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Abstract
Background: Variability of measurements in medical re-
search can be due to different sources. Quantification of 
measurement errors facilitates probabilistic sensitivity anal-
yses in future research to minimize potential bias in epide-
miological studies. We aimed to investigate the variation of 
thyroid-related outcomes derived from ultrasound (US) and 
laboratory analyses in a repeated measurements study. Sub-
jects and Methods: Twenty-five volunteers (13 females, 12 
males) aged 22–70 years were examined once a month over 
1 year. US measurements included thyroid volume, goiter, 
and thyroid nodules. Laboratory measurements included 
urinary iodine concentrations and serum levels of thyroid-
stimulating hormone (TSH), free triiodothyronine (fT3), free 
thyroxine (fT4), and thyroglobulin. Variations in continuous 

thyroid markers were assessed as coefficient of variation (CV) 
defined as mean of the individual CVs with bootstrapped 
confidence intervals and as intraclass correlation coeffi-
cients (ICCs). Variations in dichotomous thyroid markers 
were assessed by Cohen’s kappa. Results: CV was highest for 
urinary iodine concentrations (56.9%), followed by TSH 
(27.2%), thyroglobulin (18.2%), thyroid volume (10.5%), fT3 
(8.1%), and fT4 (6.3%). The ICC was lowest for urinary iodine 
concentrations (0.42), followed by fT3 (0.55), TSH (0.64), fT4 
(0.72), thyroid volume (0.87), and thyroglobulin (0.90). Co-
hen’s kappa values for the presence of goiter or thyroid nod-
ules were 0.64 and 0.70, respectively. Conclusion: Our study 
provides measures of variation for thyroid outcomes, which 
can be used for probabilistic sensitivity analyses of epide-
miological data. The low intraindividual variation of serum 
thyroglobulin in comparison to urinary iodine concentra-
tions emphasizes the potential of thyroglobulin as marker 
for the iodine status of populations.
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Introduction

Variability of measurements in medical research and 
practice can be due to different sources, such as individu-
als, observers, readers, devices, or instruments and thus 
may be related to biological variation as well as to pre-
analytical and analytical components of variation [1]. 
Such variability is not desired since it may increase the 
uncertainty of study findings. Estimating the magnitude 
of variability usually involves experiments of repeated 
measurements, e.g., in randomized blocked designs. 
However, such designs may be unsuitable for estimating 
the measurement error of human laboratory markers 
since intraindividual variability arises. Variations in indi-
viduals can occur due to diurnal, day-to-day, or seasonal 
variations. For example, individual urinary iodine excre-
tion levels vary strongly from day to day and during the 
day because they mainly depend on previous food intake 
[2]. Diurnal and seasonal variations have also been re-
ported for thyroid hormone levels [3–5]. Intra- and inter-
individual biological variations for laboratory blood 
markers including thyroid-stimulating hormone (TSH), 
free thyroxine (fT4), free triiodothyronine (fT3), and thy-
roglobulin are reported in Ricós’s table [6]. Observer and 
reader variations are particularly essential to evaluate ul-
trasound (US) techniques such as assessments of thyroid 
volume and thyroid nodules [7]. Likewise, US devices as 
well as laboratory measurement techniques may be prone 
to variations [8].

It is important to determine the measurement error of 
thyroid-related variables to estimate the potential bias in 
epidemiological and clinical studies and to provide mea-
sures of variation, which can be used for power calcula-
tions and probabilistic sensitivity analyses in future re-
search. Against this background, we aimed to investigate 
the variation of thyroid-related variables derived from US 
and laboratory in a repeated measurements study, in 
which 25 individuals were examined twelve times within 
1 year.

Subjects and Methods

The Study of Health in Pomerania (SHIP) repeated measure-
ments study was conducted between June 2015 and July 2016 in 
the examination center of the SHIP located in Greifswald, Ger-
many [9]. Twenty-five volunteers (13 females, 12 males) aged 22–
70 years (mean age 44 years) were recruited from staff of the Uni-
versity Medicine Greifswald. Except for pregnancy there were no 
exclusion criteria applied in this study. Each of the participants was 
examined twelve times in intervals of approximately 1 month dur-
ing the course of the study, which is comparable to previous stud-

ies on iodine variability [10]. Five individuals were exposed to thy-
roid medication intake during the course of the study; their indi-
vidual progressions are shown in online supplementary Figure 1 
(see www.karger.com/doi/10.1159/000507018 for all online suppl. 
material) and their medical histories are given in online supple-
mentary Table 1. In one person levothyroxine was prescribed for 
10 months at 250 mg and for the last 2 months of the study at  
225 mg. In this individual we observed a strong decrease in serum 
TSH levels and increases in serum levels of fT3 and fT4 during the 
course of the study.

Age, sex, and sociodemographic data were assessed by ques-
tionnaire at the last visit of the participant. At each of the twelve 
examinations, thyroid US, blood sampling, and urine collection 
were performed. The examinations followed the same protocols as 
introduced in the population-based SHIP study [11, 12]. Thyroid 
US was performed with a portable device using a 13-MHz linear 
array transducer (Vivid-I; General Electrics, Frankfurt a.M., Ger-
many). Thyroid volume was calculated as length × width × depth 
× 0.479 (mL) for each lobe [13]. Goiter was defined as a thyroid 
volume > 18 mL in women and > 25 mL in men [14]. For thyroid 
volume all interobserver and interdevice variabilities showed 
mean differences (±2 SD) of < 5% (< 25%) [15]. Occurrence of thy-
roid nodules was defined as at least one nodular change > 10 mm 
in US.

Blood samples were taken between 7 a.m. and 11 a.m. in Vacu-
tainer® serum gel tubes (BD, Franklin Lakes, NJ, USA). Serum 
TSH, fT3, and fT4 concentrations were analyzed within 6 h after 
sampling in the central laboratory of the University Medicine 
Greifswald by a homogeneous, sequential, chemiluminescent im-
munoassay based on LOCI® technology (Dimension Vista® Sys-
tem Flex® reagent cartridge; Siemens Healthcare Diagnostics Inc., 
Newark, DE, USA). The analytical measuring range was 0.005–100 
mIU/L for TSH, 1.3–103.0 pmol/L for fT4, and 0.77–46.1 pmol/L 
for fT3. During the course of the study, internal quality control 
samples, which were conducted three times a day, revealed coef-
ficients of variation (CVs) of 2.6% for TSH, 2.1% for fT4, and 2.1% 
for fT3. Thyroglobulin concentration measurements were per-
formed in one batch in August 2016 with a solid-phase, chemilu-
minescent immunometric assay with a measurement interval from 
0.9 to 300 ng/mL on the IMMULITE 2000 (Siemens Healthcare 
Diagnostics Inc.).

Urinary iodine concentrations were measured from spot urine 
samples by a photometric procedure (Photometer ECOM 6122; 
Eppendorf, Hamburg, Germany) with Sandell and Kolthoff reac-
tion modified by Wawschinek [8, 16]. During the course of the 
study, the interassay CV for iodine was 4.2%.

Statistical Analyses
Continuous thyroid markers were expressed as median and di-

chotomous thyroid markers as percentage for each visit. The over-
all median was calculated as the mean of the twelve medians at the 
visits. A standard deviation (SD) was calculated for the twelve me-
dians in comparison to the overall median. Furthermore, intra-
class correlation coefficients (ICCs, continuous data) were as-
sessed by one-way analysis of variance and Cohen’s kappa (dichot-
omous data). The ICCs explain the amount of the total variance, 
which is related to the difference between the participants. If the 
ICC is 1, the variance of the respective marker would be fully re-
lated to the difference between the participants and values within 
one participant would not differ across the visits. ICC agreements 
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were classified into the four groups “poor,” “good,” “very good,” 
and “excellent” according to the recommendations from Cicchet-
ti [17]. Cohen’s kappa explains the agreement of the twelve ratings 
at the twelve visits. For continuous variables, means of the 66 mean 
differences between the twelve visits and the belonging SDs were 
calculated. Homogeneity of variance between iodine and iodine-
creatinine ratio was examined by a Levene test.

Furthermore, we calculated the individual CV defined as the 
individual SD of the twelve visits divided by the individual mean 
of the twelve visits for each of the 25 individuals and each bio-
marker. Individual CVs were plotted against the individual means. 
An overall CV was calculated for each biomarker as the mean of 
the CVs of the 25 individuals. Confidence intervals (CIs) were 
bootstrapped with 1,000 repetitions.

Seasonal variations of the thyroid biomarkers were assessed by 
linear regression models using fractional polynomials accounting 
for potential nonlinear variations over time. For this, we used frac-
tional polynomials up to degree 2 with all possible combinations of 
powers selected from the set (–2, –1, –0.5, 0, 0.5, 1, 2, 3). Afterwards, 
these models were compared using the log likelihood to determine 
the best-fitting model. If none of the fractional polynomial models 
fitted the data significantly better than the linear model, a linear as-
sociation was assumed. Time of blood sampling was associated 
with thyroid biomarkers by mixed models with random intercept. 
For graphical illustration we plotted serum TSH levels against time 
of blood sampling and showed the individual variations as well as 
the mean variations of serum TSH levels over time of blood sam-
pling. For the mean variation we used linear regression models in 
combination with fractional polynomials. Correlations of urinary 
iodine excretion levels with the other thyroid biomarkers were cal-
culated as R2 derived from linear regression models for each visit 
and for the median over the twelve visits. All analyses were con-
ducted with Stata 16.0 (Stata Corp., College Station, TX, USA).

Results

Urinary iodine was the thyroid biomarker which var-
ied most widely over the twelve visits (Table 1; Fig. 1). 
Standardization to creatinine significantly reduced the 
variation of urinary iodine levels (p < 0.001). The ICC 
demonstrated a fair agreement of the iodine measure-
ments between the twelve visits, resulting in a mean dif-
ference of 26 µg/L. Likewise, serum fT3 levels showed fair 
agreement across the measurements, with a slightly high-
er ICC than for iodine, while the mean difference was  
0.10 pmol/L with an SD of 0.08 pmol/L. Serum measure-
ments of TSH and fT4 showed good agreement over the 
twelve visits, with mean differences of 0.09 mIU/L and 
0.21 pmol/L and SDs of 0.06 mIU/L and 0.14 pmol/L, re-
spectively. Very good agreements across the visits were 
observed for serum thyroglobulin level and thyroid vol-
ume. For the dichotomous outcomes goiter and thyroid 
nodule presence, the agreement was good, with SDs for 
the respective prevalence of 2.75 and 3.15.Ta
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Figure 2 shows the individual CVs plotted against the 
individual means over the twelve visits. The mean CVs of 
these 25 individuals were 56.9% (95% CI 52.1–61.7%) for 
iodine, 27.2% (95% CI 17.4–37.1%) for TSH, 6.3% (95% 
CI 5.4–7.2%) for fT4, 8.1% (95% CI 7.0–9.1%) for fT3, 
18.2% (95% CI 12.9–23.4%) for thyroglobulin, and 10.5% 
(95% CI 9.4–11.7%) for thyroid volume in the total popu-
lation. Except for iodine-creatinine ratio, CVs were lower 
in individuals not taking thyroid medication and higher 
in those taking thyroid medication (Table 2). The intra-
individual CVs of the serum markers in the 20 individuals 

not on thyroid medication were within the 95% CIs re-
ported in Ricós’s table [6].

Intraindividual progressions of thyroid biomarkers 
over the twelve visits are shown in Figure 3. In contrast to 
urinary iodine levels, serum thyroglobulin levels were rel-
atively stable in most of the 25 individuals. Likewise, thy-
roid volume was also relatively constant over the 12 
months, even though we observed some variations, par-
ticularly in individuals with larger thyroid glands. There 
was a trend towards higher urinary iodine levels in the 
winter months, but this effect was not statistically signifi-
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cant (p = 0.202). Likewise, we observed no significant 
variations over the four seasons for the other thyroid bio-
markers (data not shown).

Urinary iodine levels did not correlate strongly with 
any of the other thyroid biomarkers (Table 3). The stron-
gest correlation was found with serum fT3 levels. The cor-
relations of median individual urinary iodine levels over 
the twelve visits with individual median levels of the oth-

er thyroid biomarkers were not higher than the correla-
tions at the single visits. Likewise, there were only weak 
correlations of mean iodine levels in the first half of the 
study, with mean levels of TSH (R2 = 0.028), fT3 (R2 = 
0.086), fT4 (R2 = 0.007), and thyroglobulin (R2 = 0.104) 
in the second half of the study. Correlations of urinary 
iodine levels with thyroid biomarkers were even weaker 
when standardizing by urinary creatinine.
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Time of blood sampling was inversely associated with 
serum TSH levels. By each hour of time of the day, serum 
TSH levels were on average lower by 0.11 mIU/L (95% CI 
–0.18 to –0.03; p = 0.006). In Figure 4 this association is 
illustrated combined with the individual variations in se-
rum TSH levels over time of blood sampling. For urinary 
iodine concentrations (p = 0.436) and serum levels of fT3 
(p = 0.352), fT4 (p = 0.252), and thyroglobulin (p = 0.555) 
no such associations were observed.

Discussion

We investigated variations of thyroid measurements 
from 25 individuals, who were examined twelve times 
over 1 year. We observed that serum thyroglobulin levels 
and thyroid volume were the most stable thyroid markers 
within individuals, while the largest intraindividual vari-
ations were observed for urinary iodine levels. A seasonal 
trend was not observed for any of the considered thyroid 

biomarkers. We found only weak correlations of urinary 
iodine levels with the other thyroid biomarkers even after 
combination of all twelve measurements. Time of blood 
sampling was only associated with serum TSH levels, but 
not with the other thyroid biomarkers.

According to the World Health Organization, median 
urinary iodine levels in population-based studies are the 
recommended marker to establish the iodine status in 
specific regions and countries [18]. In our study we found 
large variations in urinary iodine levels. In line with this, 
a previous study from Greenland concluded that 982 in-
dividuals are needed to establish the median urinary io-
dine level on the population level with a precision of 5% 
[19]. On the individual level, iodine excretion levels vary 
mainly due to differences in food intake, fluid uptake, and 
perspiration [2, 20]. Also, seasonal variations of iodine 
content in dietary products may explain individual varia-
tions in urinary iodine levels. A recent study demonstrat-
ed large variations of iodine content in milk peaking in 
spring [21]. In our study we also observed a trend towards 

Table 2. Intraindividual CVs for thyroid biomarkers

CV in % (95% CI)

total population 
(n = 25)

population not on thyroid 
medication (n = 20)

population on thyroid 
medication (n = 5)

Ricós’s table [6]

Iodine, µg/L 56.9 (52.1–61.7) 56.1 (50.7–61.6) 60.0 (49.4–70.6)
Iodine-creatinine ratio, µg/g 41.4 (37.5–45.3) 43.7 (39.9–47.5) 32.4 (23.2–41.6)
TSH, mIU/L 27.2 (17.4–37.1) 20.3 (17.6–23.0) 55.0 (12.8–97.3) 15.9 (14.8–25.1)
fT4, pmol/L 6.3 (5.4–7.2) 5.7 (5.2–6.2) 8.8 (5.9–11.8) 7.7 (4.8–9.5)
fT3, pmol/L 8.1 (4.4–14.3) 7.6 (6.5–8.7) 10.1 (7.8–12.3) 6.0 (4.7–7.9)
Thyroglobulin, ng/mL 18.2 (12.9–23.4) 15.6 (12.0–19.2) 28.4 (8.1–48.7) 12.8 (10.0–17.1)
Thyroid volume, mL 10.5 (9.4–11.7) 10.4 (9.0–11.7) 11.4 (9.2–13.7)

CI, confidence interval; CV, coefficient of variation; fT3, free triiodothyronine; fT4, free thyroxine; TSH, thyroid-stimulating hor-
mone.

Table 3. Correlation of urinary iodine levels with thyroid biomarkers

Visit 1 Visit 2 Visit 3 Visit 4 Visit 5 Visit 6 Visit 7 Visit 8 Visit 9 Visit 10 Visit 11 Visit 12 Median over 
the 12 visits

TSH, mIU/L 0.04 0.07 0.03 0.03 0.02 0.03 0.08 0.08 0.01 0.01 0.06 0.01 0.05
fT4, pmol/L 0.01 0.06 0.01 0.02 0.03 0.00 0.10 0.03 0.01 0.01 0.18 0.01 0.04
fT3, pmol/L 0.00 0.08 0.07 0.10 0.00 0.06 0.44 0.00 0.12 0.03 0.11 0.07 0.11
Thyroglobulin, ng/mL 0.01 0.14 0.05 0.24 0.19 0.04 0.01 0.00 0.02 0.02 0.01 0.26 0.06
Thyroid volume, mL 0.12 0.02 0.02 0.01 0.00 0.02 0.08 0.01 0.00 0.01 0.00 0.03 0.05

Data are given as R2 derived from linear regression with the respective thyroid biomarker as outcome and urinary iodine as exposure. 
fT3, free triiodothyronine; fT4, free thyroxine; TSH, thyroid-stimulating hormone.
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a seasonal variation in urinary iodine levels, but this was 
not statistically significant.

Thyroglobulin, a protein important for the synthesis of 
thyroid hormones [20], has been discussed as a marker for 
iodine deficiency since thyroglobulin is more frequently 
released into the blood under iodine-deficient conditions 
[22, 23]. On the individual level, the variation of serum 

thyroglobulin is much lower than that of urinary iodine. 
In individuals not on thyroid medication, the CV for thy-
roglobulin in our study was slightly higher compared to 
the CV reported in Ricós’s table, but was within the 95% 
CI [6]. The Greenland study concluded that the number of 
samples for determination of an individuals’ urinary io-
dine level is ten times higher than that for serum thyro-
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globulin [19]. In line with this, the ICC in our analysis in-
dicates that most of the variation of thyroglobulin is re-
lated to variation between individuals, demonstrating that 
serum thyroglobulin levels are quite stable within one in-
dividual over time. These findings stress the potential of 
thyroglobulin as a marker for iodine deficiency in the in-
dividual. However, in concordance with our study, previ-
ous data from 151 adults with 5 repeated measurements 
suggest only a weak correlation of serum thyroglobulin 
levels with urinary iodine concentrations [24]. This weak 
correlation may be explained by the high variation of uri-
nary iodine within individuals. Even twelve measurements 
are not sufficient to determine an individual’s iodine status 
[19]. The number of individuals included in our study 
meets the requirements for studies of variation [2, 25]. 
However, more individuals with different iodine supply 
may be needed to find stronger associations between uri-
nary iodine and serum thyroglobulin concentrations.

Goiter and thyroid nodule prevalence varied both by 
around 3 percentage points over the twelve visits. The 
mean variation of thyroid volume over the twelve visits 
was 0.7 mL, with larger thyroids varying more than small-
er ones. In our study we used two identical thyroid US 
devices using the ellipsoid method, which were regularly 
quality controlled. The main issue of thyroid US volum-
etry is that the whole thyroid does not fit on one US im-
age, making it difficult for the observer to precisely mea-
sure the thyroid volume. This applies particularly for 
larger thyroids. Furthermore, differences in positioning 
the transducer may lead to different resolutions of the US 
images. Thus, the observer may be the main source of bias 

for thyroid volume measurements. Compared to our re-
sults, much larger interobserver variations for thyroid 
volume have been described by Brauer et al. [7] based on 
data from 42 participants and 3 observers. In our study, 
we also had 3 observers, but the mean differences were 
aggregated over the twelve visits. Furthermore, our study 
was designed to clone the workflow and logistics of SHIP 
[9]. Thus, the reported variations in our study are a mix-
ture of intra- and interobserver variations. This may ex-
plain the much smaller variation in our study compared 
to the one by Brauer et al. [7].

Similar to our findings, a circadian rhythm of TSH was 
reported in a study conducted in 13 individuals with 
blood samples drawn half-hourly over a period of 24 h 
[26] as well as in another study using 20,019 blood sam-
ples collected in an outpatient clinic over 3 years [3]. In 
both studies a peak of serum TSH levels until 9 a.m. in the 
morning was reported. This peak may be explained by an 
earlier pulsatile secretion of TSH from the hypothalamus, 
which is controlled by dopaminergic and somatostatiner-
gic mechanisms [27]. For the other thyroid biomarkers 
we did not detect any diurnal variation over the morning, 
even though a study from the 1970s reported a diurnal 
variation of fT3 similar to the one reported for TSH [28]. 
That study, however, investigated diurnal variations only 
in 5 individuals, and the quality of fT3 assays has signifi-
cantly improved since then [29].

The variations reported in our paper may be used for 
probabilistic sensitivity analyses in clinical studies. One 
strategy would be to randomly draw values from a normal 
distribution with a mean of 0 and an SD derived from the 
mean deviations reported in our analyses. For example, 
random values, derived from a normal distribution with 
a mean of 0 and an SD of 0.09, are added to the measured 
TSH value for each participant of a study. Analyses will 
then be repeated with the updated TSH variable. This 
procedure should be repeated at least 100 times (depend-
ing on the magnitude of the variation) to get an impres-
sion of the precision of the results. The results of these 
sensitivity analyses can be reported as the mean estimate 
of the 100 estimates derived from the 100 runs of the sen-
sitivity analyses. CIs for the mean estimates can be calcu-
lated similar to how they are calculated in multiply im-
puted data sets [30].

Our study was performed in an examination center 
which has more than 20 years of experience in conducting 
thyroid US and epidemiological studies. Our laboratory 
is accredited and regularly participates in external quality 
programs. A limitation of our study is that our partici-
pants, recruited from staff of the University Medicine 
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Greifswald, were relatively healthy, even though 5 par-
ticipants were under thyroid treatment. Potentially, vari-
ations of thyroid biomarkers may be higher in other pop-
ulation groups. However, in our study the variations in 
individuals not exposed to thyroid medication were com-
parable to those reported in Ricós’s table [6] and in previ-
ous studies [10, 19]. Variations were higher in individuals 
exposed to thyroid medication, which may be related to 
variations in response to thyroid therapy. Particularly, in 
one individual exposed to 250 mg levothyroxine, we ob-
served a decrease in TSH and increases in fT3 and fT4 
levels during the course of the study.

Our study provides measures of variation for thyroid 
outcomes which can be used for probabilistic sensitivity 
analyses of epidemiological data. The low intraindividual 
variation of serum thyroglobulin in comparison to uri-
nary iodine concentrations emphasizes the potential of 
thyroglobulin as marker for the iodine status of popula-
tions.
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