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Abstract

:

Previous studies reported that lead (Pb) and cadmium (Cd) exposure are linked to changes in serum adiponectin; an adipokine that promotes glycolysis and inhibits gluconeogenesis to regulate glucose metabolism. However, no study has ever explored the relationship between exposure to these two heavy metals and adiponectin in adolescents and young adults. Additionally, the role of adiponectin in the relationship between Pb and Cd exposure and vascular endothelial cell apoptosis has never been investigated. In this study, 724 Taiwanese participants, aged 12 to 30 years, were enrolled to investigate the association among urinary lead and cadmium, serum adiponectin, and apoptotic microparticles (CD31+/CD42a−, CD31+/CD42a+, and CD14). The results of the current study revealed a statistically significant inverse association between urine Pb and Cd levels and adiponectin levels, as well as a positive association with apoptotic microparticles (CD31+/CD42a−, CD31+/CD42a+, and CD14). Adiponectin was also inversely correlated with CD31+/CD42a− and CD31+/CD42a+. Moreover, when subjects with both Pb and Cd levels above the 50th percentile were compared to those below it, the former group exhibited the lowest average adiponectin value. Additionally, a more pronounced positive association between heavy metals and apoptotic microparticles (CD31+/CD42a− and CD31+/CD42a+) was observed when adiponectin levels were lower. Furthermore, an interaction between adiponectin and heavy metals was identified in the relationship between these metals and CD31+/CD42a−. In conclusion, these findings suggest that Pb and Cd exposure may have an adverse effect on adiponectin, and it may play a role in the link between heavy metal exposure and the dysfunction of vascular endothelial cells. Future studies are needed to establish whether a causal relationship exists.
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1. Introduction


Heavy metal pollution from industrial activities, agriculture, waste disposal, combustion processes, and natural weathering poses environmental and health risks [1]. Evaluating the health effects of lead (Pb) and cadmium (Cd) exposure is crucial due to the widespread exposure to these heavy metals and their established health impacts [1]. These two toxic substances rank among the top ten chemicals that raise public health concerns, as stated by the World Health Organization [1]. Exposure to Pb and Cd increases oxidative stress and can damage lipids, proteins, and DNA, causing dangerous effects on various organ systems [2]. Despite efforts to decrease human exposure, low levels of Pb and Cd remain linked to adverse health outcomes in recent studies [3,4].



Cardiovascular diseases (CVD) are the primary reason for human mortality, despite substantial advancements in treatment [5]. In addition to conventional risk factors, such as diabetes mellitus, hypertension, and tobacco use, the impact of environmental Pb and Cd exposure on CVD has emerged as a critical concern in recent research [6,7,8]. Endothelial cell apoptosis inhibits nitric oxide production and promotes a pro-thrombotic and pro-inflammatory arterial environment. These mechanisms lead to monocyte and lipid accumulation, plaque destabilization, and impaired vascular endothelial function. This process plays a central role in the progression of atherosclerosis [9,10]. Moreover, apoptosis leads to the generation of apoptotic microparticles comprising a variety of bioactive molecules that initiate a pro-inflammatory response [11]. These microparticles can disrupt the normal functioning of healthy endothelial cells, leading to reduced nitric oxide production, inflammation, and oxidative stress. As such, apoptotic microparticles are widely recognized as indicators of vascular endothelial cell dysfunction in the context of atherosclerosis [11]. In our previous study, we conducted a cohort study involving adolescents and young adults in Taiwan, uncovering a positive correlation between urinary levels of Pb and Cd and serum apoptotic microparticle levels [12]. The findings of this study imply that these two heavy metals could potentially disrupt vascular endothelial cell functions in this young population [12].



Adiponectin, an adipokine synthesized by adipocytes, exerts regulatory functions on many metabolic pathways [13,14]. Notably, it augments insulin sensitivity, thus mitigating the risk of diabetes. Moreover, adiponectin exerts anti-inflammatory effects, preserves endothelial function, impedes atherosclerotic progression, and demonstrates anti-cancer properties, encompassing the inhibition of cancer cell proliferation and the modulation of immune responses [13,14]. Investigations have brought to light the significance of adiponectin in enhancing the function of vascular endothelial cells. Adiponectin plays a vital role in the intricate communication pathways within endothelial cells and has the ability to protect against abnormal vascular remodeling by inhibiting the growth and migration of smooth muscle cells [15]. Moreover, experimental research has shown that adiponectin has the potential to reduce microparticle quantities in both laboratory settings and living organisms [16]. These findings align with our earlier discussion of adiponectin’s protective effects on vascular endothelial cell function, suggesting that it may play a role in mitigating the detrimental effects of microparticles on vascular health. Furthermore, clinical trials have provided additional support for this concept, demonstrating a negative association between the serum levels of adiponectin and the microparticle levels in patients with diabetes and hyperlipidemia [17,18]. These collective findings reinforce the potential value of adiponectin in addressing vascular endothelial dysfunction and its associated complications.



Previous experimental studies have consistently indicated that exposure to high doses of Pb or Cd can adversely impact adiponectin levels [19,20]. Moreover, an occupational study involving welders exposed to heavy metals, including Pb and Cd, also reported lower levels of serum adiponectin [21]. However, research on the association between Pb or Cd exposure and adiponectin levels in the general population remains limited and inconclusive. Some mother–infant studies have found no significant association [22,23]. Conversely, in an elderly population, a study reported a positive association [24], while in another cohort study involving women, a negative association was discovered [25]. Despite these existing studies, there is a notable gap in the literature, as no previous investigations have explored this association in adolescents and young adults.



In summary, prior investigations have demonstrated that exposure to Pb or Cd is linked to CVD and the dysfunction of endothelial cells. The existing literature also indicates that these two heavy metals may detrimentally affect adiponectin levels, and higher adiponectin levels have been associated with improved endothelial function. However, there is a lack of specific research exploring the role of adiponectin in the relationship between heavy metal exposure and vascular endothelial function. Moreover, the association between these heavy metals and adiponectin remains unexplored in adolescents and young adults. Additionally, considering that humans are often exposed to both Pb and Cd simultaneously, it would be valuable to investigate the combined effects of co-exposure on adiponectin and vascular endothelial function. To address this research gap comprehensively, our study aims to provide valuable insights into the potential association between Pb or Cd exposure and adiponectin levels in this particular age group. In this Young Taiwanese Cohort (YOTA) study, we measured urine levels of Pb and Cd, as well as serum adiponectin, and apoptotic microparticles (CD31+/CD42a−, CD31+/CD42a+, and CD14).




2. Materials and Methods


2.1. Study Population


During the period of 2006 to 2008, we established the YOTA cohort by enrolling 886 individuals aged between 12 and 30 years, based on their childhood blood pressure levels, whether elevated or normal [26]. The research protocol for this study was approved by the Research Ethics Committee of the National Taiwan University Hospital (NTUH-9561705054), and all participants provided signed consent forms. To ensure the integrity of our study, we excluded 17 individuals with diabetes, as their medication could potentially influence adiponectin levels [27]. Additionally, 145 participants were excluded due to incomplete data on urine heavy metal levels. Consequently, our final analysis included a total of 724 participants. A flow chart of this study is shown in Figure 1. For more comprehensive information, please refer to the Supplementary section.




2.2. Measurement of Serum Adiponectin, Urinary Pb and Cd Levels


Following an overnight fast, blood samples were collected from all participants, and the levels of adiponectin in the serum were determined using a commercially available immunoassay kit (R&D Systems, Minneapolis, MN, USA). The comprehensive methodology for measuring urinary levels of Pb and Cd in this study has been thoroughly described and can be found in our previously published articles [28,29]. The lowest detectable concentrations for Pb and Cd were 0.007 μg/L and 0.006 μg/L, respectively. Further details can be accessed in the Supplementary Materials.




2.3. Measurement of the Concentration of Apoptotic Microparticles in Serum


The origin of apoptotic microparticles can be determined through the use of specific markers, such as CD31 and CD42a. While CD31 is present on both apoptotic platelets and endothelial cells, CD42a is exclusively found on apoptotic platelets. Thus, the presence of CD31+ and the absence of CD42a (CD31+/CD42a−) indicate that the microparticles originate from apoptotic endothelial cells. On the other hand, the presence of both markers (CD31+/CD42a+) suggests that they derive from apoptotic platelets [30,31]. Additionally, CD14, another marker expressed on monocytes, macrophages, and neutrophils, plays a significant role in the phagocytosis of apoptotic cells by macrophages [32]. To measure these three types of apoptotic microparticles, we utilized flow cytometry, following a previously established method [33]. In brief, citrated serum was subjected to analysis using fluorescent monoclonal antibodies: phycoerythrin-labeled anti-CD31, anti-CD42a, and anti-CD14 (BD Bioscience). The levels of microparticles are expressed as counts per microliter (counts/µL) [33].




2.4. Covariates


This study incorporated various covariates in its analysis, encompassing age, sex, household income, hypertension, smoking status, alcohol consumption, and z score of body mass index (BMI). Further elaboration on these covariates can be found in the Supplementary section.




2.5. Statistical Analysis


Statistical analyses were performed using SPSS for Windows (version 20.0; SPSS Inc., Chicago, IL, USA). In this research, urinary creatinine served as an adjustment for urine flow since the concentrations of heavy metals in urine can be affected by the flow rate [34]. Variables showing notable deviations from a normal distribution underwent a natural logarithm transformation prior to further analyses. Multiple linear regression models were conducted to assess the association of various factors with the variables of interest. Specifically, we investigated the regression coefficients of natural logarithm-transformed adiponectin and apoptotic microparticles, accounting for the influence of logarithm-transformed heavy metals and adiponectin within the regression model. Our analysis encompassed a comprehensive set of covariates, including age, sex, BMI z score, smoking habits, alcohol consumption, and household income. Moreover, we evaluated the geometric means (with standard error) of serum adiponectin across different quartiles of urinary heavy metals and in separate subgroups of Pb and Cd using multiple linear regression models. Additionally, we examined the regression coefficients of logarithm-transformed apoptotic microparticles with a one-unit increase in logarithm-transformed heavy metals for varying levels of adiponectin, specifically focusing on the 50th percentile. We conducted an examination of interaction tests by incorporating cross-product terms into multiple linear regression models. A significance level of p < 0.05 was considered statistically significant in our analyses.





3. Results


Out of the 724 participants included in this study, 434 were women, while 290 were men, and the average age (SD) was 21.2 (3.4) years. The detection rates for both Pb and Cd were found to be 100%. Pb and Cd exhibited a strong positive association, as indicated by a Spearman’s correlation coefficient of 0.815 (p < 0.001). Out of the entire pool of participants, data on adiponectin were only available for 362 individuals. Detailed demographic information, along with the measurements of urinary heavy metals, serum adiponectin, and apoptotic microparticles, can be found in Table 1 and Table 2. The geometric means (95% confidence interval) of the urinary heavy metal concentrations across various categories are presented in Supplementary Table S1. Notably, levels of Pb and Cd were significantly elevated in the younger population (12–19 years old) (p < 0.001) and among women (p < 0.001). Furthermore, urinary Pb levels were higher among subjects with hypertension (p = 0.030), while Cd levels were lower among active smokers (p = 0.011). Table 3 illustrates the relationships observed among these heavy metals, adiponectin, and apoptotic microparticles. We observed that the levels of urinary Pb and Cd exhibited a negative association with adiponectin concentrations, while displaying a positive association with CD31+/CD42a−, CD31+/CD42a+, and CD14 counts. Additionally, the levels of adiponectin were found to be negatively correlated with CD31+/CD42a− and CD31+/CD42a+.



Table 4 presents the geometric mean of serum adiponectin in relation to different quartiles of urinary heavy metals, as analyzed through multiple linear regression models. Notably, a significant decline in the mean levels of adiponectin was evident with increasing quartiles of Pb and Cd (p for trend < 0.001). As a further insight, both Pb and Cd at the highest quartile were substantially lower when compared to the lowest quartile, with both exhibiting a p value < 0.001. Table 5 illustrates the geometric mean (with standard error) of adiponectin within distinct subgroups of Pb and Cd (cut at the 50th percentile). These results indicate a significant reduction in adiponectin levels as the concentrations of Pb and Cd subgroups increase (p for trend < 0.001). Comparing subjects with Pb and Cd levels below the 50th percentile to those above the 50th percentile, the latter group had the lower mean adiponectin value (geometric mean (SE) = 3987.82 (1.13) ng/mL; p < 0.001). Moreover, Supplementary Table S2 reveals a noteworthy elevation in adiponectin levels with increasing concentrations of Pb and Cd subgroups (all p for trend < 0.05). Notably, subjects with Pb and Cd levels above the 50th percentile displayed the highest mean values for CD31+/CD42a−, CD31+/CD42a+, and CD14 counts, in comparison to subjects with Pb and Cd levels below the 50th percentile.



Figure 2 displays the regression coefficients of natural-logarithm-transformed serum apoptotic microparticles concerning an increase in the natural-logarithm-transformed urine concentrations of Pb and Cd. Our study also examined different concentrations of adiponectin and the interplay between adiponectin and these two heavy metals, with the concentrations divided at the 50th percentile. Subjects with adiponectin levels above the 50th percentile exhibited lower regression coefficients compared to those below it. Furthermore, the levels of Pb and Cd demonstrated positive associations with CD31+/CD42a− and CD31+/CD42a+, except for the relationship between Cd and CD31+/CD42a+ in individuals with adiponectin levels above the 50th percentile. In the association between the heavy metals and CD31+/CD42a−, adiponectin levels interacted with these two elements (p for interaction was found to be 0.001 for Pb and 0.012 for Cd, respectively), whereas no interaction was observed between adiponectin and the heavy metals concerning CD31+/CD42a+.




4. Discussion


The results of this study revealed a statistically significant inverse association between urinary Pb and Cd levels and adiponectin levels, as well as a positive association with apoptotic microparticles (CD31+/CD42a−, CD31+/CD42a+, and CD14). Adiponectin was also inversely correlated with CD31+/CD42a− and CD31+/CD42a+. Furthermore, the positive association between heavy metals and apoptotic microparticles (CD31+/CD42a− and CD31+/CD42a+) was more pronounced when adiponectin levels were lower, and an interaction between adiponectin and heavy metals was identified in the association between the two metals and CD31+/CD42a−. These results indicate that decreased adiponectin might play a role in the connection between heavy metal exposure and dysfunction of vascular endothelial cells. The importance of this research is threefold. First, investigating the health effects of heavy metal exposure in adolescents and young adults is an important area of investigation, as this age group is less likely to have medical diseases that could potentially complicate these associations. Second, this study is innovative in its exploration of the complex relationships between heavy metal exposure, adiponectin, and apoptotic microparticles. Moreover, this is the first study to investigate the association between heavy metals and adiponectin in adolescents and young adults. Finally, if the associations identified in this study are found to be causal, the prevention of heavy metal exposure would be an important public health strategy.



Adiponectin actively contributes to the prevention of atherosclerosis in both the endothelial cells and the subendothelial space [15]. Adiponectin exerts atheroprotective effects by increasing nitric oxide production, reducing platelet aggregation, and inhibiting the transformation of monocyte-derived macrophages into foam cells [35,36,37]. Additionally, adiponectin has also been demonstrated to have anti-proliferative and anti-migratory properties in smooth muscle cells [38]. In an experimental study, adiponectin limited the release of microparticles from lipopolysaccharide-treated monocytes [16]. Clinical investigations have also shown an inverse relationship between adiponectin levels and circulating endothelium–platelet microparticles. In a study of 191 hyperlipidemic patients with type 2 diabetes, Nomura et al. (2009) discovered that combined statin and omega-3 fatty acid treatment significantly reduced platelet-derived microparticles and increased in adiponectin levels [17]. Similarly, a study by Esposito et al. (2011) found that thiazolidinedione treatment decreased circulating endothelial microparticles and increased serum adiponectin levels in 110 patients with newly diagnosed type 2 diabetes [18]. In the current investigation, we observed an inverse association between serum adiponectin levels and CD31+/CD42a− and CD31+/CD42a+, consistent with previous experimental and clinical studies.



There is limited experimental research on the influence of Cd or Pb exposure on adiponectin regulation. Nevertheless, studies have indicated that Cd can decrease both adipocyte size and adiponectin secretion in mice [20]. Additionally, Pb exposure may also affect central adipokine signaling by decreasing the expression of adiponectin receptor 1b in the brain of zebrafish. However, the underlying mechanism is not yet understood [19]. Epidemiologic studies have investigated the relationship between Pb or Cd and serum adiponectin. An occupational study of 100 welding workers in Taiwan found that those with higher urinary levels of heavy metals, including Pb and Cd, had lower levels of serum adiponectin, suggesting that Pb exposure may be the main contributor to this association [21]. However, studies on the general population have yielded mixed results. A study of 1363 mother–infant pairs in Canada reported no significant association between maternal blood levels of Pb and Cd and umbilical cord blood adiponectin levels [22]. Similarly, a study of 411 mother–infant pairs in the U.S. found no association between maternal blood levels of these two heavy metals and serum adiponectin in children aged 4–6 years [23]. Conversely, a separate investigation involving 70 Canadian participants aged 46–87 years demonstrated a positive association between urinary Cd and serum adiponectin levels. Additionally, path analyses supported the notion that adiponectin acts as a mediator in the association between urinary Cd and urinary retinol binding protein, a biomarker indicative of renal dysfunction [24]. Another study evaluated 1228 women in the U.S., and found that urinary Cd, but not Pb, was associated with lower levels of adiponectin [25]. In our study, which enrolled a young Taiwanese population, we found that both urinary Pb and Cd concentrations were inversely related to serum adiponectin levels. We propose that differences between our results and those of previous studies may be due to variations in the demographic characteristics of the study participants, the size of the study groups, the types of samples collected, and the variables taken into account.



Atherosclerosis represents a multifactorial pathological process characterized by the accumulation of lipids, inflammation, and impaired endothelial function [39]. Evidence suggests that exposure to Pb and Cd can perturb lipid metabolism and initiate amyloid angiopathy, potentially contributing to the pathogenesis of atherosclerosis [40]. Additionally, the escalation of oxidative stress may induce detrimental effects on proteins and DNA, further compromising the integrity of vascular endothelial cells [2]. In a prior investigation on the same study cohort, a positive association was established between elevated levels of urine Pb and Cd and apoptotic microparticles, namely, CD31+/CD42a−, CD31+/CD42a+, and CD14 counts, indicative of vascular endothelial cell dysfunction [12]. Nevertheless, no epidemiologic study has hitherto explored the role of adiponectin in relation to the interplay between heavy metals and vascular endothelial cell dysfunction. In this present paper, we present the initial evidence suggesting that adiponectin could potentially act as a mediator in the association between exposure to Pb or Cd and endothelial cell dysfunction. Moreover, simultaneous exposure to low doses of Pb and Cd may lead to cumulative cellular damage through shared molecular pathways. Previous animal studies and epidemiological research have proposed that these metals may exert synergistic effects on diverse health indicators, including lipid metabolism, biomarkers of oxidative stress, renal function, and blood pressure [3,41,42,43]. In our prior investigation, we also found that the combined exposure to Pb and Cd might result in synergistic impacts on apoptotic microparticles [12]. Furthermore, our current study presents an initial indication of a plausible synergistic influence of low levels of Cd and Pb on serum adiponectin concentrations.



Our study has certain limitations that deserve consideration. Firstly, the cross-sectional nature of the study precludes us from drawing any causal inferences. Secondly, the study population was confined to a specific young ethnic group in Taiwan; thus, the generalizability of the conclusions to broader populations remains uncertain. Thirdly, our analysis did not encompass other environmental contaminants that could potentially influence both adiponectin and apoptotic microparticles, leaving room for the possibility that our findings are merely indicative of secondary associations.




5. Conclusions


In our comprehensive study of a cohort of young Taiwanese individuals, we made notable discoveries. Specifically, we observed a significant and remarkable association between elevated urinary levels of both Pb and Cd and a concomitant decrease in serum adiponectin levels, along with an increase in serum apoptotic microparticles. Interestingly, our investigation revealed that the effects of these two heavy metals on adiponectin are synergistic. Furthermore, our research revealed intricate interactions between these heavy metals, adiponectin, and apoptotic microparticles, underscoring the complex interplay among these variables. Taken together, these findings suggest that reduced adiponectin levels may play a pivotal role in mediating the apoptosis-related damage to vascular endothelial cells induced by exposure to Pb and Cd. This, in turn, provides a new perspective on the mechanistic basis of how Pb and Cd cause damage to endothelial cells and underscores the need for further in-depth investigations to definitively establish any causal relationships.
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Figure 1. Flow chart detailing the participant selection procedure. 
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Figure 2. The regression coefficients (SE) of natural-logarithm-transformed serum apoptotic microparticles concerning an increase in the natural logarithm-transformed urine concentrations of Pb and Cd at different adiponectin levels (cut at the 50th percentile). (A) Pb and CD31+/CD42a−. (B) Pb and CD31+/CD42a+. (C) Cd and CD31+/CD42a−. (D) Cd and CD31+/CD42a+. 
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Table 1. Demographic data in the studied Taiwanese population (categorical variables) (n = 724).
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	Numbers (%)





	Age (years): 12–19
	231 (31.9)



	                      20–30
	493 (68.1)



	Sex: Male
	290 (40.1)



	        Female
	434 (59.9)



	BMI: <24
	570 (78.7)



	         ≥24
	154 (21.3)



	Smoking: Active
	122 (16.9)



	                 Not active
	602 (83.1)



	Drinking: Current
	69 (9.5)



	                  Not current
	654 (90.5)



	Household income: <TWD 50,000
	282 (39.1)



	                                   ≥TWD 50,000
	440 (60.9)



	Hypertension: Yes
	54 (7.5)



	                          No
	670 (92.5)







Abbreviation: BMI: body mass index.













 





Table 2. Mean and geometric mean of adiponectin, urinary heavy metals, and apoptotic microparticles in the studied Taiwanese population (n = 724).
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	Mean (SD)
	Geometric Mean (Geometric SD)





	Adiponectin (ng/mL) a
	14,401.22 (40,206.03)
	6404.14 (2.99)



	Urinary heavy metals
	
	



	   Pb (μg/g creatinine)
	6.98 (16.57)
	1.47 (5.27)



	   Pb (μg/L)
	9.22 (17.53)
	2.18 (5.17)



	   Cd (μg/g creatinine)
	1.43 (2.64)
	0.62 (3.51)



	   Cd (μg/L)
	2.00 (2.73)
	0.92 (3.63)



	Apoptotic microparticles (counts/µL)
	
	



	   CD31+/CD42a−
	243.73 (367.80)
	166.47 (3.46)



	   CD31+/CD42a+
	11,432.68 (18,428.00)
	3725.29 (5.46)



	   CD14
	123.46 (74.35)
	108.03 (1.67)







a n = 362. Abbreviations: Cd: Cadmium; Pb: Lead.













 





Table 3. Linear regression coefficients (standard error) of ln adiponectin and ln microparticles with a unit increase in ln heavy metals and ln adiponectin in multiple linear regression models.
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	Ln Adiponectin
	Ln CD31+/CD42a−
	Ln CD31+/CD42a+
	Ln CD14





	
	(ng/mL)
	(counts/µL)
	(counts/µL)
	(counts/µL)



	
	n = 362
	n = 722
	n = 722
	n = 722



	Ln adiponectin (ng/mL)
	
	−0.186 (0.064)
	−0.277 (0.090)
	−0.020 (0.027)



	   p value
	
	0.004 *
	0.002 *
	0.465 *



	Ln Pb (μg/g creatinine)
	−0.169 (0.032)
	0.349 (0.025)
	0.320 (0.038)
	0.067 (0.012)



	   p value
	<0.001 *
	<0.001 *
	<0.001 *
	<0.001 *



	Ln Cd (μg/g creatinine)
	−0.192 (0.045)
	0.433 (0.033)
	0.417 (0.050)
	0.071 (0.015)



	   p value
	<0.001 *
	<0.001 *
	<0.001 *
	<0.001 *







Model adjusted for age, sex, BMI z score, smoking status, drinking status, household income. Abbreviations: Cd: cadmium; Pb: lead. * p < 0.05.













 





Table 4. Geometric means (standard error) of serum adiponectin at different quartiles of urinary heavy metals in multiple linear regression models (n = 362).
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Adiponectin (ng/mL)




	
Heavy Metals (μg/g Creatinine)

	
Geometric Mean (SE)

	
p

	
p for Trend






	
Pb

	
≤0.36 (≤25%ile)

	
7065.65 (1.15)

	
Reference

	
<0.001




	

	
≤0.61 (≤50%ile)

	
8014.44 (1.14)

	
1.000

	




	

	
≤2.00 (≤75%ile)

	
8160.00 (1.14)

	
1.000

	




	

	
>2.00 (>75%ile)

	
3725.66 (1.14)

	
<0.001

	




	
Cd

	
≤0.20 (≤25%ile)

	
8184.52 (1.14)

	
Reference

	
<0.001




	

	
≤0.32 (≤50%ile)

	
6967.42 (1.14)

	
1.000

	




	

	
≤0.75 (≤75%ile)

	
7608.34 (1.14)

	
1.000

	




	

	
>0.75 (>75%ile)

	
4101.06 (1,14)

	
<0.001

	








Model adjusted for age, sex, BMI z score, smoking status, drinking status, household income. Abbreviations: Cd: cadmium; Pb: lead.













 





Table 5. Geometric mean (SE) of adiponectin in different heavy metal subgroups (cut at the 50th percentile) in the multiple linear regression model.
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	Pb ≤ 50%ile and Cd ≤ 50%ile
	Pb > 50%ile and Cd ≤ 50%ile
	Pb ≤ 50%ile and Cd > 50%ile
	Pb > 50%ile and Cd > 50%ile





	
	Number
	191
	34
	34
	103



	Adiponectin (ng/mL