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Objective: The aim of our study was to compare the reference intervals (RIs) [median
(2.5th-97.5th percentiles)] for thyroid-stimulating hormone (TSH) between subgroups
stratified by ethnicity and iodine status in a global context.

Design and Methods: Primary data were derived from a recently published cross-
sectional study in mainland China. Secondary data were obtained from online databases.
The RIs for TSH were calculated in the reference population according to the National
Academy of Clinical Biochemistry (NACB) standard and in the disease-free population. A
meta-analysis of ethnicity- and iodine status-specific TSH RIs was performed.

Results: The primary data showed that the TSH RI (mU/L) in the disease-free population
was 2.33 (0.67, 7.87), which is wider than the published RI [2.28 (0.74, 7.04)] in the
reference population. The meta-analysis showed that whether in the reference or disease-
free population, the RIs in Yellows were much higher than those in Caucasians. In the
reference population, the median and 2.5th percentile in the iodine-sufficient subgroup
were both lower than the iodine-deficient or more-than-adequate subgroup, while the
97.5th percentile showed a positive trend with increasing sufficiency of iodine. However, in
the disease-free population, the iodine-sufficient subgroup had a lower median and 97.5th

percentile but higher 2.5th percentile than the iodine-deficient subgroup.
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Conclusion: Yellows have a higher TSH RI than Caucasians. In the reference population,
both the median and 2.5th percentile TSH in the iodine-sufficient population were the
lowest among the different iodine status subgroups, while the 97.5th percentile of TSH
showed an upward trend with increasing iodine sufficiency.
Keywords: TSH, reference interval, cross-sectional study, meta-analysis, iodine status, ethnicity
INTRODUCTION

Subclinical hypothyroidism (SCH) is characterized by elevated
serum thyroid-stimulating hormone (TSH) and normal
thyroxine levels and is the most common form of thyroid
dysfunction (1). According to the third National Health and
Nutrition Examination Survey (NHANES III), approximately 13
million people in the US suffer from SCH, with a prevalence of
4.3% (2). The latest cross-sectional study in mainland China
showed that the prevalence of SCH is 12.93% (3). Although the
current prevalence is slightly lower than that in 2010 (16.7%), it
is still much higher than those in other countries (4). Many
studies have shown that SCH is closely related to the occurrence
and progression of hypertension, dyslipidemia, coronary heart
disease and other diseases (5) and is even related to the risk of
cardiovascular and all-cause mortality (6). SCH with TSH levels
higher than 10 mU/L, especially when coupled with positivity for
thyroid peroxidase antibody (TPOAb), is likely to progress to
overt hypothyroidism (7). Therefore, SCH has increasingly
become a focus of research in the field of endocrinology.

Compared with patients with overt hypothyroidism, most
SCH patients have no obvious symptoms, and their diagnosis is
mainly based on laboratory tests. Serum TSH is the most
sensitive indicator for the diagnosis. Therefore, the reference
interval (RI) for serum TSH is the key to determining the
prevalence of SCH. A number of previous studies have
confirmed that the detected level of TSH is affected by many
factors, such as age, sex, lifestyle, obesity and pregnancy (8–12);
in addition, ethnicity and iodine status are important factors. As
early as 30 years ago, several studies showed that Black
populations generally have lower TSH levels than Caucasians
(13–15), and the NHANES III study also showed that the median
TSH in the reference Caucasians (1.43 mU/L) was higher than
that in the Black (1.19 mU/L) and Mexican (1.36 mU/L)
subgroups. A recent genome-wide association study (GWAS)
also reported the discovery of 74 loci that are significantly
associated with TSH levels, which confirms the impact of
genetic background (16). In addition, iodine status also plays
an important role. The Thyroid Disease, Iodine Nutrition and
Diabetes Epidemiology (TIDE) study showed the current upper
limit of TSH (7.04 mU/L) in the reference population 20 years
after the implementation of the Universal Salt Iodization (USI)
policy in mainland China (12). Moreover, the median and 97.5th

percentile of TSH had a significant increasing trend with
increasing iodine levels in the TIDE study. Another survey in
three regions with different iodine statuses (deficiency, more
than adequate iodine and excess) revealed an iodine-related
n.org 2
increase in the TSH RI in the reference population, which
could also explain the differences found in various countries (17).

The current recommendation is to use the standard proposed
by the National Academy of Clinical Biochemistry (NACB) to
establish the TSH RI (18), which is as follows: to select at least
120 individuals 1) who have no personal or family history of
thyroid disease, 2) who are negative for thyroid antibodies, 3)
who have no visible or palpable goiter and 4) who have not
received any treatments affecting thyroid function (except
estrogen). The 2.5th and 97.5th percentiles of the log-
transformed TSH are identified as the RI for TSH. However, in
many studies, it is not possible to determine antibody positivity
or inquire about specific individual details; thus, the inclusion
and exclusion criteria for the disease-free population in the
NHANES III study have been adopted. Specifically, the
disease-free population includes subjects without reported
thyroid disease, goiter, or use of treatments affecting thyroid
function (2). Although the RI for TSH calculated based on the
disease-free standard is not as accurate as the NACB standard,
several large-scale studies based on this method have provided
valuable information about the specific RIs for TSH in different
regions (19, 20).

The present study further obtained the TSH RI in the disease-
free population (N=71158) of the TIDE study to supplement the
results obtained by Zhao et al. (12). Based on the current TSH
RIs obtained with the two standards, the relative descent rate
(RDR) of TSH in each study was further subjected to meta-
analysis to determine and compare the RIs for TSH in subjects
with different ethnicities and iodine statuses.
MATERIALS AND METHODS

RI for TSH in the Disease-Free Population
in the TIDE Study
The implementation of the TIDE study has been previously
described in several articles (3, 12, 21). Briefly, this nationwide
cross-sectional study was conducted with a multistage, stratified
sampling method from urban and rural areas in 31 provinces/
cities in mainland China. The inclusion criteria for the subjects
were as follows: aged 18 years or older, no use of iodine drugs or
contrasts within three months, and not pregnant. In view of the
fact that the effect of iodine status on thyroid function is a long-
term process, to ensure that the subjects’ iodine nutrition level
did not suddenly change during the survey, all subjects must
have lived in the community for at least five years. All subjects
were asked to complete informed consent forms and
June 2021 | Volume 12 | Article 660277
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questionnaires collecting their demographic information,
personal and family histories of thyroid disease and medication
history. Fasting blood and urine samples were collected.
Afterwards, serum and urine samples were transported at
-20°C to the central laboratory in Shenyang, China.

The urine iodine concentration (UIC) was measured with
inductively coupled plasma mass spectrometry (ICP-MS) (Agilent
7700x, Agilent Technologies, US). The target values for the
standards were 70.8 ± 9.0 mg/L, 143 ± 10 mg/L and 224 ± 14 mg/L,
with intra-assay coefficients of variation (CVs) of 2.7%, 1.4% and
2.3% and interassay CVs of 2.3%, 2.5% and 2.4%, respectively.
Serum TSH was measured by electrochemiluminescence
immunoassay on a Cobas 601 analyzer (Roche Diagnostic,
Switzerland). The RI for TSH provided by the manufacturer was
0.27-4.2 mU/L. The functional sensitivity of the TSH assay was
0.014 mU/mL. The intra-assay CV and interassay CV were 1.1-6.3%
and 1.9-9.5%, respectively.

Literature Search Strategy
A literature search was performed by two independent
researchers in October 2020 in the PubMed, EMBASE and
Cochrane Library databases and Google Scholar. A third
researcher adjudicated any differences of opinion. The
keywords “thyrotropin”, “thyroid-stimulating hormone”,
“TSH”, “reference range”, and “reference interval” were used.
Titles and abstracts were selected in the searching catalog. To
avoid missing relevant studies, the references of each study and
relevant reviews were also carefully examined.
Inclusion and Exclusion Criteria for
the Studies
Articles were selected if they met all of the following criteria: 1)
they had clear inclusion and exclusion criteria; 2) the inclusion
criteria were based either on the NACB or the disease-free
population criteria; 3) all subjects were at least 17 years old; 4)
they were the most detailed article out of any duplicate articles
pertaining to the same study; and 5) they were conducted in
regions with distinct ethnic groups.

Articles were excluded if they met one or more of the
following criteria: 1) they were carried out among pregnant
women; 2) they only included subjects within a specific age
range (such as ≥60, 45-65, etc.); 3) they only included
participants of one sex; 4) an immunoradiometric assay
(IRMA) or radioimmunoassay (RIA) was used to test the TSH
level; or 5) the median, 2.5th percentile and 97.5th percentile for
TSH were all unavailable. The overall process of selecting the
studies is shown in Figure 1.
Data Extraction and Calculation
Detailed information was extracted from all included studies,
including the first author, publication year, country, iodine
status, sample size, sex ratio, age range, manufacturer, RI
(median with 2.5th or 97.5th percentile), and RDRs of the RIs
based on the data from the TIDE study.
Frontiers in Endocrinology | www.frontiersin.org 3
RDRs were calculated according to the formula in the meta-
analysis published by Gao et al. (22), which is as follows (the
RDRs of the 2.5th and 97.5th percentiles of TSH were calculated
in the same way):

RDR of median

=
median in the TIDE study −median in the corresponding stud

median in the TIDE study

� 100%

Quality Assessment
The quality of the included studies was independently assessed
by two investigators with the Newcastle-Ottawa Scale (NOS) for
non-randomized controlled trials (RCTs) (23). The maximum
score was nine stars, and the minimum was zero. Only studies
with at least five stars were finally included.

Statistical Analysis
The primary data from the TIDE study were input into Statistical
Package for the Social version 25 (SPSS Inc., Chicago, IL, USA).
Since the TSH level does not have a Gaussian distribution, a log-
transformation was performed.

The pooled RDRs and 95% CIs were subjected to meta-
analysis to estimate the RIs for TSH in various subgroups. The
heterogeneity among the studies was estimated with the chi-
squared-based Q test and the I2 test, and 25%, 50% and 75% were
considered low, moderate and high levels of heterogeneity,
respectively. If the heterogeneity test showed moderate or high
levels, a random-effects model was adopted; otherwise, a fixed-
effects model was used. Sensitivity analysis was conducted by the
sequential exclusion of each study. The meta-analysis was
performed using Review Manager (RevMan) [computer
program] (Version 5.4.1, The Cochrane Collaboration, 2020).
RESULTS

RI for TSH in the Disease-Free Population
in the TIDE Study
As stated in a previous study3, the initial number of participants
in the TIDE study was 80,937. After excluding subjects with
incomplete information on age, sex, or thyroid function, 78,470
remained. Then, we further excluded subjects with a personal
history of thyroid disease, those who had a goiter and those who
had taken medications that affect thyroid function, yielding
71158 disease-free subjects. The overall RI (median and 2.5th-
97.5th percentile) for TSH (mU/L) in the disease-free population
was 2.33 (0.67, 7.87).
Characteristics of Included Studies
As shown in Figure 1, a total of 813 articles were initially
identified by our screening process. After examining the titles
and abstracts of each article, 220 remained. Then, we excluded
June 2021 | Volume 12 | Article 660277
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articles that did not meet the requirements by examining the full
texts. Twenty-three articles were included, of which 7 articles
contained a survey on both reference and disease-free
populations. In addition, the TIDE study was also included in
the present meta-analysis; thus, 31 studies were included (12, 19,
20, 24–44).

A detailed description of the abovementioned studies is
presented in Table 1.

Ethnicity-Specific RIs for TSH in the
Reference Subgroups
The ethnicity-specific RDR of median and 2.5th-97.5th percentile
of TSH in the reference population were subjected to meta-
analysis. As shown in Figure 2, the corresponding 95% CI of the
Frontiers in Endocrinology | www.frontiersin.org 4
RDR of the median TSH in Yellows does not overlap with that in
Caucasians; thus, we considered the RDR in Yellows [0.22 (0.15,
0.29)] to be much lower than that in Caucasians [0.41 (0.36,
0.47)], while the RDR of the median TSH is slightly lower in
Yellows than in Indians [0.27 (0.21, 0.33)]. A similar difference
can be observed in Figure 3, namely, Yellows have a much lower
RDR of the 2.5th percentile [0.23 (0.18, 0.28)] than Caucasians
[0.40 (0.31, 0.50)]. Similarly, the RDR of the 97.5th percentile of
TSH was also much lower in Yellows [0.27 (0.21, 0.32)] than in
Caucasians [0.48 (0.39, 0.56)] (Figure 4).

After calculating the RIs and RDRs, we inferred the ethnicity-
specific median and 2.5th-97.5th percentile of TSH in the
reference population. As shown in Table 2, the median and
2.5th and 97.5th percentiles (mU/L) of the Yellows in the
FIGURE 1 | Flow diagram for the literature process.
June 2021 | Volume 12 | Article 660277
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reference population [1.78 (0.57, 5.14)] are all much higher than
those in the Caucasians in the reference population [1.35 (0.44,
3.66)]. In addition, the Indians in the reference population had a
median TSH of 1.68 mU/L, which is similar to but slightly lower
than that in the Yellows in the reference population.
Iodine Status-Specific RIs for TSH in
Reference Subgroups
We applied a similar method to analyze the specific RIs of TSH
in the reference population with various iodine statuses (iodine
deficiency, iodine sufficiency and more than adequate iodine).
The forest plots in Figures 5, 6 and 7 show the iodine status-
specific RDRs of median, 2.5th and 97.5th percentiles of TSH,
Frontiers in Endocrinology | www.frontiersin.org 5
respectively. As shown in the three forest plots, the subgroup
95% CIs of the RDRs overlap with each other, whether they are
for the median, 2.5th or 97.5th percentile of TSH. Therefore, we
concluded that the RDR of TSH may not differ as much
according to iodine status as it does among various ethnicities.

The medians and 2.5th-97.5th percentiles in each iodine status
subgroup are presented in Table 2. As shown in Table 2, the
median (1.44 mU/L) and 2.5th percentile (0.46 mU/L) of TSH in
the iodine-sufficient reference subgroup were lower than those in
the iodine-deficient (median: 1.46 mU/L; 2.5th percentile: 0.48
mU/L) and more than adequate iodine reference subgroups
(median: 1.80 mU/L; 2.5th percentile: 0.53 mU/L), of which the
more than adequate iodine subgroup had the highest level. In
addition, the 97.5th percentile of TSH showed an increasing trend
TABLE 1 | Characteristics of the selected studies.

Reference population

Author Published year Country IS Sample size Gender (M: F) Age Manufacturer RI (mU/L)

Ren 2020 China MTA 2020 812:1208 18-60 Siemens 2.20 (0.62, 5.23)
Cai 2016 China MTA 717 330:387 20-85 Siemens 1.65 (0.43, 5.51)
Kim 2015 Korea – 7686 5683:2003 20-79 DiaSorin S.p.A. 0.72-6.80
Amouzegar 2013 Iran S 2199 953:1246 ≥20 Roche 1.46 (0.32, 5.06)
Marwaha 2013 India MTA 1916 916:1000 18-86 Roche Male: median=1.60; Female:

median=1.74
Chan 2011 HK, China – 157 71:86 21-71 Roche 1.56 (0.68, 3.70)
Li 2011 China S 2118 850:1268 20-85 DPC 0.46-5.19
Quinn 2009 HK, China S 414 217:197 20-63 Abbott 1.27 (0.37, 2.82)
Takeda 2009 Japan – 857 441:416 20-86 Roche 1.65 (0.51, 4.57)
Hickman 2017 Australia – 1177 630:547 ≥18 Abbott 0.43-3.28
O’Leary 2006 Australia S 2026 1047:979 17-90 DPC 1.25 (0.4, 4.0)
Clerico 2018 Italy D 120 85:35 18-67 Beckman 1.456 (0.437, 2.89)
Tozzoli 2018 Italy D 240 120:120 20-65 Siemens 1.66 (0.56, 3.27)
Azaric 2017 Bosnia and Herzegovina S 224 73:151 19-70 Roche 1.96 (0.65, 5.39)
Ittermann 2015 Germany S 1596 979:617 20-80 Siemens 0.49-3.29
d’Herbomez 2005 Germany France and Italy D 710 412:298 18-65 Beckman 1.26 (0.35, 3.48)
Kratzsch 2005 Germany – 453 279:174 18-68 Roche 1.36 (0.40, 3.77)
Volzke 2005 Germany S 1488 825:663 20-79 Byk Sangtec 0.25-2.12
Jensen 2004 Denmark D 987 527:460 17-66 IFMA kit 0.58-4.07
Disease-free population

Author Published year Country IS Sample size Gender (M: F) Age Manufacturer RI
Cai 2016 China MTA 1181 459:722 20-85 Siemens Median=1.71
Kim 2015 Korea – 19465 11616:7849 20-79 DiaSorin S.p.A. 0.62-7.70
Chan 2011 HK, China – 212 88:124 21-71 Roche 1.58 (0.65, 3.86)
Takeda 2009 Japan – 1007 487:520 20-86 Roche 1.77 (0.39, 4.99)
Raverot 2020 France – 156025 65487:90538 20-108 Abbott Male: median=1.30; Female:

median=1.30
Clerico 2018 Italy D 137179 Not mentioned ≥18 Beckman 1.73 (0.36, 5.28)
Kutluturk 2014 Turkey D 408 268:140 ≥18 Roche 1.40 (0.38, 4.22)
Vadiveloo 2013 UK – 153127 62368:90759 ≥18 Roche Male: median=1.72; Female:

median=1.70
Arachchige 2012 Australia S 141049 Not mentioned >20 Siemens Range of median TSH: 1.47-1.91;

range
of 2.5th percentile: 0.46-0.55; range of
97.5th percentile: 3.62-5.64

Kratzsch 2005 Germany – 870 445:425 18-68 Roche 1.31 (0.30, 3.63)
Volzke 2005 Germany S 3915 2032:1883 20-79 Byk Sangtec Range of median TSH: 0.53-0.87
J

IS, iodine status; D, iodine deficient; S, iodine sufficient; MTA, more than adequate; E, excess; RI, reference interval.
The RIs for TSH are presented as median and 2.5th-97.5th percentile interval (mU/L), some of the results are not shown if absent.
The disease-free population has excluded participants who reported personal history of thyroid disease, goiter, or receiving treatments affecting thyroid function. The screening criteria of
the reference population is defined by the National Academy of Clinical Biochemistry (NACB) guidelines, with or without ultrasonography examination.
une 2021 | Volume 12 | Article 660277
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(3.45 mU/L, 4.36 mU/L and 5.35 mU/L) from iodine deficient to
sufficient and more than adequate, respectively.
Ethnicity-Specific RIs of TSH in the
Disease-Free Subgroups
Similarly, ethnicity-specific and iodine status-specific RDRs for
the TSH level (median and 2.5th-97.5th percentile) in the disease-
free subgroups were also subjected to meta-analysis as above. As
shown in Supplementary Figures 1–3, the RDRs of the median,
2.5th and 97.5th percentiles of TSH in the disease-free Yellow
subgroup were much lower than those in the disease-free
Caucasians group [median: 0.21 (0.03, 0.39) vs 0.44 (0.41,
0.47); 2.5th percentile: 0.13 (0.07, 0.19) vs 0.43 (0.37, 0.49);
97.5th percentile: 0.15 (0.12, 0.18) vs 0.43 (0.41, 0.46)].
Therefore, the corresponding median and 2.5th-97.5th

percentiles of TSH in disease-free Yellows are generally much
higher than those in disease-free Caucasians. As shown in Table 2,
theRIs ofTSH(mU/L) in theYellowandCaucasianpopulations are
1.84 (0.58, 6.69) and 1.30 (0.38, 4.49), respectively. The difference
Frontiers in Endocrinology | www.frontiersin.org 6
between the two ethnicities in the disease-free population is similar
to that in the reference population.

Iodine Status-Specific RIs of TSH in the
Disease-Free Subgroups
Compared with the corresponding RIs in different iodine status
subgroups in the reference population, the RIs for TSH in the
disease-free population were somewhat similar but also had
some differences. Supplementary Figure 4 shows a slightly
lower RDR of median TSH in both the iodine-deficient [0.33
(0.19, 0.46)] and more than adequate iodine [0.27 (0.24, 0.29)]
subgroups when compared with the iodine-sufficient subgroup
[0.45 (0.37, 0.54)]. Therefore, the median TSH in the iodine-
sufficient disease-free subgroup (1.28 mU/L) was lower than that
in the other two subgroups (1.56 mU/L in the iodine-deficient
subgroup and 1.71 mU/L in the more than adequate iodine
subgroup) (Table 2).

However, the 2.5th and97.5th percentiles yielded different results
from those in the reference population. Supplementary Figure 5
presents the disease-free RDRs of the 2.5th percentile in the iodine-
FIGURE 2 | Ethnicity standardized forest plots of the pooled relative descent rate (%) of median TSH (50th percentile) in NACB populations. F, female; M, male.
June 2021 | Volume 12 | Article 660277
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deficient and iodine-sufficient subgroups, showing that the iodine-
deficient subgroup tended to have a much higher RDR [0.46 (0.44,
0.48) vs 0.22 (0.15, 0.30)]. In contrast, the RDR of the 97.5th

percentile in the iodine-deficient disease-free subgroup [0.39
(0.26, 0.53)] was slightly lower than that in the iodine-sufficient
subgroup [0.43 (0.26, 0.60)] (Supplementary Figure 6).
Accordingly, the 2.5th and 97.5th percentiles of TSH in the
disease-free iodine-deficient subgroup were lower (0.36 mU/L vs
0.52 mU/L) and higher (4.80 mU/L vs 4.49 mU/L), respectively,
than those in the iodine-sufficient subgroup (Table 2).
DISCUSSION

A previous study confirmed that the upper limit of the TSH
RI (7.04 mU/L) was a record high in mainland China based
on the NACB standard. As a supplement to the previous study,
we calculated a higher upper limit of the RI (7.87 mU/L) and
a wider range of the RI based on the disease-free population,
which can serve as a reference in future research in mainland
China. A subsequent meta-analysis confirmed the significant
Frontiers in Endocrinology | www.frontiersin.org 7
impact of ethnicity on TSH levels; Yellows had a much
higher TSH level than Caucasians in both the reference and
disease-free populations. As in the primary studies, the
reference 97.5th percentile of TSH increased with increasing
iodine sufficiency worldwide, while the 2.5th percentile and
median TSH level were the lowest in the iodine-sufficient
reference subgroup.

A number of previous studies have explored the prevalence
of SCH, and the rates vary widely from 0.5% to 16.7% (4, 45).
Such a broad range of prevalence rates is mainly due to the
substantial differences in characteristics such as sex, age,
iodine status and genetic background in various studies.
Although the NACB guidelines recommend that we exclude
subjects with a personal, family or medication history
associated with thyroid disease and exclude those with
positivity for antibodies or a goiter, many studies have shown
that the TSH RI is affected by numerous other factors.
In addition to the studies mentioned above, another cross-
sectional study in the US explored the influence of ethnicity
on TSH levels and found that the TSH distribution in
Caucasians was shifted to a significantly higher level than that
FIGURE 3 | Ethnicity standardized forest plots of the pooled relative descent rate (%) of TSH lower limits (2.5th percentile) in NACB populations.
June 2021 | Volume 12 | Article 660277
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in the Black population, while the distribution in the Black
population was similar to that in the Hispanic population (46).
In the present meta-analysis, we demonstrated for the first
time the obvious difference in TSH RIs between Yellow and
Caucasian patients, in both the reference and disease-free
populations. However, the iodine status, test kit brand, and age
Frontiers in Endocrinology | www.frontiersin.org 8
and sex compositions were not entirely consistent across the
included studies, resulting in some heterogeneity. Therefore, the
above differences need to be verified in additional studies
in the future.

In addition to ethnicity, iodine status is another major factor
that determines the RI for TSH. Before iodine supplementation
FIGURE 4 | Ethnicity standardized forest plots of the pooled relative descent rate (%) of TSH upper limits (97.5th percentile) in NACB populations.
TABLE 2 | The reference interval of TSH stratified by ethnicity and iodine status in the reference and disease-free population.

Subgroups Reference population Disease-free population

Number of studies RI (mU/L) Number of studies RI (mU/L)

Ethnicity
Yellow 8 1.78 (0.57, 5.14) 5 1.84 (0.58, 6.69)
Caucasian 11 1.35 (0.44, 3.66) 7 1.30 (0.38, 4.49)
Indian 1 Median=1.68 – -

Iodine status
Deficient 4 1.46 (0.48, 3.45) 2 1.56 (0.36, 4.80)
Sufficient 8 1.44 (0.46, 4.36) 3 1.28 (0.52, 4.49)
More than adequate 3 1.80 (0.53, 5.35) 1 Median=1.71
June 2021 | Volume 12
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FIGURE 5 | Iodine status standardized forest plots of the pooled relative descent rate (%) of median TSH (50th percentile) in NACB populations.
FIGURE 6 | Iodine status standardized forest plots of the pooled relative descent rate (%) of TSH lower limits (2.5th percentile) in NACB populations.
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policies were promulgated worldwide, iodine deficiency was the
main cause of neonatal hypothyroidism (47), and moderate-to-
severe iodine deficiency significantly increases the risk of
hypothyroidism (48, 49). However, with the continuous
promotion of iodine supplementation policies, more than
adequate or excess iodine intake might also increase the
prevalence of hypothyroidism (50–53). In addition to the
results in the reference population in the TIDE study,
the KHANES III study also showed a similar result. The 97.5th

percentile of the TSH level in the reference population of South
Koreans significantly increased from 4.85 mU/L in the group
with a UIC <50 mg/L to 8.74 mU/L in the group with a UIC
≥1000 mg/L (54). Moreover, a shift to the right in the TSH
distribution was also observed in the reference population
after ten years of iodine supplementation in Germany (30).
Based on the above studies, we find that iodine deficiency,
more than adequate or excess iodine, is a risk factor for
hyperthyrotropinemia, and exploring the ideal range of iodine
supplementation is vital for the control and prevention
of hypothyroidism.

The results of the present meta-analysis are similar to the
above findings. Based on the NACB criteria, we found that the
Frontiers in Endocrinology | www.frontiersin.org 10
2.5th percentile and median TSH were the lowest in the
iodine-sufficient subgroup. The results indicate that iodine
sufficiency is probably a reasonable target for iodine
supplementation. However, among subjects with relatively
higher TSH levels, the three subgroups with different iodine
statuses had distribution patterns that differed slightly from
the above results. The 97.5th percentile of TSH had an upward
trend with increasing iodine sufficiency. This result is similar
to the previous results in our primary study, which confirmed
that the 97.5th percentile of the TSH level significantly
increased by 0.0132 mU/L with every 10 mg/L increase in
the UIC12. We speculate that although iodine sufficiency is a
proper target for iodine supplementation, the reference
population in iodine-sufficient subgroup were not the least
affected by hyperthyrotropinemia. The above results might be
explained by the exclusion of a number of patients with
unknown iodine deficiency-related hypothyroidism when
subjects with a palpable or visible goiter were excluded. The
above factors probably led to fewer subjects with high levels of
TSH in the iodine-deficient group. On the other hand, we did
not find similar differences based on the disease-free criteria.
We believe that since the exclusion criteria for the disease-free
FIGURE 7 | Iodine status standardized forest plots of the pooled relative descent rate (%) of TSH upper limits (97.5th percentile) in NACB populations.
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population were not as strict as those in the NACB, a number
of subjects with unknown thyroid diseases were included in
the analysis. The diseases definitely affect TSH, and having
patients with iodine deficiency-related hypothyroidism in the
final population would certainly affect the findings. Therefore,
the median and 97.5th percentile in the iodine-deficient group
were both higher than those in the iodine-sufficient group,
while the lower 2.5th percentile in the iodine-deficient group
was probably due to the combined effect of the increased
median and 97.5th percentile. Similarly, it needs to be
emphasized that the results of the meta-analysis could have
been impacted by different ethnic backgrounds even in the
same iodine status subgroup. The heterogeneity test showed
that the studies included in each subgroup were highly
heterogeneous; thus, the above findings need to be
confirmed in future studies.

The limitations of this study are as follows. First, due to the
characteristics of meta-analysis, we could not investigate
whether the RDRs between subgroups were significantly
different; thus, we could only observe the general trend in
RIs. Second, although the studies selected in the meta-analysis
were conducted in the regions with clear ethnicities, we
cannot ensure that the ethnicity of each participant
absolutely meets the requirement. Third, spot UIC tests or
the authors’ statements were used to assess the iodine status in
the included studies. The duration of iodine supplementation
was ignored. Therefore, the long-term effect of iodine
supplementation on the RI of TSH still needs investigation
in the future.

In conclusion, Yellow individuals have a much higher TSH
level than Caucasians in both the reference and disease-free
populations. In the reference population, the 2.5th percentile and
median TSH in the iodine-sufficient population were the lowest
among the subgroups with different iodine statuses, and the
97.5th percentile showed an increasing trend with increasing
iodine sufficiency.
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