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ABSTRACT. This study aimed to establish reference intervals for
serum thyroid hormones [serum thyroid-stimulating hormone (TSH),
triiodothyronine (TT,), thyroxine (TT,), free triiodothyronine (FT,), and
free thyroxine (FT,)] in apparently healthy individuals living in Zhengzhou.
According to the requirement for laboratory support for the diagnosis
and monitoring of thyroid diseases in the National Academy of Clinical
Biochemistry (NACB) laboratory medicine practice guidelines, a total of
211 apparently healthy individuals were enrolled (94 men, 117 women, 23-
77 years old) from Zhengzhou for measurement of serum levels of TSH, TT,,
TT,, FT,, and FT, by using the Siemens ADVIA Centaur XP analyzer. All
markers were analyzed across gender- and age-specific groups by using the
t-test and ANOVA. The reference intervals of all markers were determined
by P, -P,, .. We detected gender-associated statistical significances for TT,,
TT, FT,,and FT, (= 3.299, 2.141, 5.868, 5.358; P < 0.05), but not for TSH
(t=-1.776, P > 0.05). Correlation analysis showed that all markers were
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negatively correlated with age (P > 0.05). The new reference intervals for
TT,, TT,, FT,,FT,, and TSH were established: 0.76-1.38 ng/mL, 5.96-11.27
pg/dL, 3.88-5.59 pM, 11.69-18.84 pM, 0.89-5.93 plU/mL, respectively. In
conclusion, we added a new database of reference intervals of the serum
thyroid hormones for the Chinese adult population.

Key words: Apparently healthy individuals; Thyroid hormones;
Reference intervals; NACB

INTRODUCTION

The serum thyroid-stimulating hormone (TSH), triiodothyronine (TT,), thyroxine (TT,),
free triiodothyronine (FT,), and free thyroxine (FT,) are the most useful biomarkers in the clinical
diagnosis for thyroid dysfunction, especially for subclinical thyroid disease (Dayan, 2001; Surks
et al., 2004). Reference intervals are indispensable in evaluating laboratory test results. Establish-
ing correct reference intervals is an important task for a clinical laboratory. Most of the European
learned societies for clinical chemistry have concluded that each clinical laboratory should produce
its own reference values (Jones and Barker, 2008). However, most clinical laboratories used the
reference intervals provided by the manufacturer or those reported in the available literature, which
may not match the clinical results obtained for local populations. Some authors have reported the
thyroid hormone reference intervals for Chinese populations (Quinn et al., 2009; Chan et al., 2011).

In our laboratory, nearly 80,000 serum thyroid hormone tests are performed using
the Siemens ADVIA Centaur XP analyzer every year. Therefore, it is very important for us
to establish the thyroid hormone reference intervals appropriate for the population served by
our laboratory. The aim of this study is to set up the thyroid hormone reference intervals for
Zhengzhou according to the National Academy of Clinical Biochemistry (NACB) laboratory
medicine practice guidelines (Baloch et al., 2003).

MATERIAL AND METHODS

Subjects

A total of 211 apparently healthy individuals living in iodine-adequate area from
Zhengzhou (N =211, 94 men and 117 women, aged from 23 to 77 years) were selected from
the healthy individuals who visited our physical examination center in October 2012. The sub-
jects were selected based on the criteria recommended by the NACB: 1) no detectable thyroid
autoantibodies, thyroid peroxidase antibody (TPOAD) or thyroglobulin antibody (TgAb); 2)
no personal or family history of thyroid dysfunction; 3) normal thyroid ultrasound (no visible
goiter and abnormal echo); 4) no severe heart, lung, or endocrine diseases; 5) no medications
such as phenytoin or glucocorticoids taken that can affect the detection of thyroid hormone; 6)
no pregnancy. All subjects signed the informed consent.

Methods

Blood samples were collected from the cubital vein of subjects fasting for more than
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8 h in the morning. All specimens were measured within 8 h by using the ADVIA Centaur XP
analyzer (Siemens Healthcare Diagnostics, Germany). Internal quality control products were
purchased from BIO-RAD Laboratories, Inc. (USA, Lot: 40250).

Accuracy test
Internal quality control was performed daily by using random samples at 3 levels. The

mean and standard deviation of the data were calculated and then compared with the fresh data
from BIO-RAD.

Precision test
Mixed serum samples were tested 4 times every day for 5 days (N = 20 for each sample),

consecutively at 3 levels (high, middle, and low). The coefficient of variation (CV) was calculated
according to the principles of American Clinical Laboratory Standards Commission (CLSI-EP15).

Statistical analysis

Normality tests were performed using single-sample Kolmogorov-Smirnov test us-
ing SPSS17.0 for all data. Normality distribution data are reported as means + S.D Abnormal
distribution data were logarithmically transformed for statistical analysis. The Student paired
t-test was applied for gender-specific and age-specific group comparisons for all markers. Cor-

relation analysis was performed using the Person method. P values <0.05 were considered to
be significant.

RESULTS
Accuracy test
The internal quality control for all markers was at 95%CI (Table 1).

Table 1. Results of internal quality control of October, 2012.

Level N Results Update data 95%CI
TT, Low 30 0.82+£0.05 0.81+0.08 0.66-1.00
(ng/mL) Middle 30 2.31+0.11 2.28+0.18 1.86-2.79
High 30 4.05+0.18 4.01+0.25 3.22-4.84
TT, Low 30 6.08 £0.32 6.08 £0.51 4.68-7.02
(ng/dL) Middle 30 12.15+0.66 12.04+0.72 9.43-14.10
High 30 17.29 £ 0.69 17.17+1.23 13.5-20.20
FT, How 30 3.92+0.16 3.96+£0.15 3.12-4.68
(pM) Middle 30 9.51+£0.25 9.68 £0.31 7.78-11.70
High 30 16.33 £0.65 16.70 + 0.75 13.80-20.70
FT, Low 30 10.75 £ 0.86 8.45+0.75 9.12-13.70
(PM) Middle 30 25.59+1.29 20.79 + 1.42 22.20-33.40
High 30 50.22+2.73 40.04 +3.08 43.00-64.60
TSH Low 30 0.42 +0.02 0.48 £0.05 0.36-0.53
(uIU/mL) Middle 30 5.65+0.20 6.76 £ 0.85 4.83-7.25
High 30 37.07 + 1.51 42.67+5.32 30.00-45.00

Data are reported as means + SD.
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The batch CV for all markers from the mixed serum samples were compared with the data
provided by the kit (Table 2). All results were within the standard ranges recognized by our laboratory.

Table 2. Results of precision test (N = 20).

Level CV (%) CV by the kit (%) CV of the lab (%)
TT, Low 3.77 3.18 6.00
Middle 4.08 2.04 6.00
High 1.69 1.45 6.00
TT, Low 5.81 4.57 6.00
Middle 4.96 1.19 6.00
High 5.53 2.90 6.00
FT, Low 2.52 3.08 6.00
Middle 1.58 2.35 6.00
High 5.57 2.47 6.00
FT, Low 5.23 3.33 6.00
Middle 1.75 2.23 6.00
High 3.51 2.54 6.00
TSH Low 2.26 2.51 6.00
Middle 1.37 1.87 6.00
High 1.32 2.56 6.00

CV = coefficient of variation.

Thyroid hormones

All variables showed normal distribution, except TSH. The data for TSH were loga-
rithmically transformed for statistical analysis. The significant differences between the gen-
der-specific groups were observed for all markers, except TSH (Table 3). When compared
between age-specific groups, significant differences were shown between group 1 and group 4
of TT,, and between group 1 and group 2 of FT,, but not between other groups of all markers
(Table 4). Correlation analysis showed that not all markers were correlated with age.

Table 3. Compared results of thyroid hormones between genders.

Gender Number s A FT, FT, TSH
(ng/mL) (ng/dL) (pM) (pM) (nIU/mL)
Male 94 1.09 +0.19 8.86 = 1.44 4.87+0.37 15.36 + 1.86 3.04+1.95
Female 117 1.02+0.13 8.46 +1.27 448 £0.57 14.12£1.52 3.63+£2.69
t value 2.141 5.868 5.358 -1.776
P value <0.05 <0.01 <0.01 >0.05
Data are reported as means + SD, measured by one-way ANOVA.
Table 4. Compared results of thyroid hormones between ages.
Group Number TT, TT, FT, FT, TSH
(ng/mL) (ng/dL) (pM) (pM) (uIU/mL)
Group 1 (age <25 years) 22 0.99+0.11 8.68 +0.96 4.47£0.76 14.70 + 1.83 3.74+1.46
Group 2 (age 26-35 years) 76 1.05+0.13 8.56 +1.39 4.72 £0.57* 14.82+1.76 346+2.11
Group 3 (age 36-45 years) 68 1.05+0.17 8.68 +1.36 4.65+0.42 1457+ 1.76 2.90 +2.88
Group 4 (age >46 years) 45 1.09 +0.21% 870+ 1.51 4.63 £ 0.46 14.56 + 1.88 3.73£2.39
F value 1.877 0.136 1.420 0.310 1.420
P value <0.05 >0.05 <0.05 >0.05 >0.05

Data are reported as means £ SD. *P < 0.05 vs group 1.
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Setting the reference range for thyroid hormones
We found differences in the reference ranges for thyroid hormones obtained by us and

between our results and the manufacturer’s descriptions (Table 5). This indicates that separate
reference ranges should be established by each laboratory.

Table 5. Thyroid hormone reference intervals (P, -P ).

Reference interval TT, TT, FT, FT, TSH

(ng/mL) (ng/dL) (pM) (pM) (uIU/mL)
This study 0.76-1.38 5.96-11.27 3.88-5.59 11.69-18.84 0.89-5.93
Manufacturer 0.61-1.81 4.50-10.90 3.50-6.50 11.50-22.70 0.55-4.78
DISCUSSION

Determination of the thyroid hormones is the primary method of diagnosis of thy-
roid diseases. Although the importance of reliable reference intervals is well understood, the
establishment of reliable reference intervals for biomarkers has not always maintained pace
with technological advancements. We tried to set up thyroid hormone reference intervals for
samples from Zhengzhou by using well-established exclusion criteria according to the NACB
(Baloch et al., 2003).

Some studies suggested that elevated levels of thyroid autoimmunity antibodies
(TPOADb and TgAb) and abnormal findings on thyroid ultrasound increased the risk of thy-
roid dysfunction, and affected the thyroid hormone reference intervals (Jensen et al., 2004;
Eskelinen et al., 2005; Kratzsch et al., 2005; Hamilton et al., 2008). Therefore, we excluded
individuals with laboratory evidence of thyroid autoimmunity antibodies and abnormal find-
ings on thyroid ultrasound, including those who had consumed medicines that could affect the
detection of thyroid hormones in vivo or in vitro.

In our study, 5.33% subjects were seropositive to TPOAb, 3.56% were seropositive to
TgAb, and 2.67% were seropositive to both (data not shown) in the normal population. It was
lower than the values in other published reports. For example, the TPOAb- and TgAb-positive
rates were 12.1 and 10.3%, respectively, in Hong Kong (Quinn et al., 2009). This could be
because we tested antibody levels only for subjects with a normal thyroid ultrasound.

In this study, we investigated the association between gender and thyroid hormones.
There were significant differences between men and women for all markers, except TSH. The
findings are similar to those of a previous study (Quinn et al., 2009), but in contrast to those
obtained by Vadiveloo et al. (2013). Despite this, the magnitude of significant differences was
small, suggesting that gender-specific reference intervals are not necessary. No statistically
significant difference was observed between the age groups for TSH. Correlation analysis
showed that not all markers correlate with age and this is similar to the findings obtained by
Jensen et al. (2004) and Schalin-Jéntti et al. (2011). In contrast, some previous studies reported
that the median and range of TSH concentration increase with age (Boucai and Surks, 2009;
Surks and Boucai, 2010; Kahapola-Arachchige et al., 2012; Vadiveloo et al., 2013). The dif-
ferences can be attributed to the different characteristics of subjects included in the study.
All markers obtained narrower reference intervals than those provided by the manufacturer,
except TSH. The upper limit value for TSH was higher than that obtained in previous studies.
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Discrepancies arise because laboratories use different analyzers and populations to establish
reference intervals. Therefore, it is necessary for each clinical laboratory to establish its own
local reference intervals for the clinician to avoid missed diagnosis and unnecessary treatment.

Reliable and comparable results can be achieved only by conducting long-term inter-
laboratory studies of the analytical methods used, in terms of precision and accuracy (Solberg
and Stamm, 1991). ADVIA Centaur XP analyzer was assessed for accuracy and precision;
thus, the findings of the study are true and reliable.

Our study is limited by the lack of data concerning pregnant women and children
(Soldin et al., 2010; Karakosta et al., 2011). Another important limitation is the assumption
of iodine sufficiency in Zhengzhou area, as we did not evaluate iodine status by urine iodine
estimation. However, in 2011, it was reported that the overall iodine level of the vulnerable
population in Henan was appropriate (Yang et al., 2013). This indicates that, at present, the
Zhengzhou area of Henan Province may be considered as an iodine-sufficient study area.

In conclusion, we added a new database of reference intervals for the serum thyroid
hormones for Chinese adults. These reference intervals should be useful to interpret the results
of thyroid function tests in this population.
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