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Background: The common reference intervals (RIs) for thyroid hormones currently used in China are provided by equipment man-
ufacturers. This study aimed to establish thyroid hormone RIs in the population of Lanzhou, a city in the subplateau region of north-
west China, and compare them with previous reports and manufacturer-provided values. 
Methods: In total, 3,123 individuals (1,680 men, 1,443 women) from Lanzhou, an iodine-adequate area of China, perceived as 
healthy were selected. The Abbott Architect analyzer was used to determine the serum concentration of thyroid hormones. The 95% 
RI was estimated using the 2.5th and 97.5th percentiles as the lower and upper reference limits, respectively. 
Results: The serum levels of thyroid-stimulating hormone (TSH), total triiodothyronine (TT3), antithyroglobulin (ATG) antibody, 
and antithyroid peroxidase (ATPO) antibody levels were significantly correlated with sex (P<0.05). TSH, total thyroxine (TT4), and 
ATPO levels were significantly correlated with age (P<0.05). The serum levels of TSH, ATG, and ATPO in men were significantly 
lower than in women; in contrast, the serum TT3 level was significantly higher in men than in women (P<0.05). Serum TSH, TT3, 
TT4, and ATG levels differed across age groups (P<0.05), but no such variation was observed for ATG levels (P>0.05). The estab-
lished RIs of TSH, ATG, and ATPO in this study differed between sexes (P<0.05). The thyroid hormone RIs established herein were 
inconsistent with the manufacturer-provided values.
Conclusion: The RIs of thyroid hormones in the healthy population of Lanzhou were inconsistent with those in the manufacturer’s 
manual. Validated sex-specific values are required for diagnosing thyroid diseases. 
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INTRODUCTION

Thyroid hormone levels, regulated by feedback mechanisms 
mediated by the hypothalamus–pituitary–thyroid axis, are cru-
cial for the normal development and proper functioning of 
physiological systems [1-3]. A previous epidemiological survey 
in 31 cities in China showed that the overall prevalence of thy-

roid diseases was 50.96%, with higher prevalence rates among 
older than younger adults [4]. Since the prevalence of thyroid 
diseases is very high, understanding the mechanisms underlying 
the variations in thyroid-stimulating hormone (TSH) and thy-
roid hormone levels is crucial. Serum TSH, total triiodothyro-
nine (TT3), total thyroxine (TT4), free triiodothyronine (FT3), 
and free thyroxine (FT4) levels are useful biomarkers in the 
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clinical diagnosis of thyroid dysfunction, including subclinical 
thyroid disease [2,5,6]. An increase in the levels of positivity for 
thyroid autoantibodies, such as antithyroglobulin (ATG) anti-
body and antithyroid peroxidase (ATPO) antibody, may inform 
the diagnosis of autoimmune connective tissue disease [7]. Ac-
cording to the 2017 American Thyroid Association guidelines, 
establishing population-based and assay-specific reference in-
tervals (RIs) [8] is required for accurately diagnosing thyroid 
dysfunction [9]. Notably, the RIs used presently in Lanzhou, 
China and elsewhere [10] are defined by testing equipment 
manufacturers and are derived from data from other countries. 
The RIs do not consider the influence of the environment or eth-
nicity on thyroid hormone levels, which may affect the clinical 
diagnosis. Previous studies have shown that thyroid hormone 
RIs differ among ethnic groups [11-13]. Lanzhou, located in 
Western China, has an average elevation of 1,500 meters above 
sea level and is a multi-ethnic city dominated by Han, Hui, Ti-
betan, Dongxiang, and other ethnic groups. Lanzhou residents’ 
actual iodine nutrition status is iodine-replete after the universal 
salt iodization (USI) program was implemented to correct io-
dine deficiencies in China about 20 years ago [14]. In this study, 
we hypothesized that the RIs established based on the local pop-
ulation in Lanzhou and Abbott chemiluminescence apparatus 
(Abbott, Santa Clara, CA, USA) would be inconsistent with the 

RIs supplied by the equipment manual due to the differences in 
source population characteristics. In our previous study, we es-
tablished RIs specific to individuals from Lanzhou using an in-
direct method based on data from the laboratory information 
system and indicated deviations from the manual instructions 
provided [15]. The indirect method of establishing RIs depends 
on a large amount of data collected in a laboratory [16,17]. The 
data should exhibit a normal distribution or can be transformed 
into a normal distribution using mathematical methods [18]. 
However, the TSH-related data did not conform to a Gaussian 
distribution, even after converting them by the Box-Cox or case-
rank transformation methods. Accordingly, the primary aim of 
this study was to establish Abbott chemiluminescence appara-
tus-specific thyroid hormone RIs derived from the local popula-
tion in Lanzhou. Establishing RIs by the direct method was pro-
posed by the International Federation of Clinical Chemistry and 
Laboratory Medicine. The secondary objective of this study was 
to compare the RIs obtained in this study with those included in 
the manufacturer’s instructions.

 
METHODS 

All procedures in this study were approved by the Institutional 
Review Board at Gansu Provincial Hospital (protocol: 2022-

Table 1. Baseline Characteristics of Participants 

Characteristic Total Men Women Statistics P value

Number 3,123 1,680 1,443
Age, yr 48 (40–54) 53 (47–66) 55 (48–67) –1.25 0.21
SBP, mm Hg 125 (114–136) 139 (128–167) 134 (121–162) –5.94 0.00
DBP, mm Hg 79 (70–87) 89 (80–110) 76 (83–102) –6.43 0.00
BMI, kg/m2 24.22 (21.99–26.37) 27.10 (25.10–31.89) 25.15 (22.94–30.74) 8.19 0.00
Abnormal ATPO or ATG 806 (25.81) 491 (15.72) 315 (10.09) 94.61 0.00
History of thyroid disease 81 (2.59) 23 (0.74) 58 (1.86) 19.54 0.00
Family history of thyroid disease 19 (0.61) 17 (0.54) 2 (0.06) 9.79 0.00
Thyroid ultrasonography 1,205 (38.58) 642 (20.56) 563 (18.03) 0.21 0.66
T2DM 100 (3.20) 68 (2.18) 32 (1.02) 8.39 0.00
EH 820 (26.26) 493 (15.79) 327 (10.21) 17.91 0.00
Pregnancy 8 (0.25) - 8 (0.25) - -
Smoking 203 (6.50) 185 (5.92) 18 (0.58) 122.71 0.00
Hepatitis or other chronic diseases 35 (1.12) 25 (0.80) 10 (0.32) 4.23 0.04

Values are expressed as median (interquartile range) or number (%).
SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass index; ATPO, antithyroid peroxidase; ATG, antithyroglob-
ulin; T2DM, type 2 diabetes mellitus; EH, essential hypertension.
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359). This study conformed to the standards set by the latest re-
vision of the Declaration of Helsinki. A total of 3,123 individu-
als (without an established disease or any chronic treatment) 
who perceived themselves as healthy and resided in Lanzhou, 
an iodine-adequate area of China (n=3,123, 1,680 men and 
1,443 women; median aged 48 years [range, 40 to 54]) were re-
cruited from June to November 2019 at the Gansu Provincial 
Hospital Physical Examination Center. Written informed con-
sent was obtained from all participants after informing them of 
the intended use of the samples. Among them, 2,014 partici-
pants (1,016 men) were excluded for at least one of the criteria 
recommended by the National Academy of Clinical Biochemis-
try: (1) abnormal serum levels of ATPO or ATG antibody; (2) a 
history of thyroid dysfunction (goiter, hyperthyroidism, thyroid 
inflammation, thyroid tumor); (3) a family history of thyroid 
disease; (4) abnormal thyroid ultrasonography results; (5) the 
presence of type 2 diabetes mellitus; (6) a systolic blood pres-
sure >140 mm Hg or a diastolic pressure of >94 mm Hg; (7) 
pregnancy; (8) smoking before blood collection; and (9) hepati-
tis or other chronic diseases. All participants denied taking med-
ications such as phenytoin or glucocorticoids that would affect 
the detection of thyroid hormones (Table 1).

Data collection
Blood samples were collected during the morning hours (6:00 
AM to 9:00 AM) following a more than 8-hour fast (fasting af-
ter 10:00 PM) from the cubital vein of the participants. The se-
rum TSH, TT3, TT4, ATPO, and ATG levels were determined 
within 6 hours by the chemiluminescent microparticle immuno-
assay method using an Architect i2000 immunochemistry ana-
lyzer (Abbott). Two qualified and suitably trained researchers 
conducted serum sample testing according to the applicable 
standards and instructions. Two reference standards were tested, 
and quality control was performed before the test every day.

Statistical analysis 
Data were analyzed using Excel 2010 (Microsoft Inc., Red-

mond, WA, USA), SPSS version 19.0 (IBM Inc., Armonk, NY, 
USA), and GraphPad Prism version 6.0 (GraphPad Software, 
La Jolla, CA, USA). The Kolmogorov-Smirnov test was used to 
evaluate the data distribution; normally distributed data were 
presented as mean±standard deviation. The Student’s t test or 
analysis of variance was used to compare groups (sex and age). 
Non-normally distributed data are presented as median (inter-
quartile range [IQR]), and nonparametric analyses were used to 
compare these variables between groups. P values <0.05 were 
considered statistically significant. The 95% RI was estimated 
using the 2.5th percentile as the lower reference limit and the 
97.5th percentile as the upper reference limit.

Data availability statement
The datasets generated and analyzed during the current study 
are not publicly available but will be provided by the corre-
sponding author upon reasonable request. 

 
RESULTS

Associations between sex, age, and thyroid hormone levels are 
presented in Table 2. The serum levels of TSH, TT3, ATG, and 
ATPO, but not TT4, were significantly correlated with sex 
(P<0.05). The levels of TSH, TT4, and ATPO were correlated 
with age (P<0.05); in contrast, the levels of TT3 and ATG were 
not associated with age (P>0.05). 

Sex-stratified analyses
Fig. 1 shows the distributions of both sexes’ TSH, TT3, and FT4 
levels. The serum levels of TSH (median, 1.74 mIU/L [IQR, 
1.25 to 2.48]), ATG (median, 0.90 IU/L [IQR, 0.70 to 1.30]), 
and ATPO (median, 0.90 IU/mL [IQR, 0.30 to 2.31]) in men 
were significantly lower than those in women (TSH: median, 
2.24 mIU/L [IQR, 1.60 to 3.00]; ATG: median, 1.03 IU/mL 
[IQR, 0.76 to 1.59]; ATPO: median, 1.25 IU/mL [IQR, 0.50 to 
2.76]; P<0.05). However, the serum TT3 level was significantly 
higher in men (1.49±0.22 nmol/L) than in women (1.42±0.20 

Table 2. Correlations of Sex and Age with Serum Levels of Thyroid Hormones

Correlation factor TSH (Spearman, P) TT3 (Pearson, P) TT4 (Pearson, P) ATG (Spearman, P) ATPO (Spearman, P)

Sex 0.23, 0.00 –0.20, 0.00 0.05, 0.09 0.10, 0.00 0.09, 0.00
Age 0.11, 0.00 –0.00, 0.95 0.08, 0.01 –0.01, 0.66 0.18, 0.00

Pearson or Spearman rank correlation coefficients (r) are shown.
TSH, thyroid-stimulating hormone; TT3, total triiodothyronine; TT4, total thyroxine; ATG, antithyroglobulin; ATPO, antithyroid peroxi-
dase.
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nmol/L; P<0.05). The serum TT4 level difference between the 
sexes was not significant (men: 97.28±14.26 pmol/L vs. wom-
en: 98.17±14.16 pmol/L, P>0.05).

Age-stratified analyses
Fig. 2 shows the distribution of TSH, TT4, and TT3 levels in the 
Lanzhou participants according to age. The serum TSH, TT3, 
TT4, and ATG levels differed among the groups (P<0.05), ex-
cept for serum ATG (P>0.05).

Subgroup analysis of RIs
The overall and sex- and age-specific RIs for TSH, TT3, TT4, 
ATG, and ATPO levels estimated by the direct method are sum-
marized in Table 3. The established RIs of TSH in men (95% 
confidence interval [CI], 0.67 to 4.62 mIU/L) were narrower than 
those in women (95% CI, 0.72 to 5.15 mIU/L), with different 
lower and upper limits between the sexes. Although the TT3 lev-
els differed between the sexes, the corresponding lower limits 
were very close, while the upper limit in men was higher than in 

Fig. 1. Serum levels of (A) thyroid-stimulating hormone (TSH), (B) total triiodothyronine (TT3), (C) total thyroxine (TT4), (D) antithyro-
globulin (ATG) antibody, and (E) antithyroid peroxidase (ATPO) antibody according to sex. 
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Table 3. Reference Intervals for Thyroid-Associated Hormones Established in This Study and Those Recommended by the Manufacturer

Variable Sex Age, 
yr-old Number Mean±SD or median 

(IQR)
Range 

(2.5–97.5)
RIs after age 
combination

RIs for the total 
population

Manufacturer 
instructions

TSH, mIU/L Male 20–30 92 1.65 (1.22–2.20) 0.83–4.26 0.67–4.62 0.70–4.93 0.35–4.94
30–40 175 1.72 (1.24–2.29) 0.69–3.98
40–50 244 1.79 (1.28–2.54) 0.63–4.34
50–70 153 1.90(1.35–2.73) 0.64–5.48

Female 0–30 79 2.05 (1.46–2.75) 0.65–4.66 0.72–5.15
30–40 90 1.88 (1.41–2.77) 0.65–4.66
40–50 168 2.31 (1.68–3.04) 0.71–5.34
50–70 108 2.49 (1.90–3.49) 0.54–5.17

TT3, nmol/L Male 20–30 92 1.54±0.25 0.98–1.97 1.07–1.91 1.05–1.88 0.98–2.33
30–40 175 1.46±0.21 1.01–1.87
40–50 244 1.50±0.23 1.04–1.92
50–70 153 1.49±0.19 1.11–1.86

Female 0–30 93 1.45±0.18 1.08–1.77 1.05–1.78
30–40 175 1.39±0.20 1.01–1.75
40–50 244 1.40±0.20 1.05–1.78
50–90 157 1.43±0.23 0.97–1.94

TT4, pmol/L Male 0–30 92 99.75±13.01 73.38–124.50 70.52–125.08 70.56–125.51 62.68–150.84
30–40 90 95.28±14.24 67.97–126.83
40–50 168 96.10±14.72 70.15–125.31
50–70 153 99.80±13.64 70.62–124.53

Female 0–30 72 97.31±13.52 75.30–127.01 70.26–126.00
30–40 93 98.05±15.87 64.77–128.33
40–50 175 97.52±14.01 70.47–125.77
50–90 244 101.26±13.45 68.89–124.37

ATG, IU/mL Male 0–30 92 0.94 (0.70–1.30) 0.31–3.15 <2.90 <3.12 <4.11
30–40 175 0.90 (0.70–1.36) 0.38–2.86
40–50 244 0.86 (0.68–1.20) 0.34–2.94
50–70 153 1.00 (0.76–1.40) 0.11–3.15

Female 0–30 79 1.16 (0.80–1.68) 0.42–3.55 <3.73
30–40 90 0.88 (0.70–1.30) 0.38–3.73
40–50 168 1.05 (0.78–1.55) 0.42–3.10
50–90 108 0.97 (0.71–1.59) 0.23–3.44

ATPO, IU/mL
Male 0–30 92 0.46 (0.20–1.71) 0.00–4.90 <4.60 <4.80 <5.61

30–40 175 0.50 (0.20–1.69) 0.00–4.89
40–50 244 0.50 (0.20–1.83) 0.00–4.20
50–70 153 1.37 (0.44–2.94) 0.00–5.21

(Continued to the next page)
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women (men: 95% CI, 1.07 to 1.91 nmol/L; women: 95% CI, 
1.05 to 1.78 nmol/L). The TT4 level showed no significant differ-
ence between the sexes, and there was some overlap in the range 
of TT4 RIs between the sexes (men: 95% CI, 70.52 to 125.08 
pmol/L; women: 95% CI, 70.26 to 126.00 pmol/L), which were 
relatively close. The upper limits of ATG (men: <2.90 IU/mL vs. 
women: <3.73 IU/mL) and ATPO (men: <4.60 IU/mL vs. wom-
en: <5.26 IU/mL) differed between the sexes. Although stratifi-
cation for age in establishing the RIs was not recommended if the 
subgroups contained more than 2,000 values [19], we found that 
the examined RIs changed with age (Table 2), suggesting that age 
is an important parameter in the diagnosis of thyroid dysfunction.

Table 3 shows the differences between the thyroid-associated 
hormone RIs established in this study and those recommended 
by the manufacturer.

Comparison of TSH RIs in the present study and those of 
previous studies with various national and ethnic groups
Table 4 shows a comparison of the TSH RIs in the present study 
and those of previous studies with various national and ethnic 
groups. The lower limit of TSH RIs estimated in different na-
tional or ethnic groups varied from 0.29 (American White) to 
1.134 mIU/L (Indian), and the upper limit ranged from 3.24 
(France) to 7.280 mIU/L (Indian). 

Table 4. Comparison of TSH Reference Intervals in the Present Study and Those of Previous Studies with Various National and Ethnic 
Groups

Nationality TSH, mIU/L Equipment Method Reference

China (present study) 0.70–4.93 Chemiluminescence immunometric assay Direct method
Korea 0.62–6.84 Electro-chemiluminescence immunoassays Direct method [32]
Japan 0.44–4.93 Electro-chemiluminescence immunoassays Direct method [33]
India 1.134–7.280 Electro-chemiluminescence immunoassays Direct method [34]
Turkey 0.41–4.37 Electro-chemiluminescence immunoassays Indirect method [35]
Australia 0.43–3.28 Abbott Architect ci16200 Direct method [36]
USA 0.33–5.8 (total)

0.29–6.47 (White)
0.37–3.9 (Black)

0.38–5.72 (Mexican Americans)

Chemiluminescence immunometric assay Direct method [37]

Brazil 0.56–4.45 Electro-chemiluminescence immunoassays Direct method [38]
German 0.57–3.32 Chemiluminescence immunometric assay Direct method [39]
France 0.64–3.24 Chemiluminescence immunometric assay/

Electro-chemiluminescence immunoassays
Direct method [40]

England 0.3–4.5 Electro-chemiluminescence immunoassays Direct method [41]
Italy 0.362–5.280 Enzymatic chemiluminescence immunoassays Direct method [42]

TSH, thyroid-stimulating hormone.

Table 3. Continued

Variable Sex Age, 
yr-old Number Mean±SD or median 

(IQR)
Range 

(2.5–97.5)
RIs after age 
combination

RIs for the total 
population

Manufacturer 
instructions

Female 0–30 79 0.84 (0.33–2.08) 0.00–4.75 <5.26
30–40 90 1.20 (0.48–2.48) 0.00–4.31
40–50 168 1.40 (0.50–2.90) 0.00–4.98
50–90 108 1.26 (0.42–3.00) 0.00–5.26

SD, standard deviation; IQR, interquartile range; RI, reference interval; TSH, thyroid-stimulating hormone; TT3, total triiodothyronine; 
TT4, total thyroxine; ATG, antithyroglobulin; ATPO, antithyroid peroxidase.
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DISCUSSION

The RIs of thyroid hormone levels in the healthy population in 
the residents of Lanzhou (in the subplateau region of China) in 
this study were inconsistent with those supplied in the manufac-
turer’s descriptions and the published literature. Each laboratory 
should establish separate reference ranges. Setting a sex-specific 
reference range of thyroid hormones is also necessary to diag-
nose thyroid diseases.

This study included 3,123 individuals perceived as physically 
fit. Among them, 2,014 participants (1,016 men) were excluded 
based on the criteria recommended by the National Academy of 
Clinical Biochemistry. The influence of thyroid nodules on thy-
roid dysfunction is a matter of debate [20]. A retrospective study 
reported an increased risk of thyroid nodule malignancy associ-
ated with the elevation of ATG, ATPO, and TSH [21]. However, 
other studies have suggested that approximately 71% to 79% of 
individuals with thyroid nodules have TSH levels in the normal 
range [22]. In this present study, the serum ATPO and ATG of 
each enrolled participant was detected, and the thyroid morphol-
ogy was checked by palpation and ultrasound. Individuals with 
thyroid nodules were excluded to avoid confounding. Finally, 
only 1,109 participants (664 men) were included in the present 
study. This process revealed that it is challenging to recruit par-
ticipants who meet the Clinical and Laboratory Standards Insti-
tute criteria.

The RIs of thyroid hormones help determine abnormal thy-
roid function [4,5,23]. The RIs currently used in China are de-
rived from European and Northern American populations, 
which are not equivalent to the Chinese population [24]. It is 
necessary to establish values representative of the local popula-
tion [10]. With its elevation of 1,500 m, Lanzhou is located in 
the subplateau zone. Previous studies have reported that altitude 
affects thyroid hormone levels [25,26]. We hypothesized that 
there would be a difference in the RIs of thyroid hormones of 
individuals from Lanzhou those supplied by the manufacturers. 
Our previous studies established this population’s normal refer-
ence range of thyroid-related hormones using an indirect method 
[15]. FT3 and FT4 were not included as indices in the present 
study, mainly because we found that the FT3 and FT4 levels 
were in line with a normal distribution. Therefore, we estimated 
the normal reference range of FT4 and FT3 in a previous study 
[15], and we did not include FT3 and FT4 as topics of research 
in the present study. Lanzhou, the capital of Gansu Province, has 
been iodine-replete since the national implementation of USI 
legislation in China in 1996. More recently, a Chinese nationally 

representative cross-sectional study including 78,470 partici-
pants showed that the median urinary iodine concentration (rep-
resenting iodine intake) in the adult population was 177.89 μg/L 
(95% CI, 117.99 to 263.90) [27]. These values represent an ade-
quate status of iodine intake in Lanzhou. However, despite ap-
plying transformation methods, TSH levels did not follow a 
Gaussian distribution; consequently, the indirect derivation of 
hormone levels was invalid. The establishment of RIs relies on 
three major factors: population selection, sampling and analysis 
methods, and statistical analysis [28,29]. The differences in the 
RIs of thyroid hormones between the values established in this 
study and those supplied by the manufacturer were as follows: 
TSH, 0.70 to 4.93 mIU/L in this study vs. 0.35 to 4.94 mIU/L 
from the manufacturer; TT3, 1.05 to 1.88 ng/L in this study vs. 
0.98 to 2.33 ng/L from the manufacturer; TT4, 70.56 to 125.51 
pmol/L in this study vs. 62.68 to 150.84 pmol/L from the manu-
facturer; ATG, <3.12 IU/mL in this study vs. <4.11 IU/mL from 
the manufacturer; and ATPO, <4.80 IU/mL in this study vs. 
<5.61 IU/mL from the manufacturer. The RIs obtained for TSH, 
TT3, and TT4 in this study were narrower than those provided 
by the manufacturer. In addition, we showed that the upper lim-
its of the RIs of ATG and ATPO serum levels calculated in this 
study were lower than those supplied by the manufacturers. The 
use of the manufacturer-provided values may lead to misdiagno-
sis of thyroid dysfunction. These discrepancies may be due to 
the differences in the source population characteristics, includ-
ing geographical setting and ethnic makeup. Thyroid hormone 
RIs differ among ethnic groups [12,30,31], and these values 
may not be generalizable from one group to another. Previous 
studies have described variations in TSH RIs between different 
countries and ethnic groups (Table 4). These studies were con-
ducted in 11 countries in Asia, the Americas, Oceania, and Eu-
rope [32-42]. Large fluctuations in TSH RIs were found not 
only between different continents, but also within the same con-
tinent. In Asia, the upper and lower limits of the Indian TSH RIs 
were higher than those in South Korea, Japan, China (present 
study), and Turkey. India is a multi-ethnic country located in the 
South Asian subcontinent. Apart from ethnic differences, the 
prevalence of mild iodine deficiency disorder in India may be a 
probable reason for the significantly high TSH RIs [34]. The 
lower limit of the TSH RIs in seven European and American 
countries fluctuates between 0.3 (England) and 0.64 mIU/L 
(France), and the upper limit ranged from 3.24 (France) to 5.8 
mIU/L (USA). We suggest that the TSH RIs might be related to 
ethnicity, geographical location, diet, and especially iodine in-
take, since even within a single country, differences can be 
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found among ethnic and racial subgroups; for instance, in the 
United States, the TSH RIs differ among Caucasians, Mexicans, 
and African Americans [37].

This study followed strict eligibility criteria. Individuals with 
high blood pressure, diabetes, active smoking habits, and those 
with thyroid nodules detected by ultrasonography or a history of 
thyroid disease or other clinical disease were excluded; the final 
study sample included 1,109 individuals to ensure the study’s 
reliability. 

Whether sex-specific or age-specific RIs for thyroid hor-
mones should be established is debated [12,43]. In this study, 
TSH, ATPO, and ATG were higher in women than in men; these 
findings are consistent with some previous studies and inconsis-
tent with others [10,12,44]. Xie et al. [10] recently reported that 
the levels of T3 and FT3 were lower in women than in men, 
while T4 and FT4 levels were relatively similar between the 
sexes. We derived sex-specific values for serum TSH, TT3, 
ATG, and ATPO levels. Sex probably affects TSH levels via es-
trogen-dependent pathways, genetic susceptibility, and environ-
mental factors [44], and women are more vulnerable to autoim-
mune thyroid disorders than men. Consistent with previous 
studies, our study showed no significant differences in TT4 lev-
els and RIs between the sexes. The levels of TSH, TT3, ATG, 
and ATPO differed among age groups; however, those of TT4 
did not. The influence of age on thyroid hormone levels has not 
yet been clarified. Some studies showed minor effects of age on 
TSH reference ranges; however, in those studies, the median 
TSH level increased with age in participants aged >85 years 
[45,46]. Other studies reported that the values of TSH increased 
with age, which could be attributed to an age-related alteration 
in the TSH set point or reduced TSH bioactivity rather than oc-
cult thyroid disease. Because TSH levels gradually increase 
with age, some elderly people might be diagnosed with subclin-
ical hypothyroidism. The prevalence of subclinical hypothy-
roidism may be significantly overestimated unless age-specific 
TSH RIs are used [46,47]. However, inconsistent evidence has 
been reported on the effects of age on TSH levels [4,11]. Age-
specific RIs were established in this study to indicate that the in-
fluence of age on thyroid-related hormone levels should be con-
sidered (specifically, for patients aged >70 years) in the diagno-
sis of hypothyroidism. 

To our knowledge, this study is the first to establish age- and 
sex-specific thyroid hormone RIs by a direct method in a sam-
ple of the healthy population residing in the Lanzhou region.
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