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Objective: To compare postoperative anxiety in childbearing-age women with PTMC undergoing traditional surgery and thermal
ablation, and identify influencing factors.

Methods: This retrospective cohort study included 118 women of childbearing age who underwent surgery for papillary thyroid
microcarcinoma (PTMC) between January and December 2023. Postoperative anxiety symptoms and their influencing factors were
prospectively assessed during follow-up visits using standardized questionnaires: the Fear of Progression Questionnaire-Short Form
(FoP-Q-SF), the Self-Rating Anxiety Scale (SAS), the Thyroid Cancer-Specific Health-Related Quality of Life Questionnaire
(THYCA-QoL), and the Reproductive Health Literacy Scale. Demographic characteristics and clinical data were analyzed using
univariate analysis and multiple linear regression models to identify risk factors.

Results: Postoperative anxiety was significantly associated with long-term levothyroxine use ($=0.405, p=0.011) and surgical
approach. Traditional surgery patients demonstrate higher physical health (2.50 vs 1.50, p<0.001) and social/family scores (2.17 vs
1.50, p<0.001) than the ablation group parallels greater levothyroxine dependency (89.4% vs 15.2%, p<0.001). Symptom-anxiety
correlations differed between groups: traditional surgery was associated with multidimensional drivers (voice changes 1=0.572, weight
gain r=0.488), whereas thermal ablation primarily correlated with transient voice changes (r=0.507).

Conclusion: The multidimensional anxiety after traditional surgery originates from thyroid dysfunction and complications, whereas
thermal ablation is associated with a lower psychological burden with manageable short-term symptoms. Treatment selection should
be individualized prioritizing reproductive timelines and individualized risk-benefit profiles.

Keywords: papillary thyroid microcarcinoma, thermal ablation, thyroidectomy, women of childbearing age, postoperative anxiety,
psychological health

Introduction
Papillary thyroid microcarcinoma (PTMC) now represents over 60% of thyroid malignancies diagnosed in reproductive-
age women across East Asia, with incidence peaking at ages 30-39 years." This epidemiological shift, driven by
widespread high-resolution ultrasound screening, has created new therapeutic dilemmas.” While fine-needle aspiration
cytology delivers >90% diagnostic accuracy for nodules >5 mm,® management consensus remains elusive for low-risk
PTMC (unifocal, <1 cm, no extrathyroidal extension). The 2015 American Thyroid Association guidelines endorse active
surveillance for very low-risk tumors,* yet contemporary data show 68-92% of Asian patients elect immediate inter-
vention due to malignancy-associated psychological distress.’ This preference is particularly pronounced in childbearing-
age women, where treatment decisions critically intersect with reproductive timelines.’

Two fundamentally divergent approaches dominate clinical practice: Traditional surgery (lobectomy/total thyroidectomy)
provides definitive oncologic control but necessitates >12-month pregnancy delay and lifelong levothyroxine supplementa-
tion, carrying 15-30% risk of permanent complications including hypoparathyroidism and recurrent laryngeal nerve injury.’
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In recent years, ultrasound-guided thermal ablation techniques have emerged as alternative treatments for low-risk PTMC
because of their minimally invasive nature and ability to preserve thyroid function®® and permits conception within 3
months,'® yet level-I evidence beyond 10-year follow-up remains limited. Crucially, the psychological trade-offs between
these modalities are poorly characterized. Surgery’s physical morbidity may amplify fertility-related anxiety via body image
alterations and medication dependency,'’ whereas ablation’s minimal invasiveness could mitigate such distress—though no
studies have directly compared their multidimensional psychological impacts in this population.'?

Motivated by this clinical uncertainty, our study was designed to directly compare the psychological ramifications of
traditional surgery versus thermal ablation in childbearing-age women with PTMC. We sought to determine whether the
minimally invasive nature of ablation translates into superior mental wellbeing by assessing anxiety across physical and
social domains, while concurrently identifying treatment-specific distress triggers—such as medication dependency in
surgical patients or transient nerve symptoms in ablation recipients. Crucially, by integrating these psychological profiles
with oncologic outcomes, we aimed to develop individualized decision pathways that optimize both cancer control and

reproductive timelines for women prioritizing pregnancy.

Materials and Methods

General Information

Female patients who underwent surgery for papillary thyroid carcinoma during the preconception period between
January 2023 and December 2023 were selected as study subjects. The inclusion criteria were as follows: (1) Women
of childbearing age (18—45 years) with postoperative pathological confirmation of papillary thyroid microcarcinoma
(PTMC, diameter <1 cm); (2) no history of other malignancies or major surgeries, and currently in the preconception
period (defined in this study as planning to conceive within 6 months); and (3) treated with either ultrasound-guided
thermal ablation or traditional thyroidectomy (lobectomy/total thyroidectomy). The exclusion criteria were as follows:
(1) postoperative pathology indicating non-PTMC (eg, tall cell variant, solid variant, diffuse sclerosing variant, etc); (2)
presence of cervical lymph node or distant metastasis (cN1/M1); and (3) history of psychiatric disorders or commu-
nication difficulties (eg, language comprehension issues, cognitive deficits); (4) uncontrolled hypertension or poorly
managed diabetes before surgery; (5) other underlying diseases that may significantly affect the study results, such as

severe cardiovascular diseases, chronic kidney disease, or autoimmune diseases.

Methods

Sample Size Calculation

Sample size was calculated based on the FoP-Q-SF physical health score difference observed in pilot data (median
difference=1.0, pooled SD=1.25, d=0.8). Using G*Power 3.1'* for independent #-test with a=0.05 and power=0.9, 52
patients per group were required. With an anticipated 20% attrition, we planned to recruit 130 patients but ultimately
enrolled 118 due to lower-than-expected dropout (9.2%).

Research Tools and Data Collection

Using a cross-sectional survey design, data were collected through an electronic questionnaire platform (Questionnaire
Star). The research tools included the following standardized scales:'? Self-Rating Anxiety Scale (SAS) assessing
generalized anxiety levels (eg, tension, insomnia), rating 20 items on a 1-4 scale with a total score >50 indicating
anxiety symptoms (SAS Scoring Methods; Supplementary Table S1); Thyroid Cancer-Specific Health-Related Quality of

Life Questionnaire (THYCA-QoL) including 24 items quantifying the impact of postoperative symptoms (eg, hoarseness,
weight changes) on quality of life, with higher scores indicating greater symptom burden (Supplementary Table S2); Fear

of Progression Questionnaire-Short Form (FoP-Q-SF), covering two dimensions (12 items) —physical health and social/
family life, with higher scores indicating greater fear of disease recurrence (Supplementary Table S3); and the

Reproductive Health Literacy Scale, including 25 items assessing fertility-related knowledge, medical resource utiliza-

tion ability, and awareness of pregnancy timing'* (Supplementary Table S4).
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Quality Control Measures

Questionnaire distribution and collection: All questionnaires were distributed by the researchers during outpatient follow-up
visits, with standardized instructions provided to avoid interpretation bias due to third-party involvement. The questionnaire
completion process was supervised to ensure that patients completed it independently without external interference.

The scales used in this study were as follows: the Fear of Progression Questionnaire-Short Form (FoP-Q-SF), the
Thyroid Cancer-specific Quality of Life Questionnaire (THYCA-QoL), and the Self-Rating Anxiety Scale (SAS). These
are standardized scales that have been published and are widely used both domestically and internationally. Additionally,
to assess reproductive health literacy among women in the preconception period, we self-developed the Reproductive
Literacy Scale (Preconception Women’s Reproductive Health Literacy Questionnaire) and conducted reliability and
validity verification. Internal consistency was assessed using Cronbach’s a coefficient, with all scales reaching acceptable
levels of >0.70 (SAS (0=0.933), THYCA-QoL (¢=0.892), FoP-Q-SF (0=0.933), and the Reproductive Health Literacy
Scale (0=0.746)); structural validity was verified via principal component analysis (PCA), with all scales” KMO values
>0.80 (SAS=0.858, THYCA-QoL=0.863, FoP-Q-SF=0.889, Reproductive Health Literacy Scale=0.834); Bartlett’s
sphericity test P<0.001; and cumulative variance contribution rate >65%, indicating suitability for factor analysis.

Statistical Methods

SPSS 26.0 was used for data analysis via the following process. First, the Shapiro—Wilk test was used to assess the
normality of continuous variables. Variables with a normal distribution are expressed as the mean + standard deviation,
whereas nonnormally distributed variables are expressed as the median (interquartile range) [M (Q1, Q3)]. Intergroup
comparisons were selected based on data type and group number: the Mann—Whitney U-test for two groups and the
Kruskal-Wallis H-test for multiple groups, with Bonferroni correction for multiple comparisons if significant differences
were found. To screen for factors influencing postoperative anxiety (physical health and social/family dimensions), a two-
stage analysis strategy was adopted: (1) Univariate preliminary screening: potential related variables were included with
a lenient threshold (P<0.1), including demographic characteristics (age, body mass index [BMI], education level, employ-
ment status, comorbidities, payment method, residence, family history of thyroid nodules, menstrual status, parity) and
clinical indicators (surgical method, duration of levothyroxine use). (2) multivariate modelling: stepwise multiple linear
regression (stepwise method) was used to construct the final model, with variable entry criteria of P<0.05 and removal
criteria of P>0.1, including the THYCA-QoL symptom domains: sympathetic symptoms, voice changes, weight gain, and
oral cavity/throat problems. Standardized regression coefficients (), 95% confidence intervals (95% CI), and variance
inflation factors (VIFs) were calculated to assess multicollinearity (VIF>5 indicating significant collinearity). Correlation
analysis was performed using Spearman’s rank correlation coefficient (r), with a two-tailed P<0.01 indicating significance
(to reduce Type I error risk). All tests were two-tailed, with P<0.05 considered statistically significant.

Definition of Key Variables
Long-term levothyroxine use: Defined as daily supplementation for >6 months postoperatively (binary: yes/no), based on
electronic medical records. Levothyroxine use was analyzed as a binary exposure (long-term use yes/no), consistent with
its clinical relevance to anxiety in this cohort.

Complications: Assessed via patient-reported outcomes (THYCA-QoL) and clinical documentation; mortality was not
evaluated given negligible risk in low-risk PTMC.*

Results

This study included a total of 118 patients: 66 in the conventional surgery group and 52 in the thermal ablation group.
There were no statistically significant differences between the two groups in demographic characteristics (all P > 0.05),
indicating comparable baseline profiles (Table 1). To address our primary objective of comparing postoperative anxiety
between surgical approaches and identifying influencing factors, we performed the following analyses: First, univariate
and multivariate analyses were conducted to identify factors associated with anxiety scores; Second, we examined
procedure-specific symptom-anxiety correlations.
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Table | Baseline Characteristics of Patients

Characteristic Conventional Surgery (n=66) Thermal Ablation (n=52) P-value
Demographic Data
Age (years), Median (IQR) 33 (29, 38) 32 (30, 35) 0.257
BMI (kg/m?), Median (IQR) 21.95 (19.82, 24.56) 22.85 (20.33, 24.57) 0.429
Education Level, n (%) 0.126
Junior High School 0 (0) 3 (5.8)
High School 35 (53.0) 32 (61.5)
Bachelor’s Degree 28 (42.4) 15 (28.8)
Postgraduate 3 (4.5) 2 (3.8)
Employment Status, n (%) 0.576
Unemployed 9 (13.6) 5 (9.6)
Employed 57 (86.4) 47 (90.4)
Residence, n (%) 0.392
Urban 60 (90.9) 44 (84.6)
Rural 6 (9.1) 8 (15.4)
Health Insurance, n (%) 0.665
Social Basic Medical Insurance 57 (86.4) 47 (90.4)
Commerecial Insurance 2 (3.0) 2 (3.8)
Self-pay 7 (10.6) 3 (5.8)
Clinical Data
Comorbidity, n (%) 0.748
No 61 (92.4) 47 (90.4)
Yes 5(7.6) 5(9.6)
Menstrual Status, n (%) 0.399
Regular 47 (71.2) 41 (78.8)
Irregular 19 (28.8) I (21.2)
Smoking, n (%) 1.000
Never 64 (97.0) 51 (98.1)
Occasionally 1 (1.5) 1 (1.9)
Frequently 1 (1.5) 0 (0)
Alcohol Consumption, n (%) 0.922
Never 43 (65.2) 35 (67.3)
Occasionally 22 (33.3) 16 (30.8)
Frequently 1 (1.5) 1 (1.9)
Family History of Thyroid Nodules, n (%) 0.637
None 44 (66.7) 38 (73.1)
Benign 20 (30.3) 12 (23.1)
Malignant 2 (3.0 2 (3.8)
Childbearing Status, n (%) 1.000
No Children 29 (43.9) 22 (42.3)
Has Children 37 (56.1) 30 (57.7)
Preoperative Thyroid Indices
FT3 (pmol/L), Median (IQR) 3.12 (293, 3.26) 3.19 (3.03, 3.34) 0.174
FT4 (pmol/L), Median (IQR) 1.25 (1.19, 1.35) 1.24 (1.11, 1.35) 0.479
TSH (WlU/mL), Median (IQR) 1.73 (1.19, 2.51) 2,01 (1.32,2.97) 0.343
Tumor Characteristics
Maximum Diameter (cm), Median (IQR) 0.78 (0.62, 0.89) 0.70 (0.57, 0.85) 0.218
Volume (cm?), Median (IQR) 0.1258 (0.0718, 0.1765) 0.1058 (0.0623, 0.1609) 0.297

Notes: Continuous variables are presented as median (interquartile range) and compared using Mann—Whitney U-test; categorical variables are presented
as number (%) and compared using chi-square or Fisher’s exact test. P-values <0.05.
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Different Effects of Surgical Methods on Anxiety Symptoms

Building on the baseline comparability, we next analyzed the determinants of postoperative anxiety. Univariate analysis

identified long-term levothyroxine use and surgical method as significant factors associated with anxiety symptoms in

women of childbearing age with PTMC. Compared with the traditional surgery group, the thermal ablation group had

significantly lower physical health scores (2.50 vs 1.50, P<0.001), with a similar trend in social/family scores (2.17 vs

1.50, P<0.001); patients with long-term levothyroxine use had significantly higher anxiety scores in both physical health
(2.33 vs 1.67, P<0.001) and social/family dimensions (2.17 vs 1.50, P<0.001) (Table 2). Multivariate regression models
further confirmed that traditional surgery (p=—0.916, 95% CI: —1.22~-0.61, P<0.001) and levothyroxine dependency
(B=0.405, 95% CI: 0.10~0.71, P=0.011) were independent predictors of physical health scores, but neither had
a significant effect on social/family scores (P>0.05) (Table 3).

Table 2 Univariate Analysis of Anxiety Scores in Women Planning for Pregnancy After PTMC Surgery: Demographic Characteristics

and Clinical Variables

Variable Category n Physical Health MD (95% CI) Cohen’s d p-value Social-Family Score MD (95% CI) Cohen’s d p-value
Score Median (IQR) Median (IQR)

Surgical Approach Traditional 66 2.50 (2.00, 3.33) Ref Ref <0.001 2.17 (1.96, 3.00) Ref Ref <0.001
Thermal Ablation 52 1.50 (1.17, 1.96) —1.00 (-1.28, -0.72) 0.89 1.50 (1.17, 1.83) —0.67 (-0.94, —0.40) 0.75

Levothyroxine Use Yes 69 2.33(1.83,3.17) Ref Ref <0.001 2.17 (1.75, 3.00) Ref Ref <0.001
No 49 1.67 (1.17, 2.25) —0.66 (—0.98, —0.34) 0.58 1.50 (1.17, 2.08) —0.67 (~1.00, —0.34) 0.58

Menstrual Status Regular 88 2.00 (1.33, 2.50) Ref Ref 0.009 1.83 (1.50, 2.33) Ref Ref 0.125
Irregular 30 2.67 (1.67, 3.67) 0.67 (0.17, 1.17) 0.42 2.33 (1.45, 3.00) 0.50 (-0.14, 1.14) 031

Age (years) 235 46 2.08 (1.58, 3.04) Ref Ref 0334 2.08 (1.46, 2.88) Ref Ref 0.383
<35 72 2.00 (1.50, 2.67) —0.08 (-0.50, 0.34) 0.06 1.92 (1.50, 2.46) —0.16 (-0.60, 0.28) 0.12

BMI (kg/m?) 225 27 2.17 (1.67, 3.17) Ref Ref 0232 2.17 (1.83, 2.50) Ref Ref 0.138
<25 91 2.00 (1.50, 2.67) —0.17 (-0.67, 0.33) 0.13 1.83 (1.33, 2.67) —0.34 (-0.84, 0.16) 025

Education Level Junior High 5 2.00 (1.08, 4.00) 0.381 2.17 (1.33, 3.83) - 0389
High School 35 1.67 (1.00, 1.67) 1.83 (1.00, 3.00)
Bachelor’s 43 2.00 (1.67, 2.50) 1.83 (1.33, 2.17)
Postgraduate 35 2.00 (1.50, 3.00) 2.17 (150, 3.00)

Employment Employed 104 2.00 (1.50, 2.79) Ref Ref 0.891 1.92 (1.38, 2.63) Ref Ref 0.496
Unemployed 14 2.00 (1.13, 3.04) 0.00 (-0.82, 0.82) 0.00 2.00 (1.50, 3.08) 0.08 (0.74, 0.90) 0.07

Residence Urban 104 2.00 (1.50, 2.83) Ref Ref 0.777 1.83 (1.38, 2.63) Ref Ref 0323
Rural 14 2.17 (1.54, 2.63) 0.17 (-0.62, 0.96) 0.15 2.08 (1.63,2.71) 0.25 (-0.54, 1.04) 022

Family History None 82 2.00 (1.50, 2.88) Ref Ref 0.730 2.00 (1.50, 2.67) Ref Ref 0.802
Benign 32 1.92 (1.38, 2.67) —0.08 (—0.65, 0.49) 0.07 1.92 (1.33, 2.63) —0.08 (-0.65, 0.49) 0.07
Malignant 4 1.67 (1.04, 3.29) ~0.33 (-1.79, 1.13) 030 1.67 (1.04, 3.67) ~0.33 (-1.79, 1.13) 0.30

Parity Nulliparous 51 2.00 (1.50, 2.67) Ref Ref 0533 1.83 (1.33, 2.33) Ref Ref 0.257
Parous 67 2.00 (1.67, 3.00) 0.00 (0.35, 0.35) 0.00 2.00 (1.50, 2.67) 0.17 (-0.18, 0.52) 0.12

Notes: This table shows the results of univariate analysis for anxiety scores in women of childbearing age with PTMC, highlighting significant associations with long-term
levothyroxine use and surgical method. Bold font indicates statistical significance (p < 0.05). MD = Median Difference (Hodges-Lehmann estimator) Cohen’s d calculated
using pooled SD, Effect Size Interpretation: 0.2 = Small Effect, 0.5 = Medium Effect, 0.8 = Large Effect. Effect Sizes Found: Surgical Approach Effect: d = 0.89 (Physical
Health), d = 0.75 (Social/Family) Levothyroxine Effect: d = 0.58 (Two Dimensions).

Table 3 Multivariate Linear Regression Analysis of Physical Health and Social-Family Scores

Dimension Variable B (95% CI) P value | VIF

Physical Health | Long-term Levothyroxine use 0.405 (0.10-0.71) 0.011 1.185
Thermal ablation (vs traditional surgery) | —0.916 (—1.22—0.61) | <0.001 1.194

Social-Family Long-term Levothyroxine use —0.112 (—0.46-0.24) 0.527 1.185
Thermal ablation (vs traditional surgery) | —0.045 (—0.39-0.30) 0.797 1.185

Notes: This table presents the results of multivariate regression analysis, identifying traditional surgery and levothyroxine
dependency as independent predictors of physical health scores, with no significant effect on social/family scores. The
proportion of long-term levothyroxine use was 89.4% in the traditional surgery group and 15.2% in the thermal ablation
group (P<0.05). The model passed the multicollinearity test (VIF<5). Model Specifications: Adjusted R? = 0.42 (Physical

Health), F (2,115) = 28.35, p < 0.05.
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Operation-Specific Anxiety Symptoms

To further understand the drivers of anxiety specific to each procedure, we examined the correlations between post-
operative symptoms and anxiety scores. Notably, the correlation patterns between postoperative symptoms and anxiety
differed by surgical method. In the traditional surgery group, voice changes (r=0.572, P<0.001), weight gain (r=0.488,
P<0.001), and sympathetic nerve symptoms (r=0.389, P=0.001) were the main drivers of anxiety. In the thermal ablation
group, sympathetic nerve symptoms (r=0.401, P=0.003) and voice changes (r=0.507, P<0.001) remained correlated with
anxiety, but weight gain was not significantly associated (r=0.202, P=0.150) (Table 4). Possible explanations for these
differences include the following: traditional surgery, due to its larger thyroid resection range and long-term medication
dependency (89.4% vs 15.2% in the thermal ablation group, P<0.001), was associated with a greater burden of physical
symptoms; social/family scores may be influenced by fertility urgency (r=0.665, P<0.001) and insufficient medical
resource utilization, weakening the direct impact of clinical variables.

Stratified Analysis by Parity

Further stratification by parity status revealed distinct anxiety patterns (Table 5). Nulliparous women undergoing
traditional surgery reported the highest median scores across both physical health (2.67, IQR: 2.00-3.33) and social/
family dimensions (2.33, IQR: 2.00-3.08), significantly exceeding nulliparous ablation patients (Physical Health: 1.58,

Table 4 Correlation Analysis of Postoperative Symptoms and Anxiety Scores in Women Planning for Pregnancy After PTMC Surgery:
Comparison Between Traditional Surgery and Thermal Ablation

Symptom Dimension Physical Health Social-Family

Traditional Surgery Thermal Ablation Traditional Surgery Thermal Ablation

Group (n=66) Group (n=52) Group (n=66) Group (n=52)
r ) r P r ) r )

Neuromuscular 0.250%* 0.043 0.268 0.055 0.320** 0.009 0.298* 0.032
Psychological 0.108 0.389 0.254 0.069 0.383** 0.001 0.359** 0.009
Throat/Oral 0.261* 0.035 0.195 0.167 0.430** 0.000 0.540** 0.000
Sympathetic symptoms 0.389** 0.001 0.401** 0.003 0.469%* 0.000 0.448** 0.001
Sensory symptoms 0.249% 0.044 0.392%* 0.004 0.321** 0.009 0.266 0.057
Voice changes 0.572%* 0.000 0.507** 0.000 0.617%* 0.000 0.559** 0.000
Concentration 0.537%* 0.000 0.341* 0.013 0.469** 0.000 0.535%* 0.000
Scarring 0.247* 0.046 —0.294* 0.034 0.324** 0.008 —0.206 0.144
Cold sensitivity 0.152 0.223 0.278* 0.046 0.237 0.055 0.369** 0.007
Tingling 0.279* 0.023 0.317* 0.022 0.299* 0.015 0.208 0.139
Weight gain 0.488** 0.000 0.202 0.150 0.348%* 0.004 0.165 0.243
Headache 0.211 0.089 0.183 0.194 0.256* 0.038 0.269 0.054
Libido decrease —0.028 0.823 —0.012 0.932 —0.004 0.974 0.246 0.079
Anxiety (SAS) 0.646%* 0.000 0.380** 0.005 0.665* 0.000 0.512%* 0.000
Healthcare Services —0.569%* 0.000 0.145 0.244 —0.527%* 0.000 0.012 0.925
Disease Prevention —0.528** 0.000 —0.234 0.095 —0.463** 0.000 —0.281* 0.043

Notes: This table displays the correlation between postoperative symptoms and anxiety scores, showing significant correlations for voice changes and sympathetic nerve
symptoms in both groups, with additional weight gain correlation in the traditional surgery group. *P<0.05, **P<0.01; r = correlation coefficient.

Table 5 Anxiety Scores Stratified by Parity and Treatment Group

Measure Nulliparous-Surgery | Nulliparous-Ablation | Parous-Surgery | Parous-Ablation
Physical Health | 2.67 (2.00, 3.33) 1.58 (1.17, 2.00)* 2.33 (1.83, 3.00) 1.42 (1.17, 1.83)*
Social-Family 2.33 (2.00, 3.08) 1.67 (1.33, 2.00)* 2.00 (1.67, 2.67) 1.33 (1.00, 1.67)*

Notes: Data presented as Median (interquartile range). *p < 0.00| compared to the surgery group within the same parity category.
Significant interaction effect observed between treatment and parity for Physical Health dimension (p = 0.032).

2148 s Cancer Management and Research 2025:17



Yu et al @

p<0.001; Social-Family: 1.67, p<0.001). A significant interaction effect between treatment modality and parity was
observed for physical health (p=0.032), indicating that the psychological burden associated with surgery was exacerbated
in nulliparous women. In contrast, parous women exhibited lower anxiety scores regardless of treatment, though surgery
remained associated with higher burden (eg, Physical Health: Surgery 2.33 vs Ablation 1.42).

Discussion
Differential Impact of Surgical Method on Anxiety Symptoms

Our study demonstrates significant differences in the impact of traditional surgery versus thermal ablation on post-
operative anxiety in women of childbearing age. Compared with the thermal ablation group, the traditional surgery group
had a 0.916-point greater physical health score (B=—0.916, P<0.001), which was closely related to the risk of recurrent
laryngeal nerve injury (9.1% in the traditional surgery group vs 5.8% in the thermal ablation group) and the incidence of
postoperative hypothyroidism (89.4% in the traditional surgery group vs 15.2% in the thermal ablation group). Although
extended ablation may cause temporary vocal cord paralysis (5.8%), nerve function usually recovers within 1 month, and
the sensation of a foreign body in the throat caused by changes in ablation volume can be significantly alleviated through
preoperative communication.'> These findings are consistent with those of previous studies,'® suggesting that minimally
invasive techniques can reduce the psychological burden related to long-term complications.

Our findings of higher anxiety in traditional surgery patients align with prior studies on thyroid procedure-related
psychological outcomes. Zhang et al'” reported demonstrated significantly worse mental health in surgery patients (SF-36
Mental Component Summary: 45.3+6.1 vs 58.94+7.3, p<0.001), with multivariate analysis confirming surgical approach as
independent predictor (f=—0.41, p<0.001), attributing this to three key factors: Visible scarring: Cervical scars in open
surgery patients correlate with body image distress, which amplifies social anxiety.'® Prolonged recovery: Surgery requires
>12-month pregnancy delay versus 3 months for ablation, directly impacting fertility timelines.'” Chronic medication
dependency: Lifelong levothyroxine use in 89.4% of our surgery cohort induced ‘pill burden anxiety”.*

And then our stratified analysis (Table 5) suggests that nulliparous women face dual psychological stressors: surgical
complications and fertility timeline disruption. This interaction underscores the need for preconception counseling in
surgical decision-making, particularly for women prioritizing pregnancy.

Dual Challenges of Hypothyroidism and Fertility Anxiety
This study revealed that long-term levothyroxine use was identified as an independent factor associated with higher physical
health scores (B = 0.405, p = 0.011), indicating greater anxiety in this domain among users. A total of 75.4% of patients
were concerned about the safety of medication during pregnancy, and 42.4% believed that hypothyroidism could increase
the risk of miscarriage. This cognitive bias is closely related to patients’ misunderstanding of thyroid hormone replacement
therapy (THRT).?! Although guidelines emphasize that THRT can effectively maintain thyroid function during pregnancy,
49.2% of traditional surgery patients in this study still required at least 1 year of postoperative recovery, significantly
delaying fertility plans. This phenomenon highlights the urgent need for standardized patient education systems in clinical
practice, such as the use of “hormone metabolism animation demonstrations” to correct patients’ fears of levothyroxine.
Furthermore, we did not include thyroglobulin (Tg) monitoring as part of this study. This decision was based on
current guidelines,*** which do not recommend routine Tg testing for low-risk PTMC patients without signs of
recurrence. Since our study focused on treatment-related anxiety rather than disease progression, and given the low-
risk nature of our cohort, Tg was not considered a relevant factor for the psychological outcomes assessed.

Surgical Method-Specific Anxiety Symptoms and Intervention Strategies

Symptom correlation analysis revealed that anxiety symptoms in the traditional surgery group were multidimensional (voice
changes, weight gain, and sympathetic nerve symptoms), whereas those in the thermal ablation group were primarily local
symptoms (voice changes and sympathetic nerve symptoms) (Table 4). Notably, the strong correlation between weight gain
and anxiety in the traditional surgery group (1=0.488, P<0.001) may reflect the synergistic effect of hypothyroidism-induced
metabolic disorders and body image anxiety,” whereas this association was significantly weaker in the thermal ablation
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group because of better preservation of thyroid function (r=0.202, P=0.150). To address these differences, the following
recommendations are proposed: 1) Traditional surgery patients should be included in multidisciplinary management
(endocrinology, psychology) within 3 months postoperatively, with a focus on monitoring thyroid-stimulating hormone
(TSH) levels and body composition changes; 2) thermal ablation patients should undergo enhanced vocal cord function
assessment and psychological intervention for throat discomfort within 1 month postoperatively.

Clinical Implications

Our study highlights the distinct psychological impacts of traditional surgery and thermal ablation on women of childbearing age
diagnosed with papillary thyroid microcarcinoma (PTMC). Traditional surgery, characterized by extensive thyroid resection and
subsequent long-term medication dependency, imposes a heavier burden of physical symptoms and elicits higher anxiety scores.
In contrast, thermal ablation mitigates physical symptoms but requires vigilant management of short-term nerve-related
symptoms. These findings align with prior research demonstrating the psychological benefits of minimally invasive techniques
in reducing long-term complications and enhancing quality of life. However, our study uniquely focuses on the preconception
period and the specific psychological challenges confronting women actively planning for pregnancy. This underscores the
imperative for tailored psychological support and educational interventions for this specific patient cohort.

The study’s findings carry significant weight for clinical practice. Surgeons and healthcare providers must consider
the psychological ramifications of different surgical approaches when counseling patients on treatment options. For
women with pressing fertility concerns, thermal ablation emerges as a preferable alternative due to its reduced
psychological impact. Nevertheless, for those with more substantial tumor risks, traditional surgery remains the gold
standard, provided that comprehensive informed consent is obtained. Establishing robust postoperative psychological
support systems is crucial to addressing anxiety-related issues and optimizing reproductive health outcomes.

Study Limitations and Future Directions
This study is not without its limitations.

Selection Bias

Thermal ablation patients were strictly selected per consensus guidelines.”* This cohort inherently preferred minimally
invasive options (78% cited “avoiding scars/medication” as primary motivation in pre-procedure surveys), potentially
confounding anxiety comparisons.

Unquantified Moderating Effects
The study did not quantify the moderating effects of social support (eg, partner involvement, continuity of medical care)
on anxiety. Given the established role of social support in psychological outcomes, its omission may curtail the
comprehensiveness of our analysis.

Cross-Sectional Design
The cross-sectional nature of our study precludes the establishment of causality. Future longitudinal studies are
imperative to elucidate the temporal relationships between surgical methods and anxiety symptoms.

Sample Size
Though power analysis confirmed adequacy for primary endpoints (FoP-Q-SF physical score), our cohort (n=118)
limited subgroup analyses (eg, parity-stratified effects). Recruitment challenges for preconception-age women resulted
in 9.2% attrition, marginally below the 20% anticipated threshold.

Future research endeavors should focus on the following.

Matched Patient Characteristics

As a limitation inherent to retrospective designs, preoperative psychological status was not systematically assessed. Although
current analyses adjusted for demographic/clinical confounders, unmeasured baseline anxiety differences could influence
outcomes. Future prospective studies should incorporate pre-intervention assessments (eg, STAI) to establish causality.
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Quantified Social Support
Incorporating measures of social support to assess its moderating effect on anxiety is essential. This could involve
gathering data on partner involvement, family support, and the continuity of medical care.

Longitudinal Follow-Up
Conducting longitudinal follow-up studies to track changes in anxiety levels and quality of life over time would provide
valuable insights into the long-term psychological impact of different surgical methods.

Intervention Studies
Exploring intervention pathways for improving reproductive health literacy is crucial. This could encompass educational
programs, psychological support, and patient counseling to address concerns about fertility and disease recurrence.

Multicenter Collaboration
Engaging in multicenter collaboration to increase sample size and diversity would enhance the robustness and generalizability
of the findings.

Conclusion

Postoperative anxiety in women of childbearing age with PTMC is significantly influenced by surgical approach and
thyroid function management. Traditional surgery, associated with higher physical health scores and long-term levothyr-
oxine dependency, induces multidimensional anxiety driven by voice changes, weight gain, and sympathetic symptoms.
In contrast, thermal ablation minimizes physical burden but requires vigilance for transient nerve-related symptoms,
primarily voice changes. Clinical decision-making should prioritize individualized risk-benefit assessment: Thermal
ablation is recommended for women with urgent pregnancy timelines (permitting conception within 3 months), while
traditional surgery remains appropriate for higher-risk tumors after thorough counseling. Postoperative psychological
support systems addressing procedure-specific drivers (eg, weight management for surgery, vocal rehabilitation for
ablation) are essential to optimize reproductive health outcomes.
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