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Abstract

Graves’ disease (GD) impairs quality of life (QoL), and the effects of different treatments including
antithyroid drugs (ATD), radioiodine (RAI), and surgery on QoL remain unclear. This study aimed to
assess and compare QoL outcomes following these therapies. We conducted a PRISMA-based
systematic review and meta-analysis, searching PubMed, Embase, Scopus, and Web of Science to July
30, 2025, for studies assessing QoL after GD treatment using generic SF-36 or thyroid-specific ThyPRO
questionnaires. Mean scores were pooled using random-effects models, and pairwise comparisons were
made for each domain. 16 studies were included. All trials showed moderate risk of bias, while
observational studies demonstrated moderate to serious risk of bias. Among SF-36 domains, physical
functioning had the highest scores for ATD (66.24 [43.97-88.50]) and RAI (84.02 [78.53—-89.52]), while
social functioning was highest after surgery (72.32 [55.62-89.01]). Vitality was the lowest-scoring
domain for both ATD (55.90 [44.63-67.16]) and RAI (59.35 [50.35-68.34]), whereas bodily pain was
lowest for surgery (51.11 [22.70-79.51]). In ThyPRO, tiredness was the worst domain for all treatments
(ATD 40.04 [31.31-48.78]; RAI 32.50 [21.05-43.95]; surgery 41.90 [39.49-44.31]). The best outcomes
were observed for goiter symptoms after surgery (7.08 [0.42-13.74]) and RAI (12.03 [5.94-18.12]), and
for sex life after ATD (11.59 [6.49-16.69]). Surgery showed significantly better results than RAI for
depression and emotional susceptibility, while ATD was superior to RAI for sex life. All treatments
improved QoL, each excelling in specific domains. These differences may assist clinicians and patients
in understanding treatment-related QoL outcomes.

Introduction

Graves’ disease (GD) is an autoimmune disorder characterized by hyperthyroidism, with a considerable
global prevalence of approximately 1.0-1.5% 2. The elevation of thyroid hormones causes many signs
and symptoms, such as fatigue, anxiety, depression, muscle weakness, erectile dysfunction, menstrual
irregularities, and resting tremor, all of which clearly affect physical capacity, daily functioning, work
productivity, and quality of life (QoL)3. Although GD is generally manageable, its complications, such as
orbitopathy, can further reduce QOL, and shorten life expectancy %°. Due to these complications, patients
with GD often experience an impairment in QOL even after treatment, without returning to the level of the
normal population . Therefore, it is important to determine how different therapeutic approaches affect
various aspects of QoL and how these effects differ among patients with GD.

The three main therapeutic approaches for GD include antithyroid drugs (ATD), radioiodine (RAI), and
surgery. In recent decades, ATD has been the first-line treatment in Asia and Europe, while RAI has been
the preferred choice in the United States 3. Therapeutic decision-making in GD is primarily guided by an
evaluation of disease characteristics, treatment-related risks and benefits, and established clinical
indications, which may favor a specific modality in certain settings. When more than one therapeutic
option is considered clinically appropriate, clinical judgment and patient preferences play an important
role in selecting the optimal approach. A recent study reported that ATD has become increasingly the
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first choice for both patients and clinicians, with the remission rate being the most important factor
influencing treatment decisions”®. However, there remains limited consensus on which treatment
modality provides the greatest improvement in QoL°.

Given this uncertainty, the present study aims to systematically review the available literature on QoL
outcomes following different therapeutic approaches for GD and to perform a meta-analysis to compare
these outcomes across treatment modalities. By evaluating QoL within an evidence-based clinical
framework, this study aims to offer additional evidence that can help inform clinicians and patients when
QoL considerations are weighed alongside established clinical factors in the management of Graves'
disease.

Methods
Search Strategy and Selection Criteria

This study was designed as a systematic review and meta-analysis in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines (Supplementary

Table 1) '°. The study protocol was prospectively registered with the International Prospective Register
of Systematic Reviews (PROSPERO) under registration number CRD420251111708. Moreover, the ethics
committee of Endocrinology and Metabolism Research Institute reviewed and accepted the study
protocol (ethical code: IR. TUMS.EMRI.REC.1404.078).

We systematically searched four electronic databases—PubMed, Embase, Scopus, and Web of Science—
from inception to July 30, 2025. Keywords and Medical Subject Headings (MeSH) relevant to GD (or
diffuse toxic goiter), treatment modalities, and QoL were applied (Supplementary Table 2). Only studies
published in English were included. The reference lists of eligible studies and relevant reviews were
screened, and a manual search was conducted to identify additional records.

Observational and trial studies were eligible if they included participants with a confirmed GD diagnosis,
reporting QoL after ATD, RAI, or surgery. We excluded abstracts, conference proceedings, commentaries,
literature reviews, non—full-text publications, limited case series, and case reports. Studies that used the
36-Item Short Form Health Survey (SF-36) or the Thyroid-Specific Patient Reported Outcome (ThyPRO)
guestionnaires, including validated translations, were included. Studies focusing on specific subgroups
of GD (e.g., Graves orbitopathy (GO) or thyrotoxic heart disease), those using study-specific (custom)
questionnaires, or those using non-validated questionnaires were excluded.

SF-36 is a general questionnaire with eight subscales and two component scales, whereas ThyPRO is a
disease-specific instrument comprising 84 items that measure QoL across 13 subscales, one composite
scale, and one overall QoL item. Both are typically self-administered and assess physical, mental, and
social domains, with scores ranging from 0 to 100, higher scores indicate better QoL in SF-36, whereas
lower scores indicate better QoL in ThyPRO'"12.
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Data Extraction

All records were imported into EndNote for reference management and duplicate removal. Title and
abstract screening were performed independently by two authors. Full texts of potentially relevant
articles were then assessed for eligibility. Data extraction was independently conducted by the same
authors using a predesigned form, collecting information on author, year, country, study design, patient
accrual interval, sample size, age, treatment type, follow-up period, questionnaire type, relapse, and pre-
and post-treatment scores. Any disagreements were resolved by discussion or, if necessary, by a third
author.

Risk of Bias Assessment

Risk of bias was independently assessed by three authors. For randomized trials, the Cochrane Risk of
Bias 2 (RoB 2) tool was used, evaluating potential bias across domains such as randomization,
deviations from intended interventions, missing data, outcome measurement, and selective reporting '3.
For non-randomized studies, the ROBINS-I V2 tool was applied, assessing bias due to confounding,
intervention classification, participant selection, deviations from intended interventions, missing data,
outcome measurement, and reporting4. Visualization of the risk-of-bias assessments was performed
using the robvis tool'®. Any discrepancies were resolved by consensus or, if necessary, adjudicated by
another authors.

Statistical Analysis

QoL scores were extracted from the eligible studies. Only studies that reported outcomes as mean and
standard deviation (SD), or in a format that could be validly converted to mean and SD, were included.
The data were transformed into mean and SD using established methods and subsequently
standardized to mean and standard error (SE) for analysis, applying the formula SE = SD / vn'®. For
studies that reported sample size as a range, the median value of the range was used as the effective
sample size to facilitate inclusion in the meta-analysis®. When studies reported multiple post-treatment
time points, the longest follow-up value was used. We prioritized data points where euthyroidism was
achieved; however, as thyroid status was not consistently reported across all time points in many
studies, the final follow-up was utilized as a proxy to ensure that patients had the maximum opportunity

to reach a stable euthyroid state '’. If a study had multiple arms for the same intervention (e.g., subtotal
and total thyroidectomy), they were combined into a single “overall surgery” group for analysis'é.

Subsequent meta-analyses for each questionnaire domain were conducted using a random-effects
model, with results reported as mean values and 95% confidence intervals (Cls). Heterogeneity among
studies was assessed using the Higgins |12 and chi-square-based Q statistic. Pairwise comparisons
between treatment groups were performed for each domain. Statistical significance was assessed using
z-tests for mean differences. A p-value < 0.05 was considered statistically significant. According to the
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Cochrane Handbook recommendations, publication bias was not assessed, and funnel plots were not
generated because fewer than 10 studies were available for each domain'®. All analyses were performed
using STATA version 17 (StataCorp, College Station, TX, USA). Studies with both serious risk of bias and
outlier data were removed for the sensitivity analysis, and the meta-analysis was subsequently rerun,
with p-values recalculated accordingly.

Results

Study Characteristics

As Fig. 1 demonstrates, a total of 1,459 records were identified through database searches (PubMed,
Scopus, Web of Science, and Embase). After removal of duplicates, 935 records remained for screening.
Following title and abstract screening, 31 full-text articles were assessed for eligibility. The main reasons
for exclusion in this stage were studies reporting patients with hyperthyroidism not specific to GD, those
that did not stratify QoL by treatment, and those using study-specific (custom) or non-validated
questionnaires (Supplementary Table 3). Moreover, two eligible studies were identified through citation
searching. In total, 16 studies met the inclusion criteria and were included in the systematic review.

Among the 16 included studies, nine studies utilized the SF-36 questionnaire 829727, five employed the
ThyPRO 22732 and two applied both instruments &'”. Also, three evaluated QoL following ATD therapy
20.21.28 two after RAI 1730 and two after surgery 82°. Three studies compared QoL between RAI and ATD
22,2331 two compared surgery and ATD 2#2°, and four compared QoL across all three treatment
modalities 8262732 Multiple studies originated from the same country; notably, Sweden, Denmark, and
Uzbekistan each contributed two studies. In total, there were three randomized trials '??? and 13

18,28

observational studies ®'82023732 patjent age ranged from 12 to 80 years 1828, with sample sizes

spanning from 14 to 975 participants ®2'. Follow-up duration varied substantially, ranging from 4 weeks

to 25 years 2132,

Risk of Bias in the Included Studies

The risk of bias assessment showed that among the non-randomized studies, the most frequent source
of serious bias was participant selection, affecting nearly half of the included studies, with overall ratings
ranging from moderate (6 studies) to severe (7 studies) (Supplementary Table 4 and Fig. 2A-B). For the
randomized trials, all three had low risk of bias in outcome measurement and missing data, but
moderate concerns regarding the randomization process and selection of the reported results, leading to
an overall moderate risk of bias (Supplementary Table 5 and Fig. 2C-D).

Key Findings from the Included Studies
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As shown in Table 1, all treatment modalities for GD were associated with improvements in QOL, but
with some differences. In one study, ATD improved nearly all SF-36 subscales except bodily pain 2° and
led to improvements in ThyPRO domains, with the exception of cosmetic complaints in another study 22.
RAI was associated with improvements in all SF-36 subscales after 12 months and in almost all ThyPRO
domains, except for sex life 7. Surgery improved all SF-36 subscales 2%, while a one study found no
significant difference in these scores between preserve-function and ablative surgery 8.

Between ATD and RAI treatments, regarding SF-36, some studies found similar outcomes between the

22,23

two treatments , while one study reported poorer scores for RAI in nearly all domains ©. In ThyPRO,

one study showed that RAI led to better outcomes than ATD in goiter symptoms, emotional

susceptibility, and impaired daily life 31 whereas two studies found that RAI was associated with worse
6,32

scores in some domains such as, sex life, and appearance
Comparing ATD and surgery, in SF-36, one study found no difference 2/, and two similar Uzbek studies
showed better scores for surgery in physical functioning, vitality, emotional role limitation (role-

emotional), and mental health ?#2°. In ThyPRO, surgery patients reported worse outcomes than those
6,32

treated with ATD, reporting more hyperthyroid, hypothyroid, eye, and appearance-related symptoms
When evaluating surgery versus RAI, in SF-36, a study found no difference . In ThyPRO, one study found
that RAI scored worse than surgery for goiter symptoms, hyperthyroid symptoms, tiredness, anxiety,
depression, emotional functioning (role-emotional), impaired social life, impaired sex life, and impaired
daily life 6, while another ThyPRO study reported no difference 32. More details on study characteristics
and main findings of the studies are presented in Table 1.

Pooled QoL Scores from Meta-Analysis (SF-36 and
ThyPRO Subscales)

As presented in Table 2, in SF-36 subscales, RAlI and ATD patients scored highest in physical functioning
and social functioning compared to other domains (RAI: physical functioning 84.02, 95% CI 78.53-89.52;
social functioning 80.95, 95% Cl 73.10—88.79; ATD: physical functioning 66.24, 95% Cl 43.97-88.50;
social functioning 65.78, 95% Cl 48.81-82.76). The surgery group showed relatively higher scores in
social functioning (72.32, 95% CI 55.62-89.01) and emotional role limitation (70.79, 95% CI 58.79-
82.79) compared to other domains. ATD and surgery patients reported lowest scores in vitality (ATD
55.90,95% Cl 44.63-67.16; surgery 55.41,95% Cl 47.10-63.71) and bodily pain (ATD 56.76, 95% ClI
37.25-76.27; surgery 51.11, 95% CI 22.70-79.51), whereas RAI patients’ lowest domains were vitality
(59.35, 95% Cl 50.35-68.34) and general health perception (65.61, 95% Cl 59.74-71.48) (Figure. 3A).
None of the pairwise comparisons reached statistical significance. Moreover, ATD scores showed the
highest heterogeneity, with 12 ranging from 98.62% to 99.64%, whereas RAI had the lowest heterogeneity,
with I12 ranging from 0% to 92.25%. Surgery exhibited intermediate heterogeneity across subscales.
Detailed I2 statistics for each treatment group are reported in Supplementary Tables 6.
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Table 2

Pooled Quality of Life Scores from Meta-Analysis (SF-36 and ThyPRO Subscales)

SF-36

Physical functioning

Physical role limitation

Bodily pain

General health perception

Vitality

Social functioning

Emotional role limitation

Mental health

ThyPRO
Goiter symptoms

Hyperthyroid symptoms

Hypothyroid symptoms

Eye symptoms

Tiredness

Cognitive impairment

Anxiety

Depression

Emotional susceptibility

Social life

Antithyroid Drug

66.24 (43.97, 88.50)
60.66 (44.80, 76.52)
56.76 (37.25, 76.27)
63.30 (52.71, 73.88)

55.90 (44.63, 67.16)
65.78 (48.81, 82.76)

62.92 (48.19, 77.65)

62.19 (53.63, 70.75)

13.71 (2.08, 25.34)
22.26 (11.76, 32.77)

25.65 (13.51, 37.8)
18.99 (7.93, 30.06)

40.04 (31.31, 48.78)
22.33 (11.26, 33.4)

24.79 (12.88, 36.7)
25.21 (16.78, 33.64)

32.61 (16.31, 48.91)
14.44 (-0.34,29.21)
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Surgery

67.22 (40.32,
94.12)

70.75 (48.91,
92.58)

51.11 (22.70,
79.51)

63.05 (53.88,
72.21)

55.41 (47.1, 63.71)

72.32 (55.62,
89.01)

70.79 (58.79,
82.79)

66.55 (62.77,
70.32)

7.08 (0.42, 13.74)

18.96 (13.27,
24.64)

24.57 (16.96,
32.18)

17.92 (10.37,
25.48)

32.5 (21.05, 43.95)

16.79 (10.05,
23.53)

20.45 (16.66,
24.23)

20.11 (17.36,
22.85)

20.56 (15.8, 25.31)
8.16 (7.07, 9.25)

Radioiodine

84.02 (78.53, 89.52)
76.30 (68.49, 84.11)
68.57 (65.94, 71.20)
65.61 (59.74, 71.48)

59.35 (50.35, 68.34)
80.95 (73.10, 88.79)

78.23 (69.61, 86.85)

67.07 (60.09, 74.05)

12.03 (5.94,18.12)
23.05 (18.43, 27.67)

26.24 (20.13, 32.34)
21.75 (14.28,29.21)

41.9 (39.49, 44.31)
23.52 (15.12, 31.92)

25.39 (16.62, 34.16)
24.65 (21.14, 28.16)

32.68 (23.15, 42.21)
14.6 (5.65, 23.54)




SF-36

Antithyroid Drug Surgery Radioiodine
Daily life 16.05 (2.25, 29.85) 9.3 (5.94,12.67) 15.29 (8.33,22.25)
Sex life 11.59 (6.49, 16.69) 17.02 (9.75,24.29)  21.85(18.38, 25.31)
Cosmetic complaints 20.25(-0.51, 41.01) 11.63(5.79,17.47) 24.24(12.63, 35.85)
Overall QoL 25.69 (7.51, 43.86) 1 8.68)(1 6.77, 25.22 (15.16, 35.28)
20.58

All data are presented as mean (95% confidence interval).

Mean follow-up for SF-36 groups: medical group = 6.8 years; surgical group = 9.06 years; radioiodine
group = 7.06 years.

Mean follow-up for ThyPRO groups: medical group = 9.2 years; surgical group = 11.8 years;
radioiodine group = 9.5 years.

Note 1: Physical Component Scale and Mental Component Scale scores for SF-36 are not presented
in SF-36 section of this table, as they were derived from a different set of studies with fewer available
reports; these results are provided separately in the Supplementary File.

Note 2: Composite scale of ThyPRO scores is not presented this table, as they were derived from a
different set of studies with fewer available reports; these results are provided separately in the
Supplementary File.

Note 3: Li et al., 2024 and Mangelen et al., 2017 did not report the scores for sex life domain.

Note 4: Taeb et al., 2016 did not report the scores for overall QoL domain.

All treatments showed their worst ThyPRO scores in tiredness compared with other domains (ATD 40.04,
95% Cl 31.31-48.78; surgery 32.50, 95% Cl 21.05-43.95; RAI 41.90, 95% Cl 39.49-44.31). Emotional
susceptibility was also among the worst domains for ATD and RAI (ATD 32.61, 95% CI 16.31-48.91; RAI
32.68,95% Cl 23.15-42.21), and hypothyroid symptoms were relatively poor across treatments (ATD
25.65,95% Cl1 13.51-37.80; surgery 24.57,95% Cl 16.96-32.18; RAIl 26.24, 95% Cl 20.13-32.34) (Table 2
and Fig. 3B). ATD had its most favorable scores in sex life (11.59, 95% Cl 6.49-16.69) and goiter
symptoms (13.71, 95% Cl 2.08-25.34), whereas surgery and RAI scored best in goiter symptoms
(surgery 7.08,95% Cl 0.42-13.74; RAI 12.03, 95% Cl 5.94-18.12) and social life (surgery 8.16, 95% Cl
7.07-9.25; RAI 14.60, 95% Cl 5.65-23.54) compared with other domains. In pairwise comparisons,
surgery was significantly better than RAI for depression (p = 0.046) and emotional susceptibility (p =
0.026), and ATD was significantly better than RAI for sex life (p = 0.0011); all other pairwise differences
were not significant. ATD scores (I? = 83.87-99.58%) and RAI scores (12 = 58.64-99.05%) exhibited
higher heterogeneity across domains, whereas surgery scores demonstrated lower heterogeneity (12 =
0-98.48%) (Supplementary Tables 7).

Sensitivity analysis

Page 8/18



After removing the scores from Urunbayeva et al. (2025) and Ismailov et al. (2020), the sensitivity
analysis of SF-36 subscales showed that the patterns across treatments remained consistent. Except for
the component summary scales, physical functioning remained the highest-scoring domain, while vitality
continued to be among the lowest for most treatments. All pairwise comparisons of non-component
domains remained statistically non-significant, execpt bodily pain. Surgery had significantly higher score
in bodily pain domain compared to RAI (Supplementary Tables 8).

After removing the scores from Mangelen et al. (2017), the sensitivity analysis of ThyPRO subscales
showed that the overall pattern remained the same: goiter symptoms and social life remained the most
favorable domains, while tiredness remained the worst across treatments. In pairwise comparisons,
surgery scored significantly better than RAI for depression (p = 0.039), and RAI scored significantly
worse than ATD for hyperthyroid symptoms (p < 0.001), hypothyroid symptoms (p < 0.001), tiredness(p =
0.033), depression (p =0.001), and sex life (p = 0.001); all other comparisons were not statistically
significant (Supplementary Tables 8).

Disscusion

To the best of our knowledge, this is the first systematic review and meta-analysis to comprehensively
evaluate and compare the QoL outcomes following different treatment modalities for GD. Across the 16
included studies, we observed that all three modalities improved QoL. Our review of the literature
showed that there have been discrepancies in comparing the QOL scores between different therapeutic
approaches. In our analysis of SF-36, no significant differences were observed between treatment
groups, while RAI and ATD were associated with the highest scores in physical functioning, whereas
surgery yielded the highest scores in social functioning. Consistently, social life also emerged as one of
the most favorable domains for surgery in ThyPRO assessments. In the ThyPRO, pairwise comparisons
demonstrated that surgery was significantly better than RAI for depression and emotional susceptibility,
and ATD was significantly better than RAI for sex life. In the sensitivity analysis, the overall pattern
remained the same.

ATD has been the first-line and mainstay treatment for GD over recent decades in many regions,
including Europe, South America, and Japan 333735, Although RAI remains the preferred treatment in the
United States, the use of ATDs has been reported to be increasing 6. ATD is associated with some minor
(arthralgia, skin rash, and gastric intolerance) and major (agranulocytosis) adverse effects 3/73°. In our
study, the sex life of patients treated with ATD was significantly better than that of patients treated with
RAI. This difference may reflect that ATD is associated with a lower likelihood of permanent

hypothyroidism than RAI or surgery?3, as hypothyroidism is known to cause sexual dysfunction®®. Some

evidence suggests transient impairment of male gonadal function after RAI #'. Therefore, in sexually
active patients, ATD may be a better choice than RAI.

RAI has been the preferred treatment in North America since the 1940s. It is associated with a lower
relapse rate than ATD but has notable adverse effects, including bone loss, as well as increased risks of
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cardiovascular and cerebrovascular events per multiple reports ®42. In our study, RAI had significantly
worse scores than surgery in the depression and emotional susceptibility domains. It is reported that

|42

new or worsened GO is one of the most common adverse effects of RAI*4, and GO can negatively affect

the psychological and emotional aspects of life*3; however, these complications are primarily seen in
mild cases and can be effectively mitigated with steroid prophylaxis**. Although the association
between RAI and worse emotional scores is notable, it does not establish a direct causal link. Many
symptoms and risks traditionally attributed to RAI may instead reflect the burden of the underlying
hyperthyroidism rather than the treatment itself 4*; therefore, these results should be interpreted with
caution regarding causality.

Surgery is the least commonly used treatment modality but provides the highest cure rate. It is typically
reserved for cases in which other modalities are contraindicated. Surgery also carries risks, such as
recurrent laryngeal nerve palsy and hypothyroid symptoms3#°. One of the best-performing domains for
patients treated with surgery in our study was social functioning, while the worst domains were tiredness
and lack of vitality, similar to the findings for RAl and ATD. However, surgery demonstrated higher scores
in the cosmetic domain. Therefore, it may be an appropriate option for patients who prefer a definitive,
single treatment and value aesthetic outcomes, particularly those at increased risk of developing GO or
depression.

Many patients initially prefer ATD because of concerns regarding radioactive exposure and potential
adverse effects of RAI, as well as apprehension about general anesthesia, scarring, and voice alterations
following surgery. Nonetheless, relapse often leads patients to opt for surgery or RAI *°. Financial
considerations also play a key role, as a study showed that total thyroidectomy is the most most cost-
effective modality in patients with relapse after 18 months of ATD #°. Another study reported that
thyroidectomy may be associated with better outcomes in terms of mortality and major adverse
cardiovascular events compared to ATD*’. These data, together with the risk profiles of each modality,
reinforce the need for careful pre-treatment discussion. Accordingly, clinicians should combine the
primary clinical assessment of treatment outcomes and safety with QoL priorities where applicable,
creating a longitudinal pathway that accounts for relapse probabilities and long-term health implications

to support informed, preference-concordant decisions*2.

Several limitations should be acknowledged for this study. First, we did not assess changes in QoL
before and after treatment, as there were not enough studies that evaluated both pre- and post-
treatment QoL across all questionnaire domains. Second, considerable variation existed among studies
in terms of follow-up duration, surgical techniques, RAIl doses, medication regimens, and types of ATD,
which limited our ability to analyze these factors separately. Third, a high level of heterogeneity was
observed across studies, and many potentially relevant studies were excluded due to inconsistent data
reporting. Fourth, for the study that reported sample size as a range, we utilized the median value to
allow for their inclusion in the quantitative synthesis. While this approach was chosen to avoid the loss
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of significant data, it introduces a degree of imprecision in the weighting of those studies. Therefore, our
results should be interpreted with caution.

In future studies, researchers should conduct large-scale longitudinal trials with adequate case numbers
and extended follow-up periods to evaluate changes in QoL before and after each treatment modality
separately. Such studies should assess short-, medium-, and long-term QoL outcomes across all
domains of validated questionnaires to provide a more comprehensive understanding of how each
treatment affects patients’ well-being over time.

Conclusion

While the included studies reported that all therapeutic approaches were associated with improvements
in QoL, specific differences emerged: ATD showed better outcomes in sexual functioning, whereas RAI
was associated with lower scores in emotional and psychological domains. These findings may help
clinicians and patients better understand the effects of each treatment on QoL. Treatment selection
should remain a collaborative process that integrates clinical indications and safety considerations with
patient preferences, long-term outcomes, local expertise, and financial factors to support informed
decision-making.
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The PRISMA flow diagram of the systematic review
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Figure 2

Risk of bias assessment: A. Risk of bias in non-randomized studies assessed using the ROBINS-I V2
tool, B. Summary plot of the overall risk of bias across all domains for the non-randomized studies,
C.Risk of bias in randomized studies assessed using the RoB2 tool D.Summary plot of the overall risk of
bias across all domains for the randomized studies
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Figure 3

Pooled Quality of Life Scores from Meta-Analysis: A. SF-36 subscales and B. ThyPRO subscales.
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