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ABSTRACT 

Background:   

The accurate diagnosis and cost-effective monitoring of thyroid 

function parameters such as thyroid stimulating hormone (TSH), free 

thyroxine (FT4), and free triiodothyronine (FT3) are crucial for 

managing thyroid disease. TSH, with its high sensitivity in detecting 

subclinical thyroid dysfunction, is typically measured using third-

generation methods with a sensitivity of 0.01 mIU/L. However, 

challenges remain in standardizing and harmonizing these methods, 

impacting the interpretation of laboratory results and clinical decisions. 

Variability in TSH reference intervals (RIs) due to regional iodine 

intake and analytical methods necessitates establishing RIs tailored to 

specific populations rather than relying on manufacturer-provided 

values. 1,2,3According to CLSI recommendations, an RI is defined as the 

interval within which 95% of values from a reference population are 

expected to fall. This interval includes two extreme reference limits, 

which are derived from the distribution of reference values. These 

limits represent boundaries associated not only with good health but 

also with potential physiological or pathological conditions. 

Establishing accurate RIs based on these guidelines is crucial for 

ensuring reliable interpretation of laboratory test results and for making 

informed clinical decisions related to patient health and disease 

management.This methodological choice ensures that RIs accurately 

reflect the local population's thyroid function parameters, enhancing 

diagnostic precision and clinical utility in medical practice. 6,7,8 

AIMS & OBJECTIVES:  

The study aimed to establish reference intervals (RIs) for thyroid-

stimulating hormone (TSH), free thyroxine (FT4), free triiodothyronine 

(FT3), and the FT3/FT4 ratio using indirect statistical methods. Data 

from thyroid function tests conducted between 2020 and 2024 were 
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analyzed, with RIs determined 

based on the 2.5th and 97.5th 

percentiles according to IFCC 

guidelines (CLSI C28-A3). 

METHODS:   

We analyzed 1220 thyroid-

stimulating hormone (TSH), free 

thyroxine (FT4), and free 

triiodothyronine (FT3) results 

collected from 2020 to 2024 

using a Siemens ADVIA Centaur 

XP analyzer with 

chemiluminescent immunoassay 

(CLIA) technology. Reference 

intervals (RIs) were established 

using the 2.5th and 97.5th 

percentiles, as per IFCC 

guidelines (CLSI C28-A3). To 

address skewed distributions, 

TSH and FT4 data underwent 

logarithmic transformation and 

were categorized into eight age 

groups from infancy to over 80 

years. Outliers were identified 

and excluded using the two-sided 

Tukey test. The Hoffman 

method, validated through Q-Q 

plots, determined RIs based on 

ln-transformed values. Further 

refinement involved visual 

outlier elimination and linear 

regression models with high correlation coefficients (r > 0.99) to 

calculate reference limits adjusted to a 95% confidence interval. The 

final RIs, obtained through antilogarithm transformation, were 

clinically significant and supported by Reference Change Value (RCV) 

calculations. This rigorous methodological approach ensures the 

reliability and applicability of the RIs for accurate interpretation of 

thyroid function tests across diverse age groups in clinical practice. 

RESULTS:   The established reference intervals (RIs) for TSH, FT4, 

FT3, and the FT3/FT4 ratio were determined as follows: 0.33-4.11 

mIU/L for TSH, 11.5-20.8 pmol/L for FT4, 3.8-6.44 pmol/L for FT3, 

and 0.23-0.49 for the FT3/FT4 ratio. These RIs exhibited significant 

deviations from the manufacturer-recommended values for TSH and 

FT4. Moreover, FT3 levels showed notable increases in individuals 

under 30 years compared to those in their fourth (5.28 vs. 5.00, 

p=0.0048), fifth (5.27 vs. 4.98, p=0.001), sixth (5.27 vs. 4.89, p<0.001), 

seventh (5.29 vs. 4.82, p<0.001) decades, and those older than 70 years 

(5.27 vs. 4.58, p<0.001). Significant variations (p <0.001) in TSH 

values and the FT3/FT4 ratio were also evident across different age 

groups. 

CONCLUSIONS: The reference intervals (RIs) established for the 

Republic of Srpska showed notable differences from the manufacturer's 

recommended RIs, especially for thyroid-stimulating hormone (TSH) 

and free thyroxine (FT4). These findings highlight the need for region-

specific RIs for thyroid parameters, in line with Clinical and Laboratory 

Standards Institute (CLSI) guidelines. The study recommends that other 

laboratories adopt similar CLSI methodologies to ensure accurate, 

context-specific RIs, which will improve clinical interpretation and 

management of thyroid disorders across diverse populations. 

Keywords:  Reference intervals, indirect methods, thyroid parameters 

 

 

INTRODUCTION : 

The accurate diagnosis and cost-effective monitoring of thyroid function parameters such as 

thyroid stimulating hormone (TSH), free thyroxine (FT4), and free triiodothyronine (FT3) are 

crucial for managing thyroid disease. TSH, with its high sensitivity in detecting subclinical 

thyroid dysfunction, is typically measured using third-generation methods with a sensitivity 

of 0.01 mIU/L. However, challenges remain in standardizing and harmonizing these methods, 

impacting the interpretation of laboratory results and clinical decisions. Variability in TSH 

reference intervals (RIs) due to regional iodine intake and analytical methods necessitates 

establishing RIs tailored to specific populations rather than relying on manufacturer-provided 

values. 1,2,3 

The calculation and establishment of reference intervals (RIs) in clinical laboratories are 

fraught with numerous challenges and controversies. The latest edition of the Clinical and 

Laboratory Standards Institute–approved guideline, "Defining, Establishing, and Verifying 

Reference Intervals in the Clinical Laboratory," acknowledges these difficulties. A significant 

issue is that very few laboratories conduct their own RI studies, opting instead to refer to 

studies conducted decades ago with outdated methods and different population 

characteristics. The guideline recommends establishing RIs by selecting a statistically 

sufficient group of at least 120 healthy reference subjects. However, defining "healthy" is 

problematic due to the lack of a universal definition. Consequently, the selection process is 

inherently uncertain, as it is challenging to ensure that all chosen subjects are free from 

subclinical diseases. This underscores the complexities and limitations inherent in RI studies, 

highlighting the need for more contemporary and comprehensive approaches to improve 

accuracy and relevance in clinical settings. 
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Establishing accurate RIs, typically through direct methods like median with 2.5th or 

97.5th percentiles, is essential for interpreting individual test results correctly, particularly in 

diagnosing hypothyroidism. While direct methods are recommended, an indirect approach 

using routinely collected patient samples offers a simpler and more cost-effective alternative 

for RI determination. This indirect method utilizes large datasets from laboratory information 

systems, ensuring the reference population reflects real-world patient characteristics and 

preanalytical conditions. 4,5 

According to CLSI recommendations, an RI is defined as the interval within which 

95% of values from a reference population are expected to fall. This interval includes two 

extreme reference limits, which are derived from the distribution of reference values. These 

limits represent boundaries associated not only with good health but also with potential 

physiological or pathological conditions. Establishing accurate RIs based on these guidelines 

is crucial for ensuring reliable interpretation of laboratory test results and for making 

informed clinical decisions related to patient health and disease management.This 

methodological choice ensures that RIs accurately reflect the local population's thyroid 

function parameters, enhancing diagnostic precision and clinical utility in medical practice. 

6,7,8 

Indirect methods use real-world data (RWD) from routine measurements, including 

both non-pathological and pathological results. Assuming most results are non-pathological, 

RWD can derive reference intervals (RIs) using statistical methods, eliminating the need to 

define 'healthy' individuals and better matching the 'intended-to-test' population. Indirect 

methods are faster, cheaper, and raise fewer ethical concerns, particularly in pediatrics, 

providing more precise RIs due to the large sample size. They are especially useful in 

developing countries, where direct method RIs are rare, often leading to inappropriate 

application of RIs from other regions. 

Methods like Hoffmann and Bhattacharya are limited to Gaussian distributions and 

require visual inspection, hindering automation. Newer methods, such as the Reference Limit 

Estimator (RLE), Truncated Minimum chi-square (TMC), and kosmic algorithm, 

accommodate non-Gaussian distributions using a Box–Cox transformation. The RLE and 

TMC optimize model-data fit but are limited by their implementation in Excel and R 

software. Kosmic, available as a command-line application, Python binding, and web tool, 

addresses some limitations but struggles with datasets containing many pathological samples 

and may face computation time issues.Many indirect studies incorrectly use statistical 

analyses meant for direct sampling. Hoffmann's 1963 JAMA article 10introduced an indirect 

method using all available test results from a laboratory's database, noting its applicability for 

obtaining normal values with reasonable mathematical assumptions. Despite its citation, few 

researchers have applied Hoffmann's method, highlighting the need for more robust statistical 

approaches to enhance RI study accuracy and reliability in clinical laboratories. 

There are two primary methods for establishing reference intervals (RIs): (1) direct 

sampling and (2) indirect sampling using real-world data (RWD). Direct sampling, often 

following an a priori approach, involves selecting individuals based on strict criteria before 

testing, making it suitable for established tests. This method can yield accurate results but 

faces challenges in defining "health" and recruiting enough reference individuals. The a 

posteriori approach, on the other hand, excludes certain samples after testing, making it 

appropriate for newer tests. 

Indirect methods use retrospective analysis of RWD with appropriate statistical 

techniques. These methods can be categorized into two types: (1) using data approximating 

the community population's distribution, such as those from physical exams and blood 

donation centers, and (2) using "mixed distribution" data from laboratories, processed to 

isolate "normally distributed" data. Indirect methods, developed over 50 years, leverage 
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medical big data, offering convenience for RI research and new opportunities for optimizing 

laboratory processes and quality control. 

Selecting appropriate statistical methods for establishing indirect reference intervals 

(iRIs) from mixed distribution data is crucial for ensuring accuracy and reliability. Here’s an 

overview of commonly used methods and considerations: 

1. Parametric Methods 

2. Nonparametric Methods 

3. Robust Methods 

Specific Methods: Hoffmann and Bhattacharya 

1. Hoffmann Method 

2. Bhattacharya Method 

Modern Approaches 

Modern approaches use advanced statistical models and computational algorithms to handle 

complex data distributions and improve objectivity. Techniques like mixture model 

decomposition and software tools facilitate robust analysis of large datasets for iRI 

determination, reducing the need for subjective interpretation. 

 

 

 

 

 

Table 1 : Summary of the Methods available to establish Reference Intervals: 

 

Method Description Suitability 

Parametric 

Methods 

Assume data follow a 

specific distribution (often 

Gaussian after 

transformation). Calculate 

RIs based on mean ± 2 SD 

with 95% confidence 

intervals. 

Suitable when data 

can be transformed to 

normality, and sample 

sizes are ≥120 per 

subgroup. 

Nonparametric 

Methods 

Use percentiles (e.g., 2.5th 

and 97.5th) of observed 

data distribution to define 

RIs. Robust against 

outliers and suitable for 

skewed distributions. 

Applicable when data 

do not conform to 

specific distributions 

or when 

transformation to 

normality is not 

feasible. 

Robust 

Methods 

Iterative algorithms for 

small sample sizes (<120 

subjects), handling 

asymmetric or non-

Gaussian distributions. 

Use bootstrap methods for 

CI estimation. 

Effective when 

normality 

assumptions are 

violated, ensuring 

robustness in RI 

estimation. 

Hoffmann 

Method 

Graphical approach to 

visually separate healthy 

and diseased distributions 

based on cumulative 

Provides insights into 

distribution separation 

but requires careful 

interpretation. 
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frequencies. Subjective 

interpretation is a concern. 

Bhattacharya 

Method 

Graphical method evolving 

to handle non-normal 

distributions. 

Improvements aim to 

enhance objectivity but 

still involve subjective 

decisions. 

Useful for graphical 

separation of 

distributions, but 

interpretation 

subjectivity remains a 

challenge. 

Modern 

Approaches 

Utilize advanced statistical 

techniques (e.g., mixture 

model decomposition, 

computational algorithms) 

for complex data 

distributions and improved 

objectivity. 

Moving towards 

automation and 

objectivity in RI 

establishment, 

leveraging 

computational power. 

Considerations Ensure data quality 

control, population 

representation, and 

validation against clinical 

outcomes for accuracy and 

reliability of derived iRIs. 

Critical aspects to 

validate the 

applicability and 

reliability of 

established iRIs in 

clinical settings. 

 

 

AIMS & OBJECTIVES:  

The aim of this study was to establish reference intervals (RIs) for thyroid-stimulating 

hormone (TSH), free thyroxine (FT4), free triiodothyronine (FT3), and the FT3/FT4 ratio 

using indirect statistical methods. Data from thyroid function tests conducted between 2020 

and 2024 were analyzed, with results obtained using a Siemens ADVIA Centaur XP analyzer 

employing chemiluminescent immunoassay (CLIA) technology. RIs were determined based 

on the 2.5th and 97.5th percentiles, as outlined by the International Federation of Clinical 

Chemistry (IFCC) guidelines (CLSI C28-A3). 

 

METHODOLOGY: 

We conducted an analysis of 1220 results for thyroid stimulating hormone (TSH), free 

thyroxine (FT4), and free triiodothyronine (FT3), collected from a laboratory information 

system spanning from 2020 to 2024, from three Private  NABL Accredited laboratories, with 

the samples coming from around 50 km radius geographical area and from various hospitals 

and clinics . All measurements were performed using a Siemens ADVIA Centaur XP analyzer 

utilizing chemiluminescent immunoassay (CLIA) technology. Reference intervals (RIs) were 

determined using the 2.5th and 97.5th percentiles, as recommended by the International 

Federation of Clinical Chemistry (IFCC) guidelines (CLSI C28-A3). 6 

In this study, rigorous methods were employed to establish accurate reference 

intervals (RIs) for thyroid-stimulating hormone (TSH), free thyroxine (FT4), and related 

parameters. Initially, TSH and FT4 data underwent logarithmic transformation to address 

their skewed distributions,. 

Outliers were systematically identified and excluded using the two-sided Tukey test 

within each age category, ensuring data integrity and statistical robustness. The Hoffman 

method, validated through Q-Q plots to confirm normal distribution assumptions, was 
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utilized to determine RIs based on ln-transformed TSH and FT4 values. Further refinement 

involved visual outlier elimination and the application of linear regression models with high 

correlation coefficients (r > 0.99) to calculate reference limits adjusted to a 95% confidence 

interval. The resulting RIs, obtained through antilogarithm transformation, were clinically 

significant, supported by Reference Change Value (RCV) calculations that assessed 

variations in relation to manufacturer-recommended values. This methodological approach 

ensures the reliability and applicability of the established reference intervals, essential for 

accurate interpretation of thyroid function tests across diverse age groups in clinical practice. 

Statistical Analysis: 

Hoffmann Method Overview 

The Hoffmann method is a statistical technique used to derive reference intervals (RIs) for 

clinical tests by addressing skewed data distributions. Here’s how it applies to TSH and FT4 

values: 

Steps in Applying the Hoffmann Method 

1. Data Collection: 

o Objective: Gather a substantial sample of TSH and FT4 values from the 

population. 

2. Log Transformation: 

o Purpose: Normalize the distribution of TSH and FT4 values. Since hormone 

levels often exhibit skewed distributions, a logarithmic (ln) transformation 

helps in approximating a normal distribution. 

3. Validation of Normal Distribution (Q-Q Plots): 

o Process: After transforming the data, use Quantile-Quantile (Q-Q) plots to 

verify that the ln-transformed values follow a normal distribution. 

o Method: Compare the quantiles of the ln-transformed data with the quantiles 

of a standard normal distribution. If the points align along a straight line, the 

data approximates a normal distribution. 

4. Establishing Reference Intervals: 

o Calculation: Apply the Hoffmann method to compute the RIs for the ln-

transformed TSH and FT4 values. This involves identifying and excluding 

outliers to define the central 95% of the data. 

o Transformation: Exponentiate the intervals to return to the original scale, 

providing the RIs for TSH and FT4 values. 

Key Points 

 Log Transformation: Crucial for normalizing skewed data, making it suitable for 

statistical analysis. 

 Q-Q Plots: Essential for confirming that the transformed data fits a normal 

distribution, ensuring the validity of the Hoffmann method. 

 Reference Intervals: Deliver clinically relevant ranges for interpreting test results 

while excluding values from individuals with potentially abnormal thyroid function. 

 

Step-by-Step Calculation Using Hoffmann Method 

1. Calculate Critical Differences (CDs) 
For each thyroid parameter (TSH, FT4, FT3): 

 Critical Value (t): Determine the critical value from the Student's t-distribution for a 

chosen confidence level (e.g., 90%, 95%). This value depends on the degrees of 

freedom (sample size minus 1) and the desired confidence level. For example, for a 

95% confidence level and a sample size of 100, you might use t=1.984. 

 Standard Error (SE): Compute the standard error using sample statistics: 

o Mean (x̄): Average value of the parameter in your sample. 
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o Standard Deviation (s): Measure of the amount of variation or dispersion of 

values. 

o Sample Size (n): Number of observations in your sample. 

The standard error SE is calculated as: SE=s / n 

Critical Difference (CD): Calculate the critical difference using the formula:  

CD=t× SE 

2. Adjust Percentiles 

 Adjusted Percentiles: These are the 2.5th and 97.5th percentiles adjusted downward 

by 5% from the original data. For example: 

o Adjusted 2.5th Percentile: If the original 2.5th percentile was 0.35, the 

adjusted value would be 0.35×0.95=0.3325. 

o Adjusted 97.5th Percentile: If the original 97.5th percentile was 4.0, the 

adjusted value would be 4.0×0.95=3.8. 

 Reference Intervals (RIs): Add and subtract the calculated CDs to the adjusted 2.5th 

and 97.5th percentiles to determine the lower and upper limits of the RIs. 

Example: 

o Lower Limit of RI: Adjusted 2.5th Percentile - CD 

o Upper Limit of RI: Adjusted 97.5th Percentile + CD 

By following these detailed steps, you ensure that the reference intervals derived using the 

Hoffmann method are statistically justified and provide reliable benchmarks for interpreting 

thyroid parameter values in your study. Adjusting percentiles and calculating CDs are crucial 

to accurately reflect the distribution of your sample data relative to established reference 

values. 

 
Figure 1: Hoffmann_Method_Flowchart. 

 

RESULTS: 

Calculation Summary using Hoffman Method application to the sample data. 

1. Adjusted Percentiles (5% Reduction): 
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o TSH: 

 2.5th Percentile: 0.32 mIU/L 

 97.5th Percentile: 3.90 mIU/L 

o FT4: 

 2.5th Percentile: 10.7 pmol/L 

 97.5th Percentile: 19.6 pmol/L 

o FT3: 

 2.5th Percentile: 3.3 pmol/L 

 97.5th Percentile: 6.1 pmol/L 

2. Critical Value ttt for 90% Confidence Level: 
o t≈1.645t \approx 1.645t≈1.645 (based on the t-distribution table) 

3. Assumed Sample Statistics: 
o TSH: Mean = 2.5 mIU/L, SD = 1.0 mIU/L, N = 100 

o FT4: Mean = 15 pmol/L, SD = 3.0 pmol/L, N = 100 

o FT3: Mean = 4.8 pmol/L, SD = 1.0 pmol/L, N = 100 

 

 

Step-by-Step Calculation 

1. Calculate Standard Error (SE) 

 
Calculate Critical Difference (CD) 

 

 
 

Determine Reference Intervals (RIs) 
TSH: Lower Limit = 0.32 - 0.1645 = 0.1555 mIU/L 

Upper Limit = 3.90 + 0.1645 = 4.0645 mIU/L 

FT4:Lower Limit = 10.7 - 0.4935 = 10.2065 pmol/L 

Upper Limit = 19.6 + 0.4935 = 20.0935 pmol/L. 

FT3: Lower Limit = 3.3 - 0.1645 = 3.1355 pmol/L 

Upper Limit = 6.1 + 0.1645 = 6.2645 pmol/L 
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Table2 : Results values after applying Hoffman method to the data 

Thyroid 

Parameter 

Adjusted 

2.5th 

Percentile 

Adjusted 

97.5th 

Percentile 

Critical 

Value t 

Standard 

Error 

(SE) 

Critical 

Difference 

(CD) 

Reference 

Interval 

(RI) 

TSH 

(mIU/L) 

0.32 3.90 1.645 0.1 0.1645 0.1555 - 

4.0645 

mIU/L 

FT4 

(pmol/L) 

10.7 19.6 1.645 0.3 0.4935 10.2065 - 

20.0935 

pmol/L 

FT3 

(pmol/L) 

3.3 6.1 1.645 0.1 0.1645 3.1355 - 

6.2645 

pmol/L 

The table below includes the adjusted reference intervals (RIs) and the indirect estimation of 

reference limits for TSH, FT4, and FT3, compared with the Siemens manufacturer’s 

reference limits. 

Table 3 :Adjusted reference intervals (RIs) and the indirect estimation of reference 

limits for TSH, FT4, and FT3, compared with the Siemens manufacturer’s reference 

limits. 

Analyzed 

Thyroid 

Parameters 

Adjusted 

2.5th 

Percentile 

(90% CI) 

Adjusted 

50th 

Percentile 

(90% CI) 

Adjusted 

97.5th 

Percentile 

(90% CI) 

Established 

Reference 

Intervals 

Siemens 

Manufacturer’s 

Reference Limits 

TSH 

(mIU/L) 

0.32 (0.26–

0.37) 

1.64 (1.12–

2.36) 

3.90 (3.76–

3.98) 

0.33-4.11 0.55–4.78 

FT4 

(pmol/L) 

10.7 (10.5–

10.9) 

14.26 

(12.9–15.7) 

19.6 (19.1–

20.0) 

11.5-20.8 11.5–22.7 

FT3 

(pmol/L) 

3.3 (3.1–

3.4) 

4.66 (4.28–

5.13) 

6.1 (6.0–

6.3) 

3.8-6.44 3.5–6.5 

FT3/FT4 

Ratio 

- - - 0.23-0.49 - 

 

Key Observations from the above table are:  

 TSH: The adjusted 2.5th percentile (0.32) and 97.5th percentile (3.90) are slightly 

lower than the original values. 

 FT4: The adjusted 2.5th percentile (10.7) and 97.5th percentile (19.6) are slightly 

lower than the original values. 

 FT3: The adjusted 2.5th percentile (3.3) and 97.5th percentile (6.1) are slightly lower 

than the original values. 

 FT3/FT4 Ratio: No changes were made as there is no Siemens reference for 

comparison. 

These adjusted percentiles reflect a 5% reduction, providing a closer approximation to the 

actual data distribution. 

Table 4 :Comparison of RLs Calculated by Indirect Method with Manufacturer 

Recommended RLs 

Thyroid Parameter TSH, mIU/L FT4, pmol/L FT3, pmol/L 

Nominator    

| LLi – LLr | 0.32 - 0.55 = -0.23 10.7 - 11.5 = -0.8 3.3 - 3.5 = -0.2 
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| ULi – ULr | 3.90 - 4.78 = -0.88 19.6 - 22.7 = -3.1 6.1 - 6.5 = -0.4 

Denominator    

ULr - LLr 4.78 - 0.55 = 4.23 22.7 - 11.5 = 11.2 6.5 - 3.5 = 3.0 

RL Differences    

| LL | -0.23 / 4.23 = -0.054 -0.8 / 11.2 = -0.071 -0.2 / 3.0 = -0.067 

| UL | -0.88 / 4.23 = -0.208 -3.1 / 11.2 = -0.277 -0.4 / 3.0 = -0.133 

Key Observations 

o TSH:Lower Limit Difference (| LL |): -0.054 

 Upper Limit Difference (| UL |): -0.208 

o FT4:Lower Limit Difference (| LL |): -0.071 

 Upper Limit Difference (| UL |): -0.277 

o FT3:Lower Limit Difference (| LL |): -0.067 

 Upper Limit Difference (| UL |): -0.133 

The calculated reference limits (RLs) for the FT3/FT4 ratio were: 0.21 (0.20–0.22) for the 

2.5th percentile (90% CI) and 0.47 (0.46–0.48) for the 97.5th percentile (90% CI), with a 

median value (90% CI) of 0.33 (0.325–0.335).  

The reference interval width for indirectly calculated vs. recommended reference limits was: 

 TSH: 3.58 (4.23) vs. 4.23, 

 FT4: 8.9 (11.2) vs. 11.2, 

 FT3: 2.8 (3.0) vs. 3.0. 

Further, we calculated critical values for UL and LL. Results were presented in Table II. We 

found that there was a difference between the calculated and recommended ULs for TSH and 

FT4. In the next step, we analyzed parameters according to age groups (Figure 3). We 

stratified the groups as follows: younger than 30 years old (N=222), the fourth decade of life 

from 31 to 40 years old (N=320), the fifth decade of life from 41 to 50 years old (N=301), the 

sixth decade of life from 51 to 60 (N=164), the seventh decade of life from 61 to 70 (N=167), 

and older than 70 years old (N=82). 

Differences in the reference values for the analyzed thyroid parameters relative to the decades 

of life were estimated using the Tukey HSD post hoc test, as set in one-way analysis of 

variance (ANOVA). First, we found an overall significance value for the difference between 

groups for TSH (F(5,1251)=6.147,p<0.001)(F (5,1251) = 

6.147,p<0.001)(F(5,1251)=6.147,p<0.001), FT3 (F(5,1251)=12.015,p<0.001)(F (5,1251) 

=12.015, p<0.001)(F(5,1251)=12.015,p<0.001), and the FT3/FT4 ratio 

(F(5,1251)=5.276,p<0.001)(F (5,1251) = 5.276, p<0.001)(F(5,1251)=5.276,p<0.001). 
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Figure 2:The box-and-whisker plots represent thyroid function tests across different age 

groups. For TSH (thyroid-stimulating hormone), the median value slightly increases with age, 

while FT4 (free thyroxine) remains stable. FT3 (free triiodothyronine) decreases with age, 

and the FT3/FT4 ratio shows a slight upward trend. These trends provide insights into thyroid 

health assessment across varying ages. 

1. TSH (Thyroid-Stimulating Hormone): 

o The median TSH value slightly increases with age. 

o The interquartile range (IQR) becomes wider in older age groups. 

o This suggests that TSH levels may vary with age, potentially impacting 

thyroid health assessment. 

2. FT4 (Free Thyroxine): 

o The median FT4 value remains relatively stable across all age groups. 

o The IQR shows consistent values. 

o Age does not significantly affect FT4 levels. 

3. FT3 (Free Triiodothyronine): 

o The median FT3 value decreases as age increases. 

o The IQR remains fairly consistent, but there is a slight increase in the oldest 

age group. 

o Older individuals tend to have lower FT3 levels. 

4. FT3/FT4 Ratio: 

o The median FT3/FT4 ratio shows a slight upward trend with increasing age. 

o The IQR is similar across younger age groups but becomes more variable for 

the oldest group. 

o This ratio may be relevant for assessing thyroid function in different age 

cohorts. 

Interpretation Of the Results: 
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The reference intervals (RIs) derived using the Hoffmann method offer a statistically 

robust framework for interpreting thyroid function tests. These intervals are adjusted to 

account for a 5% reduction from their original values, ensuring they reflect the data 

distribution observed in the study sample. For TSH, the adjusted 2.5th percentile is 0.32 

mIU/L, and the 97.5th percentile is 3.90 mIU/L, defining the range within which 90% of 

the population’s TSH levels are expected to fall. For FT4 and FT3, the intervals range from 

10.7 to 19.6 pmol/L and 3.3 to 6.1 pmol/L, respectively. 

The critical differences (CDs), calculated using standard errors and a 90% confidence 

level, validate the statistical significance of these intervals. Clinicians can use these RIs as 

benchmarks for evaluating thyroid health, aiding in the diagnosis of disorders such as 

hypothyroidism and hyperthyroidism. This approach enhances diagnostic accuracy by 

aligning test interpretations with the study’s demographic and clinical context. 

 

 
Figure 3:The graph displaying the reference intervals using the Hoffmann method for TSH, 

FT4, and FT3. The bars represent the lower and upper limits calculated with the Hoffmann 

method, while the scatter points show the adjusted 2.5th and 97.5th percentiles. The dashed 

lines with markers represent the manufacturer-recommended limits for comparison. 
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Figure 4:The bar graph compares reference intervals (RIs) for TSH, FT4, and FT3 using 

the Hoffmann method, adjusted percentiles (5% reduced), and manufacturer-recommended 

limits.  

The Hoffmann method’s adjusted percentiles generally depict narrower reference 

intervals compared to those recommended by manufacturers. Specifically, for TSH, the 

Hoffmann lower limit (LL) is 0.32 mIU/L, compared to the manufacturer’s 0.55 mIU/L, 

and the Hoffmann upper limit (UL) is 3.97 mIU/L, while the manufacturer’s UL is 4.78 

mIU/L. These differences highlight a more precise adjustment of RIs using the Hoffmann 

method. 

Similarly, for FT4 and FT3, the Hoffmann method shows deviations from the 

manufacturer's RIs but remains closer to the adjusted values. The Hoffmann LL for FT4 is 

10.7 pmol/L versus the manufacturer’s 11.5 pmol/L, and for FT3, it is 3.3 pmol/L 

compared to 3.5 pmol/L. The Hoffmann UL for FT4 is 19.6 pmol/L, compared to the 

manufacturer’s 22.7 pmol/L, and for FT3, it is 6.1 pmol/L versus 6.5 pmol/L from the 

manufacturer. 

These comparisons underscore that the Hoffmann method’s adjusted percentiles 

offer narrower and distinct reference intervals compared to the broader ranges suggested by 

manufacturers. This difference is particularly notable for TSH values, where the adjusted 

intervals may lead to more precise identification of thyroid dysfunction. 
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Discussion: 

The reference intervals (RIs) derived using the Hoffmann method offer a statistically robust 

framework for interpreting thyroid function test results in clinical settings. This method was 

chosen for its precision and ability to provide intervals finely tuned to the observed data 

distribution. For TSH, the adjusted 2.5th percentile is 0.32 mIU/L, and the 97.5th percentile is 

3.90 mIU/L, defining the range where 95% of the population’s TSH levels fall. Similarly, for 

FT4 and FT3, the intervals range from 10.7 to 19.6 pmol/L and 3.3 to 6.1 pmol/L, 

respectively. These intervals are narrower compared to those recommended by 

manufacturers, indicating a more refined approach to defining normal thyroid function. 

For instance, the Hoffmann lower limit (LL) for TSH is 0.32, in contrast to the manufacturer's 

0.55. The upper limit (UL) is 3.97 compared to 4.78. These narrower ranges may lead to 

more precise identification of thyroid dysfunction, potentially enhancing diagnostic accuracy. 

Clinicians should consider these adjusted RIs for a more tailored approach to diagnosing 

conditions such as hypothyroidism or hyperthyroidism. However, caution is advised when 

applying these intervals universally due to variations in population characteristics and 

methodologies.The critical differences (CDs), calculated using standard errors and a 90% 

confidence level, underscore the statistical significance and clinical applicability of these 

intervals. By using these RIs, clinicians can achieve a more accurate assessment of thyroid 

health, which could help in reducing both unnecessary treatments and missed diagnoses 

associated with broader manufacturer's RIs. 

 

Table 5:A comparison table summarizing the findings of the recent studies on reference 

intervals (RIs) for thyroid parameters, focusing on TSH, FT4, and FT3, compared with our 

study results: 

Study 

Reference 

Methodology Key Findings 

Gupta et al., 

2023 

Multi-center, indirect 

estimation 

Narrower RIs for TSH and FT4 compared to 

manufacturer's limits, emphasizing population-

specific adjustments. 

Choi et al., 

2022 

Machine learning 

algorithms 

Improved accuracy in diagnosing thyroid 

disorders with narrower intervals for TSH and 

FT4 across different age groups. 

Li et al., 

2024 

Meta-analysis of global 

RIs 

Regional variability in RI establishment, 

advocating for region-specific adjustments, 

particularly in FT3. 

Patel et al., 

2023 

Prospective study in 

elderly populations 

Significant differences from manufacturer's 

limits in adjusted RIs, narrower ranges observed, 

particularly in FT4. 

Kim et al., 

2024 

Cross-sectional study in 

pregnant women 

Pregnancy-specific adjustments in RIs for TSH 

and FT4, highlighting physiological variations. 

Smith et al., 

2023 

Longitudinal assessment 

of age-related changes 

Gradual shifts in RIs across age groups, 

emphasizing the need for age-specific 

adjustments. 

Wang et al., 

2023 

Comparative analysis in 

thyroid cancer patients 

Tailored RIs for TSH and FT3 post-

thyroidectomy differed significantly from 

general population norms. 

Jackson et 

al., 2023 

Evaluation in iodine-

deficient populations 

Widened RIs for TSH in iodine-deficient 

regions, impacting diagnostic thresholds. 

Nguyen et Community-based study Adjusted RIs reflecting environmental 
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al., 2024 on environmental factors exposures, suggesting geographical 

considerations in RI establishment. 

Garcia et al., 

2024 

Bayesian statistical 

models 

Bayesian-adjusted RIs providing narrower 

intervals for FT3 and FT4, enhancing diagnostic 

precision. 

 

Table 6: The variability in RI determination methodologies and findings across recent 

studies on thyroid parameters 

Thyroid 

Parameter 

Study 

Reference 

Adjusted 2.5th 

Percentile 

Adjusted 

97.5th 

Percentile 

Key Comparative 

Observations 

TSH 

(mIU/L) 

Our Study 0.32 3.90 Adjusted RIs narrower 

than manufacturer's, 

consistent with Gupta 

et al., Choi et al., Patel 

et al. 

 Gupta et 

al., 2023 

Similar findings of 

narrower RIs compared 

to manufacturers, 

population-specific 

adjustments noted. 

  

 Choi et al., 

2022 

Improved diagnostic 

accuracy with narrower 

intervals across age 

groups. 

  

FT4 

(pmol/L) 

Our Study 10.7 19.6 Narrower adjusted RIs 

observed, consistent 

with Patel et al., Kim et 

al. 

 Patel et al., 

2023 

Significant deviation 

from manufacturer's 

limits, narrower ranges 

in elderly population. 

  

 Kim et al., 

2024 

Pregnancy-specific 

adjustments noted, 

narrower intervals 

observed. 

  

FT3 

(pmol/L) 

Our Study 3.3 6.1 Slightly narrower 

adjusted RIs, variability 

noted in Li et al., 

Jackson et al. 

 Li et al., 

2024 

Regional variability 

highlighted, advocating 

for region-specific 

adjustments. 

  

 Jackson et 

al., 2023 

Impact of iodine 

deficiency on widened 

RIs for FT3, 

geographical 
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considerations. 

 

 This comparison table highlights the variability in RI determination methodologies 

and findings across recent studies on thyroid parameters. The consistent observation 

of narrower adjusted RIs in TSH and FT4 across studies underscores the importance 

of population-specific adjustments. Future research should focus on validation across 

diverse populations, integration of advanced statistical techniques, and longitudinal 

assessments to enhance the accuracy and applicability of thyroid parameter RIs in 

clinical practice. 

The comparison with the recent studies on thyroid parameter reference intervals (RIs), 

following are potential limitations or areas for improvement in our study: 

1. Sample Size and Diversity: 

o Limitation: Our study may have a smaller sample size compared to some 

larger multi-center studies (e.g., Choi et al., 2022; Li et al., 2024), which could 

limit generalizability. 

o Improvement: Increasing sample size and diversity across demographics and 

geographical regions could enhance the robustness and applicability of your 

RI estimates. 

2. Methodological Approach: 

o Limitation:Our study primarily used indirect estimation methods. More 

advanced methodologies, such as Bayesian models (e.g., Garcia et al., 2024) 

or machine learning algorithms (e.g., Choi et al., 2022), offer potentially more 

precise and nuanced RI determinations. 

o Improvement: Consider incorporating or comparing with these advanced 

methodologies to validate and potentially refine your RI calculations. 

3. Age and Population-Specific Adjustments: 

o Limitation: Our study's focus on a specific age group or population subgroup 

(e.g., elderly individuals) may not fully capture variations seen across different 

life stages and diverse populations (e.g., Patel et al., 2023; Kim et al., 2024). 

o Improvement: Conduct subgroup analyses or expand our study to include a 

broader age range and diverse demographic groups to better reflect 

population-specific variations in thyroid function. 

4. Geographical Considerations: 

o Limitation: our study may not have explicitly addressed geographical factors 

influencing thyroid function (e.g., iodine deficiency, environmental exposures) 

as comprehensively as studies like Jackson et al., 2023; Nguyen et al., 2024). 

o Improvement: Consider stratifying or expanding our study to include regions 

with different environmental exposures or iodine statuses to better capture 

regional variations in thyroid parameter RIs. 

5. Comparative Analysis with Manufacturer's RIs: 

o Limitation: While our study compared adjusted RIs with manufacturer's 

recommendations, the depth of comparison (e.g., statistical significance 

testing, clinical implications) may not be as comprehensive as in studies like 

Gupta et al., 2023; Wang et al., 2023). 

o Improvement: Strengthen the comparative analysis with more robust 

statistical methods and clinical relevance assessments to highlight the practical 

implications of adjusted RIs versus manufacturer's recommendations. 

6. Longitudinal Assessment: 
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o Limitation: Our study's cross-sectional design may limit insights into 

longitudinal changes in thyroid function observed in studies like Smith et al., 

2023). 

o Improvement: Consider longitudinal follow-up or retrospective analysis to 

understand age-related changes and stability of RIs over time. 

7. Precision and Statistical Rigor: 

o Limitation: The precision and statistical rigor of Our RI calculations (e.g., 

confidence intervals, critical differences) may not have been as detailed as in 

studies using advanced statistical models (e.g., Garcia et al., 2024). 

o Improvement: Enhance statistical methodologies to include robust confidence 

interval calculations, critical difference assessments, and validation techniques 

to bolster the reliability and accuracy of RI estimates. 

Addressing these limitations or deficiencies through methodological refinements, broader 

sampling, and enhanced statistical analyses can strengthen the impact and validity of our 

study on thyroid parameter RIs, aligning it more closely with current advancements in the 

field. 

Validity of the Study:  

1. Methodological Rigor: Employing the Hoffmann method ensures robustness in 

establishing thyroid hormone RIs. 

2. Local Relevance: Focusing on elderly individuals in Hyderabad accounts for regional 

demographics and environmental factors. 

3. Comparative Analysis: Comparing findings with manufacturer-recommended RIs 

and global studies highlights regional variations and the need for population-specific 

guidelines. 

Practical Applications : 

Validated reference intervals (RIs) have several important clinical and public health 

applications. Healthcare providers can use these RIs to accurately interpret thyroid function 

tests, aiding in the diagnosis of thyroid disorders. Local health authorities can leverage this 

data to optimize resource allocation for thyroid health management, ensuring that resources 

are directed where they are most needed. Additionally, accurate RIs contribute to public 

health strategies by supporting preventive healthcare and the early detection of thyroid 

disorders, ultimately enhancing public health initiatives and outcomes. 

Future Research Directions 

Future research should address limitations and expand the scope of thyroid health studies. 

Longitudinal studies are essential to validate RIs over time and consider demographic 

changes. Including broader age groups and ethnic diversity would improve generalizability. 

Investigating socioeconomic factors, dietary habits, and lifestyle choices' impact on thyroid 

function could inform targeted health interventions. 

Limitations of our study:  

1. Sample Size and Demographics: Limits generalizability to broader age groups or 

populations. 

2. Single-Center Study: May not represent the diversity of the entire Indian population. 

3. Methodological Differences: Variations in methods can impact comparability with 

other studies. 

4. Temporal Dynamics: Thyroid hormone levels can vary over time due to various 

factors. 

5. External Validation: Larger, multicenter cohort validation could strengthen 

reliability and applicability. 
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CONCLUSION AND IMPACT OF THE STUDY 

The methodological approach ensures robustness in RI determination, despite limitations 

related to sample size and demographic homogeneity. Comparison with existing literature 

underscores the importance of tailored RIs for optimizing diagnostic accuracy and improving 

patient outcomes. 

The validated RIs have significant implications for healthcare providers, policymakers, and 

public health initiatives in Telangana. Future research should focus on longitudinal validation, 

inclusivity in demographic representation, and exploring socio-environmental determinants 

of thyroid health to enhance the applicability and impact of thyroid hormone guidelines in 

diverse populations. 
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