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Abstract

Objectives Previous studies have shown that there may be a positive correlation between serum uric acid levels
and hyperthyroidism. However, the relationship between thyroid function and serum uric acid in healthy people
is unclear. This study analyzed the relationship between impaired thyroid hormone sensitivity and serum uric acid
levels, and presented them in quantitative form.

Research design and methods This is a cross-sectional study of 4460 adults (male: 2300; female: 2160) who partici-
pated in the National Health and Nutrition Examination Survey (NHANES) from 2007 to 2010. Parameters representing
central sensitivity to thyroid hormones were calculated as: thyroid feedback quantile-based index (TFQley,), thyroid
stimulating hormone index (TSHI), and total thyroxine (T4) resistance index (TT4RI); Peripheral sensitivity to thyroid
hormone was evaluated by FT3/FT4 ratio. In addition, we have innovated total triiodothyronine (T3) resistance index
(TT3RI) and TFQIg5 indexes based on FT3 and TSH. Multiple linear regression models were used to evaluate the cor-
relation between thyroid resistance index and serum uric acid, and the results were presented graphically as smooth
curve fittings.

Results Higher levels of serum uric acid were associated with decreased sensitivity to thyroid hormones in euthyroid
individuals. In conjunction with an increase in the thyroid hormone sensitivity index value, uric acid levels gradually
increased as well. Furthermore, we found a segmented relationship between TT3RI and serum uric acid changes. The
saturation and threshold analyses indicated that 18.85 was the turning point (logarithmic likelihood ratio test=0.036).
When TT3RI < 18.85, the relationship between serum uric acid and TT3RI was not significant [3(95% Cl) 0.47 (—0.05,
1.00), P=0.077], but when TT3RI > 18.85, there was a significant rise in serum uric acid with an increase in TT3RI [3(95%
Cl) 3.94 (0.94,6.95), P=0.010]. A further finding of the interaction test was that impaired thyroid hormone sensitivity
and uric acid changes vary among different age groups and BMI levels.

Conclusions Decreased sensitivity to thyroid hormones was associated with high levels of serum uric acid in people
with normal thyroid function. The interaction test shows that different age groups and BMI groups impact the associa-
tion between impaired thyroid hormone sensitivity and serum uric acid. Furthermore, smooth curve fitting revealed

a segmental relationship between TT3RI and serum uric acid levels.
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Introduction

Thyroid hormone plays an irreplaceable role in the
energy metabolism of the body. The disorder thyroid
dysfunction is closely related to the occurrence of a
series of metabolic diseases [1, 2]. It has been suggested
that patients with subclinical hypothyroidism may suf-
fer from enhanced hyperuricemia due to impaired thy-
roid hormone sensitivity [3]. However, there has been
no research concerning the effects of decreased thyroid
hormone sensitivity on serum uric acid in individuals
with normal thyroid function. In light of this, it would
be necessary to clarify whether or not there is a correla-
tion between them.

Physiologically, thyroid hormones influence serum
uric acid levels by affecting purine nucleotide conversion
and uric acid excretion [4, 5]. Since the disorder of thy-
roid hormone and thyroid-stimulating hormone levels is
related to the change in serum uric acid concentration,
the contradictory phenomenon of these research con-
clusions is worth further consideration. We can assume
that: different individuals may have different degrees of
central resistance to thyroid hormones, and this central
resistance is manifested in a general decrease in sensi-
tivity to thyroid hormones, which affects the body’s uric
acid metabolism process, that is, some people are abnor-
mally sensitive to thyroid hormones, while others are
less sensitive to thyroid hormones [6]. Thyroid hormone
can maintain its stable state through a negative feedback
mechanism, central regulation through the hypotha-
lamic—pituitary—thyroid axis (HPT), and peripheral reg-
ulation through influencing the metabolic process [7]. In
the population with normal thyroid function, compared
with the previous single index, such as the observation
of thyroid hormone concentration and thyroid stimulat-
ing hormone index (TSHI), the combined calculation of
TSH and FT4 may provide a better insight to describe
the association between thyroid function and serum uric
acid level. Laclaustra et al. proposed a new formula to
describe the central sensitivity of thyroid hormones [8]:
Thyroid Feedback Quantile-based Index (TFQI), which
is calculated based on the empirical combined distribu-
tion of FT4 and TSH without the occurrence of extreme
distribution in thyroid dysfunction. Therefore, this cross-
sectional study aimed to investigate the relationship
between central thyroid hormone sensitivity and periph-
eral thyroid hormone sensitivity and serum uric acid
concentration in people with normal thyroid function.

Materials and methods

Study design and participants

For this study, data were derived from the National
Health and Nutrition Examination Survey [9]. It is a

Page 2 of 14

cross-sectional survey based on the American population
that aims to collect information on the health and nutri-
tion status of children and adults across from all walks of
life. It is unique in that the interview and physical exami-
nation are combined, and a stratified multi-stage sam-
pling design is adopted to obtain representative samples
that can reflect the overall population. NHANES began
in the early 1960s and is now an ongoing program, sam-
pling a national sample every year of about 5000 people,
every 2 years is a survey cycle. All participants obtained
approval and written informed consent from the Cent-
ers for Disease Control and Prevention (CDC) and the
National Center for Health Statistics (NCHS). The study
included two NHANES cycles (2007-2008, 2009—-2010),
involving 20,686 participants. In the end, 4460 peo-
ple were screened and included in the data analysis. All
participants’ thyroid function was within the normal
range, and those with thyroid dysfunction and thyroid
autoimmune diseases were excluded. Below are the spe-
cific exclusion criteria: (1) incomplete thyroid function
screening, FT3, FT4 and TSH data missing (n=14,084);
(2) subjects missing blood pressure, personal history,
biochemical indicators, past diseases and other data
(n=2136); (3) eGFR(yp pp <15 mL/min/1.73m? (n=6).
Details of the study design and exclusions are provided in
the flowchart (Fig. 1).

Laboratory measurements

Blood samples were collected from the venous blood of
participants who had fasted for more than 9 h and then
were processed and transported to the University of
Washington, Seattle, WA for data analysis. Among them,
Thyroglobulin antibody (TgAb) and Thyroid peroxi-
dase antibody (TPoAb) were determined by a sequential
two-step immunoenzymatic "sandwich”" assay. FT4 was
determined by a two-step enzyme immunoassay, FT3
was detected by competitive immunoenzyme assay. Thy-
roid function is normal within the following range: TSH
concentrations ranged from 0.34 to 5.60 mIU/L, FT4
concentrations ranged from 7.74 to 20.64 pmol/L, FT3
concentrations ranged from 2.63 to 5.70 pmol/L and thy-
roid peroxidase antibody concentrations ranged from 0
to 5.61 IU/mL and 0-4.11 IU/mL, respectively. Thyroid
dysfunction is defined as TSH and FT4 exceeding the
normal laboratory range. The serum uric acid level was
measured by timed endpoints, while other biochemical
indicators were analyzed by Beckman Synchron LX20
and Beckman UniCel® DxC800 Synchron. These bio-
chemical indicators include urea, creatinine, triglyceride,
total cholesterol, high density cholesterol, low density
cholesterol, and glycosylated hemoglobin.
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Participants in NHANES from
2007 to 2010
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Fig. 1 Study design and exclusion information flowchart

Indexes of thyroid hormone sensitivity

Thyroid Feedback Quantile-based Index (TFQI) can
better reflect the response of the pituitary—hypotha-
lamic—thyroid axis (HPT) to changes in peripheral
serum FT4 levels, in a continuous manner, devia-
tions from the median pituitary response (inhibition)
to thyroid hormone [8]. Other indicators used to
evaluate the central sensitivity of thyroid hormones
include TSH index (TSHI) [11] and thyrotropin T4
resistance index (TT4RI) [10]. The peripheral sen-
sitivity was reflected by FT3/FT4 ratio [12]. In addi-
tion, based on the interaction between TSH and FT3,
we innovated two new indicators: TFQIprs, TT3RI,
and their respective meanings are similar to TFQIpr,
and TT4RI. The value of TFQIpr, ranges from—1 to
1, with positive values representing a poor sensitivity
to thyroid hormones, while negative values reflect a
good sensitivity, and 0 indicate a normal sensitivity to
thyroid hormone. The TSHI and TT4RI values were
negatively correlated with the sensitivity of thyroid

<15mL/min/1.73m? (n=6)

center. The thyroid hormone sensitivity indexes are
calculated as follows:

1. TSHI=LN [TSH (mIU/L)]+0.1345XFT4 (pmol/L)
(11];

2. TT4RI=FT4 (pmol/L)x TSH (mIU/L) [10];

3. TFQIpp,=NORMDIST  (FT4_cell_in_pmol_per_L,
10.075, 2.155, TRUE) + NORMDIST (LN (TSH_cell
in_mIU_per_L), 0.4654, 0.7744, TRUE) — 1 [8].

Covariates measurements

Blood pressure and body mass index

A mercury sphygmomanometer calibrated with Bow-
man meters was used to measure the blood pressure
of each of the subjects. Following 5 min of sitting, the
trained examiner asked the subjects to take three con-
secutive blood pressure measurements on their right
arm, with a 30 s interval between every measurement.
Body mass index (BMI) was calculated based on height
and weight: BMI = (kg)/(m?).
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Table 1 Baseline characteristics of participants'general data
TFQIFT4 quartiles Q1 Q2 Q3 Q4 P value
Gender (%)
Male 5091 48.94 51.69 52.15 0.673
Female 49.09 51.06 4831 47.85
Age 42.84 (41.98,43.70) 44,48 (43.19,45.77) 47.38 (46.00,48.76) 50.36 (49.17,51.56) <0.001
Race/ethnicity (%)
Mexican American 8.8 7.81 7.34 8.29 <0.001
Other Hispanic 592 5.09 472 427
Non-Hispanic White 62.86 71.2 73.85 74.25
Non-Hispanic Black 17.18 11.59 8.07 6.38
Other race 524 4.31 6.02 6.8
Blood pressure
Systolic blood pressure 120(119,122) 121(119,122) 123 (121,124) 125(123,126) <0.001
Diastolic blood pressure 70(70,72) 71(70,72) 72(71,72) 72 (71,73) 0.232
Smoking status (%)
Never 49.46 5234 529 54.68 0.022
Current 26.5 23.59 21.22 18.26
Former 24.05 24.07 25.88 27.06
Alcohol (%) 0.062
Never 2157 22.35 23.75 26.14
Occasionally/a lot 7843 77.65 76.25 73.86
Body mass index (kg/mz) 2832 (27.93,28.70) 28.07 (27.46,28.68) 29.33(28.88,29.78) 29.15 (28.67,29.63) <0.001
Physical activity (min) 308 (292,325) 340 (322,358) 350 (332,368) 354 (336,371) <0.001
Heart failure (%) 0.143
No 98.63 98.48 98.1 97.34
Yes 137 1.52 1.9 2.66
Coronary heart disease (%) <0.001
No 97.46 98.72 96.66 94.89
Yes 254 1.28 3.34 511
Stroke (%) 0.034
No 97.05 98.05 98.11 96.29
Yes 295 1.95 1.89 371
Diabetes (%) <0.001
No 94.67 93.19 9147 89.04
Yes 533 6.81 853 10.96

Smoking, drinking and physical activity
Each participant was asked to complete a detailed
questionnaire survey, which tracked their smoking,

drinking, and physical activity, and then was assessed
according to the following specific criteria by the inter-

viewer [13]:

5. Drinking occasionally or a lot: had at least 12 alcohol

drinks/lifetime or 12 alcohol drinks/1 year.

In this study, all participants completed physical
activity questionnaires (PAQ), and the data were ana-

lyzed according to the amount of sedentary time, rang-

ing from 0 to 1200 min.

1. Do not smoking: who had smoked fewer than 100
cigarettes throughout their lives;

2. Still smoking: currently smoking daily or frequently;
Quit smoking: previously smoked, but now do not.
4. Do not drinking: had at most 12 alcohol drinks/life-

I

time;

Personal medical history

Personal medical history was proposed by the inter-
viewer in the form of a questionnaire using a computer-
assisted personal interview (CAPI) system. It was asked

of all subjects whether they had been diagnosed by a
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Table 2 Results of single factor analysis
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B (95% Cl)

P value

Univariate analysis for uric acid

Age

Gender

female

Race/ethnicity

Systolic blood pressure
Diastolic blood pressure
Smoking

Alcohol

Body mass index (kg/m?)
Physical activity (min)
Urea

Creatinine

Total cholesterol
Triglyceride

High density cholesterol
Low density cholesterol
Glycosylated hemoglobin
eGFR (mL/min/1.73m?)
Heart failure

Coronary heart disease
Stroke

Diabetes

FT3/FT4

TFQler,

TFQlgr3

TSHI

TT3RI

TT4RI

0.74(0.59,0.87)

Male (—)

—70.28 (-74.75,—65.81)
6.69 (4.37,9.01)

0.67 (0.54,0.79)
1.03(0.81,1.24)
13.15(10.24, 16.05)
20.38 (1491, 25.86)

349 (3.12,3.85)

0.03 (0.014, 0.04)

13.16 (11.78, 14.56)
2.29(2.17,2471)

5.79 (3,50, 8.07)
9.99(8.37,11.61)

—46.52 (—=52.48,—40.55)
10.19 (7.694 12.70)
231(0.03,4.59)

-1.26 (-1.37,-1.15)
—55.13(=70.31,-39.94)
—31.09(-43.92,-18.28)
—27.14 (-4047,-13.81)
11.77 (4.14,19.39)

43.84 (14.90, 72.78)
17.37 (9.69, 25.04)
27.61(17.11,38.10)
10.86 (6.57, 15.15)

1.60 (1.07,2.13)
0.59(0.35,0.84)

<0.001

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
0.047

<0.001
<0.001
<0.001
<0.001
0.002

0.003

<0.001
<0.001
<0.001
<0.001
<0.001

physician or other health professional with congestive

heart failure,

coronary heart disease, stroke, diabetes,

etc., and for how long they had been ill. In light of the
possibility that renal insufficiency may affect uric acid
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metabolism, we conducted a renal function assess-
ment using the chronic kidney disease epidemiologi-
cal collaboration (CKD-EPI) equation and excluded
participants with an estimated eGFR less than 15 mL/
min/1.73 m?

Statistical analysis

Due to the fact that NHANES does not sample ran-
domly in actual situations, such as oversampling
in certain subgroups to increase subgroup sample
numbers, leading to unequal sampling probabilities
across populations. Therefore, we weighed the sam-
ples in accordance with the sample weight guidelines
set by the Centers for Disease Control and Preven-
tion of the United States. Survey cycle in this study
were 2007-2008 and 2010-2009, as a precaution
against overestimated population weights in dif-
ferent cycles, we combine the weights as follows:
MEC4YR=1/2x WTMEC2YR.

The normal distribution is expressed as weighted
mean+SD for continuous variables, and Analysis of
Variance is used to compare groups; if the distribution
is skewed, the weighted median (M) is used to describe,
and the interquartile range (IQR) is used to describe the
degree of dispersion, and the Kruskal-Wallis rank-sum
test was used to compare groups. Categorical data were
described by rate and composition ratio, and according to
the P value, comparison between groups was performed
using Chi-square test or Fisher’s exact test. To test the
relationship between thyroid hormone sensitivity indexes
and serum uric acid, a multiple linear regression model
was developed based on the results of the univariate
analysis, and the covariates that had a significant influ-
ence (P<0.05) in the univariate analysis were accounted
for in the adjustment model as well.

For verification, three models were developed: model
1, non-adjusted covariates, model 2, adjusted for gen-
der, age, and race factors; model 3, based on model 2,

Table 3 Association of sensitivity of thyroid hormone indexes with serum uric acid

Model 1 Model 2 Model 3

Non-adjusted B (95% Cl) P value Adjust| B (95% Cl) P value Adjust I B(95% Cl) P value
FT3/FT4 43.84(14.90, 72.78) 0.003 FT3/FT4 3344 (6.13,60.74) 0.014 FT3/FT4 35.05(9.27,60.83) 0.007
TFQlers 17.37 (9.69, 25. 04) <0.001  TFQleps 12.75 (5.65, 19.86) <0.001  TFQlepy 8.33(1.79,14.87) 0.013
TFQer 27.61(17.11,38.10) <0001 TFQlers 12.07,31.36) <0001 TFQles 991 (0.95, 18.86) 003
TSHI 10.86 (657, 15.15) <0.001 TSHI 8.58 (4.59, 12.56) <0.001 TSHI 402(0.37,7.66) 0.031
TT4RI 0.59(0.35,0.84) <0001 TT4RI 0.48 (0.25,0.70) <0001  TT4RI 0.25 (O 04,0.46) 0014
TT3RI 1.60(1.07,2.13) <0.001 TT3RI 1.25(0.77,1.73) <0.001 TT3RI 0.76 (0.31,1.21) <0.001

Model 2: Adjusted by age, gender, race

Model 3: Blood pressure, smoking, alcohol, BMI, physical activity, urea, creatinine, triglyceride, total cholesterol, high density cholesterol, low density cholesterol,
glycosylated hemoglobin, past disease history and eGFR were further adjusted based on model 2
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Table 4 Piecewise regression analysis between TT3RI and serum

uric acid

The turning point of TT3RI Multivariate model P value
level Adjusted 8 (95% CI)

TT3RI<18.85 047 (=0.05,1.00) 0.077
TT3RI>18.85 3.94 (0.94,6.95) 0.01

added blood pressure, smoking, drinking, BMI, physi-
cal activity, urea, creatinine, triglyceride, total choles-
terol, high density cholesterol, low density cholesterol,
glycosylated hemoglobin, past disease history and eGFR
variables. By fitting smooth curves to determine whether
there is a piecewise linear relationship between thyroid
hormone sensitivity indexes and serum uric acid, we
can observe whether there is a threshold effect. To ana-
lyze the threshold effect, a piecewise regression model
is then employed. Finally, for further evaluation of thy-
roid hormone sensitivity indexes ’s influence on serum
uric acid levels, stratified analyses and interaction tests
were performed based on gender, age, and BMI. The
data were used the statistical software package R (The R
Foundation; http://www.r-project.org; version 3.5.3) and
EmpowerStats (www.EmpowerStats.com; X&Y Solutions
Inc.). P value of <0.05 (double) was considered as statisti-
cally significant.

Results

Baseline characteristics of participants

This study included 4460 adults with normal thyroid
function, mainly non-Hispanic whites, including 2300
males (51.6%) and 2160 females (48.4%), with ages
ranging from 20 to 80. Based on TFQI;, we divided
all individuals into four groups. Table 1 shows that,
compared with the lowest quartile of TFQI,, the pro-
portion of males in the highest quartile was higher, as
well as blood pressure and BMI levels, furthermore,
urea, creatinine, uric acid, low density lipoprotein cho-
lesterol, glycosylated hemoglobin and sedentary time
gradually increased, renal function poorer, and the
prevalence rates of basic diseases such as congestive
heart failure, coronary heart disease, stroke and diabe-
tes were higher. In contrast, the proportion of smok-
ing and drinking gradually decreased (specific data, see
Table 1 and Additional file 1: Table S1) (Table 2).

Association of thyroid hormone sensitivity indexes

with serum uric acid

Multiple linear regression was used to validate the cor-
relation between thyroid hormone sensitivity indexes
and serum uric acid. As a result of fully adjusting for
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potential confounding factors, model 3 showed that
thyroid hormone sensitivity index was positively cor-
related with serum uric acid levels. As an example,
TFQIFT4 (i.e., central thyroid hormone sensitivity)
increases by 1 unit, while serum uric acid increases
by 8.33 umol/L [TFQIpp,: A(95% CI) 8.33 (1.79, 14.87),
P=0.013]. Similarly, When FT3/FT4 (i.e., peripheral
thyroid hormone sensitivity) increases by 1 unit, the
serum uric acid level increases by 35.05 pmol/L [FT3/
FT4: B(95% CI) 35.05 (9.27, 60.83), P=0.007]. It is evi-
dent from the above results that serum uric acid levels
are associated with thyroid hormone sensitivity impair-
ment. The effects of other thyroid hormone sensitivity
indexes are presented in Table 3.

Smooth curve fitting and threshold effect analysis

of thyroid hormone sensitivity indexes and serum uric acid
Based on the smooth curve fitting graph in combination
with the results from model 3, it appears that the level of
serum uric acid gradually increases with an increasing
thyroid hormone sensitivity indexes value, but between
TT4RI and serum uric acid, there is no significant linear
relationship may be because f=0.25 is too small (Fig. 2).
In the smooth curve fitting analysis, TT3RI and serum
uric acid have a segmented relationship after adjust-
ing for confounding factors. Further analysis found that
18.85 was the turning point (logarithmic likelihood ratio
test=0.036). In the absence of TT3RI higher than 18.85,
the relationship between serum uric acid and TT3RI was
not significant [(95% CI) 0.47 (—0.05, 1.00), P=0.077],
but in the presence of TT3RI higher than 18.85, with an
increase of TT3RI, there was a significant rise in serum
uric acid [5(95% CI) 3.94 (0.94, 6.95), P=0.010] (Table 4).

Figure 2a—f show relationship of thyroid hormone sen-
sitivity indexes with serum uric acid.

Central thyroid hormone sensitivity indexes: thyroid
feedback quantile-based index (TFQIpr, TFQIprs), T4
resistance index (TT4RI), T3 resistance index (TT3RI),
TSH index (TSHI). The higher values, the lower the cen-
tral sensitivity to thyroid hormone.

Peripheral thyroid hormone sensitivity index: FT3/
FT4.

Analyses of subgroups and interaction tests

As shown in the subgroup analysis (Table 5), after strati-
fication on gender, age, and BMI, as well as adjustment
for other covariables, the interaction test results dem-
onstrated that impaired thyroid hormone sensitivity was
associated with a significant difference in serum uric
acid among different age groups and BMI classification
populations, and that the trend was generally consist-
ent with that for the entire populations (Fig. 3a—f). For
example, in obese individuals (BMI>30), serum uric
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Table 5 Analyses of subgroups and interaction tests

Page 8 of 14

Subgroups FT3/FT4 TFQler, TFQler5 TSHI TT4RI TT3RI

Gender Adjusted B (95% Cl) - - - - -

Male 34.75 (=044, 69.93) -0.99(-10.07,808) 3.43(-897,15.83) -0.12(=522,497) 0.08(-0.22,037) 042 (-0.19,1.03)

Female 36.71(=049,7390)  11.97(2.50,21.44)* 15.74 (3.09, 28.40)* 7.24(1.97,1251)* 036 (0.07,0.66)* 1.01 (0.37, 1.65)**

P-interaction 0.939 0.052 0.171 0.048 0.172 0.187

Age group
20-39years  62.94 (1872, 5.93(-5.38,17.24) 17.50 (2.25,32.75)* 7.99(1.88,14.100*  0.55(0.16,0.94)**  1.38(0.61, 2.16)***

107.17)%*

40-59years  —146(-43.05,40.12) 9.02 (-1.91,19.94) 7.85(=6.97,22.67) 453(=1.60,1066)  0.27(-0.09,062) 044(-031,1.18)
60-80years 2142(-21.80,64.63) —-539(-1641,562) —1256(-2731,2.19) —530(-1146,087) —0.23(-0.55,0.08) —-0.36(-1.09,0.36)
P-interaction 0.107 0.156 0.016 0.025 0.006 0.005

BMI (kg/m?)
18-24.9 30.73(=19.56,81.03) —228(-1457,1001) —526(-21.53,11.01) —179(-851,493) -0.12(-051,0.26) —0.10(-0.94,0.73)
25-29.9 39.78(=2.11,8167) —347(-14.18,724) —121(-1607,13.64) —-217(-826,392) —0.06(-041,0.29) 0.17(-0.59,0.93)
>30 0.24 (-3940, 39.89) 1591 (541, 26.40)** 15.97 (1.83,30.10)* 8.72(2.83,1461)**  0.51(0.18,0.83)** 1.05 (0.36, 1.73)**
P-interaction  0.368 0.019 0.103 0.017 0.018 0.074

*P<0.05; **P<0.01; ***P<0.001

Adjust model adjust for: gender, age, race, blood pressure, smoking, alcohol, BMI, physical activity, urea, creatinine, triglyceride, total cholesterol, high density
cholesterol, low density cholesterol, glycosylated hemoglobin, past disease history and eGFR. All the models are not adjusted for the variable itself in each

stratification

acid concentration will increase by 15.91 pmol/L for
every standard unit of TFQIpr, (P for interaction=0.019)
(Fig. 4a—f); in comparison with middle-aged and elderly
individuals, young people’s (20-39 years) serum uric
acid concentration will increase by 17.50 pmol/L for
each standard unit of TFQIpr4 increase (P for interac-
tion=0.016) (Fig. 5a—f).

Discussion

In this cross-sectional study of 4460 U.S. adults enrolled
in the NHANES, we evaluate the association between
thyroid hormone sensitivity (both central and peripheral)
and serum uric acid levels in people with normal thyroid
function. From our results, both central and peripheral
thyroid hormone sensitivity indexes, there is a clear rela-
tionship between serum uric acid levels. Thyroid hor-
mones and body metabolism have been the subject of
controversy in past studies, and so far, the relationship
between thyroid hormone and serum uric acid levels in
euthyroid individuals has not been well-explained [14,
15]. This creates an obvious disadvantage in the clini-
cal diagnosis and treatment process. Specific data in our
study indicate that all indexes of thyroid sensitivity were
observed positive correlation with serum uric acid lev-
els. Taking TFQIpr, and FT3/FT4 as examples, where
serum uric acid increases by 8.33 pmol/L for every unit
increase in TFQIpp, [(95% CI) (1.79, 14.87)), P=0.013];
for each unit increase in FT3/FT4, the level of serum uric

acid increases by 35.05 pmol/L [(95% CI) (9.27, 60.83),
P=0.007].

This study is the first to assess how impaired thyroid
hormone sensitivity affects serum uric acid metabolism
from the perspective of thyroid hormone sensitivity in a
representative American adult sample, in contrast to pre-
vious observations of its effect on serum uric acid con-
centration only from single indicators, such as FT3 and
FT4 [16, 17]. The new thyroid hormone resistance index,
TFQ)], is based on the empirical joint distribution of FT4
and TSH with the advantage of not yielding extreme val-
ues in the case of thyroid gland dysfunction, and can be
easily used to calculate any particular individual with ref-
erence to the population of the U.S.

Physiologically, thyroid hormones play a significant
role in stimulating the metabolism of the human body.
As thyroid hormone levels increase, more adenosine
triphosphate (ATP) is consumed, leading to higher lev-
els of adenine ribonucleotides, which may further affect
purine metabolism and make serum Uric acid levels
higher. Studies have shown that serum uric acid is posi-
tively correlated with FT3, but not FT4 and TSH levels in
individuals with normal thyroid function; nevertheless,
other studies have shown that serum uric acid increases
with an increase in FT4 levels [14]. Consequently, we
conducted this study because of the inconsistency of
these findings. In this study, we have conducted a first
analysis of the association from the perspective of
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thyroid hormone sensitivity which may explain some sensitive to thyroid hormones, whereas others are normal
of the inconsistency in previous studies. It is likely that  or more sensitive. Due to the existence of thyroid central
some individuals with normal thyroid function are less resistance, the same level of thyroid hormone may have
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varying effects on uric acid metabolism in different indi-
viduals, thus reconciling the above inconsistent research
contradictions.

With an increase in thyroid resistance index, the pro-
portion of obese people increased relative to baseline
characteristics. Except for FT3/FT4, all representative
thyroid central sensitive indicators were significantly
correlated with serum uric acid levels in obese subjects
based on the results of subgroup analysis and interac-
tion tests. Previous studies have reported similar find-
ings, namely, the higher the thyroid resistance index, the
greater the risk of obesity [18]. A certain stimulation of
the thyroid axis may be happening in the state of excess
energy metabolism, but the thyroid does not compen-
sate for the increased energy consumption due to its
state of excess energy metabolism. As a result of meta-
bolic syndrome, thyroid function can also be affected to
some extent. As an example, by acting on TRH neurons
via the JAK/STAT signaling pathway, leptin can promote
the release of TRH and further increase pituitary TSH
secretion [19]. Furthermore, thyroid function may also
be affected by low-grade inflammation caused by inflam-
matory cytokines associated with metabolic syndrome
[20]. These factors may collectively result in an expres-
sion compatible with resistance to thyroid hormone.
There is a high incidence of metabolic syndrome among
obese individuals [21, 22]. Hence, changes in serum uric
acid concentrations observed in obese individuals may be
caused by decreased thyroid hormone sensitivity alone,
or by both the metabolic syndrome and thyroid hormone
resistance.

Our further consideration of the reasons for the dif-
ferent results based on gender stratified analysis is war-
ranted. During the study, we could not completely
eliminate residual confounding effects despite adjust-
ing for age and other potential confounders. For exam-
ple, a previous study found that TSH and FT4 levels are
associated with changes in estradiol concentrations [23].
As a consequence, we should consider whether a com-
pounding effect of sex hormones is responsible for the
increase in serum uric acid levels associated with thyroid
hormone sensitivity decreased. It is thought that thyroid
hormones can regulate the transcription of sex hormone-
binding globulin (SHBG), which has different binding
affinities with testosterone and estradiol, thereby altering
sex hormone levels [24]. However, no link has been found
between FT4 and sex hormones in Further Mendelian
randomization studies [25]. Typically, premenopausal
women have lower serum uric acid levels than men of the
same age, and after menopause, the serum uric acid level
increases, because sex hormone levels change [26]. Nev-
ertheless, the interaction test showed that the correlation
between thyroid hormone sensitivity index and serum
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uric acid changes was mostly stable between sexes in this
study, which indicates reliability of the overall results.
Therefore, we speculate that this result is due to a sepa-
rate effect of heterogeneity within the female subgroup.
Until now, no studies have investigated the effect of gen-
der on thyroid hormone and serum uric acid metabolism
from the perspective of thyroid hormone sensitivity, and
there is still controversy regarding the causal relationship
between thyroid function and sex hormones. Thus, fur-
ther research is needed on thyroid hormone sensitivity
and sex hormones in the future.

It was observed that thyroid hormone sensitivity indi-
cators except TFQIpp, were significantly correlated with
serum uric acid in the young (20—39 years), but this asso-
ciation did not persist in the middle-aged and elderly.
According to cross-sectional studies [27, 28], elderly peo-
ple have significantly higher TSH levels compared to young
people when FT4 is within the normal range and the FT4
concentration remains the same. As we age, the hypo-
thalamus—pituitary—thyroid axis also undergoes complex
physiological changes [29]. As a consequence, we speculate
that: on one hand, middle-aged and elderly individuals may
increase TSH secretion set points to maintain FT4 concen-
trations due to a decreased sensitivity of negative feedback
from thyroid hormones or a decrease in TSH activity. On
the other hand, with age, the central thyroid sensitivity may
also have some deviations, and deiodinase activity and its
balance may also play a role in affecting thyroid hormone
sensitivity [30, 31]. Thus, the changes in uric acid levels due
to impaired thyroid hormone sensitivity in young individu-
als will be more pronounced than those in middle-aged and
elderly individuals.

Conclusion

As a result of these findings, we believe that impaired
thyroid hormone sensitivity (central or peripheral) is an
independent risk factor to elevated serum uric acid levels
in the euthyroid individuals, that is, higher values in indi-
ces of resistance to thyroid hormone are associated with
higher serum uric acid levels. In addition, the interaction
test also indicated that the correlation between the two
remained relatively stable, and the trend was generally
consistent with that for the entire populations. Moreover,
we also found a segmental relationship between TT3RI
and serum uric acid based on smooth curve fitting, which
is a highlight of the paper. In the absence of TT3RI higher
than 18.85, the relationship between serum uric acid and
TT3RI was not significant, but when TT3RI was higher
than 18.85, serum uric acid increased significantly with
the increase of TT3RI. It is suggested that the above-
mentioned thyroid resistance index can be taken into
account when evaluating changes in serum uric acid in
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the future, which may provide novel insights in clinical
diagnosis and treatment.
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