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Hyperuricemia is closely linked to metabolic diseases and cardiovascular conditions, while circadian 
syndrome (CircS) plays a pivotal role in metabolic syndrome (MetS) and its related disorders. This study 
examines the relationship between CircS, serum uric acid (SUA) levels, and the risk of hyperuricemia 
using data from the National Health and Nutrition Examination Survey (NHANES) from 2005 to 
2018. Weighted multivariable linear and logistic regression analyses were employed to assess the 
relationships between CircS, its components, SUA levels, and the risk of hyperuricemia, supplemented 
by subgroup analyses and interaction tests to understand the influence of other risk factors. Restricted 
cubic spline (RCS) regression was utilized to investigate potential nonlinear relationships. The study 
included 16,785 adults aged 20 and older, of whom 5,833 exhibited CircS and 3,572 had hyperuricemia. 
The weighted linear regression revealed a significant positive association between CircS and SUA levels 
(β = 0.108, 95% CI 0.034, 0.182; P = 0.005), with triglyceride scores showing the strongest association 
(β = 0.168, 95% CI 0.105, 0.231; P < 0.001). Additionally, weighted multivariable logistic regression 
indicated a significant link between CircS and hyperuricemia occurrence (OR = 1.227; 95% CI: 1.073, 
1.402; P = 0.003), with blood pressure scores having the most substantial contribution (OR = 1.538; 95% 
CI: 1.347, 1.756; P < 0.001). Subgroup analyses confirmed the robustness of these correlations across 
various populations. RCS results demonstrated significant nonlinear relationships between CircS, 
SUA levels, and hyperuricemia (P < 0.001). In conclusion, this study establishes a significant positive 
association between CircS and both SUA levels and the risk of hyperuricemia, highlighting a notable 
nonlinear relationship between the two.
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Uric acid is the final product of purine metabolism in the human body, and under physiological conditions, 
its synthesis and excretion are balanced1. When this balance is disrupted, hyperuricemia occurs. With changes 
in lifestyle and dietary patterns, the prevalence of hyperuricemia has been rising, becoming the “fourth 
major” disease after hypertension, diabetes, and hyperlipidemia1,2. As of 2020, approximately 930  million 
people globally were affected by hyperuricemia and gout, with estimates suggesting this number could reach 
1.18 billion by 20252. Hyperuricemia not only leads to gout but is also associated with cardiovascular events such 
as hypertension, atherosclerosis, and atrial fibrillation, as well as conditions like diabetes and chronic kidney 
disease3–8. However, the exact pathological mechanisms of hyperuricemia remain incompletely understood, and 
long-term treatment for hyperuricemia carries both costs and risks. Therefore, identifying high-risk populations 
for hyperuricemia and providing early prevention is crucial.

The circadian rhythm system is a major regulator of nearly all aspects of human health and metabolism9. 
It governs gene expression, the release of various hormones, body temperature, activity patterns, energy 
expenditure, and other vital bodily functions10. Circadian syndrome (CircS) is characterized by any of the 
following four conditions: dyslipidemia (elevated triglycerides or decreased high-density lipoprotein cholesterol), 
hypertension, central obesity, diabetes, depression, and sleep deprivation11. In recent years, lifestyle changes 
have led to an increased incidence of CircS, exacerbating the development of various chronic diseases, including 
metabolic disorders such as obesity, hypertension, and diabetes, as well as cancers12–14.

It is essential to identify risk factors within the causal chain to promote the prevention of hyperuricemia. 
However, most previous studies have only examined the relationship between hyperuricemia and individual 
independent risk factors. Circadian rhythm disturbances encompass multiple risk factors that contribute 
to hyperuricemia11,12. CircS represents a more coherent metabolic syndrome (MetS) clustering and its 
complications15. Yet, few studies to date have comprehensively examined the association between CircS and 
hyperuricemia. Therefore, this study aims to utilize the National Health and Nutrition Examination Survey 
(NHANES) data to explore the relationship between CircS and serum uric acid (SUA) levels as well as 
hyperuricemia.

Methods
Study design and population
This cross-sectional study utilized data from the NHANES (https://www.cdc.gov/nchs/nhanes). NHANES is a 
national survey conducted by the Centers for Disease Control and Prevention (CDC) that employs a complex 
multistage sampling design to collect data representative of the non-institutionalized U.S. population. The 
NHANES program was approved by the National Center for Health Statistics (NCHS) Research Ethics Review 
Board, and all survey participants provided informed consent16. Data from NHANES cycles from 2005 to 2018 
were analyzed. Exclusion criteria for this study included age < 20 years, and missing data on CircS and SUA 
levels, as detailed in Fig. 1.

SUA levels and hyperuricemia diagnosis
Serum samples were collected from participants and stored at -30 °C before being sent to the CDC/NCEH/DLS 
for testing. SUA levels were measured using the Beckman Coulter UniCel® dx800 as part of the routine serum 
biochemical profile. Hyperuricemia was defined as serum uric acid levels ≥ 7 mg/dL in men and ≥ 6 mg/dL in 
women17.

Diagnosis of circadian syndrome
The diagnosis of CircS was based on seven components: reduced sleep duration (< 6 h), depressive symptoms 
(Patient Health Questionnaire-10 score ≥ 10), central obesity (waist circumference ≥ 85  cm for men and 
≥ 80  cm for women), elevated triglycerides (≥ 150  mg/dL or use of lipid-lowering medications), low high-
density lipoprotein cholesterol (HDL-C < 40 mg/dL in men and < 50 mg/dL in women or use of lipid-lowering 
medications), hypertension (systolic ≥ 130 and/or diastolic ≥ 85 mmHg or use of antihypertensive medications), 
and hyperglycemia (fasting blood glucose ≥ 100 mg/dL or use of glucose-lowering medications). Participants 
with at least four components were classified as having CircS12. Waist circumference and blood pressure 
measurements were taken by trained professionals at mobile examination centers. Participants had 1 to 4 blood 
pressure readings; those with no readings were excluded. If there was only one reading, it was recorded as the 
final value; if there were multiple readings, the first one was always excluded, and the average of the remaining 
readings was used18. Data on sleep duration, depressive symptoms, and medication history were collected 
through self-reported questionnaires. Triglycerides, HDL-C, and blood glucose concentrations were measured 
from fasting venous blood samples using enzymatic colorimetric methods.

Covariates
Covariates include demographic data (gender, age, education level, poverty income ratio), Body mass 
index (BMI), laboratory indicators (including albumin, alanine aminotransferase (ALT), and aspartate 
aminotransferase (AST)), as well as smoking, alcohol consumption history, and medical history (presence of 
coronary heart disease, stroke, or cancer). The poverty income ratio (PIR) was determined by calculating the 
ratio of monthly family income to the poverty levels defined by the Department of Health and Human Services, 
categorized as low income (≤ 1.30), middle income (1.31–3.50), and high income (> 3.50)19. BMI was calculated 
by dividing weight (kg) by height (m²). Smoking and alcohol consumption history, along with medical history, 
were collected through questionnaires. Participants’ creatinine clearance rates were assessed using the CKD-EPI 
Creatinine Eq. (2021) to evaluate kidney function20.
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Statistical analyses
Statistical analyses were conducted following NHANES database analysis guidelines and recommended weights. 
The Kolmogorov-Smirnov test was used to assess data normality. Non-normally distributed continuous data were 
presented as medians and interquartile ranges, with group comparisons made using the Mann-Whitney U test. 
Categorical data were expressed as proportions, with group comparisons also made using the Mann-Whitney 
U test. Count data were presented as proportions, and group comparisons were conducted using the chi-square 
test. Weighted multivariable linear regression analyses were performed to explore the association between 
CircS and SUA levels. Weighted multivariable logistic regression analyses were used to examine the relationship 
between CircS and the risk of hyperuricemia. Three models were constructed: Model 1 was unadjusted, Model 2 
was adjusted for gender, age, and race, and Model 3 was adjusted for gender, age, race, household poverty ratio, 
education level, BMI, eGFR, albumin, ALT, AST, alcohol, smoke and medical history of cancer, coronary heart 
disease, stroke. Restricted cubic spline (RCS) regression (with three knots) was employed to explore potential 
nonlinear relationships between circadian scores and SUA levels and hyperuricemia risk. All statistical analyses 
were performed using R software (version 4.0.0) and SPSS (version 25.0), with a significance level set at P < 0.05.

Results
Baseline characteristics
Table  1 presents the baseline characteristics of the study population. A total of 16,785 adults aged 20 years 
and older were included in this study, of which 8,413 (50.12%) were male. Among the total study population, 
3,572 participants were diagnosed with hyperuricemia. The median age of the study population was 50 years, 
with the hyperuricemia group having a median age of 58 years, which is older than the non-hyperuricemia 
group (median age 47 years). The median SUA level for the entire study population was 5.40  mg/dL, while 
the median level for the hyperuricemia group was 7.30 mg/dL. The proportion of males in the hyperuricemia 
group was higher (54.31% vs. 45.69%). Among the study population, 5,833 participants (34.75%) had CircS, 
with 1,877 (52.55%) of those in the hyperuricemia group meeting the criteria, compared to 29.94% in the non-
hyperuricemia group. Additionally, of the seven components of circadian syndrome, all except for depressive 
status showed significantly higher positive rates in the hyperuricemia group (all P < 0.001).

Association between circs and SUA levels
Weighted linear regression analysis was performed to explore the strength of the association between CircS and 
its components with SUA levels. Three models were constructed: Model 1 was unadjusted, Model 2 adjusted for 

Fig. 1.  Screening conditions and process for the study population.
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Variables
Total
(n = 16,785)

Hyperuricemia

P-valueNo (n = 13,213) Yes (n = 3,572)

Age, years, mean (Q₁, Q₃) 50.00 (33.00, 64.00) 47.00 (32.00, 63.00) 58.00 (40.00, 69.00) < 0.001

Gender, n (%) < 0.001

Male 8413 (50.12) 6473 (48.99) 1940 (54.31)

Female 8372 (49.88) 6740 (51.01) 1632 (45.69)

Race, n (%) < 0.001

Mexican American 2778 (16.55) 2367 (17.91) 411 (11.51)

Other Hispanic 1657 (9.87) 1377 (10.42) 280 (7.84)

Non-Hispanic White 7128 (42.47) 5521 (41.78) 1607 (44.99)

Non-Hispanic Black 3485 (20.76) 2596 (19.65) 889 (24.89)

Other race/multiracial 1737 (10.35) 1352 (10.23) 385 (10.78)

Education Level, n (%) 0.66

Less Than 9th Grade 1640 (10.33) 1309 (10.53) 331 (9.60)

9-11th Grade 2304 (14.51) 1825 (14.68) 479 (13.89)

High School Grad/GED or Equivalent 3660 (23.05) 2817 (22.67) 843 (24.44)

Some College or AA degree 4638 (29.21) 3562 (28.66) 1076 (31.20)

College Graduate or above 3635 (22.89) 2915 (23.46) 720 (20.88)

Poverty ratio, n (%) 0.017

Low income ≤ 1.3 4917 (31.91) 3938 (32.47) 979 (29.86)

Middle income (1.31–3.5) 5861 (38.04) 4574 (37.71) 1287 (39.25)

High income (>3.5) 4629 (30.04) 3616 (29.82) 1013 (30.89)

BMI, kg/m2, mean (Q₁, Q₃) 28.00 (24.30, 32.66) 27.30 (23.80, 31.60) 31.10 (27.20, 36.50) < 0.001

Serum uric acid level, mg/dL, mean (Q₁, Q₃) 5.40 (4.50, 6.40) 5.00 (4.20, 5.70) 7.30 (6.80, 8.00) < 0.001

Circadian Syndrome Score, mean (Q₁, Q₃) 3.00 (1.00, 4.00) 2.00 (1.00, 4.00) 4.00 (2.00, 5.00) < 0.001

Circadian Syndrome, n (%) < 0.001

No 10,952 (65.25) 9257 (70.06) 1695 (47.45)

Yes 5833 (34.75) 3956 (29.94) 1877 (52.55)

Components of Circadian Syndrome

Triglyceride, n (%) < 0.001

No 9818 (58.49) 8268 (62.57) 1550 (43.39)

Yes 6967 (41.51) 4945 (37.43) 2022 (56.61)

HDL-C, n (%) < 0.001

No 9415 (56.09) 7844 (59.37) 1571 (43.98)

Yes 7370 (43.91) 5369 (40.63) 2001 (56.02)

Blood glucose, n (%) < 0.001

No 7368 (43.90) 6330 (47.91) 1038 (29.06)

Yes 9417 (56.10) 6883 (52.09) 2534 (70.94)

Waist circumference, n (%) < 0.001

No 7236 (43.11) 6297 (47.66) 939 (26.29)

Yes 9549 (56.89) 6916 (52.34) 2633 (73.71)

Depression symptoms, n (%) 0.279

No 15,352 (91.46) 12,101 (91.58) 3251 (91.01)

Yes 1433 (8.54) 1112 (8.42) 321 (8.99)

Sleep health, n (%) < 0.001

No 14,438 (86.02) 11,429 (86.50) 3009 (84.24)

Yes 2347 (13.98) 1784 (13.50) 563 (15.76)

Blood pressure, n (%) < 0.001

No 8792 (52.38) 7608 (57.58) 1184 (33.15)

Yes 7993 (47.62) 5605 (42.42) 2388 (66.85)

Albumin, g/L, mean (Q₁, Q₃) 42.00 (40.00, 44.00) 42.00 (40.00, 44.00) 42.00 (40.00, 44.00) < 0.001

ALT, U/L, mean (Q₁, Q₃) 20.00 (16.00, 28.00) 20.00 (15.00, 27.00) 23.00 (17.00, 32.00) < 0.001

AST, U/L, mean (Q₁, Q₃) 22.00 (19.00, 27.00) 22.00 (19.00, 27.00) 24.00 (20.00, 29.00) < 0.001

eGFR, mL/min/1.73m2, mean (Q₁, Q₃) 82.09 (64.29, 100.77) 85.89 (68.33, 103.95) 68.19 (51.71, 85.98) < 0.001

Cancer, n (%) < 0.001

Yes 1533 (9.66) 1108 (8.92) 425 (12.32)

No 14,344 (90.34) 11,319 (91.08) 3025 (87.68)

Continued

Scientific Reports |        (2025) 15:28984 4| https://doi.org/10.1038/s41598-025-14676-8

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


gender, age, and race, and Model 3 adjusted for all variables. As shown in Table 2, in the unadjusted model (Model 
1), a positive association was observed between CircS and SUA levels (β = 0.625, 95% CI 0.55, 0.699; P < 0.001). 
After adjusting for all covariates, the positive association remained significant (β = 0.108, 95% CI 0.034, 0.182; 
P = 0.005). Furthermore, among the seven components of CircS, five components (excluding depressive status 
and reduced sleep) remained positively associated with SUA levels after adjusting for all covariates (all P < 0.05), 
with triglyceride scores showing the strongest effect (β = 0.168, 95% CI 0.105, 0.231; P < 0.001).

Association between circs and hyperuricemia
Weighted multivariable logistic regression analysis was conducted to investigate the relationship between CircS 
and the risk of hyperuricemia. As shown in Table 3, in the unadjusted model (Model 1), individuals with CircS 
had a 2.559 times higher risk of hyperuricemia compared to those without the syndrome (OR = 2.559; 95% CI: 
2.3, 2.846; P < 0.001). After adjusting for age, gender, and race (Model 2), the association between CircS and 
hyperuricemia risk remained significant (OR = 2.314; 95% CI: 2.062, 2.596; P < 0.001). Even after adjusting for all 
covariates (Model 3), this positive association remained significant (OR = 1.227; 95% CI:1.073,1.402; P = 0.003). 
Among the seven components of CircS, blood pressure scores had the greatest contribution (OR = 1.538; 95% 
CI: 1.347, 1.756; P < 0.001).

Subgroup analysis
To further investigate the influence of other risk factors on the relationship between CircS and hyperuricemia 
risk, subgroup analyses and interaction tests were performed based on gender, age, race, and PIR. Overall results 
indicated a significant positive association between CircS and hyperuricemia (OR = 1.227, 95% CI: 1.073–1.402, 
P = 0.003). In the gender subgroup, the association was stronger in females (OR = 1.412, 95% CI:1.17, 1.704, 
P < 0.001), while no significant association was found in males (OR = 1.081, 95% CI:0.876, 1.334, P = 0.463), 
with a significant interaction between genders (P for interaction < 0.001). In age stratification, the association 
was significant in the younger population (< 65 years) (OR = 1.218, 95% CI:1.037, 1.432, P = 0.017), while the 
interaction by age was not significant (P for interaction = 0.940). Subgroup analyses by race and PIR also showed 
some differences, though interactions were not significant (Table 4).

Model 1 Model 2 Model 3

β (95% CI) P-value β (95% CI) P-value β (95% CI) P-value

Circadian syndrome 0.625 (0.55, 0.699) < 0.001 0.553 (0.478, 0.628) < 0.001 0.108 (0.034, 0.182) 0.005

Triglyceride score 0.594 (0.529, 0.659) < 0.001 0.432 (0.365, 0.499) < 0.001 0.168 (0.105, 0.231) < 0.001

HDL-C score 0.383 (0.321, 0.445) < 0.001 0.359 (0.299, 0.419) < 0.001 0.076 (0.019, 0.133) 0.009

Blood glucose score 0.606 (0.542, 0.67) < 0.001 0.356 (0.293, 0.42) < 0.001 0.082 (0.025, 0.138) 0.005

Waist circumference score 0.409 (0.351, 0.468) < 0.001 0.676 (0.623, 0.729) < 0.001 0.101 (0.032, 0.17) 0.004

Depression symptoms score -0.102 (-0.207, 0.002) 0.055 0.053 (-0.045, 0.15) 0.289 -0.07 (-0.164, 0.024) 0.144

Sleep health score 0.129 (0.032, 0.226) 0.010 0.071 (-0.01, 0.153) 0.084 -0.013 (-0.087, 0.06) 0.716

Blood pressure score 0.627 (0.568, 0.685) < 0.001 0.511 (0.453, 0.569) < 0.001 0.163 (0.105, 0.221) < 0.001

Table 2.  Weighted linear regression analysis of circadian syndrome and serum uric acid levels. Model 
1: unadjusted; Model 2: adjusted for gender, age, and race/ethnicity; Model 3: additional adjustments for 
household poverty ratio, education level, BMI, eGFR, albumin, ALT, AST, alcohol, smoke and medical history 
of cancer, coronary heart disease, stroke. 95%CI, Confidence Interval.

 

Variables
Total
(n = 16,785)

Hyperuricemia

P-valueNo (n = 13,213) Yes (n = 3,572)

Stroke, n (%) < 0.001

Yes 632 (3.98) 420 (3.38) 212 (6.15)

No 15,239 (96.02) 12,004 (96.62) 3235 (93.85)

Coronary heart disease, n (%) < 0.001

Yes 776 (4.90) 526 (4.24) 250 (7.29)

No 15,047 (95.10) 11,867 (95.76) 3180 (92.71)

Alcohol, n (%) 0.931

Yes 11,979 (73.49) 9396 (73.48) 2583 (73.55)

No 4321 (26.51) 3392 (26.52) 929 (26.45)

Smoke, n (%) < 0.001

Yes 7349 (45.39) 5657 (44.57) 1692 (48.33)

No 8843 (54.61) 7034 (55.43) 1809 (51.67)

Table 1.  Baseline characteristics of the study population.
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Nonlinear regression analysis of circadian scores with SUA levels and hyperuricemia
Using RCS, we explored the nonlinear relationships between CircS and SUA levels as well as the risk of 
hyperuricemia. As shown in Fig. 2, there was a significant nonlinear relationship between CircS and both SUA 
levels and the occurrence of hyperuricemia after adjusting for all covariates (P < 0.001), with threshold effects 
appearing at a CircS score of 3. Specifically, the relationship between CircS score and SUA level did not follow a 
typical J-shaped or S-shaped pattern. Uric acid levels showed an approximately linear increase when the CircS 
score ranged from 0 to 3. Between scores of 3 and 4, the slope of the curve changed, and beyond a score of 4, 
the increase in uric acid levels gradually slowed, indicating a diminishing marginal effect (Fig. 2A). In contrast, 
the association between CircS score and hyperuricemia exhibited an overall S-shaped curve, characterized as an 
“acceleration–peak–plateau” pattern (Fig. 2B). When the CircS score was between 0 and 1, the risk increased 
slowly. From 1 to 2, the risk rose more rapidly, with a sharp increase observed between 2 and 3, which marked 
a critical risk escalation zone. From 3 to 4, the upward trend began to slow, and beyond a score of 4, the risk 
continued to increase slightly but approached a plateau.

Discussion
This study provides the first investigation into the association between CircS and both serum uric acid levels 
and the risk of hyperuricemia. The results revealed a significant positive association between CircS and serum 
uric acid levels/hyperuricemia, with a distinct nonlinear dose-response relationship (P-nonlinear < 0.001). 
Specifically, we observed a gradual increase in uric acid concentrations with rising CircS scores at lower levels. 
In contrast, the risk of hyperuricemia exhibited an abrupt surge when scores exceeded a critical threshold. This 
nonlinear pattern suggests the existence of a pivotal threshold effect in metabolic regulation. Subgroup analyses 
and interaction tests further confirmed the robustness of this positive association across diverse populations.

Subgroup OR (95% CI) P-value P-value for interaction

Overall 1.227 (1.073, 1.402) 0.003 -

Gender < 0.001

Male 1.081 (0.876, 1.334) 0.463

Female 1.412 (1.17, 1.704) 0.000

Age Strata 0.940

< 65 1.218 (1.037, 1.432) 0.017

≥ 65 1.21 (0.948, 1.545) 0.125

Race, n (%) 0.532

Mexican American 1.09 (0.753, 1.577) 0.642

Other Hispanic 1.65 (1.049, 2.595) 0.031

Non-Hispanic White 1.21 (1.021, 1.433) 0.028

Non-Hispanic Black 1.253 (0.953, 1.648) 0.105

Other Race 1.017 (0.619, 1.67) 0.947

Poverty ratio, n (%) 0.052

≤ 1.3 1.494 (1.13, 1.976) 0.005

1.3–3.5 1.26 (1.032, 1.54) 0.024

>3.5 1.076 (0.863, 1.341) 0.513

Table 4.  Subgroup analysis of the association of circadian syndrome and hyperuricemia.

 

Model 1 Model 2 Model 3

OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value

circadian syndrome 2.559 (2.3, 2.846) < 0.001 2.314 (2.062, 2.596) < 0.001 1.227 (1.073, 1.402) 0.003

Triglyceride score 2.197 (1.968, 2.451) < 0.001 1.953 (1.741, 2.191) < 0.001 1.373 (1.196, 1.576) < 0.001

HDL-C score 1.783 (1.588, 2.001) < 0.001 1.663 (1.475, 1.875) < 0.001 1.095 (0.958, 1.253) 0.180

Blood glucose score 2.109 (1.869, 2.38) < 0.001 1.834 (1.621, 2.075) < 0.001 1.199 (1.042, 1.379) 0.012

Waist circumference score 2.685 (2.377, 3.033) < 0.001 2.92 (2.571, 3.315) < 0.001 1.181 (0.976, 1.43) 0.087

Depression symptoms score 1.1 (0.895, 1.352) 0.360 1.147 (0.933, 1.411) 0.191 0.935 (0.719, 1.217) 0.616

Sleep health score 1.16 (1.016, 1.325) 0.029 1.148 (1.003, 1.315) 0.045 1.019 (0.86, 1.206) 0.827

Blood pressure score 2.717 (2.446, 3.017) < 0.001 2.46 (2.177, 2.779) < 0.001 1.538 (1.347, 1.756) < 0.001

Table 3.  Weighted logistic regression analysis of circadian syndrome and hyperuricemia. Model 1: unadjusted; 
Model 2: adjusted for gender, age, and race/ethnicity; Model 3: additional adjustments for household poverty 
ratio, education level, BMI, eGFR, albumin, ALT, AST, alcohol, smoke and medical history of cancer, coronary 
heart disease, stroke. OR: odds ratio; 95%CI, Confidence Interval.
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CircS is primarily influenced by circadian rhythm dysfunction, which refers to a set of biological variables 
generated by the biological clock over 24 hours11. The biological clock regulates not only daily physiological 
and molecular rhythms but also gene expression in a rhythmic manner21–23. Disruptions in circadian function 
and endocrine regulation are key factors contributing to circadian dysregulation. When circadian rhythms are 
altered, a variety of issues can arise, including inflammation, immune dysfunction, and metabolic disorders24,25. 
While extensive literature has established a close relationship between circadian disruption and metabolic 
diseases such as diabetes and obesity, as well as cardiovascular diseases, circadian disruption is a critical factor in 
metabolic diseases, which in turn are high-risk factors for hyperuricemia11–14,26. However, no previous studies 
have directly investigated the association between circadian syndrome and hyperuricemia. Additionally, most 
prior research has focused on the relationship between hyperuricemia and single independent risk factors, while 
circadian disruption encompasses multiple risk factors for hyperuricemia.

Circadian rhythm disruption may lead to elevated uric acid levels through several potential mechanisms. 
Firstly, circadian dysregulation can result in endocrine disorders and insulin resistance11,26both of which 
increase the production of uric acid while decreasing renal excretion, thereby raising SUA levels27. Secondly, 
disturbances in circadian rhythm may also trigger chronic inflammatory responses and oxidative stress, further 
exacerbating abnormalities in uric acid metabolism25. Inflammatory factors and oxidative stress products may 
directly influence the production and metabolism of uric acid28–30. Moreover, circadian disruption might impair 
renal excretion, interfering with uric acid clearance and leading to its accumulation in the body31,32. These 
mechanisms collectively suggest that circadian dysregulation could broadly affect uric acid metabolism through 
various metabolic pathways, increasing the risk of hyperuricemia.

Notably, among the various components of CircS, triglyceride levels demonstrated the most pronounced effect 
on serum uric acid concentrations. At the same time, blood pressure indicators showed the highest predictive 
value for the risk of hyperuricemia. These component-specific differences offer essential insights, suggesting that 
the coexistence of certain high-risk factors—such as hypertension combined with hypertriglyceridemia—may 
synergistically exacerbate kidney damage and promote oxidative stress through shared mechanisms33–35. This 
may accelerate the body’s progression beyond its metabolic compensation threshold. This phenomenon aligns 
with the “acceleration–inflection–plateau” pattern identified in the RCS analysis, in which a sharp increase 
in serum uric acid levels and hyperuricemia risk was observed when the CircS score reached 3 or higher. It 
also supports the previously proposed concept of metabolic inflammation following a “buffer–burst” dynamic 
pattern36. Therefore, early identification of high-risk individuals, risk stratification, and timely implementation 
of lifestyle modifications or pharmacological interventions before this pathological tipping point is reached may 
help delay disease progression and reduce the risk of associated complications.

This study has several strengths. First, it is the first to investigate the relationship between circadian syndrome 
and serum uric acid levels, as well as hyperuricemia. Second, a comprehensive analysis was conducted to 
examine the relationship between each component of circadian syndrome and serum uric acid levels, as well 
as hyperuricemia, thereby enhancing the specificity of the findings. Third, based on a large sample of American 
adult population data, the study ensures external validity and generalizability of the results. However, there 
are limitations. First, as a cross-sectional study, it cannot establish causality between circadian syndrome and 
serum uric acid levels or the risk of hyperuricemia; thus, future prospective studies are needed to clarify this 
relationship. Second, variables such as sleep duration, depressive symptoms, and medication history were self-
reported, making them susceptible to recall bias. Additionally, although many confounding variables were 
accounted for, some potential unmeasured confounders may still influence the results.

Fig. 2.  Restricted cubic spline regression explores the potential nonlinear relationships between circadian 
syndrome score and serum uric acid levels (A) and hyperuricemia (B). The β coefficient (solid lines) and 
95% confidence levels (shaded areas) were adjusted for gender, age, race/ethnicity, household poverty ratio, 
household poverty ratio, education level, BMI, eGFR, albumin, ALT, AST, alcohol, smoking, and medical 
history of cancer, coronary heart disease, and stroke. OR: odds ratio; 95%CI, Confidence Interval.
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Conclusion
There is a significant positive association between CircS and SUA levels and the occurrence of hyperuricemia, 
along with a notable nonlinear relationship between the two. Further comprehensive and prospective cohort 
studies are necessary to explore the relationship between the two in greater depth.

Data availability
This study are supported by data from the National Health and Nutrition Examination Survey (NHANES). Ac-
cess to the data is available on their official website at https://www.cdc.gov/nchs/nhanes.
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