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Air pollution is associated with hyperuricemia; however, its underlying mechanism remains poorly 
understood. In this retrospective analysis, 233 anonymous health data and urban air pollutants data 
were obtained. The mean daily exposure dose (DED) for combined air pollutants (CAPs) was 1.22 mg/
day, which was defined as the threshold for dividing all individuals into two groups. The lower-exposure 
group (LEG) included those with a DED–CAPs less than or equal to 1.22 mg/day and the higher-
exposure group (HEG) included those with a DED–CAPs that exceeded 1.22 mg/day. The peripheral 
blood cell counts of white blood cells, eosinophils, basophils, monocytes, and red blood cells were 
higher in the HEG than in the LEG, whereas peripheral platelet counts were lower in the HEG than in 
the LEG. In addition, serum uric acid (UA) levels were higher in the HEG than in the LEG. Multivariable-
adjusted linear regression models suggested that with an increase in the daily exposure dose to air 
pollution, peripheral blood cells and serum UA levels increased. The results of mediation effect models 
further indicated that peripheral monocyte counts play a mediating role in the dose effect relationships 
between air pollutant exposures and serum UA levels. These results highlight that air pollution may 
increase serum UA levels by altering hematocytes inducing low-grade inflammation, which may 
ultimately increase the risk of kidney dysfunction.
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Uric acid (UA) is an end product of purine metabolism, two-thirds of which is eliminated by the kidney1,2. 
Abnormally elevated UA levels can induce hyperuricemia (men: serum UA > 420 µmol/L; women: serum 
UA > 360 µmol/L), which is a critical factor for gout and nephrolithiasis and a risk factor for cardiovascular 
disease, cerebrovascular stroke, chronic kidney disease, hypertension, and metabolic syndrome1,3–5. Generally, 
serum UA levels can be increased in two ways. First, genetic, environmental and other exogenous factors disturb 
the balance of purine metabolism and promote UA accumulation. Second, UA excretion decreases due to 
weakened kidney function2. Recently, the critical role of environmental pollution in increasing serum UA levels 
has gained attention2,6.

Air pollution is closely related to public health, and accumulating evidence has revealed its toxic effects on 
kidney dysfunction6–13. The results of a retrospective analysis showed that combined exposure to air pollutants 
accelerated the risk of kidney impairment and increased serum UA concentrations in adult women10. In older 
men, exposure to fine particulate matter (PM2.5, aerodynamic diameter ≤ 2.5 μm) was positively related with 
serum UA levels and chronic kidney disease (CKD) risk14. A prospective cohort study conducted among 
healthy traffic police officers also suggested that ambient air pollution was associated with the incidence of 
hyperuricemia4. Exposure during pregnancy to air PM2.5 was associated with weakened kidney function and 
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increased serum UA levels, consequently reducing newborn birth weight6,12. Additionally, in patients with IgA 
nephropathy, air PM2.5 exposure was found to be an independent risk factor for impaired kidney function9. 
Although the relationship between air pollution and increased serum UA concentrations has been highlighted, 
the potential mechanisms remain poorly understood.

Air pollution has been linked to alterations in peripheral blood cells13,15,16. Chronic exposure to air PM2.5 
could increase total leukocyte, neutrophil, and monocyte counts in preschool children17. In Flemish adolescent 
boys, long-term exposure to PM2.5, PM10, and NO2 was positively associated with the total leukocyte, neutrophil, 
and lymphocyte counts18. The effects of short-term exposure also suggest that air CO, SO2, and NO2 pollution 
may be related to the modification of leukocyte counts19. Peripheral blood cells are also associated with kidney 
impairment20–23. Deng et al. found, patients with systemic lupus erythematosus (SLE) had significantly higher 
monocyte and granulocyte levels20. Kidney ischemia/reperfusion (IR) injury can rapidly induce monocyte and 
neutrophil infiltration22. A community-based cohort study showed that peripheral leukocytes and their subsets 
were negatively related to the estimated glomerular filtration rate (eGFR), and patients with CKD had higher 
counts of total leukocytes and their subsets23. Moreover, peripheral neutrophils are an independent risk factor 
for rapid renal progression, whereas an increased peripheral eosinophil count is an independent predictor of 
end-stage-kidney-disease21,23.

Therefore, we hypothesized that air pollutant increases serum UA levels by altering peripheral blood cells 
inducing low-grade inflammation, which may ultimately increase the risk of kidney dysfunction. We estimated 
the daily exposure dose (DED) of air pollution and the combined toxic effects of air pollutants (CAPs), measured 
the counts of peripheral blood cells (including total leukocytes and their subsets, red blood cells (RBCs), and 
platelets), and detected serum UA levels in a retrospective analysis. We also assessed the mediating effects of 
inflammation induced by peripheral blood cells’ alteration on the relationship between air pollution and serum 
UA levels.

Materials and methods
Study population
Individual electronic health data were extracted from the laboratory information system of the department 
of clinical laboratory medicine, Mianyang Central Hospital, September 2019. Firstly, the data collection was 
limited to individuals (20–67 years old) who underwent health examinations. Secondly, individuals with 
incomplete information were excluded. Thirdly, individuals with a history of gout, kidney impairment, or other 
chronic diseases were excluded. Fourthly, individuals who had lived at their current address in Mianyang City 
for less than 1 year were also excluded. At last, a total of 233 individuals were included in this retrospective 
analysis. Pan-informed consent was obtained at the time of each patient’s medical visit, and all data were handled 
anonymously. This retrospective study was approved by the Biomedical Ethics Committee of Mianyang Central 
Hospital, China. All procedures were complied with the principles of declaration of Helsinki.

Biological sampling and laboratory testing
All procedures for fasting vein blood sampling and biological measurements were performed according to the 
quality and management guidelines of the International Standardization Organization (ISO) 15,189. Trained 
nurses collected blood samples in vacuum tubes (Becton Dickinson, USA). Ethylene diamine tetraacetic acid 
(EDTA) anticoagulant blood (2 mL) was collected to determine the counts of peripheral blood cells using a 
Sysmex XE-2100 automatic hematology analyzer (Sysmex, Japan)13,24,25. Heparin sodium anticoagulant blood (5 
mL) was used to separate serum by centrifugation (room temperature, 1000×g for 15 min), and serum UA levels 
were measured using a Roche Cobas c701automatic biochemical analyzer (Roche, Switzerland)5,10.

Exposure assessment
In Mianyang City, four stations monitored air quality, which ensured that the activity radius of all individuals was 
less than 40 km (the threshold of the monitoring station data could be applied to evaluate individual exposure) 
from the nearest monitoring station10,13,26,27. Air quality data between September 2018 and September 2019 were 
obtained from the National Air Quality Forecast Information Publishing System (https://air.cnemc.cn:18014/). 
The annual-mean of all stations for each air pollutant (PM2.5, PM10, SO2, CO, O3, and NO2) was calculated as 
the pollutant concentration, and then individual DED was assessed using the verified mathematical equation: 
DED-i = concentration-i × inhalation rate × individual weight/reference weight, in which the “i” is one pollutant 
among PM2.5, PM10, SO2, CO, O3, and NO2, and other methods for parameters estimation have been introduced 
as detailed in our previous studies10,13,17,27. The geometric mean of all six air pollutants was calculated to assess 
the DED–CAPs, and then all individuals were divided into two groups depending on the mean DED–CAPs 
value. Briefly, the lower-exposure group (LEG) was included those having a DED–CAPs less than or equal to 
1.22 mg/day and the higher-exposure group (HEG) included those having a DED–CAPs exceeded 1.22 mg/day.

Statistical analysis
Data are reported as mean and standard deviation (SD) or median (interquartile range, IQR), depending on 
the distribution characteristics that were estimated with the Kolmogorov–Smirnov test. Group differences 
in peripheral blood cell counts and serum UA levels were identified using the independent-sample t-test 
and Mann–Whitney U test. Pearson correlation analyses were conducted to assess the relationships among 
air pollution, peripheral blood cell counts, and serum UA levels; dose effects were further estimated using 
multivariate-adjusted linear regression models. The covariates included age, alanine aminotransferase (ALT), 
aspartate aminotransferase (AST), glucose (GLU), total cholesterol (TC), and triglyceride (TG) levels5,10. To 
investigate whether peripheral blood cell counts play a mediating role in the relationship between air pollution 
and serum UA levels, we used mediation models with bootstrapping25,27,28. SPSS 22.0 (IBM, Armonk, NY, USA) 
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and GraphPad Prism 8.0 (GraphPad, San Diego, CA, USA) were used for data analysis and figure generation, 
respectively. P < 0.05 was defined as the threshold of statistical significance in a two-tailed test.

Results and discussion
Air pollution and exposure characteristics
As shown in Fig. 1, the annual mean values were 39.04, 60.95, 5.41, 29.41, 95.76, and 659.60 µg/m3 for PM2.5, 
PM10, SO2, NO2, O3, and CO, respectively. The mean annual value of the calculated CAPs was 50.92 µg/m3. These 
results suggested that the air quality of Mianyang was worse than that of Suining but better than that of Chengdu, 
Chongqing, and Fuling13,27,29–31. Because these cities are all in the Sichuan Basin, where they share similar climatic 
conditions, the air quality differences may be attributed to differences in urbanization status, industrialization 
levels, traffic flow, and population density 13,31. In addition, all levels of air pollutants in Mianyang far exceeded 
the latest guideline thresholds issued by the World Health Organization (WHO), indicating that air pollution 
remains a severe challenge in Mianyang11,32,33. Concomitantly, the DED mean values were 0.89, 1.39, 0.12, 0.66, 
2.16, 14.97, and 1.22 mg/day for PM2.5, PM10, SO2, NO2, O3, CO, and CAPs, respectively (Fig. 1).

Distribution characteristics of peripheral blood cells and serum UA levels
In total, 233 individuals who underwent health examinations were included in this retrospective study. According 
to the mean value of individual DED–CAPs, 109 people (mean-age: 39.53 years old) were categorized into LEG 
group and 124 (mean-age: 39.55 years old) into HEG group. The results of group differentiation analysis showed 
that, except for the neutrophil and lymphocyte counts, the distribution of peripheral blood cells between the LEG 
and HEG were statistically significantly different (Table 1). The peripheral counts of white blood cells (WBCs, 
6.19 × 109/L vs. 5.78 × 109/L), eosinophils (0.12 × 109/L vs. 0.09 × 109/L), basophils (0.03 × 109/L vs. 0.02 × 109/L), 
monocytes (0.41 × 109/L vs. 0.35 × 109/L), and RBCs (5.11 × 1012/L vs. 4.44 × 1012/L) were higher in the HEG 
than in the LEG, whereas the platelet counts (180.49 × 109/L vs. 197.08 × 109/L) was lower in the HEG than in the 
LEG (all P < 0.05). In flemish adolescents exposed to PM2.5, PM10, and NO2, boys had higher counts of WBCs, 
neutrophils, and lymphocytes, whereas girls showed no significant differences18. In Kaohsiung adults, the counts 
of WBC, neutrophil, and monocyte increased in the peripheral blood after short-term exposure to CO but 
decreased when exposed to SO2 19. In an e-waste area, chronic exposure to PM2.5 increased the WBC, neutrophil, 

Lower-exposure group Higher-exposure group P-value

WBC counts (109/L) 5.78 ± 1.45 6.19 ± 1.49 0.041a

Neutrophil counts (109/L) 3.46 ± 1.17 3.62 ± 1.14 0.297a

Eosinophil counts (109/L) 0.09 (0.06, 0.15) 0.12 (0.09, 0.20) 0.000b

Basophil counts (109/L) 0.02 (0.01, 0.04) 0.03 (0.02, 0.04) 0.019b

Lymphocyte counts (109/L) 1.81 ± 0.52 1.95 ± 0.57 0.060a

Monocyte counts (109/L) 0.35 (0.31, 0.43) 0.41 (0.36, 0.48) 0.000b

RBC counts (1012/L) 4.44 ± 0.43 5.11 ± 0.46 0.000a

Platelet counts (109/L) 197.08 ± 62.86 180.49 ± 51.98 0.032a

Table 1.  Distribution characteristics of peripheral blood cells. aData are presented as mean ± standard 
deviation (SD), analysis by independent-sample t-test. bData are presented as median (interquartile range, 
IQR), analysis by the Mann–Whitney U test. Higher-exposure Group: n = 124; Lower-exposure Group: n = 109; 
RBC, red blood cell, WBC white blood cell; Statistical significance, P < 0.05.

 

Fig. 1.  Air pollutant concentrations and daily exposure characteristics.
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and monocyte counts in preschool children17. In healthcare workers, our previous studies suggested that long-
term exposure to air pollution could elevate the peripheral counts of WBC, lymphocytes, and monocytes13,27. 
Although the results are inconsistent owing to population and geographical differences, these studies emphasize 
that air pollution may be related to peripheral blood cell distribution. These phenomena may be attributed to 
air pollution having adverse effects on progenitor cell differentiation and maturation directly through oxidative 
stress injury, resulting in hematotoxicity34–36.

The mean level of serum UA in the HEG was 424.76 µmol/L, which was higher than that in the LEG (mean 
level: 334.57 µmol/L, P < 0.001) (Fig. 2). This result showed that the mean serum UA level in the HEG exceeded 
the threshold for hyperuricemia in men3,5,37. Studies are increasingly indicating that exposure to air pollutants 
can elevate public serum UA levels and impair kidney function, especially exposure to air PM2.5, which plays an 
independent role in kidney failure risk in patients with IgA nephropathy4,9,10,12,14. In summary, our results are 
consistent with those of previous studies, which have highlighted that long-term exposure to air pollution may 
alter serum UA levels and ultimately increase the risk of hyperuricemia.

Associations among air pollutant DEDs, serum UA levels, and peripheral blood cells
The Pearson correlation models showed that individual air pollutant DEDs (PM2.5, PM10, SO2, NO2, O3, CO, 
and CAPs) were positively related to serum UA levels (rs = 0.460, rs = 0.460, rs = 0.457, rs = 0.458, rs = 0.457, rs = 
0.460, and rs = 0.459, respectively, all P < 0.001) and the peripheral blood cell counts of monocytes (rs = 0.185, rs = 
0.185, rs = 0.184, rs = 0.183, rs = 0.184, rs = 0.186, and rs = 0.185, respectively, all P < 0.01), eosinophils (rs = 0.267, 
rs = 0. 267, rs = 0. 267, rs = 0. 267, rs = 0. 267, rs = 0. 267, and rs = 0. 267, respectively, all P < 0.001), basophils (rs 
= 0.136, rs = 0.136, rs = 0.138, rs = 0.139, rs = 0.138, rs = 0.135, and rs = 0.137, respectively, all P < 0.05), and RBCs 
(rs = 0.574, rs = 0.574, rs = 0.572, rs = 0.571, rs = 0.573, rs = 0.575, and rs = 0.573, respectively, all P < 0.001) but 
negatively related to peripheral platelet counts (rs = − 0.188, rs = − 0.188, rs = − 0.189, rs = − 0.189, rs = − 0.188, rs 
= − 0.188, and rs = − 0.188, respectively, all P < 0.01) (Fig. 3). Serum UA levels were significantly associated with 
peripheral blood cell counts (all P < 0.05), including WBCs (rs = 0.151), monocytes (rs = 0.208), eosinophils (rs = 
0.143), basophils (rs = 0.145), and RBCs (rs = 0.324) (Fig. 3).

To further assess the relationship between the toxic-effects of air pollutants on serum UA levels and peripheral 
blood cells, multivariate-adjusted linear regression models were used. Regardless of whether they were adjusted 
for covariates (age, ALT, AST, GLU, TC, and TG), we found significant correlations between air pollutant DEDs, 
serum UA levels, and peripheral blood cell counts (except for basophils) (Table 2). The unstandardized coefficient 
(B) and 95% confidence interval (CI) were (I) DED-PM2.5: 418.132 (284.068, 552.197) for serum UA levels, 0.223 
(0.016, 0.430) for monocytes, 0.296 (0.132, 0.460) for eosinophils, 3.977 (3.174, 4.781) for RBCs and − 103.874 (− 
201.266, − 6.483) for platelets, respectively (all P < 0.05); (II) DED-PM10: 268.301 (182.362, 354.241) for serum 
UA levels, 0.143 (0.010, 0.276) for monocytes, 0.190 (0.085, 0.295) for eosinophils, 2.550 (2.035, 3.066) for RBCs 
and − 66.605 (− 129.042, − 4.168) for platelets, respectively (all P < 0.05); (III) DED-SO2: 3019.736 (2043.370, 
3996.101) for serum UA levels, 1.607 (0.100, 3.115) for monocytes, 2.158 (0.965, 3.351) for eosinophils, 28.868 

Fig. 2.  Group difference of serum uric acid levels.  HEG higher-exposure group, LEG lower-exposure group; 
***P < 0.001.
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(23.012, 34.723) for RBCs and − 753.129 (− 1461.879, − 44.379) for platelets, respectively (all P < 0.05); (IV) 
DED-NO2: 556.331 (376.591, 736.071) for serum UA levels, 0.295 (0.018, 0.573) for monocytes, 0.398 (0.178, 
0.617) for eosinophils, 5.305 (4.226, 6.384) for RBCs and − 138.179 (− 268.656, − 7.701) for platelets, respectively 
(all P < 0.05); (V) DED-O3: 170.435 (115.191, 225.679) for serum UA levels, 0.091 (0.006, 0.176) for monocytes, 
0.122 (0.055, 0.190) for eosinophils, 1.634 (1.303, 1.965) for RBCs and − 42.624 (− 82.718, − 2.530) for platelets, 
respectively (all P < 0.05); (VI) DED-CO: 24.827 (16.905, 32.749) for serum UA levels, 0.013 (0.001, 0.025) for 
monocytes, 0.017 (0.008, 0.027) for eosinophils, 0.236 (0.188, 0.283) for RBCs and − 6.165 (− 11.924, − 0.407) 
for platelets, respectively (all P < 0.05); (VII) DED–CAPs: 304.595 (206.603, 402.587) for serum UA levels, 0.162 
(0.011, 0.314) for monocytes, 0.217 (0.097, 0.336) for eosinophils, 2.904 (2.316, 3.491) for RBCs and − 75.786 
(− 146.953, − 4.619) for platelets, respectively (all P < 0.05).

Our prior study in healthy adult women indicated that the combined toxic effects of outdoor air pollution 
were positively associated with serum UA levels and CKD incidence risk10. Exposure to PM2.5 during pregnancy 

Uric acid (B, 95% CI)
Monocyte (B, 95% 
CI) Eosinophil (B, 95% CI) Basophil (B, 95% CI) RBC (B, 95% CI) Platelet (B, 95% CI)

DED-PM2.5 418.132 (284.068, 552.197)*** 0.223 (0.016, 0.430)* 0.296 (0.132, 0.460)*** 0.027 (− 0.003, 0.057) 3.977 (3.174, 4.781)*** − 103.874 (− 201.266, − 
6.483)*

DED-PM10 268.301 (182.362, 354.241)*** 0.143 (0.010, 0.276)* 0.190 (0.085, 0.295)*** 0.017 (− 0.002, 0.036) 2.550 (2.035, 3.066)*** − 66.605 (− 129.042, − 
4.168)*

DED-SO2
3019.736 (2043.370, 
3996.101)*** 1.607 (0.100, 3.115)* 2.158 (0.965, 3.351)*** 0.199 (− 0.017, 0.416) 28.868 (23.012, 

34.723)***
− 753.129 (− 1461.879, − 

44.379)*

DED-NO2 556.331 (376.591, 736.071)*** 0.295 (0.018, 0.573)* 0.398 (0.178, 0.617)*** 0.037 (− 0.003, 0.077) 5.305 (4.226, 6.384)*** − 138.179 (− 268.656, − 
7.701)*

DED-O3 170.435 (115.191, 225.679)*** 0.091 (0.006, 0.176)* 0.122 (0.055, 0.190)*** 0.011 (− 0.001, 0.024) 1.634 (1.303, 1.965)*** − 42.624 (− 82.718, − 
2.530)*

DED-CO 24.827 (16.905, 32.749)*** 0.013 (0.001, 0.025)* 0.017 (0.008, 0.027)*** 0.002 (0.000, 0.003) 0.236 (0.188, 0.283)*** − 6.165 (− 11.924, − 0.407)*

DED–CAPs 304.595 (206.603, 402.587)*** 0.162 (0.011, 0.314)* 0.217 (0.097, 0.336)*** 0.021 (− 0.001, 0.043) 2.904 (2.316, 3.491)*** − 75.786 (− 146.953, − 
4.619)*

Table 2.  The associations among air pollutant DEDs, serum uric acid levels, and peripheral blood cells. 
Adjusted by age, alanine aminotransferase, aspartate aminotransferase, glucose, total cholesterol, and 
triglycerides. B unstandardized coefficient, CAPs combined of air pollutants, CI confidence interval, DED daily 
exposure dose, RBC red blood cell. *P < 0.05, ***P < 0.001.

 

Fig. 3.  Pearson correlations among air pollution, hematocyte, and serum UA levels. BA basophil, CAPs 
combined of air pollutants, DED daily exposure dose, EO eosinophil, LY lymphocyte, MO monocyte, NE 
neutrophil, PLT platelet, PM particulate matter, RBC red blood cell, UA uric acid, WBC white blood cell; 
*P < 0.05, **P < 0.01, ***P < 0.001.
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can increase serum UA levels and impair kidney function in both pregnant women and newborns6,12. In traffic 
officers, air pollution enhanced hyperuricemia risk; especially in men, PM (PM1, PM2.5, and PM1 − 2.5) exposure 
notably elevated serum UA levels4,37. In addition, long-term exposure to air PM (PM1, PM2.5, and PM10) 
increased the hyperuricemia odds ratio, whereas short-term exposure to PM2.5 increased serum UA levels and 
CKD risk14,38. In accordance with these above results, air pollution increasing serum UA levels and decreasing 
kidney function were further demonstrated in this present study. Our results also indicate that, consistent with 
previous studies, air pollution may induce alterations in peripheral blood cells13,15–19,27. Prior studies showed 
the similar results with the negative association between air pollution and platelets, which maybe linked with 
hypomethylation of platelet mitochondrial DNA39,40. In addition, platelets are the pivotal elements in hemostasis 
and thrombosis41,42. Therefore, we speculate that exposure to air pollution may increase bleeding risk by down-
regulation platelets.

The results of further analysis showed that in the unadjusted model, increased counts of peripheral blood 
cells (including WBCs, monocytes, eosinophils, basophils, and RBCs) were significantly associated with 
increased serum UA levels (all P < 0.05) (Table  3). When adjusted for covariates (age, ALT, AST, GLU, TC, 
and TG), the correlation remained statistically significant (except for WBCs and eosinophils), although the 
correlation coefficient decreased (all P < 0.05) (Table 3). With a one unit increase in monocytes (109/L), basophils 
(109/L), and RBCs (1012/L), serum UA levels will increase 101.457, 657.386, and 43.590 µmol/L, accordingly. 
Previous studies have demonstrated a relationship between peripheral blood cells and kidney impairment20–23. 
Moreover, population-based studies have indicated that leukocytes and their subsets are negatively related to 
eGFR, peripheral neutrophil count is an independent risk factor for rapid renal progression, and an increased 
peripheral eosinophil count is an independent predictor of end-stage kidney disease21,23. Our results highlight 
the effect of dose between peripheral blood cells on serum UA levels, which may increase the risk of kidney 
impairment.

Mediating role of peripheral blood cells between air pollution and serum UA levels
To identify the mediating role of peripheral blood cells in air pollution and serum UA levels, mediation models 
were constructed by bootstrapping25,27,28. The results suggest that only peripheral monocyte counts had a partial 
mediating role between air pollution and serum UA levels after further controlling for age, ALT, AST, GLU, and 
TC levels (Fig. 4). The indirect effect of peripheral monocyte counts on exposure to air pollutants (PM2.5, PM10, 
SO2, NO2, O3, CO, and CAPs) increasing serum UA levels was 23.580 (3.467, 68.527), 15.112 (1.883, 42.938), 
172.153 (22.104, 501.359), 31.689 (3.531, 91.643), 9.742 (1.058, 27.769), 1.391 (0.190, 4.201), and 17.251 (2.510, 
51.574), with a mediated proportion (Mppt) of 4.105%, 4.101%, 4.138%, 4.138%, 4.144%, 4.083%, and 4.118%, 

Fig. 4.  Mediating role of monocyte in dose-effect relationships among air pollution on serum uric acid.   B 
unstandardized coefficient, CI confidence interval, CAPs combined of air pollutants, DED daily exposure dose, 
Mppt mediated proportion, PM particulate matter;  Analyses were controlled by age, alanine aminotransferase, 
aspartate aminotransferase, glucose, and total cholesterol; Number of bootstrap samples for bias corrected 
bootstrap confidence intervals: 5000; *P < 0.05.

 

Unadjusted model (B, 95% CI) Adjusted model (B, 95% CI)

White blood cell 9.908 (1.315, 18.501)* 7.419 (− 0.560, 15.398)

Monocyte 171.159 (64.348, 277.970)** 101.457 (5.666, 197.247)*

Eosinophil 148.106 (11.878, 284.334)* 82.101 (− 37.462, 201.664)

Basophil 854.571 (79.887, 1629.255)* 657.386 (6.381, 1344.390)*

Red blood cell 56.631 (34.627, 78.634)*** 43.590 (23.461, 63.720)***

Table 3.  Associations among peripheral blood cells on serum uric acid levels. Adjusted by age, alanine 
aminotransferase, aspartate aminotransferase, glucose, total cholesterol, and triglycerides. B unstandardized 
coefficient, CI confidence interval. *P < 0.05, **P < 0.01, ***P < 0.001.
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respectively (all P < 0.05) (Table S1 and Fig.  4). Although only peripheral monocyte counts were significant 
mediators of the relationship between air pollution and serum UA levels, our results highlight that exposure to 
air pollutants can elevate serum UA levels by increasing hematocyte counts advancing low-grade inflammation, 
consequently increasing the risk of kidney injury.

This study has several limitations. Firstly, this retrospective analysis does not allow determination of causality, 
which requires further investigation in future studies. Secondly, the geometric means assessing the combined 
effect for six air pollutants were based on the assumption that each pollutant has equal toxic effects, which may 
be overestimated the grouping differences, but the associations among air pollution, hematocytes, and kidney 
dysfunction were not changed. Thirdly, the small sample size of 233 participants limits the statistical power 
and generalizability of the findings, particularly in diverse populations with varying environmental and genetic 
backgrounds. In addition, there are some potential confounders such as dietary habits, socioeconomic status, 
physical activity, and pre-existing health conditions which did not record in the laboratory information system of 
the department of clinical laboratory medicine, Mianyang Central Hospital. Last but not least, personal wearable 
equipment was not applied to accurately monitor air pollutant exposure levels because the study was limited by 
retrospective analysis; however, a mathematical equation was employed to assess individual exposure doses with 
monitoring station air pollution data, which has been proven to be reliable10,13,26,27.

Conclusion
With this retrospective analysis, we are the first to evaluate the relationship between air pollution, inflammation 
based on peripheral blood cells, and serum UA levels. The results showed that air pollution remains a severe 
challenge in Mianyang, with high daily exposure doses and peripheral blood cells and serum UA levels being 
elevated in the public. In addition, peripheral monocyte count played a mediating role in the dose-dependent 
relationship between air pollutant exposure and serum UA levels. In summary, the results suggest that air 
pollution may increase serum UA levels by altering hematocytes inducing low-grade inflammation, which may 
ultimately enhance the risk of kidney dysfunction. Air quality has improved in recent decades because the “Air 
Pollution Prevention and Control Action” was implemented. However, to improve living spaces and public 
health, ecological and environmental protection policies must be implemented.

Data availability
All data generated or analysed during this study are included in this published article.
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