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Associations between lead 
concentrations and cardiovascular 
risk factors in U.S. adolescents
Cheng Xu1, Yaqin Shu1, Zhi Fu1,2, Yuanli Hu1 & Xuming Mo1

Little is known regarding the effects of environmental lead exposure on cardiovascular risk factors in 
the adolescent population. We studied 11,662 subjects included in the National Health and Nutrition 
Examination Survey (NHANES) 1999–2012. Blood lead levels were analysed for their association with 
cardiovascular risk factors (CVRF). Regression coefficients (Beta) and 95% confidence intervals (CIs) 
of blood lead in association with CVRF (e.g., total cholesterol, HDL-cholesterol, LDL-cholesterol, 
triglyceride, fasting glucose, glycohemoglobin, fasting insulin, and blood pressure) were estimated 
using multivariate and generalized linear regression after adjusting for age, gender, ethnicity, serum 
cotinine, body mass index (BMI), physical activity, and household income. We identified a strong 
positive association between blood lead (coefficient = 0.022, 95% CI 0.003, 0.041; P = 0.022) and 
LDL-cholesterol in adolescents (age 12–19 years). However, no associations with other CVRFs were 
found in the overall population. In the generalized linear models, participants with the highest lead 
levels demonstrated a 1.87% (95% CI 0.73%, 3.02%) greater increase in serum LDL-cholesterol (p 
for trend = 0.031) when compared to participants with the lowest lead levels. These results provide 
epidemiological evidence that low levels of blood lead are positively associated with LDL-cholesterol in 
the adolescent population.

Cardiovascular disease (CVD) has become the leading cause of death in the world over the past two decades, 
regardless of economic status. It also has caught up with infectious diseases as the leading cause of death, and its 
impact threatens national economies and households1, 2. Recently, several research studies have showed CVD 
presents a significant public health concern in adolescents3, 4. Cardiovascular risk factors (CVRF), such as blood 
pressure, fasting glucose and insulin, glycohaemoglobin (HbA1c) and lipid profiles, were sensitive markers to 
evaluate CVD occurrence in populations. Reportedly, genetic factors, environmental factors and behavioural 
habits could affect CVRF in adolescents5–7. An increasing attention on the associations between low concentra-
tion environmental chemicals and CVRF in adolescents has been raised. Environmental exposure is a crucial but 
underappreciated risk factor that contributes to the progress and severity of CVD.

Lead, a heavy metal, is known as one of the most common environmental toxins, resulting in neuropsycho-
logical and functional decline in humans8. According to the U.S. Centers for Disease Control and Prevention 
(CDC), at least 4 million households have adolescents that have been exposed to high levels of lead. Currently no 
definite level of blood lead is considered safe and the CDC has established 100 µg/L lead as the level of concern. 
In recent years, blood lead levels among adolescents have been investigated worldwide. In China, median levels 
of blood lead levels in the male and female population aged 0–18 years old were 48.8 μg/L and 46.1 μg/L9, respec-
tively. In the United States, the average blood lead concentrations were 22.8 μg/L, 45.5 μg/L, and 40.7 μg/L for 
Caucasian, black, and Hispanic and Mexican American adolescents, respectively10. Low lead concentrations may 
impair human health apart from neurotoxicity, and even exposure below current regulatory standards can lead 
to adverse effects on cardiovascular health. However, no data exist to date regarding low lead levels and CVRF in 
adolescents.

In the present study, nationally representative data from the National Health and Nutrition Examination 
Survey (NHANES) 1999–2012 was analysed to explore the associations between lead exposure biomarkers and 
CVRF (blood pressure, fasting glucose and insulin, HbA1c and lipid profiles) in adolescents (12 to 19-year-olds).
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Results
Of the 71,916 participants of the NHANES 1999–2012, we excluded those who were aged age greater than 20 
years old (n 38,024) and less than 12 years old (n 9,211), who had missing blood lead (n 12,852), or who were 
pregnant (n 167). The final analytic population included 11,662 participants (6,031 boys and 5,631 girls; Fig. 1).

Table 1 shows the mean ± standard deviation was 1.17 ± 1.20 μg/dL for blood lead. Blood lead concentra-
tions were significantly higher in participants who were younger, were boys, were Mexican American, had lower 
income, had a lower body mass index, had lower waist circumference, had high physical activity or had high 
serum cotinine. Blood lead concentrations also differed by cycles of NHANES.

Table S1 shows mean, median, and geometric mean of CVRF. Table 2 shows multivariable associations of 
blood lead with CVRF in U.S. adolescents 1999–2012. In age and gender-adjusted models, blood lead was pos-
itively associated with HDL-C (coefficient = 0.008, 95% CI: 0.000, 0.016), but the association moved substan-
tially towards the null after adjustment for other covariates (coefficient = 0.003, 95% CI: −0.005, 0.011). Blood 
lead levels were inversely associated with fasting glucose (coefficient = −0.005, 95% CI: −0.007, −0.002), HbA1c 
(coefficient = −0.006, 95% CI: −0.008, −0.003), and fasting insulin (coefficient = −0.032, 95% CI: −0.047, 
−0.017) in age and gender-adjusted models. However, the association moved substantially towards the null in 
the fully adjusted model. Blood lead was positively associated with LDL-C in age-adjusted, gender-adjusted, 
and fully adjusted models. Table 3 suggests blood lead concentrations in the highest quartile compared with the 
lowest quartile were associated with higher LDL-C (coefficient = 0.023, 95% CI: 0.009, 0.037), with evidence 
of a dose-response relationship (P for trend = 0.031). Similarly, subjects in the highest lead quintile had mean 
LDL-C levels that were 1.87% greater (95% CI: 0.73%, 3.02%) than in the lowest quintile (Fig. 2). The results did 
not meaningfully differ after replacing BMI with waist circumference. The relationship between blood lead and 
LDL-C in adolescents is visualized in a scatter plot and a fitted line with 95% CI (Fig. 3).

We take into account that blood lead concentrations were higher in participants who were younger, were boys, 
were Mexican American, had lower income, had a lower body mass index, had lower waist circumference, had 
high physical activity or had high serum cotinine. Due to these results, we further divided the population into 
subgroups to examine the correlations. Table 4 shows that in participants who were younger, were boys, were 
Non-Hispanic White, had higher income, had a lower body mass index, had lower waist circumference, had low 

Figure 1. Eligible participants and those included in the analyses of the associations between blood lead 
exposure and CVD risk factors in adolescents.
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physical activity and had medium serum cotinine were significant of blood lead highest quartile compared with 
the lowest quartile were associated with higher LDL-C.

Discussion
Using data from a large population sample in the U.S. NHANES 1999–2012 survey, we found that blood lead 
levels were positively associated with serum LDL-C levels in adolescents. This association persisted after adjusting 
for age, gender, ethnicity, PIR, BMI, serum cotinine, and physical activity. Further subgroup analyses showed that 
the associations between blood lead levels and LDL-C concentrations remained significant in subjects who were 
12–15 years old, boys, and Non-Hispanic White, with low physical activity, low waist circumference and low BMI 
in our study.

Characteristics
Participants 
(n)

Blood lead 
(μg/dL) P value

Overall 11,662 1.17 ± 1.20

Age (years) <0.001

12–15 5,872 1.20 ± 1.03

16–19 5,790 1.14 ± 1.35

Gender <0.001

Boy 6,031 1.39 ± 1.43

Girl 5,631 0.94 ± 0.82

Ethnicity <0.001

Mexican American 3,668 1.29 ± 1.26a

Other Hispanic 734 1.04 ± 0.86

Non-Hispanic White 3,074 0.97 ± 1.01

Non-Hispanic Black 3,518 1.28 ± 1.36

Other Race - Including 
Multi-Racial 668 1.01 ± 0.80

PIR <0.001

<1 3,533 1.39 ± 1.54

≥1 7,259 1.05 ± 0.97

Serum cotinine (ng/mL) <0.001

<LOD (0.011) 1,720 0.83 ± 0.82

LOD-10 8,278 1.21 ± 1.25

≥10 1,455 1.34 ± 1.24a

Waist circumference 
(cm)b <0.001

Tertile 1 3,813 1.26 ± 1.10a

Tertile 2 3,826 1.18 ± 1.47

Tertile 3 3,781 1.08 ± 0.97

BMI (kg/m2)c <0.001

Tertile 1 3,854 1.27 ± 1.53a

Tertile 2 3,843 1.17 ± 1.01

Tertile 3 3,839 1.08 ± 0.95

Television, video game 
and computer usage 
(hours)

<0.001

≤2 2,834 1.21 ± 1.12

>2 4,221 1.17 ± 1.42

NHANES cycles <0.001

1999–2000 2,111 1.52 ± 1.26a

2001–2002 2,185 1.28 ± 1.15

2003–2004 2,029 1.30 ± 1.23

2005–2006 1,951 1.12 ± 1.64

2007–2008 1,074 0.99 ± 0.73

2009–2010 1,183 0.84 ± 0.68

2011–2012 1,129 0.68 ± 0.55

Table 1. Blood lead concentration (mean ± SD) for participants according to demographic. aSignificant higher 
than other group by post hoc multiple comparisons. bMean values ± SD: 81.7 ± 14.9 cm. Tertile ranges (cm): 
tertile 1, 47.1–73.3; tertile 2, 73.4–84.4; tertile 3, 84.5–179.0. cMean values ± SD: 24.0 ± 6.0 kg/m2. Tertile ranges 
(kg/m2): tertile 1, 13.1–20.7; tertile 2, 20.8–24.9; tertile 3, 25.0–66.3. PIR: poverty income ratio, LOD: limit of 
detection.
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On the epidemiological level, previous studies revealed relationships between human blood lead levels and 
both CVD mortality and CVRF. Aoki et al. found blood lead was linearly associated with increased CVD mortal-
ity in the U.S. population aged 40 years and older11. With lead occupational exposure, such as with bus drivers, 
it was discovered that blood lead level may contribute to the risk of the CVD12. A total of 7,383 South Korean 
lead workers demonstrated that increasing blood lead levels was correlated with an increased risk of high blood 
pressure13. Additionally, Prokopowicz et al. revealed that, with 231 male adults, non-occupational exposure to 
lead was correlated with new risk factors for CVD, in detail L-homoarginine, fibrinogen, C-reactive protein and 
homocysteine14. For CVRF, Peters et al. observed that blood lead levels were positively associated with total cho-
lesterol and HDL levels among 426 elders15. Rhee et al. discovered positive associations between blood lead levels 
and metabolic syndrome16. In addition, an occupational exposure study by Ghiasvand et al. showed that there 
was no significant correlation between blood lead levels and LDL-C in 497 male workers17, which is not consistent 
with our results. The explanation may be that the blood lead concentration and ages were effect factors.

The roles of lead in the hyperlipidaemia in animal models has been reported. Newairy et al. used female rats 
treated with tape water containing 0 and 200 mg/L lead acetate for three weeks to evaluate lipid profile18. Total 
lipids, cholesterol, triglycerides and LDL-C were significantly increased and HDL-C was decreased in lead acetate 
exposed rats compared to the control group. Similarly, Abdel-Moneim et al. treated male rats with 25 mg of lead 
acetate/kg body weight once daily for 7 day by intraperitoneal injection, indicating that cholesterol, triglycerides 
and LDL-C were elevated and HDL-C was reduced compared to the control group19. Additionally, Komousani et 
al. administered lead acetate (100 mg/kg body weight) for 2 weeks by subcutaneous in male rats, suggesting high 
levels of LDL-C and a sharp drop in HDL-C compared to the control group20. Although the dose and exposure 
methods used in the rat models were various, this evidence may support our findings about positive associations 
between blood lead levels and serum LDL-C levels in adolescents.

In our study, participants who were 12–15 years old, boys, and Non-Hispanic White, and who had low phys-
ical activity, low waist circumference and low BMI exhibited significant associations of blood lead and serum 
LDL-C. The reasons that these factors presented different results were unknown. We speculated that young popu-
lations are more likely to put things containing lead into their mouths. An increasing amount of evidence suggests 

CVD risk factors N

Model 1 Model 2 Model 3

Coefficient 95% CI P Value Coefficient 95% CI P Value Coefficient 95% CI P Value

Total cholesterol 9,345 0.004 −0.002 to 0.010 0.190 0.005 −0.001 to 0.012 0.088 0.006 −0.001 to 0.013 0.077

HDL-C 9,344 0.008 0.000 to 0.016 0.038 0.010 0.002 to 0.018 0.012 0.003 −0.005 to 0.011 0.452

LDL-C 4,419 0.019 0.006 to 0.032 0.005 0.024 0.010 to 0.038 0.001 0.022 0.003 to 0.041 0.022

Fasting triglyceride 4,419 −0.010 −0.021 to 0.002 0.093 −0.013 −0.025 to −0.002 0.021 −0.011 −0.024 to 0.001 0.605

Fasting glucose 4,560 −0.005 −0.007 to −0.002 0.001 −0.005 −0.008 to −0.002 <0.001 0.001 −0.002 to 0.004 0.339

Glycohaemoglobin 4,560 −0.006 −0.008 to −0.003 <0.001 −0.006 −0.009 to −0.004 <0.001 0.003 0.000 to 0.005 0.069

Fasting insulin 4,458 −0.032 −0.047 to −0.017 <0.001 −0.039 −0.054 to −0.024 <0.001 0.008 −0.007 to 0.024 0.308

Systolic blood pressure 9,201 −0.003 −0.006 to 0.000 0.046 −0.003 −0.006 to 0.000 0.072 −0.001 −0.004 to 0.003 0.117

Diastolic blood pressure 9,158 0.005 −0.002 to 0.011 0.179 0.006 −0.001 to 0.013 0.077 0.000 −0.009 to 0.009 0.960

Table 2. Multivariable associations of serum lead with cardiovascular risk factors in US adolescents 1999–2012. 
Model 1—age and gender adjusted; model 2—as model 1 plus ethnicity, PIR; model 3—as model 2 plus waist 
circumference, serum cotinine, physical activity and NHANES cycles. CVD, cardiovascular disease; CI, 
confidence interval; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; 
PIR, poverty index ratio.

CVD risk factors Quartile 1 Quartile 2 Quartile 3 Quartile 4 P for trend

Total cholesterol Reference −0.002 (−0.007, 0.002) 0.001 (−0.004, 0.005) −0.001 (−0.006, 0.004) 0.046

HDL-C Reference 0.002 (−0.004, 0.008) 0.004 (−0.002, 0.010) −0.003 (−0.009, 0.003) 0.939

LDL-C Reference 0.001 (−0.012, 0.014) 0.006 (−0.008, 0.020) 0.023 (0.009, 0.037) 0.031

Fasting triglyceride Reference −0.018 (−0.036, −0.001) −0.005 (−0.023, 0.012) −0.013 (−0.031, 0.005) 0.452

Fasting glucose Reference −0.005 (−0.010, 0.000) −0.004 (−0.009, 0.002) −0.012 (−0.017, −0.007) 0.327

Glycohaemoglobin Reference −0.003 (−0.005, 0.000) −0.003 (−0.005, 0.001) −0.002 (−0.005, −0.000) 0.086

Fasting insulin Reference 0.007 (−0.014, 0.027) 0.002 (−0.019, 0.023) −0.006 (−0.027, 0.015) 0.270

Systolic blood pressure Reference 0.002 (0.000, 0.004) 0.002 (0.000, 0.004) 0.001 (−0.001, 0.004) 0.434

Diastolic blood pressure Reference 0.000 (−0.007, 0.006) 0.002 (−0.005, 0.009) 0.001 (−0.006, 0.008) 0.406

Table 3. Estimated coefficient (beta) and 95% Confidence Intervals (95% CI) in CVD risk factors in US 
adolescents 1999–2012 for each quartile increase in blood lead levels. Model was adjusted as age, gender, 
ethnicity, PIR, BMI, serum cotinine, and physical activity. CVD, cardiovascular disease; HDL-C, high-density 
lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; PIR, poverty index ratio. Lead(μg/dL), 
Quartile 1: <0.6; Quartile 2: 0.6–0.9; Quartile 3: 0.9–1.34; Quartile 4: >1.34.
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that malnutrition is highly significantly associated with increased levels of blood lead21, which may explain why 
the lower waist circumference and BMI subjects generated positive results.

Non-occupational lead exposure may result in adverse health, even in adolescents, in our findings. Keeping 
lead and lead sources out of the reach of children and adolescents should be a priority among priorities. Many 
lead sources were listed: workplace, lead-based paint, leaded gasoline, water, soil, and food contaminated with 
lead. As for children and adolescents, the sources of lead were as follows: (a) in nonresidential settings and 
older homes lead paint was used before being banned; (b) leaded gasoline was used in developing countries; (c) 
lead-leaden kitchenware are sources of lead contamination in food, and old public water systems continue to have 
networks that include lead piping. We should recognize that lead exposure is wide, and that the adverse effects of 
lead may contribute to poor human health.

Our results were the first to report the positive associations between blood lead levels and serum LDL-C 
in U.S. adolescents. The advantages were as follows: (a) the blood lead was due to non-occupational exposure; 
(b) a large population was included in our present study; and (c) concomitant variables were available to adjust 
our analyses model. Notably, there are several limitations to the present study. First, due to the cross-sectional 
character of our study, we were unable to determine whether lead affected LDL-C or vice versa. Second, genetic 
predisposition may be a crucial influencing factor that was not measured in the NHANES. Third, we could not 
determine the exposure routes of lead to provide preventive measures to the government.

In summary, the present study results revealed that lead exposure may be associated with harmful CVRF in 
U.S. adolescents. Future studies are needed to validate this and explore potential mechanisms.

Methods
Study population. The NHANES studies were performed by the US National Center for Health Statistics 
(Centers for Disease Control and Prevention, Atlanta, GA, USA). All cycles of the NHANES protocols were 
approved by the NCHS Research Ethics Review Board22, and data user agreement was online (https://www.cdc.
gov/nchs/data_access/restrictions.htm). It is a cross-sectional study with a nationally representative sample of the 
civilian, non-institutionalized U.S. population. The subjects enrolled in the present study were obtained from seven 
cycles of the NHANES (1999–2000, 2001–2, 2003–4, 2005–6, 2007–8, 2009–10 and 2011–2). This cross-sectional 
dataset is comprised of health questionnaire, laboratory (i.e. blood lead, total cholesterol, HDL-cholesterol, LDL-
cholesterol, triglyceride, fasting glucose, glycohemoglobin, fasting insulin, and serum cotinine). Interviews, sub-
stantial physical examinations, and laboratory testing (including blood collection) were conducted in the Mobile 
Examination Centers. All data from the website of the National Center for Health Statistics were retrieved23.  

Figure 2. Estimated percent difference (% diff) and 95% Confidence Intervals (95% CI) in serum LDL-C 
concentrations in U.S. adolescents 1999–2012 for each interquartile ratio (IQ Ratio) increase in blood lead 
levels.

Figure 3. A scatter plot and a fitted line with 95% CI of the relationship between blood lead and LDL-C in 
adolescents.

https://www.cdc.gov/nchs/data_access/restrictions.htm
https://www.cdc.gov/nchs/data_access/restrictions.htm
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We examined the associations of blood lead with CVRF (blood pressure, fasting glucose and insulin, HbA1c and 
lipid profiles) in adolescents who participated in the NHANES.

Subjects in the NHANES over a range of 14 years were chosen to form a random subgroup for the detection 
of blood lead and CVRF. There were two primary exclusion criteria of subjects, including an age greater than 20 
years and a lack of lead measurement. Pregnant women were excluded from the study since they are considered 
to have an abnormal physiological status that prevents the accuracy of the CVRF.

The final investigation sample consisted of 11,662 adolescents (6–19 years of age, 6,031 boys and 5,631 girls) 
from this subgroup.

Blood lead and cardiovascular risk factors detection. The measurements of lead concentra-
tions were described in detail elsewhere24. Cardiovascular risk factors were determined from serum and 

LDL-C Quartile 2 Quartile 3 Quartile 4 P for trend

Age (years)

12–15 0.013 (−0.005, 0.031) 0.017 (−0.001, 0.036) 0.028 (0.009, 0.048) <0.001

16–19 −0.007 (−0.025, 0.011) −0.003 (−0.023, 0.016) 0.012 (−0.008, 0.032) 0.133

Gender

Boy 0.016 (−0.005, 0.037) 0.016 (−0.005, 0.037) 0.033 (0.012, 0.053) 0.001

Girl −0.002 (−0.017, 0.014) 0.012 (−0.006, 0.031) 0.016 (−0.004, 0.037) 0.008

Ethnicity

Mexican American −0.004 (−0.025, 0.018) 0.015 (−0.007, 0.038) 0.021 (−0.001, 0.043) 0.001

Other Hispanic −0.011 (−0.060, 0.038) −0.046 (−0.113, 0.022) 0.009 (−0.048, 0.065) 0.622

Non-Hispanic White 0.019 (−0.004, 0.042) 0.031 (0.004, 0.057) 0.047 (0.017, 0.076) 0.009

Non-Hispanic Black −0.001 (−0.027, 0.025) −0.010 (−0.037, 0.016) 0.007 (−0.20, 0.033) 0.342

Other Race - Including Multi-Racial 0.001 (−0.048, 0.049) 0.045 (−0.010, 0.099) 0.031 (−0.029, 0.091) 0.135

PIR

<1 0.007 (−0.018, 0.031) 0.020 (−0.005, 0.044) 0.009 (−0.015, 0.033) 0.023

≥1 0.004 (−0.011, 0.018) 0.005 (−0.011, 0.022) 0.035 (0.018, 0.052) <0.001

Serum cotinine (ng/mL)

<LOD (0.011) 0.019 (−0.007, 0.045) 0.015 (−0.015, 0.045) 0.037 (0.001, 0.073) 0.012

LOD-10 0.004 (−0.011, 0.019) 0.006 (−0.010, 0.022) 0.017 (0.001, 0.033) 0.007

≥10 −0.023 (−0.068, 0.022) 0.010 (−0.037, 0.057) 0.022 (−0.024, 0.068) 0.082

Waist circumference (cm)b

Tertile 1 0.006 (−0.017, 0.029) 0.009 (−0.015, 0.034) 0.029 (0.004, 0.053) 0.010

Tertile 2 −0.005 (−0.026, 0.016) 0.013 (−0.009, 0.036) 0.022 (−0.001, 0.045) 0.015

Tertile 3 0.010 (−0.012, 0.031) 0.005 (−0.018, 0.028) 0.012 (−0.012, 0.037) 0.180

BMI (kg/m2)c

Tertile 1 0.009 (−0.013, 0.032) 0.013 (−0.011, 0.037) 0.027 (0.003, 0.051) 0.003

Tertile 2 −0.001 (−0.023, 0.021) 0.009 (−0.014, 0.033) 0.020 (−0.005, 0.044) 0.058

Tertile 3 0.001 (−0.020, 0.022) 0.002 (−0.021, 0.025) 0.016 (−0.008, 0.039) 0.121

Television, video game and computer usage (hours)

≤2 0.002 (−0.018, 0.022) 0.007 (−0.015, 0.028) 0.014 (−0.008, 0.035) 0.039

>2 0.006 (−0.010, 0.022) 0.013 (−0.005, 0.030) 0.030 (0.011, 0.048) <0.001

NHANES cycles

1999–2000 −0.005 (−0.045, 0.036) 0.001 (−0.041, 0.043) 0.022 (−0.019, 0.062) 0.080

2001–2002 0.019 (−0.014, 0.051) 0.029 (−0.005, 0.063) 0.031 (−0.004, 0.06) 0.160

2003–2004 −0.008 (−0.035, 0.018) −0.014 (−0.041, 0.013) 0.005 (−0.022, 0.033) 0.294

2005–2006 0.004 (−0.019, 0.027) −0.002 (−0.027, 0.024) −0.001 (−0.028, 0.025) 0.894

2007–2008 0.012 (−0.018, 0.043) 0.021 (−0.013, 0.054) 0.037 (−0.002, 0.077) 0.330

2009–2010 0.008 (−0.018, 0.033) 0.013 (−0.017, 0.043) 0.049 (0.009, 0.089) 0.058

2011–2012 −0.006 (−0.036, 0.023) 0.042 (0.004, 0.080) 0.018 (−0.038, 0.073) 0.033

Table 4. Estimated coefficient (beta) and 95% Confidence Intervals (95% CI) in serum low-density lipoprotein 
cholesterol in US adolescents 1999–2012 for each quartile increase in blood lead levels stratification by different 
covariates Model was adjusted as age, gender, ethnicity, PIR, waist circumference, serum cotinine, and physical 
activity. CVD, cardiovascular disease; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density 
lipoprotein cholesterol; PIR, poverty index ratio. Lead(μg/dL), Quartile 1: <0.6; Quartile 2: 0.6–0.9; Quartile 3: 
0.9–1.34; Quartile 4: >1.34. bMean values ± SD: 81.7 ± 14.9 cm. Tertile ranges (cm): tertile 1, 47.1–73.3; tertile 2, 
73.4–84.4; tertile 3, 84.5–179.0. cMean values ± SD: 24.0 ± 6.0 kg/m2. Tertile ranges (kg/m2): tertile 1, 13.1–20.7; 
tertile 2, 20.8–24.9; tertile 3, 25.0–66.3.
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physical examination. Total cholesterol, triglycerides, HDL-C and LDL-C25, glucose26, HbA1c27, and insulin28 
were detected in serum. All BP determinations (systolic and diastolic) were averaged in further statistical analysis.

Covariates. We controlled for the following a priori confounders of the relation between blood lead levels 
and CVRF: age, gender, ethnicity, serum cotinine, the poverty income ratio (PIR), body mass index (BMI), waist 
circumference, and physical activity. Serum cotinine, a marker of exposure to environmental tobacco smoke, was 
categorized as less than the limit of detection (0.011 ng/mL), low exposure (0.011–10 ng/mL), and high exposure 
(≥10 ng/mL)29. The PIR was calculated by dividing household income by the poverty guidelines specific to the 
survey year, as also used in a previous study30. We also evaluated the PIR as a potential confounder in binary cate-
gories: low (<1), and high (≥1). BMI and waist circumference were evaluated in tertiles. Because physical activity 
is associated with CVRF, it was assessed by the amount of television, video game and computer usage daily and 
was added as a covariant in binary categories: high (≤2), and low (>2).

Statistical methods. We regarded continuous variables as the mean ± standard deviation in the present 
study. The blood lead and CVRF variables underwent natural logarithmic transformation due to its skewed 
nature, and blood lead was included in the analyses as quartiles based on their distributions in the present 
population. To investigate the association between blood lead exposure and CVRF, we generated age-adjusted, 
gender-adjusted, and fully adjusted multiple variable linear regression models and present the associations with 
regression coefficients (Beta) and 95% confidence intervals (CIs). Multivariable linear models were used to assess 
the associations between interquartile ratio increases (IQ Ratio = 75th/25th percentiles of lead levels) in blood 
lead and LDL-C. Statistical tests for linear trends were conducted by modelling quartiles as an ordinal variable 
using integer values. We present the magnitudes of these associations as the average percent difference in CVRF 
within each IQ ratio group, as defined by the participants’ lead variables. These magnitudes were calculated as 
[(IQ Ratio^Beta) − 1] * 100. Alcohol consumption, waist circumference and diabetes were not included in the 
full adjusted models, as adjusting for these three variables separately or collectively did not change the results 
substantially (<5% of change in effect estimates). The Statistical Analysis Systems software package version 9.2 
(SAS Institute, Inc.) was used for the analyses performed in this study. All P values are two-sided, and values less 
than 0.05 were considered to be statistically significant.

References
 1. Kelly, B. B., Narula, J. & Fuster, V. Recognizing global burden of cardiovascular disease and related chronic diseases. The Mount Sinai 

journal of medicine, New York 79, 632–640, doi:10.1002/msj.21345 (2012).
 2. Castellano, J. M., Narula, J., Castillo, J. & Fuster, V. Promoting cardiovascular health worldwide: strategies, challenges, and 

opportunities. Rev Esp Cardiol (Engl Ed) 67, 724–730, doi:10.1016/j.rec.2014.01.023 (2014).
 3. Prendergast, C. & Gidding, S. S. Cardiovascular risk in children and adolescents with type 2 diabetes mellitus. Current diabetes 

reports 14, 454, doi:10.1007/s11892-013-0454-0 (2014).
 4. Truong, U. T., Maahs, D. M. & Daniels, S. R. Cardiovascular disease in children and adolescents with diabetes: where are we, and 

where are we going. Diabetes technology & therapeutics 14(Suppl 1), S11–21, doi:10.1089/dia.2012.0018 (2012).
 5. Roemmich, J. N., Lambiase, M. J., Balantekin, K. N., Feda, D. M. & Dorn, J. Stress, behavior, and biology: risk factors for 

cardiovascular diseases in youth. Exercise and sport sciences reviews 42, 145–152, doi:10.1249/JES.0000000000000027 (2014).
 6. Vasconcellos, F. et al. Physical activity in overweight and obese adolescents: systematic review of the effects on physical fitness 

components and cardiovascular risk factors. Sports Med 44, 1139–1152, doi:10.1007/s40279-014-0193-7 (2014).
 7. Ji, F. et al. Genetic and environmental influences on cardiovascular disease risk factors: a study of Chinese twin children and 

adolescents. Twin research and human genetics: the official journal of the International Society for Twin Studies 17, 72–79, doi:10.1017/
thg.2014.5 (2014).

 8. Liu, K. S., Hao, J. H., Zeng, Y., Dai, F. C. & Gu, P. Q. Neurotoxicity and biomarkers of lead exposure: a review. Chinese medical sciences 
journal = Chung-kuo i hsueh k’o hsueh tsa chih 28, 178–188 (2013).

 9. Li, M. M. et al. The national trend of blood lead levels among Chinese children aged 0-18 years old, 1990–2012. Environment 
international 71, 109–117, doi:10.1016/j.envint.2014.06.005 (2014).

 10. White, B. M., Bonilha, H. S. & Ellis, C. Jr. Racial/Ethnic Differences in Childhood Blood Lead Levels Among Children <72 Months 
of Age in the United States: a Systematic Review of the Literature. Journal of racial and ethnic health disparities 3, 145–153, 
doi:10.1007/s40615-015-0124-9 (2016).

 11. Aoki, Y. et al. Blood Lead and Other Metal Biomarkers as Risk Factors for Cardiovascular Disease Mortality. Medicine 95, e2223, 
doi:10.1097/MD.0000000000002223 (2016).

 12. Kaewboonchoo, O. et al. Blood lead level and cardiovascular risk factors among bus drivers in Bangkok, Thailand. Industrial health 
48, 61–65 (2010).

 13. Kim, K. R., Lee, S. W., Paik, N. W. & Choi, K. Low-level lead exposure among South Korean lead workers, and estimates of associated 
risk of cardiovascular diseases. Journal of occupational and environmental hygiene 5, 399–416, doi:10.1080/15459620802081587 
(2008).

 14. Prokopowicz, A. et al. Effect of occupational exposure to lead on new risk factors for cardiovascular diseases. Occupational and 
environmental medicine 74, 366–373, doi:10.1136/oemed-2016-103996 (2017).

 15. Peters, J. L. et al. Lead concentrations in relation to multiple biomarkers of cardiovascular disease: the Normative Aging Study. 
Environmental health perspectives 120, 361–366, doi:10.1289/ehp.1103467 (2012).

 16. Rhee, S. Y. et al. Blood lead is significantly associated with metabolic syndrome in Korean adults: an analysis based on the Korea 
National Health and Nutrition Examination Survey (KNHANES), 2008. Cardiovascular diabetology 12, 9, doi:10.1186/1475-2840-
12-9 (2013).

 17. Ghiasvand, M., Aghakhani, K., Salimi, A. & Kumar, R. Ischemic heart disease risk factors in lead exposed workers: research study. J 
Occup Med Toxicol 8, 11, doi:10.1186/1745-6673-8-11 (2013).

 18. Newairy, A. S. & Abdou, H. M. Protective role of flax lignans against lead acetate induced oxidative damage and hyperlipidemia in 
rats. Food and chemical toxicology: an international journal published for the British Industrial Biological Research Association 47, 
813–818, doi:10.1016/j.fct.2009.01.012 (2009).

 19. Abdel-Moneim, A. M. et al. Curcumin Ameliorates Lead (Pb(2+))-Induced Hemato-Biochemical Alterations and Renal Oxidative 
Damage in a Rat Model. Biological trace element research 168, 206–220, doi:10.1007/s12011-015-0360-1 (2015).

 20. Komousani, T. A. & Moselhy, S. S. Modulation of lead biohazards using a combination of epicatechin and lycopene in rats. Human 
& experimental toxicology 30, 1674–1681, doi:10.1177/0960327110396536 (2011).

http://dx.doi.org/10.1002/msj.21345
http://dx.doi.org/10.1016/j.rec.2014.01.023
http://dx.doi.org/10.1007/s11892-013-0454-0
http://dx.doi.org/10.1089/dia.2012.0018
http://dx.doi.org/10.1249/JES.0000000000000027
http://dx.doi.org/10.1007/s40279-014-0193-7
http://dx.doi.org/10.1017/thg.2014.5
http://dx.doi.org/10.1017/thg.2014.5
http://dx.doi.org/10.1016/j.envint.2014.06.005
http://dx.doi.org/10.1007/s40615-015-0124-9
http://dx.doi.org/10.1097/MD.0000000000002223
http://dx.doi.org/10.1080/15459620802081587
http://dx.doi.org/10.1136/oemed-2016-103996
http://dx.doi.org/10.1289/ehp.1103467
http://dx.doi.org/10.1186/1475-2840-12-9
http://dx.doi.org/10.1186/1475-2840-12-9
http://dx.doi.org/10.1186/1745-6673-8-11
http://dx.doi.org/10.1016/j.fct.2009.01.012
http://dx.doi.org/10.1007/s12011-015-0360-1
http://dx.doi.org/10.1177/0960327110396536


www.nature.com/scientificreports/

8Scientific RepoRtS | 7: 9121  | DOI:10.1038/s41598-017-09701-4

 21. Herman, D. S., Geraldine, M. & T., V. Influence of minerals on lead-induced alterations in liver function in rats exposed to long-term 
lead exposure. Journal of hazardous materials 166, 1410–1414, doi:10.1016/j.jhazmat.2008.12.070 (2009).

 22. Centers for Disease Control and Prevention. NCHS Research Ethics Review Board (ERB) Approval http://www.cdc.gov/nchs/
nhanes/irba98.htm.

 23. Centers for Disease Control and Prevention; National Center for Health Statistics. National Health and Nutrition Examination 
Survey. Available at: https://wwwn.cdc.gov/nchs/nhanes/Default.aspx.

 24. Centers for Disease Control and Prevention; National Center for Health Statistics. National Health and Nutrition Examination 
Survey. Blood Metals Panel in whole blood. Laboratory Procedure Manual. Available at: https://www.cdc.gov/nchs/data/nhanes/
nhanes_11_12/PbCd_G_met_blood%20metals.pdf.

 25. Centers for Disease Control and Prevention; National Center for Health Statistics. National Health and Nutrition Examination 
Survey.Total Cholesterol, HDL-Cholesterol, Triglycerides, and LDL-Cholesterol. Laboratory Procedure Manual. Available at: https://
www.cdc.gov/nchs/data/nhanes/nhanes_03_04/l13_c_met_lipids.pdf.

 26. Centers for Disease Control and Prevention; National Center for Health Statistics. National Health and Nutrition Examination 
Survey. Plasma Glucose. Laboratory Procedure Manual. Available at: https://www.cdc.gov/nchs/data/nhanes/nhanes_03_04/
l10am_c_met_glucose.pdf.

 27. Centers for Disease Control and Prevention; National Center for Health Statistics. National Health and Nutrition Examination 
Survey. Glycohemoglobin. Laboratory Procedure Manual. Available at: https://www.cdc.gov/nchs/data/nhanes/nhanes_07_08/
ghb_e_met_tosoh_22_plus.pdf.

 28. Centers for Disease Control and Prevention; National Center for Health Statistics. National Health and Nutrition Examination 
Survey. Insulin. Laboratory Procedure Manual. Available at: https://www.cdc.gov/nchs/data/nhanes/nhanes_07_08/glu_e_met_
insulin.pdf.

 29. Xu, C., Liu, Q., Zhang, Q., Gu, A. & Jiang, Z. Y. Urinary enterolactone is associated with obesity and metabolic alteration in men in 
the US National Health and Nutrition Examination Survey 2001–10. The British journal of nutrition 113, 683–690, doi:10.1017/
S0007114514004115 (2015).

 30. Xu, C. et al. Low Serum Testosterone Levels Are Associated with Elevated Urinary Mandelic Acid, and Strontium Levels in Adult 
Men According to the US 2011-2012 National Health and Nutrition Examination Survey. PloS one 10, e0127451, doi:10.1371/
journal.pone.0127451 (2015).

Acknowledgements
This work was supported by funding from the National Natural Science Foundation of China (Nos. 81370279 and 
81370277), the Jiangsu Provincial Special Program of Medical Science in China (BL2013003).

Author Contributions
Cheng Xu and Yaqin Shu wrote the main manuscript text, and Zhi Fu and Yuanli Hu prepared Tables 1, 2, 3 and 4 
and Figures 1 and 2 and supplemental information. Cheng Xu and Xuming Mo were responsible for the accuracy 
of all content in the proof All authors reviewed the manuscript.

Additional Information
Supplementary information accompanies this paper at doi:10.1038/s41598-017-09701-4
Competing Interests: The authors declare that they have no competing interests.
Publisher's note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2017

http://dx.doi.org/10.1016/j.jhazmat.2008.12.070
http://www.cdc.gov/nchs/nhanes/irba98.htm
http://www.cdc.gov/nchs/nhanes/irba98.htm
https://wwwn.cdc.gov/nchs/nhanes/Default.aspx
https://www.cdc.gov/nchs/data/nhanes/nhanes_11_12/PbCd_G_met_blood%20metals.pdf
https://www.cdc.gov/nchs/data/nhanes/nhanes_11_12/PbCd_G_met_blood%20metals.pdf
https://www.cdc.gov/nchs/data/nhanes/nhanes_03_04/l13_c_met_lipids.pdf
https://www.cdc.gov/nchs/data/nhanes/nhanes_03_04/l13_c_met_lipids.pdf
https://www.cdc.gov/nchs/data/nhanes/nhanes_03_04/l10am_c_met_glucose.pdf
https://www.cdc.gov/nchs/data/nhanes/nhanes_03_04/l10am_c_met_glucose.pdf
https://www.cdc.gov/nchs/data/nhanes/nhanes_07_08/ghb_e_met_tosoh_22_plus.pdf
https://www.cdc.gov/nchs/data/nhanes/nhanes_07_08/ghb_e_met_tosoh_22_plus.pdf
https://www.cdc.gov/nchs/data/nhanes/nhanes_07_08/glu_e_met_insulin.pdf
https://www.cdc.gov/nchs/data/nhanes/nhanes_07_08/glu_e_met_insulin.pdf
http://dx.doi.org/10.1017/S0007114514004115
http://dx.doi.org/10.1017/S0007114514004115
http://dx.doi.org/10.1371/journal.pone.0127451
http://dx.doi.org/10.1371/journal.pone.0127451
http://dx.doi.org/10.1038/s41598-017-09701-4
http://creativecommons.org/licenses/by/4.0/

	Associations between lead concentrations and cardiovascular risk factors in U.S. adolescents
	Results
	Discussion
	Methods
	Study population. 
	Blood lead and cardiovascular risk factors detection. 
	Covariates. 
	Statistical methods. 

	Acknowledgements
	Figure 1 Eligible participants and those included in the analyses of the associations between blood lead exposure and CVD risk factors in adolescents.
	Figure 2 Estimated percent difference (% diff) and 95% Confidence Intervals (95% CI) in serum LDL-C concentrations in U.
	Figure 3 A scatter plot and a fitted line with 95% CI of the relationship between blood lead and LDL-C in adolescents.
	Table 1 Blood lead concentration (mean ± SD) for participants according to demographic.
	Table 2 Multivariable associations of serum lead with cardiovascular risk factors in US adolescents 1999–2012.
	Table 3 Estimated coefficient (beta) and 95% Confidence Intervals (95% CI) in CVD risk factors in US adolescents 1999–2012 for each quartile increase in blood lead levels.
	Table 4 Estimated coefficient (beta) and 95% Confidence Intervals (95% CI) in serum low-density lipoprotein cholesterol in US adolescents 1999–2012 for each quartile increase in blood lead levels stratification by different covariates.




