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Background: Thyroid diseases are highly prevalent worldwide, but their diagnosis remains
a challenge. We established reference intervals (RIs) for thyroid-associated hormones and
evaluated the prevalence of thyroid diseases in China.

Methods: After excluding outliers based on the results of ultrasound screening, thyroid
antibody tests, and the Tukey method, the medical records of 20,303 euthyroid adults,
who visited the Department of Health Care at Peking Union Medical College Hospital from
January 2014 to December 2018, were analyzed. Thyroid-associated hormones were
measured by the Siemens Advia Centaur XP analyzer. The Rls for thyroid-associated hor-
mones were calculated according to the CLSI C28-A3 guidelines, and were compared
with the Rls provided by Siemens. The prevalence of thyroid diseases over the five years
was evaluated and compared using the chi-square test.

Results: The Rls for thyroid stimulating hormone (TSH), free thyroxine (FT4), free triiodo-
thyronine (FT3), total thyroxine (TT4), and total triiodothyronine (TT3) were 0.71-4.92
miU/L, 12.2-20.1 pmol/L, 3.9-6.0 pmol/L, 65.6-135.1 nmol/L, and 1.2-2.2 nmol/L, re-
spectively. The Rls of all hormones except TT4 differed significantly between males and
females. The Rls of TSH increased with increasing age. The prevalence of overt hypothy-
roidism, overt hyperthyroidism, subclinical hypothyroidism, and subclinical hyperthyroid-
ism was 0.5% and 0.8%, 0.2% and 0.6%, 3.8% and 6.1%, and 3.3% and 4.7% in males
and females, respectively, which differed from those provided by Siemens.

Conclusions: Sex-specific Rls were established for thyroid-associated hormones, and the
prevalence of thyroid diseases was determined in the Chinese population.
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INTRODUCTION

have attracted substantial research attention owing to the diffi-

culty in their diagnosis and treatment. It was estimated that

Thyroid diseases are associated with chronic diseases and an
increased mortality; they are highly prevalent worldwide and re-
quire expensive treatment [1, 2]. Subclinical thyroid diseases
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1.95% and 5.55% of adults in China suffer from subclinical hy-
perthyroidism and hypothyroidism, respectively, and 2-4% of
these individuals will develop clinical thyroid diseases every year,
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depending on the levels of antithyroid peroxidase autoantibodies
(TPO-Ab) and thyroid stimulating hormone (TSH) [3, 4]. Thus,
accurate biochemical measurements are essential for making
an appropriate diagnosis and initiating timely treatment for indi-
viduals suffering from these diseases.

The reference intervals (Rls) are essential for physicians for
interpreting and evaluating the results of thyroid function tests,
including the levels of TSH, free thyroxine (FT4), free triiodothy-
ronine (FT3), total thyroxine (TT4), and total triiodothyronine
(TT3) [5]. However, various clinical laboratories use the Rls pro-
posed by the manufacturer of these tests, which are mainly based
on data from non-Chinese populations. In addition to ethnicity,
the Rls for thyroid-associated hormones are influenced by sev-
eral other factors, including the time of day, age, sex, iodine lev-
els, and inter-assay differences [6-8]. Considering these facts,
each laboratory should establish population-based and method-
specific Rls, as recommended by the International Federation
of Clinical Chemistry, Clinical & Laboratory Standards Institute
(CLSI), and American Thyroid Association [9-11].

RlIs are generally established using direct methods that re-
quire strict exclusion criteria, which are typically expensive and
time-consuming. An indirect method using big data from the
database of a clinical laboratory and appropriate statistical pro-
cedures can be used to establish reliable and accurate Rls for
thyroid-associated hormones and has already been demonstrated
as a simpler, faster, and more cost-effective method than direct
methods [12-14]. However, a comprehensive assessment for
five thyroid-associated hormones and thyroid diseases in a large
cohort of healthy Chinese population is still lacking.

Therefore, we aimed to establish Rls for thyroid-associated
hormones in euthyroid Chinese adults undergoing regular check-
ups using chemiluminescence immunoassay and the indirect
data mining approach and compared the obtained RIs with those
provided by the manufacturer of the Advia Centaur XP automatic
chemiluminescence immunoassay analyzer (Siemens, Berlin,
Germany). Additionally, the prevalence of clinical and subclini-
cal thyroid diseases in this population was evaluated over five
years.

MATERIALS AND METHODS

Data collection
From January 1, 2014 to December 31, 2018, records of 280,206

healthy individuals were extracted from the Hospital Information
System (HIS) and Laboratory Information System (LIS) of Peking
Union Medical College Hospital (PUMCH), Beijing, China. Ulti-
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mately, data of 20,303 euthyroid individuals were included in
this study and analyzed anonymously. The specific exclusion
criteria are depicted in Supplemental Data Fig. S1.

Furthermore, a total of 150,431 individuals from 90,700 check-
ups with thorough measurements of thyroid-associated hormones
were selected to evaluate the prevalence of clinical and subclini-
cal thyroid diseases. Overt hyperthyroidism was defined as TSH
levels below the lower limit and both FT3 and FT4 levels above
the upper limit, whereas overt hypothyroidism was defined as
TSH levels above the upper limit and FT4 levels below the lower
limit. Subclinical hypothyroidism was defined as serum TSH lev-
els above the upper limit and FT4 levels within the RI [8], and
subclinical hyperthyroidism was defined as serum TSH levels
below the lower limit with normal levels of FT3 and FT4 [3].

All information was obtained from the medical records. The
following analyses were performed for all individuals as part of
their check-up. Individuals were asked to sit for 10-15 minutes,
and then the height, weight, and blood pressure were measured
by well-trained nurses and doctors. The body mass index (BMI)
was calculated as the weight divided by the height squared. Fast-
ing blood samples were drawn into 5 mL red-capped Vacuette
tubes containing a procoagulant gel (Greiner Bio-One, Krems-
munster, Austria) and centrifuged at 3,000 rpm for 10 minutes.
Five thyroid-associated hormones in fresh samples were as-
sessed on a Siemens Advia Centaur XP automatic chemilumi-
nescence immunoassay analyzer with the corresponding re-
agents, calibration materials, and quality control materials, ALT,
creatinine (Cr), triglyceride (TQ), total cholesterol (TC), and glu-
cose (Glu) levels were measured using a Roche C8000 auto-
matic biochemical analyzer (Roche, Mannheim, Germany) with
the corresponding reagents, calibrators, and quality control ma-
terials.

This study was approved by the Ethics Committee of PUMCH.
As this was a retrospective study, no informed consent was re-
quired (S-K766).

Statistical analysis

Excel 2010 (Microsoft Inc., Redmond, WA, USA), SPSS 20.1
software (IBM Inc., Armonk, NY, USA), and MedCalc Statistical
Software 15.0 (Mariakerke, Belgium) were used for statistical
analyses. Normally distributed data are presented as mean=+SD,
and non-normally distributed data are presented as median (in-
terquartile range). Multiple regression analysis (MRA) was used
to calculate partial correlation coefficients (rp) of main indices,
including sex, age, BMI, and systolic blood pressure (SBP), for
all five thyroid-associated hormones. All Rls of the thyroid-asso-
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ciated hormones were calculated as the median and 2.5th to
97.5th percentiles (P2s5—Pgy75), using the original data without
outliers. The prevalence of thyroid diseases among the sub-
groups was compared by the chi-square test. The result was
considered statistically significant when P was <0.05.

RESULTS

Demographic characteristics of the individuals enrolled in
the study

The demographic characteristics of enrolled individuals are sum-
marized in Table 1. The median age was 37 years, and the av-
erage BMI was 23.7 kg/m?. Although few Rls differed between
the sexes, the females were generally younger than the males,
with relatively lower BMI, SBP, diastolic blood pressure, ALT, Cr,
TG, and Glu levels.

Distribution of thyroid-associated hormone levels according
to sex

The results of MRA for all five thyroid-associated hormones are

Table 1. Demographic characteristics of the individuals included in
the study

Variables* Males Females Total

N 10,170 (50.1%) 10,133 (49.9%) 20,303

Age (yr) 39 (31-48) 36 (29-45) 37 (30-47)
BMI (kg/m?) 2562+35 221+32 23.7+3.7
SBP (mm Hg) 12517 11116 118+18
DBP (mm Hg) 78+10 69+9 73x11
ALT (U/L) 23 (17-33) 13 (10-18) 17 (12-26)
Cr (umol/L) 82.8+126 60.8+9.0 71.8+155
TG (mmol/L) 1.34(0.93-2.00)  0.85(0.64—1.18)  1.05(0.74-1.60)
Glu (mmol/L) 53+12 5.0+0.7 52+1.0
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shown in Table 2. All coefficients for sex were significantly higher
than those for other indices. Therefore, the distributions of thy-
roid-associated hormones are presented separately for females
and males (Fig. 1). The serum TSH level was higher in females
than in males (P<0.001). In contrast, the levels of FT4, FT3,
and TT3 were higher in males than in females (all P<0.001).
There was no sex difference for TT4 levels (P=0.226).

Rls for thyroid-associated hormones in the Chinese
population

The Rls for the thyroid-associated hormones, namely, TSH, FT4,
FT3, TT4, and TT3, in the euthyroid Chinese population without
stratification by sex were 0.71-4.92 mIU/L, 12.2-20.1 pmol/L,
3.9-6.0 pmol/L, 65.6-135.1 nmol/L, and 1.2-2.2 nmol/L, re-
spectively. Collectively, our data suggested that it would be use-
ful to establish sex-specific Rls for these five hormones. Further-
more, the distribution of TSH increased with increasing age.
Therefore, we divided the whole population into five subgroups
according to the distribution of age (group 1: 19-29 years old,
N=4,746; group 2: 30-39 years old, N=6,578; group 3: 40-49
years old, N=4,989; group 4: 50-59 years old, N=2,705; and
group 5: =60 years old, N=1,285). Subgroup analysis and merg-
ing showed that the TSH distribution varied between two age
groups (<50 years old and >50 years old). Moreover, the Rls

Table 2. Partial correlation coefficients from multiple regression
analysis

Thyroid-related hormone R? Sex Age BMI SBP
TSH 0.01 0.13 0.03 003  0.04
FT4 013 -033 -015 -008 0.10
FT3 025 043 -0.18 0.08 0.5
T4 0.01 0.02 001 -0.03 007
113 005 —0.08 0.01 014  0.05

*BMI, SBP, Cr, and Glu are presented as mean+SD, and all other indices
are presented as the median (interquartile range).

Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP,
diastolic blood pressure; Cr, creatinine; TG, triglycerides; Glu, glucose.

Abbreviations: R?, coefficient of determination; TSH, thyroid stimulating hor-
mone; FT4, free thyroxine; FT3, free triiodothyronine; BMI, body mass in-
dex; SBP, systolic blood pressure: TT4, total thyroxine; TT3, total triiodothy-
ronine.

Table 3. Reference intervals for thyroid-associated hormones established in this study and those recommended by the manufacturer

Sex TSH (mlIU/L) FT4 (pmol/L) FT3 (pmol/L) TT4 (nmol/L) TT3 (nmol/L)
This study Male <50yrold: 1.82 (0.69-4.66) 16.4 (12.8-20.6) 51(4.3-6.2) 99.1 (64.2-135.1) 1.7(1.2-2.3)
>50yrold: 1.86 (0.64-5.03)
Female <50yrold: 2.01 (0.74-4.87) 15.1(11.9-18.9) 4.6 (3.8-5.5) 99.0 (68.2-134.7) 1.6(1.2-2.2)
>50yrold: 2.20 (0.77-5.66)
Manufacturer Total (0.55-4.78) (11.5-22.7) (3.5-6.5) (82.6-138.0) (0.9-2.8)

Abbreviations: TSH, thyroid stimulating hormone; FT4, free thyroxine; FT3, free triiodothyronine: TT4, total thyroxine; TT3, total triiodothyronine.
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provided by Siemens were modified for healthy people in China,
as listed in Table 3. The Rl for TSH, FT4, FT3, and TT3 was
narrower and that for TT4 was lower than the values provided
by Siemens.

The Rls for thyroid-associated hormones in other studies from
different regions established with various methods and analyti-
cal platforms are summarized in Table 4; these values substan-
tially differed from those obtained in this study [6, 15-33]. More-
over, only a few studies excluded individuals based on thyroid
ultrasound screening results.
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Fig. 1. Levels of (A) TSH, (B) FT4, (C) FT3, (D) TT4, and (E) TT3
according to sex. *P<0.001.

Abbreviations: TSH, thyroid stimulating hormone; FT4, free thyroxine; FT3,
free trilodothyronine; TT4, total thyroxine; TT3, total trilodothyronine.
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oo
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Female
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Prevalence of thyroid diseases in the Chinese population
Among 90,700 records with consistent thyroid-associated hor-

mone measurements, 8.6% (5.1% male, 11.8% female) were
positive for TPO-Ab, 10.1% (4.4% male, 15.3% female) were
positive for anti-thyroglobulin antibodies (TG-Ab), 4.5% were
positive for both thyroid antibodies (2.0% male, 6.9% female),
and 14.1% (7.5% male, 20.2% female) were positive for either
TPO-Ab or TG-Ab. Therefore, the prevalence of abnormal thy-
roid antibodies was significantly higher in females than in males.
Prevalence was also analyzed using our sex-specific Rls (Fig. 2).
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Fig. 2. Prevalence of thyroid diseases in checkups at Peking Union Medical College Hospital and estimated by the manufacturer (Sie-
mens). The annual number of enrolled males and females from 2014 to 2018 was 14,345 and 13,616, 10,589 and 9,320, 6,653 and
8,353, 5,900 and 8,279, and 6,116 and 7,529, respectively. (A) Annual prevalence of subclinical hyperthyroidism. (B) Annual prevalence
of subclinical hypothyroidism. (C) Annual prevalence of overt hyperthyroidism. (D) Annual prevalence of overt hypothyroidism.

The distribution of both clinical and subclinical thyroid diseases
was also determined using the Rls provided by Siemens. Com-
pared with the results from Siemens, the prevalence of subclini-
cal hyperthyroidism and overt hypothyroidism in both males
and females was significantly higher in this study. In addition,
the prevalence of overt hyperthyroidism in males was lower but
higher in females (all P<0.001) than that calculated by Siemens.
Furthermore, the prevalence of thyroid diseases was higher in
females than in males overall (all P<0.001).

DISCUSSION

In this cross-sectional study, we downloaded all available data
from the HIS and LIS of PUMCH. After eliminating individuals who
did not meet the strict inclusion criteria, 20,303 individuals were
included (i.e., 13.50% of the original database). All records regard-
ing quality control, external quality assessment, and other changes
during this period were reviewed and deemed to be sound. Sev-
eral suitable statistical methods were used to analyze these data,
and the Rls were defined according to the P25 and Pos.
Significant differences were observed between males and fe-
males for TSH, FT3, FT4, and TT3 levels, and clear age-depen-
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dent shifts were observed for TSH. The sex-specific Rls for TT4
in our study were lower than the Rls suggested by Siemens. Our
results are in accordance with those of some recent studies [16,
18]; however, they differ from other studies [5, 34]. In addition,
we found a large difference between males and females for FT4
and FT3 (rp=-0.331 and -0.431, respectively), which was con-
sistent with the study by Wang, et al. [30] but was greater than
those found in other studies [5, 25]. These differences across
studies may be due to the different exclusion criteria and char-
acteristics of the populations and should be compared in future
studies. Furthermore, compared with the Rls for TSH reported
from the National Health and Nutrition Examination Survey I
study [35], the modified RI used in our clinical laboratory was
higher (TSH: 0.71-4.92 vs 0.45-4.12 mIU/L).

We further calculated the prevalence of clinical and subclini-
cal thyroid diseases in both males and females, which were higher
than those calculated by the Rls provided by Siemens, with the
exception of the prevalence of subclinical hypothyroidism in fe-
males and overt hyperthyroidism in males. In addition, the prev-
alence of subclinical hypothyroidism and subclinical hyperthy-
roidism was higher than that reported in previous studies (5.0%
vs 3.7% or 4.3%, and 4.0% vs 0.7% or 0.5%, respectively) [35,
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361, which could lead to an inappropriate diagnosis and delayed
treatment. Furthermore, we evaluated the percentages of TPO-
Ab and TG-Ab positivity separately for males and females. Gen-
erally, females had a higher prevalence of thyroid diseases than
males. Thus, consistent and reliable diagnostic criteria need to
be established, and more regional studies need to be conducted.

Although previous studies [6, 13-33] have established Rls for
thyroid-associated hormones, the present study has several
unigue advantages. The indirect method used in this study is
more convenient and economical, with no need for volunteer
recruitment and additional measurements. We enrolled a large
cohort of Chinese individuals undergoing health check-ups over
a five-year period, and variation in results due to the use of dif-
ferent methods was prevented by conducting the analyses at
the same facility (PUMCH). Furthermore, complete information,
including the results of thyroid ultrasound and antibody tests,
was available for all included individuals, according to the rigor-
ous inclusion criteria, which was in accordance with the direct
method [15]. Therefore, the established Rls may be more accu-
rate and suitable for clinical laboratories. Nevertheless, this
study has limitations. Due to the significant differences between
different immunoassay methods [37], the Rls established in this
study are most suitable for the Chinese population as measured
by the Advia Centaur XP automatic chemiluminescence immu-
noassay analyzer. Additionally, the effects of age and sex have
been reported to disappear when a population is more rigorously
selected [38]. Although China is known to have a population with
an adequate intake of dietary iodine, the iodine status, which has
been associated with thyroid diseases, should be further evalu-
ated [39].

Qverall, our results emphasize the importance of establishing
sex-specific Rls for thyroid-associated hormones, which could
reduce the possibility of misclassification of patients with mildly
reduced or elevated levels. Notably, more efforts are required to
standardize or harmonize hormonal assays to reduce the biases
and coefficients of variation between different methods [40]. Thus,
more details need to be considered, and individuals should be
assessed continuously in further specific clinical studies for an
independent evaluation of the clinical efficiency of our estab-
lished Rls.
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kIIAEBD?gl?\-Ir EO RY Thyroid-Associated Hormones and Thyroid Diseases
N=280,250 e L :
~ If unique identification code identified duplicate records,
= ~ only the first record was included
N=150,431 o ) o )
e ~_ Individuals without demographic information were excluded;
only non-pregnant adults (=19 years old) were included
N = 146,032 o ) )
Individuals who were not fully tested for thyroid-associated
— hormones, TPO-Ab, and TG-Ab were excluded
N=090,711
Individuals whose thyroid ultrasound results were missed or
3 >
not thorough were excluded
N=29415
Individuals with thyroid-related disease or history of thyroid-
B > i )
related surgeries were excluded
N=29,378 o ) ) )
_ Individuals whose thyroid ultrasound showed diffused thyroid
8 — > .. . .
disease, abnormal echogenicity, surgical history were excluded
N =23,537
Individuals with the diameter of nodularity =1.0 cm were
8- >
excluded
N =21,701
T E— _ Individuals with TPO-Ab = 34 IU/mL and/or TG-Ab = 115
IU/mL were excluded
N =20,444 . ) .
> _ Tukey’s test was applied for thyroid-associated hormones to
~ exclude outliers
N =20,303

Supplemental Data Fig. S1. Exclusion criteria used in this study. N=280,250: records of all health check-up conducted at Peking Union
Medical College Hospital from January 1, 2014, to December 31, 2018. N=20,303: individuals finally enrolled in this study.
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