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ABSTRACT

An insufficient intake of magnesium may be associated with the development of chronic
obstructive pulmonary disease (COPD). We aimed to determine the relationship between
health related quality of life (QoL), anthropometric indices and nutritional status with dietary
magnesium intake in COPD patients. Sixty-one COPD patients participated in this cross-
sectional study. QoL and nutritional status were assessed. Furthermore, body composition,
calf circumference, and muscle strength were measured; equations were used to calculate
fat-free mass index, body mass index, and muscle mass value. Dietary magnesium intake was
assessed by three 24-hours recalls and magnesium intake was categorized as < 188.08 mg/
day (A group) and > 188.08 mg/day (B group). The y?, independent-sample t-test and Mann-
Whitney test were used for statistical analysis. The p values less than 0.05 were considered
significant. Of QoL assessments the total and impact mean scores of St. George's respiratory
questionnaire in the B group were significantly lower than the means of the A group (p

value = 0.007 and 0.005, respectively). The instrumental activity of daily living score was
significantly improved in patients with higher consumption of dietary magnesium (p = 0.02).
Participants had a significantly lower mean score of patient-generated subjective global
assessment in the B group compared to the A group (p = 0.003). Higher intake of dietary
magnesium can lead to improve QoL and nutrition status.

Keywords: Body composition; Magnesium; Nutritional status; Quality of life;
Pulmonary disease, chronic obstructive
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Chronic obstructive pulmonary disease (COPD) is a progressive respiratory disorder
characterized by lung function impairment [1-3] and is a fourth-leading cause of mortality,
which expected to cause over 6 million death worldwide per year by 2030 [4,5]. COPD
patients may suffer from muscle weakness, osteoporosis, diabetes, cardiovascular disease,
hypertension, depression, and lung cancer [6]. The loss of working ability or early retirement
caused by physical disability can result in substantial socioeconomic losses and health
expenditures in COPD patients [7].

The most common clinical sign of this disease is airway obstruction, which mainly leads

to a lowered quality of life (QoL), as it limits exercise capability, hinders social interaction,
and creates mental symptoms like anxiety and depression [8]. Other main factors that are
associated with QoL in COPD patients include age, gender, psychosocial status, body mass
index (BMI), and comorbid conditions [8]. Furthermore, the risk of readmission to the
hospital is higher for people with moderate to severe COPD and poor QoL, and they are more
likely to need a nebulizer at home [9].

Nutritional abnormalities are another adverse outcome standing out among systemic
manifestations in patients with chronic respiratory conditions. Approximately 30%—-60%
of people with COPD are malnourished, which is largely caused by a high metabolic rate
and an inadequate nutritional intake; patients with COPD have a 10 times greater breath-
related energy expenditure each day than they would normally require, which may result
in malnutrition if they are not compensated by proportional energy intake [10]. Therefore,
diagnosis of patients with impaired nutritional status is of paramount importance when
deciding on the appropriate therapeutic approach [11].

Arecent study has suggested that insufficient intake of magnesium may be associated with the
development of asthma or COPD [12]. Studies have shown that patients with COPD and those
over the age of 65 tend to have a reduced level of magnesium in their bodies [13,14]. In addition
to its role in bronchodilation, contraction in smooth muscles of the respiratory tract, and the
release of neurohumoral mediators, magnesium is believed to have a protective effect against
chronic respiratory tract diseases [12]. Moreover, for the sake of its ability to block calcium
channels and suppress acetylcholine release, magnesium plays a critical role in muscle strength
and exercise performance [15-17]. The lack of magnesium is often overlooked, as it is not detected
with a simple serum magnesium dosage [18]. Consequently, magnesium deficiency can lead to
bronchoconstriction, lowered physical performance [17], and exacerbation of disease [13].

Despite the importance of the role of magnesium in respiratory diseases, we are aware of a
few publications in the literature regarding this area; hence, the aim of the present study was
to evaluate the associations between dietary magnesium intake and QoL, anthropometric
indices, muscle strength, and nutritional status in COPD patients.

Study design and participants
This cross-sectional study was performed from September to December 2018 in participants
with COPD, selected from the patients with medical records from 4 medical centers related to
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Namazee hospital (n = 687)
Participants in the baseline survey Rajayi and Aliasghar hospital (n = 684)
(n =1,957) Shahid-Faghihi hospital (n = 541)
Respiratory specialized clinic (n = 45)

Eligible participants

(n=132) Exclusion due to:
Not capable of completing spirometry test (n = 3)
Mild COPD (n =12)
Infection, malignancies, and organ failure (n = 46)
Included participants Multivitamin and mineral supplement consumption (n =10)

(n=61)

Figure 1. Flow chart of the study.
COPD, chronic obstructive pulmonary disease.

Shiraz University of Medical Sciences, Shiraz, Iran (Rajai, Nemazee, Shahid Faghihi, and Ali-
Asghar hospitals) between March 2011 to June 2018 and specialized respiratory clinics. This
study was conducted according to the guidelines laid down in the Declaration of Helsinki
and all procedures were approved by the Ethics Committee of Shiraz University of Medical
Sciences, Shiraz, Iran; IR.SUMS.REC.1396.85. Moreover, written informed consent was
obtained from all subjects.

The census method was used to screen a total of 1,957 patients for participation. One
hundred and twenty nine out of 132 volunteer patients completed the spirometry test. Finally,
only 61 patients were eligible and included to participate in our study (Figure 1).

Inclusion and exclusion criteria

In this study, the inclusion criteria were men aged 4070 years with moderate and severe severity
of COPD for 7 years and diagnosed for at least 3 months who resided in Shiraz. While women and
individuals with mild severity of COPD, infections, malignancies, other inflammatory diseases,
any other organ failure, and individuals using supplements were not eligible for this study.

Procedure

Initially, through calling and asking several queries, patients who were willing to participate
in the study were referred to Imam Reza Clinic (Clinic affiliated to Shiraz University of
Medical Sciences). In addition, an educated person based on the Global Initiative for
Chronic Obstructive Lung Disease (GOLD) committee checked and reevaluated the records
of individuals diagnosed with COPD through obstructive pulmonary spirometry. The forced
expiratory volume in 1 second (FEV1) to forced vital capacity ratio < 0.70 value and fixed FEV1
values were used for anticipation of the disease and categorize its severity which previously
explained in details [19]. Also, a pulmonary specialist reaffirmed patients with COPD again.
Then, the aim of the present experiment was clarified to the patients and written consent was
gained. Finally, socio-demographic information, anthropometric indices, body composition,
muscle strength, nutritional status, and health-related QoL (HRQoL) questionnaires were
gathered for each participant by the researcher.

Anthropometric and body composition assessment

Height was measured using a stadiometer to the nearest 0.1 cm. Body weight was measured
to the nearest 0.1 kg using (Omron, Korea) scale while participants were in light clothes.
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Standard methods were considered to measure the calf circumference (CC) by a non-
stretchable measuring tape to the nearest 0.1 cm in a seated position [20]. Body composition
indices, including lean body mass, body fat mass, arm muscle circumference (AMC), and
fat-free mass (FFM) were determined by bioelectrical impedance analysis (BIA) and InBody
$10 analyzer (Bio-Space Co., Ltd., Seoul, Korea) [20]. Dividing segmental lean body mass to
height squared (m?) and FFM to height squared (m?) were used for calculating muscle mass
values [21] and FFM index (FFMI) [22], respectively.

Muscle strength assessment

Muscular strength was measured in seated position 3 times for each hand by hydraulic
hand dynamometer (model MSDj; Saehan, Changwon, Korea) as a simple tool. Both hands
were measured 3 times to calculate the mean grip strength [23]. Body position was fixed
considering to the device working protocol.

Nutritional assessment

To assess nutrition-related complications, the primary investigator used the patient-
generated subjective global assessment (PG-SGA) questionnaire, which was based on the
patient's medical history (Body weight, % weight loss, gastrointestinal symptoms, dietary
intake, functional capacity, and respiratory stress) and physical examination (subcutaneous
fat loss, muscle wasting and edema) [24]. Furthermore, the mean of three 24-hour dietary
recalls (involving 2 weekdays and one weekend day) was used to evaluate the dietary intake
of magnesium (< 188.08 mg/day and > 188.08 mg/ day based on the 50th percentile); also,
participants were asked about changes in their diet and they noted that no changes were
made to their diet due to conducting the study over a period of one season (autumn).
Nutrient composition was assessed by the Nutritionist IV software version 3.5.2 (Hearst
Corp., San Bruno, SA, USA) modified based on Iranian foods [25].

HRQoL assessment

Avariety of questionnaires were used to assess the QoL based on lung function, such as the
St. George's respiratory questionnaire (SGRQ) which consists of 14 items categorized into
symptoms (frequency and severity of respiratory), activity (role limitations as a result of
breathlessness), and impact (psychological and social functioning disturbances because of
respiratory disorder), instrumental activities of daily living (IADLs) which using to assess the
ability to perform daily tasks independently and Katz Index to determine dependency status
in activities of daily living, described by details previously [26].

Statistical analysis

We analyzed the data using SPSS software version 21.0 (SPSS Inc., Chicago, IL, USA).
Normality of the data was assessed by Kolmogorove-Smirnov test. The Chi-square was used
for qualitative statistical data. Comparison between 2 groups with normal and abnormal
distribution was determined by independent-sample t-test and Mann-Whitney U test,
respectively. A p value less than 0.05 was considered significant.

Table 1 shows participant's characteristics based on classification of dietary magnesium
intake. From now on, the patients receiving magnesium < 188.08 mg/day are called A group
and the participants receiving magnesium > 188.08 mg/day are called B group.
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Table 1. Characteristics of the participants based on classification of dietary magnesium intake

Variables Magnesium intake (mg/day)  Variables classification No. (%) p value®
Age (yr) A group 40-65 18 (29.50) 0.41
> 65 13 (21.32)
B group 40-65 14 (22.95)
> 65 16 (26.23)
Education A group Illiterate 7 (11.47) 0.34
Elementary 13 (21.32)
> Intermediate 11 (18.04)
B group Illiterate 4 (6.55)
Elementary 16 (26.22)
> Intermediate 10 (16.40)
Job exposure A group Yes 27 (44.27) 0.45
No 4 (6.55)
B group Yes 24 (39.34)
No 6(9.84)
Smoking status A group Yes 20 (32.78) 0.16
No 11 (18.4)
B group Yes 14 (22.95)
No 16 (26.23)
Age at onset of smoking (yr) A group 13-25 20 (37.04) 0.50
26-59 8(14.81)
B group 13-25 15(27.77)
26-59 11 (20.38)
Years of smoking A group 3-35 10 (18.18) 0.52
36-60 18 (32.73)
B group 3-35 14 (25.45)
36-60 13 (23.64)
Energy (kcal/day)" A group 1,921.92 + 416.57 - 0.22
B group 1,349.04 + 396.24 -
Protein (g/day)* A group 50.39 + 26.07 - 0.07
B group 52.29+11.29 -
Vitamin C (mg/day)? A group 103.08 + 86.75 - 0.16
B group 136.46 = 98.59 -

Data are expressed as frequency (%) and mean = SD.

A group, patients receiving magnesium < 188.08 mg/day; B group, patients receiving magnesium > 188.08 mg/day.
*p obtained from 2 test and p < 0.05 considered significant; findependent-sample t-test; ¥Mann-Whitney U test
were used for examining the significance of the difference between the 2 groups.

Less than 23% of patients in the B group were between 4565 years old, while this was about
30% in the A group. In the A group, approximately 33% of the participants smoked and about
18% of them never smoked, although this proportion was about 23% and 26%, respectively,
in the B group. Furthermore, the mean intake of energy, protein and vitamin C was higher in
the B group than group A. None of the other variables were significant difference between the
2 A and B groups.

Table 2 reports the mean score of participants' QoL in the A and B groups. Among the
questionnaire tools related to QoL assessment, results revealed that in the B group, the total
and impact mean scores of SGRQ were significantly lower than their means in the A group (p =
0.007 and 0.005 respectively). The means of SGRQ activity and symptom scores in the B group
were lower than the A group, though this did not meet statistical significance (p = 0.15 and 0.43,
respectively). Furthermore, contrary to the A group, the IADL mean score was significantly
higher in the B group (p = 0.02). Due to the Katz index, its mean score was higher in the B group
when compared to the A group, while the difference was not significant (p = 0.21).

Comparison of anthropometric indices, body composition, muscle strength and nutritional
status in the 2 A and B groups are illustrated in Table 3. Results indicated that BMI, muscle
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Table 2. Correlation between health-related quality of life according to SGRQ scores; Katz index and IADL score
with dietary magnesium intake

Variables Magnesium intake (mg/day) Mean + SD Median (IQR) p value”

SGRQ (total score)* A group 67+ 14 74 (61-78) 0.007"
B group 57 +15 58 (43-70)

SGRQ (impact score)* A group 63+ 17 69 (52-74) 0.005"
B group 51+18 56 (38-63)

SGRQ (activity score)* A group 71+18 75 (59-84) 0.15
B group 64+ 20 67 (52-78)

SGRQ (symptom score)’ A group 74+ 15 74 (64-86) 0.43
B group 62+ 13 61 (53-72)

Katz index* A group 5.35+0.95 6 (5-6) 0.21
B group 5.56 £ 0.93 6 (5-6)

IADL score? A group 4.64+1.76 5(3-6) 0.02"
B group 5.60 + 0.67 6 (5-6)

Data are means + SD and median (IQR).

A group, patients receiving magnesium < 188.08 mg/day; B group, patients receiving magnesium > 188.08 mg/day;
SGRQ, St. George’s respiratory; IADL, instrumental activity of daily living; IQR, interquartile range.

*p < 0.05 is considered significant; findependent-sample t-test; ¥Mann-Whitney U test were used for examining
the significance of the difference between the 2 groups. Wilcoxon signed-rank test was used for skewed data.

mass value, protein BIA, FFM, arm circumference, AMC, and CC have higher mean in the B
group, however, these differences were not statistically significant in comparison to the A
group (p > 0.05 for all). In terms of muscle strength, both mean of right and left handgrip in
the B group were insignificantly lower than the A group (p = 0.69 and 0.30, respectively).

Considering nutritional status, participants had a significantly lower mean score of PG-SGA
in the B group as compared to the A group (p = 0.003).

Table 3. Correlation between anthropometric indices, body composition, muscle strength and nutritional status
with magnesium intake

Variables Magnesium intake (mg/day)  Mean + SD Median (IQR) p value”

BMI (kg/m?)" A group 20.13+2.46  20.20 (18.20-21.70) 0.19
B group 21.94+3.05  23.05(20.10-23.70)

Muscle mass value (kg)" A group 6.76 £ 0.78 6.74 (5.98-7.32) 0.10
B group 6.96 + 0.62 6.95 (6.71-7.28)

Protein BIAT A group 9.12+1.23 9.10 (7.90-9.80) 0.17
B group 9.30+1.05 9.25 (8.77-9.80)

Fat-free mass (kg)' A group 46.41 + 6.02 46.20 (40.80-49.80) 0.23
B group 47.37+5.30  47.15 (44.65-49.72)

FFMI (kg/m?)t A group 16.35+1.47  16.73 (15.50-17.43) 0.35
B group 16.95+1.45  17.05(16.32-17.91)

Arm circumference® A group 28.04 + 2.46 27.50 (26.70-30.20) 0.55
B group 29.15+92.85  29.90 (27.62-31.15)

AMCt A group 23.83+2.01  24.20(22.60-25.10) 0.76
B group 24.09+1.81  24.55(22.80-25.25)

Calf circumference (cm)t A group 30.54 +2.15 30 (29-31) 0.44
B group 32.13+2.53 32.50 (30.75-34)

Mean handgrip right (kg)* A group 22.67 + 6.16 21.33(18.66-24) 0.69
B group 29.31+6.42  20.66 (17.33-26)

Mean handgrip left (kg)* A group 29.97+8.20  21.66 (17.16-28.16) 0.30
B group 20.85+6.33  19.33 (16-24.66)

PG-SGA score* A group 12.96 + 6.65 12 (9-15) 0.003"
B group 8.93 £ 3.70 8(6-12)

Data are means + SD and median (IQR).

A group, patients receiving magnesium < 188.08 mg/day; B group, patients receiving magnesium > 188.08 mg/day;
BMI, body mass index; BIA, bioelectrical impedance analysis; FFMI, fat free mass index; AMC, arm muscle
circumference; PG-SGA, patient-generated subjective global assessment; IQR, interquartile range.

*p < 0.05 is considered significant; findependent-sample t-test; *Mann-Whitney U test were used for examining
the significance of the difference between the 2 groups. Wilcoxon signed-rank test was used for skewed data.
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The results of this cross-sectional study revealed that the higher dietary intake of magnesium
could improve HRQoL scores including total and impact scores of SGRQ and IADL score and
nutritional status as well.

HRQoL is a valuable means measuring the impact of ailments on an individual’s well-being
and their daily life. As a multidimensional concept, it considers 3 domains related to the
physical, social, and psychological impact of the disease [27]. Poor HRQoL in COPD patients
is negatively linked to physical impairment, and depression, as well as an increased risk of
exacerbations and mortality [9].

Our results revealed that higher consumption of dietary magnesium may significantly
improve the total and impact (disturbances in psychological and social functioning caused by
respiratory disorders) scores of SGRQ, as well as, the IADL score which used for evaluating
the ability to handle routine tasks independently.

There are few data on magnesium's effect on QoL in patients with pulmonary diseases,
despite its importance in human physiology [28]. Some clinical trials examine the effects
of magnesium supplementation on QoL, but no studies have examined the relationship
between dietary magnesium and QoL. Kazaks et al. [29], found that magnesium
supplementation (170 mg twice a day for 6.5 months) has a beneficial effect on improving
QoL score in patients with mild to moderate asthma [29]. Furthermore, significant
improvement in both mental and physical aspects of QoL was seen in the Noah et al. [28]
study who investigates the effect of magnesium with a daily dose 300 mg during 8 weeks in
stressed healthy adults. Regarding to available evidence, the positive effect of magnesium
intake on COPD-related QoL through psychological improvements could be related to the
neuroprotective effect of magnesium [30]. However, Zanforlini et al. [31], in their study
showed that 300 mg/day magnesium did not have any significant effect on QoL in patients
with COPD. Likewise, another study showed non-significant effect of magnesium (340 mg
per day for 2 months) on QoL of patients with mild to moderate asthma [32].

Body composition is complex to determine in COPD patients; their loss of muscle mass may
occur with or without accompanying changes in fat mass, resulting in underweight or obese
condition with underlying muscle dysfunction [33]. The higher the body weight of COPD
patients, the better their prognosis is, but excess body fat can also pose additional health
problems [34].

We found that BMI, muscle mass value, protein BIA, FFM, FFMI, arm circumference, AMC,
and CC were higher in individuals with greater intake of dietary magnesium (> 188.08 mg/
day), although, these differences were not statistically significant in comparison to the A
group. In addition, higher magnesium consumption was not significantly correlated with
muscle strength.

Studies investigating the relationship of magnesium dietary intake/magnesium supplement
with anthropometric indices, have been done in different population and there is
inconsistency in their results. In a study conducted by Moslehi et al. [35], the efficacy

of 250 mg of magnesium in older age women was investigated and their results showed
that in comparison to baseline values, there were significant increases in lean body mass,
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improvement in handgrip strength, and exclusive declines in fat mass among the magnesium
group at the end of 8 weeks, but there was no significant difference compared to control
groups. According to Welch et al. [36], indices of skeletal muscle and leg explosive power
were correlated positively with dietary magnesium. Another study observed the association
between the dietary intake of nutrients and sarcopenia among older adults; the fully adjusted
model revealed that sarcopenic compared with non-sarcopenic individuals consumed
slightly lower amounts of potassium, magnesium, phosphorus, iron, and vitamin K [37].
However, the study of Gohari-Kahou et al. [38], revealed no association between levels of
serum and dietary magnesium with abdominal obesity amongst 853 Iranian adults with
metabolic syndrome. When it comes to muscle strength, a cross-sectional study conducted
by Gedmantaite et al. [39], demonstrated the positive association between magnesium intake
and handgrip strength in both sexes. Similarly, Setaro et al. [40], showed the significant
association between dietary magnesium intake and muscle strength in twenty-six male
athletes. Dominguez et al. [41], reported that the total serum magnesium was in positive
correlation with various measurements of muscle strength, in particular; grip strength.
Furthermore, some studies showed that the non-sarcopenia subjects had a significantly
higher intake of dietary magnesium when compared to the sarcopenic subjects [42,43].

Magnesium plays a key role in energy metabolism, transmembrane transport, muscle
contraction, and relaxation, which may explain why it strongly influences muscle
performance [44]. Also, it modulates anabolic hormones secretion specifically testosterone
and insulin-like growth factor-, since it can act as an uncompetitive inhibitor to testosterone
binding in biological concentrations and consequently increase free-testosterone within

the body [45]. Additionally, magnesium has a pivotal role in calcium and potassium ions
exchanging across cell membranes, as an essential contribution to neuronal activity and
muscle contractions [46]. Magnesium depletion, leading to increase in oxidative stress

and impairment of intracellular calcium homeostasis, can damage muscle cells [41].
Furthermore, magnesium supports basic mitochondrial processes, including adenosine
triphosphate synthesis, electron transport chain complex subunits, and oxygen detoxification
contributing to provide energy [47,48]. Insufficient magnesium availability, therefore, is likely
to cause mitochondrial inefficiency and elevated reactive oxygen species production, thereby
affecting protein structure and function [41]. Thus, it is likely that magnesium can influence
muscle strength and function in the long run via these mechanisms.

With prevalence rates reported between 20% and 45%, malnutrition in patients with COPD
is associated with an increased risk of complications, longer hospital stays, decreased QoL,
and death, resulting in an increased health care economic cost [49-51]. COPD patients with
an imbalance between their energy requirements and energy expenditure might suffer from
weight loss and muscle depletion, or even be worse off by death [49,51]. We found that a
greater intake of dietary magnesium was associated in a helpful direction with PG-SGA
score significantly. Fein et al. [52], observed that serum magnesium levels were straightly
associated with serum markers of nutrition, including: albumin, creatinine, and total
protein; an inverse correlation was seen between serum magnesium and the extracellular
mass/body cell mass ratio, a highly sensitive marker of malnutrition [51].

Our study had some limitations; first, casual relationships could not be determined because
of its cross-sectional design; second, despite the fact that some women suffered from COPD
and its complications, they could not be included because there were not enough women
who qualified for the study. In other words, the inclusion of a few women might change the
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balance of gender distribution in the study, which could impact interpretation of the results;
further nutrition research in COPD would be beneficial to gain insight into what influences
the progression and the management of the disease.

CONCLUSION

Our results revealed that higher dietary intake of magnesium can improve QoL and
nutritional status in COPD patients. Future studies in COPD are suggested to answer the
questions and inconclusive results.
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