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Abstract
Purpose Serum copper (Cu), zinc (Zn), and Cu/Zn-ratio have emerged as ageing-related biomarkers. We sought to assess 
the association between Cu/Zn-ratio and chronic obstructive pulmonary disease (COPD) risk.
Methods Serum Cu and Zn were measured using atomic absorption spectrometry in 2,503 men aged 42–61 years.
Results During a median follow-up of 27.1 years, 210 COPD cases occurred. Serum Cu/Zn-ratio and Cu concentra-
tions were linearly associated with COPD risk, whereas the relationship was curvilinear for Zn and COPD risk. A 
unit increase in Cu/Zn-ratio was associated with an increased COPD risk in multivariable analysis (hazard ratio, HR 
1.81; 95% CI 1.08–3.05). The corresponding adjusted HR (95% CI) was 3.17 (1.40–7.15) for Cu. Compared to the 
bottom tertile of Zn, the HRs (95% CIs) were 0.68 (0.48–0.97) and 1.01 (0.73–1.41) for the middle and top tertiles of 
Zn, respectively.
Conclusions Increased serum Cu/Zn-ratio and Cu concentrations were linearly associated with an increased COPD risk in 
men.

Keywords Serum copper-to-zinc ratio · Serum copper · Serum zinc · Chronic obstructive pulmonary disease · Risk factor · 
Cohort study

Abbreviations
CI  Confidence interval
COPD  Chronic obstructive pulmonary disease
Cu  Copper

HR  Hazard ratio
hsCRP  High-sensitivity C-reactive protein
IQR  Interquartile range
KIHD  Kuopio ischaemic heart Disease
SD  Standard deviation
Zn  Zinc

Introduction

Chronic obstructive pulmonary disease (COPD) is an 
inflammatory respiratory disease that is associated with 
significant morbidity, mortality, and healthcare costs [1]. 
In 2019, there were 212.3 million global cases of COPD 
and it accounted for 3.3 million deaths, representing the 
third leading cause of death globally [1]. Major contributors 
to COPD include active smoking, comorbidities, genetics, 
occupational exposures, indoor and outdoor air pollution, 
and infections [2].

Though COPD is largely incurable once diagnosed, it 
is a preventable disease. Ageing also constitutes a major 
risk factor among the wide range of comorbidities and 
risk factors associated with COPD. This is due to the 
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physiological changes associated with ageing such as 
weakening of the immune system [3], increased inflam-
mation, and the high prevalence of comorbidities in older 
people. With global population ageing, there is increasing 
research focussed on identifying ageing-related biomarkers 
[4], which could be clinically useful for the prevention of 
ageing-related diseases such as COPD. Copper (Cu) and 
zinc (Zn) are essential micronutrients involved in several 
cellular processes [5, 6], and they have been identified as 
ageing-related biomarkers, given their close relationships 
with inflammatory parameters rather than the nutritional 
ones [7]. Insufficiency, deficiency, or toxic levels of these 
nutrients can lead to an increased incidence of age-related 
degenerative conditions such as vascular disease, cancer, 
and infections [8, 9]. Serum concentrations of Cu and Zn 
are biologically interrelated and strictly regulated by com-
pensatory mechanisms that act to stabilize them within cer-
tain ranges of nutritional intake [10]. During pathological 
states such as systemic inflammation, serum Cu concentra-
tions increase and that of Zn decreases [11]. Age-related 
chronic diseases are typically characterised by an increase 
in the concentrations of Cu-to-Zn ratio (Cu/Zn-ratio) [10]. 
There is documented observational cohort evidence on the 
relationships between elevated serum Cu/Zn-ratio and an 
increased risk of cardiovascular diseases [12], heart fail-
ure[13], cancer [12], all-cause mortality[7] as well as infec-
tious diseases such as pneumonia [14]. Given the overall 
evidence, we hypothesized that serum Cu/Zn-ratio is linked 
to the risk of COPD. Thus, our aim was to assess the asso-
ciation between serum Cu/Zn-ratio and COPD risk, using 
a population-based prospective cohort of 2,503 middle-
aged and older Finnish men. In a subsidiary analysis, we 
assessed the individual associations of serum Cu and Zn 
with COPD risk.

Methods

Participants included in this study were part of the Kuo-
pio Ischaemic Heart Disease Risk Factor Study (KIHD), 
a population-based prospective cohort study that com-
prised a representative sample of men aged 42–61 years 
recruited from Kuopio, eastern Finland. Baseline 
examinations were performed between March 1984 and 
December 1989. The study protocol was approved by the 
Research Ethics Committee of the University of Kuopio, 
and written informed consent was provided by each study 
participant. The study design, recruitment methods and 
assessment of risk markers have been described in detail 
in previous reports [13, 14]. Serum Cu and Zn concentra-
tions were measured from frozen serum samples stored at 
− 20 ℃ for 1–5 years, using the PerkinElmer 306 atomic 
absorption spectrophotometer (Norwalk, Connecticut, 

USA). We included all incident cases of COPD that 
occurred from study enrolment through 2018. All KIHD 
study participants are under continuous annual surveil-
lance for outcomes including COPD events using personal 
identification codes and no losses to follow-up have been 
recorded. Incident COPD cases were collected by data 
linkage to the National Hospital Discharge Register and a 
comprehensive review of hospital records. The diagnoses 
of COPD were made by qualified physicians based on 
clinical history, symptoms and spirometry findings [15]. 
Multivariable adjusted hazard ratios (HRs) with 95% con-
fidence intervals (CIs) for incident COPD were estimated 
using Cox proportional hazard models. Stata version MP 
17 (Stata Corp, College Station, Texas) was used to con-
duct all statistical analyses.

Table 1  Baseline characteristics of study participants

BMI body mass index; CHD coronary heart disease; DBP diastolic 
blood pressure; GFR glomerular filtration rate; HDL-C high-density 
lipoprotein cholesterol; SD standard deviation; SBP systolic blood 
pressure

Characteristics Mean (SD) or median (IQR)

Serum copper-to-zinc ratio 1.21 (0.27)
Serum copper, mg/l 1.11 (0.18)
Serum zinc, mg/l 0.94 (0.12)
Questionnaire/prevalent conditions
 Age (years) 53 (5)
 Alcohol consumption, g/week 31.8 (6.2–91.0)
 History of type 2 diabetes, % 99 (4.0)
 Current smoking, % 791 (31.6)
 History of CHD, % 617 (24.7)
 History of asthma, % 91 (3.6)
 History of chronic bronchitis, % 189 (7.6)
 History of tuberculosis, % 97 (3.9)

Physical measurements
 BMI, kg/m2 26.9 (3.6)
 SBP, mmHg 134 (17)
 DBP, mmHg 89 (11)
 Physical activity, KJ/day 1204 (630–1999)
 Socio-economic status 8.48 (4.23)

Blood-based markers
 Total cholesterol, mmol/l 5.90 (1.08)
 HDL-C, mmol/l 1.29 (0.30)
 Fasting plasma glucose, mmol/l 5.35 (1.28)
 High-sensitivity C-reactive protein, 

mg/l
1.29 (0.71–2.48)

Dietary intakes
 Total energy intake, kJ/day 9855 (2595)
 Processed and unprocessed red meat, 

g/day
145 (77)

 Fruits, berries and vegetables, g/day 251 (156)
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Results

The overall mean (standard deviation, SD) age of study par-
ticipants at recruitment was 53 (5) years. The means (SDs) 
of serum Cu/Zn-ratio, Cu, and Zn were 1.21 (0.27), 1.11 
(0.18) and 0.94 (0.12), respectively (Table 1). During a 
median (interquartile range) follow-up of 27.1 (17.3–31.1) 
years, 210 COPD cases occurred. Multivariable restricted 
cubic spline curves suggested positive and linear relation-
ships of serum Cu/Zn-ratio and Cu concentrations with 
COPD risk, whereas the relationship was inverse and curvi-
linear between serum Zn and COPD risk (Fig. 1). The HR 
(95% CI) for COPD per unit increase in serum Cu/Zn-ratio 
was 2.54 (1.60–4.04) in analysis adjusted for age, body mass 
index, smoking, history of type 2 diabetes, prevalent coro-
nary heart disease, history of asthma, chronic bronchitis or 
tuberculosis, alcohol consumption, socioeconomic status, 
leisure-time physical activity, total energy intake, intake of 

fruits, berries and vegetables, and intake of processed and 
unprocessed red meat (model 2), which was attenuated to 
1.81 (1.08–3.05) after further adjustment for high-sensitivity 
C-reactive protein (hsCRP), a potential mediator (Table 2). 
The corresponding adjusted HRs (95% CIs) were 1.79 
(1.24–2.57) and 1.47 (1.00–2.16) comparing the top versus 
bottom tertiles of serum Cu/Zn-ratio. Higher concentrations 
of serum Cu were also associated with increased COPD risk 
but the corresponding adjusted HRs were more extreme than 
that those for serum Cu/Zn-ratio and COPD risk (Table 2). 
Compared to the bottom tertile of Zn, the HRs (95% CIs) for 
COPD were 0.66 (0.47–0.94) and 0.96 (0.69–1.34) for the 
middle and top tertiles of Zn, respectively, in analysis that 
adjusted for model 2 covariates (Table 2). The respective 
HRs (95% CIs) were 0.68 (0.48–0.97) and 1.01 (0.73–1.41) 
in further analysis adjusted for hsCRP.

Fig. 1  Restricted cubic splines of the hazard ratios of chronic 
obstructive pulmonary disease with serum Cu/Zn-ratio, Cu and Zn. 
A Serum Cu/Zn-ratio and COPD; B Serum Cu and COPD; C Serum 
Zn and COPD. Dashed lines represent the 95% confidence intervals 
for the spline model (solid line). Models were adjusted for age, body 
mass index, smoking status, history of type 2 diabetes, prevalent cor-

onary heart disease, history of asthma, history of chronic bronchitis, 
history of tuberculosis, alcohol consumption, socioeconomic status, 
leisure-time physical activity, total energy intake, intake of fruits, 
berries and vegetables, and intake of processed and unprocessed red 
meat. COPD chronic obstructive pulmonary disease; Cu copper; Zn 
zinc
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Discussion

In a cohort of middle-aged and older Finnish men, higher 
serum Cu/Zn-ratio was associated with an increased risk 
of COPD in a linear dose–response manner. In separate 
evaluations of serum Cu and Zn, increased serum Cu was 
associated with increased COPD risk in a graded manner, 
whereas serum Zn was inversely associated with COPD risk 
in a curvilinear manner. On adjustment for inflammation (as 
measured by hsCRP), the associations were markedly attenu-
ated but remained significant.

These findings reflect the fact that inflammatory pathways 
are involved in the development of COPD. High serum Cu 
concentrations increase COPD risk via increased inflamma-
tion, given its close link with ceruloplasmin, which is an 
acute phase response protein and markedly increased during 
inflammation [16]. Given that the associations persisted fol-
lowing further adjustment for inflammation, other mecha-
nistic pathways may underline the observed associations 
of serum Cu/Zn-ratio and Cu and Zn concentrations with 
the risk of COPD. Despite its beneficial role in numerous 
biological processes, serum Cu can exhibit toxic effects in 
high concentrations. Increased serum Cu concentrations may 
also increase COPD risk via oxidative stress and activation 
of lung fibroblasts, which lead to pulmonary fibrosis [17]. 
Zinc has antagonistic effects on the toxicity of Cu [18] and 
may play a protective role in the development of COPD via 

its anti-inflammatory, antioxidant, immune, and metabolic 
modulatory properties [19].

The overall findings suggest that serum Cu/Zn-ratio, Cu 
and Zn could be potential risk markers for incident COPD. 
Therefore, measurement of serum Cu and Zn concentrations 
as well as Cu/Zn-ratio could be used to identify individuals 
at high risk of COPD. It is well known that Zn deficiency 
in old age is usually due to insufficient dietary Zn intake, 
reduced intestinal absorption or increased losses [20], hence, 
micronutrient-based therapies that can boost Zn levels could 
also provide optimal concentrations of serum Cu/Zn-ratio 
and reduce the risk of COPD. Zinc supplementation has 
been observed to have favourable effects on oxidant–anti-
oxidant balance in patients with COPD [21].

This is the first prospective evaluation of the associations 
of serum Cu/Zn-ratio, Cu and Zn with the risk of COPD. 
Other strengths include the use of a representative sample of 
Finnish middle-aged to older men, use of a relatively large 
prospective cohort with long-term follow-up, the zero loss 
to follow-up, availability of a comprehensive panel of essen-
tial covariates which enabled adequate control of confound-
ing factors, and assessment of the dose–response relation-
ships. The limitations include the possibility of selection 
bias, the generalisability of the findings to only middle-aged 
and older men and biases inherent in observational cohort 
designs such as reverse causation and residual confound-
ing due to errors in measured confounders and/or relevant 
unmeasured confounders such as environmental factors and 

Table 2  Associations of serum copper, zinc and copper-to-zinc ratio with risk of chronic obstructive pulmonary disease

Model 1: Adjusted for age. Model 2: Model 1 plus body mass index, smoking status, history of type 2 diabetes, prevalent coronary heart disease, 
history of asthma, history of chronic bronchitis, history of tuberculosis, alcohol consumption, socioeconomic status, leisure-time physical activ-
ity, total energy intake, intake of fruits, berries and vegetables, and intake of processed and unprocessed red meat. Model 3: Model 2 plus high-
sensitivity C-reactive protein
CI confidence interval; CRF cardiorespiratory fitness; HR hazard ratio; ref reference; T tertile

Exposure Events/ Total Model 1 Model 2 Model 3

HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value

Serum copper-to-zinc ratio
 Per unit increase 210 / 2,503 4.51 (2.95–6.88)  < .001 2.54 (1.60–4.04)  < .001 1.81 (1.08–3.05) .025
 T1 (0.48–1.07) 46 / 835 ref ref ref
 T2 (1.08–1.27) 65 / 837 1.46 (1.00–2.13) .051 1.20 (0.82–1.76) .34 1.11 (0.76–1.64) .59
 T3 (1.28–3.12) 99 / 831 2.59 (1.82–3.68)  < .001 1.79 (1.24–2.57) .002 1.47 (1.00–2.16) .052

Serum copper, mg/l
 Per unit increase 210 / 2,503 10.33 (5.28–20.20)  < .001 5.11 (2.49–10.47)  < .001 3.17 (1.40–7.15) .005
 T1 (0.46–1.02) 42 / 875 ref ref ref
 T2 (1.03–1.17) 73 / 826 1.94 (1.33–2.83) .001 1.79 (1.22–2.63) .003 1.65 (1.12–2.43) .012
 T3 (1.18–2.32) 95 / 802 3.10 (2.16–4.46)  < .001 2.17 (1.49–3.15)  < .001 1.79 (1.20–2.66) .004

Serum zinc, mg/l
 T1 (0.50–0.89) 94 / 911 ref ref ref
 T2 (0.90–0.98) 52 / 802 0.57 (0.41–0.80) .001 0.66 (0.47–0.94) .021 0.68 (0.48–0.97) .033
 T3 (0.99–1.62) 64 / 790 0.78 (0.56–1.07) .12 0.96 (0.69–1.34) .81 1.01 (0.73–1.41) .93
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comorbidities that affect values of the exposures. Further-
more, we did not have data on changes in nutritional status 
and biomarkers over the long-term follow-up.

In conclusion, increased concentrations of serum Cu/Zn-
ratio and Cu were associated with an increased risk of inci-
dent COPD in middle-aged and older Finnish men, consist-
ent with linear dose–response relationships. The relationship 
between serum Zn and COPD was inverse and nonlinear. 
Furthermore, the associations were independent of several 
lifestyle and dietary variables as well as hsCRP. Given this 
is the first report to demonstrate these associations, other 
large-scale studies are needed to confirm these findings.

Acknowledgements We thank the staff of the Kuopio Research Insti-
tute of Exercise Medicine and the Research Institute of Public Health 
and University of Eastern Finland, Kuopio, Finland for the data col-
lection in the study.

Author Contributions All authors contributed to the study conception 
and design. Material preparation, data collection and analysis were 
performed by SKK, AV and JAL. The first draft of the manuscript was 
written by SKK, and all authors commented on previous versions of 
the manuscript. All authors read and approved the final manuscript.

Funding This study was funded by The Finnish Foundation for Car-
diovascular Research, Helsinki, Finland.

Declarations 

Conflict of interest The authors have not disclosed any competing in-
terests.

Ethical Approval All procedures performed in studies involving human 
participants were in accordance with the ethical standards of the insti-
tutional and/or national research committee and with the 1964 Helsinki 
declaration and its later amendments or comparable ethical standards.

Informed Consent Informed consent was obtained from all individual 
participants included in the study.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, 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 Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted 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 licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Safiri S, Carson-Chahhoud K, Noori M, Nejadghaderi SA, Sull-
man MJM, Ahmadian Heris J, Ansarin K, Mansournia MA, 
Collins GS, Kolahi AA, Kaufman JS (2022) Burden of chronic 
obstructive pulmonary disease and its attributable risk factors in 
204 countries and territories, 1990–2019: results from the Global 

Burden of Disease Study 2019. BMJ 378:e069679. https:// doi. org/ 
10. 1136/ bmj- 2021- 069679

 2. Mannino DM, Buist AS (2007) Global burden of COPD: risk 
factors, prevalence, and future trends. Lancet 370(9589):765–773. 
https:// doi. org/ 10. 1016/ S0140- 6736(07) 61380-4

 3. Haase H, Rink L (2009) The immune system and the impact of 
zinc during aging. Immun Ageing 6:9. https:// doi. org/ 10. 1186/ 
1742- 4933-6-9

 4. Engelfriet PM, Jansen EH, Picavet HS, Dolle ME (2013) Bio-
chemical markers of aging for longitudinal studies in humans. Epi-
demiol Rev 35:132–151. https:// doi. org/ 10. 1093/ epirev/ mxs011

 5. Chimienti F (2013) Zinc, pancreatic islet cell function and dia-
betes: new insights into an old story. Nutr Res Rev 26(1):1–11. 
https:// doi. org/ 10. 1017/ S0954 42241 20002 12

 6. Festa RA, Thiele DJ (2011) Copper: an essential metal in biology. 
Curr Biol 21(21):R877-883. https:// doi. org/ 10. 1016/j. cub. 2011. 
09. 040

 7. Malavolta M, Giacconi R, Piacenza F, Santarelli L, Cipriano C, 
Costarelli L, Tesei S, Pierpaoli S, Basso A, Galeazzi R, Lattanzio 
F, Mocchegiani E (2010) Plasma copper/zinc ratio: an inflam-
matory/nutritional biomarker as predictor of all-cause mortality 
in elderly population. Biogerontology 11(3):309–319. https:// doi. 
org/ 10. 1007/ s10522- 009- 9251-1

 8. Mocchegiani E (2007) Zinc and ageing: third Zincage conference. 
Immun Ageing 4:5. https:// doi. org/ 10. 1186/ 1742- 4933-4-5

 9. DiNicolantonio JJ, Mangan D, O’Keefe JH (2018) Copper defi-
ciency may be a leading cause of ischaemic heart disease. Open 
Heart 5(2):e000784. https:// doi. org/ 10. 1136/ openh rt- 2018- 000784

 10. Malavolta M, Piacenza F, Basso A, Giacconi R, Costarelli L, Moc-
chegiani E (2015) Serum copper to zinc ratio: relationship with 
aging and health status. Mech Ageing Dev 151:93–100. https:// 
doi. org/ 10. 1016/j. mad. 2015. 01. 004

 11. Sullivan JF, Blotcky AJ, Jetton MM, Hahn HK, Burch RE (1979) 
Serum levels of selenium, calcium, copper magnesium, manga-
nese and zinc in various human diseases. J Nutr 109(8):1432–
1437. https:// doi. org/ 10. 1093/ jn/ 109.8. 1432

 12. Leone N, Courbon D, Ducimetiere P, Zureik M (2006) Zinc, cop-
per, and magnesium and risks for all-cause, cancer, and cardio-
vascular mortality. Epidemiology 17(3):308–314. https:// doi. org/ 
10. 1097/ 01. ede. 00002 09454. 41466. b7

 13. Kunutsor SK, Voutilainen A, Kurl S, Laukkanen JA (2022) Serum 
copper-to-zinc ratio is associated with heart failure and improves 
risk prediction in middle-aged and older Caucasian men: a pro-
spective study. Nutr Metab Cardiovasc Dis 32(8):1924–1935. 
https:// doi. org/ 10. 1016/j. numecd. 2022. 05. 005

 14. Kunutsor SK, Voutilainen A, Laukkanen JA (2022) Serum copper-
to-zinc ratio and risk of incident pneumonia in Caucasian men: 
a prospective cohort study. Biometals. https:// doi. org/ 10. 1007/ 
s10534- 022- 00414-4

 15. Kunutsor SK, Jae SY, Makikallio TH, Laukkanen JA (2022) Car-
diorespiratory fitness does not offset the increased risk of chronic 
obstructive pulmonary disease attributed to smoking: a cohort 
study. Eur J Epidemiol 37(4):423–428. https:// doi. org/ 10. 1007/ 
s10654- 021- 00835-4

 16. Uriu-Adams JY, Keen CL (2005) Copper, oxidative stress, and 
human health. Mol Aspects Med 26(4–5):268–298. https:// doi. 
org/ 10. 1016/j. mam. 2005. 07. 015

 17. Wen X, Liu Y, Bai Y, Li M, Fu Q, Zheng Y (2018) LOXL2, a 
copper-dependent monoamine oxidase, activates lung fibroblasts 
through the TGF-beta/Smad pathway. Int J Mol Med 42(6):3530–
3541. https:// doi. org/ 10. 3892/ ijmm. 2018. 3927

 18. Anetor JI, Ajose F, Anetor GO, Iyanda AA, Babalola OO, Adeniyi 
FA (2008) High cadmium / zinc ratio in cigarette smokers: poten-
tial implications as a biomarker of risk of prostate cancer. Niger J 
Physiol Sci 23(1–2):41–49. https:// doi. org/ 10. 4314/ njps. v23i1-2. 
54921

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1136/bmj-2021-069679
https://doi.org/10.1136/bmj-2021-069679
https://doi.org/10.1016/S0140-6736(07)61380-4
https://doi.org/10.1186/1742-4933-6-9
https://doi.org/10.1186/1742-4933-6-9
https://doi.org/10.1093/epirev/mxs011
https://doi.org/10.1017/S0954422412000212
https://doi.org/10.1016/j.cub.2011.09.040
https://doi.org/10.1016/j.cub.2011.09.040
https://doi.org/10.1007/s10522-009-9251-1
https://doi.org/10.1007/s10522-009-9251-1
https://doi.org/10.1186/1742-4933-4-5
https://doi.org/10.1136/openhrt-2018-000784
https://doi.org/10.1016/j.mad.2015.01.004
https://doi.org/10.1016/j.mad.2015.01.004
https://doi.org/10.1093/jn/109.8.1432
https://doi.org/10.1097/01.ede.0000209454.41466.b7
https://doi.org/10.1097/01.ede.0000209454.41466.b7
https://doi.org/10.1016/j.numecd.2022.05.005
https://doi.org/10.1007/s10534-022-00414-4
https://doi.org/10.1007/s10534-022-00414-4
https://doi.org/10.1007/s10654-021-00835-4
https://doi.org/10.1007/s10654-021-00835-4
https://doi.org/10.1016/j.mam.2005.07.015
https://doi.org/10.1016/j.mam.2005.07.015
https://doi.org/10.3892/ijmm.2018.3927
https://doi.org/10.4314/njps.v23i1-2.54921
https://doi.org/10.4314/njps.v23i1-2.54921


84 Lung (2023) 201:79–84

1 3

 19. Liu X, Ali MK, Dua K, Xu R (2022) The role of zinc in the patho-
genesis of lung disease. Nutrients. https:// doi. org/ 10. 3390/ nu141 
02115

 20. Mocchegiani E, Romeo J, Malavolta M, Costarelli L, Giacconi R, 
Diaz LE, Marcos A (2013) Zinc: dietary intake and impact of sup-
plementation on immune function in elderly. Age 35(3):839–860. 
https:// doi. org/ 10. 1007/ s11357- 011- 9377-3

 21. Kirkil G, Hamdi Muz M, Seckin D, Sahin K, Kucuk O (2008) 
Antioxidant effect of zinc picolinate in patients with chronic 

obstructive pulmonary disease. Respir Med 102(6):840–844. 
https:// doi. org/ 10. 1016/j. rmed. 2008. 01. 010

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.3390/nu14102115
https://doi.org/10.3390/nu14102115
https://doi.org/10.1007/s11357-011-9377-3
https://doi.org/10.1016/j.rmed.2008.01.010

	Serum Copper-to-Zinc Ratio and Risk of Chronic Obstructive Pulmonary Disease: A Cohort Study
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Results
	Discussion
	Acknowledgements 
	References




