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Aim: To evaluate the effectiveness and treatment compliance of Xiakucao Oral
Liquid (XKC) combined with methimazole (MMI) on the early recovery of thyroid
function in Graves' disease (GD) patients.

Methods: In this retrospective cohort study, GD patients receiving initial
treatment at Jieyang People’s Hospital from January 2019 to December 2023
were included and divided into XKC+MMI group and MMI group based on the
treatment regimen. The association between XKC+MMI and early thyroid
function recovery was analyzed using multiple linear regression in the
subgroup of patients with post-treatment data available at 3 months.

Results: A total of 441 patients were enrolled, among whom 113 (25.6%) patients
received XKC+MMI. The proportion of patients receiving XKC+MMI was
significantly higher with an initial MMI dose >20 mg/day than <20 mg/day
(37.1% vs. 15.2%, P=0.006). In XKC+MMI group, 15 (13.3%) patients underwent
continuous treatment with XKC for three months. Subgroup analysis (n=121)
showed the increase of sensitive thyroid-stimulating hormone (sTSH) in XKC
+MMI group was higher than that in MMI group (4.86 + 11.7 vs 1.15 + 5.16).
Multivariate linear regression analysis indicated that compared with MMI alone,
XKC+MMI was independently associated with the increase of sTSH (B=3.346,
95%Cl: 0.353-6.339, P=0.031), and the continuous 3-month treatment of XKC
+MMI was also independently associated with the increase of sTSH at 3 months
(B=4.062, 95%Cl: 0.516-7.608, P=0.027).
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Conclusions: XKC combination MMI treatment might promote early recovery of
thyroid function. However, adherence to and persistence with XKC treatment still
need to be improved.

Graves' disease, Xiakucao Oral Liquid, methimazole, sensitive thyroid-stimulating

hormone, real-world

1 Introduction

Graves’ disease (GD) is the most common type of
hyperthyroidism, accounting for about 80% of hyperthyroidism
(1). GD is an autoimmune disease characterized by immune system
dysregulation that causes the produce of thyroid-stimulating
hormone (TSH) receptor antibodies (TRAb). These antibodies
activate the TSH receptor to promote the synthesis and excessive
secretion of thyroid hormones, resulting in hyperthyroidism and
harm to multiple organs and systems of the body (2). The clinical
manifestations include diffuse goiter, Graves ophthalmopathy,
cutaneous mucous lesions and hyperthyroidism acromegaly. The
incidence of GD is approximately 2.0-3.0% in China and around
0.5-2.0% in Western countries (3).

GD has been demonstrated to be associated with a significantly
increased risk of cardiovascular events and all-cause mortality (4-
7). Notably, the mortality rate and the risk of acute cardiovascular
events peak in the first 3 months after diagnosis of hyperthyroidism
(8). Large-sample real-world studies have demonstrated that the
longer the duration of hyperthyroidism in GD patients, especially
the longer the duration of low TSH level, the higher the risk of
developing dementia (9), cardiovascular disease (10) and death (6,
8, 11). Moreover, sustained elevation of TRAb levels not only
increase the risk of Graves” ophthalmopathy (12, 13) but also lead
to adverse pregnancy outcomes and neonatal thyroid dysfunction
(14, 15). Therefore, effective treatment regimens for GD patients,
especially those that facilitated an early recovery of TSH levels, are
of great significance for improving patient prognosis.

Methimazole (MMI), recognized as the preferred drug for
antithyroid drug (ATD) therapy, has been found to normalize the
thyroid function in only 37% of GD patients with a dosage of 10
mg/day of MMI for one month (16). Studies have shown that the
MMI cannot normalize the thyroid function in some GD patients,
especially in terms of early recovery to normal levels (17, 18).
Furthermore, 12-18 months of ATD treatment only results in the
remission of hyperthyroidism in 30-50% of patients (19-21). Study
also indicated that only 46.51% of GD patients can return to normal
TSH levels after 9 months of ATD treatment (22). Therefore, more
treatment options are needed to help GD patients recover thyroid
function to normal levels more quickly.

Many studies have demonstrated the benefits of Chinese patent
medicine combined with MMI in the treatment of GD, including
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shortening treatment course, reducing thyroid volume, alleviating
symptoms and lessening adverse reactions (23-28). Xiakucao Oral
Liquid (XKC), manufactured by Guiyang Xintian Pharmaceutical
Co., LTD (National Drug Approval No. Z19990052), is used for the
treatment of headaches, dizziness, goiters, lymphadenitis, thyroid
nodules, breast abscesses accompanied by pain, enlarged thyroid
gland, and breast hyperplasia in clinical practice. Clinical trials have
demonstrated that the combination of XKC with MMI (XKC
+MMI) in the treatment of GD patients can better relieve
symptoms, reduce goiter, improve thyroid hormone levels and
decrease adverse reactions compared to MMI monotherapy (23,
24,29, 30). In addition, this combination therapy has been shown to
significantly reduce the time required to improve thyroid function
(24). However, no studies have investigated the association between
XKC+MMI and the early recovery of thyroid function in GD
patients in clinical practice. Moreover, there is also a lack of
research on the real-world clinical application of XKC.

This retrospective study analyzed data from real clinical
practice, aimed to explore the treatment compliance of XKC and
the association between XKC+MMI and the early recovery of
thyroid function in GD patients.

2 Methods
2.1 Study design and participants

This retrospective cohort study was conducted in the
Department of Endocrinology of Jieyang People’s Hospital. Data
of GD patient who visited the hospital from January 2019 to
December 2023 were collected from the electronic medical record
system. The inclusion criteria were: 1) aged 18 to 75 years, 2)
clinically diagnosed with GD, 3) receiving the initial treatment in
Department of Endocrinology, 4) treated with MMI or XKC
+MMI. The diagnosis of GD was confirmed based on the
presence of both radiographic evidence and clinical diagnosis
(31). The exclusion criteria were: 1) without baseline data such
as age, sex, and thyroid function indicators, 2) without laboratory
test records except for the baseline. This study was approved by
the Clinical Research Ethics Committee of Jieyang People’s
Hospital (Ethical approval number: 2024006), and informed
consent was waived by the committee because of the
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retrospective nature of the study. This study was registered in the
International Traditional Medicine Clinical Trials Registration,
registration number: ITMCTR2024000684.

2.2 Group and treatment

Participants were grouped into XKC+MMI group and MMI
group according to treatment regimen.

Participants in the MMI group received monotherapy with MMIL
In clinical practice, the dosage range of MMI is 5-40 mg per day. The
dosage is determined on an individual basis according to the severity
of the patient’s disease and thyroid function indicators.

Participants in the XKC + MMI group were treated with the
MMI regimen plus XKC. XKC is a herbal preparation made from
the Prunella vulgaris. Each 10 ml of XKC is equivalent to 8 grams of
raw Prunella vulgaris. The use of XKC was determined through
shared decision-making between physicians and patients. XKC was
administered at a fixed dose of 10 mL twice daily (bid) for all adult
patients in the XKC+MMI group. Treatment adherence was
monitored through a combination of pharmacy dispensing records.

2.3 Data collection and definition

Data was obtained from the electronic medical record system.
Data collected for analysis included demographics (age and sex),
sensitivity thyroid-stimulating hormone (sTSH, normal range: 0.27-
4.2 pIU/mL), free triiodothyronine (FT3, normal range: 3.1-6.8
pmol/L), free thyroxine (FT4, normal range: 12.3-20.2 pmol/L),
TRAD (normal range: 0-1.75 IU/L), MMI doses and the duration of
XKC treatment.

The outcomes were 3 months changes of sTSH and TRAD post-
treatment. The 3 months thyroid function was analyzed using the
laboratory test results between 2.5 and 3.5 months after the baseline.
The treatment duration of XKC refers to the total time a patient
receives XKC treatment, extracted from prescription information,
and may involve either continuous or intermittent treatment.

Participants with thyroid function laboratory tests at the third
month were included in the subgroup to analyze the association
between the treatment regimen and outcomes.

2.4 Statistical analysis

SPSS 24.0 (IBM, Armonk, NY, USA) and R (version 4.4.2)
software (https://www.r-project.org/) were used for statistical
analysis. The Kolmogorov-Smirnov (K-S) test was used to assess
whether continuous variables conform to a normal distribution.
Continuous variables with a normal distribution were presented as
means + standard deviations. Continuous variables that do not
conform to a normal distribution were presented as median
(minimum, maximum). Comparisons between groups of
continuous variables conforming to a normal distribution were
assessed with Student’s t-test. The Mann-Whitney U test was used
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to compare continuous variables that did not conform to normal
distribution between groups.

In subgroup, variable with missing data were FT3 and TRAD.
Missing data were handled using multiple imputation by chained
equations (MICE package) in R. This approach accounts for the
uncertainty of missing values by generating multiple plausible
imputed datasets, which were subsequently pooled for analysis to
reduce bias compared to single imputation or complete-case
analysis. The imputation model included all variables used in the
final analysis (e.g., age, sex, baseline sSTSH and FT4 levels, treatment
group). Continuous variables were imputed using predictive mean
matching, while binary variables were imputed based on the range
of continuous variables. A sensitivity analysis was conducted in
subgroup by repeating the primary analysis under the missing-at-
random assumption and comparing results with those from
complete-case analysis. The consistency between imputed and
complete-case estimates supported the robustness of our findings.

Two multiple linear regression models were used to adjust for
potential confounding factors and assess the independent effect of
XKC and XKC duration. Interaction terms were further performed
to evaluate whether the effect of treatment varied across subgroups
defined by MMI dose. All independent variables were entered into
the multivariate model using the enter method. P<0.05 was
statistically significant.

A post hoc power analysis was conducted to estimate the
statistical power of detecting the observed between-group
difference in TRAb reduction (MMI group: -3.94 + 5.97, MMI
+XKC group: -1.06 + 6.00) under the current sample size. Using a
two-sided independent t-test with a significance level (o) of 0.05
and the actual sample sizes of 32 participants in the XKC+MMI
group and 89 in the MMI group, the achieved power was calculated
as 63.2%. This indicates that the study had not sufficient power
(<80%) to detect a clinically meaningful difference in TRAD levels.

3 Results
3.1 Baseline characteristics

After screening, a total of 1067 GD patients visited outpatient
clinics or were hospitalized, among whom 264 (24.7%) received
treatment with XKC. Excluding patients with missing thyroid
function data and those who were not first-time visitors to the
hospital, a total of 441 patients were enrolled in the study, including
334 (75.7%) females and 107 (24.3%) males. Figure 1 shows the flow
chart of the study. A total of 113 (25.6%) patients received treatment
with the combination of XKC+MMI, and 328 (74.4%) received MML.
The percentage of patients with suppressed sTSH levels below the
normal range was higher in patients treated with XKC+MMI than that
of patients treated with MMI alone (81.4% vs 69.5%, P=0.01) (Table 1).
At baseline, a total of 113 patients received XKC treatment. One month
later, the number decreased to 42, and the number of patients receiving
XKC decreased month by month (Figure 2A). There were 26, 24 and
24 patients who received XKC treatment for a cumulative duration
(discontinuous or continuous) of 1 month, 2 months and 3 months
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FIGURE 1

Screen: GD patients

(n=1067)
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Excluded:
No thyroid function test (n=326)

No thyroid function test at baseline (n=300)

Y

Total included patients

(n=441)
[
' '
XKC+MMI MMI
(n=113) (n=328)
[ |
Excluded:
No thyroid function test in the third month (n=320)
Subgroup: GD with thyroid
function test in the third month
(n=121)
[
¥ )
XKC+MMI MMI
(n=32) (n=89)

The flow chart of the study.

TABLE 1 Baseline characteristics of GD patients (n=441).

TABLE 1 Continued

Variables XKC MMI Variables XKC
+MMI (n=113) (n=328) +MMI (n=113)

Male, n (%) 28 (24.8) 79 (24.1) 0.996 FT4, n (%) 0715
Age, year, mean+SD 38.18+12.07 40.08+13.36 0.258 Normal range 42 (37.2) 117 (35.7)
FT3, pmol/L Below normal 12 (10.6) 43 (13.1)

N (N missing) 109 (4) 320 (8) Above normal 59 (52.2) 168 (51.2)

mean+SD 13.63+12.21 11.76+10.51 0.155 sTSH, ulU/L

Median (Q1, Q3) 8.03 (5.26, 17.64) 7.14 N (N missing) 113 (0) 328 (0)

(4.90, 13.39)
mean+SD 0.61£2.46 1.22+4.92 0.021
FT3, n (%) 0.528
Median (Q1, Q3) 0.005 (0.005, 0.027) 0.005

Normal range 44 (38.9) 142 (43.3) (0.005, 0.829)

Below normal 1(0.01) 5(0.02) sTSH, n (%) 0.010

Above normal 64 (56.6) 173 (52.7) Normal range 19 (16.8) 77 (23.5)

Missing 4(0.4) 8(2.4) Below normal 92 (81.4) 228 (69.5)
FT4, pmol/L Above normal 2 (1.8) 23 (7.0)

N (N missing) 113 (0) 328 (0) TRADb, IU/L

mean+SD 35.39+£29.08 31.94+26.23 0.544 N (N missing) 104 (9) 300 (28)

Median (Q1, Q3) 20.51 (14.57, 45.37) 21.03 mean+SD 15.40+12.03 12.57+11.03 0.037

(14.72, 38.87)
(Continued)
(Continued)
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TABLE 1 Continued

Variables XKC MMI P
+MMI (n=113) (n=328)
Median (Q1, Q3) 11.22 (5.21, 24.81) 8.27
(4.15, 18.29)
TRAD, n (%) 0.326
Normal range 4 (3.5) 23 (7.0)
Above normal 100 (88.5) 277 (84.5)
Missing 9 (8.0) 28 (8.5)
Initial dose of MMI, mg/d, <0.001
n (%)
<20 53 (46.9) 217 (66.2)
>20 60 (53.1) 111 (33.8)

Duration of XKC administration, month, n (%)

1-2 50 (44.2) -
3 24 (21.2) -
4 19 (16.8) -
>5 20 (17.7) -

XKC, Xiakucao Oral Liquid; MMI, Methimazole; sTSH, sensitive thyroid-stimulating
hormone; TRAb, thyroid-stimulating hormone receptor antibody; FT3, free
triiodothyronine; FT4, free thyroxine.

Bold values indicate P<0.05.

respectively. Only 5 patients received XKC treatment for up to 6
months. (Figure 2B). In the XKC+MMI group, only 15 (15/113, 13.3%)
patients continuously received XKC for 3 months.

3.2 The subgroup with thyroid function
tested three months after medication

A total of 121 patients were in the subgroup, including 32
patients (32/121, 26.4%) in the XKC+MMI group and 89 patients
(89/121, 73.6%) in the MMI group (Table 2). The percentage of

3 ©
3 3

Number of patients treated with XKC =~ 2>

o

ililans...

10.3389/fendo.2025.1560262

patients receiving XKC+MMI was significantly higher in the
subgroup with an initial dosage of MMI> 20mg/d than that in
the subgroup with an initial dosage of MMI< 20mg/d (37.1% [23/
62] vs 15.2% [9/59], P=0.006). After three months of treatment, the
STSH levels was improved (Figure 3A, Supplementary Table 1),
while the increase in sTSH levels was greater in the XKC+MMI
group compared to the MMI group (mean + SD: 4.86 + 11.70 vs
1.15 + 5.16, median [95% CI]: 0.026 [0, 2.36] vs 0.005 [0, 0.093],
unadjusted P=0.193), and the decrease in TRAb levels was
significantly greater in the XKC+MMI group compared to the
MMI group (mean * SD: -3.94 + 597 vs -1.06 + 6.00, median
[95% CIJ: -2.66 [-5.19, -1.72] vs -0.945 [-1.48, -0.31], unadjusted
P=0.030) (Figure 3B, Supplementary Table 1).

At baseline, the number of patients with normal sTSH in XKC
+MMI and MMI group were 5 (15.6%) and 14 (15.7%), respectively
(Table 2). After 3 months of treatment, 9 (28.1%) patients in XKC
+MMI group and 32 (36.0%) patients in MMI group had sTSH
within the normal range and there was no statistically significant
difference between groups (P=0.334) (Figure 3A, Supplementary
Table 2). Proportion of the patients within normal range of TRAb,
FT3 and FT4 were all increased at 3 months, while there was no
statistically significant difference in the proportion of patients with
normal FT3 or TRAb between the two groups at 3 months
(Supplementary Table 2).

3.3 Univariate and multivariate regression
analysis of subgroups

Regression analysis model 1 was performed to assess the
association between the use of XKC and the change in sTSH in the
third month. After adjusting for gender, age, baseline FI3, baseline
FT4, baseline sTSH, and baseline TRADb, compared to MMI alone,
treatment with XKC+MMI was found to be independently associated
with an increase in sTSH levels at 3 months (multivariate: 3=3.346,
95% CI: 0.353-6.339, P=0.031) (Table 3); the result of imputed data
showed that XKC+MMI was associated with the increase of sTSH
levels at 3 months (univariate: =3.702, 95% CI: 0.695-6.709,
P=0.017) (Table 3).

20

Number of patients

Month

FIGURE 2

0____HDE

2 3 4 5
Total duration of XKC treatment (months)

The clinical application of XKC (n=441). (A) Number of patients treated with XKC per month after baseline. (B) Cumulative duration of XKC treatment.
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FIGURE 3
(A) time-specific absolute values of thyroid hormone, and (B) changes of thyroid hormones at 3 months from baseline in subgroups (not adjusted

analysis) (n=121, XKC+MMI: 32, MMI:89).

Regression analysis model 2 was used to assessed the levels at 3 months (multivariate: $=4.062, 95% CIL: 0.516-7.608,
association between the duration of XKC treatment and the  P=0.027) (Table 4). And after imputation, the results also
change in sTSH in the third month. After adjusting for gender, = showed that three-month treatment with XKC+MMI was
age, baseline FT3, baseline FT4, baseline sTSH, baseline TRAb, and  independently associated with an increase in sTSH levels at 3
the initial dose of MMI, the three-month treatment with XKC months (multivariate: f=4.144, 95% CI: 0.600-7.688,
+MMI was independently associated with an increase in sTSH  P=0.024) (Table 4).
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TABLE 2 Baseline characteristics of subgroup (n=121).

Variables XKC
+MMI (n=32)
Male, n (%) 8 (25.0) 24 (27.0) >0.999
Age, year, mean+SD 37.88+11.80 38.96+12.46 0.713
FT3, pmol/L
N (N missing) 29 (3) 85 (4)
mean+SD 16.56+14.88 13.71+12.03 0.684
Median (Q1, Q3) 10.07 (5.26, 25.88) 8.29
(5.32, 18.36)
FT3, n (%) 0.359
Normal range 13 (40.6) 32 (36.0)
Below normal 1(L.1)
Above normal 16 (50.0) 52 (58.4)
Missing 3(9.4) 4 (4.5)
FT4, pmol/L
N (N missing) 32 (0) 89 (0)
mean+SD 44.4+35.86 36.95+29.75 0.542
Median (Q1, Q3) 29.65 (14.64, 81.47)  23.68
(16.10, 47.21)
FT4, n (%) 0.949
Normal range 9 (28.1) 26 (29.2)
Below normal 4 (12.5) 10 (11.2)
Above normal 19 (59.4) 53 (59.6)
Missing
sTSH, ulU/L
N (N missing) 32 (0) 89 (0)
mean+SD 0.28+0.68 0.80+2.88 0.370
Median (Q1, Q3) 0.005 (0.005, 0.008) = 0.005
(0.005, 0.019)
STSH, n (%) 0.426
Normal range 5 (15.6) 14 (15.7)
Below normal 27 (84.4) 70 (78.7)
Above normal 0 (0) 5 (5.6)
TRADb, IU/L
N (N missing) 31 (1) 80 (9)
mean+SD 19.47+12.24 13.67+11.46 0.018
Median (Q1, Q3) 17.06 (10.01,29.27) | 10.50
(5.01, 19.45)
TRAD, n (%) 0.070
Normal range 1(3.1) 9 (10.1)
Above normal 30 (93.8) 71 (79.8)
(Continued)
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TABLE 2 Continued

Variables XKC
+MMI (n=32)
Missing 1(3.1) 9 (10.1)
Initial dose of MMI, mg/d, 0.012
n (%)
<20 9 (28.1) 50 (56.2)
>20 23 (71.9) 39 (43.8)

Duration of XKC administration, month, n (%)

1 4 (12.5) -
2 6 (18.8) -
3 22 (68.8) -

XKC, Xiakucao Oral Liquid; MMI, Methimazole; sTSH, sensitive thyroid-stimulating
hormone; TRAb, thyroid-stimulating hormone receptor antibody; FT3, free
triiodothyronine; FT4, free thyroxine.

Bold values indicate P<0.05.

The further interaction analysis conducted to control for
confounding factors revealed that there was no interaction between
the initial dose of MMI and the groups in both the non-imputated and
imputated data (all P>0.05) (Supplementary Table 3).

Regression analysis was conducted with the change in TRAb
levels at 3 months as the outcome. After adjusting for gender, age,
baseline FT3, baseline FT4, baseline sTSH, and baseline TRAD,
compared with MMI alone, treatment with XKC+MMI showed a
trend towards an association with a decrease in TRAb levels at 3
months (univariate: B=-2.888, 95% CI: -5.45-0.326, P=0.029;
multivariate: 3=-2.405, 95% CI: -4.794-0.016, P=0.051) (Table 5).

4 Discussion

Our study found that the XKC combination treatment might
promote early recovery of thyroid function. However, adherence to
and persistence with XKC treatment still need to be improved.

In recent years, the advantages of traditional Chinese medicine
(TCM) in the treatment of thyroid diseases have drawn attention.
Many studies have demonstrated that the integration of TCM with
western medical treatments for hyperthyroidism offers several
advantages, such as shortening the course of treatment, reducing
thyroid volume, alleviating symptoms, and reducing adverse
reactions (1). Hyperthyroidism falls into the categories of “Ying
Disease” and “Ying Qi” in TCM. XKC, which is characterized by its
cold nature and bitter, pungent taste, is known for its effects of
detoxify the liver and improve vision or eye health, dispersing liver
dampness and alleviating depression, and dissipating phlegm and
resolving masses. It is often used in clinical practice to treat scrofula,
goiter, breast abscesses, swelling and pain, etc. Pharmacological
studies have confirmed that XKC possesses significant benefits in
terms of anti-inflammation, detumescence, antibacterial and
immune regulation (32). The study found that Prunella vulgaris
polysaccharide, one of the main active ingredients of XKC, can
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TABLE 3 Model 1: linear Regression models forassociated factors between sTSH CFB at 3 months in subgroup.

Non-imputed data

Univariate analysis

Multivariate analysis

Imputed data

Univariate analysis Multivariate analysis

Characteristics B (95% CI) P B (95% ClI) p* B (95% ClI) P B (95% ClI) p*
Male 0.068 (-3.011, 3.147) 0.966 0.147 (-2.832, 3.126) 0.923 0.068 (-3.011, 3.147) 0.966 -0.196 (-3.142, 2.75) 0.896
Age -0.066 (-0.176, 0.044) 0.245 -0.054 (-0.168, 0.06) 0.357 -0.066 (-0.176, 0.044) 0.245 -0.062 (-0.174, 0.05) 0.275
FT3
Normal range (Referent)
Below normal 1.91 (-12.59, 16.41) 0.797 1.494 (-13.553, 16.541) 0.846 1.91 (-12.782, 16.602) 0.799 1.35 (-13.666, 16.366) 0.86
Above normal 3.331 (0.575, 6.087) 0.019 1.121 (-3.344, 5.586) 0.624 3.884 (1.144, 6.624) 0.006 1.081 (-3.48, 5.642) 0.643
Missing 9.251 (3.424, 15.078) 0.002 5.998 (-1.103, 13.099) 0.101
FT4
Normal range (Referent)
Below normal 1.582 (-2.985, 6.149) 0.499 2.362 (-2.395, 7.119) 0.333 1.582 (-2.985, 6.149) 0.499 2.335 (-2.389, 7.059) 0.335
Above normal 4.504 (1.529, 7.479) 0.004 2.681 (-1.921, 7.283) 0.256 4.504 (1.529, 7.479) 0.004 2.445 (-2.175, 7.065) 0.302
sTSH
Normal range (Referent)
Below normal 2.782 (-0.815, 6.379) 0.132 | 0.901 (-3.687, 5.489) 0701 | 2.782 (-0.815, 6.379) 0.132 | -0.14 (-4.746, 4.466) 0.953
Above normal -7.644 (-14.849, -0.439) | 0.04 -6.632 (-14.015, 0.751) 0.081 -7.644 (-14.849, -0.439) | 0.04 -6.712 (-14.058, 0.634) 0.076
TRAb
Normal range (Referent)
Above normal 1.01 (-3.957, 5.977) 0.691 -3.185 (-8.361, 1.991) 0.23 1.048 (-3.491, 5.587) 1.048 -3.476 (-8.276, 1.324) 0.159
Missing 1.663 (-5.038, 8.364) 0.628 -1.655 (-8.548, 5.238) 0.639
XKC+MMI vs MMI 3.702 (0.695, 6.709) 0.017 3.346 (0.353, 6.339) 0.031 3.702 (0.695, 6.709) 0.017 2.828 (-0.251, 5.907) 0.075

CFB, change from baseline; XKC, Xiakucao Oral Liquid; MMI, Methimazole; sTSH, sensitive thyroid-stimulating hormone; TRAb, thyroid-stimulating hormone receptor antibody; FT3, free

triiodothyronine; FT4, free thyroxine.
*, P value for adjusted analysis.
Bold values indicate P<0.05.

ameliorate the symptoms and thyroid function in a mouse model of
GD mice. This improvement is potentially attributable to inhibitory
effects on the phosphorylation of Raf, MEK1/2 and ERK1/2, as well
as its regulatory role in Ras/Raf/mitogen-activated protein kinase/
ERK signaling pathway. Additionally, it downregulates the
expression of cytokines, including interferon 7y, IL-6, IL-17 and
TGF-B1 (33). A meta-analysis encompassing 8 randomized
controlled studies with a total of 800 patients demonstrated that
the combination of XKC and conventional Western medicine
treatment could enhance clinical outcomes for hyperthyroidism
compared with Western medicine. This combination therapy was
found to improve clinical efficacy, reduce the levels of FT3, FT4 and
TRAb, reduce the volume of goiter, and increase the level of
TSH (34). However, the findings from this single-center study
showed that the clinical application of XKC was insufficient, and
only about 25% of GD patients were treated with XKC. It is
necessary to further improve the popularization of XKC
application in clinical practice and to fully exploit the advantages
of TCM in the treatment of GD.

Frontiers in Endocrinology 08

TCM treatment for GD emphasizes “syndrome differentiation and
treatment”, which advocates for personalized treatment tailored to the
specific symptoms, constitutions and causes of patients. The duration
of the treatment course and the consistency of medication adherence
play a crucial role in patient recovery and return to a state of good
health. The etiology of GD can be attributed to several aspects,
including congenital endowment deficiency, acquired emotional
damage, and external pathogen invasion, all of which lead to the
imbalance of yin and yang, qi and blood, as well as the dysfunction of
zang-fu organs (35). At different stages of the disease course, the focus
of syndrome differentiation and treatment is also different. At the early
stage of the disease, i stagnation transforming into fire and giving rise
to phlegm is the main manifestation. In the middle stage, both
deficiency and excess syndromes are present, and equal importance
is attached to phlegm stasis and yin deficiency. In the later stage, qi and
yin deficiency is predominant, accompanied by the obstruction of
phlegm and stasis (36). The treatment process usually requires long-
term, continuous and stable medication in order to gradually adjust the
balance of the body. However, the results of this single-center study
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TABLE 4 Model 2: linear Regression models forassociated factors between sTSH CFB at 3 months in subgroup.

Non-imputed data Imputed data

Univariate analysis

B (95% Cl) P

Multivariate analysis

B (95% ClI) p*

Univariate analysis

B (95% Cl) P

Multivariate analysis

Characteristics B (95% CI) p*

Male 0.068 (-3.011, 3.147) 0.966 | 0.209 (-2.792, 3.21) 0.892  0.068 (-3.011, 3.147) 0.966 = 0.004 (-2.985, 2.993) 0.998
Age -0.066 (-0.176, 0.044) 0.245 = -0.048 (-0.162, 0.066) 0.404  -0.066 (-0.176, 0.044) 0.245 = -0.064 (-0.176, 0.048) 0.267
FT3
Normal range (Referent)
Below normal 1.91 (-12.59, 16.41) 0.797 | 0.973 (-13.992, 15.938) 0.899  1.91 (-12.782, 16.602) 0.799 = 0.974 (-14.065, 16.013) = 0.899
Above normal 3.331 (0.575, 6.087) 0.019  0.352 (-4.138, 4.842) 0.878  3.884 (1.144, 6.624) 0.006  0.822 (-3.747, 5.391) 0.725
Missing 9.251 (3.424, 15.078) 0.002 5258 (-1.888, 12.404)  0.152
FT4
Normal range (Referent)
Below normal 1.582 (-2.985, 6.149) 0.499 | 2.648 (-2.144, 7.44) 0.281 1.582 (-2.985, 6.149) 0.499 = 2.544 (-2.244, 7.332) 0.3
Above normal 4.504 (1.529, 7.479) 0.004 2.214 (-2.384, 6.812) 0.347  4.504 (1.529, 7.479) 0.004  2.412 (-2.208, 7.032) 0.308
sTSH
Normal range (Referent)
Below normal 2.782 (-0.815, 6.379) 0.132 | 0.299 (-4.458, 5.056) 0902 | 2.782 (-0.815, 6.379) 0132 0.025 (-4.65, 4.7) 0.992
Above normal -7.644 (-14.849, -0.439) | 0.04 -7.154 (-14.529, 0.221) 0.06 -7.644 (-14.849, -0.439) = 0.04 -6.855 (-14.227, 0.517) 0.071
TRAb
Normal range (Referent)
Above normal 1.01 (-3.957, 5.977) 0.691 = -3.388 (-8.572, 1.796) 0.203  1.048 (-3.491, 5.587) 1.048  -3.153 (-7.969, 1.663) 0.202
Missing 1.663 (-5.038, 8.364) 0.628 = -2.141 (-9.025, 4.743) 0.543
Initial dose of MMI
<20 (Referent)
>20 4.603 (2.016, 7.19) 0.001 = 2.21 (-1.108, 5.528) 0.195 = 4.603 (2.016, 7.19) 0.001 = 2.487 (-0.855, 5.829) 0.148
Treatment
MMI alone (Referent)
MMI+XKC for 1 month 0.558 (-6.831, 7.947) 0.883 | -0.272 (-7.698, 7.154) 0.943  0.558 (-6.831, 7.947) 0.883 | 0.628 (-6.728, 7.984) 0.867
MMI+XKC for 2 months | -0.665 (-6.763, 5.433) 0.831 = -0.349 (-6.541, 5.843) 0912 -0.665 (-6.763, 5.433) 0.831 | -0.4 (-6.605, 5.805) 0.9
MMI+XKC for 3 months | 5.465 (2.023, 8.907) 0.002  4.062 (0.516, 7.608) 0.027  5.465 (2.023, 8.907) 0.002  4.144 (0.600, 7.688) 0.024

CFB, change from baseline; XKC, Xiakucao Oral Liquid; MMI, Methimazole; sTSH, sensitive thyroid-stimulating hormone; TRAb, thyroid-stimulating hormone receptor antibody; FT3, free
triiodothyronine; FT4, free thyroxine.

*, P value for adjusted analysis.

Bold values indicate P<0.05.

showed that the clinical compliance with continuous medication for
XKC was rather poor and only 13.3% of the patients were treated with
XKC continuously for 3 months. If GD patients could receive long-
term, continuous, and stable combined treatment with XKC, it might
have a more favorable impact on the treatment outcome.

This study found that the percentage of patients receiving XKC
+MMI was significantly higher in patients with an initial dosage of
MMI>20mg/d than those with an initial dosage of MMI<20mg/d
(35.1% vs 19.6%, P<0.001). The initial dose of MMI is generally 10-30

Frontiers in Endocrinology

mg/d. However, for patients with severe symptoms and significant
elevation in thyroid hormones levels, a higher dose of MMI is required
(2). However, the higher the dose of MMI is, the more likely it will
cause adverse reactions such as skin problems (37), agranulocytosis
(38, 39), and severe liver injury (40). A study involving 100 GD
patients showed that XKC+MMI and MMI treatment alone for 1 year
(initial dose of MMI was 30-45 mg) resulted in different degrees of
adverse reactions, mainly involving leukopenia, abnormal liver
function, and secondary hypothyroidism caused by long-term use of
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TABLE 5 Linear Regression models forassociated factors between TRAb CFB at 3 months in subgroup.

Univariate analysis

Characteristics

Multivariate analysis

B (95% CI) P B (95% CI) p

Male 0.5 (-2.15, 3.15) 0.712 0.722 (-1.671, 3.115) 0.556
Age 0.104 (0.004, 0.204) 0.044 0.094 (-0.004, 0.192) 0.065
FT3

Normal (Referent)

Below normal -2.123 (-13.781, 9.535) 0.722 -4.641 (-16.093, 6.811) 0.429

Above normal -2.467 (-4.835, -0.099) 0.044 -2.492 (-6.2, 1.216) 0.191

Missing -7.962 (-13.003, -2.921) 0.003 -6.533 (-12.423, -0.643) 0.032
FT4

Normal (Referent)

Below normal -0.832 (-4.889, 3.225) 0.689 -0.226 (-4.144, 3.692) 091

Above normal -1.603 (-4.22, 1.014) 0.233 3.115 (-0.678, 6.908) 0.111
sTSH

Normal (Referent)

Below normal -6.005 (-8.921, -3.089) <0.001 -5.72 (-9.334, -2.106) 0.003

Above normal -3.932 (-9.596, 1.732) 0.177 -6.151 (-11.762, -0.54) 0.034
TRAb

Normal (Referent)

Above normal -5.662 (-9.504, -1.82) 0.005 -2.62 (-6.556, 1.316) 0.195
XKC+MMI vs MMI -2.888 (-5.45, -0.326) 0.029 -2.405 (-4.794, -0.016) 0.051

CFB, change from baseline; XKC, Xiakucao Oral Liquid; MMI, Methimazole; sTSH, sensitive thyroid-stimulating hormone; TRAb, thyroid-stimulating hormone receptor antibody; FT3, free

triiodothyronine; FT4, free thyroxine.
Bold values indicate P<0.05.

MMI. However, the incidence of the above adverse reactions was
significantly lower in the XKC+MMI group compared to the group
with MMI alone (6% vs 36%, P<0.01) (23). Therefore, we hypothesize
that for patients with a relatively high initial dose of MMI, the more
use of XKC+MMI treatment is related to the fact that the combination
of TCM with MMI can alleviate relevant adverse reactions. In
addition, this study found that the percentage of patients with
suppressed sTSH levels, below the normal range, was higher in
patients treated with XKC+MMI than in those with MMI alone
(81.4% vs 69.5%, P=0.01). The lower the initial test results of sTSH,
the more serious is the disease. The XKC+MMI combination may
exert a synergistic effect on the improvement of FI3, FT4, TSH and
TRAD levels in the treatment of GD (1), which may explain why
patients with low initial test results of sSTSH are more likely to receive
XKC+MMI treatment. More studies are needed to confirm the
above speculation.

This study explored the association between the treatment of
XKC+MMI and the early recovery of thyroid function in GD
patients. It was found that the XKC+MMI regimen was superior to
MMI alone in increasing the sSTSH levels at 3 months, especially when
XKC+MMI was used in combination for 3 months. In addition, XKC

Frontiers in Endocrinology

+MMI tended to be superior to MMI alone in reducing TRAD levels
at 3 months. Consistent with these results, previous studies have also
suggested that the use of XKC+MMI in the treatment of GD can
promote the early improvement of thyroid function. A randomized
controlled trial involving 120 patients with GD found that XKC
+MMI treatment could improve early thyroid function compared to
MMI alone. This was evidenced by a significant increase in TSH
levels during the first and second months (0.11 + 0.09 vs 0.18 + 0.10,
P<0.05; 0.20 + 0.13 vs 0.31 + 0.22, P<0.05) and a decrease in FT3 and
FT4 levels during the same periods (9.03 + 3.47 vs 7.17 + 2.85, P<0.05;
7.22 £ 1.83 vs 597 + 1.26, P<0.05; 30.26 + 7.49 vs 24.61 * 5.82,
P<0.05; 20.17 + 6.02 vs 17.75 + 5.23, P<0.05) (24). In addition, when
XKC was integrated with conventional Western medicine treatment
regimens (propylthiouracil and MMI) for 12 weeks, it was beneficial
in improving the clinical symptoms and signs of GD patients and
reducing the size of goiter, which may be related to the reduction in
TRAD levels (41). Further large-scale, prospective studies are needed
to verify the findings of this study in the future.

In subgroup analysis, although the change of sTSH was higher in
XKC+MMI group, there was no significant difference in the
proportion of patients with normal sTSH and TRAb between two
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groups. The lack of statistical significance in euthyroid rates between
groups may stem from sample size limitation and poor compliance of
treatment, approximately one-third of the patients did not receive
continuous treatment with XKC. Previous randomized trials have
demonstrated that combining XKC with MMI achieves significant
improvements of thyroid hormone level in GD patients within 3
months (24, 41).These findings align with our results, where XKC
+MMI showed a clinically meaningful (albeit non-significant) trend
toward TRADb reduction and significant sTSH elevation at 3 months.
The lack of statistical significance in TRAb reduction may reflect
suboptimal adherence to XKC.

This study has the some limitations. First, retrospective analysis
of real-world data and missing data can lead to potential selection
bias. As a retrospective analysis of real-world clinical practice data,
this study is susceptible to selection bias, particularly in patient
enrollment and treatment allocation. To mitigate this risk, we
included all consecutive patients meeting the inclusion/exclusion
criteria and employed multiple imputation to address missing data.
These strategies aimed to enhance representativeness and reduce
bias. However, residual confounding from unmeasured variables
may persist, a limitation inherent to observational studies. Second,
the small sample size might lead to sampling error and limited
statistical power. The relatively small sample size, especially in
subgroup analyses (e.g., XKC+MMI vs. MMI subgroups), may
introduce sampling error and reduce statistical power. Notably,
the subgroup proportions (1:3 for XKC+MMI: MMI) aligned with
the initial screening population, reflecting real-world clinical
distributions. A post hoc power analysis based on TRAb reduction
revealed suboptimal power, underscoring the need for larger
cohorts in future studies. We plan to expand recruitment to
validate findings and improve precision. Third, the missing data
might cause bias. Missing data, particularly in laboratory
parameters, were inevitable in real-world settings. To address this,
we applied multiple imputation using chained equations (MICE)
and performed sensitivity analyses comparing imputed and
complete-case datasets. The consistency in effect estimates (e.g.,
XKC+MMI association with sTSH reduction) across both datasets
supports the robustness of our primary conclusions. Forth,
confounding bias caused by heterogeneity in baseline disease
severity. Baseline differences in disease severity could confound
outcomes. To evaluate this, we tested interaction terms between
treatment group and MMI initial dose (a proxy for disease severity).
The absence of significant interaction effects suggests that disease
severity did not modify the treatment effect. Nonetheless, residual
confounding from unmeasured severity indicators (e.g., thyroid
volume) cannot be fully excluded. Fifth, 3-month XKC+MMI
treatment might not enough to normalize thyroid functions.
While 3-month XKC+MMI therapy did not fully restore
euthyroidism, its superiority in sTSH improvement underscores
its potential as an adjunctive strategy. Enhancing adherence
through targeted interventions could unlock greater clinical
benefits, warranting further investigation in pragmatic trials. In
the future, a prospective cohort study with a large sample size will
be conducted to further explore the impact of long-term, regular use
of XKC in the treatment of GD on prognosis.
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5 Conclusion

In clinical practice, approximately one-quarter of GD patients
receive combination treatment with XKC, and only a small number
of patients are able to continue taking it for more than two months.
GD patients with a higher initial dose of MMI and a lower initial
sTSH level are more likely to receive combination treatment of XKC
+MMI. The clinical application and patient compliance of XKC
need to be improved to make full use of its advantages. This study
explored the association between the treatment of XKC+MMI and
the early recovery of thyroid function in GD patients. The results
indicate that the a three-month treatment of MMI+XKC is an
independent factor for the increase in sTSH levels at 3 months. XKC
+MMI treatment appears to promote the early improvement of
thyroid function in GD patients. Further large-scale, prospective
studies are needed for in-depth exploration.
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