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Overweight and obesity are associated with
decreased magnesium intake in people with asthma

by Alexandra G. Kazaks and Judith S. Stern

Asthma is a serious health problem
that is more prevalent among low-
income persons. The risk of asthma
and the severity of its symptoms may
be increased by the low dietary intake
of magnesium and other nutrients
that protect against asthma, coupled
with the high energy intakes that
result in overweight and obesity. This
study compared people with asthma
to healthy controls, and showed

that total body magnesium stores
decreased with increasing weight, as
measured by body mass index (BMI).
Replacing low-magnesium foods with
high-magnesium foods may be a prac-
tical, low-cost way to help reduce the
risk of obesity and low magnesium
status in people with asthma, espe-
cially in at-risk, low-income groups.

Asthma is a major cause of illness
and disability in the United States,
and is a significant public health burden.
In 2003, asthma affected an estimated
20 million individuals in the United
States. In 2004, the estimated annual
costs due to asthma were more than
$16 billion, including the direct costs of
physician and hospital visits, and medi-
cations, as well as the indirect costs of
lost work days and earnings (ALA 2005).

Although asthma affects Americans
of all ages, races and ethnic groups,
the Centers for Disease Control and
Prevention reports that low-income and
minority populations experience signif-
icantly higher rates of fatalities, hospital
admissions and emergency room visits
(CDC 2000). While the reasons for these
disparities are not clearly understood,
factors such as limited access to medi-
cal care and lack of self-management
skills all contribute to increased asthma
symptoms.

The current concept of asthma has
shifted from a disease of smooth muscle

The surface of a person’s windpipe (photographed with a colored electron-scanning microscope)
can trap pollen grains (pink) on hairlike cilia (yellow). In asthmatic or allergic persons, the
particles can cause a hypersensitive reaction that leads to breathing difficulties.

dysfunction to one characterized by the
persistent inflammation of lung tissues
(fig. 1). Asthma is characterized by epi-
sodes of reversible narrowing of the air-
ways. The episodes can vary from mild
chest tightness, shortness of breath,
and coughing or wheezing, to a life-
threatening inability to breathe (NHLBI
2002). Asthma occurs in people who are
predisposed to develop the disease due
to genetic and environmental factors.

A wide variety of triggers may start

or worsen an asthma attack, including
exposure to allergens, viral respiratory
infections, airway irritants such as to-
bacco smoke and environmental pollut-
ants, and exercise.

In addition, diet can have a signifi-
cant effect on asthma. Asthma is char-
acterized by an oxidant-antioxidant
imbalance, and dietary intervention may
shift this imbalance by preventing the
formation of free radicals, making oxi-
dants less toxic and modulating the im-
mune response in the lung (Hartert and
Peebles 2001). Any molecule can become

Normal airway

Muscles

Lining

Airway in person with asthma

Fig. 1. Asthma pathology. Source: NHLBI 2006.
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a free radical by either losing or gain-
ing an electron in normal reactions that
occur in the body. Molecules contain-
ing these uncoupled electrons are very
reactive as they try to capture or donate
electrons. The body’s defense systems
produce antioxidants that neutralize
free radicals and protect cells from dam-
age. Antioxidants are also contributed
by the diet; there are more than 4,000
compounds that act as antioxidants

in foods, including vitamins C, E and
magnesium. The relative importance of
individual nutrients in asthma control is
unclear, but magnesium may be signifi-
cant (Mathew and Altura 1991).

Treating asthma with magnesium

Current therapies for asthma have
limitations. First, there is no known
cure; even with treatment, chronic
symptoms remain a problem. Common
medications for asthma include inhaled
corticosteroids, and inhaled or oral
beta 2-agonists. Beta-agonists are medi-
cations that relax the muscles around
airways that tighten during an asthma
attack, and corticosteroids are drugs
that decrease inflammation within the
breathing passages. These are used on
a regular basis to control chronic symp-
toms and prevent attacks. However,
these medications can be associated
with adverse side effects such as cardiac
arrhythmia and other cardiovascular
disturbances, causing people with
asthma to limit the dosage and fre-
quency of medication use (NHLBI 2002).

Magnesium is an essential mineral
with several dietary sources that is
found in a variety of foods, including
whole grains, green leafy vegetables,
legumes and nuts. (Water, if it is high
in dissolved minerals, can also be a
source of magnesium.) The idea that
magnesium could be useful for asthma
treatment was first published in 1940,
as anecdotal reports describing the
beneficial effects of intravenous (IV)
magnesium sulphate given during
acute asthma attacks (Haury 1940).
However, more recent studies assess-
ing magnesium therapy in asthma
have given conflicting results. Some
studies with IV magnesium suggest
that it could be helpful in acute asthma
treatment (Cheuk et al. 2005), although

other studies show no ef-

fect (Bernstein et al. 1995).

In addition, while inhaled
aerosol magnesium-sulphate
improved asthma symptoms
in a double-randomized, con-
trolled trial (Rolla et al. 1987),
magnesium administered in
aerosol form had no effect in
another similar study (Chande
and Skoner 1992).

These studies suggest that IV
and inhaled magnesium may
improve pulmonary function in
acute asthma, but are not useful
in patients with more moderate
episodes. It is unclear whether
magnesium administration has
a specific pharmacologic effect
or whether it corrects an under-
lying deficiency. Certain groups
of people, including those with
asthma, may not be obtaining adequate
dietary magnesium and therefore have
low magnesium stores (Britton et al.
1994).

Dietary magnesium and asthma risk

Among the dietary variables associ-
ated with an increased risk of asthma
is the low consumption of vegetables,
milk and minerals, including magne-
sium. Large, population-based epide-
miologic studies have found that lower
dietary magnesium intakes were associ-
ated with impaired lung function, bron-
chial hyperreactivity and the increased
risk of wheezing (Britton et al. 1994).

Numerous studies show a rela-
tionship between low magnesium
intake and asthma symptoms, and
indicate that intakes of magnesium
in the general population do not
reach recommended levels. Less than
half of American adults consumed
the Recommended Daily Allowance
(RDA) of magnesium, according to
the National Health and Nutrition
Examination Survey (NHANES) 1999—
2000. The average intake of magnesium
by women 19 to 50 years of age was
only 74% of the RDA. Men of the same
age consumed about 94% of the RDA;
in general men consume more food, so
they get more magnesium overall.

Due to the inflammation associated
with asthma, immune cells in lung tis-
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Obesity is a risk factor for asthma, as is low intake of
magnesium, an essential nutrient. When obese persons
with asthma lose weight, their symptoms are reduced.

sues generate inflammatory mediators
and cytokines (Barnes 2004) that then
circulate throughout the body and

may be a source of low-grade systemic
inflammation (which can be identified
with a blood test). It has been suggested
that those inflammatory processes can
be moderated by magnesium (Tam et al.
2003). Adults who consumed less than
the RDA for magnesium were as much
as 75% more likely to have elevated lev-
els of a marker of systemic inflamma-
tion (C-reactive protein) than those who
consumed at least the RDA (King et al.
2005). Reducing systemic inflammatory
response through weight management
and dietary intervention could poten-
tially provide a low-cost way to reduce
asthma symptoms.

Obesity — a known risk factor for
type 2 diabetes, heart disease and some
forms of cancer — is also a risk factor
for asthma, and the high energy in-
takes associated with overweight may
increase asthma symptoms. Asthma
prevalence is increased in obese people
(Ford et al. 2004), and when obese
asthma patients lose weight, asthma
symptoms are also reduced (Shore and
Fredberg 2005).

Measuring magnesium and BMI

In order to better understand the role
of dietary magnesium in obese asthma
sufferers, we compared magnesium
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status and dietary intake in people
with asthma to healthy controls who
were matched by weight and gender.
Complete study details have been de-
scribed elsewhere (Kazaks et al. 2006);
the design and methods are briefly dis-
cussed below.

Participants. Subjects were recruited
with flyers and newspaper advertise-
ments from the general public in the
Sacramento area. Based on body mass
index (BMI), we matched 18 men and
36 women aged 21 to 55 years old with
mild-to-moderate asthma, with 17 male
and 30 female healthy control subjects.
The two groups were similar in ethnic
makeup, and the entire group consisted
of 8% Asian, 12% black, 70% white, 12%
Hispanic and 9% undeclared individuals
(the total is greater than 100% since some
subjects were classified as more than one
ethnicity). Written, informed consent
was obtained from all participants, and
the UC Davis Institutional Review Board
approved the study protocol.

Procedures. At the initial screening
visit, all subjects underwent a health in-
terview and physical exam, and height
and weight measurements were taken.
At the second visit, all subjects were
given a methacholine challenge test to
determine bronchial hyperresponsive-
ness and diagnosis of asthma. At the
third visit, all subjects were given an IV
magnesium-loading test to determine
their magnesium status.

On two separate visits, all subjects
were asked to recall what they had
eaten in the previous 24 hours, to
determine their dietary magnesium
intake. The interviews were done by a
registered dietitian and analyzed us-
ing Food Processor software (ESHA
Research, Salem, Ore.). Dietary intake
was presented both as average daily
magnesium and as a percentage of the
magnesium RDA goal for age and gen-
der: 400 milligrams per day (mg/day)
for men and 310 mg/day for women
ages 19 to 30, and 420 mg/day for men
and 320 mg/day for women over age 30
(IMFNB 1997).

BMI categories. BMI was calculated
as weight divided by height squared
(kilograms per meters squared).
Normal weight was defined as a BMI
less than or equal to 24.9, overweight

was a BMI between 25.0 and 29.9, and
obese was a BMI greater than 30.0.

Magnesium status. Bone and muscle
biopsies provide the most accurate
evaluations of magnesium status. But
because this is an invasive and un-
comfortable procedure, we used the IV
magnesium-loading test instead. Our
subjects were given a magnesium infu-
sion (0.1 millimoles magnesium per
kilogram) and asked to collect urine for
the following 24-hour period.

The principle of the IV magnesium-
loading test is that individuals with ad-
equate magnesium status will excrete
approximately the entire amount of the
infused magnesium within 24 hours.
In contrast, magnesium-depleted indi-
viduals will retain a large amount of
the infused magnesium. A diagnosis of
magnesium depletion is based on the
percentage of magnesium retained 24
hours after the IV infusion. The normal
range for IV magnesium load retention
is =39% to 3% (Rob et al. 1999).

Statistics. The results were expressed
as mean + SEM. Data were analyzed

using Student t-tests and analysis of
variance (ANOVA). Analyses were con-
ducted with Statview Version 5.0.1 (SAS
Institute, Cary, N.C.). P values < 0.05
were considered significant.

Magnesium, BMI and asthma

We found no significant differences
in measures of magnesium status or
magnesium intake among participants
with asthma and their matched controls
(table 1). The IV magnesium load reten-
tion was within the expected normal
range (-39% to 3%). Because average
dietary goals differ according to age
and gender, average percentage dietary
magnesium goal is a more meaningful
indicator of required intake than mil-
ligrams magnesium per day. Although
there was a wide variation in magne-
sium intake, mean values showed that
both the asthma and control subjects
consumed less than the RDA and di-
etary goal for this essential mineral.

Higher BMI, lower magnesium intake.
When all subjects were stratified ac-
cording to BMI, there were highly

TABLE 1. Measures of magnesium status in gender- and BMI-matched control and asthma subjects*

Control (n = 47)

Asthma (n = 52)

Gender (males/females)

Age (years)

BMI (kg/m?)t

IV magnesium load retention (%)
Avg. diet magnesium (mg)#

% diet magnesium goal§

17/30
37 £ 1 (21-55)
27 + 1 (18.5-41.7)
-19 =5 (-110-56)
326 + 15 (173-608)
94 + 5 (53-196)

16/36
37 + 1 (21-55)
28 + 1(19.4-41.7)
—24 + 4 (-80-58)
306 + 17 (155-716)
89 + 5 (49-178)

* Values expressed as mean + SEM (range).
t BMI = body mass index.
¥ Avg. diet magnesium = average dietary magnesium intake.

§ % diet magnesium goal = percentage of RDA of magnesium for age and gender.

Current therapies for
asthma have limitations.
There is no known cure;
even with treatment,

chronic symptoms remain
a problem.
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TABLE 2. Measures of magnesium status in all subjects, categorized by BMI*

Normal (n =36) Overweight (n =25) Obese (n = 38) Pt
IV magnesium load retention (%) -38x5 -17x7 -10x4 < 0.0001
Avg. diet magnesium (mg)# 362 + 23 294 + 16 285+ 15 0.006
% diet magnesium goal§ 104 7 84 +5 834 0.01
* Mean + SEM. BMI = body mass index; normal < 24.9; overweight = 25-29.9; obese > 30.
t Difference between normal and obese categories.
¥ Avg. diet magnesium = average dietary magnesium intake.
§ % diet magnesium goal = percentage RDA of magnesium for age and gender.
_ 140 A
X 113% 130
‘_‘; 120 + = .
96% S 120
& 100—— 91‘% 3% * = \
S g0 | | 9% 4y & 110 J{
§ § 100 :
o> 60— — - Z \ \
g Normal BMI: < 24.9 5 90 i —_— i
> 407 Overweight BMI: 25-29.9 B = w0 ir
g 20— Obese BMI: >30 | E 1 T *
[a) 8 5 70 |
a
Control Asthma 60
) . ) Control
A Fig. 2. Percentage dietary goal for magnesium B Asthma
(Mg) intake in control and asthma subjects, by ~ 5
BMI category. Normal BMI < 24.9; overweight Y oo ree e T- - -
=25-29.9; obese > 30. * Indicates significant s > 1
difference between overweight and obese, when = . T_ s
compared with normal category (P < 0.05). *g | 1
. . -25
» Fig. 3: Percentage (A) dietary goal for g T T
magnesium (Mg) intake and (B) intravenous (IV) 3 35 -
Mg retention in control and asthma subjects, by § T
BMI category. Normal BMI < 24.9; overweight g 45 +
=25-29.9; obese > 30. * Indicates significant = 55
difference between control and asthma subjects Normal  Overweight  Obese

in the obese category (P < 0.05).

significant differences in magnesium
intake and status (table 2). As BMI in-
creased, IV magnesium load retention
was higher (P < 0.0001), and average di-
etary magnesium intake (P = 0.006) and
percentage of dietary magnesium goal
(P = 0.01) were lower.

Asthma and lower magnesium
intake. When BMI categories were fur-
ther divided into asthma and control
groups, the control subjects had no
significant differences in magnesium
intake according to percentage dietary
magnesium goal in any BMI category
(fig. 2). However, asthma subjects had
significantly lower magnesium intakes
when they were overweight (P = 0.004)
and obese (P = 0.001) than did normal-
weight asthma subjects.

Figure 3A shows how percentage
dietary magnesium goal varied accord-
ing to BMI category when the asthma
and control subjects were analyzed
separately. Two-way ANOVA with

percentage dietary magnesium goal
showed an interaction between BMI
category and asthma or control status
(P = 0.039), with a lower overall percent-
age magnesium dietary goal associated
with asthma. There were no significant
differences between the asthma and
control subjects in the normal and over-
weight categories. However, the per-
centage dietary magnesium goal was
significantly lower in obese asthma sub-
jects than in obese controls (P = 0.023).

In both asthma and control par-
ticipants, the percentage IV retention
significantly increased as BMI category
increased (P = 0.005) (fig. 3B).

Increasing dietary magnesium

A limitation to our study was the
small sample sizes that resulted when
the population was stratified. Even so,
robust relationships with the BMI cat-
egories were evident. Our study also
could have been strengthened by deter-
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Good sources of magnesium include bran
muffins, pumpkin seeds, barley, buckwheat
flour, low-fat yogurt, trail mix, halibut steaks,
garbanzo beans, lima beans, soybeans and
spinach. Increasing dietary magnesium may
reduce asthma symptoms while aiding in
weight loss.

mining the income status of subjects to
define how it relates to dietary magne-
sium and asthma. (The role of dietary
magnesium supplements is the subject
of another paper by the authors; in this
study, subjects were limited to 50 mil-
ligrams or less per day of magnesium in
dietary supplements.)

Further study is necessary to de-
termine how people with asthma re-
spond to the combined effects of low
magnesium and increased obesity.
Does inadequate magnesium intake
combined with obesity increase the
risk of asthma? Or does low magne-
sium intake combined with asthma
increase obesity?

Nonetheless, this study demonstrates
that people with mild-to-moderate
asthma and their matched healthy
controls had no differences in magne-
sium status or intake unless they were
analyzed within BMI categories. This
emphasizes that BMI must be taken into



Asthma subjects had
significantly lower
magnesium intakes when
they were overweight and
obese than did normal-
weight asthma subjects.

account to understand the biologic and
behavioral influences on asthma.

Many people with asthma try
complementary and alternative thera-
pies in addition to traditional medical
treatments. A 1998 survey of health care
providers identified various alternative
treatments used by people with asthma;
dietary and nutritional approaches
were the most prevalent options and
were believed to be the most useful
(Davis et al. 1998).

We suggest that reducing obesity and
increasing magnesium-containing foods
may have a dual impact on asthma
control. Likewise, replacing low-
magnesium foods with high-magnesium
foods may help reduce the risk of obe-
sity in people with asthma. For most
people, the best way to make sure that
they get enough magnesium is to eat
a wide variety of whole grains, green
leafy vegetables, beans and nuts (table
3). In general, eating a varied diet that
includes an abundance of fruits and
vegetables also helps to prevent obesity.
A combination of weight management
and dietary intervention could reduce
the systemic inflammatory response
characteristic of asthma. Increasing
dietary magnesium is a low-cost inter-
vention that also may improve overall

health.

TABLE 3. Selected food sources of magnesium

Food, standard serving* Magnesium Calories
mg
Pumpkin and squash seed kernels, roasted, 1 oz. 151 148
Brazil nuts, 1 oz. 107 186
Bran, ready-to-eat cereal (100%), 1 oz. 103 74
Halibut, cooked, 3 oz. 91 119
Almonds, 1 oz. 78 164
Spinach, cooked from fresh, 2 cup 78 20
White beans, canned, %2 cup 67 154
Black beans, cooked, 2 cup 60 114
Tuna, yellowfin, cooked, 3 oz. 54 118
Peanuts, dry roasted, 1 oz. 50 166
Lima beans, baby, cooked from frozen, %2 cup 50 95
Soy beverage, 1 cup 47 127
Oat bran muffin, 1 oz. 45 77
Great northern beans, cooked, 2 cup 44 104
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* Standard servings are > 10% of RDA for adult men (420 mg/day).

Source: USDA 2006.
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