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Abstract

function among healthy individuals remains unclear. We aimed to
Background: The relationship of uric acid (UA) with the thyroid
examine the relationship between UA contents and thyroid hormone levels in healthy Chinese individuals.
Methods: This was a cross-sectional study of 1186 Chinese adults (736 men and 450 women) who underwent a health check-up at
the Huadong Hospital Affiliated to Fudan University (Shanghai, China) between January 1, 2010 and July 31, 2018. Clinical and
thyroid hormone levels were compared in different UA groups (in male andmenopause women groups,MG1: UA< 5mg/dL;MG2:
5 mg/dL�UA< 7 mg/dL; andMG3: UA ≥ 7 mg/dL; in female groups, FG1 to FG3 represent the UA levels of<4 mg/dL, 4 mg/dL�
UA< 6 mg/dL, and ≥6 mg/dL, respectively). In addition, natural cubic spline regression, together with Pearson correlation analysis,
was performed in investigating the correlation of UA with thyroid hormones.
Results:After adjusting for confounding factors, low levels of UA (for males, UA< 5.30mg/dL; for females, UA< 4.05mg/dL) were
negatively correlated with free triiodothyronine (FT3) both in men and women. UA levels between 4.83 and 6.06 mg/dL may act to
protect FT3 in women, while UA levels between 6.39 and 7.09 mg/dL may protect FT3 in men. FT3 levels of low-range UA group
reduced compared with mid-range UA and the high-range UA groups in both men and women.
Conclusions: Our results provide epidemiologic evidence to support the negative correlation between low UA contents and FT3 in
the Chinese Han population, suggesting that the reduced UA contents may serve as the risk factor to predict poor thyroid function in
Chinese individuals.
Keywords: Uric acid; Thyroid; Chinese

Introduction diseases.[2] Those adverse thyroid dysfunction effects on

the metabolic system have been extensively recognized;
Thyroid hormones (THs) play their parts in multiple
events, including development, growth, metabolism, and
reproduction. Recently, attentions have been paid to THs
again due to the increasing prevalence of metabolic
diseases, because THs boost the body energy metabolism.
Research on THs mainly examines the roles of TH in
glucose oxidation, oxidative phosphorylation accelera-
tion, fat degradation, as well as additional metabolic
activities.[1] In the meantime, THmimetics are proposed in
managing diabetes and obesity. Therefore, it is of vital
importance to understand the population-based thyroid
dysfunction distribution, as this represents a candidate risk
factor of cardiovascular disease, hypercholesterolemia,
arrhythmia, osteoporosis, as well as neuropsychiatric
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however, the associations of THs levels with the
hyperuricemia risk among euthyroid subjects remain
unclear so far.

Uric acid (UA) is the eventual oxidation product during the
metabolism of purine within human body, which exerts the
pro-oxidant and antioxidant activities.[3] UA makes no
known direct contribution to the metabolic syndrome, but
the UA contents in serum usually elevate among such
patients.[4,5] The UA content in serum is identified as the
factor to independently predict the risk of metabolic
syndrome.[6,7] Therefore, it was suggested that UA might
be related to the thyroid function. Such association is
previously examined among overt thyroid dysfunction
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patients,[8-10] but it is still unknown about the relationship
of UAwith thyroid function among the normal subjects. As

Statistical analysis

Chinese Medical Journal 2020;133(12) www.cmj.org
a result, the current cross-sectional study was performed to
evaluate the association of UA with thyroid function in
healthy individuals.

Methods
Ethical approval

Our study protocol had gained approval from the local
Ethics Committee of Huadong Hospital Affiliated to Fudan
University (No. 20190037), and performed following the
Declaration of Helsinki. As a retrospective study and data
analysiswas performed anonymously, itwas unnecessary to
obtain informed consent from the participants.

Study participants
A total sample size of 1186was larger thanwhatwas needed
whichwasdeterminedusing theFischer equationn= z2�p�
(1–p)/e2 (n: sample size, z: z-score associated with a level
of confidence, p: sample proportion, e: margin of error).
Data from a total of 736 men (age of 56.4± 9.2 years) and
450 women (age of 56.6± 10.1 years) undergoing routine
physical examinations in the Affiliated Huadong Hospital
of Fudan University (Shanghai, China) from January 1,
2010 to July 31, 2018 were included into the current work
for analysis. Each of the patients paid spontaneous visits
to the physical examination center to receive physical
examinations, including comprehensive screening to detect
malignant tumors, thyroid dysfunction, diabetes, as well as
additional age-related disorders. Patients undergoing TH
replacement therapy and those who were administered
medications that could affect thyroid function such as
amiodarone, sulfonylurea, tyrosine kinase inhibitors,
and immune modulators, in the past 12 months or over
6 months, were not included in the current work. Subjects
who had chronic diseases potentially affecting the thyroid
function, like thyroid cancer, hypophyseal disease, gestation
and mental disease, abnormality in renal or liver function
test, were not included as well, so as to prevent any
alterations in thyroid function. The minimal inclusion as
well as exclusion criteria were adopted for diminishing the
possible bias in patient selection.

Biochemical assays
410
The blood was sampled in the early morning following
fasting for 12 h, which were then sent to laboratory for
analysis. As the renal function indicator, the estimated
glomerular filtration rate (eGFR; mL/min per 1.73 m2) was
determined according to Chronic KidneyDisease Epidemiol-
ogy Collaboration formula. In addition, the contents of UA,
free triiodothyronine (FT3), serum creatinine (SCr), free
thyroxine (FT4), thyroid-stimulating hormone (TSH), creati-
nine, triiodothyronine (T3), thyroxine (T4), alkaline phos-
phatase (ALP), triglycerides (TGs), total cholesterol, low/
high-density lipoprotein, serum fasting blood glucose (FBG),
and hemoglobin A1c were measured. The patient height and
body weight were determined in the absence of shoes. At the
same time, the body mass index (BMI) was determined
through dividing weight (kg) by the square of height (m2).

1

The categorical and continuous clinical parameters are
reported in the manner of percentages and mean ±
standard deviation, separately. Analysis of variance was
performed to compare the clinical variables, thyroid
functions in subjects of each UA group (in male and
menopause women groups, MG1–MG3: UA< 5 mg/dL, 5
mg/dL<UA < 7 mg/dL, and ≥7 mg/dL, respectively; in
female groups, FG1–FG3: UA< 4mg/dL, 4mg/dL<UA<
mg/dL, and ≥6 mg/dL, respectively).[11,12] The least
significance difference test was applied to examine the
homogeneity of variance, whereas the Tamhane T2 test
was adopted to examine the inhomogeneity of variation.
Factors related to TH levels were identified by Pearson
correlation analysis. Thereafter, the relationships between
UA contents in serum and TH levels were determined by
natural cubic spline regression analysis, following poten-
tial confounder adjustment. A difference of P < 0.05
indicated statistical significance. SPSS 18.0 software (IBM
Inc, New York, NY, USA). for windows 10.0 was
employed for statistical analyses.

Results
Clinical and TH levels in different UA groups

The main clinical variables for the participants are
summarized in Table 1. To rule out the effect of UA on
THs, we first studied the effect of UA on clinical
parameters. The participants were divided into three UA
groups. UA, FT3, age, SCr, eGFR, BMI, total cholesterol,
TG, and HDL were significantly different in the three UA
groups in men (P< 0.05). UA, FT3, age, SCr, eGFR, BMI,
TG, ALP, FBG, and hemoglobin A1c were significantly
different in the three UA groups in women (P< 0.05).

Relationship between serum UA levels and THs
According to Pearson correlation analysis results, while
UA showed positive correlation with TG (r= 0.23,
P< 0.01), and BMI (r= 0.19, P< 0.01), but it was
negatively correlated with eGFR (r= –0.15, P< 0.01) as
well as age (r= –0.14, P< 0.01) in men. Those above
parameters were identified to be the confounding variables
regarding the effect of UA on THs. A natural cubic spline
regression model in men was carried out for determining
UA effect on FT3, after adjusting for potential confound-
ers. In men, UA had a negative effect on FT3 when it was
<5.30 mg/dL and this negative effect increased with
decrease in serum UA levels. Meanwhile, UA had a
positive effect on FT3 in men in the range of 6.39 to 7.09
mg/dL. These results were statistically significant. When
UA> 7.09mg/dL, UA effect on FT3 was not statistically
significant [Figure 1A].

In women, UAwas positively associated with age (r= 0.21,
P< 0.01), BMI (r= 0.38, P< 0.01), FBG (r= 0.18,
P< 0.01), together with TG (r= 0.16, P = 0.001). UA
was inversely related to eGFR (r= –0.18, P< 0.01). The
above parameters were identified to be the confounding
parameters regarding the effect of UA on THs. A natural
cubic spline regressionmodel in womenwas carried out for
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determining UA effect on FT3, when the possible
confounders were adjusted. In females, UA negatively

Women of low-range UA group had remarkably lower
FT3 [Figure 2B] than those in the mid- and high-range UA

Figure 1: Natural cubic spline regression analysis for the effect of serum UA (independent variable) on serum FT3 (dependent variables) in different models. (A) The effect of serum UA on
serum FT3 in males. (B) The effect of serum UA on serum FT3 in females. (C) The effect of serum UA on serum FT3 in menopausal females. Solid line refers to the effect of UA on FT3; the
95% CI are depicted in dotted line. The 95% CI containing 0 implies the effect is not statistically significant. UA: Uric acid; FT3: Free triiodothyronine; CI: Confidence interval.

Figure 2: Serum FT3 levels according to serum UA groups in males, females and menopause women. (A) FT3 in men was compared among three groups of serum UA levels using one-way
ANOVA. MG1: UA< 5 mg/dL, MG2: 5 mg/dL� UA< 7 mg/dL, MG3: UA ≥ 7 mg/dL. (B) FT3 in females was compared among three groups of serum UA levels using one-way ANOVA. FG1:
UA< 4 mg/dL, FG2: 4 mg/dL� UA< 6 mg/dL, FG3: UA ≥ 6 mg/dL. (C) FT3 in menopause women compared among three groups of serum UA levels using one-way ANOVA. MG1: UA< 5
mg/dL, MG2: 5 mg/dL � UA< 7 mg/dL, MG3: UA ≥ 7 mg/dL. FT3: Free triiodothyronine; UA: Uric acid; ANOVA: Analysis of variance.

Chinese Medical Journal 2020;133(12) www.cmj.org
affected FT3 at <4.05 mg/dL, and this negative effect
increased with decrease in serum UA levels. Meanwhile,
UA had a positive effect on FT3 in women within 4.83 to
6.06 mg/dL range. The results were statistically significant.
When UA> 6.06 mg/dL, the effect of UA on FT3 was not
statistically significant [Figure 1B].

In menopausal women over 50 years old, UAwas positively
associated with BMI (r = 0.34, P< 0.01), FBG (r= 0.23,
P< 0.01), along with TG (r= 0.16, P= 0.003). UA was
inversely related to eGFR (r= –0.18, P< 0.01). The above
parameters were identified to be the confounding param-
eters regarding the effect of UA on THs. In menopausal
women, UA had a negative effect on FT3 at <4.02mg/dL,
and this negative effect increased as the UC levels in serum
decreased. Meanwhile, UA had a positive effect on FT3
within 4.75 to 5.76 mg/dL range. The results were
statistically significant. When UA> 5.76mg/dL, the effect
of UA on FT3 was not statistically significant [Figure 1C].

TH levels in different UA groups
412
Based on analysis of variance results, men within low-
range UA group displayed markedly lower FT3
[Figure 2A] than those in the high- and mid-range UA
groups (P< 0.01 and P = 0.001).

1

groups (P< 0.01).

Menopausal women of low-range UA group had evidently
lower FT3 [Figure 2C] than those in the mid-range UA
group (P= 0.016).

Discussion
As far as we know, the current cross-sectional study has
demonstrated a relationship of FT3 with UA contents
among the general population with no obvious thyroid
dysfunction. In this study involving 1186 Chinese adults,
UA showed positive correlation with FT3 levels by Pearson
correlation and by natural cubic spline regression after
adjusting for confounding factors. Our result suggests that
UA is closely correlated with thyroid function.

Our results provide epidemiologic evidence that the UA
levels in serum are related to FT3, rather than to FT4 and
T4 levels in a Chinese Han population. Currently, several
articles investigate the relationship of severe thyroid
dysfunction with hyperuricemia. According to the cross-
sectional research by Ye et al,[13] UA content was
associated with FT4 but not with FT3 or T3 in subjects
without overt thyroid dysfunction; Moreover, according
to one case-control study, the UA contents in serum

http://www.cmj.org


markedly increase among cases suffering from overt
hyperthyroidism, which are tightly associated with the

be affected by age,[24] but we have found that the
correlation of UA and FT3 remained in men and women

1. Damiano F, Rochira A, Gnoni A, Siculella L. Action of thyroid
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T3 and T4 levels in serum prior to and in the treatment.[14]

On the contrary, based on one article involving 2359 cases
suffering from thyroid dysfunction to different degrees, UA
was not related to T3 or T4 contents.[9] This result conflicts
with our own data. Several factors, such as the hetero-
geneities in study objects (like general subjects vs. patients),
laboratory approaches for defining T3/T4 level and TSH,
and sample size, could account for these discrepancies.

THs are related to oxidative stress (OS) as well as the
antioxidant status, which is because that they can alter
the respiratory rate and promote the basal metabolism
within mitochondria.[15] Changes in THs contents may
serve as the major physiologic regulators for cellular OS in
vivo.[16] The available data concerning OS in thyroid
dysfunction are controversial and insufficient. A low amount
of free radicals are generated in hypothyroidism, since the
decreased THs content led to suppression of metabolism.[17]

Additionally, T3 can decrease the superoxide dismutase 1
expression; by contrast, the persistent hypothyroidism results
in the increased superoxide dismutase 1 activity within rat
brains.[18] Evidence suggests that, as the antioxidant, UA
exerts its physiologic benefits based on its ability to scavenge
free radicals.[19] As amatter of fact, UA takes up about 1/2 of
the antioxidants within the plasma of human beings.[20] As a
result, it can be hypothesized that, the moderate elevation in
plasma UA content may affect THs due to its potent anti-
oxidation. As suggested by a large study, the UA contents in
serum is linearly correlatedwith thequartiles of FT4contents,
and the elevated UA contents are expected within the upper
FT4 quartiles.[13] This result is also consistent with our own
data, inwhich lowUAcontent in serumwere inversely related
to FT3 for both men and women.

BMI has been shown to be associated with thyroid
functions. As discovered by investigators, the increased
BMI is related to thyroid function; besides, it has been
suggested that thyroid function was partly mediated by
BMI. Abdi et al[21] evaluated the correlation of changes of
thyroid functional tests in euthyroid range with BMI
among individuals having normal baseline weight. Their
results found that in normal weight euthyroid individuals,
changes of the FT4 levels in serum, rather than TSH,
possibly led to the changed body weight among euthyroid
subjects with normal weight. Schmid et al[22] reported that
the thyroid cancer risk was markedly higher in subjects
with over-weight (25%) and obesity (55%) than in normal
weight patients. An increase of 5 units on the BMI scale is
associated with a 30% higher thyroid cancer risk. This
study also suggested that lowUA content was still inversely
related to FT3 after adjusting for BMI. Therefore, it is less
likely, at least in our cohort, that BMI has no effect on FT3.

Meanwhile, THs are also associated with renal dysfunc-
tion. A prospective investigation demonstrated that a
greater FT4, rather than FT3 or T3, related to the elevated
Chronic Kidney Disease risk as well as rapid decrease in
eGFR among the old and middle-aged Chinese.[23] Such
finding conformed to this study, suggesting that FT3 and
T3 were related to UA when the eGFR was adjusted.
Another consideration is that serum T3 levels are known to

1

after adjusting for age, suggesting that the effects of age
may not have substantial effect on serum FT3 levels.

There are several noteworthy strengths to our study. Most
importantly, we analyzed cross-sectional data separated
from women and men for the specific investigation on the
UA impacts on TH. Second, rigorous exclusion criteria
were set according to routine laboratory findings and
medical histories, which contributed to carefully adjusting
the potential confounders for the appropriate investigation
on those physiologic impacts of UA on thyroid function.
Additionally, we noticed different effects of low levels of
UA and high levels of UA on FT3 in the Chinese cohort.

Nonetheless, certain limitations should be noted in the
current work. Firstly, the causal relationship of the UA
content in serum with thyroid dysfunction was not
determined due to the nature of cross-sectional study.
Secondly, subjects visiting the physical examination center
were also included as the study population in this study; as
a result, the representativeness of general population might
be lacking, thus leading to the selection bias. Thirdly,
participant’s smoking history was not recorded in this
study due to its health check-up and cross-sectional nature,
which can impact thyroid function test results.

In conclusion, this study demonstrates that low levels of UA
were negatively correlated with FT3 both in men and
women. UA levels between 4.83 and 6.06 mg/dLmay act to
protect FT3 in women, while UA levels between 6.39 and
7.09 mg/dL may also protect FT3 in men. FT3 level of low-
range UA group reduces compared with mid- and the high-
range UA groups both in men and women. UA, the natural
antioxidant, can serve as the risk factor of thyroid disease at
a low content. For prevention and treatment in hyperurice-
mia, the most appropriate UA target has to be selected and
considered for how long it needs to bemaintained for.More
investigation is needed to explore theunderlyingmechanism
responsible for the various UA effects on THs.
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