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Abstract

Serum concentrations of magnesium and manganese may be associated with increased chronic obstructive pulmonary disease
exacerbation risk. However, associations with other aspects of asthma-chronic obstructive pulmonary disease overlap, pulmo-
nary function test results and health status, have been studied less extensively. The aim of this study was to investigate the
associations between serum concentrations of trace elements and T lymphocyte subsets, FeNO, and COPD-related questionnaire
scores in individuals with ACO and the potential impact of these parameters on lung function. All the patients met the diagnostic
criteria of ACO and were divided into two groups (group A, mild—moderate; group B, severe—very severe) by their specific
characteristics. Pulmonary function testing and serum Mg and serum Mn and FeNO were measured. Four hundred sixty-five
patients were screened, and 42 were included. Group A had significantly higher Mg and Fe concentrations than group B. No
significant differences were seen in the serum concentration of any other trace element between the two groups. Serum Mg and
Mn were correlated with FEV 1% predicted (p < 0.01). Group A had a significantly higher FeNO concentration than group B (p =
0.005). The scores on CAT (p=0.011) and mMRC (p = 0.008) in group A were lower than in group B. The low-FeNO group had
a significantly lower concentration of serum Mg than the high-FeNO group (p =0.03). Pulmonary function declined faster
(p <0.05) in the low-FeNO group than the high-FeNO group. Serum Mg concentration may indicate protective effects against
lung function loss in ACO. This implies that FeNO might be a biomarker for identifying individuals with ACO who might benefit
from inhaled corticosteroid therapy. Serum Mg and FeNO were associated with ACO severity. However, their role in guiding
personalised treatment of individuals with ACO needs to be further investigated.
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Introduction

Chronic obstructive pulmonary disease (COPD), which is a
preventable and treatable disease, is gradually increasing in
prevalence worldwide due to smoking habits and environmen-
tal pollution, accompanied by the increase in the elderly pop-
ulation. It has a significant effect on quality of life, symptoms,
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comorbidities, and the health care sector. Clinically, COPD is
characterised by progressive dyspnoea, chronic cough, spu-
tum production, and repeated episodes of acute worsening of
respiratory status called COPD exacerbation (AECOPD) [1].
In 2014, asthma-COPD overlap (ACO) was jointly described
by the Global Initiative for Asthma (GINA) and the Global
Initiative for Chronic Obstructive Lung Disease (GOLD) as
persistent airflow limitation with features of both asthma and
COPD, and it was estimated to apply to approximately 10—
20% of individuals with COPD [2]. They experience frequent
exacerbations and have poor quality of life, a greater decline in
lung function, and higher mortality than patients with asthma
or COPD alone. ACO is a prevalent condition in middle-aged
and older Chinese and Japanese. Better management and more
research on ACO are needed [3, 4].

Individuals with COPD have a high risk of malnutrition
that adversely affects their quality of life [5]. Malnutrition
remains a major and widespread problem in individuals with
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moderate or severe COPD and affects the body composition
and food intake of these patients. In some studies, there is a
significant relationship between the stage of COPD and nutri-
ent intake (energy, carbohydrate, fat, vitamin E, magnesium,
and omega-3 fatty acids) [6]. Certain nutrients show protective
effects against lung function loss, some mainly by improving
average lung function and others by reducing the decline rate.
Dietary interventions early in life may delay the decline of
lung function [7, 8]. Another study showed that serum con-
centrations of Mg were not correlated with lung function [9].

Magnesium (Mg) plays an important role in neuromuscu-
lar, cardiovascular, and metabolic functions [10—12]. Studies
show a possible association between Mg and both muscle
strength and exercise performance [13, 14]. Serum Mg has
also been associated with reduced lung function and an in-
creased exacerbation rate in COPD [15-18].

Manganese (Mn) is a cofactor of many enzymes that have
an effect on a number of physiological metabolic processes,
such as human nutrition, and protect against lipid peroxidation
[19]. The Mn-containing enzyme manganese superoxide dis-
mutase is a principal antioxidant enzyme holding oxygen [20].
Moreover, excessive Mn is conducive to the generation of free
radicals by its pro-oxidative properties [21]. Serum manga-
nese (Mn) may be a beneficial biomarker of tissue oxygena-
tion and mechanisms in COPD [22]. Serum concentrations of
magnesium (serum Mg) and manganese (serum Mn) may be
associated with increased exacerbation risk in chronic obstruc-
tive pulmonary disease (COPD).

However, associations with other aspects of asthma such as
chronic obstructive pulmonary disease overlap (ACO), lung
function and the CAT and T lymphocyte subsets, have been
studied less extensively. The aim of this study was to investi-
gate the associations between serum concentrations of trace
elements and FeNO and various T lymphocyte subsets. Health
status was evaluated by three questionnaires: COPD
Assessment Test (CAT), Cough Clinical Symptom Score
(CCSS), and Medical Research Council dyspnoea question-
naire (MRC) in individuals with ACO. We assessed the po-
tential impact of all these parameters on lung function.

Materials and Methods
Inclusion and Exclusion Criteria

We collected data from elderly individuals with ACO who
were hospitalised in the First Affiliated Hospital of Shantou
University Medical College, Shantou City, Guangdong
Province, People’s Republic of China, from January 2018 to
December 2019. Inclusion criteria were an ACO diagnosis for
at least 1 year prior to study commencement, age over
40 years, and unchanged usual drug therapy the last 4 weeks
before inclusion. The exclusion criteria were (1) endocrine
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diseases, (2) systemic steroid therapy in the last 4 weeks, (3)
other diseases, including as cancer, lung resection, known
addiction to alcohol or drugs, and other lung diseases, such
as active tuberculosis and lung fibrosis, and (4) no history of
using medicines such as dietary supplementations (both vita-
min and mineral supplementations) that affect the serum con-
centration of trace elements.

Experimental protocols were approved by the Ethics
Committee of the First Affiliated Hospital of Shantou
University Medical College. Written informed consent was
obtained from every patient.

Methods

All the patients had diagnostic criteria that suggested ACO,
including data from their medical history, symptoms, signs,
chest computed tomography, and other imaging examina-
tions, combined with the time of admission to hospital and
past lung function testing results: FEV1/FVC (forced vital
capacity rate of 1 s) < 70% after the application of bronchodi-
lators. Airflow limitation is not fully reversible, but often, it
has current or historical variability, for example, bronchodila-
tor reversibility. The stages of individuals with ACO were
determined according to the Global Initiative for Chronic
Obstructive Lung Disease (GOLD) criteria by the responsible
physician specialists. The patients with forced expiratory vol-
ume in 1 s (FEV1) >80%, FEV1 < 80% but >50%, FEV1 <
50% but >30%, and FEV1 <30% or FEV1 <50% + dys-
pnoea were defined to have mild, moderate, severe, and very
severe ACO, respectively. These criteria were used to divide
them into two groups: mild and moderate ACO (group A, 17
cases) and severe and very severe ACO (group B, 25 cases) [1,
2].

Pulmonary Function Testing

Pulmonary function was measured by routine spirometry
(CHESTGRAPH HI-101, Chest M.1., Inc., Japan) before
and after inhalation of 400 mg salbutamol via MDI following
the guidelines recommended by the European Respiratory
Society. The highest values from a minimum of three techni-
cally acceptable spirometric manoeuvres were used and are
expressed as percentages.

Fractional Exhaled Nitric Oxide

FeNO was measured by chemiluminescence using an online
nitric oxide monitor (Sunvou-P100, Wuxi, China) according
to the European Respiratory Society/American Thoracic
Society (ERS/ATS) guidelines. It is expressed as parts per
billion (ppb). The patients were instructed to avoid eating
and drinking and not to perform any strenuous exercise within
2 h before the FeNO measurements. After inhaling ambient air
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to full lung capacity through a nitric oxide scrubber, the par-
ticipants exhaled against expiratory resistance, excluding na-
sal air. Exhalation times were 10 s, with a 2-min analysis
period. Repeated exhalations (2 values that agreed within
5% or 3 that agreed within 10%) were performed without a
nose clip at a constant flow rate of 50 mL/s [23, 24].

Both high (> 50 ppb) and low (<25 ppb) FENO concen-
trations may be used to predict outcomes in patients with a
definite history of asthma currently in remission and in whom
withdrawal of ICS therapy is being undertaken [25]. One re-
cent study used 25 ppb as the cutoff of FeNO based on the
mean concentration of FeNO in the recruited patients with
COPD. FeNO was associated with COPD severity and aller-
gic airway inflammation in individuals with stable COPD
[24].

Determination of Serum Trace Elements and T
Lymphocyte Subsets

The doctor took 3—5 mL of venous blood in the morning.
Serum magnesium, manganese, lead, zinc, ferrum, and copper
were measured by tandem mass spectrometry (Agilent ICP-
MS 7500a, USA).

T- lymphocyte subsets of peripheral blood were assayed by
flow cytometry. (Beckman Kurt Navios flow cytometry
system, USA)

Health State and Three COPD-Related Questionnaires

All analyses were done as routine analyses at the hospital
laboratory. Body height and weight were measured, and par-
ticipants were interviewed about their smoking status and
COPD status, including overall health status and respiratory
symptoms. Health status was evaluated by three question-
naires: the COPD Assessment Test (CAT), Cough Clinical
Symptom Score (CCSS), and Medical Research Council dys-
pnoea questionnaire (MRC). The CCSS self-report question-
naire measures self-reported cough clinical symptoms at day-
time and nighttime [26]. CAT gives a quantitative self-
reported measure for COPD-related quality of life [27].
MRC measures the severity of dyspnoea [28].

Statistical Analysis

Statistical analysis was performed using SPSS Statistics 23.0.
If data were normally distributed, the mean and standard de-
viation were calculated, and Student's ¢ test was used for com-
parisons. Median and 25th and 75th percentiles were used
when data were not normally distributed, and the Mann-
Whitney U test was used for comparisons. p values less than
0.05 were considered statistically significant.

Correlation Analysis

We performed correlated regression analysis between Mg and
Mn and the FEV1, COPD-related questionnaire scores and
FeNO.

Results

Four hundred sixty-five patients were screened, and 42 were
included. Thirty-eight men and four women participated in the
study, and all participants were in southern China. The present
study included 17 cases of mild to moderate ACO (group A)
and 25 cases of severe to very severe ACO (group B).
Demographic data of the study participants are given in
Table 1.

Serum Trace Elements and T Lymphocyte Subsets

Table 2 shows serum concentrations of trace elements such as
magnesium, manganese, lead, zinc, ferrum, and copper.
Group A had significantly higher Mg (p=0.011) and Fe
(p=0.043) than group B. The level of CD8+ cells in Group
A were higher than in group B (p =0.049). No significant
differences were seen in the serum concentration of any other
trace element, such as manganese, lead, zinc, and copper,
between the two groups (p > 0.05) (Table 2).

Serum Mg was correlated with FEV1% predicted (correla-
tion coefficient = 0.46, p = 0.002), as shown in Fig. 1. Serum
Mn was correlated with FEV1% predicted (correlation coeffi-
cient=0.399. p =0.009), as shown in Fig. 2. Serum Mg and
Mn were not correlated with other parameters (p > 0.05).

Table 1 Characteristics of the population (N =42)
N=42
Male/female 38/4
Agelyears (range) 68 (54-88)
BMI (mean (range)) 21.1(15.6-27.5)
Post-bronchodilator FEV, % predicted (mean (SD))  45.7 (22.2)
Post-bronchodilator FEV /FVC, % (mean (SD)) 67.9(21.3)
GOLD category (n)

I and II (group A) 17/42(40%)

1T and IV (group B) 25/42(60%)
Smoker status (n)

Never 5 (12%)

Ex and current 37 (88%)

BMI, body mass index; FEVI, forced expiratory volume in 1 second;
FVC, forced vital capacity

@ Springer



1774

Yeetal.

Table 2 Serum levels of trace

elements and T lymphocyte Total mean (SD) Group A mean (SD) Group B mean (SD) p value

subsets
Serum Pb (ug/L) 48.8 (20.1) 51.3 (18.7) 472 (21.1) 0.519
Serum Mn (ug/L) 13.4 (4.4) 14.8 (4.7312) 12.5 (3.9403) 0.092
Serum Cu (ug/L) 906.2 (124.2) 898.3 (134.9) 911.5(118.9) 0.740
Serum Zn (mg/L) 6.2 (1.1) 6.0 (0.9) 6.3 (1.1) 0.358
Serum Fe (mg/L) 480.8 (70.1) 5072 (75.2) 462.9 (61.7) 0.043*
Serum Mg (mg/L) 379 (5.4) 40.5 (6.1) 363 (4.2) 0.011*
CD3+ % 573 (15.2) 60.3 (10.2) 55.2(17.9) 0.293
CD4+ % 31.9(11.1) 31.1(7.1) 325(13.2) 0.680
CD8+ % 21.6 (9.8) 253 (7.6) 19.2 (10.6) 0.049*
CD4+/CD8+ 1.86 (1.11) 1.42 (0.75) 2.16 (1.25) 0.035%

Se, serum; Pb, lead; Mg, manganese; Cu, copper; Zn, zinc; Fe, iron; Mg, magnesium

P value, gender difference in mean

*%xp <0.05, p<0.01

FeNO and the Three COPD-Related Questionnaires

Table 3 shows the concentration of FeNO and the scores on
three questionnaires (CCSS, CAT, mMRC). Group A had a
significantly higher FeNO concentration than group B (p =
0.005). The CAT (p=0.011) and mMRC (p = 0.008) scores in
Group A were lower than those in Group B. No significant
differences in the Cough Clinical Symptom Score (CCSS)
(»p=0.437) were found between group A and group B
(Table 3).

Differences in serum Mg and PFT were examined between
the high- and low-FeNO groups. The low-FeNO group had a
significantly lower concentration of serum Mg than the high-
FeNO group (p = 0.03). Compared with that in the high-FeNO
group, pulmonary function declined faster (p <0.05) in the
low-FeNO group (Table 4).

Discussion

A review article has suggested that serum Mg could have an
effect on lung function in patients with COPD. Certain
micronutrients (vitamins and minerals) have potent antioxi-
dant or methyl-donating properties and thus have received
considerable interest. Probing into the effects of nutrients on
lung function preservation has suggested several hypothetical
intervention patterns. Intakes of vitamins and magnesium all
show protective effects against lung function loss, some main-
ly by improving average lung function and others by reducing
the decline rate [7, 8]. However, Sarah Hashim et al. found
that the serum concentration of Mg was not associated with
FEV1 but was associated with a healthy state in COPD. Serum
Mg has also been associated with reduced lung function and
an increased exacerbation rate in COPD [15-18]. In a small
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Fig. 2 Relationship between FEV1% predicted and se Mn, correlation
coefficient=0.399. p =0.009
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Table 3 FeNO and three

questionnaires (CCSS, CAT, Total median (25th; 75th) Group A median Group B median p value
mMRC) (25th; 75th) (25th; 75th)
FeNO (ppb) 24.5 (13.75, 42) 37.0 (25, 68.5) 20.0 (11.5, 26.5) 0.005%*
CCSS 2(1.2) 2(1,2) 2(1,2) 0.437
CAT 28.5(24.7,32.5) 26.00 (22.0, 30.5) 30.0 (27.5, 34.5) 0.011*
mMRC 3(1,4) 2(1,3) 32,4 0.008%*

FeNO, fractional exhaled nitric oxide; CAT, COPD Assessment Test; CCSS, Cough Clinical Symptom Score;
mMRC, Medical Research Council dyspnoea questionnaire; p value, gender difference in mean

#xxp < 0.05, p<0.01

prospective observational study, Gumus A et al. found that
serum magnesium concentration during the exacerbation pe-
riod was the most significant predictor of frequency of
AECOPD [17].

To our knowledge, this is the first study investigating the
association between Mg and lung function in ACO. We found
that severe to very severe individuals with ACO had a signif-
icantly lower Mg concentration (p = 0.011) than mild to mod-
erate individuals with ACO. Serum Mg was correlated with
FEV1% predicted (correlation coefficient = 0.46. p =0.002),
as shown in Fig. 1. Moreover, the scores of CAT (p =0.011)
and mMRC (p = 0.008) in Group A were lower than in Group
B. It seems that severe and very severe individuals with ACO
have worse health states. On the one hand, malnutrition is a
common problem in individuals with moderate or severe
COPD that affects the body composition and food intake of
these patients. The percentage of patients who did not meet the
daily recommended intake (RNI) is the highest for magnesium
(93.8%) in individuals with COPD [17, 29, 30]. Mg-deficient
participants report significantly more problems with mobility,
usual activities, discomfort, and muscle strength and exercise
performance [13, 14, 31]. On the other hand, lung elasticity is
reduced in COPD lungs, which is largely due to chronically
enhanced elastin degradation. An optimal formulation includ-
ing magnesium has the proven ability to help regain lost lung
function in individuals with COPD and could cause a major
paradigm shift. Decelerating elastinolysis might be an attrac-
tive therapeutic target in this debilitating condition.

Magnesium can be regarded as a natural calcium antagonist
and has the proven ability to ameliorate vascular calcification
[32].

An animal study has suggested that magnesium deficiency
promotes elastin degradation. Janssen et al. hypothesise that
inhibiting elastin calcification by means of magnesium sup-
plementation might counteract both vascular calcification and
elastin degradation in COPD [33]. Finally, two studies
showed that intravenous magnesium sulphate used as an ad-
junct therapy to standard bronchodilators in AECOPD may
improve lung function, exercise performance, and respiratory
mechanics in the short term [34, 35]. This could be explained
by the important role of Mg in muscle strength and elastin
degradation. Our findings support this hypothesis. Therefore,
dieticians should be aware of the characteristics of individuals
with COPD to evaluate their Mg intake and plan nutritional
strategies to improve the prognosis of the disease. Dietary
interventions early in life may help the lung function reserve
over the lifespan [17].

Manganese (Mn) is constituent of numerous enzymes that
play an important role in a number of physiological metabolic
processes, such as human nutrition, and protects against lipid
peroxidation [19]. One study has investigated whether serum
Mn may be a beneficial marker of tissue oxygenation and
defence mechanisms before the clinical onset of COPD in
smokers [22]. On the other hand, a randomised controlled trial
showed that trace element status (Se, Mn, and Zn) is altered in
individuals with COPD. Their supplementation achieved a

Table 4 Differences in serum Mg

and PFT between the high and FeNO>25 ppb (N=21) FeNO <25 ppb (N=21) p value
low FeNO groups mean (SD) mean (SD)
Pulmonary function testing (PFT)
FEV1, % predicted 572 (22.2) 34.2 (15.6) 0.00%:*
FVC, % predicted 78.1 (19.0) 57.7 (18.8) 0.001%*
FEVI1/FVC, % 54.2 (11.8) 459 (9.4) 0.015*
Serum Mg 39.8 (5.5) 36.2 (4.8) 0.03*

FEV1, forced expiratory volume in the first second; FVC, forced vital capacity; Serum Mg, serum magnesium
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reduction in the period those patients spent on mechanical
ventilation [36]. In the present study, Serum Mn was a trace
element parameter weakly associated with FEV1% predicted
(correlation coefficient = 0.399. p = 0.009). However, a larger
multicentre trial is required to confirm this preventive effect
and to explore its applicability to other arenas of critical care.

The value of fractional exhaled nitric oxide (FeNO) in pa-
tients with chronic obstructive pulmonary disease (COPD)
remains unclear. Liu X et al. found that a high FeNO concen-
tration was associated with a lower moderate or severe exac-
erbation in the preceding 12 months. There were more patients
with GOLD stage III-1V in the low-FeNO group than in the
high-FeNO group. In individuals with stable COPD, FeNO
was associated with COPD severity and allergic airway in-
flammation [24]. Our study showed a similar effect.
Individuals with ACO with stage III-IV disease had signifi-
cantly lower FeNO concentration than individuals with ACO
with stage I-1I disease (p = 0.005).

In our study, we used 25 ppb as the cut-off of FeNO based
on previous investigations in individuals with COPD [24, 25].
Based on this 25 ppb cutoff of FeNO, our data showed that
pulmonary function declined faster (p <0.05) in the low-
FeNO group than the high-FeNO group. Patients with pulmo-
nary function declining faster had a significantly decreased
positive proportion of FeNO by hyperventilation. Hogman
et al. found FeNO was associated with eosinophil inflamma-
tion and inhaled corticosteroid (ICS) use in ex-smoking
COPD subjects, but not in smoking subjects, suggesting that
the value of FeNO as an inflammatory marker is more limited
in smoking subjects [37]. This implies that patients with worse
pulmonary function might use much more ICS to relieve dys-
pnoea and be more likely to have smoked cigarettes. All of
them reduce the FeNO concentration.

The association found between low FeNO values and low
lung function requires further investigation. Fabbri et al. have
shown that patients with historical evidence of asthma have
eosinophilic airway inflaimmation in association with raised
FeNO concentration [38]. Earlier, Papi et al. reported that
increased sputum eosinophils and FeNO occur in individuals
with COPD with greater degrees of bronchodilator reversibil-
ity [39]. This implies that FeNO might be a biomarker for
identifying individuals with ACO who might benefit from
inhaled corticosteroid therapy. However, the role of FeNO
in guiding the personalised treatment of individuals with
ACO needs to be further investigated.

However, there are certain limitations to this study.
Individuals with ACO have about 9% of the individuals with
COPD patients enrolled in the research. In 2014, GINA and
GOLD summarised that it was estimated to apply to approx-
imately 10-20% of individuals with COPD [2]. In urban
China, the prevalence of ACO has been estimated by the
China National Health and Wellness Surveys (CNHWS),
which was 18.49% in those with COPD [4]. Individuals with
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ACO med the exclusion criteria were removed in the study. It
may be the reason for the small proportion compared with
previous reports. Because of the small sample size, the results
require further investigation. The cross-sectional design
makes it difficult to conclude the direction of any relationship
between serum Mg and FEV 1 over time. Moreover, some data
(e.g., COPD-related questionnaires) were self-reported; there-
fore, a risk of recall bias cannot be excluded.

In conclusion, this study shows that serum Mg is related to
spirometry values in ACO. Serum Mg concentration may in-
dicate protective effects against lung function loss. Moreover,
we found that the FeNO of mild to moderate individuals with
ACO was significantly higher than that of severe to very se-
vere patients. This implies that FeNO might be a biomarker
for identifying individuals with ACO who might benefit from
inhaled corticosteroid therapy. In individuals with ACO,
Serum Mg and FeNO were associated with ACO severity.
However, their role in guiding personalised treatment of indi-
viduals with ACO needs to be further investigated.
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