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Associations between lead
concentrations and cardiovascular
risk factors in U.S. adolescents
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Published online: 22 August 2017 - 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 (Cls)

. ofblood 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% Cl 0.73%, 3.02%) greater increase in serum LDL-cholesterol (p

. fortrend =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 households’ 2. Recently, several research studies have showed CVD
© presents a significant public health concern in adolescents> . 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 adolescents®”’. 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 humans®. 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 ug/L lead as the level of concern.
In recent years, blood lead levels among adolescents have been investigated worldwide. In China, median levels
. ofblood lead levels in the male and female population aged 0-18 years old were 48.81g/L and 46.1 ug/L’, respec-
. tively. In the United States, the average blood lead concentrations were 22.8 pg/L, 45.5 pg/L, and 40.7 pg/L for
* Caucasian, black, and Hispanic and Mexican American adolescents, respectively'’. 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
CVREF (blood pressure, fasting glucose and insulin, HbA1c and lipid profiles) in adolescents (12 to 19-year-olds).
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Figure 1. Eligible participants and those included in the analyses of the associations between blood lead
exposure and CVD risk factors in adolescents.

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 pg/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 CVREF. 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 (coeflicient = —0.005, 95% CI: —0.007, —0.002), HbA1lc
(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
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Overall 11,662 1.174+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 1.294+1.26*

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
ﬁﬁ;{gsﬁ;l Including | ¢cg 1.0140.80

PIR <0.001
<1 3,533 1.39+1.54

>1 7,259 1.054+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 1.344+1.24*

zlg;i;t) circumference <0.001
Tertile 1 3,813 1.26+1.10°

Tertile 2 3,826 1.18+1.47

Tertile 3 3,781 1.084+0.97

BMI (kg/m?)¢ <0.001
Tertile 1 3,854 1.274+1.53*

Tertile 2 3,843 1.17+1.01

Tertile 3 3,839 1.084+0.95

Television, video game

and computer usage <0.001
(hours)

<2 2,834 1.21+1.12

>2 4,221 1.17+1.42

NHANES cycles <0.001
1999-2000 2,111 1.524+1.26*
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. *Significant higher
than other group by post hoc multiple comparisons. "Mean 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. “Mean values & SD: 24.0 + 6.0 kg/m?. Tertile ranges
(kg/m?): 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.

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.
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Model 1 Model 2 Model 3
CVD risk factors N Coefficient | 95% CI P Value | Coefficient | 95% CI P Value | Coefficient | 95% CI P Value
Total cholesterol 9,345 | 0.004 —0.002 t0 0.010 0.190 0.005 —0.001 t0 0.012 0.088 0.006 —0.001 t0 0.013 | 0.077
HDL-C 9,344 | 0.008 0.000to0 0.016 0.038 0.010 0.002t0 0.018 0.012 0.003 —0.005t00.011 | 0.452
LDL-C 4,419 | 0.019 0.006 to 0.032 0.005 0.024 0.010to 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 t0 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 to0 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 t0 0.003 | 0.117
Diastolic blood pressure | 9,158 | 0.005 —0.002t0 0.011 0.179 0.006 —0.001 to0 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(jug/dL),
Quartile 1: <0.6; Quartile 2: 0.6-0.9; Quartile 3: 0.9-1.34; Quartile 4: >1.34.

On the epidemiological level, previous studies revealed relationships between human blood lead levels and
both CVD mortality and CVRE. Aoki et al. found blood lead was linearly associated with increased CVD mortal-
ity in the U.S. population aged 40 years and older!!. With lead occupational exposure, such as with bus drivers,
it was discovered that blood lead level may contribute to the risk of the CVD'2. A total of 7,383 South Korean
lead workers demonstrated that increasing blood lead levels was correlated with an increased risk of high blood
pressure'®. 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
homocysteine!*. For CVRE, Peters et al. observed that blood lead levels were positively associated with total cho-
lesterol and HDL levels among 426 elders'®. Rhee et al. discovered positive associations between blood lead levels
and metabolic syndrome’. 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 workers'”, 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 profile's. 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 group’®. Additionally, Komousani ef
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 group?. 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

SCIENTIFIC REPORTS | 7: 91217 |

DOI:10.1038/s41598-017-09701-4



www.nature.com/scientificreports/

[]
e 4 P for trend=0.031
(]
T 3_
29
5
Sk 2
= (<7}
[The]
82 1
i
€ o o
33 L
£
= © o < <
g -2- o o « ™
\% L ~ ~
O 1 A
o S
o

Blood lead levels (ug/dL)

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

that malnutrition is highly significantly associated with increased levels of blood lead?!, 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) alarge 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 Board??, 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 retrieved?.
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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)®

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/m?)

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(pg/dL), Quartile 1: <0.6; Quartile 2: 0.6-0.9; Quartile 3:
0.9-1.34; Quartile 4: >1.34. "Mean 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. °Mean values =+ SD: 24.0 & 6.0 kg/m?. Tertile ranges (kg/m?): tertile 1, 13.1-20.7;
tertile 2, 20.8-24.9; tertile 3, 25.0-66.3.

We examined the associations of blood lead with CVRF (blood pressure, fasting glucose and insulin, HbAlc 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 CVRE. 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 CVRE

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 elsewhere?*. Cardiovascular risk factors were determined from serum and
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physical examination. Total cholesterol, triglycerides, HDL-C and LDL-C?, glucose?’, HbA1c?, and insulin®®
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 CVRE: 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 (0.011-10ng/mL), and high exposure
(>10ng/mL)¥. The PIR was calculated by dividing household income by the poverty guidelines specific to the
survey year, as also used in a previous study>’. 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 CVRE, 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 CVRE, 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 RatioABeta) — 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.
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