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ABSTRACT
Introduction: Toxic goiter is a common endocrine disorder requiring long-term anti-thyroid drug therapy, yet evidence on time to biochemical euthyroidism and its predictors is limited in resource-limited settings. This study aimed to determine time to biochemical euthyroidism and its predictors among patients with toxic goiter treated with anti-thyroid drugs at Wallaga University Comprehensive Specialized Hospital.

Methods: A five-year retrospective cohort study was conducted using 120 patient records selected from 143 eligible cases between January 1, 2021 and December 31, 2025. Data were collected using a structured checklist via Epi-data version 3.1 and analyzed using SPSS version 27. The Kaplan–Meier survival curve with log-rank test was used to compare differences in time to biochemical euthyroidism across categorical variables. Variables with a p-value <0.25 in bivariable analysis were entered into the multivariable Cox proportional hazards regression model. The proportional hazards assumption was assessed using Schoenfeld residuals and log-minus-log survival plots, and no significant violation was observed. Model fitness was evaluated using the Cox–Snell residual goodness-of-fit test, which indicated that the final model adequately fitted the data. Statistical significance was declared at p < 0.05.

Results: The response rate was 83.9%. The mean age of participants was 38.6 ± 12.4 years. The median time to biochemical euthyroidism was 6 months, based on Kaplan–Meier survival analysis. Rural residence (AHR = 0.68, 95% CI: 0.50, 0.92) and higher baseline FT4 levels (AHR = 0.94, 95% CI: 0.90, 0.98) were significantly associated with delayed time to euthyroidism.

Conclusion and recommendation: Although a substantial proportion achieved euthyroidism early, variability in response resulted in a broader distribution of time to normalization. Rural residence and higher baseline FT4 levels were significant predictors of delayed response. Strengthening early diagnosis, improving follow-up systems, and enhancing rural healthcare access are essential to improve treatment outcomes. 

Keywords: Toxic goiter, biochemical euthyroidism, survival analysis, Ethiopia

CHAPTER ONE : INTRODUCTION
1.1. Background of the study 

Toxic goiter is a clinical condition characterized by excessive production of thyroid hormones, most commonly due to Graves’ disease or toxic multinodular goiter. It is a significant endocrine disorder affecting diverse populations worldwide. The resulting hypermetabolic state impacts multiple organ systems, particularly the cardiovascular and skeletal systems. If not adequately treated, it can lead to serious complications such as atrial fibrillation, heart failure, osteoporosis, and, in severe cases, thyrotoxic crisis, thereby increasing morbidity and potential mortality 

(1-3) ADDIN EN.CITE . 

Management of thyroid disorders includes pharmacological therapy, radioiodine treatment, and surgical intervention. Anti-thyroid drugs (ATDs), particularly methimazole and propylthiouracil, are commonly used as first-line treatments, especially in resource-limited settings such as Ethiopia 

(4, 5) ADDIN EN.CITE . The primary goal of pharmacological therapy is to achieve euthyroidism safely and as rapidly as possible, defined by normalization of thyroid hormone levels. However, the time required to reach this state varies considerably among patients 

(6, 7) ADDIN EN.CITE . These medications do not provide a definitive cure for Graves’ disease; however, when used at appropriate doses, they effectively restore euthyroidism in most patients. Failure to achieve euthyroidism is often associated with poor adherence to therapy (4). Methimazole (MMI) is generally recommended as the first-line agent for the management of Graves’ disease due to its favorable efficacy and safety profile. However, propylthiouracil is preferred in specific situations, such as during the first trimester of pregnancy, in thyroid storm, or in patients who cannot tolerate MMI and decline definitive therapies(8). 

Despite their effectiveness, anti-thyroid drugs are associated with a high relapse rate after discontinuation, with recurrence reported in approximately 40% to 80% of patients following 1–2 years of therapy 

(9, 10) ADDIN EN.CITE . The likelihood of sustained remission is influenced by several factors, including smaller gland size, low or negative thyroid receptor antibody titers, and early reduction in goiter size during treatment 

(11, 12) ADDIN EN.CITE . 

In terms of pharmacological advantages, MMI offers the convenience of once-daily dosing and lower risk of sever adverse effects compared to propylthiouracil (PTU), which requires multiple daily dosing due to its shorter half-life 

(4, 13) ADDIN EN.CITE . However, in resource-limited setting such as Ethiopia, PTU is often the more accessible option and may be predominantly used in clinical practice despite guideline recommendation favoring MMI 

(14, 15) ADDIN EN.CITE 
At Wallaga University Comprehensive Specialized Hospital, toxic goiter is primarily managed with anti-thyroid drugs, predominantly propylthiouracil, alongside regular clinical and biochemical monitoring until euthyroidism is achieved. Patients are subsequently evaluated for definitive treatment, particularly surgery, based on clinical response, disease severity, and individual factors. However, considerable variability in the time required to achieve biochemical euthyroidism is observed in routine practice. As a major referral and teaching hospital in western Ethiopia, serving a large and diverse patient population, the institution provides an appropriate setting to investigate determinants of time to euthyroidism. The lack of prior local evidence on treatment outcomes further highlights the need for this study.

1.2. Statement of the problem

Thyrotoxicosis is a significant and increasing endocrine health problem worldwide, affecting a considerable proportion of the adult population. Overt hyperthyroidism is estimated to affect approximately 0.2%–1.4% of individuals globally, with additional cases of subclinical disease further contributing to the overall disease burden

(16, 17) ADDIN EN.CITE . It is also a commonly encountered thyroid disorder in the African continent, including Ethiopia. The most common causes include Graves’ disease (GD), toxic multinodular goiter (TMNG), and toxic adenoma (ATA). Other less common causes include thyroiditis (such as the acute phase of Hashimoto’s thyroiditis and subacute thyroiditis), factitious (iatrogenic) thyrotoxicosis, drug-induced thyroid dysfunction, and thyroid cancer. In iodine-deficient regions, TMNG is a leading cause of thyrotoxicosis, particularly among older adults, contributing to a higher disease burden in low- and middle-income countries 

(18, 19) ADDIN EN.CITE .

The burden of disease is disproportionately higher in women, with female-to-male ratios ranging from 5:1 to 10:1, and the condition commonly affects individuals in their most productive years of life

(16, 17, 20) ADDIN EN.CITE . In sub-Saharan Africa, including Ethiopia, the prevalence of hyperthyroidism is estimated to range between 0.3% and 2%, although the true magnitude is likely underestimated due to limited screening and diagnostic capacity 

(21, 22) ADDIN EN.CITE . Furthermore, population-based studies in Ethiopia report high goiter prevalence, exceeding 30-40% in certain regions, indicating a substantial underlying burden of thyroid disorders 

(23, 24) ADDIN EN.CITE . 

Beyond its magnitude, thyrotoxicosis is associated with significant morbidity and potential mortality if not adequately controlled. Prolonged or untreated hyperthyroidism may result in serious complications, including atrial fibrillation, heart failure, hypertension, osteoporosis with increased fracture risk particularly in older adults neuro psychiatric manifestations, and, in rare cases, cardiovascular collapse and death.

(4, 12, 25) ADDIN EN.CITE . These complications not only affect patient quality of life but also increase healthcare utilization and long-term costs. Furthermore, prolonged use of anti-thyroid drugs (ATDs), which are commonly employed as first-line therapy, is associated with rare but serious adverse effects such as agranulocytosis and hepatotoxicity, as well as the economic burden of repeated laboratory monitoring

(4, 26) ADDIN EN.CITE . 

Anti-thyroid drug therapy remains the mainstay of initial management in many low-resource settings, including Ethiopia, largely due to limited availability of radioactive iodine and restricted access to surgical services 

(21, 22) ADDIN EN.CITE . While anti-thyroid drugs such as methimazole and propylthiouracil are effective in controlling hyperthyroidism, the time required to achieve biochemical euthyroidism varies widely among patients. In high-income countries, the median time to biochemical control is typically reported to be around 3–6 months 

(6, 19) ADDIN EN.CITE , whereas studies from African settings report longer durations, often extending to 6-9 months or more

(21, 22) ADDIN EN.CITE . In Ethiopia, evidence suggests even more prolonged times to normalization, with mean durations exceeding 11-13 months in some cohorts (14). This variability in treatment response highlights the influence of multiple determinants, including patient-related factors (such as age, sex, and baseline hormone levels), disease-related factors (such as goiter size, etiology, and severity of thyrotoxicosis), and health system factors (such as access to care, medication adherence, and monitoring capacity) 

(12, 14, 19, 27) ADDIN EN.CITE . Identifying these factors is essential for optimizing management strategies and improving patient outcomes.
In Ethiopia, several studies have described the prevalence and treatment outcomes of thyrotoxicosis 

(14, 16, 28-30) ADDIN EN.CITE . These studies consistently report a high proportion of toxic multinodular goiter, delayed achievement of euthyroidism, and variability in treatment response. However, most have primarily focused on time to biochemical control and have not comprehensively assessed time to euthyroidism and its determinants. 

Anti-thyroid drugs are generally effective in controlling hyperthyroidism when administered at adequate doses, and failure to achieve euthyroidism is most commonly attributed to poor adherence.

In our hospital, the commonly available medication for the treatment of hyperthyroidism is propylthiouracil (PTU), which is not the first-line anti-thyroid drug in most countries, where methimazole is recommended as the preferred agent according to the American Thyroid Association guidelines. In addition, many patients remain on treatment for prolonged periods due to poor adherence, financial constraints, low dosing, or failure to appropriately adjust/escalate doses over time.

In Ethiopia, there is limited evidence on time to euthyroidism and its determinants among patients with thyrotoxicosis, and most existing studies are derived from Western settings. Therefore, this study aimed to determine the time to biochemical euthyroidism and its predictors among patients with toxic goiter treated with anti-thyroid drugs at Wallaga University Comprehensive Specialized Hospital.

1.3. Significance of the study

Most patient take anti thyroid drug for long duration and they west their resource, time for frequent follow up and they affected by drug related complications, so it is important to identify the exact cause of long duration treatment and follow up.  So, it is important to Investigating possible causes like non adherence, inappropriate dose. Which help us to shorten duration of treatment by giving awareness on drug adherence, appropriate dose, and ways of escalating drug for both patient and physician. It may also suggest using other anti-thyroid drug, in addition to PTU.

Hospital administrators and healthcare planners can utilize the findings to optimize follow-up systems, to form local guidelines, improve resource allocation, and minimize delays in treatment response, thereby enhancing overall quality of care. Since there is no adequate local research on this topic someone can used as in put for future researches on pharmacological management of hyperthyroidism.

CHAPTER TWO: LITERATURE REVIEW

2.1. Time to Euthyroidism and Treatment Outcomes of toxic goiter 

Several studies have evaluated treatment outcomes in hyperthyroidism, particularly focusing on response to anti-thyroid drugs (ATDs), though with varying conclusions.

Patient-specific factors such as age, sex, and disease severity significantly influence treatment response and long-term outcomes in Graves’ disease(27). Similarly, the role of immunological markers, particularly thyroid receptor antibodies, in predicting remission and treatment response 

(12) ADDIN EN.CITE . Both studies highlight the importance of intrinsic patient characteristics; however, greater emphasis on immunological predictors compared to the broader clinical 

(12, 27) ADDIN EN.CITE . 

In contrast, long-term outcomes of ATD therapy, reporting that although many patients achieve biochemical control, relapse after discontinuation is common(9). This finding is consistent with substantial recurrence rates following initial treatment success

(10) ADDIN EN.CITE . While both studies agree on relapse patterns of long-term treatment effectiveness.

Different ATD regimens significantly influence treatment outcomes, particularly the speed of achieving biochemical control(6). This is further supported that dosing strategies directly affect treatment response(7). These findings contrast with studies focusing primarily on patient-related factors, emphasizing that treatment-related variables are equally important.

Additionally, different therapeutic modalities and reported variations in effectiveness between medical and definitive treatments (17). However, unlike the previously mentioned studies, their analysis focused more on overall treatment outcomes rather than specifically on time to biochemical euthyroidism.

Despite these contributions, most studies emphasize remission or relapse rather than explicitly evaluating time to euthyroidism using time-to-event analysis. Furthermore, the majority are conducted in high-income settings, limiting their applicability to resource-limited environments

(24, 31) ADDIN EN.CITE . 

2.2. Predictors of Time to Biochemical Euthyroidism

Multiple studies have identified key predictors influencing the time required to achieve biochemical euthyroidism, although findings are not entirely consistent.

Demographic factors such as age and sex influence disease course and treatment response(27), whereas immunological markers, particularly TRAb levels, as stronger predictors of treatment outcomes 

(12) ADDIN EN.CITE . This contrast suggests that while demographic variables play a role, biological markers may provide more precise prognostic information.

Clinical severity has also been widely studied. Higher baseline thyroid hormone levels and larger goiter size are associated with delayed treatment response

(1, 32) ADDIN EN.CITE . These findings align with Smith and Hegedüs (2016), who emphasized the role of disease activity in determining therapeutic outcomes(33). 

Environmental factors have also been implicated. The influence of iodine intake on thyroid function and disease patterns

(19, 34) ADDIN EN.CITE , suggesting that geographical variation may contribute to differences in treatment response across populations.

Treatment-related factors are equally important. Drug regimen and dosing strategies significantly affect the rate of achieving euthyroidism

(6, 7) ADDIN EN.CITE . Similarly, differences in treatment modalities influence outcomes(17). However, these studies vary in their emphasis, with some prioritizing pharmacological factors while others focus on patient characteristics.

Overall, the variability in identified predictors across studies reflects differences in study design, populations, and healthcare contexts, highlighting the need for localized evidence

(9, 34) ADDIN EN.CITE . 

2.3. Pharmacologic Treatment of Hyperthyroidism

Pharmacologic management of hyperthyroidism primarily relies on anti-thyroid drugs (ATDs), particularly methimazole (MMI) and propylthiouracil (PTU), which act by inhibiting thyroid hormone synthesis(4). Multiple studies have compared these agents in terms of efficacy, safety, and treatment response.

MMI recommended as the preferred first-line agent due to its superior safety profile and convenient once-daily dosing

(4, 5) ADDIN EN.CITE . In contrast, PTU is reserved for specific clinical situations such as the first trimester of pregnancy and thyroid storm (20). This distinction highlights a clear consensus favoring MMI in routine management, while acknowledging the clinical relevance of PTU in selected scenarios.

Comparative studies further demonstrate differences in treatment response. Dosing strategies significantly influence the rate of biochemical control, with optimized regimens leading to faster achievement of euthyroidism (7). Similarly, variations in ATD regimens impact both effectiveness and speed of response (6). These findings suggest that pharmacologic factors, including drug choice and dosing, play a critical role in determining time to euthyroidism.

However, these findings contrast with real-world practices in resource-limited settings. Studies from Ethiopia indicate that PTU is often the most accessible ATD and is widely used despite guideline recommendations favoring MMI

(14, 29) ADDIN EN.CITE . This discrepancy between guideline-based and actual practice may contribute to variability in treatment outcomes, including delayed achievement of euthyroidism.

Overall, while global evidence supports MMI as the preferred agent for faster and safer control of hyperthyroidism, local treatment patterns and resource constraints may significantly influence pharmacologic management and subsequent treatment outcomes.

2.4. Duration of Anti-Thyroid Drug Therapy

The duration of anti-thyroid drug (ATD) therapy is a critical factor influencing both treatment outcomes and long-term disease control in hyperthyroidism.

A treatment duration of 12 to 18 months is generally recommended to achieve remission; however, a substantial proportion of patients experience relapse after discontinuation (9). 

This finding is consistent with high recurrence rates despite initial achievement of euthyroidism

(10) ADDIN EN.CITE . Both studies highlight that while standard-duration therapy is effective for initial control, it may not ensure sustained remission.

In contrast, extending the duration of therapy in selected patients particularly those with favorable prognostic factors may improve long-term outcomes

(12) ADDIN EN.CITE . This suggests that individualized treatment duration, rather than a fixed regimen, may be more effective in optimizing outcomes.

Guideline-based recommendations, support tailoring treatment duration based on clinical and biochemical response, as well as immunological markers such as TRAb levels

(5, 35) ADDIN EN.CITE . These recommendations contrast with earlier approaches that applied uniform treatment durations to all patients, reflecting a shift toward personalized management strategies.

Importantly, while most studies focus on remission and relapse, fewer have examined the relationship between treatment duration and time to biochemical euthyroidism. However, it is plausible that variations in treatment duration and early treatment response are interrelated, influencing the speed at which euthyroidism is achieved.

Therefore, understanding the role of ATD treatment duration is essential not only for long-term disease control but also for interpreting variability in time to euthyroidism, particularly in different clinical and resource settings.

2.5. Methodological Approaches Used in Previous Studies

Previous studies assessing treatment outcomes in hyperthyroidism have predominantly used observational study designs, particularly retrospective cohort approaches.

Kaplan and Meier introduced the Kaplan–Meier method, which has since been widely used to estimate time-to-event outcomes such as time to euthyroidism(36). In contrast, developed the proportional hazards regression model, which allows for the identification of independent predictors while accounting for multiple variables simultaneously(37). 

Further methodological advancements have refined survival analysis techniques, providing robust frameworks for analyzing censored data and time-dependent outcomes(28, 38). Compared to simple descriptive analyses, these methods offer more precise and reliable estimates of treatment effects and predictors.

Despite the availability of these advanced analytical approaches, many clinical studies still rely on simpler outcome measures such as remission rates, limiting the depth of analysis regarding time to event outcomes.

2.6: Conceptual framework

The conceptual framework of this study considers time to biochemical euthyroidism as the primary outcome, defined as the duration from initiation of anti-thyroid drug therapy to normalization of thyroid function tests. This outcome is influenced by multiple interrelated factors. Socio-demographic factors, including age and sex, act as distal determinants that may affect disease progression and treatment response. Clinical factors, such as baseline thyroid hormone levels, goiter size, disease severity, and the presence of comorbidities, represent the underlying disease burden and have a direct effect on the rate of achieving euthyroidism. Treatment-related factors, including the type of anti-thyroid drug used, dosing regimen, duration of therapy, and patient adherence, play a central role in determining the effectiveness and speed of biochemical control. In addition, environmental and contextual factors, such as iodine status and access to healthcare services, may modify both clinical presentation and treatment outcomes. These variables interact in complex manner, with clinical and treatment-related factors exerting more direct effects, while socio-demographic and environmental factors influence outcomes indirectly 
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Figure 1: Conceptual Framework for Time to Biochemical Euthyroidism.
CHAPTER THREE: OBJECTIVES
3.1. General Objective

· To determine the time to biochemical euthyroidism and its predictors among patients with toxic goiter treated with anti-thyroid drugs at Wallaga University Comprehensive Specialized Hospital from January 01, 2021 to December 31, 2025.

3.2. Specific Objectives

· To estimate the median time to biochemical euthyroidism. 

· To identify independent predictors of time to biochemical euthyroidism using survival analysis.

CHAPTER FOUR: METHODS

4.1. Study Area, Period and Design 

The study was conducted at Wallaga University Comprehensive Specialized Hospital (WUCSH), located in Nekemte, Western Ethiopia. WUCSH is a tertiary-level teaching and referral hospital affiliated with Wallaga University, providing comprehensive clinical and specialized services to a large catchment population in Western Oromia and neighboring regions. The hospital serves as a major referral center for endocrine disorders, including toxic goiter, and maintains organized patient records suitable for retrospective analysis.

An institution-based retrospective cohort study design was employed. The study included medical records of patients diagnosed with toxic goiter and treated with anti-thyroid drugs at WUCSH over a five-year period, from January 1, 2021 to December 31, 2025. This design enabled the assessment of time-to-event outcomes, specifically time to biochemical euthyroidism, and the identification of its predictors.

Data collection was carried out from March 20, 2026 to April 20, 2026. Patient charts and relevant medical records were reviewed using a structured data extraction tool to ensure consistency, completeness, and reliability of the collected data.

4.2. Population

4.3. Source Population

The source population comprised all patients diagnosed with toxic goiter and treated at WUCSH during the period from January 1, 2021 to December 31, 2025.

4.4. Study Population

The study population included all eligible medical records of patients with toxic goiter who were treated with anti-thyroid drugs and had complete follow-up information during the study period.

4.5. Inclusion Criteria

All medical records of patients who:

· Were diagnosed with toxic goiter and started on anti-thyroid drug therapy at WUCSH between January 1, 2021 and December 31, 2025 

· Had documented baseline and follow-up thyroid function test results 

· Had at least one documented follow-up visit after initiation of treatment

4.6. Exclusion Criteria

Medical records were excluded if they:

· Had incomplete or missing key variables (e.g., baseline thyroid function tests or follow-up results). 

· Belonged to patients who were referred in with already established long-term treatment and unclear initiation dates of anti-thyroid therapy 

· Had coexisting conditions that significantly affect thyroid function interpretation (e.g., thyroid cancer, thyroid surgery during follow-up, or radioactive iodine therapy during the study period) 

· Were duplicated or inconsistent records

4.7. Sample Size Determination

The sample size for this study was determined using the Schoenfeld formula, which is appropriate for survival analysis within the Cox proportional hazards model. This method was selected due to its suitability for time-to-event outcomes, such as time to biochemical euthyroidism. A hazard ratio (HR) of 2 was assumed based on evidence from previous studies demonstrating clinically meaningful differences in treatment response between exposure groups 

(27, 40) ADDIN EN.CITE . A proportion (p = 0.5) was used in the absence of prior local estimates to maximize the sample size and ensure adequate statistical power. Competing risks were not explicitly incorporated into the sample size calculation; however, censoring was accounted for, and standard survival analysis methods were applied during the analysis. 

Formula: 
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Where:

E = required number of events

N = total sample size

Zα/2 = standard normal value at 95% confidence level = 1.96

Zβ = standard normal value at 80% power = 0.842

HR = hazard ratio

p = proportion of exposed group

P(E) = probability of event occurrence

Assumptions

Level of significance (α) = 0.05

Power (1 − β) = 80%

Hazard Ratio (HR) = 2.0

Proportion exposed (p) = 0.5

Probability of event (P(E)) = 0.5

Step 1: Number of Events (E)
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E = @)+ 05+ (1 = 05))




Simplified:
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((0.693)2= 0.25)
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Step 2: Total Sample Size (N)
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Step 3: Adjust for Incomplete Data (10%)
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The final sample size required for this study is:143 patients with toxic goiter

4.8. Sampling Technique


A retrospective cohort sampling approach was employed. Initially, all medical records of patients diagnosed with toxic goiter and treated with anti-thyroid drugs at Wallaga University Comprehensive Specialized Hospital between January 1, 2021 and December 31, 2025 were identified from the hospital medical record database. These records were then screened for eligibility based on predefined inclusion and exclusion criteria. Records with incomplete data, missing key laboratory results, prior treatment elsewhere with unclear initiation dates, or other exclusion criteria were removed. The remaining eligible records constituted the sampling frame. From this frame, study participants were selected using a simple random sampling technique to ensure representativeness and minimize selection bias. Finally, the selected records were reviewed and included in the analysis. 

4.9. Study Variables

4.9.1. Dependent Variables

· Time to biochemical euthyroidism
4.9.2. Independent Variables

1. Socio-demographic Variables
· Age 

· Sex 

· Residence (urban/rural) 

2. Clinical Variables
· Type of toxic goiter (e.g., Graves’ disease, toxic multinodular goiter) 

· Baseline thyroid hormone levels (FT4, T3, TSH) 

· Goiter size 

· Presence of comorbidities 

· Baseline symptoms/severity 

3. Treatment-Related Variables
· Type of anti-thyroid drug (e.g., PTU) 

· Initial dose 

· Dose adjustment during follow-up 

· Treatment adherence 

· Occurrence of side effects 

4.10. Operational Definitions

· Normal range: TSH (0.5–5 μU/mL), FT4 (12–28 pmol/L) and FT3 (3–9 pmol/L).
· Biochemical euthyroidism: Biochemical euthyroidism was defined as normalization of serum FT4 and/or T4 with suppressed or normal TSH after initiation of anti-thyroid therapy 

(32, 41) ADDIN EN.CITE .

· Time to Biochemical Euthyroidism: The time from initiation of anti-thyroid therapy to the first documented normalization of thyroid hormone levels in weeks or months 

(20, 41) ADDIN EN.CITE .

· Delayed Biochemical Euthyroidism: Failure to achieve biochemical euthyroidism within the predefined time period ( 3 months or study cutoff) after initiation of anti-thyroid therapy (41).

· Censored: Patients who did not achieve biochemical euthyroidism during follow-up, including those lost to follow-up, transferred out, died, or completed follow-up without the event. Their time was recorded from treatment initiation to last contact or follow-up date. 

4.11. Data Collection Tools and Procedures

A structured data extraction checklist was developed based on relevant literature to capture socio-demographic, clinical, and treatment-related variables. The tool was prepared in English and pretested on a small sample of records, with necessary modifications made before actual data collection. Data were collected through a retrospective review of patient medical records, follow-up charts, and laboratory reports. Trained data collectors extracted the required information under close supervision to ensure accuracy and consistency. The completeness of each checklist was checked daily, and any unclear information was verified from the original records before data entry.
4.12. Data Quality Assurance

Data quality was ensured through the use of a pretested structured checklist, training of data collectors, and close supervision during data collection. A pretest was conducted on 5% of the sample size at Nekemte Specialised Hospital, where unclear questions and skip-pattern inconsistencies were identified and revised prior to the actual data collection. Daily review of completed forms was carried out to ensure completeness and consistency, and any missing or unclear information was verified by revisiting the original medical records before data entry.

4.13. Data Processing and Analysis

Data were collected using Epi-data version 3.1 and exported to SPSS version 27 for analysis. The dataset was checked for completeness, cleaned, coded, and verified against original records to ensure accuracy and consistency. Descriptive statistics summarized the study variables, while time to biochemical euthyroidism was analyzed using Kaplan-Meier survival analysis to account for censored observations. Differences between groups were assessed using the log-rank test. Variables with p < 0.25 in bivariable analysis were entered into a multivariable Cox proportional hazards model, with statistical significance set at p < 0.05 and 95% confidence intervals. The proportional hazards assumption was evaluated using Schoenfeld residuals and log-minus-log plots, and model adequacy was confirmed using the Cox-Snell residual goodness-of-fit test.

4.14. Ethical Clearance

Ethical clearance was obtained from the Ethicall Comittee of Wallaga University. An official permission letter was secured from Wallaga University Comprehensive Specialized Hospital before data collection. Since the study was based on secondary data, patient identifiers were not collected to ensure confidentiality. All collected information was kept strictly confidential and used only for research purposes.

4.15. Dissemination and Utilization of Results

The findings of this study will be submitted to Wallaga University, Department of Public Health, and shared with Wallaga University Comprehensive Specialized Hospital. The results will also be disseminated through presentation in scientific conferences and considered for publication in peer-reviewed journals. In addition, key findings will be communicated to relevant stakeholders to support evidence-based clinical practice and improve the management of patients with toxic goiter.

CHAPTER FIVE: RESULT
5.1. Sociodemographic Characteristics 

A total of 120 patient records were included in the final analysis from the intended study sample of 143, yielding a response (data completeness) rate of 83.9%. The study participants were predominantly female, with 114 (95.0%) females and 6 (5.0%) males, indicating a strong female predominance among patients with toxic goiter. Most participants were rural residents, accounting for 89 (74.2%), while 31 (25.8%) were from urban areas, suggesting that the condition was more frequently represented among rural populations in this cohort. The mean age of participants was 38.6 years (SD ± 12.4), with a median age of 39 years (IQR: 30–48), indicating that the study population mainly consisted of young to middle-aged adults, with a relatively symmetrical age distribution, as indicated in table 1. 

	


Table 1: Socio-demographic characteristics of study participants at Wallaga University Comprehensive Specialized Hospital (WUCSH), Western Ethiopia, January 1, 2021–December 31, 2025 (n = 120).
	Variable
	Category
	Frequency (n)
	Percentage (%)

	Sex
	Female
	114
	95.0

	
	Male
	6
	5.0

	Residence
	Rural
	89
	74.2

	
	Urban
	31
	25.8

	Age (years)
	Mean ± SD
	38.6 ± 12.4
	—

	
	Median (IQR)
	39 (30–48)
	—


 5.2. Clinical parameter and disease pattern
Table 2 shows that a substantial proportion of participants had elevated thyroid hormone levels at baseline. More than half of the study participants, 69 (57.5%), had elevated FT4 levels, while 51 (42.5%) had FT4 within the normal range. Similarly, the majority of participants, 91 (75.8%), presented with elevated FT3 levels, whereas only 29 (24.2%) had normal FT3 values. These findings indicate that most patients were biochemically hyperthyroid at the time of diagnosis and initiation of anti-thyroid drug therapy.

Table 2: Baseline thyroid hormone profile of study participants at Wallaga University Comprehensive Specialized Hospital (WUCSH), Western Ethiopia, January 1, 2021–December 31, 2025 (n = 120). 
	Parameter
	Reference Range
	Category
	Frequency (n)
	Percentage (%)

	FT4
	12– 28 pmol/L
	Elevated (>28)
	69
	57.5%

	
	
	Normal
	51
	42.5%

	FT3
	3 – 9 pmol/L
	Elevated (>9)
	91
	75.8%

	
	
	Normal
	29
	24.2%


5.3. Pharmacological treatment 

Most patients (100%) were treated with propylthiouracil (PTU), with the majority, 109 (90.4%), receiving an initial dose of 300 mg/day. Dose escalation was required in 49 (40.8%) of patients during follow-up. The majority of participants, 99 (82.5%), were on beta-blocker therapy, all of whom received propranolol, with slightly more than half (54.8%) taking 40 mg/day and 67.3% receiving it in a twice-daily (BID) regimen (Table 4). 

Table 3: Treatment characteristics and medication-related factors among study participants at Wallaga University Comprehensive Specialized Hospital (WUCSH), Western Ethiopia, January 1, 2021–December 31, 2025 (n = 120).
	Variable
	Category
	Frequency (n)
	Percentage (%)

	Anti-thyroid drug (ATD)
	PTU
	120
	100

	Initial PTU dose
	300 mg/day
	109
	90.4

	
	Other doses
	11
	9.6

	Dose escalation of PTU
	Yes
	49
	40.8

	
	No
	71
	59.2

	Beta-blocker use
	Yes
	99
	82.5

	
	No
	21
	17.5

	Propranolol dose
	40 mg/day
	54
	54.8

	
	20 mg/day
	45
	45.2

	Propranolol dosing frequency
	BID
	67
	67.3

	
	Other
	32
	32.7


5.4 Time to Euthyroidism 

Most patients achieved biochemical euthyroidism within 3 to 9 months, accounting for 37 (30.8%) of the study population. This was followed by 28 (23.3%) who achieved euthyroidism within 6 weeks to 3 months, indicating that approximately one-quarter of patients achieved euthyroidism within the first three months of treatment. A smaller proportion achieved early response within 6 weeks (3, 2.5%), while 21 (17.5%) and 15 (12.5%) achieved euthyroidism at 9–12 months and 12–15 months, respectively. 

Only a few patients achieved late response at 15–18 months (2, 1.7%), whereas a considerable proportion, 14 (11.7%), required more than 18 months to achieve biochemical euthyroidism. Sixty percent (60.0%) of participants achieved euthyroidism during the follow-up, with most responding within 3 months while 11.7% took over 18 months. The median time to biochemical euthyroidism was 6 months, based on Kaplan–Meier survival analysis (Table 5). 
Table 4: Distribution of time to biochemical euthyroidism among study participants at Wallaga University Comprehensive Specialized Hospital (WUCSH), Western Ethiopia, January 1, 2021–December 31, 2025 (n = 120).

	Time to Euthyroidism
	Frequency (n)
	Percentage (%)

	≤6 weeks
	3
	2.5

	6 weeks – 3 months
	28
	23.3

	3 – 9 months
	37
	30.8

	9 – 12 months
	21
	17.5

	12 – 15 months
	15
	12.5

	15 – 18 months
	2
	1.7

	>18 months
	14
	11.7


 SHAPE  \* MERGEFORMAT 



5.5. Treatment Outcome and Clinical characteristics 

Most patients, 72 (60.0%), achieved biochemical euthyroidism during the follow-up period, while 48 (40.0%) were censored, indicating that a considerable proportion did not attain the outcome within the study period or were lost to follow-up. Regarding residence, the majority of participants were from rural areas, accounting for 89 (74.2%), suggesting a higher representation of rural patients in the cohort. In terms of the type of toxic goiter, the vast majority had toxic multinodular goiter (TMNG), 111 (92.5%), while a small proportion had toxic nodular goiter (TNG), 6 (5.0%), and Graves’ disease, 3 (2.5%), indicating that TMNG was the predominant clinical subtype among the study population (Table 6).

Table 5: Treatment outcome and clinical characteristics of study participants at Wallaga University Comprehensive Specialized Hospital (WUCSH), Western Ethiopia, January 1, 2021–December 31, 2025 (n = 120).

	Variable
	Category
	Frequency (n)
	Percentage (%)

	Treatment Outcome
	Achieved euthyroidism
	72
	60.0%

	
	Censored*
	48
	40.0%

	Residence
	Rural
	89
	74.2%

	
	Urban
	31
	25.8%

	Type of Toxic Goiter
	TMNG
	111
	92.5%

	
	TNG
	6
	5.0%

	
	Graves’ disease
	3
	2.5%


5.6. Determinant’s of Time to Euthyroidism 

Rural residence was significantly associated with a lower hazard of achieving biochemical euthyroidism compared with urban residence (AHR = 0.68, 95% CI: 0.50–0.92, p = 0.014), indicating a delayed time to euthyroidism among rural patients.

Similarly, higher baseline FT4 levels were significantly associated with a reduced likelihood of achieving euthyroidism over time (AHR = 0.94, 95% CI: 0.90–0.98, p = 0.006), suggesting that patients with more severe biochemical hyperthyroidism had a slower response to treatment. In contrast, age (AHR = 1.01, 95% CI: 0.99, 1.03, p = 0.210) and sex (AHR = 0.97, 95% CI: 0.60–1.58, p = 0.910) were not significantly associated with time to biochemical euthyroidism (Table 7).
Table 6: Multivariable Cox regression analysis of predictors of time to biochemical euthyroidism among study participants at Wallaga University Comprehensive Specialized Hospital (WUCSH), Western Ethiopia, January 1, 2021–December 31, 2025 (n = 120).

	Variable
	Category
	AHR
	95% CI
	P-value

	Residence
	Urban
	1
	Reference
	—

	
	Rural
	0.68
	0.50 – 0.92
	0.014*

	Baseline FT4
	Continuous
	0.94
	0.90 – 0.98
	0.006*

	Age
	Continuous
	1.01
	0.99 – 1.03
	0.210

	Sex
	Male
	1
	Reference
	—

	
	Female
	0.97
	0.60 – 1.58
	0.910


CHAPTER SIX: DISCUSSION
The mean age of participants was 38.6 years, indicating that toxic goiter mainly affects young to middle-aged adults, which is consistent with the typical epidemiological pattern of hyperthyroidism(24). The study findings showed that a considerable proportion of patients presented with elevated FT4 and FT3 levels at baseline, indicating active biochemical hyperthyroidism at treatment initiation. This is consistent with previous studies reporting overt thyrotoxicosis among patients with toxic goiter requiring immediate anti-thyroid therapy 

(2, 5) ADDIN EN.CITE . This highlights the importance of early detection and timely treatment initiation to prevent progression and complications associated with uncontrolled hyperthyroidism.

The exclusive use of PTU in all patients is consistent with practice patterns in resource-limited settings where treatment choice is often guided by availability rather than guideline-preferred alternatives such as methimazole

(4, 5) ADDIN EN.CITE . The relatively high rate of dose escalation suggests variable disease severity and the need for individualized titration, as supported by prior evidence on anti-thyroid drug response variability

(6, 7) ADDIN EN.CITE . The high use of propranolol aligns with guideline recommendations for symptomatic control of thyrotoxicosis, particularly cardiovascular manifestations

(2, 5) ADDIN EN.CITE . 

Most patients achieved biochemical euthyroidism between 3 and 9 months, representing the largest proportion of the cohort. Approximately one-quarter of patients achieved euthyroidism within the first three months of therapy, indicating that early response was less common. These findings are consistent with evidence that biochemical control with anti-thyroid drugs typically occurs over several months rather than within the early treatment period 

(4, 5) ADDIN EN.CITE . 

However, a notable proportion required longer durations, with 24.2% taking more than 12 months and 11.7% exceeding 18 months, reflecting variability in disease severity and treatment response as reported in long-term anti-thyroid therapy studies 

(6, 9) ADDIN EN.CITE . The small proportion achieving early euthyroidism within 6 weeks (2.5%) aligns with clinical expectations that rapid biochemical normalization is uncommon after initiation of therapy

(2) ADDIN EN.CITE .

Most patients achieved biochemical euthyroidism, while a considerable proportion were censored, which is consistent with evidence that anti-thyroid therapy is generally effective but influenced by follow-up completeness and adherence issues

(4, 5) ADDIN EN.CITE . The relatively high censoring may reflect loss to follow-up, a common challenge in chronic endocrine care in resource-limited settings

(10) ADDIN EN.CITE . The predominance of rural participants is in line with studies showing higher representation of rural patients in thyroid disease cohorts due to access barriers and delayed referral

(14, 16) ADDIN EN.CITE . The dominance of TMNG contrasts with iodine-sufficient regions where Graves’ disease is more common, but is consistent with iodine-deficient settings where nodular goiter predominates

(19, 24) ADDIN EN.CITE .

Rural residence was significantly associated with delayed achievement of biochemical euthyroidism, indicating slower treatment response compared with urban patients. This likely reflect disparities in access follow-up care, laboratory monitoring, and medication adherence. Similar contextual inequalities in thyroid disease management have been reported in epidemiological studies emphasizing the role of healthcare access and environmental determinants in treatment outcomes

(24, 39) ADDIN EN.CITE . In resource-limited settings, delayed diagnosis and inconsistent follow-up are recognized contributors to suboptimal endocrine disease control, supporting the observed association in this study

(14, 16) ADDIN EN.CITE . 

Higher baseline FT4 levels were also significantly associated with delayed time to euthyroidism, suggesting that greater biochemical severity at presentation reduces the likelihood of rapid treatment response. This is consistent with established evidence that disease severity and higher thyroid hormone levels predict slower normalization and more prolonged treatment courses in Graves’ disease and toxic goiter. This finding reinforces the importance of early diagnosis before severe biochemical derangement develops, as baseline disease severity appears to be a key determinant of treatment response 

(2, 33) ADDIN EN.CITE .

In contrast, age and sex were not significant predictors of time to euthyroidism. Although some studies have reported that age and sex influence treatment outcomes and recurrence risk in hyperthyroidism

(12, 27) ADDIN EN.CITE , the absence of association in the present study may be explained by the relatively homogeneous clinical management protocol and the dominance of toxic multinodular goiter in the cohort, which may reduce variability in response patterns.

Overall, the findings of this study highlight the multifactorial nature of treatment response in toxic goiter, where both clinical severity and healthcare access play critical roles. These results underscore the need for strengthening follow-up systems, improving access to essential medications, and promoting early diagnosis to optimize treatment outcomes in resource-limited settings

7: LIMITATIONS OF THE STUDY
This study has several limitations that should be considered when interpreting the findings. First, the retrospective cohort design relied on previously recorded patient data, which may subject to incomplete documentation and potential information bias. Second, the study period was relatively limited due to time constraints, which may have affected the sample size and the ability to assess long-term treatment outcomes. In addition, important variables such as patient adherence to medication, socioeconomic status, and barriers to healthcare access were not consistently documented and therefore could not be fully evaluated, although they may influence treatment response. Furthermore, as this was a single-center study conducted at Wallaga University Comprehensive Specialized Hospital, the generalizability of the findings to other settings may be limited. Despite these limitations, the study provides valuable insight into the real-world management and outcomes of toxic goiter in a resource-limited setting.

CHAPTER SEVEN:  CONCLUSION
This study showed that most patients with toxic goiter achieved biochemical euthyroidism of median time within 3-9 months of therapy. Rural residence and higher baseline FT4 levels were significant predictors of delayed euthyroidism, highlighting the impact of healthcare access and disease severity on treatment outcomes. These findings emphasize the importance of early diagnosis, regular follow-up, and strengthening rural thyroid care services.

7.2. Recommendations

Wallaga University Comprehensive Specialized Hospital should strengthen early diagnosis, timely treatment initiation, and adherence counseling for patients with toxic goiter to improve achievement of biochemical euthyroidism. Special attention should be given to rural patients through improved follow-up systems, access to laboratory monitoring, and standardized clinical follow-up with timely dose adjustment. 
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Annexes: Data Abstraction Checklist
Study Title

Time to Biochemical Control Among Patients with Toxic Goiter Treated with Anti-Thyroid Drugs at Wallaga University Comprehensive Specialized Hospital, 2021–2025. 
Medical Record Number (Code): __________

SECTION A: Socio-Demographic Characteristics

	Variable
	Response

	Age (years)
	______

	Sex
	☐ Male ☐ Female

	Residence
	☐ Urban ☐ Rural

	Year of Diagnosis
	______


SECTION B: Clinical Characteristics at Baseline

	Variable
	Response

	Type of Toxic Goiter
	☐ Graves’ Disease ☐ Toxic Multinodular Goiter

	Goiter Size (WHO classification if documented)
	☐ Grade 0 ☐ Grade 1 ☐ Grade 2

	Presence of Ophthalmopathy
	☐ Yes ☐ No

	Baseline TSH (mIU/L)
	______

	Baseline Free T4 (ng/dL or pmol/L)
	______

	Baseline Free T3 (if available)
	______

	Presence of Comorbidity
	☐ Yes ☐ No

	If Yes, specify
	__________________

	Atrial Fibrillation at Diagnosis
	☐ Yes ☐ No

	Heart Failure
	☐ Yes ☐ No


SECTION C: Treatment-Related Variables

	Variable
	Response

	Type of ATD
	☐ Methimazole ☐ Carbimazole ☐ PTU

	Initial Dose (mg/day)
	______

	Beta-blocker Prescribed
	☐ Yes ☐ No

	Date of ATD Initiation
	____ / ____ / ____

	Documented Drug Adherence
	☐ Good ☐ Poor ☐ Not Documented

	Adverse Drug Reaction
	☐ Yes ☐ No

	If Yes, specify
	__________________


SECTION D: Follow-Up and Laboratory Monitoring

	Variable
	Response

	Date of First Follow-Up
	____ / ____ / ____

	Date of First Normal TSH
	____ / ____ / ____

	Date of First Normal FT4
	____ / ____ / ____

	Biochemical Control Achieved
	☐ Yes ☐ No

	If Yes, Date of Control
	____ / ____ / ____

	SECTION F: Time-to-Event Variables (To Be Calculated During Data Entry)

Variable
	Calculation

	Time to Biochemical Control (weeks/months)
	Date of control 

	
	

	Censoring Status (Biochemical Control)
	0 = Censored, 1 = Event
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SOCIO-DEMOGRAPHIC FACTORS


- Age


- Sex


- Residence (Urban/Rural)


- Access to healthcare











CLINICAL FACTORS


- Etiology (Graves disease vs Toxic multinodular goiter)


- Baseline FT4 level


- Baseline FT3 level


- Goiter size (WHO grading)


- Presence of cardiovascular complications


• Duration of symptoms before presentation








TREATMENT-RELATED FACTORS


- Type of ATD (MMI vs PTU)


- Drug dose


- Treatment adherence


- Frequency of follow-up








 Time to Biochemical Euthyroidism
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