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Abstract

Purpose Previous research has documented cognitive deficits in survivors of papillary thyroid carcinoma (PTC).Our
longitudinal study with large sample size, aims to assess the impact of menopausal status on cognitive function,
elucidate related factors of cognitive impairment, and chart the trajectory of cognitive changes over time in female
PTC patients.

Methods In this longitudinal study, we administered the Montreal Cognitive Assessment (MoCA) to 322 female
PTC patients over 40 years old, before surgery and at 3 and 6 months after surgery. Propensity score matching (PSM)
was used to adjust for baseline disparities, leading to a final analysis of 228 patients (114 premenopausal and 114
postmenopausal). Cognitive scores were compared between groups using the Mann-Whitney U test, and univari-
ate and multivariate logistic regression analyses were performed to identify independent predictors of cognitive
impairment.

Results Postmenopausal women demonstrated a significantly higher susceptibility to impairment in delayed recall
(p=0.004) and global cognition (p=0.006) when compared with premenopausal women. Multivariate analysis identi-
fied menopause (p<0.001) and rural residence (p=0.001) as independent risk factors for cognitive impairment. Fur-
thermore, a gradual improvement in cognitive function over time was observed across both groups over the course
of the study.

Conclusions In female PTC patients, postmenopausal status and rural residence are significant risk factors for cogni-
tive impairment. Postmenopausal women are more susceptible to cognitive deficits than premenopausal women

in delayed recall and global cognition.Although cognitive function improves over time, it is crucial for physicians

to closely monitor and support these patients to optimize their prognosis.
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Introduction

Papillary thyroid carcinoma (PTC) is recognized as the
predominant histological subtype of thyroid cancer
(TC), accounting for over 90% of cases and exhibiting a
rising incidence trend [1, 2]. In China, TC has become
a prevalent malignancy, posing a significant threat to
women’s health [3]. Despite the generally favorable prog-
nosis after standard treatment, with a 10-year survival
rate exceeding 90%, survivors of TC frequently contend
with a diminished quality of life (QOL) [4], a factor partly
attributed to cognitive impairments that may arise during
treatment.

Cancer-related cognitive impairment (CRCI) is a com-
plex neurocognitive condition arising from the interplay
between a cancer diagnosis and its treatment modali-
ties. This condition can lead to deficits in multiple cog-
nitive domains, including learning, memory, attention,
executive function, and processing speed [5, 6]. A meta-
analysis by Saeed et al. [7] revealed that TC survivors
experience significant impairments in attention, con-
centration, and language abilities, as well as slower pro-
cessing speeds, compared to individuals without cancer.
Furthermore, issues with attention and working memory
have been shown to negatively impact the daily function-
ing of these patients [8].

Postmenopausal women experience significant physi-
ological and hormonal changes that can disrupt daily
life, characterized by common symptoms such as hot
flashes and insomnia, as well as emotional responses like
anxiety and depression [9]. Cognitive decline, including
memory loss, is also frequently observed in this demo-
graphic. Despite these challenges, there is a notable gap
in research focused on cognitive function in menopausal
women with PTC. This longitudinal study aims to bridge
this gap by investigating the impact of menopause on
cognitive function in female PTC patients, identifying
risk factors for cognitive decline in this group, and moni-
toring cognitive function progression over time.

Materials and methods

Study design and participants

This longitudinal study enrolled patients who under-
went thyroid surgery between August 1 and November
1, 2023, at the First Affiliated Hospital of China Medi-
cal University. Participants completed a self-reporting
questionnaire to provide baseline data on health and
cognitive parameters prior to surgery. Cognitive function

was further assessed through neuropsychological tests
administered by two psychologists in a quiet, controlled
setting. Postoperatively, patients were followed up,
and the questionnaires were readministered at 3 and
6 months after the operation.

According to the 2023 Chinese guidelines on meno-
pause symptom management and menopausal hormone
therapy, menopause is defined as the cessation of men-
struation for 12 consecutive months in women over
40 years old, excluding cases of pregnancy or other health
conditions that may cause amenorrhea [10-12]. Pre-
menopausal is defined as the period when a woman has
not experienced 12 consecutive months of amenorrhea,
excluding cases of pathological amenorrhea.

Given these criteria,this study specifically targets
women over 40 years old who are not pregnant and do
not have other health conditions that may cause amenor-
rhea. Enrollment Criteria: (1) Postoperative pathological
diagnosis of PTC, (2) Consent to participate in this study.
Exclusion Criteria: (1) Prior thyroid surgery, (2) History
of strokes, seizures, anxiety, or depression, (3) Pregnancy
or other malignancies, or patients receiving hormone
replacement therapy or other health conditions that may
cause amenorrhea, (4) Incomplete patient information,
(5) Diagnosis of follicular thyroid carcinoma (FTC) or
medullary thyroid carcinoma (MTC), (6) Age <40 years
old. (7) Male gender.

We systematically collected demographic and clini-
cal data from electronic medical records, including age,
comorbidities, education level, marital status, employ-
ment status, income status, residence, family cancer his-
tory, fine needle aspiration biopsy(FNA), menopausal
status, and thyroid function levels of free triiodothyro-
nine, free thyroxine, and thyroid-stimulating hormone.
we assessed the history of strokes, seizures, anxiety, or
depression by consulting the diagnostic records within
the patients’ electronic medical histories. To ensure the
accuracy and reliability of our assessment, we had medi-
cal professionals review and verify these records.

This study was approved by the Institutional Review
Board (IRB) of The First Hospital of China Medical Uni-
versity (IRB No. 2023-338-2), and informed consent was
obtained from all participants, and this study adheres to
the Declaration of Helsinki.

Instruments
The Montreal Cognitive Assessment (MoCA) Scale Bei-
jing version [13] was employed to assess eight domains of



Zheng et al. BMC Women'’s Health (2024) 24:642

cognitive function, including global cognition, visuospa-
tial/executive, naming, attention, language, abstraction,
delayed recall, and orientation [14, 15]. Validated through
extensive long-term medical practice, the MoCA is rec-
ognized for its high sensitivity and reliability [16, 17]. The
specific scoring criteria are detailed in Table 1.

Statistical analysis

Continuous variables are presented as mean + standard
deviation (range), and categorical variables are reported
as frequencies (percentages). Group differences were
assessed by Chi-square test for categorical variables and
the Mann—Whitney U test for continuous variables. To
control for potential confounders and selection bias,
propensity score matching (PSM) was implemented, uni-
variate and multivariate logistic regression analyses were
used to explore the factors affecting cognition. All statis-
tical analyses were conducted by SPSS software (version
27.0; IBM SPSS Inc., Chicago, United States) and Graph-
Pad Prism 8. A p-value of less than 0.05 was considered
statistically significant.

Results
Baseline demographic and clinicopathologic
characteristics
In our study, a total of 753 patients were initially consid-
ered. After applying our eligibility criteria and excluding
those who did not meet the requirements, we selected
322 female PTC patients over 40 years old for analysis,
as shown in Fig. 1. Among these, 134 (41.6%) were post-
menopausal with a mean age of 55.1 £ 5.6 years old, rang-
ing from 43 to 77 years old. The premenopausal group
comprised 188 (58.4%) participants with a mean age of
46.1+4.0 years old, ranging from 41 to 66 years old. A
significant age difference between the two groups was
observed (p<0.001).

Baseline characteristics, including age, comorbid-
ity, education level, employment status, and income

Table 1 Psychological questionnaire and scoring principles
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status, were compared and showed significant differ-
ences (p<0.05), as detailed in Table 2. To further con-
trol for potential confounders and isolate the impact of
menopause on cognitive function, we conducted a 1:1
PSM based on comorbidities, education level, employ-
ment status, and income status. Post-PSM, the analysis
involved an equal number of postmenopausal and pre-
menopausal PTC survivors, with 114 participants in each
group, facilitating a more robust comparison. The adjust-
ments made and the resulting group distributions are
presented in Table 2 and Fig. 1.

Univariate and multivariate logistic regression analysis

of factors associated with cognitive impairment after PSM
To identify the key determinants of cognitive function,
we conducted univariate and multivariate logistic regres-
sion analyses, as detailed in Table 3. The univariate analy-
sis revealed several significant predictors, including age
(»p=0.003), menopausal status (p=0.002), education
level (»p=0.003), employment status (p=0.009), and resi-
dence (p=0.003).When these predictors were integrated
into a multivariate logistic regression model, it became
apparent that menopausal status (p <0.001) and place of
residence (p=0.001) were the independent risk factors
for cognitive impairment.

Cognitive score comparisons before surgery:
postmenopausal vs. premenopausal women

Higher MoCA scores indicate better cognitive perfor-
mance. Our study identified significant differences in
delayed recall (p =0.004) and global cognition (p=0.006),
with postmenopausal women scoring lower, as detailed
in Supplementary Table 1 and illustrated in Fig. 2.

Test Neuropsychological domains Scoring methodology Scoring principles

MoCA Visuospatial/Executive
Naming >26 Normal
Attention Total score are 30 points 18-25 Mild cognitive impairment
Language 1 point is added if education level 10-17 Moderate cognitive impairment
Abstraction is less than 12 years <10 Severe cognitive impairment

Delayed recall
Orientation
Global cognition®

Abbreviation: MoCA Montreal Cognitive Assessment

2 Global cognition is the sum of scores, the higher the score is, the better the global cognitive function is
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753 TC patients completed surveys before operation | * 27 Prior thyroid surgery
* 6 Ahistory of strokes, seizures
Exclude or accompanied by other malignancies
* 13 A history of anxiety or depression
* 4FTCor MTC
y * 5 Incomplete information
322 female PTC patients were included * 291 Age <40
* 85 Male
4
2
Premenopausal (N=188) Postmenopausal (N=134)
PSM 1:1
Premenopausal (N=114) 2 Postmenopausal(N=114)
Post-3m
Premenopausal (N=75) Postmenopausal(N=46)
Post-6m
Premenopausal (N=53) Postmenopausal(N=33)

Fig. 1 Flow chart of the studying participants’selection. Abbreviations:TC, Thyroid cancer; PTC, Papillary thyroid carcinoma; FTC, Follicular thyroid
cancers; MTC, Medullary thyroid cancers; m,month; PSM, Propensity Score Matching

Variations in cognitive scores at 3 and 6 months
postoperatively

At the 3-month postoperative mark, a significant differ-
ence emerged in the attention scores, with postmeno-
pausal women demonstrating superior performance
(p=0.005), as shown in Supplementary Table 2 and Fig. 3.
At the 6-month postoperative mark, a significant rever-
sal was noted in delayed recall scores, where premeno-
pausal women outperformed postmenopausal women
(p=0.037), as documented in Supplementary Table 3 and
Fig. 4. Furthermore, an analysis of the cognitive function
trajectories for both groups over time revealed a steady
improvement, as delineated in Supplementary Table 4
and Fig. 5.

Discussion
In this large-scale longitudinal study, we identified that
postmenopausal PTC women and who reside in rural
areas are risk factors for cognitive impairment. Post-
menopausal women performed poorer in global cogni-
tion and delayed recall. Nonetheless, a consistent trend of
gradual improvement in cognitive function was observed
throughout the study period.

Although most TC patients have excellent prognoses,
some studies have identified that they are vulnerable
to cognitive dysfunction. Jaracz et al. found that DTC

(Differentiated thyroid cancer) patients receiving thy-
roid-stimulating hormone (TSH) inhibition treatment
performed worse in executive functions, psychomotor
speed and attention, highlighting neuropsychologi-
cal impairment in DTC patients [18]. Similarly, Samu-
els et al. discovered that women treated with euthyrox
(TSH suppression/replacement treatment) experienced
significant impairments in overall health and mood but
not in cognition [19]. By comparing 90 healthy individ-
uals with 90 female PTC patients, Jung et al. identified
attention and working memory as the most vulnerable
cognitive domains [8]. Furthermore, they found that
up to 78% of newly diagnosed thyroid cancer patients
met both the Global Deficit Score and the Interna-
tional Cancer criteria; older age, depressive symptoms,
hypothyroidism status, and low education level were
significantly associated with worse cognitive function
[20]. Additionally, poor preoperative cognitive function
significantly increased the length of hospital stay [21].
As presented in Supplementary Table 5, the majority of
previous studies have been limited by their cross-sec-
tional nature and small sample sizes. In contrast, our
investigation leverages larger sample size and employs
a longitudinal design, which allows us to not only iden-
tify risk factors associated with cognitive impairment
but also track cognitive function trajectories over time.
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Table 2 Baseline characteristics before and after propensity score matching

Characteristics Before propensity score matching After propensity score matching
Total Postmenopausal Premenopausal p-Value Postmenopausal Premenopausal p-Value
(n=322),% (n=134),% (n=188),% (n=114),% (n=114),%
Ageyy, 498+6.5(41- 551+£56(43-77)  46.1+£40(41-66) <0001 546+56(43-77) 469+44(41-66) <0.001
mean+SD 77)
(range, y)
Comorbidi- 0.004 1.000
ties
No 247(76.7%) 92(68.7%) 155(82.4%) 92(80.7%) 92(80.7%)
Yes 75(23.3%) 42(31.3%) 33(17.6%) 22(19.3%) 22(19.3%)
Education 0.005 0.508
level
Elementary/Junior  149(46.3%) 75(56.0%) 74(39.4%) 56(49.1%) 61(53.5%)
high
Senior high/Col-  173(53.7%) 59(44.0%) 114(60.6%) 58(50.9%) 53(46.5%)
lege and above
Marital status 0.294 0.084
Singledivorced,or  34(10.6%) 17(12.7%) 17(9.0%) 16(14.0%) 8(7.0%)
Widowed
Married 288(89.4%) 117(87.3%) 171(91.0%) 98(86.0%) 106(93.0%)
Employment <0.001 1.000
status
Unemployed 200(62.1%) 107(79.9%) 93(49.5%) 87(76.3%) 87(76.3%)
Employed 122(37.9%) 27(20.1%) 95(50.5%) 27(23.7%) 27(23.7%)
Income status 0.006 1.000
()
<4000 195(60.6%) 93(69.4%) 102(54.3%) 75(65.8%) 75(65.8%)
>4000 127(39.4%) 41(30.6%) 86(45.7%) 39(34.2%) 39(34.2%)
Residence 0.541 0.201
Rural 95(29.5%) 42(31.3%) 53(28.2%) 32(28.1%) 41(36.0%)
Urban 227(70.5%) 92(68.7%) 135(71.8%) 82(71.9%) 73(64.0%)
Family history 0.191 0.164
of cancer
No 272(84.5%) 109(81.3%) 163(86.7%) 96(84.2%) 103(90.4%)
Yes 50(15.5%) 25(18.7%) 25(13.3%) 18(15.8%) 11(9.6%)
FNA 0447 0.888
No 103(32.0%) 46(34.3%) 57(30.3%) 37(32.5%) 38(33.3%)
Yes 219(68.0%) 88(65.7%) 131(69.7%) 77(67.5%) 76(66.7%)
Thyroidec- 0.532 1.000
tomy
less than total 182(56.5%) 73(54.5%) 109(58.0%) 62(54.4%) 62(54.4%)
thyroidectomy
total thyroidec- 140(43.5%) 61(45.5%) 79(42.0%) 52(45.6%) 52(45.6%)
tomy
Lymph node 0.157 0.120
dissection
Central 300(93.2%) 128(95.5%) 172(91.5%) 109(95.6%) 103(90.4%)
Lateral 22(6.8%) 6(4.5%) 16(8.5%) 5(4.4%) 11(9.6%)
Surgical 0619 0472
approach
Remote-access 32(9.9%) 12(9.0%) 20(10.6%) 11(9.6%) 8(7.0%)
Conventional 290(90.1%) 122(91.0%) 168(89.4%) 103(90.4%) 106(93.0%)
transcervical
T classifica- 0.732 0.757

tion
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Table 2 (continued)
Characteristics Before propensity score matching After propensity score matching
Total Postmenopausal Premenopausal p-Value Postmenopausal Premenopausal p-Value
(n=322),% (n=134),% (n=188),% (n=114),% (n=114),%
T 306(95.0%) 128(95.5%) 178(94.7%) 109(95.6%) 108(94.7%)
T2 16(5.0%) 6(4.5%) 10(5.3%) 5(4.4%) 6(5.3%)
N classifica- 0174 0.021
tion
NO 210(65.2%) 95(70.9%) 115(61.2%) 83(72.8%) 63(55.3%)
N1a 92(28.6%) 33(24.6%) 59(31.4%) 26(22.8%) 41(36.0%)
N1b 20(6.2%) 6(4.5%) 14(7.4%) 5(4.4%) 10(8.8%)
Stage 0.006 0.055
| 311(96.6%) 125(93.3%) 186(98.9%) 108(94.7%) 113(99.1%)
Il 11(3.4%) 9(6.7%) 2(1.1%) 6(5.3%) 1(0.9%)
Risk 0.900 0.531
low-risk 251(78.0%) 106(79.1%) 145(77.1%) 92(80.7%) 85(74.6%)
Middle-risk 55(17.1%) 22(16.4%) 33(17.6%) 17(14.9%) 23(20.2%)
High-risk 16(5.0%) 6(4.5%) 10(5.3%) 5(4.4%) 6(5.3%)

Comorbidities include Hypertension, coronary heart disease, diabetes
Italics indicate statistical significance
Abbreviations: y years, FNA fine needle aspiration biopsy

Additionally, the incorporation of PSM in our study
further enhances the comparability of our findings,
thereby strengthening the validity of our conclusions.
This study indicates that postmenopausal status is
significantly associated with poorer cognitive perfor-
mance in female PTC patients over 40 years old. This
finding aligns with previous research in other cancer
populations, where significant alterations in executive
function, working memory, and attention have been
observed during treatment in postmenopausal breast
cancer patients [22]. Moreover, a decline in global cog-
nitive function, memory, language and communication,
and sensorimotor function has been noted following
chemotherapy [23]. This aligns with the findings of
Yamamoto et al., who conducted a questionnaire sur-
vey involving 876 breast cancer patients experiencing
cognitive impairment. They discovered that fewer fam-
ily members, a history of breast cancer surgery, severe
menopausal symptoms, and psychological distress were
significantly associated with cognitive difficulties [24].
High cognitive fatigue has also been linked to severe
menopausal and depressive symptoms, negatively
impacting the quality of life [25]. However, there is a
scarcity of research focusing on the impact of meno-
pausal status on cognition in TC patients. Given that
both thyroid and breast cancer are prevalent in women,
and considering the work and life changes, along with
physiological and psychological challenges faced by

postmenopausal women, they may be more susceptible
to the side effects of TC treatment [26]. Therefore, pri-
oritizing the mental health of postmenopausal women
is imperative.

Estrogen plays a pivotal role in neuroprotection,
enhancing neuronal connectivity and synaptic plastic-
ity, which are crucial for preserving cognitive function.
Study has demonstrated that menopause is a dynamic
neurological transition that significantly affects brain
structure, connectivity, and metabolic profiles [27].
Observations from longitudinal studies have noted
a progressive decline in cognitive domains such as
learning, memory, and attention/working memory as
women transition from premenopause to postmeno-
pause [28]. The decline is partly attributable to the
marked reduction in ovarian function and estrogen
levels [29]. Furthermore, the prevalence of age-related
cardiovascular and cerebrovascular diseases, includ-
ing diabetes and hypertension, increases with advanc-
ing age. The hippocampus, a region of the brain critical
for learning, memory, and cognitive function, is dis-
proportionately susceptible to hypoxic-ischemic injury
owing to alterations in cerebral blood flow, resulting in
a pronounced increase in cognitive impairment among
the elderly [30]. Estrogen acts as a protective factor for
cardiovascular health and cognitive function [31-33].
Consequently, the reduction in estrogen production
that occurs in postmenopausal women can significantly
exacerbate their risk of cognitive decline.
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Table 3 Univariable and multivariable logistic regression analysis of the factors of cognitive impairment at baseline after propensity

score matching

Characteristics

Univariable analysis

Multivariable analysis

B HR(95%Cl) P-Value HR(95%Cl) P-Value
Agey 0.087 1.091(1.030-1.155)  0.003
Menopausal status No Reference Reference
Yes 1.009 2.742(1.435-5.239)  0.002 1.155 3.174(1.625-6.201)  <0.001
Comorbidities No Reference
Yes -0.089 0915(0427-1.962) 0915
Education level Elementary/Junior high Reference
Senior high/College and above  -0.971 0.379(0.200-0.719)  0.003
Marital status Single, divorced, or Widowed Reference
Married 0.080 1.083(0.407-2.883)  0.873
Employment status Unemployed Reference
Employed -0.885 0.413(0.212-0.805)  0.009
Income status (¥) <4000 Reference
>4000 -0.371 0.690(0.368-1.295)  0.248
Residence Rural Reference Reference
Urban -1.232 0.292(0.130-0.656)  0.003 -1.391 0.249(0.108-0.572)  0.001
Family history of cancer  No Reference
Yes -0.029 0.972(0.391-2417) 0951
FNA No Reference
Yes -0.085 0.919(0477-1.769)  0.800
Thyroidectomy less than total thyroidectomy Reference
total thyroidectomy 0.062 1.064(0.576-1.969)  0.843
Lymph node dissection  Central Reference
Lateral -0.077 0.926(0.286-2.999)  0.898
Surgical approach Remote-access Reference
Conventional transcervical 0437 1.548(0.558-4.291) 0401
T classification T1 Reference
T2 -0.199 0.819(0.210-3.203) 0.774
N classification NO Reference
N1a -0.723 0.485(0.252-0.935)  0.031
N1b -0.427 0.653(0.193-2.202) 0492
Stage I Reference
Il -0.262 0.769(0.145-4.082)  0.758
Risk low-risk Reference
Middle-risk -0.566 0.568(0.267-1.205)  0.141
High-risk -0316 0.729(0.184-2.882)  0.652
FT3%(pmol/L) -0.396 0.673(0.367-1.236)  0.202
FT4%(pmol/L) -0.054 0.948(0.779-1.154)  0.593
TSH3(mIU/L) 0.002 1.002(0.763-1.317)  0.987

Comorbidities includ Hypertension, coronary heart disease, diabetes

Italics indicate statistical significance

Abbreviations: y years, FNA fine needle aspiration biopsy, FT3 free triiodothyronine, FT4 free thyroxine, TSH Thyroid Stimulating Hormone

2The analysis was carried out in 197 samples

Our study revealed that residing in rural areas is a sig-
nificant determinant of cognitive function, partly due
to the fact that cognitive function is intricately linked
to cultural, educational, and social knowledge, as well

as experiential factors. Individuals in rural settings fre-
quently encounter lower levels of education and have
more limited access to disease-related information com-
pared to their urban counterparts. Therefore, in the
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Fig. 2 Comparisons of cognitive scores in postmenopausal and premenopausal women before operation
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Fig. 3 Comparisons of cognitive scores in postmenopausal and premenopausal women at 3 months after operation

clinical context, it is crucial to augment informational
support and extend empathetic care to comprehensively
enhance the quality of life for these patients.

We observed a gradual improvement in cognitive func-
tion scores over time, supporting previous findings that
DTC survivors undergoing TSH suppression therapy
initially experience short-term memory impairment,
attention deficits, word selection anomia, and depres-
sive symptoms, which tend to ameliorate with time
except for word selection anomia [34]. Enhanced com-
prehension and acceptance of their condition, coupled
with reduced anxiety and psychological distress, may be
associated with the observed changes, similar variations

were noted in a comprehensive five-year follow-up study
[35]. Furthermore, postoperative complications, includ-
ing hypoparathyroidism [36], recurrent laryngeal nerve
injury [37], scarring issues [38] contribute to immedi-
ate fluctuations in cognitive performance. Additionally,
resuming regular work and daily activities can further
promote the improvement of cognitive function.

Limitations

There are several limitations. As a single-center study,
our findings may not be generalizable to other popula-
tions or healthcare settings. Additionally, the determina-
tion of menopausal status relied on self-report, without
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Fig. 4 Comparisons of cognitive scores in postmenopausal and premenopausal women at 6 months after operation
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Fig. 5 Changes of cognition scores in postmenopausal and premenopausal women over time

corroboration from hormonal or imaging studies, poten-
tially introducing subjective bias. We also did not account
for changes in menopausal status during the follow-up
period, and baseline variables such as body mass index
(BMI), smoking, and alcohol consumption were not sys-
tematically collected, which could impact the analysis’s
comprehensiveness. The sample size was determined by
practical availability rather than a calculated estimation.
Furthermore, some patients were loss to follow-up dur-
ing the postoperative period. In future studies, we plan to
address these limitations by incorporating multi-center
data, employing objective measures to define menopausal
status, collecting a broader range of baseline characteris-
tics. We will also implement scientific follow-up methods

to minimize patient loss to follow-up. Moreover, we plan
to utilize advanced molecular techniques such as gene
expression analysis, proteomics, and metabolomics to
uncover the molecular mechanisms underlying cognitive
health management in this patient population.

Conclusions

Female PTC patients who are postmenopausal and reside
in rural areas are at an elevated risk of cognitive deficits.
Compared to premenopausal women, postmenopausal
individuals exhibit greater susceptibility to impairments in
delayed recall and overall cognitive function. Despite these
challenges, there is evidence that cognitive function tends
to improve over time. Therefore, it is crucial for clinicians
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to prioritize these patients by providing robust informa-
tional support and tailored nursing interventions to opti-
mize their overall prognosis.
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