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Lead (Pb) and cadmium (Cd) in environment can be directly absorbed by drinking water and soil. However, data on human Pb and Cd exposure by drinking water and soil and its long-term consequence for type 2 diabetes mellitus (T2DM) and obesity are lacking. Our study aims to explore the association of typical heavy metals co-exposure in drinking water and soil to the community residents with T2DM and obesity indices in two cities of southern China. A cross-sectional study enrolling total 1,274 participants was performed and the local water and soil samples were collected in two communities in southern China. The average daily dose (ADD) of heavy metals was calculated to assess the exposure. The obesity indices comprise body mass index (BMI), waist-to-hip ratio (WHR) and waist circumference (WC). Binary, multiple logistic and linear regressions were employed for assessing the associations of Pb and Cd exposure with T2DM and obesity. The results showed that there weren't any significant correlations between ADDs of Pb/Cd and T2DM in community residents (all Ps>0.05). Compared with those with 18.5 ≤ BMI <24, with 1 μg/kg bw/d ADD of Pb increase in exposure are associated with 49.2–56.1% lower likelihood of overweight. Besides, with ADDs of Pb exposure was increased by 1 μg/kg bw/d and WHR decreasing by 0.01–0.02, and WC decreasing by 2.22–4.67 cm. We speculate that Pb causes weight loss because it damages the absorption function of the gastrointestinal tract as an initial injury. 1μg/kg bw/d ADD of Cd increase is associated with 100.9% upper likelihood of low weight in Model 1. It suggests that Pb/Cd pollution in the local environment was serious and harmful to residents' health. Government should introduce relevant oversight and accountability systems to improve the prevention and management of lifestyle-related chronic diseases in the future.
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Introduction

Type 2 diabetes (T2DM) is one of the worldwide concerning public health problems. International Diabetes Federation estimated that 578 million people will have T2DM in 2030 by 25% and the number will increase by 51% (700 million) in 2045 without any interventions. Obesity is a complex and multifactorial disease with different degrees of associated cardiovascular and metabolic risk (1), and obesity was accounting for 80~85% of the risk for developing T2DM (2). Recent studies suggest that environmental exposure, especially heavy metals, could play important role in T2DM and obesity (3, 4). Exposure to toxic heavy metals has risen recently and is considered as a severe global public health problem. The types and quantities of environmental pollutants are increasing and the geographical and scale of the occurrence is gradually expanding. Among them, e-waste pollution has caused widespread concerning in Pearl River Delta Region. China is already the world's second largest producer of e-waste (2.3 million tons per year) (5). As the most common heavy metals in e-waste, exposure to lead (Pb) and cadmium (Cd) has been confirmed and affects the occurrence rate overweight/obesity and T2DM (6–8). They are frequently co-occurring in the environment and ranked in the top ten environmental chemicals of concern by environmental health agencies (1).

To date, some epidemiologic studies have reported the associations between exposure of heavy metals and T2DM/obesity, but the conclusion is not completely consistent. Some demonstrated that blood Pb/Cd level was associated with T2DM. For example, one case-control study suggested that blood Pb/Cd levels in the diabetic group were significantly higher than those in the control group (6), another study indicated that urinary Cd levels were significantly related to impaired fasting blood glucose and diabetes, and they were dose-dependent (9); while no associations of Cd exposure have been observed with T2DM (10). Data regarding Pb/Cd and obesity suggest exposure to Pb/Cd may also damage the nervous system (11–13), and obesity is associated with neurological function disorder (14).

Pb/Cd exposure to early life damage should not be ignored; for example, the risk of low birth weight (15–18) and an independent risk factor for overweight and (or) obesity in adulthood (19). Moreover, Pb with high level in dentin have been positively related to BMI in children (20). In contrast, a published cohort study demonstrated that higher levels of Pb in blood have been inversely associated with BMI in adults (8). Besides, Lee found that doubling of blood Cd concentration resulted in 26.4%~31.0% increasing of the risk of metabolic syndrome in male (7). While other study found a negative correlation between blood Cd concentration and BMI (21). Finally, animal studies have suggested that high concentration of Pb/Cd in blood accompanied with obesity may cause fast blood glucose elevation and glucose intolerance (22).

Pb and Cd in environment can be directly absorbed by drinking water and soil, it reported that 60%~80% of heavy metals exposure to the residents in industrial areas was due to contaminated food and water consumption, rather than through air pollution (https://cgspace.cgiar.org/handle/10568/46583). So far, studies on Pb/Cd co-exposure in drinking water and soil and health outcomes are limited with most of the studies coming from direct measurement of blood Pb and Cd. To the best of our knowledge, no studies have been conducted on drinking water and soil Pb exposure and T2DM/obesity in the south China population. Based on the above-mentioned evidences, the correlation between environmental Pb/Cd co-exposure in drinking water and soil and T2DM /obesity in southern China. Accordingly, the present study aimed to (1) calculate the daily Pb/Cd intakes of residents in communities in southern China through drinking water and soil and (2) evaluate the association between Pb/Cd intake (by drinking water and soil) and T2DM/obesity. Our study has a preliminary understanding of the Pb/Cd exposure level of residents and the health effects under this exposure level, which provides a further scientific reference for the damage to human health caused by heavy metal exposure. Our findings therefore could be useful for identifying the main approach and mode of the environmental exposure and the risk assessment for environmental and public health; and it also can further support and improve government's decision and policy-making for prevention and management of public health.



Methods


Study population and sampling sites

A total of 1,630 residents who live in their local community for at least 5 years were investigated by a random sampling method from Dapeng community in Shenzhen City and Hengqin community in Zhuhai City by a cross-sectional study in Guangdong Province, China, during Jul to Aug in 2018. The study was approved by the ethics committee of Health Research Specialty Committee of Guangdong Sociological Society. In our study, considering that most of the residents are middle-aged and elderly, so we recruited individuals aged 40 years or above from all respondents except the cases with incomplete questionnaire were excluded. Finally, there 1, 274 residents were included in this study. The research flow chat is described in Figure 1 which illustrates the selection of study participants. All participants were provided with informed consents.


[image: Figure 1]
FIGURE 1
 Flow chart in the selection of study subjects.


The geographical location of sampling sites as showed in Figure 2, Shenzhen and Zhuhai are located in the south of Guangdong Province, our 15 sampling sites are concentrated (nine sampling sites in Dapeng community in Shenzhen City (nine drinking water samples and nine soil samples) and six sampling sites in Hengqin community in Zhuhai City (six drinking water samples and six soil samples)) in the southeast of Shenzhen and Zhuhai.


[image: Figure 2]
FIGURE 2
 The geographical location of sampling sites. A: Shishan B: Sitang C: Xiangyang D: Santang E: Shangcun F: Hongqi G: Kuixin H: Xinwuzai I: Kuifeng J: Nanao K: Diefu L: Pengcheng M: Futang N: Huangqitang O: Nanchong




Data collection and measurements

All surveys were conducted and the data were collected by face-to-face interviews and physical measurements by interview groups, and each small group was composed of at least two local healthcare staffs and using structured and standard questionnaires. Initially, each group was accompanied by a supervisor to ensure that the interviews were properly conducted. The investigators have received professional trainings. We collected information by questionnaire survey about demographic characteristics (sex, age, marital status, educational level, per capita monthly income), lifestyle risk factors (smoking status, drinking status, depression or anxiety, frequency of exercises per week, days of eating fresh vegetables per week, days of eating fresh fruits per week) and medical history (family history of T2DM, hypertension state and diabetic state). Smoking status is divided into three categories: never smoke, former smoke and current smoke, which, respectively means those who reported smoking fewer than 100 cigarettes in their lifetime; ever smoked at least 100 cigarettes in their lifetime but haven't currently smoked; and smoked at least 100 cigarettes and currently smoked some days or every day. The average number of alcoholic drinks consumed per day in the past year was calculated based on the reported frequency and average number of drinks on a consumption day (23). The hypertension state and diabetic state were self-report by doctor's diagnosis. Anthropometric data including body weight, height, waist circumference (WC) and hip circumference (HC) were measured according to NIH guidelines.

BMI = body weight (kg)/height2 (cm2). According to the standard of China, BMI < 18.5 is defined as chronic malnutrition and lean; 18.5 ≤ BMI <24 is normal weight; 24 ≤ BMI <28 is overweight; and 28 ≤ BMI is considered as obese. WHR= waist circumference (cm)/hip circumference (cm). WC ≥90 cm and ≥ 85 cm are abdominal obesity for male and female, respectively (24). The obesity indices comprise generalized obesity indices (BMI) and abdominal obesity indices (WHR and WC) (25).



Quality control of the survey

All data were well-checked by the well-trained staffs that have inquired and measured the involved participants. In addition, a special quality monitoring team supervised and reviewed all the completed questionnaires to ensure the authenticity and reliability.



Environmental sample collection and analysis

Drinking water samples were collected according to the standard examination methods for drinking water-collection and preservation of water samples (GBT5750.2-2006) (26). Soil samples were collected according to soil quality-Guidelines on sampling techniques (http://www.china-soilquality.com/biaozhundongtai/2019/0109/114.html). Concentrations of Pb/Cd in drinking water and soil were measured using inductively coupled plasma mass spectrometry (ICP-MS) in Public Monitoring Center for Agro-product of Guangdong Academy of Agricultural Sciences, Guangzhou, P. R. China. Water samples were collected from the main source of drinking water for the local population; and soil samples were collected from nearby fields where vegetables were grown, the heavy metals in water and soil may be ingested by water and food intake. Hence, those collected water and soil samples might represent the exposure levels of the local population.



Exposure assessment for Pb/Cd

The exposure dose of adults was assessed by using the method developed by the US Environmental Protection Agency (EPA) for measuring heavy metals exposure risk in drinking water and soil. Among all the different routes of exposure, the oral route remains the least documented (27). As we all know, oral intake is the most important route of exposure to heavy metals in drinking water and soil, in this study we only consider the oral intake exposure to water and ingestion exposure to soil in the common communities in southern China without heavy air pollution and occupational exposure. The ADD exposure to heavy metals was calculated to assess the exposure using the following formulas from EPA protocol (28, 29) as Equation (1).
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The calculation model of ADD exposure to Pb or Cd in soil is exhibited in Equation (2).

[image: image]

Where ADD is the average daily intake via ingestion of drinking water or soil [μg/(kg·d)]; Cd−w and Cs are the heavy metals concentration in drinking water and soil, respectively (μg/L, μg/kg); IRd−w is the daily amount of drinking water for adults (L/d); EFd−w is the frequency of exposure (d/y); EDd−w is the duration of exposure (y); ATd−w is the average exposure time (d). IRs is the ingestion rates of soil (mg/d); EFs is the exposure frequency of soil (d/y); EDs is the exposure duration of soil (y); ATs is the average time of dose (d); BW is the body weight (kg). The calculation parameters (30, 31) were demonstrated in Supplementary Table S1. The total intakes [μg/(kg·d)] of heavy metals via ingestion pathways were added from by ADDs of water and soil.



Statistical analysis

Medium and quartile were use to describe the central trend. Binary, multiple and linear logistic regression analyses were employed to evaluate the correlation between ADDs of Pb/Cd and T2DM, ADDs of Pb/Cd and BMI, ADDs of Pb/Cd and WHR/WC, respectively. The effect of each heavy metal was evaluated separately. Adjusted confounding factors include socio-demographic characteristics and lifestyle factors. The three regression Models appointed as Model 1, 2 and 3 for the adjusted regressions for socio-demographic characteristics, lifestyle factors and the both, respectively. The categorical and continuous confounding variables in the Models were fitted as dummy variables and the raw data. All statistical analyses were performed using SPSS version 22.0 (SPSS Inc., Chicago, IL, USA) and R Core Team (2020). R: A language and environment for statistical computing (http://www.R-project.org/), with a two-sided P-value < 0.05 considered as statistically significant.




Results


Incidence rate of T2DM and obesity in Southern China

The incidence rates of T2DM, obesity and abdominal general obesity in China and southern China were illustrated in Supplementary Table S2. It suggested that the incidence rate of T2DM and general obesity in Southern China were slightly lower than that in China level while the incidence rate of abdominal obesity was higher than national level of China, suggesting that in our study, although many people have normal BMI, their WC has exceeded the normal level.



Concentration of heavy metals in soil/water samples and calculation of total intakes

The concentrations of Pb/Cd in each sampling region were demonstrated in Table 1. The maximum concentrations of Pb and Cd detected in the drinking water were 0.022 and 0.043 mg L−1, respectively. The maximum concentrations of them in soil samples were 75.600 and 7.860 mg kg−1. Exposure assessment for heavy metals was exhibited in Supplementary Figure S2. It highlighted that the range of ADDs of Pb and Cd via drinking water was 0.01–1.05 and 0.03–2.21 μg/kg bw/d, respectively (Supplementary Figure S1A). The ranges of ADD of Pb and Cd via soil were 0.02–0.22 and almost close to 0 (The maximum exposure level was 0.01 μg/kg bw/d) μg/kg bw/d, respectively (Supplementary Figure S1B). The range and medium (the number in the parentheses) of total ADDs of Pb and Cd were 0.03–1.21 (0.101), 0.03–2.21 (0.053) μg/kg bw/d, respectively (Supplementary Figure S1C), and we found the exposure dose of most of the residents were below the median levels. The ADDs of Pb and Cd grouped by the residents' demographic sociological characteristics and lifestyle factors were exhibited in Supplementary Table S3. Spearman correlations for Pb/Cd exposure, T2DM, and each of the obesity indices (BMI, WC and WHR) were demonstrated in Figure 3. The correlation between BMI and WC is rs = 0.65. The correlation between WC and WHR is rs =0.73. BMI and WC; WC and WHR have high correlation (rs >|0.6|), and the variables with high correlation are not placed in the same model.


TABLE 1 Concentrations of Pb and Cd in water and soil of different sampling areas.
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FIGURE 3
 Pearson correlation coefficients between heavy metals (Pb and Cd) and obesity indices (BMI, WC, and WHR).




Effects of ADDs of Pb/Cd on T2DM in community residents

Binary logistic regression analysis was employed for evaluating the effect of ADDs of Pb/Cd exposure on T2DM of community residents. However, we haven't found any correlations between ADDs of Pb/Cd exposure and T2DM in community residents in all the three models (Figure 4).


[image: Figure 4]
FIGURE 4
 Associations of ADDs [μg/(kg·d)] of Pb/Cd with T2DM among the total subjects. Model 1: The adjusted values for per capita monthly income, sex, age, education level and marital status, family history of T2DM. Model 2: The adjusted values for smoking, drinking, hypertension, weekly exercise time, grade of BMI, WHR, and weekly intake of fresh vegetables/fruits, anxiety or depression state and the stillness and sitting time. Model 3: The adjusted values for the covariates in Model 1 and Model 2. Pb, Total intake of Pb; Cd. Total intake of Cd.




Effects of the ADDs of Pb/Cd to BMI in community residents

Multiple logistic regression analysis was employed to evaluate the effect of ADDs of Pb/Cd exposure to BMI of community residents in Figure 5. Compared with the residents with 18.5 ≤ BMI <24, we found that with 1 μg/kg bw/d ADD of Cd increase in exposure is associated with 100.9% upper likelihood of low weight in Model 1, with OR (95% CI): 2.01 (1.08–3.73). However, there is no association in Model 2 and 3. We found that compared with those with 18.5 ≤ BMI <24, 1 μg/kg bw/d ADD of Pb increase in exposure is associated with 49.2–56.1% lower likelihood of overweight, with ORs (95% CIs) were as follows: Model 1: OR (95% CI): 0.44 (0.30–0.66); Model 2: OR (95% CI): 0.50 (0.33–0.76); Model 3: OR (95% CI): 0.51 (0.33–0.78). Our research suggested that compared with the residents with 18.5 ≤ BMI <24, the residents with 1 μg/kg bw/d ADD of Pb increase in exposure was associated with 53.5% lower likelihood of obese in Model 1, with OR and 95% CI were 0.47 and 0.26–0.84, but there is no association in Model 2 and 3, which means higher ADD of Pb makes subjects less likely to be overweight.
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FIGURE 5
 Associations of ADDs [μg/(kg·d)] of Pb/Cd with BMI among total subjects. Model 1: The adjusted values for per capita monthly income, sex, age, education level and marital status. Model 2: The adjusted values for smoking, drinking, T2DM, hypertension, WHR, weekly exercise times, grade of BMI, and weekly intake of fresh vegetables/fruits; anxiety or depression state and stillness and sitting time. Model 3: The adjusted values for the covariates in Model 1 and Model 2. Reference level: Normal weight (18.5 ≤ BMI <24). Pb, Total intake of Pb; Cd, Total intake of Cd.




Effects of ADDs of Pb/Cd to WHR and WC in community residents

Linear regression analysis was used to analyze the effects of ADDs of Pb/Cd exposure on WHR and WC of the community residents. We found that there was a negative correlation between ADD of Pb and WHR in all the models. With the increasing of ADDs of Pb exposure by 1 μg/kg bw/d, WHR was decreased by 0.01–0.02, the parameters of β and 95% CI were as follows: Model 1: β (95% CI): −0.02 (−0.03 to −0.01); Model 2: β = −0.015 (−0.03 to −0.00); Model 3: β = −0.014, (−0.02 to −0.00). However, there was no correlation between ADD of Cd exposure and WHR of the community residents. Pb exposure was found an effect on WC, and when ADD of Pb exposure was increased by 1 μg/(kg·d) with WC decreasing by 4.655 cm (β = −4.66, 95% CI: −6.24 to −3.07), 2.31 cm (β = −2.31, 95% CI: −3.50 to −1.11) and 2.22 cm (β = −2.22, 95% CI: −3.38 to −1.06) in Model 1, 2, and 3, respectively. Besides, ADDs of Cd exposure was increased by 1 μg/(kg·d) with WC decreasing by 1.84 cm (β = −1.84,95% CI:−3.21 to −0.47) in Model 1, but there is no association in Model 2 and 3. All the details were shown in Figure 6.
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FIGURE 6
 Association of ADDs [μg/(kg·d)] of Pb/Cd with WHR and WC. Model 1: The adjusted for per capita monthly income, sex, age, education level and marital status. Model 2: The adjusted for smoking, drinking, T2DM, hypertension, weekly exercise times, grade of BMI, and weekly intake of fresh vegetables/fruits, anxiety or depression state and stillness and sitting time. Model 3: The adjusted for the covariates in Model 1 and Model 2. Pb, Total intake of Pb; Cd, Total intake of Cd.





Discussion

T2DM and obesity have been prevalent in Chinese population, especially in the middle-aged and elderly people (32). In this work, we explored the association of typical heavy metals, mainly Pb/Cd co-exposure in drinking water and soil to the community residents with T2DM and obesity indices in southern China. Our results indicate that abdominal obesity rate (35.4%) is higher than the national level of China (31.5%). Abdominal body fat can increase the risk of diabetes and carries greater risk of developing future cardiovascular events than peripheral or gluteofemoral obesity (33).

Our goal was to control for as many other factors as possible that contribute to T2DM and obesity, and then assess the association of Pb/Cd in drinking water and soil with these diseases, rather than the influence of demographic characteristics and health-related behaviors on disease. In this work, we found both Pb and Cd are not associated with T2DM. Compared with the residents with 18.5 ≤ BMI <24, the possibility of overweight was reduced by 49.2–56.1% when the exposure to Pb increased by 1 μg/kg bw/d ADD. Pb was negatively correlated with WHR and WC.

WHO emphasizes the dietary exposure corresponding to an increase in systolic blood pressure of 1 mmHg (0.13 kPa) was estimated to be 1.3 (5th to 95th percentiles 0.6–28) μg/kg bw/d (https://apps.who.int/food-additives-contaminants-jecfa-database/chemical.aspx?chemID = 3,511). In our work, the highest level of daily Pb exposure in this study was 1.21 μg/kg bw/d (Supplementary Figure S1), although it was slightly lower than 1.3 μg/kg bw/d, the Committee of WHO concluded that the provisional tolerable weekly intake (PTWI) could no longer be considered health protective, and it was withdrawn (https://apps.who.int/food-additives-contaminants-jecfa-database/chemical.aspx?chemID = 3,511). Our maximum exposure level of Cd was 66.3 μg/kg bw/m (2.21 μg/kg bw/d ×30), which is more than twice the PTMI recommended by WHO (25 μg/kg bw/m) (https://apps.who.int/food-additives-contaminants-jecfa-database/chemical.aspx?chemID = 1,376). Therefore, Pb and Cd pollution in the local environment should be paid sufficient attention.

There have been studies on the effects of Pb and Cd exposure on T2DM and obesity, while most of them focused on assessing the levels of heavy metals in blood and urine (7, 10, 23). In our investigation, we found the heavy metals especially Pb and Cd coexistence in local soil and water background were exceed the standard of China due to some electronic processing plants and e-waste incineration sites near the communities in Shenzhen and Zhuhai where the survey was conducted.

As the rapid economic development in southern China of Shenzhen and Zhuhai, the ecological environment, water sources and soils in the areas have been seriously contaminated, and the tap-water in some areas was extracted from the polluted water sources directly. The effects have continued for about 20–30 y to the present owing to the extensive approach to dealing with e-waste in the Pearl River Delta. Since 1.5–2 L/d of water consuming is required for a person, drinking water is a major way of exposure to heavy metals, and previous studies have proved soil ingestion is an important intake route of Pb/Cd exposure (34). Therefore, the relationship between Pb/Cd intake through drinking water and soil and the diseases are still worthy of further studies.

The correlations of the epidemiological study on heavy metal exposure and diabetes are not entirely consistent. It reported that in an investigation of 238 diabetic patients and 196 age-matched non-diabetic patients, the average blood Pb/Cd levels in the diabetic group were significantly higher than those in the control group (6). Another study suggested that a significant non-linear association between urinary Cd levels and prediabetes (35). In our previous study, we found concentrations of blood Mn showed a significant association with prevalence of metabolic syndrome only in age 30–49 and non-linear associations were observed of four heavy metals (Pb, Cd, mercury and manganese) in blood with the risks of MetS among all participants and in specific age and gender groups by restricted cubic splines logistic regression (36). However, there are also some inconsistent relevance between Cd and T2DM (3, 37). Besides, in the general Korean population, it implied that blood Pb and Cd have no significant relationship with diabetes (4). Compared with exposure to lower concentrations of Pb and Cd, our results suggested that Pb/Cd was not associated with T2DM exposure with higher exposing concentrations (Figure 3). Animal experiments showed that the rats were fed with Pb acetate (0.05% w/v) resulted in poor glucose tolerance (22). Besides, another epidemiological report found that daily intake of 6.5–16.25 μg Cd through drinking water could induce hyperglycemia and change the lipid metabolism (3). Hence, we speculate that the level of ADDs of Pb/Cd exposure in our study may not be sufficient to induce the clinical symptom of T2DM, however it might contribute to some physical damage such as poor glucose tolerance or hyperglycemia. On the other hand, owing to the negative association between Pb/Cd exposure and obesity, the association between Pb/Cd exposure and T2DM has been correspondingly reduced as obesity is an intermediate variable in the etiological chain of T2DM.

The relationship of the epidemiological study on heavy metal exposure and obesity are not also entirely consistent. One report in Boston suggested that chronic Pb exposure in childhood might result in obesity that persisting into adulthood (20). While others studies demonstrated that the concentrations of Pb in blood were negatively correlated with BMI and WC (8, 21, 23). Our finding suggested that with 1 μg/kg bw/d ADD of Pb exposure increase, the likelihood of overweight to normal weight (18.5 ≤ BMI <24) decreased 49.2–56.1% (Figure 5), and the WHR decreased 0.01–0.02, or the waist measurement decreased by 2.22–4.67 cm, which is consistent with the previous studies (8, 21, 23). Regarding the weight loss caused by Pb exposure, the following mechanisms can explain it. On the one hand, an animal study has revealed that most of the orally intake of Pb remains in the intestinal mucosa, and a small amount of Pb was absorbed by the gastrointestinal tract, the unabsorbed Pb may affect the balance of the digestive tract and intestinal environment (38). Therefore, we speculate that Pb causes weight loss because it damages the absorption function of the gastrointestinal tract. On the other hand, animal studies found that lead can depress the appetite so that induce a reduction in body weight (39). Some studies demonstrated that the concentrations of Cd in blood were negatively correlated with BMI and WC (8, 21, 23), while our study showed the opposite results. There are also some studies that were consistent with our findings (40). About the inconsistent conclusions, it still requires further and strong evidences.

The global pandemic of obesity, over-nutritional symptoms and climate change caused by a combination of economic, social and environmental factors. Currently, the consumption of meat and ultra-processed foods which with high sugar, fat, and calories. The greenhouse gas emissions, sedentary lifestyles, unhealthy travel patterns, and environmental changes all contribute to the global pandemic. To help bolster the battle of the bulge, government issued a guideline recently to implement the Healthy China initiative, i.e., an outline for the “Healthy China 2030,” which encourages people to adopt healthier lifestyles and diets. The guideline sets specific targets for reducing and limiting daily salt intake to <5 g, cooking oil intake to between 25 and 30 g and sugar intake to <25 g by 2030, etc.

Many studies have shown that such advertising can influence children's food preferences and intake (41). As a result, the WHO advises governments and food manufacturers to limit the advertising and promotion of unhealthy foods to children (42). In China, however, there is almost no limitation for food advertising. China should enact legal regulation of food advertising to children to limit the advertising of junk food, such as sugary drinks and high-calorie snacks, aimed at children.

Our study also has some advantages and disadvantages. The advantage is as follows: our study assessed residents' exposure to heavy metals through drinking water and soil, which is easier to obtain samples and reduction of expenditure compared with direct measurement of heavy metals in blood. However, our research has some limitations. Firstly, the fasting blood glucose and insulin levels haven't included in this survey as they are the indicators of pre-diabetes. Secondly, in fact, the evaluation system factors, such as pollutant concentration distribution, per capita drinking water consumption and the exposure frequency, etc. are uncertain, and it is difficult to accurately reflect the total personal exposure. The sources of exposure to heavy metals are not only from drinking water and soil sources mentioned in this study, but also from dietary and air, so our study might underestimate the exposure of Pb/Cd.



Conclusion

As a cross-sectional study, we have evaluated the association between Pb/Cd co-exposure in drinking water and soil and T2DM/Obesity in southern China. It helps to understand the distribution characteristics of disease or health status. In general, increase of ADD of Pb exposure lower the likelihood of becoming overweight; ADD of Pb was negatively correlated with WHR and WC. As the results are still contradictory to previous studies, large-sample and multiple-area surveys on the relationship between living environment and long-term impact health effects are necessary.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary material, further inquiries can be directed to the corresponding author/s.



Ethics statement

The studies involving human participants were reviewed and approved by the Ethics Committee of Health Research Specialty Committee of Guangdong Sociological Society. The patients/participants provided their written informed consent to participate in this study.



Author contributions

PeW and NL were involved in the administrative support, conception and design of the manuscript, data interpretation, reviewed, and revised the manuscript. JZ was involved in the conception and design of the manuscript, collection and assembly of the data, data analysis, and drafted the initial manuscript. ZQ, PG, JW, and PaW were involved in the collection and assembly of data and drafted the initial manuscript. LL and MW were involved in the conception and design of the manuscript, reviewed, and revised the manuscript. PeW and NL were involved in critically reviewed the manuscript for important intellectual content. All the authors contributed to the article and approved the submitted version of the manuscript.



Funding

The authors gratefully acknowledge the financial support by the National Natural Science Foundation of China (No. 81872584), Natural Science Foundation of Shenzhen (No. JCYJ20210324093211030), the Medical Scientific Research Foundation of Guangdong Province (No. A2020490), Key R&D and Promotion Projects of Henan Province (No. 222102310587), Military Logistics Research Project (No. CKJ20J031), and Interdisciplinary Research for First-class Discipline Construction Project of Henan University (No. 2019YLXKJC04).



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpubh.2022.941922/full#supplementary-material



References

 1. Park SS, Skaar DA, Jirtle RL, Hoyo C. Epigenetics, obesity and early-life cadmium or lead exposure. Epigenomics. (2017) 9:57–75. doi: 10.2217/epi-2016-0047

 2. Koca N, Ayar K, Bal Ö, Ersoy C. The evaluation of the role of BMI and insulin resistance on inflammatory markers, PAI-1 levels and arterial stiffness in newly diagnosed type 2 diabetes mellitus patients. Minerva Endocrinol. (2021) 46:116–23. doi: 10.23736/S2724-6507.20.03158-2

 3. Nie X, Wang N, Chen Y, Chen C, Han B, Zhu C, et al. Blood cadmium in Chinese adults and its relationships with diabetes and obesity. Environ Sci Pollut Res Int. (2016) 23:18714–23. doi: 10.1007/s11356-016-7078-2

 4. Moon SS. Association of lead, mercury and cadmium with diabetes in the Korean population: the Korea national health and nutrition examination survey (KNHANES) 2009–2010. Diabet Med. (2013) 30:e143–8. doi: 10.1111/dme.12103

 5. Zhang K, Schnoor JL, Zeng EY. E-waste recycling: where does it go from here? Environ Sci Technol. (2012) 46:10861–7. doi: 10.1021/es303166s

 6. Afridi HI, Kazi TG, Kazi N, Jamali MK, Arain MB, Jalbani N, et al. Evaluation of status of toxic metals in biological samples of diabetes mellitus patients. Diabetes Res Clin Pract. (2008) 80:280–8. doi: 10.1016/j.diabres.2007.12.021

 7. Lee BK, Kim Y. Association of blood cadmium level with metabolic syndrome after adjustment for confounding by serum ferritin and other factors: 2008–2012 Korean national health and nutrition examination survey. Biol Trace Elem Res. (2016) 171:6–16. doi: 10.1007/s12011-015-0499-9

 8. Scinicariello F, Buser MC, Mevissen M, Portier CJ. Blood lead level association with lower body weight in NHANES 1999–2006. Toxicol Appl Pharmacol. (2013) 273:516–23. doi: 10.1016/j.taap.2013.09.022

 9. Schwartz GG. Il'yasova D, Ivanova A. Urinary cadmium, impaired fasting glucose, and diabetes in the NHANES III. Diab Care. (2003) 26:468–70. doi: 10.2337/diacare.26.2.468

 10. Barregard L, Bergström G, Fagerberg B. Cadmium exposure in relation to insulin production, insulin sensitivity and type 2 diabetes: a cross-sectional and prospective study in women. Environ Res. (2013) 121:104–9. doi: 10.1016/j.envres.2012.11.005

 11. Bellinger DC. Very low lead exposures and children's neurodevelopment. Curr Opin Pediatr. (2008) 20:172–7. doi: 10.1097/MOP.0b013e3282f4f97b

 12. Ciesielski T, Weuve J, Bellinger DC, Schwartz J, Lanphear B, Wright RO. Cadmium exposure and neurodevelopmental outcomes in US children. Environ Health Perspect. (2012) 120:758–63. doi: 10.1289/ehp.1104152

 13. Dórea JG. Environmental exposure to low-level lead (Pb) co-occurring with other neurotoxicants in early life and neurodevelopment of children. Environ Res. (2019) 177:108641. doi: 10.1016/j.envres.2019.108641

 14. Tsai CL, Chen FC, Pan CY, Tseng YT. The neurocognitive performance of visuospatial attention in children with obesity. Front Psychol. (2016) 7:1033. doi: 10.3389/fpsyg.2016.01033

 15. Berkowitz Z, Price-Green P, Bove FJ, Kaye WE. Lead exposure and birth outcomes in five communities in Shoshone County, Idaho. Int J Hyg Environ Health. (2006) 209:123–32. doi: 10.1016/j.ijheh.2005.11.001

 16. González-Cossío T, Peterson KE, Sanín LH, Fishbein E, Palazuelos E, Aro A, et al. Decrease in birth weight in relation to maternal bone-lead burden. Pediatrics. (1997) 100:856–62. doi: 10.1542/peds.100.5.856

 17. Tian LL, Zhao YC, Wang XC, Gu JL, Sun ZJ, Zhang YL, et al. Effects of gestational cadmium exposure on pregnancy outcome and development in the offspring at age 45 years. Biol Trace Elem Res. (2009) 132:51–9. doi: 10.1007/s12011-009-8391-0

 18. Vidal AC, Semenova V, Darrah T, Vengosh A, Huang Z, King K, et al. Maternal cadmium, iron and zinc levels, DNA methylation and birth weight. BMC Pharmacol Toxicol. (2015) 16:20. doi: 10.1186/s40360-015-0020-2

 19. Jornayvaz FR, Vollenweider P, Bochud M, Mooser V, Waeber G, Marques-Vidal P. Low birth weight leads to obesity, diabetes and increased leptin levels in adults: the CoLaus study. Cardiovasc Diabetol. (2016) 15:73. doi: 10.1186/s12933-016-0389-2

 20. Kim R, Hu H, Rotnitzky A, Bellinger D, Needleman HA. longitudinal study of chronic lead exposure and physical growth in Boston children. Environ Health Perspect. (1995) 103:952–7. doi: 10.1289/ehp.95103952

 21. Padilla MA, Elobeid M, Ruden DM, Allison DB. An examination of the association of selected toxic metals with total and central obesity indices: NHANES 99-02. Int J Environ Res Public Health. (2010) 7:3332–47. doi: 10.3390/ijerph7093332

 22. Tyrrell JB, Hafida S, Stemmer P, Adhami A, Leff T. Lead (Pb) exposure promotes diabetes in obese rodents. J Trace Elem Med Biol. (2017) 39:221–6. doi: 10.1016/j.jtemb.2016.10.007

 23. Bulka CM, Persky VW, Daviglus ML, Durazo-Arvizu RA, Argos M. Multiple metal exposures and metabolic syndrome: a cross-sectional analysis of the national health and nutrition examination survey 2011–2014. Environ Res. (2019) 168:397–405. doi: 10.1016/j.envres.2018.10.022

 24. Zhang X, Zhang M, Zhao Z, Huang Z, Deng Q, Li Y, et al. Geographic variation in prevalence of adult obesity in China: results from the 2013–2014 national chronic disease and risk factor surveillance. Ann Intern Med. (2020) 172:291–3. doi: 10.7326/m19-0477

 25. Wu X, Li B, Lin WQ, Huang LL, Wang XX, Fu LY. The association between obesity indices and hypertension: which index is the most notable indicator of hypertension in different age groups stratified by sex? Clin Exp Hypertens. (2019) 41:373–80. doi: 10.1080/10641963

 26. Luo K, Liu Y, Li H. Fluoride content and distribution pattern in groundwater of eastern Yunnan and western Guizhou, China. Environ Geochem Health. (2012) 34:89–101. doi: 10.1007/s10653-011-9393-3

 27. Verleysen E, Waegeneers N, Brassinne F, De Vos S, Jimenez IO, Mathioudaki S, et al. Physicochemical characterization of the pristine E171 food additive by standardized and validated methods. Nanomaterials (Basel). (2020) 10:592. doi: 10.3390/nano10030592

 28. Pan L, Ma J, Hu Y, Su B, Fang G, Wang Y, et al. Assessments of levels, potential ecological risk, and human health risk of heavy metals in the soils from a typical county in Shanxi Province, China. Environ Sci Pollut Res Int. (2016) 23:19330–40. doi: 10.1007/s11356-016-7044-z

 29. Dong W, Zhang Y, Quan X. Health risk assessment of heavy metals and pesticides: a case study in the main drinking water source in Dalian, China. Chemosphere. (2020) 242:125113. doi: 10.1016/j.chemosphere.2019.125113

 30. You H H, Pang Z F, Liang Y H. Health risk assessment of heavy metals in drinking water in a certain district of Foshan City. South China J Prev Med. (2011) 37:32–6. doi: 10.3969/j.issn.1000-9965.2014.01.004 

 31. Zhuo H, Fu S, Liu H, Song H, Ren L. Soil heavy metal contamination and health risk assessment associated with development zones in Shandong, China. Environ Sci Pollut Res Int. (2019) 26:30016–28. doi: 10.1007/s11356-019-05979-1

 32. Liang H, Cai M, Bi Y, Zhu Y, Yan J, Weng J, et al. single nucleotide polymorphism (SNP) rs2072907 in the adiponutrin gene (ADPN) was not associated with obesity and type 2 diabetes in Chinese population. Diabetes Res Clin Pract. (2009) 85:e37–9. doi: 10.1016/j.diabres.2009.06.006

 33. Ibrahim MM. Subcutaneous and visceral adipose tissue: structural and functional differences. Obes Rev. (2010) 11:11–8. doi: 10.1111/j.1467-789X.2009.00623.x

 34. Yeganeh M, Aiyuni M, Khoshgoftarmanesh AH, Soffianian AR, Schulin R. Health risks of metals in soil, water, and major food crops in hamedan province, Iran. Hum Ecol Risk Assess. (2012) 18:547–68. doi: 10.10.80/10807039.2012.672886 

 35. Wallia A, Allen NB, Badon S, El Muayed M. Association between urinary cadmium levels and prediabetes in the NHANES 2005-2010 population. Int J Hyg Environ Health. (2014) 217:854–60. doi: 10.1016/j.ijheh.2014.06.005

 36. Zhou J, Meng X, Deng L, Liu N. Non-linear associations between metabolic syndrome and four typical heavy metals: data from NHANES 2011-2018. Chemosphere. (2022) 291:132953. doi: 10.1016/j.chemosphere.2021.132953

 37. Kuo CC, Moon K, Thayer KA, Navas-Acien A. Environmental chemicals and type 2 diabetes: an updated systematic review of the epidemiologic evidence. Curr Diab Rep. (2013) 13:831–49. doi: 10.1007/s11892-013-0432-6

 38. Breton J, Massart S, Vandamme P, De Brandt E, Pot B, Foligné B. Ecotoxicology inside the gut: impact of heavy metals on the mouse microbiome. BMC Pharmacol Toxicol. (2013) 14:62. doi: 10.1186/2050-6511-14-62

 39. Hammond PB, Minnema DJ, Shulka R. Lead exposure lowers the set point for food consumption and growth in weanling rats. Toxicol Appl Pharmacol. (1990) 106:80–7. doi: 10.1016/0041-008x(90)90108-7

 40. Haswell-Elkins M, McGrath V, Moore M, Satarug S, Walmby M, Ng J. Exploring potential dietary contributions including traditional seafood and other determinants of urinary cadmium levels among indigenous women of a Torres Strait Island (Australia). J Expo Sci Environ Epidemiol. (2007) 17:298–306. doi: 10.1038/sj.jes.7500547

 41. Boyland EJ, Harrold JA, Dovey TM, Allison M, Dobson S, Jacobs MC, et al. Food hoice and overconsumption: effect of a premium sports celebrity endorser. J Pediatr. (2013) 163:339–43. doi: 10.1016/j.jpeds.2013.01.059

 42. Mitchell CA. legal analysis of advertising of unhealthy foods to children: a case for regulatory reform? Lancet. (2013) 382:S5. doi: 10.1016/S0140-6736(13)62430-7 





OPS/images/fpubh-10-941922-g005.gif
o
Lowwigrt

g

Ovesty

co
p—

S

ovessy

ol

wogel 1
Wosei2
Moger
Wogel 1
wegei2
Hoseis
Wogal 1
Wodei2
ooy

Wogel 1
Wodei2
Mogei
Wodal 1
Wegei2
Woseis
Wogal 1
Wodei2
ooy

e

HIH[ H“”H

—

OREEEGD

orsn

1a062-455)
1a40s2-395)
120046-369)
044020-085)
050033-076)
051033-078)
045025-081)
063034-118)
062032-118)

2140.14-402)
175052339
176050-3.4)
082050-115)
o87081-120)
086060-123)
054030:0%)
06034-121)
061032+1.16)





OPS/images/fpubh-10-941922-g006.gif
Ve e
[T ooom-aomam " wowt et
frovgnan) omow-amans  wema 1t
jrevgpenan omomanm ows e —
o
O L BT —
oz i omcomav) o womz i
Mo vy omomashom v ey
o o o

Sekisalion
FEr

e

asns30-207ca00
22m24109 000
2123710000

200 oa
oo oz
oo omm





OPS/images/fpubh-10-941922-g003.gif
e

Pl





OPS/images/fpubh-10-941922-g004.gif
Varatios  Modol

o

wogol1
Hodei2
Woter

Wosol 1
Wodei2
Moser

Ry

085032-139
004045-199)
o85035-135)

100058185
1HOE-217)
12506024

»

oau1
oar9
o873





OPS/images/math_2.gif





OPS/images/fpubh-10-941922-t001.jpg
Location Sample
type

A Water
Soil

B Water
Soil

c Water
Soil

D Water
Soil

E Water
Soil

F Water
Soil

G Water
Soil

H Water
Soil

The unit of heavy metal concentration is mg.

Concentrations of

Pb

0012
48.620
0014
39.140
0.001
25480
0.002
37250
0012
28230
0.001
24580
ND
25200
0.022
75.600

in water and mg kg’

heavy metals @

cd

0.016
3.450
0.043
7.860
ND
5.180
0.005
0.180
0.026
2840
ND
0470
ND
0.074
ND
0.043

n soil; ND, not detected.

Location

M

Sample
type

Water
Soil
Water
Soil
Water
Soil
Water
Soil
Water
Soil
Water
Soil
Water
Soil

Concentrations of

Pb

ND
1350
0.001
19.30
0.016
6250
0013
88.60
0.001
15.200
0.001
13.900
0.002
11.800

heavy metals @

cd

ND
0.176
ND
0.158
ND
0.682
ND
7.200
ND
0.154
ND
0.065
ND
0.057





OPS/images/math_1.gif
ADDg_w = (Cg_wxIRg_wXEFg_wxEDg_w)/(BWxATq_w).
)





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Association between environmental lead/cadmium co-exposure in drinking water and soil and type 2 diabetes mellitus/obesity in Southern China



		Introduction



		Methods



		Study population and sampling sites



		Data collection and measurements



		Quality control of the survey



		Environmental sample collection and analysis



		Exposure assessment for Pb/Cd



		Statistical analysis







		Results



		Incidence rate of T2DM and obesity in Southern China



		Concentration of heavy metals in soil/water samples and calculation of total intakes



		Effects of ADDs of Pb/Cd on T2DM in community residents



		Effects of the ADDs of Pb/Cd to BMI in community residents



		Effects of ADDs of Pb/Cd to WHR and WC in community residents







		Discussion



		Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Publisher's note



		Supplementary material



		References

















OPS/images/cover.jpg
& frontiers | Frontiers in Public Health

Association between
environmental lead/cadmium
co-exposure in drinking water
and soil and type 2 diabetes
mellitus/obesity in Southern

China





OPS/images/fpubh-10-941922-g001.gif
ey

Tt il






OPS/images/fpubh-10-941922-g002.gif
tr e g
R )
D1 gD

1o ® 2

i 9 9 ===









OPS/images/crossmark.jpg
(®) Check for updates





OPS/images/logo.jpg
& frontiers | Frontiers in Public Health





