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Background: Lead is a toxic metal for human health, but the effect on blood pressure (BP) is still controversial. The object of this study was to demonstrate the association between blood lead levels with BP and hypertension (HTN).

Methods: We used the database from the National Health and Nutrition Examination Survey (NHANES, 1999–2018) to perform a cross-sectional study. We performed multivariate regressions to examine the association between blood lead level with HTN and BP, and then a subgroup analysis was performed.

Results: A total of 32,289 participants were included in this study, but no significant difference was found between blood lead levels and HTN. However, the association between blood lead levels with systolic and diastolic pressure became positive. In the subgroup analysis stratified by race, the association between non-Hispanic white and black people still existed.

Conclusion: The association between blood lead levels with HTN was not significant, but it was positively associated with BP. Besides, the association between non-Hispanic white and black people was also significant.
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INTRODUCTION

Lead is a kind of heavy metal that can cause environmental pollution, and it is also a toxic metal that is harmful to human health. For its specific physical and chemical properties, lead is widely used in industry and our lives, such as in mining, batteries, paints, and lead gasoline (1–3). Especially in low and middle-income countries, informal recycling of metal from waste is widespread, which causes more exposure, disease, and death (4, 5).

Lead has occurred in Earth's crust because lead is non-biodegradable, it could persist in the environment for a long time. Lead has two natural types, organic and inorganic forms. Ingestion and inhalation are the most common ways of exposure. Inorganic lead can cross the blood-brain barrier to cause acute lead poisoning, and it is directly absorbed, distributed, and excreted. Organic lead is usually absorbed via the skin and respiratory systems and can cross an adult's blood-brain barrier. The absorption rate is about 10–15%, which depends on the lead's physical and chemical features and the condition of an exposed person. In pregnant women and children, the rate may increase to 50% (6). Until 2012, when the blood lead level was 10 or more micrograms per deciliter, it was identified as having a blood lead “level of concern.” Based on the NHANES data from 2007 to 2010, the blood lead reference value (BLRV) for children corresponding to 97.5% was established to be 5 μg/dl. The value above 3.5 μg/dl was defined as a blood lead “reference value” after 14 May 2021 (7). However, no evidence of harmful effects threshold has been established.

Lead can damage the cardiovascular, neurological, renal, reproductive, skeletal, immune, hematological, digestive, and endocrine systems (1, 8–14). In some studies, blood lead levels were associated with high blood pressure (BP) (15–18). However, in previous studies based on the database of NHANES III and NHANES 2003–2010, no significant evidence of blood lead level with hypertension (HTN) was demonstrated (19, 20). However, the association between blood lead levels and BP is uncertain.



METHODS


Study Population

All the databases could be obtained from the NHANES website (https://wwwn.cdc.gov/nchs/nhanes/Default.aspx), which was a nationally representative survey of nutrition and health condition in the United States. We analyzed the data from the last 10 cycles (1999–2018). A total of 101,316 subjects were included in 10 consecutive NHANES survey cycles covering the periods 1999–2018. There were 38,706 participants without blood lead data or BP measurement excluded in this study. Then, the participants who were aged below 20 or had no data on education level, rate of family income to poverty, body mass index (BMI), alcohol use, and smoking behavior were also excluded, and the final study population of this study was 32,289. The process of recruiting is shown in Figure 1.
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FIGURE 1. The flowchart of participants.




Study Variable

Venous blood was obtained to measure the blood lead level. Blood samples were simply diluted (21) and stored at −20°C before measurement. The measurement of blood lead level was conducted using an Inductively Coupled Plasma Dynamic Reaction Cell Mass Spectrometer (ELAN DRC II, PerkinElmer, Norwalk) in the central laboratory according to the standard protocol (22). The lower limits of detection were 0.3 μg/dl in 1999–2002, 0.28 μg/dl in 2003–2004, 0.25 μg/dL in 2003–2012, 0.07 μg/dl in 2013–2016, and 0.05 μg/dl in 2017–2018. All blood lead levels lower than the lower limit of detection were replaced by the lower limit of detection divided by √2 (23).

Three consecutive BP readings are obtained after resting quietly in a seated position for 5 min and after the participant's maximum inflation level (MIL) has been determined. If a BP measurement is interrupted or incomplete, a fourth attempt may be made. All BP determinations (systolic and diastolic) are taken at the mobile examination center (MEC). Participants with any of the following on both arms are excluded from the exam: rashes, gauze dressings, casts, edema, paralysis, tubes, open sores or wounds, withered arms, a-v shunts, and radical mastectomy. BP measurements are taken in the right arm unless specific conditions prohibit the use of the right arm or if participants report any reason that the BP measurements should not be taken in the right arm (22).

The participants had 1–4 BP readings in the study and anyone without any BP readings was excluded. If they had only one BP reading, then, it was the final record. When they had more than one BP reading, the first reading was always excluded. The BP record was the average of the readings after excluding the first reading.

Hypertension was defined when the participants self-reported HTN or used medication for HTN. For those who did not have self-reported, according to the American Heart Association/American College of Cardiology (AHA/ACC) 2017 guideline for monitoring and diagnosis of HTN. Participants with systolic BP ≥ 130 mmHg or diastolic BP ≥80 mmHg were also considered hypertensive (24).

The details of other covariate data, such as education level, rate of family income to poverty, BMI, alcohol use, and smoking behavior, can be obtained at www.cdc.gov/nchs/nhanes/.



Statistical Analyses

All the analyses were performed with R (version 3.4.3, http://www.R-project.org) and EmpowerStats software (http://www.empowerstats.com). Continuous variables were reported as mean ± standard deviation (SD), while the categorical variables were percentages. Baseline characteristics were analyzed by a linear regression model for continuous variables and a chi-square test for categorical variables, respectively. We divided the blood lead concentration into four categories. Multivariable logistic regression models were performed to explore the independent association of blood lead concentration with high BP after adjusting for potential confounding factors. Subgroup analyses stratified by sex, race, and BMI were performed. Three models were built: an unadjusted model, a minimally adjusted model (adjusted for age, sex, and race), and a fully adjusted model (adjusted for age, sex, race, education level, rate of family income to poverty, BMI, alcohol use, and smoking behavior). The value of p < 0.05 was considered statistically significant.




RESULTS


Baseline Characteristic

The characteristics of participants were shown in Table 1, and a total of 32,289 participants aged 20–85 years who had measured data for blood lead and BP were included in this study. There were 54.44% of the participants with HTN, 49.24% were men, and the mean age was 49.68 ± 18.04 years old. In different groups of HTN, prevalence rate, sex, age, race, education level, rate of family income to poverty, BMI, systolic BP, diastolic BP, alcohol use, and smoking behavior are significantly different.


Table 1. The characteristics of participants.
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The Association of Blood Lead Concentration With High BP

We have used three multivariate logistic regression models to show the relationship between blood lead concentration with high BP in Table 2: model 1, no covariate was adjusted; model 2, age, sex, and race were adjusted; model 3, age, sex, race, education level, rate of family income to poverty, BMI, alcohol use, and smoking behavior were adjusted. We found a significantly positive association between blood lead concentration with high BP in the unadjusted model (Model 1). However, after adjusting by covariates, no significant associations were found for these models (models 2 and 3). In the fully-adjusted model, compared with the lowest blood lead concentration category, the HTN prevalence rate increased (1.00–1.06, p = 0.0280). Compared with the lowest quartile group of blood lead levels, the prevalence of HTN in the highest quartiles group increased by 12%.


Table 2. Association between blood lead levels (μg/dl) and hypertension.
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There was no significant association in the subgroup analysis stratified by sex. However, in the fully adjusted model, the positive association was only existed in non-Hispanic whites (1.00–1.06, p = 0.0380), while the other races did not have a significant association with blood lead concentration. Besides, we could find a positive association when the BMI was not above 25 in the subgroup analysis stratified by BMI level (1.00–1.06, p = 0.0320). Furthermore, we tried to explore the association of high BP with blood lead level stratified by sex within the blood lead quartered group, and no significant difference was found in all the full-adjusted models.

The association between blood lead level and systolic and diastolic pressure (Tables 3, 4) was significantly different (0.19–0.42, p < 0.0001; 0.14–0.32, p < 0.0001, respectively). In the subgroup analysis stratified by sex and race, after fully adjusting, the significant difference only existed in non-Hispanic white or black.


Table 3. Association between blood lead levels (μg/dl) and systolic pressure, stratified by sex and race.
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Table 4. Association between blood lead levels (μg/dl) and diastolic pressure, stratified by sex and race.
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DISCUSSION

In previous studies, the relationship between blood lead levels and BP was not clear. The studies from the United States (25), Korea (26), and Brazil (27) demonstrated that blood lead level is related to high BP. A Korean study by Kim was used to assess the association between low blood lead levels with BP and HTN in lead-exposed male workers. When the blood lead level was above 6.87 μg/dl, it was associated with HTN. As a result, even in workers with low blood lead levels (<10 μg/dl), BP management appeared to be necessary (17). However, a study using the database of NHANES 2003–2010 showed that the blood lead level had no significant relationship with HTN, which was associated with higher systolic and diastolic pressure levels (20). The study aimed to assess the prevalence of HTN in United States adults and determine the difference between the JNC7 and ACC/AHA 2017 guidelines. They found that, based on JNC7, the overall prevalence of HTN was 31.7%, and the corresponding prevalence was 45.6% when using the new guideline of ACC/AHA (28). In this study, the prevalence of HTN was 54%, which is about 8% more than in Rana's study. First, they defined HTN by BP or using anti-HTN medicines, so they might lose those who answered ‘Ever told you had high BP.' Second, for further analysis, we dropped the data points that did not have the covariates, so it may cause the difference in the prevalence of HTN. Our study used the database from the 10 cycles of NHANES, which had a larger size of population than other studies. In the meantime, the definition of HTN was based on AHA/ACC 2017 guideline, causing a more high BP population than in previous studies.

In race stratified analysis, we found a positive association between blood lead level and HTN only in the full-adjusted model of non-Hispanic whites, while other subgroups had no significant association. Due to reduced statistical power, these associations did not reach statistical significance. Other studies found that the association between blood lead levels and BP was not consistent across races (20, 25). In the meantime, both systolic pressure and diastolic pressure were significantly associated with blood lead levels in non-Hispanic white and black participants. Another study demonstrated that the prevalence of HTN in white, black, and Hispanic people is 46.0, 54.7, and 38.5%, respectively (28). Thus, the race is an important factor for BP, and more evidence should be explored in future studies.

In the BMI stratified analysis, a significant association only existed in the BMI <25 subgroup. There are no studies to explain the reason for this phenomenon. The participants with lower BMI might be less tolerant to lead exposure because of their thinner bodies.

Some studies reported that bone lead is a more ideal marker to explain lead levels in the human body. A half-life of blood lead is about a month, while bone lead is more than 10 years old (29). Thus, the lead in our bodies is mainly reserved in the bones (30). It was difficult to correct the effect of aging using bone lead as a marker because bone level changes as people age. Furthermore, it is measured indirectly using X-ray fluorescence (31) and NHANES did not measure this subject.

This study did not show evidence for blood lead levels causing HTN, however, a growing blood lead level made higher systolic and diastolic pressure, even the increase was about 1 mmHg. However, some analyses showed that an increase of 2 mmHg in systolic pressure added to the risk of stroke (32). Moreover, lead exposure was a family or regional event instead of an individual problem. Therefore, a decrease in systolic or diastolic pressure might affect a lot of people at a population level, and we should pay attention to the harmful effect of lead.

However, the mechanism of lead toxicity for humans was not clear, and free radical damage might be the most possible reason (33). On the other hand, lead might be used instead of calcium because it is also a divalent cation in many signaling pathways level, which affects vascular resistance and increases BP (34). Besides, lead could reduce nitrogen monoxide and guanylate cyclase production in blood vessels, which remodels the vessel and inhibits vascular relaxation (16). More studies are needed to explore the possible mechanisms to find new targets that can help us to understand the molecular mechanisms of lead toxicity.


Limitation

On one hand, this study demonstrated the association of blood lead level with systolic and diastolic pressure, but not blood lead level with HTN. We should include more participants in the future to increase the population. On the other hand, this study was cross-sectional research, and the data came from an observational survey. It cannot demonstrate the causation but only the association. In the meantime, because of a lack of data covariates, more than half participants were excluded, which might cause bias. Furthermore, BP was affected by many genetic and environmental factors. The information that was not collected in the survey could not be analyzed in the study. The anti-HTN medicine was also an important variable, but most of the participants in the study lacked this data. Further and prospective studies should be completed in the future.




CONCLUSION

Increasing blood lead levels are associated with higher systolic and diastolic pressure, but not with HTN. The association between non-Hispanic white and black people is especially significant. As a result, lowering blood lead levels may benefit the general population.



DATA AVAILABILITY STATEMENT

Publicly available datasets were analyzed in this study. This data can be found here: https://www.cdc.gov/nchs/nhanes/index.htm.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by NCHS Research Ethics Review Board (ERB). Written informed consent for participation was not required for this study in accordance with the national legislation and the institutional requirements.



AUTHOR CONTRIBUTIONS

The author confirms being the sole contributor of this work and has approved it for publication.



ACKNOWLEDGMENTS

The author thanks the staff and the participants of the NHANES study for their valuable contributions.



REFERENCES

 1. Mitra P, Sharma S, Purohit P, Sharma P. Clinical and molecular aspects of lead toxicity: an update. Crit Rev Clin Lab Sci. (2017) 54:506–28. doi: 10.1080/10408363.2017.1408562

 2. Pollack AZ, Mumford SL, Mendola P, Perkins NJ, Rotman Y, Wactawski-Wende J, et al. Kidney biomarkers associated with blood lead, mercury, and cadmium in premenopausal women: a prospective cohort study. J Toxicol Environ Health A. (2015) 78:119–31. doi: 10.1080/15287394.2014.944680

 3. Orr SE, Bridges CC. Chronic Kidney Disease and Exposure to Nephrotoxic Metals. Int J Mol Sci. (2017) 18:1039. doi: 10.3390/ijms18051039

 4. Song Y, Suh C, Kim SA, Kim N, Kim SM, Jeong SW, et al. High lead exposure in two leaded bronze ingot foundry workers. Ann Occup Environ Med. (2014) 26:38. doi: 10.1186/s40557-014-0038-8

 5. Street RA, Goessler W, Naidoo S, Shezi B, Cele N, Rieger J, et al. Exposure to lead and other toxic metals from informal foundries producing cookware from scrap metal. Environ Res. (2020) 191:109860. doi: 10.1016/j.envres.2020.109860

 6. Pfadenhauer LM, Burns J, Rohwer A, Rehfuess EA. A protocol for a systematic review of the effectiveness of interventions to reduce exposure to lead through consumer products and drinking water. Syst Rev. (2014) 3:36. doi: 10.1186/2046-4053-3-36

 7. Blood Lead Reference Value: Centers for Disease Control and Prevention. Available online at: https://www.cdc.gov/nceh/lead/data/blood-lead-reference-value.htm (accessed May 04, 2021). 

 8. Loghman-Adham M. Renal effects of environmental and occupational lead exposure. Environ Health Perspect. (1997) 105:928–38. doi: 10.1289/ehp.97105928

 9. Fadrowski JJ, Abraham AG, Navas-Acien A, Guallar E, Weaver VM, Furth SL. Blood lead level and measured glomerular filtration rate in children with chronic kidney disease. Environ Health Perspect. (2013) 121:965–70. doi: 10.1289/ehp.1205164

 10. Cleveland LM, Minter ML, Cobb KA, Scott AA, German VF. Lead hazards for pregnant women and children: part 1: immigrants and the poor shoulder most of the burden of lead exposure in this country. Part 1 of a two-part article details how exposure happens, whom it affects, and the harm it can do. Am J Nurs. (2008) 108:40–9; quiz 50. doi: 10.1097/01.NAJ.0000337736.76730.66

 11. Lead Toxicity: ATSDR. Available online at: https://www.atsdr.cdc.gov/csem/csem.html (accessed June 12, 2021). 

 12. Vij A. Hemopoietic, Hemostatic and Mutagenic Effects of Lead and Possible Prevention by Zinc and Vitamin C. Al Ameen J Med Sci. (2009) 2:27–36. 

 13. Leem AY, Kim SK, Chang J, Kang YA, Kim YS, Park MS, et al. Relationship between blood levels of heavy metals and lung function based on the Korean National Health and Nutrition Examination Survey IV-V. Int J Chron Obstruct Pulmon Dis. (2015) 10:1559–70. doi: 10.2147/COPD.S86182

 14. Pant N, Upadhyay G, Pandey S, Mathur N, Saxena DK, Srivastava SP. Lead and cadmium concentration in the seminal plasma of men in the general population: correlation with sperm quality. Reprod Toxicol. (2003) 17:447–50. doi: 10.1016/S0890-6238(03)00036-4

 15. Nash D, Magder L, Lustberg M, Sherwin RW, Rubin RJ, Kaufmann RB, et al. Blood lead, blood pressure, and hypertension in perimenopausal and postmenopausal women. JAMA. (2003) 289:1523–32. doi: 10.1001/jama.289.12.1523

 16. Vaziri ND, Gonick HC. Cardiovascular effects of lead exposure. Indian J Med Res. (2008) 128:426–35. 

 17. Kim MG, Kim YW, Ahn YS. Does low lead exposure affect blood pressure and hypertension? J Occup Health. (2020) 62:e12107. doi: 10.1002/1348-9585.12107

 18. Gambelunghe A, Sallsten G, Borné Y, Forsgard N, Hedblad B, Nilsson P, et al. Low-level exposure to lead, blood pressure, and hypertension in a population-based cohort. Environ Res. (2016) 149:157–63. doi: 10.1016/j.envres.2016.05.015

 19. Den Hond E, Nawrot T, Staessen JA. The relationship between blood pressure and blood lead in NHANES III. National Health and Nutritional Examination Survey. J Hum Hypertens. (2002) 16:563–8. doi: 10.1038/sj.jhh.1001452

 20. Hara A, Thijs L, Asayama K, Gu YM, Jacobs L, Zhang ZY, et al. Blood pressure in relation to environmental lead exposure in the national health and nutrition examination survey 2003 to 2010. Hypertension. (2015) 65:62–9. doi: 10.1161/HYPERTENSIONAHA.114.04023

 21. NHANES 2017-2018 Laboratory Methods: Centers for Disease Control and Prevention (CDC). Available online at: https://wwwn.cdc.gov/nchs/nhanes/continuousnhanes/labmethods.aspx?Cycle=2017-2018 (accessed June, 2020). 

 22. NHANES 2019-2020 Procedure Manuals: Centers for Disease Control and Prevention (CDC) National Center for Health Statistics (NCHS). Available online at: https://wwwn.cdc.gov/nchs/nhanes/continuousnhanes/manuals.aspx?BeginYear=2019 

 23. National Health and Nutrition Examination Survey 2015-2016 Data Documentation Codebook and Frequencies Lead Cadmium Total Mercury Selenium & Manganese - Blood (PBCD_I): Centers for Disease Control and Prevention (CDC). Available online at: https://wwwn.cdc.gov/Nchs/Nhanes/2015-2016/PBCD_I.htm (accessed January, 2018). 

 24. Whelton PK, Carey RM, Aronow WS, Casey DE Jr, Collins KJ, Dennison Himmelfarb C, et al. 2017 ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA Guideline for the Prevention, Detection, Evaluation, and Management of High Blood Pressure in Adults: A Report of the American College of Cardiology/American Heart Association Task Force on Clinical Practice Guidelines. Hypertension. (2018) 71:e13–e115. doi: 10.1161/HYP.0000000000000065

 25. Scinicariello F, Abadin HG, Murray HE. Association of low-level blood lead and blood pressure in NHANES 1999-2006. Environ Res. (2011) 111:1249–57. doi: 10.1016/j.envres.2011.08.011

 26. Lee KR, Ko KD, Hwang IC, Suh HS, Kim KK. Association between blood lead levels and blood pressures in a non-smoking healthy Korean population. Postgrad Med J. (2017) 93:513–8. doi: 10.1136/postgradmedj-2016-134208

 27. Almeida Lopes ACB, Silbergeld EK, Navas-Acien A, Zamoiski R, Martins ADC Jr, Camargo AEI, et al. Association between blood lead and blood pressure: a population-based study in Brazilian adults. Environ Health. (2017) 16:27. doi: 10.1186/s12940-017-0233-5

 28. Rana J, Oldroyd J, Islam MM, Tarazona-Meza CE, Islam RM. Prevalence of hypertension and controlled hypertension among United States adults: Evidence from NHANES 2017-18 survey. Int J Cardiol Hypertens. (2020) 7:100061. doi: 10.1016/j.ijchy.2020.100061

 29. Wani AL, Ara A, Usmani JA. Lead toxicity: a review. Interdiscip Toxicol. (2015) 8:55–64. doi: 10.1515/intox-2015-0009

 30. Flora G, Gupta D, Tiwari A. Toxicity of lead: a review with recent updates. Interdiscip Toxicol. (2012) 5:47–58. doi: 10.2478/v10102-012-0009-2

 31. Pounds JG, Long GJ, Rosen JF. Cellular and molecular toxicity of lead in bone. Environ Health Perspect. (1991) 91:17–32. doi: 10.1289/ehp.919117

 32. MacMahon S, Rodgers A. Blood pressure, antihypertensive treatment and stroke risk. J Hypertens Suppl. (1994) 12:S5–14. 

 33. Navas-Acien A, Guallar E, Silbergeld EK, Rothenberg SJ. Lead exposure and cardiovascular disease–a systematic review. Environ Health Perspect. (2007) 115:472–82. doi: 10.1289/ehp.9785

 34. Alissa EM, Ferns GA. Heavy metal poisoning and cardiovascular disease. J Toxicol. (2011) 2011:870125. doi: 10.1155/2011/870125

Conflict of Interest: The author declares 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.

Copyright © 2022 Huang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fpubh-10-836357-t004.jpg
Per 1 ug/dL BLL increase
Stratified by sex and race
Men
Mexican American
Other hispanic
Non-hispanic white
Non-hispanic black
Other race
Women
Mexican American
Other hispanic
Non-hispanic white
Non-hispanic black
Other race

Model 1: no covariates were adjusted.
Model 2: age were adjusted.

Model 1
B (95% Cl)

0.15(0.07, 0.24)**

~0.08(~0.26,0.11)
~0.23 (~0.53, 0.08)

~0.22 (~0.39, ~0.05)"
0.13(~0.10, 0.36)
—0.34 (~0.75,0.06)

0.06(-0.26, 0.38)
050 (~0.18, 1.19)

—0.16 (~0.45,0.18)
0.46 0.11,0.82)"
0.19(~0.40, 0.79)

Model 2
B (95% Cl)

0.08(-001,0.17)

~0.10(-0.28, 0.09)
—0.27 (~0.58, 0.03)
0.18 (0.01,0.36)"
0.09(~0.15,0.34)
—0.23 (~0.64,0.19)

—0.08 (~0.40, 0.24)
036 (~0.35, 1.07)
0.48 (0.15, 0.80)"
061 (0.22,0.99)"

—0.03 (~0.65, 0.69)

Model 3: age, education level, rate of family income to poverty, BMI, alcohol use, and smoking behavior were adjusted.

BLL, Blood lead levels.
‘p <0.05 "p <0.01,"p < 0.001.

Model 3
B (95% CI)

0.23(0.14,0.32)**

0.08(~0.11,0.26)
—-0.20 (-0.51,0.11)
0.40(0.22, 0.58)"*
0.26 (0,00, 0.51)"
0.05(~0.87,0.48)

0.08(~0.25, 0.40)
0.42(~0.30, 1.14)
0.74 (0.41,1.07)"*
080 (0.40, 1.20)""
0.16(-0.47,0.79)





OPS/images/fpubh-10-836357-t002.jpg
Model 1
B(95% Cl)

Model 2
B (95% CI)

Model 3
B (95% Cl)

Per 1 ug/dL BLL increase

BLL (Quartile)
at
@2
@
Q4

P for trend

Stratified by sex®
Wormen
Men

Stratified by race®
Mexican American
Other hispanic
Non-hispanic white
Non-hispanic black
Oher race

Stratified by BMI®
BMI>30
25<BMI<30
BMI<25

Model 1: no covariates were adjusted.
Model 2: age, sex, race were adjusted.

Model 3: age, sex, race, education level, rate of family income to poverty, body mass index (BM), aicohol se, and smoking behavior were adjusted.

1.23(1.21, 1.25**

Reference
1.7 (1.66, 1.88)"*
2.28(2.14, 2.43)™"
3.10 (2,91, 381)"
1.44 (1.41, .47

1,56 (1.50, 1.62)™*
1.09(1.07, 1.1y

1.05 (1.02, 1.08)™
1.16(1.08, 1.26)"
1.35 (1.31, .89
1.36(1.30, 1.43)
1.22(1.14, 1.0

1.26 (1.21, 1.0
1.23(1.20, 1.27)"*
135 (131, 1,39

099097, 1.00)

Reference

1.00 (098, 1.07)
091 (085,0.98
0.91(0.84,0.98)"
0.96 (0.94, 0.99)"*

0.99(0.95, 1.02)
0.99(0.97, 1.00)

0.95 (0,93, 0.99)"
1.00 (095, 1.05)
099 (0.97, 1.02)
0.99(0.96, 1.03)
0.99(0.93, 1.05)

0.99 (0,96, 1.01)
1.01 (099, 1.04)
1.04(1.01, 1.07)"

@Al models were not adjusted by sex, ® all models were not adjusted by race, © all models were not adjusted by BMI.

BLL, Blood lead levels; BMI Body mass index.
'p < 0.05, "p <0.01,""p < 0.007.

1.01(0.99, 1.03)

Reference
1.10(1.02, 1.18)"
1.06 (0.98, 1.14)
1.12/(1.08, 1.22)"
1.03(1.00, 1.06)"

1.03 (099, 1.07)
1.01 (099, 1.08)

0.99 (0,96, 1.02)
1.01 (095, 1.06)
1.03(1.00, 1.06)"
1.02 (098, 1.06)
1.04 (097, 1.11)

1.00 (097, 1.03)
1.00 (098, 1.03)
1.08(1.00, 1.06)





OPS/images/fpubh-10-836357-t003.jpg
Model 1 Model 2 Model 3
B (95% Cl) B (95% CI) B (95% CI)
Per 1 pg/dL BLL increase 1.77 (1.65, 1.89)"* 026 (0.14,0.37)"** 030(0.19, 0.42)"**
Stratified by sex and race
Men
Mexican American 0.35(0.09, 0.60 0,05 (0.18, 0.28) 0.10(-0.18,0.34)
Other hispanic 0.36(~0.04,0.76) 0.06 (~0.32, 0.43) 0,07 (<031, 0.45)
Non-hispanic white 1.23(1.01, 1.45)™* 0.39(0.18, 0.60) 0.44 (0.22, 0.66)
Non-hispanic black 1.21(0.98, 1.50"* 036 (0.08, 0.65)" 0.37 (0,07, 0.67)"
Other Race 1.01(0.45, 1.56)"** 0.24(~0.28, 0.76) 0.49 (=0.04, 1.03)
Women
Mexican American 1.67 (1.16, 2,18 0.11(-0.30,0.53) 0.14(-0.28, 0.57)
Other hispanic 4.04(2.89, 5.19)" 097 (-0.01, 1.95) 0.84(~0.15, 1.83)
Non-hispanic white 5.24(4.81,567)" 0.25 (~0.15, 0.66) 063 (0.22, 1.04)"*
Non-hispanic black 371(3.19, 429 0.96(0.46, 1.46)" 0.99 (0.48, 1.50)""
Other race 327 (2,81, 4.24)" 0.25 (~0.60, 1.10) 0.49 (-0.35, 1.34)

Model 1: no covariates were adjusted.

Model 2: age were adjusted.

Model 3: age, education level, rate of family income to poverty, BMI, alcohol use, and smoking behavior were adjusted.
BLL, Blood lead levels.

'p < 0.05, "p <0.01, "p < 0.007.
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