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The relation between FT3
and long-term fatigue in
patients with COVID-19
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YuanYuan Liu, Yin Zhao, YueRan Zhu, MengXue Liu,
Yuenan Liu and Qian Xing*

Department of Endocrine and Metabolic Diseases, First Affiliated Hospital of Dalian Medical University,
Dalian, China
Background: Under the current pandemic of Corona Virus Disease 2019

(COVID-19), The relationship between fatigue and COVID-19 has been found.

Infection with COVID-19 is associated with fatigue long after the acute phase of

COVID-19. Understanding the association of thyroid hormones levels with post-

COVID condition, such as fatigue, is necessary to improve quality of life.

Methods: This population-based cohort study was conducted in Dalian, China,

from December 2022, to March 2023, using a Yidu Core platform in the First

Affiliated Hospital of Dalian Medical University, that integrates medical records,

laboratory tests, and all diagnosis and treatment information based on patients in

hospital. Eligible individuals were 40 patients with COVID-19, Divided them into

fatigue group and non-fatigue group following up by telephone using the FS-14

scale after 6 months. The primary outcomes were the diagnoses of fatigue. The

association between thyroid hormones levels and post-COVID condition, such

as fatigue, was assessed using logistic regression analysis.

Results:Comparedwith the non-fatigue group, the FT3 level in fatigue groupwas

lower (p<0.05). FT3 was negatively correlated with fatigue after 6 months (OR

0.257, p<0.05). After adjusting for confounding factors such as age and gender,

low FT3 was a risk factor for fatigue in patients with COVID-19, (OR 0.225,

p<0.05). And the FT3 is less than 2.47 mol/L, it is the best critical value for

predicting long-term fatigue, with a sensitivity of 92.3% and a specificity of 48.1%.

Conclusions: Most people still have fatigue 6 months after COVID-19 infection.

FT3 serves as the important index to predict fatigue in patients with COVID-19. it

should be closely monitored during infection.
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1 Introduction

The novel coronavirus, which is the cause of the Corona Virus

Disease 2019 (COVID-19), has had a significant impact on human

life and health. COVID-19 enters host cells to initiate immunity

through the binding of angiotensin-converting enzyme 2 (ACE2) or

transmembrane protease, serine 2 (TMPRSS2). The high expression

of ACE2 and TMPRSS2 in the thyroid gland is even higher than that

in lung tissue, so the thyroid gland may be directly affected by

COVID-19 (1).

Non-thyroidal illness syndrome (NTIs) are patients without

previous basic thyroid diseases. Due to severe systemic diseases,

thyroid hormone levels in the blood circulation are abnormally

changed. This change is mainly manifested in the decrease of total

triiodothyronine (TT3) and free triiodothyronine (FT3) levels,

normal or decreased levels of total thyroxine (TT4) and free

thyroxine (FT4), increased levels of reverse T3 (rT3), and thyroid

stimulating hormone (TSH) levels are in the normal range (2).

It has been observed that many patients diagnosed with

COVID-19 often experience abnormal changes in their thyroid

hormones, which is known as NTIs. Present, a number of studies

have found that FT3 levels in patients with COVID-19 are

significantly reduced. Zhang et al. found that 28% of COVID-19

patients had thyroid diseases, mainly NTIs (48%) (3), and Łukasz

and his colleagues found that COVID-19 patients had a significant

decrease in FT3 (4). COVID-19 caused changes in thyroid

hormones, which may be related to the down-regulation of 5’-

deiodinase activity caused by cytokine storm, in vivo consumption

affecting serum thyroid hormone transporter levels, hypothalamic-

pituitary-thyroid axis (HPT) dysfunction and other factors (2). Six

months after COVID-19 infection, many people still feel muscle

pain, muscle weakness (mild to severe), fatigue and exercise

intolerance. Among them, fatigue plays a major role in long

COVID syndrome (5).

Currently, there is limited research on the relationship between

thyroid hormones and post-COVID syndrome both domestically

and internationally. The objective of this study is to investigate the

connection between thyroid hormones and long COVID

syndrome-fatigue. Additionally, the study aims to identify risk

factors that contribute to persistent fatigue following COVID-19

infection. The findings of this research can serve as a guide for the

diagnosis, treatment, and comprehensive management of COVID-

19 sequelae.
2 Methods

2.1 Study design and population

Patients with COVID-19 who had no previous or current

treatment for hypo- or hyperthyroidism or thyroid surgery

history from December in 2022 to March in 2023 in the

Department of Endocrinology and Metabolic Diseases, the First

Affiliated Hospital of Dalian Medical University were included in

the present study. We excluded people with hypothalamic or
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pituitary disorders, as well as people who were identified to

primary neuromuscular or myopathy or who had malignant

tumors history. We also excluded individuals who had received

radiotherapy or chemotherapy in the past 6 months, and

individuals with autoimmune diseases or incomplete data.

Moreover, participants who were pregnant or possibly pregnant

or ingested agents known to influence thyroid function were

also excluded.

The Research Ethics Board at the Dalian Medical University

First Affiliated Hospital reviewed and approved this study. All study

participants gave their informed consent for participation.
2.2 Data source

Data were assembled from the Yidu Core, a large medical

management intelligent platform. It contains information on

clinical events recorded by health care professionals, including

diagnosis, symptoms, and therapies.
2.3 Laboratory procedures

COVID-19 infection was defined as nucleic acid test or antigen

test was positive. According to the scoring criteria of FS-14, the score

≥ 3 is fatigue, and < 3 is non-fatigue (6–8). The clinical and laboratory

data of patients who met the inclusion and exclusion criteria were

collected, including gender, age and laboratory examination

indicators, such as thyroid stimulating hormone (TSH), serum free

triiodothyronine (FT3), serum free thyroxine (FT4), Alanine

aminotransferase (ALT), Aspartate aminotransferase (AST),

alkaline phosphatase (ALP), myoglobin (MYO), high-sensitivity

troponin I (hs-TnI), creatine kinase isoenzyme (CK-MB), creatine

phosphokinase (CK), procalcitonin (PCT), C-reactive protein (CRP),

creatinine (Cr), the sum activity of deiodinases (SPINA-GD), the

secretory capacity of the thyroid gland (SPINA-GD), TSH index

(TSHI), etc. They were followed up by telephone using the FS-14 scale

at 6 months after COVID-19 infection. According to their scale

scores, they were divided into fatigue group and non-fatigue group.
2.4 Biochemical assays

A Mindray automated chemiluminescence immunoassay analyzer

CL-6000i (Mindray, China) was used to detect serum TSH, FT3 and

FT4 levels. All test reagents were provided by Shenzhen Mindray

Biomedical Electronics Co., Ltd. (Mindray, China). In our laboratory,

the reference ranges for TSH, FT4. and FT3 were 0.35–5.1 uIU/ml,

11.2–23.81 pmol/L, and 2.76-6.45 pmol/L, respectively.
2.5 Statistical analysis

Data were analyzed using SPSS 27.0 software. The normality test

was performed on the measurement data. Continuous variables are

expressed as either the mean – standard deviation or median and
frontiersin.org

https://doi.org/10.3389/fendo.2024.1411262
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Dong et al. 10.3389/fendo.2024.1411262
interquartile range. T-test or Mann-Whitney U-test was used for

comparison between the two groups. Spearman method was used for

correlation analysis between index groups, and bilateral test was used.

The statistical description of the count data was expressed as [n (%)],

and the chi-square test was used for comparison. Binary Logistic

regression analysis was used to analyze the risk factors of fatigue. The

receiver operating characteristic curve (ROC) and the area under the

curve (AUC) were used to compare the cut-off points and predictive

values. p<0.05 was deemed to show statistical significance.
3 Results

3.1 Participant demographics

In this study, a total of 126 patients infected with COVID-19

were recruited. After applying the inclusion and exclusion criteria,

40 patients were selected for the study. These patients were

followed up by telephone six months after being infected with

COVID-19 (Figure 1). Based on their fatigue scores, they were

divided into a fatigue group and a non-fatigue group. The results

showed that there was no statistically difference in sex ratio and

age between the two groups (p>0.05). The FT3 level in the fatigue

group was significantly lower than that in the non-fatigue group

(p<0.05). The difference in CK, TSH, FT4, FT3/FT4 levels, SPINA-

GD, SPINA-GT, TSHi was not statistically significant (Table 1).
3.2 Association between thyroid hormone
and 6-month fatigue in COVID-19

Correlation analysis showed that fatigue scores were

significantly negatively correlated with FT3/FT4 and SPINA-GD

levels (r=-0.329, p<0.05), and fatigue scores had no significantly

correlation with Ca, P, CK, and CK-MB (p<0.05) (Table 2). FT3/

FT4 levels were significantly negatively correlated with hs-TnI

(r=-0.409, p<0.05). FT3/FT4 levels did not significantly correlate

with Ca, P, CK, and CK-MB (p>0.05) (Supplementary Table 1).

Binary logistic regression analysis was performed with whether

fatigue occurred in patients with COVID-19 as the dependent

variable and thyroid hormone level as the independent variable,

and the results showed that FT3 level was negatively correlated

with the occurrence of fatigue in patients with COVID-19, and

that low T3 was a risk factor for the occurrence of fatigue in

patients with COVID-19 (p<0.05). After correcting for

confounding factors such as age, gender, Ca, and P, FT3 was

negatively correlated with the occurrence of fatigue in patients

with COVID-19, suggesting that low FT3 was a risk factor for the

occurrence of fatigue in patients with COVID-19 (p<0.05)

(Table 3). There was no statistically difference between TSH,

FT4, and FT3/FT4 and the occurrence of fatigue in patients with

COVID-19 (p>0.05) (Supplementary Table 2).
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3.3 Predictive value of FT3 levels in fatigue
in COVID-19 patients

The ROC curve was plotted with FT3 as the test variable and

whether fatigue occurred in patients with COVID-19 as the state

variable, and the results showed that the AUC of FT3 level for

predicting the occurrence of fatigue in patients with COVID-19 was

0.702 (95% CI 0.54-0.87, p<0.05). Based on the maximum of the

Jordon index as the critical value, when FT3 took a value less than

2.47 pmol/L, it was the best critical value to predict the occurrence

of fatigue in patients with COVID-19, with a sensitivity of 92.3%

and a specificity of 51.9% (Figure 2).
4 Discussion

COVID-19 can affect multiple systems throughout the body. As

an important organ of the endocrine system, the thyroid gland is

directly or indirectly affected by COVID-19. The effect of COVID-

19 on the thyroid gland may be caused by directly (caused by direct

cytotoxicity of the virus) or indirectly (caused by abnormal immune

inflammatory response to the virus, which may involve coagulation,

cytokines and complement systems) (9). NTIs is common in

COVID-19 patients. A retrospective cohort study of Zou et al.

included 149 COVID-19 patients, of which 41 (27.52%) were

diagnosed with NTIs (10). A prospective study included 196

patients diagnosed with COVID-19 and found that 60% of ICU

patients and 36% of general ward patients showed NTIs (11). In our

study, 57.5% of all follow-up patients showed NTIs.

The main manifestation of NTIs is the decrease in T3 level. The

mechanism includes the change of half-life of thyroid hormone in
FIGURE 1

Flow chart of research and analysis of eligible COVID-19
infection participants.
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circulation, the change of cell sensitivity to thyroid hormone, the

change of tissue uptake of thyroid hormone and the change of

deiodinase activity which converts thyroid hormone into active and

inactive forms respectively (12). After T4 deiodination, plasma T3 is

mainly derived from the role of DIO1 in the liver. During NTIs, the

activity of DIO1 in the liver and DIO2 in skeletal muscle decreased,

and the activity of DIO3 in the liver and skeletal muscle increased

(13). This may be a physiological adaptation to reduce energy needs

during acute diseases. Under high energy demand conditions such

as diseases, skeletal muscle is the main organ responsible for glucose

uptake in response to insulin. In this case, muscle protein

catabolism can be stimulated to maintain energy in other organs,

and a decrease in T3 levels reduces metabolic activity and reduces

energy loss in these patients (14–17).

After the recovery of COVID-19, some people still suffer from

persistent and periodic symptoms. A Chinese study that included

1733 patients who had been hospitalized for COVID-19 found that
Frontiers in Endocrinology 04
at least one skeletal muscle-related symptom was still present in

76% of patients at 6 months, with fatigue or muscle weakness

accounting for 63% of these (18). An Italian study reported fatigue

as the predominant symptom (53.1%) of persistent symptoms 60

days after a COVID-19 infection (19). A meta-analysis showed that

fatigue was the most common symptom of long covid syndrome

(28.4%). Even in the non-hospitalized population, the most

common long covid syndrome symptom is still fatigue, which is

present in 34.8% (20). Therefore, chronic fatigue syndrome (CFS) is

the most common complaint of patients. CFS, also known as

myalgia encephalomyelitis, is a complex heterogeneous disorder

characterized by disabling fatigue, cognitive impairment, sleep

disruption, and accompanying bone and muscle pain that persists

for more than 6 months and does not improve with rest (21, 22).

The global pooled prevalence of CFS among long covid syndrome

patients is 45.2% (23). A meta-analysis showed that the total

prevalence reported by Western and Asian populations was
TABLE 3 Associated FT3 related to fatigue by multivariate binary logistic
analysis in COVID- 19 patients.

B S.E Wald p OR 95%CI

FT3 -1.358 0.639 4.510 0.034* 0.257 0.074 0.901

Age 0.003 0.021 0.023 0.880 1.003 0.962 1.046

sex 0.583 0.777 0.563 0.453 1.791 0.391 8.211

Ca 0.190 2.284 0.007 0.934 1.209 0.014 106.375

P -0.608 0.972 0.391 0.532 0.544 0.081 3.661

FT3* -1.491 0.712 4.387 0.036** 0.225 0.056 0.909
*adjusted for age, sex, calcium and phosphorus.
**Level of significance p<0.05.
TABLE 2 Results of correlation analysis of features associated with
fatigue scores.

r p

TSH 0.022 0.893

FT3 -0.251 0.119

FT4 0.076 0.642

FT3/FT4 -0.329 0.038*

Ca 0.173 0.286

P -0.045 0.782

CK -0.077 0.647

ALT 0.055 0.737

AST 0.018 0.91

SPINA-GD -0.369 0.019*

TSHI -0.146 0.370

FT4/TSH -0.014 0.932
TSH, thyroid stimulating hormone; FT3, serum free triiodothyronine; FT4, serum free
thyroxine; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALP, alkaline
phosphatase; Ca, Calcium; CK, creatine phosphokinase; P, phosphorus; PCT, procalcitonin;
CRP, c-reactive protein; SPINA-GD, the sum activity of deiodinases; SPINA-GT, the secretory
capacity of the thyroid gland; TSHI, thyroid stimulating hormone index.
*Level of significance p<0.05.
TABLE 1 Demographic, clinical and biochemical characteristics of the
study population.

Fatigue(n=28) non-fatigue(n=12) p

Age year 72.00(50.00-80.00) 64.00(55.50-78.00) 0.654

Sex Female (n%) 13(33%) 7(59%) 0.739

TSH(mIU/ml) 1.37(0.60-2.43) 1.06(0.73-1.63) 0.444

FT3(pmol/L) 2.52 ± 0.63 3.00 ± 0.56 0.023*

FT4(pmol/L) 15.91 ± 3.53 16.36 ± 1.15 0.552

FT3/FT4 0.16 ± 0.035 0.18 ± 0.041 0.160

CK(U/L) 64.00(37.50-145.50) 46.00(20.00-183.50) 0.569

ALT(U/L) 21.00(19.00-43.00) 21.00(13.50-46.00) 0.783

AST(U/L) 28.00(21.00-42.00) 29.00(17.50-42.00) 0.874

ALP(U/L) 81.00(68.00-124.00) 74.00(49.50-100.00) 0.260

MYO(ng/ml) 71.17(34.07-176.43) 47.06(27.09-319.02) 0.638

hs-TnI(mg/ml) 0.016(0.006-0.037) 0.006(0.0055-0.0185) 0.080

CK-MB(mg/ml) 0.92(0.48-1.97) 0.92(0.37-2.33) 0.931

BNP(ng/L) 82.04(47.48-191.18) 50.51(27.70-125.97) 0.128

P(mmol/L) 1.06 ± 0.47 1.10 ± 0.45 0.806

Ca(mmol/L) 2.06(1.96-2.23) 2.08(1.975-2.195) 0.897

PCT(ng/ml) 0.19(0.10-0.52) 0.20(0.02-0.37) 0.754

CRP(mg/L) 13.59(5.33-74.63) 25.10(8.34-33.00) 0.529

fatigue scores 7.00(5.00-9.00) 1.00(0.00-1.50) <0.001*

SPINA-GD 14.67(12.85-19.81) 17.19(13.87-19.82) 0.069

TSHI -1.97(-3.11–0.40) -2.43(-2.91–1.59) 0.453

SPINA-GT 5.06 ± 3.77 5.49 ± 3.38 0.733
TSH, thyroid stimulating hormone; FT3, serum free triiodothyronine; FT4, serum free
thyroxine; ALT, alanine aminotransferase, AST, aspartate aminotransferase; ALP, alkaline
phosphatase; MYO, myoglobin; hs-TnI, high-sensitivity troponin; CK-MB, creatine kinase
isoenzyme; Ca, Calcium; CK, creatine phosphokinase; P, phosphorus; PCT, procalcitonin;
CRP; c-reactive protein; SPINA-GD, the sum activity of deiodinases; SPINA-GT, the secretory
capacity of the thyroid gland; TSHI, thyroid stimulating hormone index.
*Level of significance p<0.05.
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comparable (1.32 ± 1.45% vs 1.51 ± 1.74) (24). A prospective study

showed that 75.9% of patients reported fatigue 3-6 months after

infection with COVID-19, which was consistent with our study (5).

In our study, 70% of patients were still fatigued 6 months after

infection with COVID-19. The prevalence of CFS has been reported

to be 2-3 times higher in females than in males, but there was no

significant gender difference in this study (25). A retrospective study

showed that 48.9% of CFS patients diagnosed after COVID-19

infection were male and 51.1% were female (26). We speculate that

this may be due to the fact that infections are a significant trigger for

the development of CFS, and that infections make the gender

difference negligible.

CFS may be associated with changes in hormone levels in the

hypothalamus-pituitary-thyroid axis (27). Studies have shown that

thyroid hormone function in CFS is similar to NTIs. A Serbian

study found that compared with the healthy group, although the

basal serum T3 of all subjects was normal, the T3 concentration in

the CFS group was significantly reduced (28). In this study, the level

of FT3 in the fatigue group was significantly lower than that in the

non-fatigue group (2.52 ± 0.63 vs 3.00 ± 0.56 p< 0.05), and 64.3% of

the fatigue group showed NTIs. FT3/FT4 is commonly used to

evaluate the sensitivity of peripheral thyroid, which reflects 5’-

deiodinase activity. SPINA-GD represents the total activity of

peripheral deiodinase. This study shows that although there is no

statistical difference in SPINA-GD between the two groups, SPINA-

GD in the fatigue group is lower than that in the non-fatigue group.

Correlation analysis shows that FT3/FT4 and SPINA-GD are related

to fatigue (p<0.05), which indicates that fatigue in patients with

COVID-19 may be related to subtle changes in deiodinase.

Although NTIs may be beneficial in the acute phase of critical

illness, it may hinder the recovery of patients in the case of long-

term critical illness (29). Low T3 may affect brain tissue perfusion

and energy metabolism, leading to fatigue (30). This study shows

that low T3 is a risk factor for fatigue. When FT3 value is less than

2.47 pmol/L, it is the best critical value to predict fatigue in COVID-

19 patient.
Frontiers in Endocrinology 05
Even though the study has provided interesting findings, it had

some few limitations. Certain limitations of the study are as follows:

Firstly, the sample size is relatively small, resulting in a higher

number of patients lost to follow-up, which may introduce a bias of

loss of follow-up. Secondly. The patients included were all Chinese,

potentially limiting the generalizability of the findings to other

regions or ethnic groups. Thirdly, the thyroid hormone levels of

COVID-19 patients after 6 months were not measured again,

potentially limiting the understanding of the long-term effects of

thyroid hormones on CFS. Fourthly, the average age of both groups

is over 60 years old, and there is a lack of data on the young

population. Finally, a meta study showed that the prevalence of CFS

was 0.10% based on the physician diagnosis, and the prevalence of

CFS was 2.03% in the questionnaire interview without medical

testing (24). Therefore, the prevalence of CFS based on the

questionnaire survey in our study may be overestimated. In the

future, large-scale prospective studies are needed to further explore

the mechanism of thyroid hormones affecting CFS after COVID-19.

Furthermore, in addition to thyroid hormones, symptoms of

chronic fatigue may also be caused by damage to multiple organ

systems during COVID-19. The occurrence of CFS in COVID-19

may be related to excessive anti-inflammatory response, and the

dominant disease pattern of alternatively polarized macrophage

cells directly induces the occurrence of CFS (31). Hypothalamic-

pituitary-adrenal (HPA) axis disturbances have also been found in

CFS, which are manifested by mild cortisol decrease, enhanced

negative feedback, and a blunted response to excitation (32).

COVID-19 can also cause skeletal muscle damage resulting from

changes in the structure and function of the neuromuscular system

through mechanisms such as direct infiltration, inflammatory

response, hypoxia and other mechanisms to cause skeletal muscle

damage, resulting in fatigue (33). A study reported that the immune

system of ME/CFS patients produces an imbalanced ratio of pro-

inflammatory and anti-inflammatory cytokines in the early stages of

the disease (34). But CRP and PCT are not statistically significant in

our study. In conclusion, the occurrence of CFS in COVID-19
FIGURE 2

Receiver operating characteristic curve analysis determining the optimal threshold of FT3 for predicting fatigue after 6 months of COVID-
19 infection.
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patients is not a role of a single hormonal axis, but a combination

of factors.
5 Conclusions

In summary, this study demonstrates that the majority of patients

still experience fatigue six months after contracting the COVID-19

infection. The level of FT3 in the fatigue group was lower, suggesting a

potential correlation between FT3 and the persistence of fatigue

following COVID-19 infection. The mechanism of fatigue may be

related to subtle changes in the hypothalamus-pituitary-thyroid axis

and deiodinase. In addition, this study found that low T3 is a risk

factor for fatigue. When the value of FT3 is less than 2.47 pmol/L, it

serves as the optimal critical threshold to predict fatigue in patients

with COVID-19. In the future, prospective studies are needed to

confirm whether monitoring serum FT3 level can predict the

occurrence of CFS in patients with COVID-19, and then help to

improve the symptoms of patients.
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