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                         ORIGINAL ARTICLE     

 Analytical goals for thyroid function tests when monitoring patients 
with untreated subclinical hypothyroidism      

    JESPER     KARMISHOLT,           STIG ANDERSEN & PETER     LAURBERG    

  Department of Endocrinology   &   Medicine, Aalborg Hospital, Aarhus University Hospital, Aalborg, Denmark                              

 Abstract 
   Background and aim.   Subclinical hypothyroidism is a common condition and it is often monitored biochemically with-
out treatment. For thyroid function tests, analytical goals and critical difference between two tests have been calculated 
from data on individual variation in euthyroid individuals. Variation in thyroid function tests differs in subclinical hypothy-
roidism. We aimed to calculate the analytical goals in subclinical hypothyroidism, both in a scientifi c study setting and in 
a clinical setting from disease specifi c variation in thyroid function tests in patients with stable, untreated subclinical 
hypothyroidism.   Methods.  The serum concentration of TSH, fT4 and fT3 were measured monthly for one year in 15 
patients with untreated subclinical hypothyroidism and stable TSH.   Results.   The within-person coeffi cient of variation 
(CV%) was 16.6 for TSH, 4.1 for fT4 and 4.0 for fT3, and the calculated goals for analytical imprecision were with CV% 
of 8.3, 2.0 and 2.0 respectively. The within-batch analytical CV%s for TSH, fT4 and fT3 were 1.7, 3.2 and 2.7 respectively. 
The between-batch analytical CV% of TSH increased to 6.3.   Conclusion.   In patients with stable untreated subclinical 
hypothyroidism the goal for analytical imprecision was met with a single analysis of serum TSH, whereas duplicate and 
triplicate serum measurements of fT3 and fT4 would be necessary. Adding between-batch analytical imprecision for TSH 
did not alter results, a setting that mirrors every-day clinic.  

  Key Words:   Analysis of variance  ,   thyroid function tests  ,   thyroid disease  ,   thyrotropin  ,   triiodothyronine  ,   thyroxine  ,   hypothyroidism  

  Abbreviations: CV  ,   coeffi cient of variation; TSH  ,   thyrotropin; fT4  ,   free thyroxine; fT3  ,   free triiodothyronine; T4  ,   thyroxine; 
CI,confi dence interval; SD  ,   standard deviation; RCV  ,   reference change value; NNS  ,   number needed to sample; TPO-Ab  ,  
 thyroidperoxidase antibody.   

  Introduction 

 Data on variation in a biochemical measure may be 
used to defi ne the required analytical imprecision 
and the critical difference in serial testing [1,2]. 
These measures are important when monitoring a 
disease state. In thyroid disease data on variation 
have been estimated for serum TSH, thyroxine (T4) 
and triiodothyronine (T3) based on data collected in 
healthy individuals [3 – 7]. 

 Whether such data also are applicable for the 
monitoring of patients with thyroid disease remains, 
however, largely unsolved [8]. 

 Subclinical hypothyroidism is defi ned by TSH 
above and an estimate of free T4 within the reference 
interval of the assays [9]. Subclinical hypothyroid-
ism is a biochemical entity that represents mild 
thyroid disease [5]. Many patients with subclinical 

hypothyroidism have a stable TSH with T4 and T3 
continuously within the reference interval and most 
current recommendations are to monitor subclinical 
hypothyroidism without treatment because clinical 
studies suggest that treatment is only of negligible 
value and the state may even be benefi cial in elderly 
individuals [10 – 13]. Monitoring relies on measur-
ing TSH and T4 in serum, as clinical scores are 
unreliable [14]. 

 We previously showed that variation in TSH dif-
fered between the normal and the disease state [15]. 
This may require different goals for analytical impre-
cision when monitoring patients with subclinical 
hypothyroidism and euthyroid individuals. 

 We used the disease specifi c variation in TSH, 
fT4 and fT3 in serum to estimate the goal for ana-
lytical imprecision in serial testing of thyroid  function 
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in patients with stable untreated subclinical 
hypothyroidism. In addition, we estimated the impor-
tance of between-run analytical imprecision for the 
analytical goals for serum TSH as between-run 
imprecision is added in everyday clinical practise.   

 Materials and methods  

 Study subjects 

 The inclusion process has been published previously 
[15]. In brief we included 21 Caucasian patients with 
no history of thyroid disease apart from two thyroid 
function tests with serum concentrations of TSH 
between 5 and 12 mU/L and a total serum T4 con-
centration within the laboratory reference interval for 
the assay. The patient ’ s general practitioner took the 
initial thyroid function test and subsequently referred 
the patient for the second test obtained three months 
later. Total T4 was used in the inclusion process while 
fT4 and fT3 were used in the study. The patients 
were included throughout the year and followed the 
consecutive 12 months. 

 Six patients were excluded from the analyses. 
One had normal concentrations of TSH in serum in 
all 13 subsequent study measurements and fi ve had 
a gradual increase in TSH over the year. 

 All participants signed an informed consent 
before entering the study and the Regional Ethics 
Committee in North-Jutland and Viborg County, 
Denmark approved the study.   

 Specimen collection 

 The concentration of TSH, fT4 and fT3 in serum 
were measured monthly for 13 months in each 
patient. Samples were taken from the antecubital 
vein between 0900 h and 1200 h using minimal tour-
niquet in a fasting patient who had been in the supine 
position for 30 minutes. The same investigator (JK) 
took all samples but one. Serum was separated at 
1200  g  and stored at  – 20 o C. 

 Three TSH measurements were performed from 
each sampling. One TSH determination was per-
formed immediately as a routine laboratory test 
(TSH Routine ) and one serum aliquot was retained for 
measurements when all the study samples had been 
collected. The frozen samples were thawed and sub-
sequently divided in two before measuring in random 
order in a single-run operation. The two single-run 
TSH measurements are termed TSH Duplicate 1  and 
TSH Duplicate 2 . FT4 and fT3 were only measured on 
the thawed frozen serum samples.   

 Assays 

 The hormone concentration measurements were 
performed using an Electro-Chemi Luminescence 

ImmunoAssay method on a Modular Analytics E170 
(Roche, Mannheim, Germany) with the assay char-
acteristics given by the manufacturer and shown in 
Table I. Total T4 was measured on the Modular plat-
form. The laboratory reference interval was 60 – 140 
nmol/L and the total assay CV% was 3.7. Thyroidper-
oxidase antibody (TPO-Ab) was measured by anti-
TPOn, KRYPTOR (BRAHMS, Henningsdorf, 
Germany), with a detection limit of 10 kU/L.   

 Statistics and calculations 

 The individual data were only mildly skewed as eval-
uated with quantile-quantile (QQ) normal-distribution 
plots, and parametric tests on crude data are used. 
Coeffi cients of variations (CV) are calculated as stan-
dard deviation (SD)/mean and are expressed in 
percent (CV%). The variances of differences of the 
duplicate serum measurements followed the Chi 
Square distribution with one degree of freedom, as 
evaluated by a observed versus expected distribution 
plot [16]. Analytical variation is calculated as the mean 
variance of the duplicate serum measurements, con-
verted to SD and divided with the mean of the differ-
ence of the duplicate serum measurements. The 
analytical variation is expressed as CV%. For the 
calculation of the analytical variation of TSH Routine , 
the TSH Routine  and TSH Duplicate 1  is used as duplicate 
serum measurements. The within-person and between-
person variation were derived from the total variation, 
not including the analytical variation and by using 
analysis of variance (ANOVA), as described by Harris 
[16]. Median within-person variation is calculated 
from individual CV% ̀ s from the thirteen samplings. 

 The difference required for two test results 
to be signifi cantly different (reference change value, 
RCV) is calculated from: Z �  √ (CV 2  analytical  � 
CV 2  within-person ) �  √ 2 as recommended [17]. Z is the 
number of standard deviations set to defi ne the 
confi dence interval (CI), i.e. Z  � 1.65 for the 90% 
confi dence interval. 

 The number of samples needed (NNS) to  establish 
an individual disease specifi c set-point is calculated 

  Table I. Assay characteristics of Modular Analytics E170 (Roche, 
Mannheim, Germany) as given by the manufacturer. The data 
relates to serum measurements.  

Analyte
Hormone 

concentration
Intra-assay 

CV%
Detection 

limit
Reference 
interval

TSH 0.005 mU/L 0.27 – 4.2 mU/L
0.96 mU/L 1.2
9.37 mU/L 1.1

fT4 0.3 pmol/L 12 – 22 pmol/L
8.7 pmol/L 1.6
21.1 pmol/L 1.7

fT3 0.4 pmol/L 3.1 – 6.8 pmol/L
3.06 pmol/L 2.0
4.15 pmol/L 2.0

   TSH, thyrotropin; fT4, free thyroxine; fT3, free triiodothyronine.   
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using the formula recommended for use when estimat-
ing the number of specimens required ( n ) in biochemical 
measures:  n  � (Z �  √ (CV 2  analytical � CV 2  within-person )/D) 2  
[18,19]. Z is as described above and is set to 1.96 
(corresponding a 95% CI) in the calculations. D is the 
chosen precision interval of the disease set-point and 
can be perceived as the confi dence interval of the set 
point when established as the mean of  n  measure-
ments. D is expressed in percent and set to 10% in the 
calculations. The goal set-up for analytical imprecision 
in serial testing in individuals is that the CV analytical  
should be less than half the CV within-person  (CV analytical  
 �  CV within-person  �  ½  ) [20]. 

 T-test is used for comparison between groups. 
A  p -value  �  0.05 indicates statistical signifi cant dif-
ference. The Statistical Package for the Social Sci-
ences version 11.0 (SPSS, Inc, Chicago, IL, USA) 
and Excel 2003 (Microsoft Corp., Redmond, WA, 
USA) were used for the calculations.    

 Results 

 Mean age was 58 � 13 (SD) years. There were two 
men, three smokers and 12 with measurable TPO-
Ab. Ten patients had coexisting diseases. Seven 
patients were treated for hypertension, one had 
asthma, one had diet-treated diabetes and one had 
vitamin B-12 defi ciency. 

 Figure 1 depicts mean and range of serum con-
centrations of TSH, fT4 and fT3 for each of the 
patients. Marked differences are seen, with no dis-
tinct pattern. Patient 1, who had the largest range of 
TSH values, had a median TSH concentration of 
10.9 mU/L with the three highest TSH values of 
21.5, 21.1 and 14.5 mU/L respectively. 

 Table II shows the components of variation cal-
culated for the multi-batch TSH Routine  determination 
(Table II, top row) and for the single-run determina-
tions of TSH, fT4 and fT3 (Table II, lower rows). 
TSH Routine  portrays the testing used in everyday 
clinical practice and the analytical variation for this 
TSH determination was markedly higher than the 

single-run determination with CV%s of 6.3 and 1.7 
respectively. Still, the goal for analytical imprecision 
was met for TSH Routine  with a between-batch impre-
cision (CV% of 6.3) clearly below half the biological 
variation (CV% of 16.6) (Table II). The analytical 
CV% for fT4 and fT3 was slightly higher whereas 
the within-person CV% was markedly lower com-
pared to TSH (Table II). Thus, triplicate measure-
ments of fT4 and duplicate measurements of fT3 
would be necessary to reach the goals for analytical 
imprecision. 

 Table III shows the total within-person variation 
calculated from the TSH Routine  and from the dupli-
cate TSH measurements. The individual CV%s cal-
culated from the routine TSH were comparable to 
the CV%s calculated from the duplicate single-run 
TSH (Paired  t -test,  p  � 0.084). Using the CV% from 
the routine TSH instead of the CV% from the single-
run TSH measurement had little infl uence on the 
calculated RCV and NNS (Table III).   

 Discussion 

 Subclinical hypothyroidism is a common condition 
that often requires monitoring with repeated testing 
of thyroid function. No symptoms or signs can guide 

  Figure 1.     Individual mean and range of 13 monthly measurements of serum TSH, fT4 and fT3 in 15 patients with subclinical 
hypothyroidism.  

  Table II. Components of variation in measurements of TSH, free 
T4 (fT4) and free T3 (fT3) in serum from 15 patients with stable 
untreated subclinical hypothyroidism. THS Routine  portrays the 
testing that is applied in everyday clinical practice.  

Analytical 
CV%

Within-person 
CV%

Between-person 
CV%

TSH Routine 6.3 16.7 23.0
TSH Batch 1.7 16.6 23.2
fT4 3.2 4.1 9.0
fT3 2.7 4.0 5.8

   Analytical CV% calculated as described in statistics and 
calculations. Within-person and between-person variation was 
estimated using ANOVA as described by [16].   
 TSH Routine  refers to measurements in multi batch operations.   
 TSH Batch  refers to measurement in a single-run operation.   
 fT4 and fT3 were measured in a single-run operation.   



   Variation in thyroid function in subclinically hypothyroid patients    267

monitoring of the condition as the term subclinical 
indicates, and monitoring thus relies on biochemical 
testing of thyroid function. 

 Yet, the recommendations on biochemical moni-
toring of the disease were based on data on variation 
in thyroid function tests in healthy individuals [4,5]. 
We present disease-specifi c data on variation in 
serum concentrations of TSH, fT4 and fT3 in sub-
clinical hypothyroidism and calculate recommenda-
tions for the analytical performance of thyroid 
function tests used for monitoring this condition. 

 The analytical performance in commercially 
available biochemical thyroid function kits has 
improved over the last 20 years. In 1986, in a com-
parable study design, Browning and co-workers 
investigated the variation in thyroid function tests in 
12 healthy subjects [4]. They found an analytical 
CV% of 7.5 for TSH, 5.9 for fT4 and 7.6 for fT3 
and an intra-individual CV% of 16.2, 9.5 and 7.9 for 
TSH, fT4 and fT3 respectively. Their data suggested 
that the goal for analytical imprecision in serial test-
ing was met for TSH measured in a single serum 
sample, fT4 measured in duplicate and fT3 mea-
sured in triplicate. In a previous study of healthy 
individuals we found higher intra-individual vari-
ances in thyroid function tests when using radio-
immunoassays with a lower analytical imprecision for 
measuring T4 and T3 [5,6]. This suggested that a 
single measurement could suffi ce in healthy subjects. 
However, the intra-individual CV%s of fT4 and fT3 
were low in the subclinically hypothyroid patients in 
the present study compared to the healthy subjects. 
As variation is reduced by 1 /  √  number of measure-
ments, two or three measurements of fT3 or fT4 
were needed to achieve recommended analytical 
imprecision in monitoring of thyroid function in 
patients with untreated subclinical hypothyroidism. 
A key parameter in monitoring subclinical hypothy-
roidism is measurement of TSH concentration in 
serum as this responds with logarithmic amplifi ca-
tion to minor changes in serum T4 and T3 [21]. For 
serial measurements of TSH, the goal for analytical 
precision was met using a single serum measure-
ment. This also applied to the clinical situation even 
when the between-batch analytical imprecision was 
added, as this granted a total analytical imprecision 

clearly below the level set (CV% of 8.3) for acceptable 
analytical imprecision. 

 We found that the different TSH measures used 
and the different methods for calculating within-
person variation had limited infl uence on the esti-
mates of the difference required between two tests 
for identifying a true difference in serial testing and 
for the number of samples needed to establish indi-
vidual disease-specifi c set-points as can be read from 
Table III. 

 We studied patients with stable untreated sub-
clinical hypothyroidism with initial TSH between 
5 and 12 mU/L only. This TSH interval includes 
most patients who are monitored for subclinical 
hypothyroidism as treatment is recommended in 
patients with repeated serum TSH measurements 
above 10 mU/L [9,11]. Thus, the fi ndings in this 
study are applicable to the biochemical monitoring 
of most patients with subclinical hypothyroidism. 
The fi ndings apply to an outpatient setting, whereas 
severe illness in an inpatient could alter variation in 
thyroid hormone concentrations.   

 Conclusion 

 Disease-specifi c intra-individual variation of thyroid 
function tests in patients with stable untreated sub-
clinical hypothyroidism was estimated and used to 
calculate the goals for analytical imprecision when 
monitoring patients with subclinical hypothyroidism. 
The results suggest that triplicate measurements of 
fT4 and duplicate measurements fT3 are needed in 
order to meet the analytical goals when performing 
serial tests in patients with this disease. On the other 
hand, single sample measurement suffi ced for TSH, 
even in a routine laboratory testing.   
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(ANOVA)
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