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Abstract

Background
Copper is an essential trace metal with potential interest for cardiovascular effects. Few studies have
explored the association between copper and blood pressure in children and adolescents (hereafter
referred to as youths).

Method:
We conducted a cross-sectional analysis of 1242 youths aged 8–17 years who participated in the 2011
to 2016 National Health and Nutrition Examination Survey. Using 2017 American Academy of Pediatrics
guidelines, Elevated Blood Pressure (EBP) was de�ned as a mean systolic and/or diastolic blood pressure
(BP) ≥ 90th percentile for sex, age, and height for children aged 1–12 years and systolic BP ≥ 120 mmHg
or diastolic BP ≥ 80 mmHg for adolescent age 13–17 years. Mean serum copper was 114.17 µg/dL.

Results
After multiple adjustments, dose-response analyses revealed that EBP was associated with progressively
higher serum copper concentrations in a nonlinear trend. In comparison with the lowest quartile of serum
copper concentrations, the adjusted odds of EBP for the highest quartile was 5.26 (95% con�dence
interval [CI], 2.76–10.03).

Conclusion
Our results suggested that high serum copper concentrations were signi�cantly associated with EBP in
US youths.

Background
Elevated Blood Pressure (EBP) among youths has become an important public health challenge in the
United States [1]. Recent epidemiological studies have suggested that accumulation of essential trace
metals may play a critical role in the development of hypertension [2–4].

Copper is an essential trace metal with antioxidant properties mediated through many redox enzymes [5].
Overload of this metal leads to Fenton-type redox reactions, resulting in oxidative injury [6]. Results of
pathological accumulation of copper are observed in Wilson’s disease, a recessively inherited disorder of
copper metabolism [7]. Additionally, evidence for the relationship between high copper concentrations
and heart failure, Parkinson’s disease, and ischemic stroke were found in epidemiological studies [8–10].
However, evidence regarding the association between serum copper and blood pressure (BP) have been
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inconsistent or con�icting and most research has been conducted in adult populations [11–14]. A recent
study found serum copper to be associated with several cardiovascular disease risk factors in US youths,
including increased total cholesterol, glycohemoglobin and fasting insulin. Nevertheless, no association
was found with BP levels [15]. However, this study used BP as a continuous variable and ignored the
impact of age, sex and height on the de�nition of blood pressure level in youths.

In the current study, using the data from the National Health and Nutrition Examination Survey (NHANES)
2011–2016, and the new 2017 American Academy of Pediatrics guidelines (AAP) [1], we aimed to
evaluate the association and dose-response relationship between serum copper and EBP in US youths.

Methods
Study population

NHANES is a nationally representative, multistage survey of the noninstitutionalized US civilian
population. All participants provided written informed consent (parental consent was obtained for those <
18 years) and NHANES was approved by the National Center for Health Statistics’ Ethics Review Board.
Detailed information on NHANES data collection and survey procedures used in this analysis are publicly
available and can be found elsewhere [16].

Participants who had completed blood pressure reading and serum copper measure were included in our
analyses. Individuals missing important covariates were excluded. The process of data inclusion is
presented in Figure 1.

Study exposure

Serum specimens were processed, stored at appropriate temperatures (- 70 °C), and shipped to the
Division of Laboratory Sciences, National Center for Environmental Health, Centers for Disease Control
and Prevention, Atlanta, GA for analysis. Inductively coupled plasma dynamic reaction cell mass
spectrometry (ICP-DRC-MS) was used for trace level elemental analysis. The isotopes measured included
zinc (m/z 64), copper (m/z 65), and selenium (m/z 78) and the internal standard gallium (m/z 71). Serum
samples were diluted 1+1+28 with water and diluent containing gallium (Ga) for multi-internal
standardization. If you want, you can reference the technical stuff:

https://www.cdc.gov/nchs/data/nhanes/2013-2014/labmethods/CUSEZN_H_met.pdf.

De�nition of EBP

BP measurements were obtained by a certi�ed examiner using an appropriate cuff size and a mercury
manometer. Three BP readings were obtained after the participant had rested for 5 minutes in a seated
position with feet �at on the �oor. Mean systolic and diastolic BP for each participant were calculated
from the recorded readings. Using the 2017 American Academy of Pediatrics guidelines, we classi�ed
participants as having EBP or normal BP consistent with previous reports [17]. For children aged 1- 13
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years, EBP was de�ned as the mean systolic and/or diastolic BP percentile ≥ 90th percentile for sex, age,
and height. For adolescents aged 13-17 years, EBP was de�ned as SBP at least 120 mmHg and/or DBP
at least 80 mmHg.

Covariates

Demographic information included age, gender, race (Mexican American, other Hispanic non-Hispanic
White, non-Hispanic Black, and other race) and family monthly poverty level index category. Other
covariates included body mass index (BMI), serum cotinine, physical activity, energy intake and other
trace metals (serum selenium, serum zinc, urinary manganese, urinary lead, urinary strontium, urinary
arsenic and urinary mercury). BMI was calculated as measured weight in kilograms divided by measured
height in meters squared, and BMI percentiles were calculated based on the CDC's BMI-for-age sex-
speci�c growth charts. BMI categories were de�ned as follows: “normal,” BMI < 85th percentile;
“overweight” and “obese,” BMI ≥ 85th percentile. Physical activity was assessed by the amount of
television, video game and computer usage daily and was classi�ed as high (≤ 2) and low (> 2) in
concordance with previous report [18]. Energy intake data were obtained from two 24-hour dietary recall
interviews and calculated as an average of 2-day energy intake. Serum cotinine, the primary proximal
metabolite of nicotine, is generally regarded as the marker of exposure to environmental tobacco smoke.

Statistical analysis

Differences between groups were tested by the Chi-square test for categorical data and the independent
Student t-test, Mann-Whitney-U test, analysis of variance, or the Kruskal-Wallis test for continuous data,
as appropriate. Binary logistic regression models were performed to estimate the association between
serum copper and EBP. In multivariate logistic regressions, model 1 adjusted for age and sex, model 2
further adjusted for race, family monthly poverty level category, physical activity, BMI, total energy intake,
serum cotinine, and other trace metals. We assessed for collinearity between adjustment variables by
calculating variance in�ation factors. The dose-response relationship was conducted by restricted cubic
spline with three knots. We performed tests for linear trend by entering the median value of each category
of copper as a continuous variable in the models. All analyses were performed using Stata 15.1 and R
3.3.0 software. All reported probabilities (p-values) were two-sided with p < 0.05 considered as signi�cant.

Results
Overall, the study cohort included a total of 1242 US youths aged 8–17 years at baseline. Table 1
presents the characteristics of the study participants. The mean serum copper concentrations was
114.17 µg/dL. The overall prevalence of EBP was 14.0%. EBP was more likely to occur in males (132
versus 42, P < 0.01) and in Non-Hispanic Black participants (P < 0.01). Participants with EBP tend to be
older (12.9 versus 12.0 years, P = 0.01), overweight and obese (P < 0.01), consumed more calories (2152
versus 1878 kcal, P < 0.01) and had lower amount of physical activity (P = 0.01) compared to those
without EBP. There was no difference in serum copper concentrations between genders (male versus
female, 114.3 versus 114.1 µg/dL, P = 0.89). Non-Hispanic blacks had higher mean serum copper
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concentrations compared to non-Hispanic whites, Mexican-Americans and other Hispanic (122.4, 112.1,
110.9 and 109.5 µg/dL, respectively, P < 0.01). Mean serum copper concentrations were higher in
participants with EBP compared to those without EBP (125.5 versus 112.3 µg/dL, P < 0.01).
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Table 1
Characteristics of The Study Population by Serum Copper Quartile.

  Total

(n = 
1242)

1st

(n = 312)

2nd

(n = 309)

3rd

(n = 312)

4th

(n = 309)

P
value

Male 624
(50.2)

168
(53.8)

135
(43.7)

138
(44.2)

183
(59.2)

< 
0.001

Race/Ethnicity           < 
0.001

Mexican American 261
(21.0)

60
(19.2)

81
(26.2)

66
(21.2)

54
(17.5)

 

Other Hispanic 120
(9.7)

30 (9.6) 33
(10.7)

39
(12.5)

18 (5.8)  

Non-Hispanic White 300
(24.2)

78
(25.0)

87
(28.2)

72
(23.1)

63
(20.4)

 

Non-Hispanic Black 357
(28.7)

75
(24.0)

63
(20.4)

81
(26.0)

138
(44.7)

 

Other Race 204
(16.4)

69
(22.1)

45
(14.6)

54
(17.3)

36
(11.7)

 

Family monthly poverty level
category

          0.001

< 1.30 579
(46.6)

144
(46.2)

123
(39.8)

138
(44.2)

174
(56.3)

 

1.31 ~ 1.85 174
(14.0)

57
(18.3)

51
(16.5)

39
(12.5)

27 (8.7)  

> 1.85 438
(35.3)

105
(33.7)

126
(40.8)

117
(37.5)

90
(29.1)

 

Age (years) 12.2
(2.9)

13.5
(2.5)

12.2
(2.9)

11.7
(3.0)

11.3
(2.9)

< 
0.001

BMI           < 
0.001

Normal weight 753
(60.6)

243
(77.9)

198
(64.1)

177
(56.7)

135
(60.6)

 

Overweight and obese 489
(39.4)

69
(22.1)

111
(35.9)

135
(43.3)

174
(39.4)

 

Energy intake (kcal/day) 1920
(635)

2000
(681)

1900
(661)

1870
(559)

1890
(630)

0.063

Abbreviations: BMI, body mass index.
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  Total

(n = 
1242)

1st

(n = 312)

2nd

(n = 309)

3rd

(n = 312)

4th

(n = 309)

P
value

Physical activity           0.154

Low 558
(44.9)

132
(42.3)

135
(43.7)

135
(43.3)

156
(50.5)

 

High 684
(55.1)

180
(57.7)

174
(56.3)

177
(56.7)

153
(49.5)

 

Serum cotinine (ng/mL) 3.8
(30.1)

10.3
(56.0)

3.0
(19.2)

0.9 (6.9) 0.9 (2.3) 0.006

Urinary manganese (ug/L) 0.2
(0.19)

0.19
(0.16)

0.17
(0.12)

0.19
(0.28)

0.19
(0.19)

0.347

Urinary lead (ug/L) 0.47
(0.5)

0.42
(0.3)

0.40
(0.3)

0.44
(0.4)

0.60
(0.8)

0.001

Urinary strontium (ug/L) 131
(123)

144
(117)

119
(100)

142
(167)

118 (89) 0.003

Urinary mercury(ug/L) 0.49
(0.71)

0.50
(0.74)

0.49
(0.72)

0.44
(0.70)

0.54
(0.67)

0.339

Urinary arsenic (ug/L) 11.3
(26.4)

13.5
(44.5)

9.8
(12.8)

12.0
(16.7)

10.1
(18.9)

0.273

Serum selenium(ug/L) 121
(16.6)

122
(13.3)

120
(13.8)

121
(13.7)

120
(23.4)

0.202

Serum zinc(ug/dL) 83.7
(16.3)

80.9
(12.7)

82.2
(14.1)

84.4
(13.4)

87.4
(22.5)

< 
0.001

Abbreviations: BMI, body mass index.

Table 2 presents the odds ratios of EBP based on quartiles of serum copper concentrations. In crude
logistic regression analyses, high levels of serum copper were signi�cantly associated with increased risk
of EBP. After adjustment for age and sex (model 1), serum copper concentrations had a signi�cantly
positive association with EBP. After further adjustment for race, family monthly poverty level category,
physical activity, BMI, total energy intake, serum cotinine, and other trace metals (model 2), the results
remained stable and statistically signi�cant. Dose-response relationship between serum copper and EBP
were shown in Fig. 2. In restricted cubic spline model, excessive serum copper increased the risk of EBP in
a linear manner (P = 0.029).
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Table 2
Weighted Odds Ratios and 95% Con�dence Intervals for Elevated Blood Pressure According to Quartiles

of Serum Copper.
Serum copper
(µg/dL)

Events/Cases OR(95%CI)

Crude Model1a Model 2b

Quartile 1 27/312 Ref. Ref. Ref.

Quartile 2 30/279 1.14 (0.67–1.96) 1.87 (1.05–3.32)
*

1.80 (0.94–3.43)

Quartile 3 45/267 1.78 (1.07–2.95)
*

3.37 (1.84–5.85)
**

3.70 (1.97–6.95)
**

Quartile 4 72/237 3.21 (2.00-5.16)
**

5.44 (3.21–9.22)
**

5.26 (2.76–10.03)
**

P for trend NA < 0.001 < 0.001 < 0.001

Per 1 SD serum
copper

  1.52 (1.32–1.75)
**

1.76 (1.50–2.06)
**

1.69 (1.38–2.07)**

Abbreviations: CI, con�dence interval; OR, odds ratio; NA, not applicable; SD, Standard Deviation.

a, Model 1 were adjusted by age and sex.

b, Model 2 were adjusted by age, sex, race, family monthly poverty level category, physical activity,
body mass index.(BMI), total energy intake, serum cotinine, and other trace metals.

*P < 0.05.

**P < 0.01.

Discussion
In this study, using a nationally representative large-scale database and updated classi�cation system for
pediatric BP, we found that serum copper was associated with increased risk of EBP in the US population
aged between 8 to 17 years old. The association was statistically signi�cant despite adjustments for the
impact of co-exposure to multiple metals [19, 20].

In animal experiments, plasma copper concentrations were signi�cantly higher in hypertensive rats [21].
Other animal studies have demonstrated implanting a copper cuff results in neointimal thickening in
response to vascular injury [22], while copper chelators inhibit the development of vascular in�ammation
and new intima formation in response to vascular injury [23, 24]. In humans, evidence linking serum
copper and blood pressure has been inconsistent. Most research conducted thus far has been in adults.
Taneja, S.K et al [25]. conducted a study with 500 adult participants which noted higher levels of copper
in urine in hypertensive subjects (2.70 ± 0.10 versus 5.14 ± 0.15 mg/dL). Conversely, Li Y et al [26]. found
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no difference. Additionally, Kim MH et al [27]. found that copper intake was inversely associated with SBP
and DBP in 258 adult subjects.. There is a dearth of studies investigating the association between copper
and blood pressure in youths. In a cross-sectional study conducted among 1427 US youth, no association
was found between serum copper concentrations and blood pressure[15]. Another study among
European children suggested a positive association between serum copper and diastolic blood pressure
[28]. However, a primary de�cit of these studies was that they did not use blood pressure percentiles to
de�ne hypertension, which is the current standard for delineating normotension from hypertension in
youths. Using the 2017 hypertension diagnostic criteria, our results indicate that high serum copper
concentrations increase the risk of EBP in youths.

The mechanisms behind the association between serum copper and BP remain unclear. It has been
reported that Reactive oxygen species (ROS) disrupts the balance of oxidation and antioxidant systems.
Excessive copper can affect the activity of ROS [29]. The resultant increase in superoxide may lead to the
impairment and dysfunction of endothelial structure, and consequently result in the development of EBP
[30]. Furthermore, high copper concentrations can reduce myosin-ATPase activity, resulting in calcium
overload [31]. Increased Ca2+ in smooth muscular layer of vessels may cause an increase in the arterial
wall tension �nally resulting in EBP [32].

As suggested by previous literature, serum copper appears to re�ect the status of copper nutrition in both
depleted and replete populations. Pediatric reference intervals for serum copper concentrations are not
well established [33]. Only a few studies have measured serum copper concentrations in children and
adolescents [33]. The reference values of serum copper concentrations in US were higher than the
counterparts in Mexico and Egypt and was the same as in China. In our study, the average serum copper
concentrations in participants with EBP was 125.5 ± 32.8 µg/dL and in those with normal BP was 112.3 ± 
24.2 µg/dL, which were within the US reference range. We provide the �rst evidence of a correlation
between serum copper and EBP in US youths.

Our study has several strengths. This is the �rst study to explore the relationship between serum copper
and EBP since the standards for pediatric blood pressure were updated in 2017. In addition, we
investigated the dose-response relationship between serum copper and EBP. Furthermore, we considered
the simultaneous impacts of various metals in our analyses to capture the complex nature of
environmental exposure as a whole.

However, this study also has some limitations. First, this is a cross-sectional study, and it is di�cult for us
to determine causality. Second, although a number of potential confounders were controlled, we cannot
rule out the possibility of unmeasured confounding factors. Third, the complicated interactions of many
trace metals with copper warrants further investigation.

Conclusions
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In conclusion, our study has found a positive and non-linear association between serum copper and
elevated blood pressure in US children and adolescents. We hope that this study can help policy makers
develop safer reference ranges in US youths. Further prospective studies are needed to con�rm our results
and elucidate the mechanisms involved.

Abbreviations
EBP Elevated blood pressure

BP Blood pressure

NHANES National Health and Nutrition Examination Survey

AAP American Academy of Pediatrics guidelines

ICP-DRC-MS Inductively coupled plasma dynamic reaction cell mass spectrometry

Ga gallium

BMI body mass index

ROS Reactive oxygen species

Declarations
Ethics approval and consent to participate

All participants provided written informed consent (parental consent was obtained for those < 18 years)
and NHANES was approved by the National Center for Health Statistics’ Ethics Review Board.

Consent for publication

Not applicable.

Availability of data and materials

 Anonymized data are available from the National Center for Health Statistics
(https://www.cdc.gov/nchs/nhanes/about_nhanes.htm) or from the corresponding author on reasonable
request.

Competing interests

The authors declare that they have no competing interests.

Author's Contribution



Page 11/16

Changsong Liu collected the data and drafted the manuscript; Yanfen Liao and Zongyuan Zhu revised
the manuscript critically for important intellectual content; Lili Yang and Qin Zhang analyzed and
interpreted the data; Li Li were the designer of the manuscript and approved to submit the manuscript
�nally.

Acknowledgements

We would like to thanks for the participants who contributed their data.

References
1. Flynn JT, Kaelber DC, Baker-Smith CM, Blowey D, Carroll AE, Daniels SR et al. Clinical practice

guideline for screening and management of high blood pressure in children and adolescents.
Pediatrics. 2017;140(3).

2. Gruzewska K, Michno A, Pawelczyk T, Bielarczyk H. Essentiality and toxicity of vanadium
supplements in health and pathology. J Physiol Pharmacol. 2014;65(5):603-11.

3. Laclaustra M, Navas-Acien A, Stranges S, Ordovas JM, Guallar E. Serum selenium concentrations
and hypertension in the US Population. Circ Cardiovasc Qual Outcomes. 2009;2(4):369-76.

4. Lee BK, Kim Y. Relationship between blood manganese and blood pressure in the Korean general
population according to KNHANES 2008. Environ Res. 2011;111(6):797-803.

5. Fukai T, Ushio-Fukai M, Kaplan JH. Copper transporters and copper chaperones: roles in
cardiovascular physiology and disease. Am J Physiol Cell Physiol. 2018;315(2):C186-C201.

�. Bost M, Houdart S, Oberli M, Kalonji E, Huneau JF, Margaritis I. Dietary copper and human health:
Current evidence and unresolved issues. J Trace Elem Med Biol. 2016;35:107-15.

7. Fernando M, van Mourik I, Wassmer E, Kelly D. Wilson disease in children and adolescents. Arch Dis
Child. 2020;105(5):499-505.

�. Huang L, Shen R, Huang L, Yu J, Rong H. Association between serum copper and heart failure: a
meta-analysis. Asia Pac J Clin Nutr. 2019;28(4):761-9.

9. Genoud S, Senior AM, Hare DJ, Double KL. Meta-analysis of copper and iron in parkinson's disease
brain and bio�uids. Mov Disord. 2020;35(4):662-71.

10. Zhang M, Li W, Wang Y, Wang T, Ma M, Tian C. Association between the change of serum copper and
ischemic stroke: a systematic review and meta-analysis. J Mol Neurosci. 2020;70(3):475-80.

11. Akanle OA, Akintanmide A, Durosinmi MA, Oluwole AF, Spyrou NM. Elemental analysis of blood of
Nigerian hypertensive subjects. Biol Trace Elem Res. 1999;71-72:611-6.

12. Canatan H, Bakan I, Akbulut M, Halifeoglu I, Cikim G, Baydas G et al. Relationship among levels of
leptin and zinc, copper, and zinc/copper ratio in plasma of patients with essential hypertension and
healthy normotensive subjects. Biol Trace Elem Res. 2004;100(2):117-23.

13. Liu WM, Zhu ZG, Leng HX. [Analysis of the contents of K, Na, Ca, Mg, Zn, Cu, Fe and Mn in serum of
middle and old-aged hypertension patients]. Guang Pu Xue Yu Guang Pu Fen Xi. 2004;24(3):360-2.



Page 12/16

14. Yao J, Hu P, Zhang D. Associations Between copper and zinc and risk of hypertension in us adults.
Biol Trace Elem Res. 2018;186(2):346-53.

15. Zang X, Huang H, Zhuang Z, Chen R, Xie Z, Xu C et al. The association between serum copper
concentrations and cardiovascular disease risk factors in children and adolescents in NHANES.
Environ Sci Pollut Res Int. 2018;25(17):16951-8.

1�. McIver DJ, Grizales AM, Brownstein JS, Gold�ne AB. Risk of type 2 diabetes is lower in us adults
taking chromium-containing supplements. J Nutr. 2015;145(12):2675-82.

17. Loe�er LF, Navas-Acien A, Brady TM, Miller ER, 3rd, Fadrowski JJ. Uric acid level and elevated blood
pressure in US adolescents: National Health and Nutrition Examination Survey, 1999-2006.
Hypertension. 2012;59(4):811-7.

1�. Xu C, Shu Y, Fu Z, Hu Y, Mo X. Associations between lead concentrations and cardiovascular risk
factors in U.S. adolescents. Sci Rep. 2017;7(1):9121.

19. Bilenko N, Brunekreef B, Beelen R, Eeftens M, de Hoogh K, Hoek G et al. Associations between
particulate matter composition and childhood blood pressure--The PIAMA study. Environ Int.
2015;84:1-6.

20. Li Y, Wang H, Wang H, Yin F, Yang X, Hu Y. Heavy metal pollution in vegetables grown in the vicinity
of a multi-metal mining area in Gejiu, China: total concentrations, speciation analysis, and health
risk. Environ Sci Pollut Res Int. 2014;21(21):12569-82.

21. Clegg MS, Ferrell F, Keen CL. Hypertension-induced alterations in copper and zinc metabolism in Dahl
rats. Hypertension. 1987;9(6):624-8.

22. Volker W, Dorszewski A, Unruh V, Robenek H, Breithardt G, Buddecke E. Copper-induced in�ammatory
reactions of rat carotid arteries mimic restenosis/arteriosclerosis-like neointima formation.
Atherosclerosis. 1997;130(1-2):29-36.

23. Persichini T, Percario Z, Mazzon E, Colasanti M, Cuzzocrea S, Musci G. Copper activates the NF-
kappaB pathway in vivo. Antioxid Redox Signal. 2006;8(9-10):1897-904.

24. Bagheri B, Akbari N, Tabiban S, Habibi V, Mokhberi V. Serum level of copper in patients with coronary
artery disease. Niger Med J. 2015;56(1):39-42.

25. Taneja SK, Mandal R. Mineral factors controlling essential hypertension--a study in the Chandigarh,
India population. Biol Trace Elem Res. 2007;120(1-3):61-73.

2�. Li Y, Ma A, Sun Y, Liang H, Wang Q, Yi X et al. Magnesium status and dietary intake of mid-old people
in a rural area of China. Magnes Res. 2009;22(2):66-71.

27. Kim MH, Choi MK. Seven dietary minerals (Ca, P, Mg, Fe, Zn, Cu, and Mn) and their relationship with
blood pressure and blood lipids in healthy adults with self-selected diet. Biol Trace Elem Res.
2013;153(1-3):69-75.

2�. Warembourg C, Maitre L, Tamayo-Uria I, Fossati S, Roumeliotaki T, Aasvang GM et al. Early-Life
Environmental Exposures and Blood Pressure in Children. J Am Coll Cardiol. 2019;74(10):1317-28.



Page 13/16

29. Wan F, Zhong G, Ning Z, Liao J, Yu W, Wang C et al. Long-term exposure to copper induces
autophagy and apoptosis through oxidative stress in rat kidneys. Ecotoxicol Environ Saf.
2020;190:110158.

30. Dinh QN, Drummond GR, Sobey CG, Chrissobolis S. Roles of in�ammation, oxidative stress, and
vascular dysfunction in hypertension. Biomed Res Int. 2014;2014:406960.

31. Filetti FM, Vassallo DV, Fioresi M, Simoes MR. Reactive oxygen species impair the excitation-
contraction coupling of papillary muscles after acute exposure to a high copper concentration.
Toxicol In Vitro. 2018;51:106-13.

32. Vezzoli G, Elli AA, Tripodi G, Bianchi G, Carafoli E. Calcium ATPase in erythrocytes of spontaneously
hypertensive rats of the Milan strain. J Hypertens. 1985;3(6):645-8.

33. Lin CN, Wilson A, Church BB, Ehman S, Roberts WL, McMillin GA. Pediatric reference intervals for
serum copper and zinc. Clin Chim Acta. 2012;413(5-6):612-5.

Figures



Page 14/16

Figure 1

Flow diagram of the selection of eligible participants, National Health and Nutrition Examination Survey
2011-2016.

Figure 1

Flow diagram of the selection of eligible participants, National Health and Nutrition Examination Survey
2011-2016.
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Figure 2

Dose-response relationships between serum copper and elevated blood pressure. The associations were
adjusted for age, gender, race (Mexican American, other Hispanic non-Hispanic White, non-Hispanic Black,
and other race) and Family monthly poverty level index category, BMI, serum cotinine, physical activity,
energy intake and other trace metals. The solid line and dashed line represent the estimated OR and its
95% CI. BMI, Body Mass Index; OR, odds ratio; CI, con�dence intervals.
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