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Introduction

Thyroid nodules are abnormal masses in the thyroid gland 
that can cause serious physical and mental stress on patients. 
While the precise causes of thyroid nodules are unclear, 
it is believed to be closely related to numerous factors 
such as gender, age, body mass index, iodine intake, total 

cholesterol level, hypertension, and diabetes (1-3). Thyroid 
degeneration, inflammation, autoimmune problems, and 
neoplasms may present as thyroid nodules. Timely surgical 
resection is crucial to avoid significant patient morbidity 
and mortality. Hyperuricemia occurs when there is an 
excess of uric acid in the blood due to purine metabolism 
disorders. Complications of hyperuricemia include gout, 
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uremia, gouty arthritis, tophi, gouty nephropathy, uric 
acid nephrolithiasis, and ocular lesions. There have 
been conflicting reports in the literature regarding the 
relationship between hyperuricemia and thyroid nodules. 
While some reports have suggested that hyperuricemia may 
be a protective factor for the incidence of thyroid nodules, 
others believe that it may act as a risk factor (4,5). Other 
studies have suggested that the relationship between blood 
uric acid levels and the incidence of thyroid nodules varies 
in different populations and is dependent on factors such as 
age and gender. Though there have been many studies on 
hyperuricemia and thyroid nodules, we hope to combine the 
latest studies to perform a meta-analysis containing a larger 
sample size, to examine the correlation between serum uric 
acid levels and the incidence of thyroid nodules.

We present the following article in accordance with the 
PRISMA reporting checklist (available at https://dx.doi.
org/10.21037/gs-21-722).

Methods

Literature search 

A literature search was performed using the Chinese 
medical databases China National Knowledge Infrastructure 
(CNKI), VIP, Wanfang, and the Chinese Biomedical 
Database (CBM), as well as the English databases PubMed, 
EMBASE, and the Cochrane Library. The search period 
was from database establishment to September 2021. The 
following terms were used alone or in combination with 
the corresponding subject headings in the MeSH table: 
[hyperuricaemia], [hyperuricemia], [hyperuricacidemia], [uric 
acid or urea acid], [urate], [gout], [thyroid nodular goiter], [struma 
nodosa], and [solitary nodular goiter].

Literature selection process

Systematic reviews, randomized controlled trials, cross-
sectional studies, cohort studies, and case-control studies 
published in English were considered for this meta-
analysis. The following inclusion criteria were applied: (I) 
literature in which patients had a definitive diagnosis of 
hyperuricemia; (II) studies in which thyroid nodules were 
diagnosed by thyroid B ultrasound; and (III) studies which 
clearly mention the mean ± standard deviation (x±s) values 
or the odds ratio (OR) and 95% confidence interval (CI) 
values. 

Studies were excluded if it was a single case report; 
did not provide the x±s or OR and 95% CI values; the 

subjects had no definite diagnosis of hyperuricemia; the 
thyroid nodule was only diagnosed by hand palpation; 
there was a past history of thyroid nodules or other thyroid 
diseases; there were confounding factors that may affect 
the determination of blood uric acid levels, such as failure 
to fast for more than 8 hours, severe renal insufficiency, or 
pernicious anemia; and if the language of publication was 
not English.

Deviation risk evaluation

The publication bias of the cross-sectional study was 
evaluated using the relevant criteria detailed in the 
American Agency for Health Care Quality and Research 
(AHRQ). A total of 11 items were assessed and articles with 
a score of 0–3 were considered low-quality articles, a score 
of 4–7 indicated medium-quality articles, and papers with a 
score of 8 or higher were considered high-quality articles. 
The Newcastle-Ottawa Scale (NOS) was used to evaluate 
case-control studies and cohort studies. There were 8 items, 
with a possible full score of 9. Articles with a score of less 
than 5 were considered low-quality and studies with a score 
of 5 or higher were considered high-quality articles.

Data extraction

After literature retrieval, the Endnote X9 software was used 
for unified processing. Duplicate literatures were excluded. 
Two evaluators independently screened the literatures 
according to the inclusion and exclusion criteria by reading 
the titles, abstracts, and full-text articles. The following 
data were collated: (I) the basic information of the studies 
including title, author, publication date, contact address, 
and name of publication; (II) the basic characteristics of 
the study including study methods, total sample size, and 
number of groups; and (III) the basic characteristics of 
the participants including gender, age, and health status. 
Any disputes regarding the extraction of data and quality 
evaluation were resolved via discussions or by seeking the 
opinion of a third researcher.

Handling of data loss

In cases where insufficient data was provided, the data was 
obtained by calculation or linkage where possible, or the 
original authors were contacted for the data. If the required 
information could not be accessed, the literature was 
excluded.
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Statistical analysis

The x±s, OR and the 95% CI, and forest plots were 
calculated using the Stata15.1 software. The I2 value was 
used to evaluate heterogeneity among included studies. The 
random effects model was used to combine study results. 
The AHRQ or NOS score was used for meta-analysis to 
determine the effects of literature quality on heterogeneity 
factors. Sensitivity analysis was performed by excluding 
any literature one by one and examining the effect of the 
pooled effect size. Publication bias was assessed using the 
funnel plot test. The OR was used for enumeration data 
and the standardized mean difference (SMD) was used 
for measurement data. Each effect size was presented 

with a 95% CI. When A=0.05 or P<0.05, the results were 
considered statistically significant.

Results

Literature search and selection 

The database searches identified 343 articles. Exclusion of 
duplicate studies resulted in 195 remaining publications. A 
total of 146 literatures were excluded after reading the titles 
and abstracts. The remaining 49 publications were further 
screened by reading the full-text article and finally, a total 
of 16 articles were included in this meta-analysis. Figure 1 
shows the literature search and screening process.

Figure 1 A flow chart showing the literature selection process.
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Basic characteristics of included literatures

Meta-analysis and quality evaluation of the 16 included 
articles using the AHRQ and NOS scores identified 6 high-
quality articles and 10 medium to low quality articles. The 
basic information of the included studies are shown in  
Table 1.

The correlation between hyperuricemia and thyroid 
nodules in terms of odds ratios and 95% CI

A total of 6 studies examined the relationship between 
hyperuricemia and thyroid nodules in terms of the OR and 
the 95% CI. Meta-analysis showed that hyperuricemia was 
not correlated with the incidence of thyroid nodules (OR 

Table 1 The basic characteristics of the included literatures

Author Year Country
Number of 
samples (n)

Age at inclusion 
(years)

Male/Female 
(n/n)

Study  
region 

Blood uric acid levels  
(μmol/L)

AHRQ/NOS 
score (points)

Zhou (6) 2021 China 4,001 – 2,042/1,959 Nanchong Total TN: 327.79±87.03; 
NTN: 344.51±92.37; male 
TN: 384.89±81.58; NTN: 
389.28±83.06; female 
TN: 283.51±61.95; NTN: 
360.50±88.62 

6

Li (7) 2021 China 2,955 19–77 2,382/573 Xiangyang TN: 364.5±89.5; NTN: 
374.5±86.4 

6

Cao (8) 2020 China 4,971 18–84 2,370/2,601 Chongqing TN: 331.17; NTN: 350.48±98.17 6

Yang (9) 2020 China 771 22–58 771/0 Hangzhou TN: 389.63±70.82; NTN: 
365.87±65.80 

6

Liang (10) 2015 China 3,855 17–89 2,382/1,473 Guangdong – 9

Wang (11) 2019 China 426 20–82 197/229 Baotou TN: 359.15±70.27; NTN: 
357.33±68.54 

6

Xu (12) 2018 China 4,931 – 2,921/2,010 Shanghai TN: 353.73±81.51; NTN: 
360.50±88.62 

7

Chen (13) 2018 China 439 – 298/141 Fujian TN: 343.87±24.55; NTN: 
347.46±24.01 

5

Liu (5) 2017 China 67,781 18-86 33,020/34,761 Northwest 
China

Total TN: 300.32±82.75; NTN: 
309.41±86.53; male TN: 
351.96±77.78; male NTN: 
357.42±77.37; female TN: 
259.82±61.40; female NTN: 
253.73±58.91 

9

Ding (14) 2017 China 6,778 >45 3,277/3,501 Shanghai – 8

Dong (15) 2017 China 1,268 18–80 576/692 Urumqi – 8

Wang (16) 2017 China 4,527 20–95 2,633/1,894 Xi’an TN: 324.2±87.16; NTN: 
313.89±84.99 

8

Jiang (17) 2014 China 5,961 >18 2,126/3,835 Beijing – 7

Liu (18) 2014 China 5,158 21–97 3,514/1,644 Anhui – 4

Xu (19) 2014 China 11,268 20–82 5,009/6,259 Hangzhou TN: 356.23±67.50; NTN: 
354.86±69.38 

9

Chen (20) 2013 China 1,817 20–87 476/341 Dalian TN: 293.27±80.79; NTN: 
287.31±85.12 

6

TN, thyroid nodule group; NTN, non-thyroid nodule group; –, no data.
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=0.96; 95% CI: 0.90 to 1.04; P>0.05; Figure 2).

The correlation between hyperuricemia and thyroid 
nodules in terms of the mean and standard deviation 

A total of 9 articles reported the mean ± standard deviation 
values of serum uric acid levels and the incidence of thyroid 
nodules. Meta-analysis of the combined data revealed that 
hyperuricemia was not associated with the incidence of 
thyroid nodules (OR =0.00; 95% CI: −0.09 to 0.09; P>0.05; 
Figure 3).

The correlation between hyperuricemia and thyroid 
nodules according to the quality of the included literature

Meta-analysis of high-quality literatures based on AHRQ/
NOS scores demonstrated that hyperuricemia had no 
correlation with the incidence of thyroid nodules (OR 
=0.07; 95% CI: −0.03 to 0.16; P>0.05). Analysis of the 
pooled results from the medium to low quality studies also 
revealed that hyperuricemia had no correlation with the 
incidence of thyroid nodules (OR =−0.02; 95% CI: −0.13 to 
0.09; Figure 4).

The correlation between hyperuricemia and thyroid 
nodules in males and females 

A total of 3 articles reported the effects of hyperuricemia 
on the incidence of thyroid nodules in males and females. 
Analysis of the combined results showed that hyperuricemia 
was a protective factor for the incidence of thyroid nodules 
in adult males (OR =0.91; 95% CI: 0.86 to 0.97; P<0.05). 
However, in females, hyperuricemia was a risk factor for the 
incidence of thyroid nodules (OR =1.14; 95% CI: 1.04 to 
1.25; P<0.05; Figure 5).

Sensitivity analysis of the included literatures

Sensitivity analysis of the 9 articles reporting mean ± 
standard deviation values showed similar distribution on 
both sides and good stability (Figure 6).

Analysis of publication bias

Funnel plots were used to assess the publication bias in 
the 6 literatures that reported the OR and 95% CI of the 
incidence of hyperuricemia and thyroid nodules, and in the 

Figure 2 A forest plot showing the pooled results from studies that reported the correlation between hyperuricemia and thyroid nodules in 
terms of odds ratio and 95% confidence intervals.

ID Ratio (95% CI)
Study

Liu.Y 2017 1.06 (0.86, 1.26)

Dong.L.Y 2017 1.03 (0.49, 2.16)

Ding.X.Y 2017 0.99 (0.85, 1.15)

Jiang.H 2014 0.87 (0.75, 1.01)

Liu.S.Y 2014 0.84 (0.68, 1.05)

Liang.Y.J 2015 1.04 (0.90, 1.20)

Overall (I-squared =9.7%, P=0.354) 0.96 (0.90, 1.04)

Odds

0.5 1 2 3 4 5 6 7 8 9
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9 studies that reported the mean ± standard deviation values. 
The funnel plot showed that the left-right distribution of 
the literature was basically symmetrical without significant 
publication bias (Figures 7,8).

Discussion

A total of 16 articles, with a total sample size of 126,907, 
were included in this meta-analysis. The overall data 
suggested that  there was no correlat ion between 
hyperuricemia and the incidence of thyroid nodules. 
Interestingly, gender analysis revealed that hyperuricemia 
was a protective factor for the incidence of thyroid nodules 
in the male population (OR =0.91; 95% CI: 0.86 to 0.97; 
P<0.05). Conversely, hyperuricemia was identified as a risk 
factor for the incidence of thyroid nodules in women (OR 
=1.14; 95% CI: 1.04 to 1.25; P<0.05). However, due to the 
small number of relevant studies, the low quality of the 
original studies, and the great variations in sample sizes, this 
subgroup analysis may not be satisfactory.

Hyperuricemia and thyroid nodules are relatively 
common diseases of the endocrine system with a high 
incidence rate that continues to escalate annually. However, 
the etiology and pathogenesis of thyroid nodules are 

relatively complex, and there are many relevant studies 
so far, but it has not been concluded. Insulin resistance 
syndrome is the metabolic syndrome, can cause increased 
serum uric acid levels. Many studies have shown that 
the morbidity of thyroid nodule are higher in patients 
with metabolic syndrome than those with non-metabolic 
syndrome. Liu et al. showed that longitudinal growth of 
serum uric acid levels in women is a risk factor for the 
metabolic syndrome, and this association was not found in 
men (21). The region with the highest prevalence of thyroid 
nodules in China is in Hebei Province, and the lowest is in 
Xinjiang Province, but the prevalence of hyperuricemia does 
not vary greatly between them (22,23). Uric acid is a class 
of purine metabolites that has been shown to exert strong 
antioxidant effects capable of regulating metabolism and 
inflammation (24-28). Hyperuricemia is a significant risk 
factor for gout and is closely related to hypertension, type 2 
diabetes, chronic kidney disease, cardiovascular disease, and 
metabolic syndromes (29). Interestingly, gender differences 
have been noted in these correlations. For example, women 
with hyperuricemia are more likely to experience secondary 
disease (30,31). Consistent with this latter study, the current 
meta-analysis revealed that hyperuricemia is a risk factor for 
thyroid nodules in the female population. The incidence of 

ID SMD (95% CI) Weight
Study

Wang.X.Y (2017) 0.12 (0.06, 0.18) 12.36

Xu.H.L (2014) 0.02 (−0.02, 0.06) 12.89

Li.H.R (2021) −0.11 (−0.19, −0.03) 11.88

Zhou.X.Y (2021) 0.08 (0.02, 0.14) 12.37

Xu.X.Q (2018) −0.08 (−0.14, −0.02) 12.52

Cao.Y (2020) −0.20 (−0.26, −0.14) 12.49

Yang.B (2020) 0.35 (0.20, 0.51) 9.25

Wang.L (2019) 0.03 (−0.16, 0.22) 8.10

Chen.X (2018) −0.15 (−0.34, 0.04) 8.14

Overall (I-squared =92.4%, P=0.000) 0.00 (−0.09, 0.09) 100.00

Note: weights are from random effects analysis

−0.509 0 0.509

%

Figure 3 A forest plot showing the pooled results from studies that reported the correlation between hyperuricemia and thyroid nodules in 
terms of the mean and standard deviation.
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Figure 4 An analysis of the correlation between hyperuricemia and thyroid nodules in high quality studies and low to medium quality studies.

Figure 5 An analysis of the correlation between hyperuricemia and thyroid nodules in males and females.

ID Ratio (95% CI) Weight
Study

male

Liu.Y (2017) 0.93 (0.87, 0.98) 62.33

Ding.X.Y (2017) 0.82 (0.65, 0.99) 4.99

Jiang.H (2014) 0.82 (0.65, 0.99) 4.99

Subtotal (I-squared =15.7%, P=0.306) 0.91 (0.86, 0.97) 72.31

female

Liu.Y (2017) 1.12 (1.00, 1.25) 17.74

Ding.X.Y (2017) 1.24 (0.99, 1.53) 4.66

Jiang.H (2014) 1.12 (0.91, 1.37) 5.28

Subtotal (I-squared =0.0%, P=0.705) 1.14 (1.04, 1.25) 27.69

Heterogeneity between groups: P=0.000

Overall (I-squared =75.0%, P=0.001) 0.97 (0.93, 1.02) 100.00

Odds %

0.5 1 2 3 4 5 6 7 8 9

ID SMD (95% CI) Weight
Study

High

Wang.X.Y (2017) 0.12 (0.06, 0.18) 12.36

Xu.H.L (2014) 0.02 (−0.02, 0.06) 12.89

Subtotal (I-squared =86.0%, P=0.008) 0.07 (−0.03, 0.16) 25.25

.

Low

Li.H.R (2021) −0.11 (−0.19, −0.03) 11.88

Zhou.X.Y (2021) 0.08 (0.02, 0.14) 12.37

Xu.X.Q (2018) −0.08 (−0.14, −0.02) 12.52

Cao.Y (2020) −0.20 (−0.26, −0.14) 12.49

Yang.B (2020) 0.35 (0.20, 0.51) 9.25

Wang.L (2019) 0.03 (−0.16, 0.22) 8.10

Chen.X (2018) −0.15 (−0.34, 0.04) 8.14

Subtotal (I-squared =91.8%, P=0.000) −0.02 (−0.13, 0.09) 74.75

.

Overall (I-squared =92.4%, P=0.000) 0.00 (−0.09, 0.09) 100.00

Note: weights are from random effects analysis

%

−0.509 0 0.509
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thyroid nodules in women may be related to menstruation, 
pregnancy, and other factors related to endocrine disorders, 
resulting in increased demand for thyroid hormones (32). 
In addition, estrogen levels may decrease as a woman ages, 
and serum uric acid levels are negatively correlated with 
estradiol levels. Indeed, following estrogen replacement 
therapy, blood uric acid levels may show a significant 
decrease (33,34). Therefore, the incidence of thyroid 
nodules may differ significantly between males and females, 
and the specific mechanisms warrant further analysis.

There were several limitations in this study. First, there 
is a paucity of studies examining the correlation between 
hyperuricemia and thyroid nodules, with most of the 
included literatures being from China. Therefore, the 
total number of included studies in this meta-analysis was 
small. Second, there were large variations in the sample 
sizes and a large gap in the quality of the literature. Due 
to the language limitation during the literature selection 
process, there may be certain publication bias. It should 
be noted that since meta-analysis involves the re-analysis 

Figure 6 Sensitivity analysis of the included literatures.

Figure 7 Example 1 of funnel plot. Figure 8 Example 2 of funnel plot.

Wang.X.Y (2017)

Xu.H.L (2014)

Li.H.R (2021)

Zhou.X.Y (2021)

Xu.X.Q (2018)

Cao.Y (2020)

Yang.B (2020)

Wang.L (2019)

Chen.X (2018)

Meta-analysis estimates, given named study is omitted

Lower CI limit Estimate Upper CI limit

−0.12 −0.09 0.00 0.09 0.11

S
.E

. o
f o

r

0.0

0.1

0.2

0.3

0.4

Funnel plot with pseudo 95% confidence limits

−1 −0.5 0.0 0.5 1.0
OR

Funnel plot with pseudo 95% confidence limits

se
 (S

M
D

)

0.00

0.02

0.04

0.06

0.08

0.10

−0.2 0
SMD

0.2 0.4



3332 Hu et al. Correlation between hyperuricemia and thyroid nodules

© Gland Surgery. All rights reserved.   Gland Surg 2021;10(12):3324-3333 | https://dx.doi.org/10.21037/gs-21-722

of numerous studies, the effectiveness and authenticity of 
the results are closely related to the quality of the original 
studies.

Conclusions

In summary, there was no correlation between hyperuricemia 
and the incidence of thyroid nodules in the overall 
population. Interestingly, while hyperuricemia was 
identified as a protective factor for thyroid nodules in men, 
it was found to be a risk factor in females. However, since 
the sample size of this study was limited, further research is 
warranted to verify the correlation between hyperuricemia 
and thyroid nodules.
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