the upper limit was dependent upon the actual size of

recruited during study period (consecutive recruitment). Key

exclusion criteria of the study are as follows: 1) critically ill

conditions with a survival prognosis of less than 1 year; 2)

diagnosis of Grave’s disease; 3) history of anaphylaxis to contents

of vaccine products; and 4) acutely ill patients or patients with active

cancers, who may show increased inflammation markers.
Baseline and follow-up assessment

The demographic data were extracted from Case Record Forms

of the five tertiary referral hospitals, and the electronic data capture

systems were applied to save and monitor de-identified profiles, in

which each patient was coded for follow-up track. Demographic

information included gender and age. Patients were followed up

online to test their mood state on a weekly basis, and serum tests

were performed in clinical laboratories of enrollment centers.

Follow-up started from the date of vaccination to the 24th week

after vaccination (end of follow-up).

The serum levels of markers were tested one to three times

during a 3-month period prior to vaccination and at the end of

follow-up. Mean values were applied in final calculation to

represent baseline inflammation profiles. Markers included C-

reactive protein (CRP, mg/dl; 1 mg/L = 100 mg/dl), interleukin-6
(IL-6), TSHs, and anti-TPO and anti-TG antibodies. At the full

length of follow-up, Beck Depression Inventory (BDI) was

administered online at each weekend to assess the mood change

levels of patients dating back 2 weeks. Definition of mood changes

was a BDI score of more than or equal to 13 (17, 18). Diagnosis of

mood changes was further validated by symptoms during past 2

weeks in clinical settings at community or referral psychiatry clinics

if the patient scored more than 13. Patients with suicidal or

aggressive symptoms, if any, were medically managed and

properly recorded.

Clinic coordinators with supervision gather data in community

clinics when patients were not reachable in the tertiary hospitals

(either as inpatients or outpatients). All data were extracted from

Case Record Form of the follow-up sites, and the electronic data
Frontiers in Immunology 03
capture systems were applied to save and monitor de-

identified profiles.
Multivariate regression, survival analysis,
and nomogram development

Incidence rate of mood change during follow-up was

determined with the Kaplan–Meier method. In both vaccine and

control groups, the incidence curves were drawn, and the log-rank

test was applied to compare difference between different groups.

Markers significant in univariate survival analysis were subject to

multivariate Cox proportional hazards models to identify

independent pre-vaccination markers that predict outcomes, with

the corresponding hazard ratio and 95% confidence intervals. Two

nomograms were formulated by using package of rms in R version

4.0.5 (http://www.r-project.org/). First, nomogram was constructed

to predict incidence of TSH increase and, second, was built to

predict disease-free survival (DFS) time during follow-up (19). The

performance of nomograms was measured by concordance index

(C-index) and by comparing the nomogram-predicted versus

observed rates of events (i.e., DFS and TSH increase). Bootstraps

with 1,000 resampling were used.
Propensity score–based outcome analysis
between the vaccine and control groups

To further decrease confounding bias across chronologically

and geographically different enrollment and to alleviate pandemic-

related psychiatric confounders, propensity score–based matching

was performed between the vaccine and control groups. Propensity

scores were calculated with the logistic conditional regression

models. Variables included were those significantly associated

with incidence of mood change and/or the increase of TSH levels

in multivariate regression and survival analysis (20). Nearest

neighbor head-to-head (1:1) method was adopted to match each

participant in the vaccine and control groups, respectively, with a

caliper width of 0.2 without replacement (20). Standardized mean

difference (SMD) was calculated and compared between unmatched

and matched data to evaluate matching performance as imbalance

test. An SMD over ( √ ((n1 + n2)=(n1*n2)))*1:96 was regarded as an

imbalanced test result (20). Statistical tests of difference in matched

samples included McNemar tests for categorical variables and

Wilcoxon signed-rank tests for continuous variables (20).
Statistic calculation

The categorical factors were represented as numbers and

percentages, and the continuous factors were represented as

means ± standard deviations and median (25th to 75th quartile).

Each statistical test was based on a pre-determined statistical

hypothesis with a type I error of 0.05. The paired Student’s t-test

was applied to compare continuous variables of the same cohort in

chronological settings for parametric tests, including changes in
frontiersin.org
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CRP, BDI scores, and TSH values. Statistics used in comparison

study were carried out in SPSS V.24.0 software.
Results

Patient characteristics

The study enrolled 4,556 patients with HT, and 503 patients did

not consent to follow-up and thus were excluded. Thus, final

analysis included 2,765 patients in the vaccine group and 1,288

patients in the control group (3,198 female patients and 855 male

patients; mean age, 42.34 ± 14.99 years). Before vaccination, mean

CRP levels of the vaccine group were 581.12 ± 789.94 mg/dl, and
mean TSH values were 293.29 ± 111.70 mIU/dl. Anti-TG antibody

levels were 92.17 ± 375.92 IU/ml, and BDI scores were 8.52 ± 5.17.

Anti-TPO antibody levels were 38.36 ± 100.55 IU/ml. Among all

participants, 499 patients had a prior history of psychiatric diseases,
Frontiers in Immunology 04
and 104 patients had other autoimmune diseases (AIDs). Baseline

demographics and serum markers of both groups are shown

in Table 1.
Thyroid function and mood changes after
COVID-19 vaccination

As there could be episodes of incident mood and thyroid function

changes during course of HT that were potentially unrelated to

vaccination, baseline and follow-up data of the control group were

compared with those of the vaccine group after propensity score

matching to find whether incident mood changes were associated

with vaccination. Matching yielded a total of 1,039 pairs, with the

imbalance test results shown in Supplementary Table 1. Bias-

corrected total incidence of mood changes during follow-up was

12.7% in the vaccine group and 8.4% in the control group. Kaplan–

Meier survival analysis between the two groups showed that there was
TABLE 1 Baseline variables of patients with Hashimoto thyroiditis.

Before matching After matching (N = 1,039 pairs)

Variables Vaccine group
N = 2,765

Control
N = 1,288 P1 Vaccine group Control P2

Age (years)
Mean (SD) 42.34 (13.99) 51.84 (14.91)

<0.01
47.39 (12.78) 48.69 (14.01)

0.03
Median (quartile) 41 (31–54) 52 (42–63) 48 (37–56) 50 (39–58)

Gender
Male 415 (15.0) 440 (34.2)

<0.01
286 (27.5) 261 (25.1)

0.21
Female 2350 (85.0) 848 (65.8) 753 (72.4) 778 (74.9)

Time since diagnosis (months)
Mean (SD) 9.60 (10.95) 10.14 (6.65)

0.05
9.40 (8.87) 9.74 (6.64)

0.33
Median (quartile) 5 (3–10) 9 (5–14) 6 (4–10) 8 (4–14)

TSH (mIU/dl)
Mean (SD) 293.29 (111.70) 292.60 (119.35)

0.86
291.13 (108.37) 292.14 (119.30)

0.84
Median (quartile) 291 (201–384) 292 (189–393) 290 (204–378) 293 (189–394)

CRP (mg/dl)
Mean (SD) 581.12 (789.94) 435.02 (476.71)

<0.01
487.52 (684.91) 447.42 (489.24)

0.13
Median (quartile) 190 (80–740) 240 (130–650) 180 (70–620) 240 (140–180)

IL-6 (pg/ml)
Mean (SD) 146.97 (103.33) –

–
148.52 (105.02) –

–
Median (quartile) 117 (64–204) – 118 (64–207) –

Anti-TG (IU/ml)
Mean (SD) 92.17 (375.92) –

–
117.62 (448.82) –

–
Median (quartile) 15.81 (13.91–33.83) – 16.14 (13.97–14.03) –

Anti-TPO (IU/ml)
Mean (SD) 38.36 (100.55) 56.82 (121.81)

<0.01
48.30 (121.10) 50.92 (112.68)

0.61
Median (quartile) 11.37 (8.67–17.31) 14 (8–19) 11.48 (8.73–18.94) 14 (8–19)

Comorbidity with other AIIDs
Yes 2661 (96.2) 1168 (90.7)

<0.01
85 (8.1) 68 (6.5)

0.15
No 104 (3.8) 120 (9.3) 954 (91.9) 971 (93.5)

BDI values
Mean (SD) 8.52 (5.17) 8.29 (4.40)

0.08
8.91 (5.35) 8.26 (4.41)

0.03
Median (quartile) 8 (4–12) 8 (5–12) 9 (4–12) 8 (5–12)

Psychiatric disease history
No 2266 (82.0) 984 (76.4)

<0.01
806 (77.6) 806 (77.6)

1.00
Yes 499 (18.0) 304 (23.6) 233 (22.4) 233 (22.4)
frontiers
SD, standard deviation; AIIDs, autoimmune inflammatory diseases; BDI-13, Beck Depression Inventory; TSH, thyroid stimulating hormones; CRP, C-reactive proteins.
1Independent t-test (continuous variable) and chi-square test (categorical variable).
2Wilcoxon signed-rank test (continuous variable) and McNemar test (categorical variable).
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a significant difference between the two groups in incidence of mood

changes (Supplementary Figure 1).

Using the McNemar test, the percentage rate of TSH increase

was significantly different between the two groups (11.9% versus

6.1% for TSH increase in the vaccine and control groups,

respectively). Further comparison of mean TSH values also

showed significance (316 ± 195 mIU/dl versus 259 ± 90 mIU/dl,
p< 0.01 by the Wilcoxon signed-rank test, Figure 1A). Another

significant finding was the difference in the CRP values in the

vaccine and control groups (583 ± 732 mg/dl versus 414 ± 428 mg/dl,
p< 0.01 by Wilcoxon signed-rank test, Figure 1B). Changes in TSH

and CRP values were also seen in the original, unmatched vaccine

group before and after vaccination, respectively (p< 0.01,

Figures 1C, D). To test the relationship between mood change

severity and the level of CRP in the vaccine group, BDI scores were

found to be correlated with the CRP levels during follow-up in the

subgroup with mood changes (r = 0.75), and correlation was not

found in the subgroup without mood changes (Figures 1E–H).
Serum markers may independently predict
incident mood change

To test the predicting values of serum markers before and after

vaccination and to evaluate the relationship between

demographics and rates of mood changes, univariate and

multivariate survival analyses were carried out to find the

independent markers associated with incidence of mood

changes (Table 2). Initial Kaplan–Meier methods found that the
Frontiers in Immunology 05
baseline TSH values, CRP levels, IL-16 levels, and anti-TG

antibody levels were associated with incidence of mood changes

during follow-up. All variables but IL-6 levels were significant in

multivariate survival analysis (p< 0.01). The Kaplan–Meier

survival curves of CRP, TSH, and anti-TPO levels are shown in

Figure 2. Incidence rate of mood changes was 17.3% in patients

with increased CRP and 10.9% in patients without an increase.

CRP increase after vaccination was associated with the increased

mood change incidence (Figure 3).
Nomogram predicting thyroid function
changes and early-onset mood
change incidence

Final analysis was done to see whether there was an association

between mood change–predicting serum markers with change in

thyroid function after vaccination. Baseline demographic and

serum markers were subject to univariate and multivariate

regression analyses of TSH increases in the vaccine group, and

results are shown in Supplementary Table 2. It was demonstrated

that the same markers were associated with TSH changes after

vaccination. Thus, nomograms were developed in the vaccine group

to quantify the risk of mood changes and the risk of TSH increases

by means of anti-TPO antibodies, TSH, and CRP values before

vaccinat ion. In nomogram to predict TSH increases

(Supplementary Figure 2), the value of C-index was 0.69, and the

calibrating curve demonstrated a relatively good contingency

between the predicted and actual rates of TSH increases.
B

C D

E F

G H

A

FIGURE 1

Serum markers and Beck Depression Index (BDI) scores. (A, B), TSH and CRP values in the vaccine group and control group (p < 0.001 in matched
analysis); (C, D), TSH and CRP values before and after vaccination (p < 0.001); (E), BDI scores in the vaccine group and control group, (p < 0.001 in
matched analysis); (F), CRP values were correlated with BDI scores after vaccination in the subgroup of patients with greater mood changes (defined
as BDI score > 13, r = 0.75), and no correlation was found in subgroup without greater mood changes (H); Changes of BDI scores before and after
vaccination in the subgroup with greater mood changes (G).
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Discussion

As COVID-19 vaccines became widely covered in general

population, thyroid function changes became evident in a small

range of samples characterized by subclinical to clinical thyroiditis

(12, 21). Thyroid function fluctuations in HT, autoimmune

inflammatory thyroiditis (AIT), and mood state changes that

ensued have seldom been reported. This study offered first

observatory, real-world evidence that COVID-19 vaccination

could incite changes in mood changes levels and thyroid function

in HT by means of matched analysis. Specifically, associations

between the increased CRP and incidence and the severity of

mood changes were investigated in a relatively large sample.

Mood changes, a mood disorder that affects 6% to 7% of the

general population, is quite commonly seen in patients with

hypothyroid states due to the deranged levels of thyroid

hormones and persistent inflammation (15, 22). Autoimmune

thyroiditis was reported to be the most prevalent pathology type

in such a population, and, by meta-analysis, 1-year prevalence of

mood changes could be as high as 17% (14). The inflammatory
Frontiers in Immunology 06
state, represented by CRP levels and being a major trigger of mood

swings in AIT, could be subject to fluctuations by means of an

external stimulus such as COVID-19 vaccine antigens (3). Antigen-

related CRP level increases were seen after vaccination (from 581 to

688 mg/dl), and the result was validated by comparison with the

control group. Similar results have been reported in patients with

psychiatric conditions, and an earlier study on influenza

vaccination indicated changes in the inflammation levels (23, 24).

Consistent with prior research, higher baseline CRP levels predict a

higher probability of mood changes after immune stimulus, and,

combined with hypothyroid states, an even higher risk could be

predicted in current nomogram.

Safety of COVID-19 vaccines has been widely evidenced in

recent studies of autoimmune conditions, and most effort has been

intensified on immunogenicity and vaccine-related adverse events

following vaccination (11). Reports on immune-related events after

COVID-19 vaccination in autoimmune patients mainly focused on

the immediate phenotypes in the small samples, and few studies

gave real-world evidence on changes of inflammatory or hormone

changes of AID, which were shown to predict future outcomes in a
TABLE 2 Survival analysis of incident mood changes after vaccination.

Variables P (univariate) P (multivariate) HR (95% CI)

Gender 0.56 – –

Age 0.27 – –

Time since diagnosis 0.96 – –

TSH (mIU/dl)

<201 <0.01 <0.01 0.27 (0.18–0.40)

201–291 <0.01 <0.01 0.50 (0.38–0.67)

291–384 <0.01 <0.01 0.71 (0.54–0.93)

>384 Reference Reference Reference

CRP (mg/dl)

<80 <0.01 <0.01 0.36 (0.27–0.48)

80–190 <0.01 <0.01 0.10 (0.06–0.17)

190–740 <0.01 <0.01 0.56 (0.43–0.74)

>740 Reference Reference Reference

IL-6 (pg/ml)

<64 <0.01 0.85 0.97 (0.69–1.36)

64–117 <0.01 0.84 1.03 (0.75–1.42)

117–204 <0.01 0.32 1.17 (0.86–1.58)

>204 Reference Reference Reference

Anti-TG antibody (IU/ml) 0.67 – –

Anti-TPO antibody (IU/ml)

<8.67 <0.01 <0.01 0.09 (0.06–0.15)

8.67–11.37 <0.01 <0.01 0.08 (0.05–0.13)

11.37–17.31 <0.01 <0.01 0.28 (0.21–0.37)

>17.31 Reference Reference Reference

Comorbidity with other AIIDs 0.22 – –

BDI values 0.55 – –

Psychiatric disease history 0.31 – –
AIIDs, autoimmune inflammatory diseases, BDI-13, Beck Depression Inventory, TSH, thyroid stimulating hormones; CRP, C-reactive proteins; HR, hazard ratio; CI, confidence interval.
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number of chronic conditions (25, 26). This work demonstrated

that TSH values were increased after vaccination, and independent

analysis found associations between CRP values and incidence of

TSH increase after vaccination. Moreover, the same serum markers

were shown associated with incidence and severity of mood

changes. Considering prior research, clinicians are suggested to

monitor potential changes in disease progression after COVID-19

vaccination. Future research is encouraged to find molecular

mechanisms of vaccine-induced hormone and mood changes.

Our work bears several limitations. Follow-up time was relatively

short such that long-term disease-related outcomes cannot be

assessed. In addition, third-dose vaccines took place 6 months after

the second dose, and we did not assess outcomes after booster

vaccination, which may provide more data on serum marker

changes and their associations with mood change outcomes. In

addition, we did not report immune response to vaccines, although

response has been widely evidenced to be robust. Trajectory of these

values could be evaluated in long-term follow-up andmay be a source

of validation for current study. Although nomogram was developed

over a multi-center research protocol, a validation by an independent

cohort is required to find predicting values.
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Conclusions

Patients with HT seemed to have increased incidence of mood

changes after COVID-19 vaccines. This outcome seems related to

changes in the CRP and TSH levels. Baseline serum markers—CRP,

TSH, and anti-TPO antibodies—could predict outcome of mood

changes and TSH increase after vaccination.
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Kaplan-Meier Estimated Disease-free Survival
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FIGURE 3

Disease-free survival rate estimates after vaccination associated with CRP changes, and the risk of mood changes was significantly different (p < 0.01).
A B C

FIGURE 2

Kaplan-Meier Curve of disease-free survival (defined as time to mood changes) associated with CRP (A), anti-TPO (B), and TSH (C) levels categorized
by the 25th, 50th, and 75th quartile. In all images, a higher ladder of marker categories predict higher incidence of disease-free survival.
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