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In this issue we welcome two guest authors. Fran Ross relates the remarkable story of her
full recovery from LAF and several other disorders through dietary changes, and Patrick
Chambers, MD begins a three-part series on the all-important role of magnesium, not only in
LAF, but in our general health as well. The contributions by Fran and Patrick are much
appreciated. Not only do they bring a different perspective to “The AFIB Report”, but they
also give me a chance to focus more on my research — specifically compiling the results from

I have finally managed to put the responses from approximately 350 participants onto a

spreadsheet and, beginning with the May issue, will share my evaluation of the data with you. A preliminary look
indicates that we may have discovered several correlations that may throw new light on the mechanism

underlying LAF. Stay tuned!

Just a reminder - if you haven't already done so, don'’t forget to get your copy of my recent book “Lone Atrial
Fibrillation: Towards A Cure” at www.afibbers.org/lafbook.htm - it provides a wealth of information on dealing

with LAF.
Enjoy!

Wishing you lots of sinus rhythm,
Hans Larsen
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Evaluation of Survey Results

The 5" lone atrial fibrillation survey (LAFS V)
yielded 166 responses. Combining these
responses with those from previous surveys results
in a total database of 352 afibbers. Thus it is
possible to establish the values of common
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variables such as present age, age at diagnosis,
gender, number of episodes in the last 6 months,
etc. with a fair degree of reliability as the means and
distribution of these variables are based on a
sample size of around 350.

Answers to questions such as “Have you been
diagnosed with diabetes”, which was only asked in
LAFS V and in our very first survey can be
answered with a somewhat lesser degree of
reliability due to the smaller sample size. The
reliability is further reduced when it comes to
evaluating the prevalence of diabetes in a subgroup
of afibbers (adrenergic, mixed, vagal or permanent).
Thus in order to arrive at meaningful conclusions it
is essential to use the proper statistical techniques
to evaluate the survey responses.
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The evaluation of the survey results involves three different approaches:

1. Conclusions drawn from a simple study of averages (means and medians) and range of the variables.

2. Conclusions drawn by comparing the prevalence of a particular condition among afibbers to that found in
the general population.

3. Conclusions drawn from performing an analysis of the correlation between 2 sets of variables.

All statistical tests are carried out using the GraphPad Instat program (GraphPad Software Inc., San Diego,
USA).

1. Study of averages and ranges

An example of this type of study would be the evaluation of episode duration. A close look at the results for
mixed afibbers shows that the average (mean) duration of episodes is 4.7 hours (median 2.5 hours) for women
and 11.6 hours (median 6 hours) for men. Also, that the range of episode duration is 0-48 hours for men and 0-
21 hours for women. A comparison of the means for men and women shows that the difference in episode
duration is statistically significant with a probability (p) value of 0.03. This means that there is less than a 3 in a
hundred (3%) chance that the finding that the means are different is due to chance. In this study differences
between means will be considered significant if the value of the two-tailed t-test (p) is 0.05 or less.

The comparison of episode severity between different groups of afibbers poses a particular problem.

The number and duration of afib episodes and the total time spent in fibrillation over a 6-month period is our
“gold standard” measure of the severity of paroxysmal LAF. It is an essential component in evaluating the
effectiveness of drugs, supplements and other interventions. It is, unfortunately, difficult to calculate a
meaningful average of these values for a group of afibbers. The problem is that most respondents have fairly
low values, but a small majority has greatly elevated values, which essentially makes a normal average (mean)
guite meaningless in describing the overall severity for a particular group. For example, the calculated average
time spent in afib per month for paroxysmal afibbers is 15 hours despite the fact the 81% of them spend less
than 15 hours in afib. The average is skewed because a small group spends between 50 and 120 hours in
fibrillation per month. | have, therefore, decided to use median rather than mean (average) values in describing
group averages related to episode severity. The median is the value in the middle, i.e. the value above which
half of all individual values can be found and below which the remaining 50% can be found. Using the median
eliminates the bias introduced by a small group of “heavy hitters”.

2. Study of prevalence of condition

Several questions in LAFS V relate to the prevalence of conditions such as diabetes, hypertension, congestive
heart failure, etc. The percentage of mixed afibbers diagnosed with diabetes is 1.8% (sample size N=57). The
prevalence in the general population (aged 30 to 64 years) is between 3 and 9%. Thus the prevalence of
diabetes among mixed afibbers is well below that found in the general population.

3. Correlation analysis

The discovery of correlations between variables is perhaps the most exciting part of the survey data evaluation.
Two measures are used in determining whether one set of variables is correlated with another, the correlation
coefficient and the probability of significance.

The correlation coefficient (calculated by the GraphPad program) is expressed as a number between minus one
and plus one. A minus one indicates a perfect negative correlation, while a plus one indicates a perfect positive
correlation. A correlation of zero means there is no relationship between the two variables. When there is a
negative correlation between two variables, as the value of one variable increases, the value of the other
variable decreases, and vise versa. In other words, for a negative correlation, the variables work opposite each
other. When there is a positive correlation between two variables, as the value of one variable increases, the
value of the other variable increases. The variables move together.
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In the case of mixed afibbers the correlation coefficient between the average duration of episodes experienced
over a 6-month period and the number of years since diagnosis is 0.3677 (sample size N=77). The probability of
this correlation being due to chance (p) is 0.001; in other words, there is only a one in a thousand probability that
the observed correlation is due to chance. We would say that the correlation between years of AF and episode
duration is moderate. In other words, the longer you have experienced afib the longer the episodes tend to last.

Generally, a correlation coefficient greater than 0.7 indicates a strong correlation, a value between 0.4 and 0.7 a
moderate degree of correlation, and a value between 0.2 and 0.4 a weak one. However, a correlation coefficient
of say 0.3500 for a large sample of 50 or more is considered a stronger indicator of correlation than is the same
correlation coefficient if observed for a sample of only 15 participants. For the purpose of this survey, no
correlation will be considered statistically significant unless p is equal to or less than 0.05.

The correlation coefficient also provides a measure of the percentage of variation of a dependent variable that is
due to variation in its associated independent variable. The coefficient of determination (r-squared) is the square
of the correlation coefficient. Taking the correlation between years of afib and duration of episodes as an
example, the correlation coefficient “r’ is 0.3677. The coefficient of determination (r-squared) is thus 0.135
meaning that 13.5% of the variation in episode duration can be explained by the variation in number of years of
AF. This finding, of course, is both good news and bad news. The good news is that the number of years of AF
is only a minor element in determining the duration of episodes and the bad news is that we still need to discover
what lies behind the remaining 86.5% of variation in episode duration.

The presence of a few “heavy hitters” poses a problem when it comes to evaluating possible correlations
between episode frequency and duration and other variables. In order to ensure valid correlations the analysis
is performed on two sets of data. One containing all data and one with the “heavy hitters” omitted. “Heavy
hitters” are defined as follows:

» Episode frequencies greater than the mean plus two standard deviations (of the complete data set).
» Episode durations greater than one week (168 hours)
« Total time spent in afib greater than the mean plus two standard deviations (of the complete data set).

Thus correlations involving episode severity is performed on both the complete data set and the data set with
“heavy hitters” omitted. All other correlation analyses are performed on the full data set only.

Correlation is determined by using the Pearson or Spearman correlation coefficients or the Chi Square test as
appropriate.

Finally, it should always be kept in mind that a high correlation coefficient is not enough to establish cause and
effect. It also has to be scientifically plausible that an association exists. For example, a strong correlation
between regular aspirin usage and nighttime leg cramps must have a plausible scientific explanation before it
can be considered valid.

The actual results of the survey will be evaluated and published according to these guidelines beginning with the
May issue.

My Return From the Abyss

by Frances Ross

| got AF at 22 years of age. It came out the blue after the birth of my first son. Unfortunately, sometimes when it
happened | would pass out. Witnesses said | convulsed. So the diagnosis came as epilepsy. | was put on
anticonvulsants. They never worked. In the beginning my AF was maybe twice or three times a week. Always at
rest. It was short-lived, well the really fast racing part was short lived. Maybe 2 to 4 hours (in the end it could go
on for days then became permanent). Every so often | would go to my GP and complain about it, but he told me
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it was just palpitations and | was being over anxious. So | decided they must be panic attacks and gave up with
the doctors.

Nine years later, when | was having a prenatal for child number 3 | went into AF sitting in the doctor’s waiting
room for two hours. | could not think why | was having a panic attack. Nothing was scaring me. But there was a
Calor gas heater on and | thought that must be taking the oxygen out of the atmosphere. | have always needed
lots of fresh air, especially in AF as | was prone to passing out. When | got to see the doctor he started with
blood pressure. He told me something was wrong with my heart (helloooah!!!). Silly me said, oh I'm just having
a panic attack. He said that's not a panic attack it's coming from your heart. Was | frightened?! | told him that |
had asked him about it before, but they said it was normal and | was just being anxious, so | decided it must be
panic attacks. He told me he thought it was AF, but as | had had it such a long time and was pregnant there was
nothing they could do until after the baby was born.

After the baby was born | was sent to the cardio. Got the Holter and a few tests. It was AF and they put me on
digoxin. Then | got on with my life.

Years later | read about cardioversion and asked why | had never been sent. They told me my AF was too long
standing and it wouldn't work. | stayed on the digoxin for ten years. | got worse and worse (what | would have
done to know about the long term effects of digoxin then, and also the Mg depletion). Also the digoxin had
changed my eating habits. | could not tolerate food in the day. | would maybe have a bag of crisps and a bag of
sweets mid afternoon. So just ate a big evening meal to make sure | got nutrition. | always cooked so a lot of
what | ate was semi fresh, but not organic and | was known to cut corners and buy ready made meals a lot.

AF became unbearable. | seemed to be in it permanently. | read about ablation and went back to the doctor to
ask about getting one. He told me that there was no way as my heart was far too healthy and | could end up with
a lot more problems. | felt that things could not get worse. Little did | know!

My GP sent me to a new cardio in 2000. He had a fit and said | should never have been put on digoxin - he must
have read the digoxin literature. | was upset because | had obviously been put on the wrong drug. He
prescribed me arythmol. Did more tests, 24-hour urine analysis, treadmill, echo, things | never got the first time
round. | asked him if it was possible that my AF and 'epilepsy’ were linked as both were electrical faults (my GP
always said there was no connection). He said absolutely no. But | did get a referral to a neurologist, something
| had never had despite 18 odd years on anticonvulsants.

Around this time, on the digoxin, | started getting terrible pain in my shoulder and back. | went to my GP who told
me that because of the tender spots that | had a form of ME (fibromyalgia). He said it was my immune system
attacking my muscles, and would be interested to know if my AF got worse when | was fighting a virus (well we
all know the answer to that). | even started suspecting | had a form of MS as areas of me would become very
painful - felt like patches of skin had been burnt or all the skin grazed off. But there was nothing to see. At other
times they were totally numb and | could have burnt myself and not felt a thing. | also had developed terrible
startle reactions. When | passed out now it was at night or early morning on waking up. But | never lost full
consciousness. | was not aware of what was going on around me, but stayed conscious in a tunnel in my brain
(and my husband said | was convulsing). | knew | was fighting for my life. | had near death experiences. When |
got back my heart was very, very slow. | could hear it in my head. It would take me ages to be able to move
after, hours to recover the feeling in my body, and my brain would not send words to my mouth. The rest of the
day was in a confused mess with sound being muffled, distant and loud at the same time.

Just after stopping digoxin | read about MSG and aspartame and also preservatives and sulphites, etc. They
were linked with seizures and arrhythmia, so | cut them out. It got difficult reading labels so | decided to cook
from scratch. This was difficult as my health was so bad and even standing cooking or doing the dishes made
me faint. But | developed a dance to keep my legs moving and kept the door open. It helped and | knew | had to
persevere.

The new cardio put me on arythmol. | didn't get on with arythmol. So was put on sotalol. This made breathing
difficult and a new diagnosis became imminent. | was told that | now had central sleep apnoea. The neurologist

The AFIB Report April 2003 Page 4



would suss it out. However after long EEGs and other tests | was declared fit. There was absolutely nothing
wrong with my nervous system and | never had epilepsy. | started weaning my self of tegretol now.

| was sent on to the respiratorist. | was put on the waiting list for a sleep study, but it would take about a year.
Things kept getting worse and the passing out worse. | went back to my GP and said | thought it was the sotalol.
He said no, that breathing difficulties were not a side effect of sotalol. GGGRRRRRRRR. It was probably that |
had narcolepsy. My near death experiences were hypnogogic hallucinations and the fact | could not move after
was sleep paralysis. There was a syndrome called sleep epilepsy. It was unfortunate that | experienced them
all at the same time. AAAaaaaaaaagggggghhhhhhh.

They upped my sotalol and my GP agreed that | was in chronic AF. See if a bigger dosage helps. Breathing got
worse, it was as if | had to breathe through water and | kept forgetting. | found AF support groups and was
mortified to learn that sotalol should be monitored by ECG before starting and every time the dose was upped. |
had never been given one.

Went back to my GP and asked why | was not being monitored. Brought up my concerns about long QT. My GP
did an ECG. | asked him about my QT wave. He said it looked slightly long but various factors had to be taken
into consideration such as height, weight, age etc. He faxed the ECG to the cardio. He wrote back by fax and
that it was just AF and nothing was abnormal and something about the T wave. My dose was to be upped again.

By this time | was more or less an invalid. | was in chronic AF. Life had no quality. All | knew was | had to eat
correctly and healthily. It was my only hope to keep myself going. Kept going back to the GP with research on
AF. Somehow or other they managed to convince me | just needed a higher dose of sotalol. Up it went again. |
was now on 160 mg twice daily!! After about a year of sotalol, | went back with something that showed breathing
difficulties to be a side effect. They relented and gave me flecainide. | thought great, as | knew | was vagal and
this might just do it. However my GP and cardio would never accept vagal.

The flecainide worked for a couple of days. My breathing became better and my high level of anxiety abated. But
on the third day | woke up with tremors all over. Light was pulsating in my eyes. | felt better than on sotalol but
did not like my new found really fast heart rate (I had got used to the slower rates on sotalol). It happened to be
the day the doctor brings his surgery to where | live. | went up and he took my pulse. He said he was taking me
through personally to the Health Centre as he did not like what was happening. He told me in the car that my
cardio had told them to keep me on sotalol and not change my meds. | said | would never touch it again and
would not take it. By the time we got there my heart rate had dropped and all it showed was sinus tachycardia of
100 and something. | was over the moon. | was in sinus!

However, the GP told me | had an allergic reaction and had to stop the flecainide. He gave me atenolol. He told
me to go back and see him the following week and they would up my dose of atenolol. He had only put me on 50
mg. However, | had already decided that | was not going to keep taking tablets. On the atenolol my breathing
difficulties came back though not so severe. Also my anxiety level rose again so | took half my dose. When |
went back to see the GP it was his partner on duty. | told him | wanted to stop taking tablets. | asked him if he
could give me atenolol 25 mg with a score down the middle. He tried to talk me out of it, but | was insistent. He
said he shouldn't, but if | insisted | wanted to cut down he would give me a smaller dosage — one with a score
through the middle so my dosage could be better monitored. He then told me about one of the first patients he
had treated with AF who refused to take his meds and he seemed fine. This is the only GP | have a soft spot for
now. All the others had treated me like an anxious girl who could be fobbed off with their medical jargon. And
they got scared as they could never back up their claims and theories with the “trust me I'm the expert” scenarios
as | had been reading and reading. | had learned to trust myself and listen to my body. Only | knew what was
happening. They twisted the way | presented it and even told me | was not suffering anxiety but depression. But
I do know the difference. They wanted to put me on SSRIs. | realised that doctors only looked for easy solutions.
Give it a diagnosis and then some more pills.

On Dec 28, 2001 | stopped taking my meds. | had been additive-free for about a year. About a week later | was
cooking in the kitchen and | realised how happy | was. | was not dizzy or feeling faint. Then | realised my heart
was beating normally. Only twice since then have | had AF. Once after eating chicken with MSG by mistake and
the other time after taking Mg citrate (go figure). | will not touch supplements or any pills now.
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Sometimes | wonder if it is the supplements that keep everyone in AF. Loads of people try diet, but everyone
seems to rely on supplements (apart from Erling who is AF free but does take a couple of supplements).

| eventually got my sleep study through last April after stopping meds and getting rid of my AF and side effects.
Guess what? No, | didn't have narcolepsy either (although | do have the genetic HLA DR7 typing code on two
accounts).

If | come across as anti-doctor it is because of my experience. But | would rather not see one again if | can help
it.

| don't know the real reason why. All | know is that, after 20 years of AF, | am free. And this is not the usual story.
This is how | did it. Since then | have played more with diet as after curing my AF | became aware of reactive
hypoglycemia. And have now got this out of the way too. But of course | have to stick to my diet. But | prefer it
this way as all my health is back. | have cured more than just AF and don’t have fibromyalgia or burning spots,
no headaches, no tremors, no startle reaction, no seizures, no fainting. The only thing | have not cured is low
blood pressure, but | can live with that.

Magnesium & Potassium in Lone Atrial Fibrillation — Part |
by Patrick Chambers, MD

Lone Atrial Fibrillation (LAF) is AF without discernible cardiovascular disease, e.g., without congestive heart
failure, high blood pressure, prior cardiac surgery, rheumatic heart disease, etc. It has been associated with a
number of diseases primarily involving organs other than the heart. These include seemingly widely disparate
disorders such as hyperthyroidism, gastroesophageal reflux disease (GERD), dysautonomia (abnormality of
autonomic nervous system), impaired glucose tolerance, etc. LAF involves a “defective substrate” and is
triggered by an increase in sympathetic tone (adrenergically mediated LAF or AMAF) or an increase in
parasympathetic tone (vagally mediated LAF or VMAF). The disorder is chronic in nature and may occur
intermittently (paroxysmal) or be a constant companion (permanent).

The phrase “defective substrate” has become integral to any discussion of the cause of LAF. Organ candidates
for this “substrate” include the heart, as well as kidney, adrenal gland, pancreas, Gl tract and autonomic nervous
system (ANS). This defect could involve an enzyme, a hormone or receptor site, a membrane pump, channel or
exchanger, to name a few. It could be environmental, genetic or both. Magnesium (Mg) deficiency has emerged
as a significant player in the etiology of LAF. This is not completely unexpected, since some 350 different
enzymes(1) or about 80% of all enzymatic reactions in the body(2) rely on magnesium. Although much has been
written on the role of Mg deficiency in other diseases, little has been devoted to LAF. Much is still unknown, e.g.,
why one individual with Mg deficiency manifests with insulin resistance and another with insulin hypersensitivity,
is not clear. What is clear is that LAF is not caused by a single factor, but by the delicate interplay of many
factors. Some of those due to Mg deficiency follow.

ROLE OF MAGNESIUM

Cell Membranes

One of the most important roles of Mg involves maintenance of the intracellular environment. It does this
primarily by attaching to phospholipids in membranes (both of the cell and its organelles, such as mitochondria,
sarcoplasmic reticulum...) to reduce their permeability and enhance their function (12). It is also a required
cofactor in the various membrane ATP (energy requiring) pumps. The most important of these pumps is the
Na/K pump. Others include Ca/Mg, K/H and Na/H pumps. In addition there are channels (such as Ca and Na)
and exchangers (such as Na-Mg, Na-Ca and Na-H). Neither channels nor exchangers require ATP and are
passive (rely on diffusion). Some of these are also adversely affected by Mg deficiency. For example, Mg is a
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Ca channel blocker and Mg deficiency leads to increased intracellular Ca via channel (and pump) because heart
cells must maintain a Ca gradient of 25,000:1 (difference between extracellular and intracellular
concentrations)(71).

Mg deficiency also results in dysfunction of the Na-Mg exchanger(56), leading to increased intracellular Na via
exchanger (and pump) due to a Na gradient of 13:1(71). If there is insufficient Mg for adequate ATP, then the
primarily extracellular cations sodium (Na) and calcium (Ca) tend to leak into the cells and the primarily
intracellular cations potassium (K) and Mg tend to leak out. However, membrane leakiness in magnesium
deficiency depends less on ATP related activity and more on the membrane stabilizing effects of magnesium
phospholipid complexes(12). This leakiness disrupts proper gradients and cellular function. In addition Mg is an
antioxidant and Mg deficiency allows accelerated free radical damage to cell membranes (lipid peroxidation),
further compromising cellular cation (positive ion) homeostasis(3,24,32,60,61).

Maintenance of proper cationic (Na, K, Ca, Mg) gradients is especially critical for successful muscle contraction
and nerve impulse transmission. In fact the earliest symptoms of magnesium deficiency are neuromuscular
symptoms, e.g., muscle twitching (fasciculations), difficulty sleeping, difficulty swallowing. Accordingly, the list of
disorders associated with Mg deficiency is top heavy with neuromuscular diseases, e.g., asthma (bronchial
smooth muscle), migraines and eclampsia (vascular smooth muscle), leg cramps (skeletal muscle), LAF (cardiac
muscle) and even chronic constipation (Gl smooth muscle).

Mg and K

Like Mg, K inhibits free radical formation(4). In fact, there are a number of parallels between these two cations.
Both are inextricably linked to specific anions (Na for K and Ca for Mg). Hyperkalemia (like hypermagnesemia)
does not typically occur in patients with normal renal function. Aldosterone increases the secretion/excretion of
both K and Mg(5). Successfully replenishing a K deficiency (like a Mg deficiency) in the presence of low
intracellular Mg is difficult and takes months(6). Even in the presence of a normal serum K, reduced dietary K
can be problematic, just as for Mg(4). K and Mg both can reduce high blood pressure(7). Fruits and vegetables
are great sources for both minerals (mother was right). Both because K is so vital to cardiac function and
because Mg is so vital to K utilization(33), any discussion of Mg and LAF is incomplete without inclusion of K.

Absorption and Excretion

In addition to passive diffusion there appears to be an ATP requiring mechanism for Mg absorption from the Gl
tract(8). Similarly, in the kidney in addition to passive diffusion there appears to be an additional active transport
system for the reabsorption of Mg(9,10,12,19). In short, Mg via ATP is required for a portion of its own Gl
absorption and renal reabsorption(19). Likewise Gl absorption of K is decreased and renal reabsorption
decreased, if there is a Mg (and therefore ATP) shortage in Gl and kidney cells respectively(14,19,56). Both
absorption and reabsorption of K (and Mg) worsen with age(11). Some hormones, e.g., glucagon (produced in
the pancreas) and calcitonin, stimulate renal reabsorption of Mg via cyclic AMP (cAMP), which requires the Mg
dependent enzyme adenylate cyclase(90).

MAGNESIUM AND HORMONES

Homeostasis

Neither Mg nor K has good neurohormonal controls for either Gl absorption or renal reabsorption to maintain
proper balance (v parathormone, calcitonin and vitamin D for Ca, aldosterone and atrial natriuretic peptide (ANP)
for Na)(35). However, insulin, parathormone (PTH) and Vitamin D do play a role in Mg homeostasis by
increasing cellular uptake(13). The former is primarily associated with carbohydrates and the latter two with Ca,
a Mg antagonist. A variety of other hormones have been implicated in urinary magnesium wasting. These
include catecholamines, TSH (thyroid-stimulating hormone or thyrotropin), T3 (triiodothyronine), T4 (thyroxine)
and calcitonin (produced in the thyroid gland), glucocorticoids (affect glucose metabolism, especially cortisol)
and mineralocorticoids (affect sodium metabolism, especially aldosterone), ADH (antidiuretic hormone from
pituitary) and angiotensins (liver and lungs)(14,15,20,57). Catecholamines are produced by both the adrenal
medulla (humoral) and sympathetic nerves (neurotransmitter). Corticoids (corticosteroids) are produced by the
adrenal cortex. High dietary sodium and calcium may also result in urinary magnesium wasting(16).
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Insulin

Insulin causes cellular uptake of Mg(12). Magnesium deficiency results in insulin resistance(13) as well as
impaired insulin secretion(17,22,23). Furthermore, the most significant mechanism for urinary magnesium
wasting is probably through glycosuria (glucose in the wurine) secondary to impaired glucose
tolerance(14,21,23,25). Insulin resistance appears to be due to defective tyrosine-kinase activity (requires Mg)
at the insulin receptor level and increased intracellular calcium(18). This resistance mandates release of more
insulin, causing more Mg (and K) to be transported from blood into cells. Intracellular Mg (and K) must then be
maintained against a greater concentration. This gradient is about 40:1 for K and 3:1 for Mg (intracellular v.
extracellular)(71). The concomitant urinary Mg wasting aggravates this further causing both additional
membrane instability (decreased magnesium phospholipid complexes) and pump dysfunction (defective Ca/Mg
ATPase and Na/K ATPase pumps), causing more Mg loss and more insulin resistance (see cAMP/cGMP
discussion below).

Parathormone

The parathyroid gland in response to low serum magnesium or calcium releases PTH. PTH then increases Gl
absorption and renal reabsorption of Mg(12). However, adequate magnesium is required for parathyroid
hormone synthesis and secretion(20). So this also is a kind of a hormonal catch 22 (Mg is required for the
efficacy of one of its regulating hormones) similar to the electrolyte catch 22 (Mg is required for its own cellular
uptake). Mg deficiency also causes end organ PTH resistance (serum Ca does not rise when PTH is increased
in Mg deficient patients)(12,48,55,87).

Vitamin D

Intestinal absorption of magnesium and calcium is enhanced by Vitamin D(52). Mg absorption in Vitamin D
deficiency is decreased(72). In addition serum concentration of 1,25 dihydroxy cholecalciferol (cholecalciferol =
Vitamin D3) is low or low/normal in a magnesium deficient state and does not rise in response to a low calcium
diet. This is because the formation of 1,25 dihydroxy cholecalciferol involves a magnesium dependent
hydroxylase enzyme(12). Magnesium deficiency also results in end organ resistance to vitamin D and its
metabolites(12). This is another hormonal catch 22. Vitamin D increases net absorption of Mg but to a lesser
degree than for Ca (34,35). The subsequently elevated blood Ca may result in greater urinary Mg wasting(12).

Glucagon

Insulin and glucagon (and to a lesser extent catecholamines) counter regulate each other in maintaining glucose
balance. Glucagon causes glycogenolysis (break down of glycogen) and gluconeogenesis (production of
glucose) increasing blood glucose while insulin transports glucose (and K) into the cell decreasing blood
glucose. Magnesium deficiency has been strongly associated with chronic fatigue syndrome (CFS)(106). Some
have suggested that this may be because Mg is required for six of the nine enzymatic steps in glycolysis
(breaking down glucose to produce energy, i.e., the opposite of gluconeogenesis)(91,95). Furthermore, CAMP
via adenylate cyclase, a Mg dependent process, mediates glucagon receptor activity(105). Therefore, in order
to effectively counterbalance insulin glucagon requires Mg.

Aldosterone and ANP

Mention aldosterone and most think renal Na reabsorption and renal K secretion/excretion. Few realize that
aldosterone also causes urinary Mg wasting due to blood volume expansion and consequent greater delivery of
sodium, calcium, and magnesium to the distal renal tubules(14). Magnesium deficiency enhances angiotensin-
induced aldosterone synthesis (RAAS)(47). Indeed, there have been many articles written touting the
antihypertensive qualities of Mg supplementation in those deficient. Magnesium deficiency causes hypertrophy
of the juxtaglomerular apparatus (JGA), located in the kidney(36,37). This releases renin, which ultimately
increases aldosterone, lowering serum Mg (and K). This, of course, again aggravates membrane permeability
and pump function.

Aldosterone levels fluctuate diurnally—highest concentration being at 8 AM, lowest at 11 PM, in parallel to
cortisol and ACTH rhythms(64). These levels increase with age. Aldosterone may be a major contributor to
LAF, predominantly via the resultant increase in the intracellular Na/K ratio. Unfortunately, the deleterious
effects of aldosterone and the RAAS do not end with Na/K. Recent research(41) has shown that the heart and
endothelium both contain receptors for aldosterone and that this mineralocorticoid is responsible for left
ventricular fibrosis, dilatation, and hypertrophy. Spironolactone, a K sparing diuretic, blocks many of the adverse
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effects of aldosterone but has some adverse side effects, including causing development of breasts in males
and irregular menses in females. An exciting new diuretic called eplerenone(39) is similarly K sparing and
cardioprotective, but without the side effects of spironolactone. Evidence has accumulated in recent years
indicating that these K sparing drugs may also exert some Mg-sparing properties(51,52,59).

Atrial natriuretic peptide (ANP) is the hormonal antagonist of aldosterone. It causes renal reabsorption of K and
excretion/secretion of Na. Congestive heart failure (CHF) and atrial fibrillation (AF) stimulate release of ANP
from atrial cells via atrial muscle cell stretching that occurs at such times. ANP is also secreted during
exercise(68). In fact, hypoxia is a potent stimulus for ANP(70). K and ATP (and Mg) mediate the release of
ANP. Many believe that ANP is helpful in terminating episodes of AF by favorably rebalancing the intracellular
Na/K ratio. Itis also a Ca channel blocker(69).
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