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A B S T R A C T   

Objective: To investigate the impact of donepezil on emotional responses, cognitive function, and inflammatory 
factors in patients with Hashimoto's thyroiditis (HT). 
Methods: A total of 109 patients with Hashimoto's thyroiditis treated in the Department of Endocrinology at 
Huangshan Shoukang Hospital between February 2021 and May 2024 were selected for this study. The patients 
were randomly divided into a treatment group (n = 54) and a control group (n = 55) using a random number 
table. The treatment group was administered donepezil hydrochloride tablets and vitamin C tablets orally in the 
morning on an empty stomach, while the control group received only vitamin C tablets under the same con
ditions. Both groups followed this regimen for three months. Outcomes were assessed using the Mini-Mental 
State Examination (MMSE), Self-Rating Anxiety Scale (SAS), Self-Rating Depression Scale (SDS), thyroid hor
mone levels, and inflammatory markers. 
Results: There were no statistically significant differences in thyroid hormone levels (T3, T4, TSH) or thyroid 
antibodies (TGAb, TPOAb) between the two groups before or after treatment (P  >  0.05). Prior to treatment, 
MMSE, SAS, and SDS scores were comparable between the groups (P  >  0.05). After treatment, MMSE scores in 
the treatment group were significantly higher, while SAS and SDS scores were significantly lower compared to 
the control group (P  <  0.05). Additionally, no baseline differences in inflammatory factors were observed 
(P  >  0.05), but after treatment, serum levels of IL-6, IL-4, IL-1β, and TNF-α were significantly lower in the 
treatment group compared to the control group (P  <  0.05). 
Conclusion: Donepezil can improve cognitive function and emotional responses in patients with Hashimoto's 
thyroiditis, which may be related to the downregulation of key inflammatory factors.   

Introduction 

Hashimoto’s thyroiditis (HT) is a common autoimmune thyroid 
disease, characterized by elevated levels of thyroid peroxidase anti
bodies (TPOAb) and anti-thyroglobulin antibodies (TGAb). It has an 
insidious onset and is accompanied by persistent lymphocytic in
filtration into thyroid tissue and subsequent tissue destruction, 
making it one of the primary causes of hypothyroidism.1,2 During the 
prolonged course of the disease, due to fluctuations in thyroid hor
mone levels and abnormalities in the immune system, patients with 
HT often experience mood problems, including emotional instability, 
anxiety, and depression, as well as cognitive impairments like 
memory loss and difficulty concentrating.3 These issues severely 
impact the patients’ work capacity and daily life, which impose a 

significant burden on society and families. Currently, there are no 
effective interventions for cognitive and emotional disorders caused 
by HT. Donepezil, a cholinesterase inhibitor, is widely used in the 
treatment of cognitive disorders, such as Alzheimer's disease. It in
hibits acetylcholinesterase activity to reduce the breakdown of 
acetylcholine, thereby increasing acetylcholine concentration in the 
synaptic cleft and improving neurotransmission efficiency.4,5 Recent 
studies have suggested the potential role of cholinesterase inhibitors 
for alleviating anxiety and depression, but the underlying me
chanism remains unclear.6 In this study, a total of 109 euthyroid 
patients with HT were selected to investigate the effects of donepezil 
treatment on cognitive function, emotional responses, and the po
tential mechanisms involved. The results of the study are reported 
below. 
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Subjects and methods 

Subjects 

A total of 109 euthyroid patients with HT treated in the Department 
of Endocrinology at Huangshan Shoukang Hospital from February 2021 
to May 2024 were selected for the study. The patients were randomly 
divided into a treatment group (n = 54) and a control group (n = 55) 
using a random number table. In the control group, there were 13 males 
and 42 females, aged 21–55 years, with a mean age of 42.57  ±  10.26 
years and a disease duration ranging from 10 to 44 months, with a 
mean of 21.57  ±  4.25 months. In the treatment group, there were 8 
males and 46 females, aged 22–54 years, with a mean age of 
42.01  ±  10.11 years and a disease duration ranging from 10 to 45 
months, with a mean of 21.68  ±  4.78 months. There were no sig
nificant differences between the two groups in baseline characteristics 
(P  >  0.05). 

Inclusion and exclusion criteria 

Inclusion criteria: (1) Hashimoto's thyroiditis meeting the diagnostic 
criteria outlined in Internal Medicine (9th Edition):7 thyroid enlarge
ment with firm texture; positive serum TGAb and/or TPOAb; diffuse 
changes in the gland observed via ultrasound; and fine-needle aspira
tion biopsy under ultrasound guidance showing diffuse lymphocytic 
and plasma cell infiltration in the thyroid, with the formation of lym
phoid follicles and fibrous tissue proliferation. Diagnosis is confirmed 
when the patient meets criteria 1–3 and/or criterion 4; (2) normal 
thyroid function; (3) in the past year, no history of antithyroid treat
ment or thyroid hormone replacement therapy, and no history of glu
cocorticoid or other relevant medication use; (4) signed informed 
consent; (5) mild to moderate anxiety, with a Self-Rating Anxiety Scale 
(SAS) score of 50 ≤ SAS <  70; with or without mild to moderate de
pression, defined as a Self-Rating Depression Scale (SDS) score of 
53 ≤ SDS <  72; mild cognitive impairment, defined as a Mini-Mental 
State Examination (MMSE) score of 21 ≤ MMSE <  27. 

Exclusion criteria: (1) coexisting thyroid diseases (hyperthyroidism, 
hypothyroidism, thyroid malignancies, subacute thyroiditis, etc.); (2) 
history of thyroid dysfunction; (3) coexisting other autoimmune dis
eases; (4) pregnancy or lactation; (5) severe hepatic, renal, or cardiac 
insufficiency; (6) coexisting malignant tumors, cardiovascular and 
cerebrovascular diseases, neurodegenerative diseases, psychiatric dis
orders, or endocrine diseases; (7) allergy to medications used in this 
study; (8) coexisting acute or chronic infectious diseases, or occurrence 
of such infections during the medication period. 

This study was approved by the Medical Ethics Committee of 
Huangshan Shoukang Hospital (Approval No. 2023-LC-14). 

Therapeutic regimen 

Both groups received general treatment, including a low-iodine diet, 
regular lifestyle habits, and emotional adjustment. Patients in the 
treatment group were administered with donepezil hydrochloride ta
blets (Zhejiang Huahai, specification: 5 mg/tablet, batch number: 
2101147) combined with vitamin C tablets (Sichuan Yike, specification: 
0. 1 g/tablet, batch number: 201217), both taken orally on an empty 
stomach in the morning. The dosage of donepezil hydrochloride was 
5 mg/day. The control group was only given vitamin C tablets (same 
specification as above), taken orally on an empty stomach in the 
morning at a dose of 0.1 g/day. Both groups adhered to the prescribed 
medication regimen for three months, with regular follow-ups. 

Biochemical indicators and scales   

(1) Thyroid hormones and autoantibodies measurement: For both 
groups of patients, 5 ml of fasting venous blood was collected in the 
morning before and after treatment. Using electro
chemiluminescence immunoassay, levels of triiodothyronine (T3), 
thyroxine (T4), thyroid peroxidase antibody (TPOAb), thyr
oglobulin antibody (TGAb), and thyroid-stimulating hormone 
(TSH) were measured. The measurements were performed using a 
Roche ECL2010 electrochemiluminescence analyzer and corre
sponding kits.  

(2) Inflammatory factors measurement: Fasting venous blood (5 ml) 
was collected before and after treatment in both groups, and cen
trifuged to obtain serum. Enzyme-linked immunosorbent assay 
(ELISA) was used to measure the levels of interleukin-6 (IL-6), in
terleukin-4 (IL-4), interleukin-1β (IL-1β), and tumor necrosis factor- 
α (TNF-α). The kits used for the assays were from Shanghai 
Jingkang Bioengineering Co., Ltd., and the measurements were 
performed using a BIO-RAD Microplate Reader (Model 550, USA). 

(3) MMSE Scale: The MMSE scale assesses time orientation, place or
ientation, delayed recall, immediate recall, attention, calculation 
ability, language, and visuospatial ability, totaling 30 questions. 
Each correct answer scores 1 point, while "don’t know" or incorrect 
answers score 0. The total score ranges from 0 to 30, with higher 
scores indicating more normal cognitive function.  

(4) SAS Scale: The SAS scale consists of 15 items scored positively and 5 
items scored in reverse. The total score of the 20 items is multiplied 
by 1.25, and the integer part is taken to obtain the standard score. A 
higher score indicates a stronger tendency towards anxiety.  

(5) SDS Scale: The SDS scale consists of 10 items scored positively and 
10 items scored in reverse. The total score of the 20 items is mul
tiplied by 1.25, and the integer part is taken to obtain the standard 
score. A higher score indicates more pronounced depressive emo
tions. 

Statistical analysis 

Statistical analysis was performed using the SPSS software (version: 
26.0). Measurement data conforming to a normal distribution were 
presented as mean ±  standard deviation (mean ±  SD). Intergroup 
comparisons were conducted using the independent sample t-test, and 
paired t-tests were used for comparisons before and after treatment. A 
significance level of α= 0.05 was set, and differences were considered 
statistically significant when P  <  0.05. 

Results 

Comparison of thyroid function between the two groups before and after 
treatment 

As shown in Table 1, No statistically significant differences in T3, 
T4, TSH, TGAb, and TPOAb levels were observed between the two 
groups before treatment (P  >  0.05). After treatment, there were still 
no statistically significant differences in these thyroid function in
dicators between the two groups (P  >  0.05). 

Differences in MMSE, SAS, and SDS scores between the two groups before 
and after treatment 

Before treatment, there were no statistically significant differences 
in MMSE, SAS, and SDS scores between the two groups (P  >  0.05). In 
the control group, scores did not change significantly before and after 
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treatment (P  >  0.05). However, in the treatment group, MMSE scores 
increased significantly after treatment (P  <  0.05), while SDS and SAS 
scores decreased significantly (P  <  0.05). After treatment, the treat
ment group had significantly higher MMSE scores and lower SAS and 
SDS scores compared to the control group (P  <  0.05), as shown in  
Table 2. 

Comparison of inflammatory cytokine levels between the two groups before 
and after treatment 

The baseline levels of IL-6, IL-4, IL-1β, and TNF-α were similar 
between the two groups before treatment (P  >  0.05). In the control 
group, these inflammatory cytokine levels did not change significantly 
before and after treatment (P  >  0.05). In contrast, in the treatment 
group, levels of IL-6, IL-4, IL-1β, and TNF-α were significantly lower 
after treatment compared to before (P  <  0.05). Additionally, post- 
treatment levels of these four cytokines in the treatment group were 
significantly lower than those in the control group (P  <  0.05). These 
results were shown in Table 3. 

Discussion 

Hashimoto's thyroiditis is a chronic autoimmune thyroid disease 
characterized by chronic inflammation of the thyroid tissue and hy
pothyroidism.8 In addition to its effects on the thyroid, HT can nega
tively impact the central nervous system and contributes to cognitive 
and emotional disturbances, although the underlying mechanisms re
main unclear. It is suggested that these effects may be related to the 
influence of thyroid hormones or thyroid antibodies on neurons in the 
brain. Studies have found that patients with HT frequently experience 
cognitive impairments, such as anxiety, decreased cognitive function, 
lack of concentration, and memory loss, which significantly affect their 
learning, daily life, and overall health.9,10 In severe cases, HT patients 
suffer from insomnia and palpitations. These emotional and cognitive 
disturbances have a wide-ranging impact on the physical health and 
emotional well-being, underscoring the importance of timely diagnosis 
and treatment.11 However, there are currently no effective clinical in
terventions specifically targeting the cognitive and emotional dis
turbances associated with HT. 

Donepezil is a cholinesterase inhibitor primarily used to improve 
cognitive impairment in patients with Alzheimer's disease. Multiple 
recent studies suggest that donepezil can significantly improve daily 
symptoms and behaviors, and it has also shown potential in alleviating 
anxiety and depressive symptoms, but its exact mechanisms remain 
unclear.12 Donepezil increases the concentration of acetylcholine (ACh) 
in the synaptic cleft by inhibiting cholinesterase activity. According to 
the cholinergic hypothesis, activation of central cholinergic receptors 
can increase the release of neurotransmitters such as glutamate, 
gamma-aminobutyric acid (GABA), dopamine, and serotonin, which in 
turn helps regulate mood.13 In addition to the involvement of donepezil 
in modulating the release and balance of various neurotransmitters, 
donepezil might enhance neural plasticity to alleviate anxiety and de
pressive symptoms. Studies have shown that donepezil can promote 
synaptic connectivity and communication between neurons, thereby 
strengthening the functionality of neural networks.14 Bai Fengfeng et al. 
demonstrated that the addition of donepezil hydrochloride to conven
tional antidepressant therapy has a synergistic effect on the alleviation 
of depressive symptoms, which significantly improves treatment-re
sistant geriatric depressive disorder and cognitive function.15 

Currently, there is growing research interest in the relationship be
tween central nervous system (CNS) inflammation and cognitive and 
emotional disorders. Neuroinflammation refers to inflammatory re
sponses occurring within the central nervous system. Glial cells, in
cluding microglia and astrocytes, play key roles in regulating neuroin
flammation.16 Under pathological conditions, glial cells become 
activated and release inflammatory mediators to modulate neuronal Ta
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function and participate in repair processes, thereby influencing the 
progression and outcomes of neuroinflammation. A previous animal 
study demonstrated that in HT mice, microglial activation in the brain 
was increased. Microglia, the resident immune cells of the CNS, released 
pro-inflammatory cytokines such as IL-1β, IL-6, and TNF-α, which fur
ther exacerbated the inflammatory response and were associated with 
anxiety- and depression-like behaviors in the HT mice.17 Furthermore, 
emerging evidence suggests that HT-related cognitive impairments are 
associated with damage of astrocytes.18 Neuroinflammation can result in 
neuronal damage and disrupt neurotransmitter balance, leading to the 
development of emotional disorders such as anxiety and depression. 
Studies have also shown that in HT patients, there is an increased pre
sence of inflammatory cells and cytokines within the thyroid tissue, 
which may enter the bloodstream, cross the blood-brain barrier, and 
trigger neuroinflammatory responses within the CNS.19,20 

In HT patient, abnormally elevated thyroid antibodies not only lead 
to thyroid dysfunction but also affect various aspects of the body, such 
as hypometabolic syndrome, skin changes, gastrointestinal abnormal
ities, emotional and cognitive disturbances, immune system alteration, 
cardiovascular diseases, and a decline in quality of life. Our results 
indicate that there were no statistically significant differences in T3, T4, 
TSH, TGAb, and TPOAb levels between the two groups before and after 
treatment (P  >  0.05). However, a slight decrease in TGAb and TPOAb 
levels was observed in both groups, with a more pronounced reduction 
in the treatment group, though the results were not statistically sig
nificant. This may be attributed to the small sample size in this study. 

Additionally, this study showed that after treatment, the MMSE 
scores in the treatment group were significantly higher than those in the 
control group, while SAS and SDS scores were significantly lower 
(P  <  0.05). This suggests that donepezil treatment can effectively 
improve depression and anxiety in patients, alleviate thyroid-specific 
antibody imbalances to some extent, and enhance cognitive function 
and quality of life. Furthermore, there were no significant differences in 
inflammatory factor levels between the two groups before treatment 
(P  >  0.05). After treatment, serum IL-6, IL-4, IL-1β, and TNF-α levels 
in the treatment group were significantly lower than in the control 
group (P  <  0.05), indicating that donepezil significantly reduced 

serum inflammatory cytokine levels. This suggests that donepezil may 
exert its therapeutic effects on cognitive and emotional disorders in HT 
patients by inhibiting the release of peripheral inflammatory cytokines 
such as TNF-α and IL-6, thereby modulating neuroinflammatory re
sponses and preventing systemic inflammation or inflammation-medi
ated pathophysiological reactions. 

The small sample size is a limitation of this study. Besides, our study 
is a single-center study, there may be selection bias in case recruitment. 
To further validate the findings of this study, we will increase the 
sample size in future research. 

Conclusion 

The donepezil significantly improves emotional disorders and en
hances cognitive function in HT patients, potentially through the 
downregulation of serum inflammatory cytokines. The findings of this 
study provide a new therapeutic approach for addressing cognitive and 
emotional disorders in patients with HT. However, it should be noted 
that the exact mechanism by which donepezil improves anxiety and 
depressive symptoms remains unclear, and further research is needed to 
explore this aspect in greater detail. 
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Table 2 
MMSE, SAS, and SDS scores before and after treatment between the two groups.         

Group MMSE score SAS score SDS score  

Before After Before After Before After  

Control (n = 55) 25.56  ±  2.38 25.82  ±  2.45 57.54  ±  8.69 56.68  ±  8.23 54.17  ±  8.25 53.12  ±  9.64 
Treatment (n = 54) 25.17  ±  2.26 27.44  ±  2.03a 58.16  ±  9.21 47.25  ±  7.83a 55.23  ±  8.17 45.26  ±  8.59a 

t value 1.197 3.755 0.362 6.127 0.674 4.491 
P value 0.234 0.000 0.718 0.000 0.502 0.000 

Note: 
MMSE: Mini-Mental State Examination; SAS: Self-Rating Anxiety Scale; SDS: Self-Rating Depression Scale; MMSE, SAS, and SDS scores are presented as mean ±  SD; a 

indicates P  <  0.05 compared with the condition before treatment.  

Table 3 
Comparison of inflammatory factor levels between the two groups before and after treatment.           

Group IL-6 (pg/ml) IL-4 (pg/ml) IL-1β (pg/ml) TNF-α (pg/ml)  

Before After Before After Before After Before After  

Control (n = 55) 3.36  ±  0.71 3.55  ±  0.64 70.02  ±  11.04 71.34  ±  9.27 60.21  ±  13.41 62.06  ±  15.95 105.43  ±  12.73 112.66  ±  18.74 
Treatment (n = 54) 3.22  ±  0.78 2.82  ±  0.73a 71.53  ±  16.41 54.21  ±  11.47a 55.70  ±  14.48 46.42  ±  11.80a 107.54  ±  15.32 97.81  ±  10.46a 

t value 0.980 5.554 0.565 8.798 1.688 5.811 0.783 5.095 
P value 0.329 0.000 0.574 0.000 0.094 0.000 0.436 0.000 

Note: 
IL-6: interleukin-6; IL-4: interleukin-4; IL-1β: interleukin-1 beta; TNF-α: tumor necrosis factor-alpha; data for inflammatory factor levels are expressed as mean ±  SD;  
a indicates P  <  0.05 compared with the condition before treatment.  
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