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Background: Both the kit-recommended and United States National Academy of Clinical Biochemistry (NACB)
standard thyroid-stimulating hormone (TSH) reference intervals (RIs) are used to determine thyroid dysfunc-
tion in clinical practice and epidemiological surveys in China. However, a number of kit-recommended RIs
were derived from the European or United States reference population.

Methods: A nationally representative cross-sectional study with 78,470 enrolled participants aged 18 years or
older from China was performed. Serum concentrations of thyroid hormones, TSH, thyroid antibodies (by

K : . . C .
Pz“:ﬁﬁie Roche Diagnostics), and urine iodine concentration (UIC) were measured.
Thyroid Findings: The abnormal TSH weighted prevalence was 15.33% (95% CI, 14.24% to 16.49%) according to the kit-

recommended RI and 6.89% (6.46% to 7.34%) according to the NACB standard RI. The NACB standard preva-
lence of abnormal TSH was associated with an absolute change in abnormal TSH prevalence of —11.20%
(—12.23% to —10.18%) among women. When estimating the proportion of supranormal TSH levels according
to background characteristics, the NACB standard definition decreased the prevalence by more than 10% in
some categories, with the highest absolute difference of —13.92% (—15.52% to —12.33%) observed among the
elderly, —12.85% (—13.68% to —12.02%) among those with UIC >300 ug/L, and —12.15% (-13.02% to
—11.28%) among non-smokers. For subnormal TSH, with the highest absolute difference of 3.17% (2.74% to
3.61%) observed among regular smokers, 3.11% (2.49% to 3.74%) among the elderly, and 2.53% (2.29% to
2.77%) among those with BMI <25.
Interpretation: For adults in China, the NACB standard RI of TSH reveals a lower estimated prevalence of supra-
normal TSH levels than the kit-recommended RI. Because of the public health significance of overt and subclinical
hypothyroidism and the very large population base in China, the TSH RI should be further assessed.
Funding: National Health Commission of the People’s Republic of China and National Natural Science Founda-
tion of China.

© 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
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Abnormal TSH
Reference interval

Supranormal TSH levels have been reported to be associated with an

1. Introduction

Thyroid dysfunction has multiple effects on public health. Previ-
ous research indicates that a large proportion of people with thyroid
dysfunction are unaware of their condition [1]. In the absence of pitu-
itary or hypothalamic disease, the thyroid-stimulating hormone
(TSH) test is the best diagnostic tool for thyroid dysfunction and is
recommended as a first-line test in diagnostic algorithms [2].
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E-mail addresses: pandawisp@163.com (Y. Li), cmushanzhongyan@163.com
(Z. Shan), twp@vip.163.com (W. Teng).
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increased risk of higher serum lipid levels and atherosclerosis [3-5].
In addition, subnormal TSH levels have been related to increased risks
of atrial fibrillation, fractures, and cardiovascular mortality [6-9].
Some professional thyroid societies recommend screening for thyroid
dysfunction in high-risk populations (such as pregnant women and
elderly individuals) to promote early diagnosis and reduce morbidity
and mortality [10,11].

The diagnostic accuracy of thyroid dysfunction is mainly affected
by the validity of the serum TSH reference interval (RI). The accurate
definition of an RI is extremely important in laboratories, but the use
of reference values still remains unsatisfactory [12,13]. The TSH RI
was reported to be influenced by age, coexistent acute or chronic
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Research in context

Evidence before this study

We searched PubMed for studies published up to 1 Oct 2020 with
the search terms “abnormal TSH” and “China” and “reference
interval” with no language or date restrictions. The estimated
changes in abnormal thyroid-stimulating hormone (TSH) preva-
lence among adults in China following application of the kit-rec-
ommended and National Academy of Clinical Biochemistry
(NACB) standard reference interval (RI) was unknown.

Added value of this study

Using data from a nationally representative survey conducted in
China, the estimated prevalence of abnormal TSH levels was
15.33% according to the kit-recommended RI; this value is 8.45%
higher than that according to the NACB standard RI (6.89%).

Implications of all the available evidence

Implementing the NACB standard RI of TSH results in a lower
estimated prevalence of abnormal TSH levels; the TSH RI should
be further assessed to avoid overdiagnosis and overtreatment.

illness, type of assay used, iodine status, and ethnicity [14]. The
United States National Academy of Clinical Biochemistry (NACB) pro-
posed the criteria for the establishment of new TSH RI, including indi-
viduals with no detectable thyroid autoantibodies, thyroid
peroxidase antibodies (TPOADb), or thyroglobulin antibodies (TgAb);
individuals with no personal or family history of thyroid dysfunction;
individuals with no visible or palpable goiter; and individuals who
did not receive any medications except estrogen [15]. However, the
kit-recommended RI was typically established by measuring the
serum concentrations in an apparently healthy population without
further characterization of the thyroid and clinical chemical or demo-
graphic data [16-22]. A number of studies to date have established
normal serum TSH intervals based on reference populations accord-
ing to the standard of the NACB criteria in some countries [15,23-25].
Although prior studies have estimated the prevalence of thyroid dis-
orders using the NACB standard RI, numerous studies have deter-
mined the prevalence of this condition using the kit-recommended
RI, which is also commonly used in epidemiological surveys [26-30].
It is estimated that a difference in the change in the prevalence of
abnormal TSH levels between the two RlIs could be of particular con-
cern because there is not only a lack of national data but also an
increasing burden of global medical resources.

As a country with mild-to-moderate iodine deficiency, China has
already transformed the iodine intake of the population from defi-
cient to adequate after the long-term mandatory universal salt iod-
ization program was enacted through timely adjustments [27].
Although a decrease in the prevalence of most thyroid disorders was
observed, a relatively high prevalence of subclinical hypothyroidism
of 12.93% was previously reported by our group, representing
136 million patients in China [27]. Our recent study has also
highlighted that the prevalence of subclinical hypothyroidism diag-
nosed according to the kit-recommended RI and the NACB standard
RI in that population differed significantly [31]. However, it remains
unclear how many of these millions of individuals have been classi-
fied as having abnormal thyroid function due to differences between
the kit-recommended RI and whether applying the NACB standard RI
would make a difference.

The aim of this study was to further estimate the prevalence of
abnormal TSH levels among adults (aged 18 years and older) in China
after applying the kit-recommended and NACB standard Rls. In addi-
tion, we compared the NACB criteria prevalence with the Kkit-

recommended RI prevalence to determine the absolute differences in
the prevalence of this condition according to subnormal/supranormal
TSH level and background characteristics.

2. Methods
2.1. Data source

This study analyzed the national cross-sectional survey dataset of
the Thyroid disorders, lodine status and Diabetes Epidemiological sur-
vey (TIDE study) [27]. The survey was implemented from 2015 to 2017
and included all 31 provinces of mainland China. The main objective of
this survey was to provide updated national estimates of endocrine and
metabolic indicators. The Chinese Society of Endocrinology and the Chi-
nese Thyroid Association provided necessary assistance during the sur-
vey process. The research protocols were approved by the Medical
Ethics Committee of China Medical University.

2.2. Study population and survey design

We previously described the study design in detail, and a detailed
flowchart of the study design can also be found in Supplementary Figure
[27,31-34]. Briefly, the study had four stages of random sampling from
urban and rural locations that were conducted in parallel (Supplemen-
tary Figure 1). An updated version of the frame from the 2010 national
census data of China was used in the sampling frame [35]. The inclusion
criteria of the adult respondents were as follows: aged 18 years and
older, residence in the selected community for at least 5 years, no use of
iodine drugs or contrast agents within 3 months, and not pregnant. All
subjects provided written informed consent following a thorough expla-
nation of the research procedures. With an overall response rate of
92.08%, 80,937 participants completed the study. Among them, 2467
subjects were excluded owing to missing information on sex, age, or
thyroid function tests, and 78,470 samples remained eligible for analysis
(Supplementary Figure 1).

2.3. Measurements

From each participant, fasting blood and spot urine samples were
collected. All participants underwent thyroid ultrasonography by quali-
fied observers, who had trained and passed examination in the project
center, using a portable instrument (LOGIQ 100 PRO; GE, Milwaukee,
WI with 7.5 MHz linear transducers). Serum TSH, thyroid peroxidase
antibodies (TPOAb), and thyroglobulin antibodies (TgAb) were mea-
sured using an electrochemiluminescence immunoassay on a Cobas 601
analyzer (Roche Diagnostic, Switzerland). Serum samples were also
used for the measurements of fasting plasma glucose levels and two
hour plasma glucose levels after carrying out an oral 75 g glucose toler-
ance test. HbA1c was measured in venous blood samples by high perfor-
mance liquid chromatography (Bio-Rad VARIANT II Haemoglobin
Analyzer). In people with self-reported diabetes, only fasting plasma
glucose and HbA1c were measured. Fasting plasma glucose, two hour
plasma glucose levels, serum total cholesterol (TC), low density lipopro-
tein cholesterol (LDL), high density lipoprotein cholesterol (HDL), and
triglycerides were measured using an automatic biochemical analyser
(Mindray BS-180 Analyzer) in the central laboratory in Shenyang.

The RIs for TSH, free thyroxine (fT4), free triiodothyronine (fT3),
TPOADb, and TgAb were 0.27 to 4.20 mIU/L, 12.0 to 22.0 pmol/L, 3.1 to
6.8 pmol/L, <34.0 IU/mL, and <115.0 IU/mL, respectively, and were pro-
vided by the test kit manufacturers. A higher RI for TSH of
0.74—7.04 mIU/L was established based on the NACB criteria in the ref-
erence population of the TIDE study in a previous study [22]. The RI of
TSH was reported as 2.5th to 97.5th empirical percentiles from the
selected reference population. Serum fT4 and T3 levels were measured
only if TSH was outside the reference range according to the kit manu-
facturers or the NACB criteria. Urinary iodine concentration (UIC) was
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OR (95% CI)

Diabetes
TSH <0.27 mIU/L + 1.29 (1.01, 1.65)
TSH 0.27-<0.74 mIU/L + 1.21 (0.94, 1.55)
TSH 0.74-4.20 mIU/L 4 Reference
TSH >4.20-7.04 mIU/L —_— 0.90 (0.83, 0.97)
TSH >7.04 mIU/L —_—— 0.89 (0.78, 1.03)
Hypertension
TSH <0.27 mIU/L 4 1.08 (0.82, 1.42)
TSH 0.27-<0.74 mIU/L —_— 1.07 (0.93, 1.22)
TSH 0.74-4.20 mIU/L 3 Reference
TSH >4.20-7.04 mIU/L —— 1.04 (0.95, 1.14)
TSH >7.04 mIU/L —_—— 1.08 (0.94, 1.25)
Central obesity
TSH <0.27 mlU/L 0.99 (0.76, 1.29)
TSH 0.27-<0.74 mIU/L 1‘ 1.02 (0.78, 1.35)
TSH 0.74-4.20 mIU/L L 2 Reference
TSH >4.20-7.04 mIU/L ——t— 0.94 (0.83, 1.07)
TSH >7.04 mIU/L —_—— 1.00 (0.86, 1.16)
Hyperuricemia
TSH <0.27 mIU/L g 1.14 (0.86, 1.49)
TSH 0.27—<0.74 mIU/L 1¢ 1.02 (0.78, 1.32)
TSH 0.74-4.20 mIU/L * Reference
TSH >4.20-7.04 mIU/L ———— 1.00 (0.84, 1.19)
TSH >7.04 mlU/L —_—— 0.95 (0.77, 1.17)
Metabolic disorder
TSH <0.27 mIU/L —_—— 0.72 (0.56, 0.92)
TSH 0.27—<0.74 mIU/L —_— 1.01 (0.85, 1.19)
TSH 0.74-4.20 mIU/L 4 Reference
TSH >4.20-7.04 mIU/L ] 1.11 (1.00, 1.24)
TSH >7.04 mIU/L —_—— 1.30 (1.16, 1.47)
10-Year Cardiovascular Disease Risk (Men>10% Women>11%)
TSH <0.27 mIU/L ¢ 0.61 (0.39, 0.94)
TSH 0.27-<0.74 mIU/L % 0.95 (0.71, 1.28)
TSH 0.74-4.20 mIU/L L 4 Reference
TSH >4.20-7.04 mIU/L + 0.96 (0.76, 1.20)
TSH >7.04 mIU/L —_— 1.07 (0.88, 1.30)

| |

5 1 15

Fig. 1. Adjusted odds ratio for diabetes, hypertension, central obesity, hyperuricemia, metabolic disorder, and 10-year cardiovascular disease risk between different TSH groups*
* Adjusted for age, sex, BMI and smoke.

determined using inductively coupled plasma mass spectrometry (Agi- 2.4. Definition of abnormal TSH levels

lent 7700x; Agilent Technologies, Santa Clara, CA). Body mass index

(BMI) was calculated as weight in kilograms divided by height in meters According to the kit-recommended RI of TSH, individuals who had
squared. Positive TPOAb and positive TgAb were defined as TPOADb a TSH level outside of 0.27 to 4.20 mIU/L were categorized as having
>341U/mL and TgAb >115 IU/mL, respectively. abnormal TSH levels, individuals who had a TSH level lower than
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Background characteristics of the weighted survey participants®.

Characteristics

All participants
(N =78,470),% (95%CI)

Participants with subnormal TSH

Participants with supranormal TSH

Kit-recommended

NACB criteria(n = 2796),%

Kit-recommended

NACB criteria(n = 3095),%

(n=954),% (95%CI) (95%CI) (n=12,197),% (95%CI) (95%CI)

Sex

Men 50.55 (50.27 to 50.84) 35.38(29.97 to 41.19) 47.92 (45.16 to 50.68) 38.10(36.86 to 39.36) 35.89 (32.94 to 38.95)

Women 49.45 (49.16 to 49.73) 64.62 (58.81 to 70.03) 52.08 (49.32 to 54.84) 61.90 (60.64 to 63.14) 64.11 (61.05 to 67.06)
Age group, years

18-39 46.02 (43.65 to 48.41) 45.08 (39.92 to 50.34) 38.26 (33.47 t0 43.30) 38.46 (35.58 to 41.44) 31.57(28.52 t0 34.78)

40-59 37.10(36.08 to 38.14) 39.57 (35.24 to 44.08) 41.79 (38.40 to 45.26) 38.47 (36.49 to 40.48) 41.12(38.22 to 44.08)

>60 16.88 (15.51 to 18.34) 15.35(12.24 to 19.07) 19.95 (16.47 to 23.95) 23.07 (21.19 to 25.07) 27.31(25.17 t0 29.56)
BMI

<25 63.03 (61.77 to 64.28) 70.52 (65.17 to 75.36) 68.73 (65.71 to 71.60)) 61.88 (60.32 to 63.41) 58.61(55.41 to 61.74)

25-<30 30.69 (29.67 to 31.73) 24.54(20.71 to 28.82) 26.57 (24.04 t0 29.27) 31.53(30.21 to 32.88) 34.64 (31.72 to 37.68)

>30 6.28 (5.96 t0 6.61) 4.93 (3.42t07.07) 4.69 (3.78 t0 5.82) 6.59 (5.94 to 7.30) 6.75 (5.75 to 7.90)
UIC, g/l

<100 17.82 (15.78 to 20.06) 18.52 (14.27 to 23.68) 18.91 (15.32 t0 23.12) 17.44 (15.75 to 19.28) 19.94 (17.85 to 22.22)

100-299 63.44 (61.71 to 65.14) 52.44 (47.59 to 57.24) 58.55 (56.07 to 60.99) 60.36 (58.72 t0 61.98) 58.21(55.09 to 61.27)

>300 18.74 (16.88 to 20.75) 29.04 (24.39 to 34.18) 22.53(19.50 to 25.89) 22.19(20.01 to 24.55) 21.85(18.94 to 25.06)
BMI 23.98 (23.85t024.11) 23.47 (22.95 t0 23.99) 23.61(23.37 t0 23.85) 24.12(23.99 to 24.24) 24.31 (24.05 to 24.58)
UIC, ug/L 177.89 (117.99 to 263.90) 198.09 (120.90 to 326.64) 183.06 (117.67 to 281.90) 183.00 (119.79 to 281.37) 179.82 (111.57 to 274.46)
TSH, mIU/L 2.28(1.57t03.31) 0.03 (0.01 to 0.10) 0.47 (0.10t0 0.63) 5.42 (4.69t0 6.88) 9.05(7.82to0 12.34)
Positive TPOAb ~ 10.19 (9.84 to 10.55) 48.76 (44.10 to 53.43)) 23.35(20.31 to 26.69) 22.29(20.77 to 23.89) 39.46 (35.57 to 43.49)
Positive TgAb 9.70 (9.31 to 10.10) 40.42 (36.58 to 44.37) 19.13 (16.62 to 21.92) 20.57 (19.14 to0 22.07) 35.93 (33.08 to 38.88)

2 For categorical variables, data were presented as% (95% Cl); for continuous variables (BMI), data were presented as mean (95% CI); for continuous variables (UIC and TSH),

data were presented as median (interquartile ranges).

0.27 mIU/L were categorized as having subnormal TSH levels, and
individuals who had a TSH level greater than 4.20 mIU/L were catego-
rized as having supranormal TSH levels.

According to the NACB standard RI of TSH, individuals who have a
TSH outside the range of 0.74 to 7.04 mIU/L were categorized as hav-
ing abnormal TSH levels, individuals who have a TSH level lower
than 0.74 mIU/L were categorized as having subnormal TSH levels,
and individuals who have a TSH level greater than 7.04 mIU/L were
categorized as having supranormal TSH levels.

2.5. Outcome assessment

Diabetes was defined as 1) self-reported diabetes or taking hypo-
glycemic drugs, or 2) fasting plasma glucose >7.0 mmol/L, or 3) 2 h
plasma glucose >11.1 mmol/L, or 4) HbAlc >6.5% [36]. Hypertension
was defined as 1) taking antihypertensive medications, or 2) SBP
>140 mmHg, or 3) DBP >90 mmHg [37]. Central obesity was defined
as waist circumference >90 cm in men and >80 cm in women [38].
Hyperuricemia was define as uric acid >420 pumol/L [39]. Metabolic
disorder was defined as 1) triglyceride >1.7 mmol/L, or 2) TC
>5.2 mmol/L, or 3) LDL >3.4 mmol/L, or 4) HDL <1.0 mmol/L in men
and HDL <1.3 mmol/L in women [40]. The Framingham risk score
(FRS) was calculated by adding the scores for the six main coronary
risk factors: sex, age, HDL, TC, systolic blood pressure, and smoking
habit. The 10-year Cardiovascular Disease (CVD) risk (as a percent-
age) was determined from the total score [41].

2.6. Statistical analysis

To account for the complex sampling design of this study, we used
SUDAAN software (Research Triangle Institute) to obtain estimates of
prevalence and the standard errors according to the Taylor linearization
method. Estimates were weighted to reflect age, sex, and urban-rural
distribution of provinces of the adults living in China. Weighting coeffi-
cients were derived from the 2010 Chinese population census data, and
the sampling scheme of our survey was designed to obtain a national
estimate. Categorical data are presented as percentages and 95% confi-
dence intervals. Chi-square test was used to test differences between
groups for categorical data. The POLYNOMIAL statement was used to
assess significant linear trend and quadratic trend for the levels of an
ordinal group. The prevalence was estimated for both Rls of TSH; we

then estimated the absolute differences between the prevalence of
abnormal TSH levels according to the two Rls. The normality of the con-
tinuous variables was assessed, and variables with a skewed distribution
were reported with medians and interquartile ranges (IQRs), otherwise
continuous data are presented as the means and 95% Cls. Adjusted odds
ratios (ORs) with 95% CIs were calculated by multivariable logistic
regression to examine the association between the five TSH categories
with the prevalence of diabetes, hypertension, central obesity, hyperuri-
cemia, metabolic disorder and 10-year CVD risk. Two sets of sensitivity
analysis for odds ratio were undertaken. First, three models with pro-
gressively increased adjustment of risk factors among all participants
were applied. Second, considering that abnormal TSH prevalence differs
according to sex and age, we stratified participants according to age and
sex group for analysis. A p-value of <0.05 was considered statistically
significant.

2.7. Role of the funding source

The funders had no role in the execution of this study or the inter-
pretation of the results.

3. Results

A total of 78,470 participants were included in this analysis. The
mean age of the respondents was 43 (95% CI, 42 to 44; Range, 18 to
107) years, the BMI ranged from 12.70 to 64.93, the UIC ranged from 5
to 35,177 ug/L (not shown), and 49.45% (95% CI, 49.16% to 49.73%)
were women (Table 1). Overall, the median TSH was 2.28 (IQR 1.57 to
3.31; Range, 0.005 to 100) mIU/L (not shown). The kit-recommended RI
identified 13,151 participants (15.33%) as having abnormal TSH levels,
while the NACB criteria categorized 5891 people (6.89%) as having
abnormal TSH levels (Table 2). The prevalence of positive thyroid anti-
bodies were higher among participants categorized as having abnormal
TSH levels according to the NACB criteria than those categorized as hav-
ing abnormal TSH using the kit-recommended RI (Table 1).

Table 2 summarizes the weighted prevalence (95% CI) of abnormal
TSH levels among men and women according to the two RIs, along
with the absolute difference in prevalence according to the kit-rec-
ommended RI and the NACB criteria. The weighted prevalence of
abnormal TSH levels was 15.33% (95% CI, 14.24% to 16.49%) according
to the kit-recommended RI, compared with 6.89% (95% CI, 6.46% to
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Weighted prevalence and absolute changes in prevalence according to kit-recommended interval and NACB standard interval by sex.

Sex Prevalence based on kit-recommended interval,% (95% CI) ~ Prevalence based on NACB standard interval,% (95% CI)  Absolute difference,% (95% CI)
Men
Normal TSH 88.51(87.50 to 89.45) 94.26 (93.86 to0 94.63) 5.75(4.99 to 6.51)

Abnormal TSH
Subnormal TSH
Supranormal TSH
Women
Normal TSH
Abnormal TSH
Subnormal TSH
Supranormal TSH
Overall
Normal TSH
Abnormal TSH
Subnormal TSH
Supranormal TSH

11.49 (10.55 to 12.50)
0.86 (0.72 to 1.03)
10.63 (9.74 to 11.59)

80.74(79.33 to 82.07)
19.26 (17.93 to 20.67)
1.61(1.39 to 1.85)

17.66 (16.35 to 19.05)

84.67 (83.51 to 85.76)
15.33 (14.24 to 16.49)
1.23 (1.1 to 1.36)

14.11 (13.05 to 15.24)

5.74 (537 t0 6.14)
3.39(3.14 to 3.66)
2.35(2.06 t0 2.68)

91.94 (91.25 to 92.57)
8.06 (7.43 t0 8.75)
3.77 (3.40 t0 4.18)
429 (3.82 t0 4.82)

93.11 (92.66 to 93.54)
6.89 (6.46 t0 7.34)
3.58 (3.32 t0 3.85)
3.31(2.98 t0 3.68)

~5.75 (~6.51 to —4.99)
2.53(2.30 t0 2.77)
~8.28 (~8.95 to —7.61)

11.2(10.18 to 12.23)
~11.20(~1223 to —10.18)
2.16(1.92 t0 2.41)
~13.37(~14.35 to —12.38)

8.45 (7.6 t0 9.29)

—8.45 (~9.29 to —7.60)
2.35(2.14 t0 2.56)
~10.8(~11.59 to —10.01)

7.34%) according to the NACB criteria. Approximately one-fifth of
women had abnormal TSH levels according to the kit-recommended
RI (19.26%; 95% CI, 17.93% to 20.67%), compared with 11.49% (95% CI,
10.55% to 12.50%) of men. The prevalence of abnormal TSH levels
according to the NACB criteria was 5.74% (95% Cl, 5.37% to 6.14%)
among men and 8.06% (95% Cl, 7.43% to 8.75%) among women.
According to the NACB criteria, the weighted prevalence of abnormal
TSH levels was 8.45% (95% CI, 9.29% to 7.60%) lower in the overall
population. Women had the highest absolute decrease in prevalence
of supranormal TSH levels with a decrease of 13.37% (95% CI, 14.35%
to 12.38%). A percentage decrease was observed for supranormal TSH
levels in both sexes. The overall absolute increases in the prevalence
of subnormal TSH levels among men and women were 2.53% (95% CI,
2.30% to 2.77%) and 2.16% (95% CI, 1.92% to 2.41%), respectively.

Among the categories of individuals with subnormal TSH levels
(Table 3), a significant trend of absolute difference was seen in age
and smoking groups. A higher absolute increase in prevalence was
observed among people aged 60 years and older (3.11%; 95% (I,
2.49% to 3.74%), those with a BMI less than 25 (2.53%; 95% CI, 2.29%
to 2.77%), and among regular smokers (3.17%; 95% CI, 2.74% to 3.61%).
Regarding supranormal TSH levels, a significant trend of absolute dif-
ference was seen in age, UIC, and smoking groups. A greater preva-
lence reduction occurred in participants aged 60 years and older
(—13.92%; 95% CI, —15.52% to —12.33%), those with a UIC of 300 ug/L
or greater (—12.85%; 95% CI, —13.68% to —12.02%), and among non-
smokers (—12.15%; —13.02% to —11.28%).

In order to further explain the applicability of the RI obtained in
this study, we divided the population into five groups according to
their serum TSH level. Group 1 contained individuals with serum
TSH level less than 0.27 mlIU/L; group 2 with serum TSH level
0.27 mIU/L to less than 0.74 mIU/L; group 3 with serum TSH level
0.74 mIU/L to 4.20 mIU/L; group 4 with serum TSH level more than
4.20 mlIU/L to 7.04 mIU/L; and group 5 with serum TSH level more
than 7.04 mIU/L. Then, we analyzed risk factor for diabetes, hyper-
tension, central obesity, hyperuricemia, metabolic disorder, and 10-
year CVD risk in the five groups. As shown in Fig. 1, compared with
the reference group (group 3), no significantly higher risk of those
disorders and 10-year CVD risk were observed in group 2 (TSH
0.27 mIU/L to <0.74 mlIU/L) and group 4 (TSH >4.20 mIU/L to 7.04
mlU/L), however, a higher risk of diabetes was observed in group 1
(TSH <0.27 mIU/L), and a higher risk of metabolic disorders was
seen in group 5 (TSH >7.04 mIU/L). Sensitivity analysis with logistic
models for odds ratio was provided in Fig. 1 and Supplementary
Figure 2. The results remained stable after adjustment for risk fac-
tors. Subgroup analysis was performed based on sex and age group
(Supplementary Figure 3), a higher risk of metabolic disorder was
found in group 4 compared with the reference group among women
and individuals aged 18 to 39 years old.

4. Discussion

We investigated the change in the estimated prevalence of abnor-
mal TSH levels in China according to the two Rls of TSH. According to
the kit-recommended RI, 15.33% of adults in China were considered
to have thyroid dysfunction. These findings reclassified 10.8% of
adults as having supranormal TSH levels who were categorized as
normal TSH levels according to the NACB criteria.

A very high RI of TSH with 0.74 to 7.04 mIU/L established based on
the NACB criteria was found in this population, which is comparable
to the TSH range of 0.62 to 6.84 mIU/L recently reported by a study
from South Korea and is presumably due to the high iodine intake in
both countries [25]. The kit-recommended RI of TSH suggested a
lower TSH level threshold for the diagnosis of supranormal TSH levels
based on the reference population from the European (0.27 to 4.20
mlIU/L) [42]. To further explain the applicability of the NACB RI
obtained in this study, we compared the risk of several metabolic dis-
orders between individuals with different TSH groups. Individuals
with serum TSH of 0.27 to 0.74 mIU/L and those with serum TSH of
4.20 to 7.04 mIU/L did not confer a higher risk. However, the results
of subgroup analysis also indicated that participants with serum TSH
of 4.20 to 7.04 mIU/L had an increasing risk of metabolic disorder
among women and young characters. More appropriate studies are
needed to confirm that whether the NACB RI reported here is safe
and reasonable.

Applying the Chinese population RI of TSH should have a signifi-
cant impact on hypothyroidism prevention and management in
China, where more than one-eighth of the adult population was pre-
viously classified as having subclinical hypothyroidism according to
the kit-recommended RIs of thyroid function [27]. In addition, the
marginally raised TSH levels may be contributing to some individuals
being treated unnecessarily, given the evidence of substantial over-
use of levothyroxine [43].

Despite the similar absolute difference in prevalence of supranor-
mal TSH levels regardless of background characteristics, a larger
absolute difference prevalence was seen in some background charac-
teristics, such as individuals with an older age, with a higher UIC, and
non-smokers. As reported previously, the serum TSH concentration is
influenced by factors such as age, sex, race, region, and method of
determination [31]. The determinants of abnormal TSH levels are
beyond the scope of this discussion; however, studies that investi-
gated risk factors for thyroid dysfunctions in China found a higher
likelihood of subclinical hypothyroidism among individuals who had
a higher UIC [27]. It is still unclear that elevated TSH in individuals
with higher UIC is a shift of the normal range although we previously
concluded that upper limits of the NACB RI was acceptable. More
cohort studies are needed to confirm this assumption. Therefore,
these high-risk groups still require more awareness of subclinical
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Table 3

Weighted prevalence of abnormal TSH in both sexes according to selected demographic characteristics.

Demographic Characteristics Prevalence of subnormal TSH,% (95% CI)

Prevalence of supranormal TSH,% (95% CI)

Kit-recommended  NACB criteria Absolute difference  Kit-recommended NACB criteria Absolute difference
Age group, years
18-39 1.20(1.06 t0 1.37)  2.98(2.67t03.31) 1.77(1.52 t0 2.03) 11.79(10.97 to 12.67)  2.27(2.00t02.58) —9.52(-10.21 to —8.83)
39-59 1.31(1.12t01.53)  4.03(3.55t04.58) 2.72(2.31t03.13) 14.62(13.25t016.12)  3.67(3.24t04.15) —10.95(—12.03 to —9.88)
>60 1.12(0.86to 1.45) 4.23(3.52t05.08) 3.11(2.49t03.74) 19.28(17.25t021.49) 536(4.69t06.12) —13.92(-15.52to —12.33)
P for difference 0.41 0.01 0.001 <0.0001 <0.0001 <0.0001
P for linear trend 0.58 0.007 0.0002 <0.0001 <0.0001 <0.0001
P for quadratic trend 0.19 0.14 0.28 0.11 0.51 0.11
BMI
<25 1.38(1.25t01.52) 3.91(3.66t04.17) 2.53(2.29t02.77) 13.85(12.67 to 15.12)  3.08 (2.68t03.54) —10.77 (-11.62 to —9.92)
25-<30 098 (0.78t0 1.24)  3.10(2.76t03.48) 2.12(1.86t0 2.38) 14.49(13.49t0 15.55) 3.74(3.38t04.13) —-10.75(—11.61 to —9.89)
>30 097 (0.65t0 1.45)  2.68(2.04t03.51) 1.71(1.20 to 2.22) 14.81(13.28t0 16.49)  3.56(3.04t04.17) —11.25(-12.63 to —9.87)
P for difference 0.01 0.0001 0.005 0.25 0.0003 0.24
P for linear trend 0.05 0.02 0.76 035 0.97 0.12
P for quadratic trend 0.96 0.03 0.10 0.86 0.13 0.17
UIC, ug/L
<100 1.27(1.09t0 1.49) 3.80(3.32t04.34) 2.52(2.10t02.94) 13.80(12.25t0 15.50) 3.70(3.08 to 4.42) —-10.10(-11.23 to —8.98)
100-299 1.01(0.89to 1.15)  3.30(3.03t03.59) 2.29(2.05t02.52) 13.41(12.33t0 14.57) 3.03(2.69t03.41) —-10.38(-11.24to —-9.52)
>300 1.90(1.50t02.40) 4.30(3.80t04.86) 2.40(2.14to 2.67) 16.70(1549t017.97) 3.85(3.31t04.48) —12.85(-13.68 to —12.02)
P for difference 0.003 0.002 0.61 <0.0001 0.009 0.0001
P for linear trend 0.008 0.16 0.53 0.008 0.70 0.0009
P for quadratic trend 0.002 0.0004 0.18 <0.0001 0.003 0.0004
Cigarette smoking
Current non-smoker 1.33(1.18t0 1.51) 3.45(3.16t03.76)  2.11(1.91t0 2.32) 15.87(14.69t017.12)  3.72(333to4.15) —12.15(-13.02 to —11.28)

Occasional smoker

Regular smoker
P for difference
P for linear trend

P for quadratic trend

0.81(0.54 to 1.20)
0.96 (0.78 to 1.18)
0.007

0.005

0.10

2.92 (1.98 t0 4.28)
414 (371t 461)
0.007

0.002

0.18

2.11(1.02 to 3.19)
3.17(2.74 t0 3.61)
0.0002

<0.0001

035

11.26 (9.72 to 13.00)
8.89(8.03 t0 9.83)
<0.0001

<0.0001

0.08

1.94(1.45 t0 2.61)
2.23(1.91 t0 2.60)
<0.0001

<0.0001

0.001

~931(~10.71 to —7.92)
~6.66(~7.33 to —5.99)
<0.0001

<0.0001

0.87

hypothyroidism to minimize complications or negative consequences
associated with thyroid dysfunction.

A determination of the prevalence of thyroid dysfunction is neces-
sary to begin to formulate public healthcare policy and programs, espe-
cially for universal salt iodization programs. Debate over the laboratory
RI of serum TSH still exists. In fact, the definition of RIs has several pit-
falls. A previous study concluded that no RI is completely “right” or
“wrong” [44]. In this study, the prevalence of abnormal TSH levels based
on the NACB criteria ranged between 5% and 8% among men and
women, which is mainly because the RI in use refers to the central 95%
of the reference population of Chinese adults. By definition, approxi-
mately 5% of all results from “healthy” people will fall outside of the
reported RI and, as such, will be flagged as being “abnormal”. Therefore,
evaluating the degree of abnormal TSH levels in China according to the
two RIs may be helpful in understanding the future research require-
ments needed to overcome this public health challenge.

Current guidelines recommend the use of TSH alone as the best
method to detect and monitor thyroid dysfunction. When serum TSH
is outside of the kit-recommended R, further fT3 and fT4 testing are
commonly ordered. Therefore, knowing exactly what the normal
range is, and especially what the upper limit of the normal range is, is
extremely important since a patient with elevated TSH levels but a
normal fT4 concentration is considered to have a disease that has
been termed subclinical hypothyroidism. Unnecessary testing of fT3
and fT4 can lead to added economic burden in an era of rising health-
care costs, while rarely contributing to the evaluation or manage-
ment of thyroid disorders [45].

The strengths of this study include the generalizability of the find-
ings to the Chinese population, as this survey covered both urban and
rural areas of all provinces in this country, and the use of appropriate
statistical methods to estimate the weighted prevalence of abnormal
TSH levels in the study sample. The limitations of the current study also
warrant discussion. First, we did not obtain results of fT3 or fT4 in par-
ticipants with a normal TSH level owing to the study design, which
reduced our ability to explore the Rls of free thyroid hormone. Second,
the general conclusion may not apply to the specific population of

pregnant women. Given increased thyroid hormone requirement dur-
ing pregnancy, increase in TSH interval may not be as safe and harmless
as in the general population. Third, for the current type of data, we could
only present the prevalence and 95% CI for comparison.

In conclusion, the results of our study indicate that a significant
proportion of the adults in China who were categorized as having
abnormal TSH levels according to the kit-recommended RI may be
reclassified as having normal TSH levels. Considering the overdiagno-
sis and overtreatment associated with subclinical hypothyroidism,
this condition is a potential public health challenge for China and
other countries with similar ethnic characteristics. Our results signify
the importance of determining a normal range of TSH levels to esti-
mate ethnicity-specific burdens of thyroid dysfunction.
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