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Abstract
Background: Interpretation of thyroid function tests by means of biological variation 
(BV) data is essential to identify significant changes between serial measurements at 
an individual level. Data on thyroid parameters in adults are limited.
Objectives: We aimed at determining the BV of four thyroid function test (thyroid-
stimulating hormone (TSH), free thyroxin (FT4), free triiodothyronine (FT3) and thy-
roglobulin (Tg)) by applying recent recommendations to acquire BV data on a latest 
generation of immunoassay.
Methods: Nineteen healthy volunteers (8 males and 11 females) were drawn every 
week during 5 consecutive weeks. Samples were analysed in duplicate on the Cobas 
602 analyzer (Roche Diagnostics). After normality assessment, outlier exclusion and 
homogeneity of variance analysis, analytical variation (CVA), within-subject biological 
variation (CVI) and between-subject biological variation (CVG) were determined using 
nested ANOVA.
Results: CVA, CVI and CVG were 0.9%, 19.7% and 37.6% for TSH; 3.6%, 4.6% and 
10.8% for FT4; 2.2%, 6.0% and 8.6% for FT3; and 0.9%, 15.4% and 84.9% for Tg. Index 
of individuality (II) for all parameters was between 0.2 and 0.7. The percentage above 
which the change between two measures is truly significant (reference change value) 
was 54.7% for TSH, 16.2% for FT4, 17.7% for FT3 and 42.8% for Tg.
Conclusion: Based on recent international recommendations, our study provides up-
dated BV data for four thyroid function tests in European healthy volunteers. Reliable 
BV characteristics, and especially RCV, can facilitate the interpretation of consecutive 
thyroid function tests in an individual and therefore have the potential to efficiently 
support clinical decisions regarding thyroid diseases.
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1  |  INTRODUC TION

Thyroid disorders have become the world most common endocrine 
conditions and both their prevalence and the spectrum of thyroid-as-
sociated diseases have been increasing the last decades.1 Symptoms 
and clinical signs are often non-specific, and the diagnosis and fol-
low-up of treatment are mainly dependent on laboratory assessment 
of thyroid-stimulating hormone (TSH) and thyroid hormones (TH).2 
Leading laboratory tests for TH determination are mainly based on 
immunoassay technology. Major advances in assays standardization 
and analytical performances have been performed in the field the 
last decades, with latest generations of TSH immunoassays achiev-
ing functional sensitivity of 0.01 mIU/L which is 100 times lower 
than first generation assays.3

The high inter-method and inter-population variability of these 
tests have led to the recommendation that each laboratory should 
establish its own reference intervals.4 Thyroid function in healthy 
subjects is known to present a narrow intraindividual variability: 
each individual tends to have its own homeostatic set point of 
thyroid regulation.5,6 On the other hand, the interindividual vari-
ability is high, leading to broader laboratory reference ranges.5 In 
clinical laboratory settings, the determination of biological vari-
ation (BV) data using routine analytical methods allows the doc-
umentation of this variability. In fact, the laboratory test results 
vary over time due to three main factors: pre-analytical changes 
(sampling, type of tube, fasting, meals,...), analytical variation (de-
gree of dispersion of results (precision) and systematic error in re-
lation to a value considered to be true (bias)) and inherent BV that 
represents the natural fluctuations and physiological components 
of biological constituents around an individualized homeostatic 
point.7 The latter comprises the within-individual variation (CVI; 
the random fluctuation around a homeostatic setting point) and 
the between-individual variation (CVG; the variation in homeo-
static setting points of different subjects).7

Currently, a reference database exists for BV data: the 
‘European Federation for Laboratory Medicine (EFLM) Biological 
Variation Database’. The aim is to refer the different studies 
of BV and to classify them according to the quality of the data 
generated.8

Interpretation of thyroid function tests by means of the BV 
model could establish the significance of a change in a serial of 
measurements within an individual and then facilitate clinical de-
cision-making. Two parameters are of particular interest in demon-
strating the use of BV: the index of individuality (II) which can help 
to establish the usefulness of the conventional population-based 
benchmark intervals9 and the reference change value (RCV) that can 
establish the significance of a change in a series of measures within 
an individual.10

Clinically, II and RCV are critical in interpreting the thyroid test 
results. A low II indicates that a parameter varies widely in the same 
patient and that physicians need to keep this in mind when inter-
preting tests based on previous results. When a physician is facing 
a biological parameter with a low II, he should use the RCV or more 

traditionally the critical difference which allows to evaluate if the dif-
ference between two consecutive laboratory results is significant. A 
high RCV indicates that the difference between two results must be 
important to consider the result as significant and to incorporate it 
into the differential diagnosis. RCV may be reported as a percentage 
or as an absolute value with same unit as the analyte measured. RCV 
reported in percentage is constant in the measurement range but by 
looking at the data in absolute values, large difference depending 
on the baseline patient value can be visualized. Interpreting patient 
results based on reference intervals alone may mask clinically signif-
icant changes at the individual level given that reference intervals for 
thyroid hormones are larges.

The objective of our study was to assess the BV of TSH, free 
thyroxin (FT4), free triiodothyronin (FT3) and thyroglobulin (Tg) with 
latest generation immunoassay in a population of 19 healthy volun-
teers without known thyroid conditions.

2  |  MATERIAL AND METHODS

2.1  |  Subjects

Nineteen European healthy volunteers (HV), among which 8 males 
(25-59 years, median age: 33.5 years ± 10.8 years) and 11 females 
(22-60 years, median age: 39 years ± 11.4 years) were included 
in this study. All participants signed an informed consent form 
and the study protocol was approved by our institution's Ethics 
Committee (Cliniques Universitaires Saint-Luc, Brussels, Belgium; 
2019/04SEP/388). For the recruitment of healthy subjects, inclu-
sion and exclusion criteria were formulated according to Carobene 
et al.11 Participants were required to be healthy, over 18 years of age, 
not suffering from diabetes, not on anticoagulant nor antiaggregant 
medication and not suffering from serious internal pathology. None 
of them were smokers or had substantial (>10g/day) alcohol con-
sumption. None had any known thyroid disease and none had a vis-
ible goitre. Four females were on hormonal contraceptive treatment. 
During the study, all participants maintained their usual lifestyle and 
every drug/substance taken was inventoried. A short questionnaire 
was therefore completed prior to each blood draw to highlight drugs 
taken, exercise and health status.

2.2  |  Sample sampling

Blood samples were collected by the same trained phlebotomist under 
standardized conditions to minimize pre-analytical variation. Samples 
were collected either on Wednesday or Thursday during the morn-
ing between 9 and 11 AM. The collection of samples followed recent 
guidelines for the collection of blood by antecubital venipuncture.12 A 
discard tube was systematically drawn before collection.

Samples were collected in lithium heparinate tubes 
(S-Monovette 2.6 mL, lithium heparinate 20 IU/mLn Sarstedt, 
Numbrecht, Germany) and homogenized immediately after 
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collection. Tubes were centrifuged for 10 minutes at 2,465 g 
30 minutes after venipuncture and immediately aliquoted into 
cryovials. The aliquots were then frozen and stored at −80°C until 
use. Samples were thawed at 37°C for 15 minutes before analysis 
and were analysed within 30 minutes.

2.3  |  Laboratory measurement procedure

TSH, FT3, FT4 and Tg were measured on Cobas e602 electrochemi-
luminescence immunoassay system (Roche Diagnostics, Mannheim, 
Germany) in the same analytical run, in duplicate and in random order. 
TSH and Tg were measured using sandwich electrochemilumines-
cence immunoassay methods (Elecsys TSH and Elecsys Tg II; Roche 
Diagnostics, Mannheim, Germany), and FT3 and FT4 were measured 
using competition electrochemiluminescence immunoassay methods 
(Elecsys FT3 III and Elecsys FT4 III; Roche Diagnostics, Mannheim, 
Germany), according to the manufacturer's instructions. Internal qual-
ity control (PreciControl Universal (Roche Diagnostics, Mannheim, 
Germany)) was run twice a day for all parameters.

2.4  |  Statistical analysis

2.4.1  |  Outlier, normality and subgroup analysis

Outliers detection was performed using the statistical XLSTAT soft-
ware Version 2019.2.2 (Addinsoft, Paris, France). Cochran's C was 
performed to identify an outlier from replicate measurements of 
individuals tested and on the distribution of the variance of each 
individual (S2

I+A) to see if any individual's dispersion was smaller 
or larger compared to the whole group. Reed criteria were used to 
benchmark the mean values of each individual. At each step, the 
outliers were excluded from the analysis.13 Normality was evaluated 
using the Shapiro-Wilk test. In case of rejection of the hypothesis of 
normality, we repeated the normality evaluation with another test 
(Kolmogorov-Smirnov test). Student's t test and F test were used for 
subgroup analysis (males vs females).

2.4.2  |  Analysis of variance

Nested analysis of variance (ANOVA) was performed to assess the 
components of BV using JMP Pro Version 14.3.0 (SAS Institute 
Inc, Cary, NC, USA).14 Sources of variability were calculated using 
a nested model with 3 factors (individuals, sampling occasions and 
replicates). Within-individual, between-individual and analytical 
variances were obtained to calculate within-individual coefficient of 
variation (CVI), between-individual coefficient of variation (CVG) and 
analytical variation (CVA).

2.4.3  |  Analytical performance specifications

Index of individuality (II) was calculated according to the following 
formula: (CVA

2 + CVI
2)1/2/CVG. Reference change value (RCV) was 

determined using the formula: 21/2 x Z x (CVA
2 + CVI

2)1/2, where Z 
value of 1.96 represents a probability of 95%. Desirable, analytical 
goals for imprecision and bias for each parameter were obtained 
from BV components.15

3  |  RESULTS

All results were situated within our laboratory normal reference 
ranges except for the Tg value of two HV (TSH: 0.27-4.2 mU/L; 
FT4: 12.0-22.0 pmol/L; FT3: 3.1-6.8 pmol/L; Tg: 1.0-40.0 ng/mL). 
Figure 1 shows the variation of four thyroid biomarkers in HV over 
the five weeks. For three analytes (TSH, FT4 and FT3), no patients 
have been excluded by outlier analysis with both Cochran's test 
among observations (derived from duplicate measurements) and 
S2

I+A values. For Tg, two duplicates were excluded after analysis 
(HV15: week 2 and HV16: week 3). Finally, Reed's criterion applied 
to the mean concentration values of all subjects was successfully 
passed. Shapiro-Wilk test accepted the hypothesis of normality 
for the distribution of mean concentration values while the intra-
subject data distribution normality was accepted for more than 
50% of the 19 patients.

F I G U R E  1  Variation of four thyroid biomarkers in healthy volunteers over the five weeks
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There was no significant difference in mean values of the test 
for any of the analytes between males and females allowing us the 
derivation of sex-independent CVI and CVG values.

3.1  |  Within-individual and between-
individual variation

The summary of the results is presented in Table 1. CVI, CVG and 
CVA were obtained for TSH, FT4, FT3 and Tg. The CVG ranged from 
10.8% (CI95%: 8.0%-16.3%) for FT4 to 84.9% (CI95%: 75%-97.7%) for 
Tg and CVI from 4.6% (CI95%:3.8%-5.8%) for FT4 to 19.7% (CI95%: 
17.0%-23.5%) for TSH. Minimal precision desirable was 9.9% for 
TSH; 2.3% for FT4; 3.0% for FT3; and 7.7% for Tg and minimal bias 
desirable was 10.6% for TSH; 2.9% for FT4; 2.6% for FT3; and 21.7% 
for Tg. Index of individuality (II) was low (0.2-0.7) for all analytes. 
Table 2 illustrates the usefulness of RCV reported in absolute change 
at the extremes of the reference interval of TSH, FT4, FT3 and Tg.

4  |  DISCUSSION

Robust and high-quality BV data can facilitate clinical decision-
making and patient care by identifying significant changes between 
measurements and by establishing analytical performance specifica-
tions goals to ensure the quality of the results. Therefore, the aim of 
our study was to provide updated and rigorous BV data for thyroid 
function tests through the establishment of the CVI, CVG and the 
main APS for FT4, FT3, TSH and Tg in 19 European HV.

To our knowledge, no studies have been published on BV re-
garding thyroid parameters since the 2014 conference issued strict 
protocols for BV studies.16 The previous publications on BV in thy-
roid parameters referenced in EFLM Biological Variation Database 
included fewer participants than our present study or were focused 
on a single gender.17-19 Our study included both genders but no sig-
nificant difference was observed between the two subgroups, al-
lowing a ‘combined’ analysis. Furthermore, this is the first BV study 
performed on the latest generations of immunoassays for TSH, FT4, 
FT3 and Tg which are widely used today in European laboratories.20

Our results were compared to the EFLM Biological Variation 
Database to allow the comparison with previously established 
data.8 On every step of our study, we followed the latest recom-
mendations for acquisition, calculation and report of biological vari-
ation data.11,14,16 A descriptive comparison of our data with the BV 
Database suggests that CVI and CVG are very similar to what was 
previously reported 18 for all studied parameters except for a fairly 
higher CVG for Tg, a narrower CVG for FT3 (8.6% vs 17.6%), and a 
narrower CVI for FT4 (4.6% vs 7.4%).8 Our results also showed an 
interestingly lower CVI (6.0%) for FT3 than previously reported by 
the BV database (7.9%).8

The literature on BV for Tg remains quite poor and divergent. In 
one study CVG was reported lower in man (25%) and women (35%) 
17 whereas much higher CVG (128%) was observed in a population of 
24 women in a another study.21 Of note, while our study was per-
formed on healthy volunteers, iodine status was not determined. It 
was indeed shown that Tg is a good biomarker of iodine deficiency22 
and a hypothesis for the large between-subject variability observed 
in Tg could be explained by disparities in iodine status, which are 
commonly described in the European population.23 More precisely, 
none of the HV had a visible goitre and the more recent study in 
the Belgian adult population confirm that mild iodine deficiency is 
endemic in Belgium.24

The low II (<0.7) observed in our study for all parameters means 
that clinicians should not solely base their interpretation of thyroid 
results on conventional population-based reference intervals but 
should also take into account the evolution in time of an individ-
ual's results.4 Our findings are consistent with previous observa-
tions5,17,18 showing that changes in thyroid hormones levels for an 
individual are more adequately identified using the II index rather 
than laboratory reference population values.

Comparison of serial results can be realized using the RCV re-
ported as percentage or as absolute value.10-26 The RCV represents 
an objective tool capable of assessing significant differences in thy-
roid function tests between serial measurements and allows a better 
test interpretation of thyroid function monitoring. However, accord-
ing to the models proposed in the 1st EFLM Strategic Conference 
Consensus Statement to establish APS, the measurands we tested 
should be allocated to model 1 (outcome model) which suggests 

TA B L E  1  Biological variation, individuality index (II) and reference change values (RCV) of TSH, FT4, FT3 and Tg

Analytea  Group (n)
Total No. of 
results

Mean value (95% 
CI)

CVA
b  (%) 

(95% CI) CVI (%) (95% CI) CVG (%) (95% CI) IIc  RCVd (%)

TSH 19 190 1.8 (1.7-1.9) 0.9 (0.8-1.1) 19.7 (17.0-23.5) 37.6 (28.0-57.1) 0.5 54.7

FT4 19 190 16.1 (15.8-16.4) 3.6 (3.2-4.2) 4.6 (3.8-5.8) 10.8 (8.0-16.3) 0.4 16.2

FT3 19 190 4.9 (4.8-5) 2.2 (1.9-2.5) 6 (5.1-7.2) 8.6 (6.3-13.3) 0.7 17.7

Tg 19 186 19.5 (17.2-21.8) 0.9 (0.8-1.1) 15.4 (13.3-18.3) 84.9 (75.0-97.7) 0.2 42.8

aTSH is in mU/L; FT4 is in pmol/L; FT3 is in pmol/L; Tg is in ng/mL. 
bCVA estimates are based on nested ANOVA of duplicate analysis of all study samples. CVA measuring the dispersion of results around the mean. 
cIndex of individuality (II) = (CVA

2 + CVI
2)1/2/CVG 

dReference change value (RCV) = 21/2 × Z × (CVA
2 + CVI

2)1/2. where Z value of 1.96 represents a probability of 95%. Represent the percentage above 
which the change between two measures is truly significant. 
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using outcome-based APS to consider results, as opposed to model 
2 (BV model). Although the model based on reference intervals is the 
standard for the interpretation of thyroid function tests to charac-
terize a patient as having thyroid disease, we believe that the inte-
gration of BV and RCV values offers real added value for clinicians.

It would be key to know if a single measurement of TSH, FT4, 
FT3 and Tg may reliably be used to assess thyroid disorders or if 
repeated measurement should be performed over time to take into 
account the individuals’ natural fluctuations. The outcome of our 
study has important clinical implications. In Table 2, we illustrated 
the importance of RCV in absolute change applied to the extreme 
values of the reference interval for each analyte. This is helpful in 
case of doubt: a value outside the reference interval but below the 
critical difference compared to the previous result can be inter-
preted by the clinician as non-pathological with a confidence in-
terval of 95%.

The following illustrates situations where the clinician's knowl-
edge of BV and RCV allows for better patient management.

• Subclinical primary hypothyroidism

Commonly asymptomatic or with unspecific symptoms presen-
tation, subclinical primary hypothyroidism is classically identified 
in case of increased TSH along with normal FT4 concentration. An 
early decrease in FT4 concentration (but still within reference inter-
val) may help the clinician to identify a thyroid disorder.

A knowledge of the RCV (TSH: 54.7%; FT4: 16.2%) can help the 
clinician in the follow-up of an individual patient, to conclude to a 
significant difference between two values and thus to suspect a sub-
clinical hypothyroidism.

Moreover, TSH could be above the laboratory reference range 
but close to the intraindividual homeostatic point (CVI: 19.7%) and 

could lead to results misinterpretation and concluding to a false sub-
clinical hypothyroidism.

• Monitoring TH therapy in hypothyroidism

Even though the demand for thyroid testing is increasing, there is 
an under-screening in patients who require regular monitoring.27TH 
replacement is used to treat primary hypothyroidism by restoring 
normal TSH concentration. For that purpose, repeated thyroid func-
tion tests are needed. An interpretation of a TSH elevation that may 
indicate non-compliance can be balanced by the RCV (54.7%), which 
could tell us whether the difference between two measurements is 
significant or not. This finding supports the necessity to personalize 
TH replacement therapy in hypothyroid patients.

• Predict long-term remission in patients with differentiated thy-
roid cancer

Differentiated thyroid cancer (DTC) is the most common en-
docrine cancer and is responsible for 90% of malignant thyroid 
tumours.28 During follow-up after the initial treatment, the risk of 
recurrence of the DTC is regularly reassessed using, along with im-
aging studies, the Tg level.29,30 Most patients with thyroid cancer, 
thyroidectomized or receiving radioactive iodine, will have Tg levels 
below 1 ng/mL or even indeterminate values of 2 or 3 ng/mL. In this 
study, we generated data on a healthy population (mean Tg concen-
tration of 19.5 ng/mL). We found that thyroglobulin is highly individ-
ualized, but a similar study on patients with thyroid cancer would be 
required to elucidate the RCV issue in this context.

4.1  |  Limitations of our study

Despite the strict adherence to study protocol, our work has some 
limitations. As the samples were collected in the morning, we were 
unable to analyse 24-hour life cycle fluctuations. Furthermore, we 
included a relatively young study population.

5  |  CONCLUSION

Our study provides updated data on the BV of four thyroid function 
tests (TSH, FT4, FT3 and Tg) in European HVs. The integration of 
updated and reliable BV characteristics for TSH, FT4, FT3 and Tg can 
facilitate the test interpretation and monitoring of thyroid function 
at the individual level.
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TA B L E  2  Illustration of RCV in absolute change at the 
extremities of the reference interval of TSH, FT4, FT3 and Tg

TSHa  FT4a  FT3a  Tga 

Lower Reference 
limit

0,27 12,00 3,10 1,00

Critical differenceb  0,15 1,94 0,55 0,43

Value + RCVc  0,42 13,94 3,65 1,43

Value - RCVc  0,12 10,06 2,55 0,57

Upper Reference 
limit

4,20 22,00 6,80 40,00

Critical differenceb  2,30 3,56 1,20 17,12

Value + RCVc  6,50 25,56 8,00 57,12

Value - RCVc  1,90 18,44 5,60 22,88

aTSH is in mU/L; FT4 is in pmol/L; FT3 is in pmol/L; Tg is in ng/mL. 
bAbsolute value of the RCV calculated on the Lower Reference limit and 
the Upper Reference limit. 
cAbsolute change above/below which a consecutive result is significant 
(95% CI). 
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