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Abstract

Objective: Central sensitivity of thyroid hormone refers to the sensitivity of hypothalamic–
pituitary–thyroid (HPT) axis to the change in circulating free thyroxine (fT4). A complex 
relationship exists between thyroxine levels and iodine nutritional status. To explore 
the relationship between thyroid hormone sensitivity and iodine nutritional status in 
elevated thyrotropin (TSH), we used national data to assess the relationship between 
thyroid hormone sensitivity and iodine nutritional status with contrasting demographic 
characteristics in China.
Methods: We enrolled 12,197 participants with TSH > 4.2 mIU/L from China. Serum and 
urine samples were collected, and we measured serum fT4, TSH, thyroid peroxidase 
antibody (TPOAb), and thyroglobulin antibody (TgAb) levels and urinary iodine 
concentration (UIC). The thyroid hormone sensitivity indices were calculated based on 
fT4 and TSH. The thyroid feedback quantile-based index (TFQI) is a new index to reflect 
thyroid hormone sensitivity. Higher TFQI quartiles indicated lower thyroid hormone 
sensitivity.
Results: The odds ratios (ORs) for the fourth versus first TFQI quartile were 0.84 (95% CI 
0.72–0.99) for iodine deficiency, 1.24 (95% CI 1.05–1.47) for TPOAb+, and 0.44 (95% CI 
0.40–0.50) for females. The OR of the fourth and first TFQI quartiles for age <30 years 
and >60 years was 2.09 (95% CI 1.82–2.41) and 1.19 (95% CI 1.05–1.36), respectively  
(P  < 0.05). Other thyroid sensitivity indices also yielded similar results.
Conclusion: Thyroid hormone sensitivity and age have a U-shaped association in 
individuals with elevated TSH. Increased thyroid hormone sensitivity is associated 
with iodine deficiency and the female gender. Decreased thyroid hormone sensitivity 
is associated with TPOAb+. These findings are interesting and potentially useful for 
understanding the interaction between iodine nutrition and the hypothalamic–pituitary–
thyroid axis.
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Introduction

Recent evidence has suggested that impaired thyroid 
hormone (TH) sensitivity is associated with obesity, 
metabolic syndrome, diabetes, and diabetes-related 
mortality even in those with a normothyroid range (1). 
Aging modulates TH function, and elevated thyrotropin 
(TSH) in older adults is thought to help extend life (2). A 
recent study showed that levothyroxine (LT4) treatment 
for >1 year did not improve symptoms in patients aged 
>65 years with subclinical hypothyroidism (SCH) (3). 
Animal studies have shown that aging is associated 
with a low thyroid state and organ-specific sensitivity 
to thyroxine (4). Previous studies have suggested that 
age has an important influence on TH sensitivity (4). 
Iodine is the main component in TH synthesis, and it 
has additional thyroid biological functions. In iodine-
deficient populations, increased iodine intake has been 
associated with a small increase in the prevalence of 
SCH and autoimmune thyroid diseases (AITDs) (5). 
Our previous epidemiological study showed that TSH 
levels in the population increased with the increase in 
iodine intake, and hypothyroidism and SCH incidence 
increased in iodine-deficient areas (6). The majority 
of patients with autoimmune thyroiditis have high 
concentrations of thyroid peroxidase antibodies 
(TPOAb) and anti-thyroglobulin antibodies (TgAb), 
which may have a specific impact on thyroid function 
(7). Generally, the prevalence of thyroid disease is higher 
in women than in men (8, 9).

The hypothalamic–pituitary–thyroid (HPT) axis is 
precisely regulated to maintain relatively constant TH 
levels during circulation. Peripheral tissues and the CNS 
control the availability of TH in cells, suggesting that the 
TH content in the circulation cannot fully reflect its role in 
the body. Some patients with hypothyroidism treated with 
LT4 have normal thyroid function but still show clinical 
symptoms, and animal studies pertaining to this have 
shown that the difference in deiodinase ubiquitination 
leads to differences in local TH sensitivity (10). The 
manifestations of TH sensitivity can be categorized as 
follows: (i) central sensitivity phenomena, which affect the 
feedback loop within the CNS and (ii) peripheral sensitivity 
phenomena, which decrease TH metabolic effects. Often, 
patients with central sensitivity also display TH sensitivity 
at the peripheral level. Generally, central resistance may 
be related to a general decrease in TH sensitivity, not 
only centrally but also in the periphery (1). In addition, 
patients with central sensitivity usually show peripheral 
TH insensitivity (11). However, the relationship between 

the thyroid function-related indicators and TH sensitivity 
remains unclear, and the current limited studies are based 
on patients with normal thyroid function. Therefore, 
abnormal TSH levels, especially regarding the relationship 
between elevated TSH status and TH sensitivity, are worth 
discussing. The thyroid feedback quantile-based index 
(TFQI) is a new index for assessing TH sensitivity and can 
quantify in a continuous manner the deviations from 
the median pituitary response (inhibition) to TH (1). 
Therefore, we analyzed a nationwide epidemiological 
survey of iodine nutrition status and thyroid disease to 
explore the characteristics of TH sensitivity and the related 
influencing factors in elevated TSH.

Methods

Study design, setting, and participants

The data used in the present study were extracted 
from thyroid disorders, iodine status, and the Diabetes 
Epidemiological Survey that had been conducted 
from June 2015 to June 2017 in China. We enrolled 31 
provinces in mainland China using a whole-cluster, 
stratified random sampling design. Using the latest 
national census data, parallel random sampling was 
performed in rural locations based on the urban and 
rural sex–age ratios, with a total sample size of 80,937 
people. The details on recruitment and data collection 
have been described previously (12, 13). After excluding 
2467 people with missing crucial information and 66,273 
people without elevated TSH, our analysis included 
12,197 participants. The inclusion criteria were: (1) 
TSH ≥ 4.2 mIU/L; (2) not receiving thyroxine; (3) not 
pregnant; (4) age ≥ 18 years; (5) lived in the selected 
community for at least 5 years; (6) had not taken iodine-
containing drugs or contrast agents in the past 3 months; 
(7) other known disease history had been excluded. The 
patient screening process is shown in Fig. 1.

Data collection and laboratory measurements

The participants’ sociodemographic, regional 
location, lifestyle factor, and medical history data were 
collected with standardized questionnaires managed 
by professionally trained employees. The participants 
were asked to fast for 8 h overnight before their venous 
blood was collected. The blood and the urine samples 
were obtained from subjects at the same time. The 
blood samples were centrifuged, separated and then 
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sent to the Shenyang Central Laboratory through 
the cold chain air transmission system for testing the 
thyroid parameters and urinary iodine concentration 
(UIC). The serum and urine samples were stored at 
−20°C. TSH, TPOAb, and TgAb levels were measured 
via electrochemiluminescence immunoassays with a 
Cobas 601 analyzer (Roche Diagnostic). Free thyroxine 
(fT4) and free triiodothyronine (fT3) were measured 
when the participant’s TSH levels were outside the 
reference limit (0.27–4.20 mIU/L). The normal reference 
ranges for thyroid function were, TSH, 0.27–4.2 mIU/L; 
fT4, 12.0–22.0 pmol/L; fT3, 3.1–6.8 pmol/L; TPOAb,  
<34.0 IU/mL; and TgAb, <115.0 IU/mL, as reported by 
the test kit manufacturers. The UIC was measured by 
inductively coupled plasma mass spectrometry (Agilent 
7700x; Agilent Technologies). The results of UIC levels 
were shown as spot urine. Quality control was performed 
using the standard products GBW09108, GBW9109, and 
GBW9110 from the China Center for Disease Control 
and Prevention. The target values of the standards were 
TSH, 70.8 ± 9.0 μg/L; TPOAb, 143 ± 10 μg/L; and TgAb, 
224 ± 14 μg/L. The intra-assay coefficients of variation 
(CVs) for TSH, TPOAb, and TgAb were 2.3%, 2.5%, and 
2.4%, respectively; the intra-assay CVs were 2.7%, 1.4%, 
and 2.3%, respectively.

Iodine group

Iodine status was based on the UIC and divided into 
four groups as established by guidelines from the 
World Health Organization: deficient iodine (DI UIC,  
<100 µg/L), adequate iodine (AI UIC, 100–199 µg/L), more 
than adequate iodine (MAI UIC, 200–299 µg/L), and excess 
iodine intake (EI UIC, ≥300 µg/L).

TH sensitivity index

We used three indexes to evaluate the participants’ TH 
sensitivity. The TSH thyroxine sensitivity index (TT4RI) 
was calculated as: fT4 (pmol/L) · TSH (mIU/L) (11). The TSH 
index (TSHI) was calculated as: ln TSH (mIU/L) + 0.1345 · 
fT4 (pmol/L) (14). The TFQI is achieved by applying the 
population empirical cumulative distribution function 
(cdf) to hormone concentration: cdf fT4 − (1 − cdf TSH) (1).

The TFQI, TSHI, and TT4RI were regarded as the central 
indicators of TH sensitivity that reflected the sensitivity of 
the HPT axis to changes in circulating fT4. TFQI is a new 
index developed by researchers to quantify the deviation 
from median pituitary response to thyroid hormone in a 
continuous manner (1). The formula converts the grades 
of fT4 and TSH (in order from minimum to maximum) 
into quantiles between 0 and 1. This index was validated 
in a recent article on the relationship between TH 
sensitivity and diabetes mellitus (1). The TFQI based on 
the empirical joint distribution of fT4 and TSH has the 
advantage of not yielding extreme values in the case of 
thyroid gland dysfunction. These indices enabled us to 
study the pituitary feedback response with a continuous 
variable. All these TH sensitivity indices measure central 
sensitivity. The TFQI value is between −1 and 1. A positive 
value indicates that the HPT axis is less sensitive to 
changes in fT4. A value of 0 indicates that the HPT axis 
has normal sensitivity to changes in fT4. Negative values 
indicate that the HPT axis is more sensitive to changes 
in fT4. For the TSHI and TT4RI, a higher value indicates 
lower central sensitivity to TH.

Statistical analysis

The mean number of thyroid parameters was calculated 
for sex, age, ethnicity, iodine status, and thyroid 
autoantibodies. Data were compared with independent 
t tests between two groups and with one-way ANOVA 
between all groups. The P values in Table 1 were calculated 
using linear regression analysis. Given their skewed 
distributions, the TSHI and TT4RI were processed in 
the logarithmic scale. Odds ratios (ORs) and 95% CIs 

Figure 1
Study screening flowchart. The data for the present analysis were 
obtained from an epidemiological survey in China spanning 2015–2017. 
The aim of the nationwide survey was to evaluate the iodine nutrition 
status and thyroid disorders in those aged ≥18 years in China. We 
selected the elevated TSH population for the analysis.
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were calculated by univariate and multivariate logistic 
regression to examine the association between the TH 
sensitivity index and iodine status. Model 1 was adjusted 
for sex, age, and ethnicity. Model 2 was adjusted for UIC. 
For all measures, a two-tailed P  < 0.05 was considered 
statistically significant, whereas an adjusted P  < 0.05 was 
applied for comparisons between different UICs. The above 
statistical analyses were performed using SPSS 22.0 (SPSS 
Inc., Chicago, IL, USA). Potential nonlinear associations 
between age and TH sensitivity were examined with 
restricted cubic splines, these analyses were performed 
with statistical computing software R.

Results

The 12,197 participants in the present study represented 
the Chinese population aged ≥18 years, with TSH levels 
greater than the upper limit of the reference value  
(4.2 mIU/L) (Fig. 1). The general characteristics and TH 
sensitivity indices of the study population are presented 
in Table 1. TH sensitivity was higher among women and 
the Uygur ethnic group and was lower among those with 
positive thyroid autoantibodies and smoking habits 
(Table 1). There is a nonlinear relationship between age 
and TH sensitivity, and iodine deficiency (<100 μg/L) 
was associated with increased TH sensitivity (Fig. 2 and 
Table 1).

We calculated the ORs for iodine, thyroid 
autoantibodies, and each of the criteria across the TFQI 
quartiles using logistic models. Model 1 was adjusted for 
sex, age, and ethnics, and the OR of the fourth vs first 
TFQI quartile for the UIC (<100 μg/L) was 0.84 (95% CI 
0.72–0.99) (P  < 0.05). Model 2 was further adjusted for 
UIC, and the OR of the fourth, third, and second TFQI 
quartiles vs the first TFQI quartile for TPOAb was 1.48 (95% 
CI 1.27–1.73), 1.55 (95% CI 1.33–1.81), and 1.24 (95% CI 
1.05–1.47), respectively (P  < 0.05) (Table 2).

We also calculated the OR using the TSHI. The 
association was independent of autoantibodies after 
adjustment for sex, age, UIC, and ethnicity. The OR of 
the fourth vs first TSHI quartile for TPOAb and TgAb was 
1.67 (95% CI 1.48–1.88) and 1.46 (95% CI 1.29–1.65), 
respectively (P  < 0.05) (Table 3).

Further adjustment for sex, age, UIC, and ethnicity 
calculated using the TT4RI, the OR of the fourth vs first 
TT4RI quartile for TPOAb and TgAb was 2.16 (95% CI 1.86–
2.51) and 1.36 (95% CI 1.17–1.59), respectively (P  < 0.05). 
The OR of the third vs first TT4RI quartile for TPOAb was 
1.19 (95% CI 1.02–1.40) (Table 4).

Figure 3
Correlation coefficient and 95%CI for age and thyroid hormone sensitivity. 
The solid line is the correlation coefficient adjusted for sex, and the shaded 
area indicates that 95% CI is derived from restricted cubic spline regression.
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Restricted cubic spline analyses suggested an 
association between age and TH sensitivity that younger 
and older age were associated with decreased TH 
sensitivity (Fig. 3).

Discussion

The relationship between TSH levels and iodine 
continues to be a concern. In addition, the 
establishment of a reference range and treatment of 

SCH and hypothyroidism have been controversial 
(7, 15). However, the diagnosis of subclinical thyroid 
diseases depends on the sensitivity of the HPT axis (15). 
The present study was based on TIDE (Thyroid disease, 
Iodine nutrition, and Diabetes Epidemiology) study 
data, which are representative of the Chinese elevated 
TSH population. We provide evidence for the association 
between the TH sensitivity indices and sex, age, iodine 
nutritional status, TPOAb, and TgAb. These associations 
represent the characteristics of patients with elevated 

Table 2 Association of TFQI with sex, age, iodine, thyroid antibody in the sample.

TFQI
Quartile 1 (≥−1, and <−0.25) Quartile 2 (≥−0.25, and<0) Quartile 3 (≥0, and<0.25) Quartile 4 (≥−0.25, and≤0)

N 2796 3206 3352 2842
Model 1, difference (95% CI)
 UIC (µg/L)
  <100 1.00 (reference) 0.92 (0.79–1.06) 0.98 (0.85–1.14) 0.84 (0.72–0.99)
  100–199 - - - -
  200–299 1.00 (reference) 0.96 (0.84–1.10) 1.05 (0.92–1.20) 0.91 (0.79–1.05)
  ≥300 1.00 (reference) 0.91 (0.79–1.05) 1.06 (0.92–1.21) 0.92 (0.80–1.07)
Model 2, difference (95% CI)
 Antibody
  TPOAb− - - - -
  TPOAb+ 1.00 (reference) 1.48 (1.27–1.73) 1.55 (1.33–1.81) 1.24 (1.05–1.47)
  TgAb− - - - -
  TgAb+ 1.00 (reference) 1.11 (0.94–1.29) 0.99 (0.85–1.56) 0.98 (0.82-1.56)

Differences in ORs are estimated with logistic regression model. Model 1 was adjusted for sex, age, and ethnics. Model 2 was further adjusted for UIC.
Bold indicates statistical significance.

Figure 2
Association of the TFQI, TSHI, and TT4RI with different UIC and age groups. (A and B) The overall TFQI stratified by UIC and age. *P  < 0.05. (C and D) The 
overall TSHI stratified by UIC and age. *P  < 0.05. (E and F) The overall TT4RI stratified by UIC and age. *P  < 0.05.
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TSH and have shown importance in hypothyroidism 
and SCH treatment strategies.

We have included the TH sensitivity indicators proposed 
by Laclaustra et al. (1), and the present study is the first to 
use elevated TSH population to evaluate TH sensitivity and 
iodine nutritional status. We show that in a elevated TSH 
population, women have higher TH sensitivity than men. 
Both younger (<30 years) and older age (>60 years) were 
associated with decreased TH sensitivity. Iodine deficiency 
(UIC < 99 μg/L) was associated with increased TH sensitivity. 
Patients with positive antibodies within the elevated TSH 
population had decreased TH sensitivity.

Hypothyroidism is common worldwide. Previous studies 
have generally believed that the female gender is a risk factor 
for thyroid disease. The incidence of hypothyroidism is 
approximately 10 times higher in women than in men (9). Some 

studies have suggested that the sex hormones and inactivation 
of the X chromosome may be the cause of hypothyroidism 
and hyperthyroidism (16). In the present study, we showed that 
TH sensitivity is higher in the female elevated TSH population, 
suggesting that women may be more likely to benefit from 
hypothyroidism treatment, but this is only theoretical. This 
relationship requires verification by further studies.

Previous studies have found that aging is related to 
elevated serum TSH levels (17, 18, 19). Treatment for SCH 
in older patients remains controversial. A previous 4-year 
follow-up study suggested that 85–89-year-old patients 
with hypothyroidism and SCH have a longer life span and 
lower cardiovascular mortality rate (20). Bekkering et  al. 
indicated that there is almost no difference in general 
quality of life (QoL), thyroid-related symptoms, depressive 
symptoms, fatigue, cognitive function, muscle strength, 

Table 3 Association of TSHI with sex, age, iodine, thyroid antibody in the sample.

TSHI
Quartile 1 (lo.,3.63) Quartile 2 (3.63,3.88) Quartile 3 (3.88,4.17) Quartile 4 (4.17,hi.)

N 3042 3027 3031 3030
Model 1, difference (95% CI)
 UIC (µg/L)
  <100 1.00 (reference) 0.90 (0.78–1.05) 1.00 (0.86–1.62) 0.98 (0.85–1.41)
  100–199 - - - -
  200–299 1.00 (reference) 0.96 (0.84–1.10) 0.97 (0.85–1.11) 0.96 (0.86–1.13)
  ≥300 1.00 (reference) 0.97 (0.84–1.13) 0.93 (0.81–1.07) 1.00 (0.87–1.15)
Model 2, difference (95% CI)
 Antibody
  TPOAb− - - - -
  TPOAb+ 1.00 (reference) 0.97 (0.85–1.10) 1.09 (0.96–1.23) 1.67 (1.48–1.88)
  TgAb− - - - -
  TgAb+ 1.00 (reference) 0.93 (0.82–1.06) 0.99 (0.87–1.22) 1.46 (1.29–1.65)

Differences ORs are estimated with logistic regression model. Model 1 was adjusted for sex, age, and ethnics. Model 2 was further adjusted for UIC.
Bold indicates statistical significance.

Table 4 Association of TT4RI with sex, age, iodine, thyroid antibody in the sample.

TT4RI
Quartile 1 (lo.,74.80) Quartile 2 (74.80,88.31) Quartile 3 (88.31,111.53) Quartile 4 (111.53,hi.)

N 3042 3027 3031 3030
Model 1, difference (95% CI)
 UIC (µg/L)
  <100 1.00 (reference) 0.84 (0.72–0.97) 0.88 (0.76–1.02) 0.94 (0.81–1.09)
  100–199 - - - -
  200–299 1.00 (reference) 0.92 (0.80–1.05) 0.96 (0.84–1.10) 0.97 (0.85–1.11)
  ≥300 1.00 (reference) 0.88 (0.77–1.01) 0.91 (0.79–1.04) 0.95 (0.83–1.09)
Model 2, difference (95% CI)
 Antibody
  TPOAb− - - - -
  TPOAb+ 1.00 (reference) 1.15 (0.98–1.35) 1.19 (1.02–1.40) 2.16 (1.86–2.51)
  TgAb− - - - -
  TgAb+ 1.00 (reference) 0.97 (0.82–1.14) 1.02 (0.87–1.20) 1.36 (1.17–1.59)

Differences in ORs are estimated with logistic regression model. Model 1 was adjusted for sex, age, and ethnics. Model 2 was further adjusted for UIC.
Bold indicates statistical significance.
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and BMI in treated vs untreated older people with SCH 
(21). Another study found that LT4 had no obvious benefit 
to elderly patients with SCH (22, 23). In the present study, 
we found that older age (>60 years) was associated with 
decreased TH sensitivity. This result may provide evidence 
for poor treatment in elderly patients with SCH. There are 
few randomized controlled trials with LT4 replacement 
therapy for SCH in young patients (24, 25). Furthermore, 
there is limited evidence for the possible benefits and risks 
of treatment, and previous studies in the younger patient 
age group have been insufficiently detailed (26). The 
present study shows that younger patients (age < 30 years) 
within the elevated TSH population had decreased TH 
sensitivity. Our results show that there is an urgent need 
for careful testing of SCH and that clinical trials should be 
larger than previous studies, focusing on young patients 
and controlling for other factors.

Iodine is an important trace element for TH synthesis, 
and a complicated relationship exists between iodine 
intake and thyroid diseases. The relationship between 
iodine nutritional status and thyroid diseases of the 
population is U-shaped because insufficient and excessive 
iodine intake damages thyroid function (5). In patients 
with previous iodine deficiency, a small increase in iodine 
intake changed the pattern of thyroid disease (27). Severe 
iodine deficiency can cause goiter and hypothyroidism. 
In mild to moderate iodine deficiency, increased thyroid 
activity can compensate for iodine deficiency in most 
patients and maintain normal thyroid function. However, 
chronic thyroid stimulation can lead to increased 
prevalence of nodular goiter and hyperthyroidism in the 
population. Therefore, increasing the iodine intake would 
usually lead to a further increase in the prevalence of 
hyperthyroidism (28, 29). In a previous 5-year prospective 
follow-up study, we found that there was no significant 
difference in hypothyroidism incidence between areas 
with moderate iodine deficiency and iodine excess, but 
SCH incidence was increased in areas with iodine excess, 
and the incidence was 0.2 and 2.9%, respectively (6). 
Whether the effects of iodine in thyroid diseases are 
transient or lasting, and the mechanism of action, remains 
unclear. Studies on the relationship between TH sensitivity 
and iodine intake have shown that iodine deficiency is 
related to increased TH sensitivity. This result may explain 
the increased hyperthyroidism incidence caused by iodine 
supplementation after iodine deficiency, and the increased 
prevalence of SCH due to iodine supplementation. The 
TFQI is based on the empirical joint distribution of fT4 
and TSH and has the advantage of not yielding extreme 
values in cases of thyroid gland dysfunction (1). Although 

this association was strong enough to yield statistically 
significant results in the TFQI, we found no statistical 
difference between the other two indexes. Therefore, more 
confirmatory research is needed.

Thyroid autoantibodies, that is, TPOAb and TgAb, 
are commonly found in the serum of patients with AITD 
and have important effects on thyroid function. In 1999 
and 2011, we showed that the positive rate of TPOAb 
in the general Chinese population was 9.81 and 11.5%, 
respectively, and that for TgAb was 9.09 and 12.6%, 
respectively (6, 30). In the present study, we found that 
thyroid autoantibodies, especially TPOAb, were related to 
reduced TH sensitivity.

In addition, we showed that the Uyghur ethnic group 
is more sensitive to TH and that people who smoke are less 
sensitive to TH. Previous studies have shown that Blacks 
are more sensitive to TH (1). Additionally, there is some 
evidence that ethnicity has an effect on thyroid function 
(31), such as the prevalence of hypothyroidism being lower 
in Blacks (32). Furthermore, smoking has a specific impact 
on thyroid function (33).

The HPT axis accurately regulates TH synthesis and 
secretion. Existing research shows that TH transporters, 
deiodinases, and TH receptor coregulators can regulate TH 
tissue sensitivity (34). In hypothyroidism, the coordinated 
expression and activity of deiodinase regulates TH levels. 
Patients with central sensitivity usually show TH insensitivity 
at the peripheral level (11). Despite proper treatment, clinical 
symptoms persist in approximately 15% of hypothyroidism 
patients treated with LT4 (35). Whether this phenomenon 
is related to decreased TH sensitivity warrants further study. 
Some studies have shown that not all patients may find LT4 
therapy sufficient. Therefore, symptoms may be caused by 
residual hypothyroidism. In addition, the difference in the 
ubiquitination of hypothalamic type 2 deiodinase leads 
to the change in the local sensitivity of thyroxine (10, 36). 
Triiodothyronine is based on TH biological activity, and the 
decrease in TH sensitivity is mainly reflected in the sensitivity 
to thyroxine. Although randomized controlled clinical 
trials have compared the efficacy of LT4 monotherapy 
and LT4 plus triiodothyronine combination therapy for 
hypothyroidism, most of these trials found that despite the 
elevated serum triiodothyronine in combination-treated 
patients, both treatments had similar efficacy (37). However, 
further study is needed to show that combination therapy 
can benefit patients with poor TH sensitivity.

Our study has several limitations and constraints. First, 
we conducted large-scale nationwide epidemiological 
survey; the analysis was based on a single blood test, 
which is a common limitation in population-based 
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studies. Although the questionnaire excluded the history 
of known non-thyroid diseases, there is still no guarantee 
that there were undetected non-thyroid diseases. As far 
as we are aware, this is the first time the indices of TH 
sensitivity have been evaluated in elevated TSH. This result 
is interesting but is nevertheless preliminary and should be 
confirmed with more research.

This study shows for the first time a cross-sectional 
association between TH sensitivity and iodine nutritional 
status in elevated TSH. One highlight of this study is the 
application of a new TH sensitivity index, that is, the TFQI. 
This index may be helpful for evaluating HPT axis regulation 
under physiologic or pathologic conditions. In the present 
study, sex, age, ethnicity, smoking, iodine deficiency, and 
thyroid autoantibodies were associated with TH sensitivity 
in patients with elevated TSH. These findings are interesting 
and potentially useful for understanding the interaction 
between iodine nutrition and the HPT axis.
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