
Transcendental Meditation 
and Hypertension
By Alan D. Forker, MD, FACC

MAHARISHI MAHESH YOGI INTRODUCED TRANSCENDENTAL MEDI-
tation (TM) to the Western world about 40 years ago. Derived

from the Vedic tradition of India,1 TM is described as a transcen-
dental consciousness, a fourth state (vs. awake, asleep, and dream-
ing), a silent state of awareness, or restful relaxed alertness. Since
TM’s introduction, it has been estimated that more than five million
TM practitioners worldwide use its standardized form.2

Mind/body medicine practice and research have utilized three
main types of meditation: TM; relaxation response, modeled after
TM by Herb Benson, MD, of Harvard University; and mindfulness
meditation, rooted in ancient Buddhist spiritual practices and intro-
duced by Jon Kabat-Zinn, PhD, of the University of Massachusetts
Medical School.2 Unfortunately for the average reader/explorer, the
best technique for health care outcomes is difficult to determine
from the literature. However, in systemic hypertension, recent work
favors TM.

Mechanism of Action
TM’s exact mechanism of action still is being investigated, but

the model of psychological or mind/body influence is thought to be
through the sympathetic nervous system.3 TM seems to produce a
parasympathetic or vagal dominance with hypometabolism, charac-
terized by decreases in oxygen consumption, heart rate, blood pres-
sure (BP), respiratory rate, and muscle tension. 

EEG studies of TM have reported increased slow alpha-wave
activity with high-voltage theta-wave bursts.4 In addition, increased
phase coherence, or “synchrony,” has been reported. This is a meas-
ure of the degree to which the EEG amplitudes from different scalp
locations are similar. TM can be thought of as inducing a wakeful,
hypometabolic, integrated conscious response.

Clinical Research Evidence
The data can be divided into the pre-Eisenberg (1993) and 

post-Schneider era (1989).
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Pre-Eisenberg Era. Five groups of researchers eval-
uated and summarized the earlier studies,5-9 which
showed a decrease in systolic blood pressure (SBP) of 6-
15 mm Hg and a decrease in diastolic blood pressure
(DBP) of 0-6 mm Hg. But these studies suffered from
many problems including: lack of adequate controls;
return to pre-TM BP levels when TM was discontinued;
lack of long-term follow-up effect; and inadequate base-
line demographic data (still a problem with recent stud-
ies), especially target organ damage, high- vs. low-risk
indicators, and family history.5 Also, TM frequently is
not separated from other behavioral and meditation tech-
niques. In fact, two study summaries have no specific
TM data.7,9

Eisenberg Analysis. Eisenberg et al screened MED-
LINE from 1970 to 1991 and found 857 articles regard-
ing behavioral techniques in hypertension; 26 were
selected as adequate studies, even though technical qual-
ity was below average.9 The study group (1,264 patients:
treatment 723, control 541) had an average BP of 145/93
mm Hg, averaged 49 years of age, and was 65% male.
The subjects were categorized into five treatment
groups: biofeedback (n = 90), meditation (n = 21), relax-
ation (n = 278), stress management (n = 50), or a combi-
nation (n = 284). Only six studies had a credible sham or

placebo intervention. When treatment minus sham blood
pressures were calculated, SBP decreased 6.6 mm Hg
and DBP decreased 4.5 mm Hg on day 1. However, after
day 1, SBP decreased 2.8 mm Hg and DBP decreased
1.3 mm Hg. No single intervention was superior, but
again, specific TM data are lacking.

Based on these analyses, in 1997, The Sixth Report of
the Joint National Committee on Prevention, Detection,
Evaluation, and Treatment of High Blood Pressure (JNC
VI) concluded that the available literature did not sup-
port the use of relaxation therapies for definitive treat-
ment or prevention of hypertension. This conclusion
continued into the year 2000, with publication of the
textbook, Hypertension: A Companion to Brenner &
Rector’s The Kidney, by Oparil and Weber, and the Core
Curriculum for Clinical Hypertension by the American
Society of Hypertension. None of the current expert
opinions/consensus statements include any references
from the Schneider group, data from which follows.

Schneider Era. In the first key publication in the
Schneider era, Alexander et al compared TM (n = 20),
mindfulness training (n = 21), mental relaxation (n =
21), and no treatment (n = 11) in a three-month study of
73 nursing home residents, average age 80.7 years.10 Six
baseline cognitive function tests were obtained; TM
results were best for improved cognitive function. SBPs
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Table 1

Blood pressure reduction

TM PMR EC

SBP -10.9 ± 2.1 -4.9 ± 2.1 -0.2 ± 2.0

DBP -5.6 ± 1.1 -2.5 ± 1.1 +0.8 ± 1.6

Differences between groups

TM - EC PMR - EC TM - PMR

SBP -10.7 ± 2.93 -4.7 ± 2.9 -6.0 ± 3.02

DBP -6.4 ± 1.64 -3.3 ± 1.62 -3.1 ± 1.61

SBP = systolic blood pressure

DBP = diastolic blood pressure

TM = transcendental meditation

PMR = progressive muscle relaxation

EC = educational risk factor control group

1P < 0.05, 2P < 0.025, 3P < 0.0005, 4P < 0.00005

Adapted from: Schneider RH, et al. A randomized controlled

trial of stress reduction for hypertension in older African-

Americans. Hypertension 1995;26:820-827.



at three months were: TM 125.4 mm Hg (P < 0.01),
mindfulness 130.3 mm Hg, and relaxation 145 mm Hg
vs. 135 mm Hg for no treatment. No baseline BPs or
demographics were provided.

Survival rates after 36 months were 100% for TM 
(P < 0.00025), 87.5% for mindfulness, and 65% for
relaxation vs. 77.3% for no treatment. Quality of life
scores clearly favored TM (more relaxed, less boredom,
felt younger and better overall). This is an ideal popula-
tion for future studies, as the elderly grapple with physi-
cal decline and death. A 15-year follow-up is available
for these 73 subjects.11 Mean survival time for all cause
mortality was 9.17 years for TM vs. 7.48 years for all
other groups combined (P < 0.04). Cardiovascular mor-
tality figures were similar: 11.4 years for TM vs. 9.91
years for others (P < 0.05).

Schneider et al randomized 127 older African-Ameri-
cans (mean age 67 years, mean baseline BP 147/92 mm
Hg) to three months of comparative treatment: TM 

(n = 36), progressive muscle relaxation (n = 37), or an
educational risk factor reduction control group (n =
38).12 Only 111 completed the three-month study.
Again, no data were provided regarding etiology, dura-
tion, family history, or target organ damage.

When adjusted for age and baseline BP, TM provided
the best results. (See Table 1.) In this single-blind study,
TM resulted in a decrease in clinic BP of 11/6 mm Hg,
which is similar to the results of drug treatment trials.
The effect of TM in African-American females 
(-13.4/-6.6 mm Hg) was greater than that observed in
African-American males (-7.9/-4.3 mm Hg), but the
females were older and heavier, and had higher baseline
SBP (150 mm Hg vs. 143.5 mm Hg).13

Comparative Summary of Meditation 
Techniques

Orme-Johnson and Walton published a recent qualita-
tive review of 175 studies comparing stress reduction
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Cardiovascular Implications of TM

HYPERTENSION IS NOT JUST A NUMBER, BUT AN ESSENTIAL

component of a broader cardiovascular risk, i.e., ather-
osclerosis. As the Dean Ornish program shows,1 decreasing
the impact of coronary artery disease morbidity and mortal-
ity is multifactorial (including a very low-fat diet, weight
reduction, exercise, social support, and meditation/prayer)
and unlikely is achieved solely by decreasing blood pressure
(BP). The most important individual lifestyle modification
technique is unknown.

Zamarra et al compared transcendental meditation (TM)
in 10 patients with angiographically documented coronary
artery disease for an average of 7.6 months to six controls
with coronary artery disease at the Buffalo, NY, Veterans
Administration Hospital.2 Utilizing a single-blind, upright-
bicycle exercise test, TM increased exercise duration 
(P = 0.013) and maximum workload (P = 0.004), as well as
time to onset of ST depression (P = 0.03). No baseline BPs
were provided. Although TM was not among the stress
reduction techniques used by Blumenthal et al, 102 patients
with coronary artery disease were treated for 37 months
and showed improvement, i.e., less ischemia, in the absence
of a BP effect.3

Castillo-Richmond et al studied 138 male and female
African-Americans from Los Angeles with high-normal to
Stage II hypertension (160-179/100-109 mm Hg) for an aver-
age of 6.8 months; they compared TM to risk factor reduc-
tion education.4 Sixty subjects completed pre/post beta-
mode carotid ultrasound for intimal-medial thickness (IMT).
Average baseline BPs ranged from 145/83 mm Hg (TM, 

n = 31) to 150/88 mm Hg (education, n = 29). Adjusted
mean change in IMT was -0.098 mm Hg for TM vs. 0.05 mm
Hg for education (P = 0.038). Decreases in systolic BP and
diastolic BP were similar in both groups, i.e., -7.8/-3.5 mm
Hg for TM vs. -6.7/-5.9 mm Hg for education.

The NIH National Center for Complementary and Alter-
native Medicine (NCCAM) recently awarded an $8 million
grant to Schneider and the College of Maharishi Vedic Medi-
cine in Fairfield, Iowa, for the establishment of a Center for
Natural Medicine and Prevention. According to R. Schneider
(written communication, April 2001), this center, one of
nine NCCAM-supported centers, will focus on treatment
and prevention of cardiovascular disease in African-Ameri-
cans and other high-risk groups. Four institutions will collab-
orate with the center: the University of Iowa, Morehouse
School of Medicine, Charles R. Drew University, and
Cedars-Sinai Medical Center.   ❖
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techniques.14 In addition, other researchers have pub-
lished quantitative meta-analyses of studies of hyperten-
sion (n = 26), anxiety (n = 146),15 overall mental health
(n = 42),16 and substance abuse (n = 198).17 TM provid-
ed the best results in each group.

Procedure for TM
The introductory TM training course is taught in

seven steps, usually over four to five days, and costs
$1,200. The training includes small group and/or private
instruction and the introduction of one’s mantra, a word
that helps the practitioner release the past and establish
awareness of the present.

Ideally, TM is done in a quiet area. The practitioner
sits comfortably with his eyes closed and obtains relaxed
awareness by focusing on the mantra. This focus allows
the practitioner to let go of surface chatter or stimuli, and
listen to his or her inner voice or true self. Twice daily
meditation for 20 minutes is recommended. For addi-
tional information or to locate a training center, contact
the Maharishi Vedic Education Development Corp. at
http://www.tm.org.

Cost Analysis of TM
Some preliminary data are available for health care

utilization and cost-effectiveness of TM.18,19 Orme-
Johnson reported a decrease of 87% in heart disease-
related hospital admissions among 2,000 TM practition-
ers.18 Herron et al created a projected, simulated cost
analysis (not actual cost analysis) over 20 years of
patients ages 35-64 years without coronary artery dis-
ease.19 They compared hydrochlorothiazide, propra-
nolol, nifedipine, prazosin, and captopril to TM (utiliz-
ing only the initial course fee of $1,200 for TM cost).
Average treatment cost per year for TM was $286 vs.
$375 for hydrochlorothiazide, $937 for captopril, and
$1,051 for propranolol. A mild reduction in BP from the
practice of TM was estimated to be comparable to the
effect of the drugs.

Conclusion
Although the literature reveals only a handful of high-

quality, randomized controlled trials in TM, other fac-
tors should be mentioned: There is impressive anecdotal
evidence for TM; TM lacks side effects; and TM proba-
bly is cost-effective.

TM is one of the meditation/behavior modification
choices supported by an increasing database of litera-
ture. However, more data are needed to determine which
mind/body technique is best and most cost-effective.
The Schneider-era data are provocative and favorable for
TM at this point.

Recommendation
I recommend TM for labile borderline or mild sus-

tained hypertension. TM is a reasonable approach in a
motivated patient who can afford the initial $1,200 cost.
I encourage patients to combine TM with other lifestyle
modifications, especially smoking cessation, weight
loss, exercise, social support, and faith/prayer (for the
appropriate patient), as in the Ornish program for coro-
nary artery disease reversal.

As an adjunct to medical treatment for moderate-to-
severe hypertension, I would consider TM in the right
patient. How do you identify that patient? Not by labora-
tory acute reactivity testing,6 but by listening to the
patient and observing psychological distress,20 especial-
ly anxiety and depression.3 Such a patient may benefit
most from a six-month TM trial.   ❖

Dr. Forker is Professor of Medicine, University of Mis-
souri-Kansas City School of Medicine and Clinician-
Educator at Mid America Heart Institute of St. Luke’s
Hospital in Kansas City.
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Glutamine for Preventing
URI in Athletes
By Dónal P. O’Mathúna, PhD

ATHLETES HAVE BECOME VERY INTERESTED IN GLUTA-
mine supplementation to intensify their training

regimens and improve performances. Glutamine is
involved in numerous metabolic functions and currently
is used in the alimentation of some critically ill patients
under severe metabolic stress. Intense, endurance exer-
cise elicits some of the same metabolic reactions that
occur in critically ill patients. 

In theory, glutamine supplementation would be
expected to benefit athletes by preventing immunosup-
pression, reducing muscle breakdown, and providing
additional fuel for gluconeogenesis. Good data suggest
that glutamine supplementation may reduce the inci-
dence of upper respiratory tract infection (URI), espe-
cially after exercise.

Athletes’ URI Incidence 
People who exercise moderately and regularly have

fewer URIs than sedentary people.1 However, athletes
who engage in intense, prolonged exercise, such as
marathons or triathlons, or who train excessively and
become overtrained, have a much higher incidence of
infections.2 For example, 13% of athletes who complet-
ed the 1987 Los Angeles marathon had infectious ill-
nesses the week after the race compared to 2.2% of ath-
letes with similar training regimens who did not com-
pete that day.3 The risk of infection increases when run-
ners exceed 60 miles/wk, and also has been observed in
dancers and military personnel after intensive training.4

Some studies have found that about half of those who
participated in prolonged endurance events had a URI in
the following week.5

Hypothesis
Several studies on athletes’ blood collected immedi-

ately after intense endurance events have shown
impaired immune activity, lowered immune cell counts,
and lowered plasma glutamine concentration.6 Because
glutamine acts as substrate for lymphocytes and
macrophages,1 and because glutamine supplementation
in critically ill patients has been shown to reduce infec-
tions and speed recovery,7 the “glutamine hypothesis”
has been generated. The hypothesis proposes that the
documented higher incidence of URIs after intense, pro-
longed exercise in athletes is the result of impaired
immune function caused by lower than normal plasma
glutamine levels. 

Pharmacology
Glutamine is a nonessential amino acid, readily syn-

thesized in the human body. It is the most abundant
amino acid in humans, and its largest stores are found in
skeletal muscle. Some describe glutamine as a “condi-
tionally essential” amino acid. That is, under certain
conditions of metabolic stress, the human body is unable
to synthesize sufficient glutamine endogenously, requir-
ing the provision of supplemental glutamine.8

The cells of the intestinal tract utilize large propor-
tions of orally ingested glutamine; most of the glutamine
required by other cells is synthesized in skeletal
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muscle.2 Adequate glutamine levels are important to
maintain skeletal muscle mass and promote protein syn-
thesis during healing. When broken down, protein in
skeletal muscle releases glutamine.8 Glutamine also pro-
vides a number of metabolites, which are active during
the immune response and are needed during DNA and
RNA synthesis.4

Pathophysiology and Mechanism of Action
Plasma glutamine levels change rapidly, declining

when the body enters catabolic conditions such as after
major surgery, trauma, sepsis, and burns.2 Glutamine
often is included in the total parenteral nutrition (TPN)
that patients with these conditions may require.7

Glutamine must be available in the bloodstream at a
fairly constant level for the cells of the immune system to
respond adequately to stress or infections.4 Prolonged
exercise and overtraining lead to lower plasma glutamine
levels. Lower plasma glutamine levels stimulate further
breakdown of skeletal muscle in an attempt to restore ade-
quate plasma glutamine levels. Thus, for athletes, gluta-
mine supplementation is believed to have muscle-sparing
effects and to prevent suppression of the immune system.8

However, glutamine’s impact on athletic performance
may be more complicated. Prolonged exercise can
induce circulatory acidosis, and the kidneys use gluta-
mine to buffer hydrogen ions. Glutamine also may be
extracted from the plasma by the liver to make glucose
(via gluconeogenesis). When athletes consume insuffi-
cient carbohydrate they enter acidosis more rapidly and
their glutamine levels are reduced, perhaps contributing
to their increased susceptibility to infections.9 Therefore,
adequate intake of carbohydrate along with glutamine
supplementation may also be significant in performance
enhancement for endurance exercise. 

Clinical Studies
All the studies found examined the impact of gluta-

mine on immunosuppression in athletes. The results of
eight separate, small studies, conducted by the same
research team, have been summarized in two reports.1,5

Overall, 151 athletes consumed a drink containing either
glutamine or placebo immediately after a marathon or
ultra-marathon. They drank an equal volume of the same
liquid two hours later, receiving a total dose of 5 g gluta-
mine or placebo. The incidence of URIs in the week fol-
lowing the race was statistically different (P < 0.001)
between the glutamine group (19.2%) and the placebo
group (51.2 %).

The same research team conducted a study of 18 male
runners in the 1993 Brussels Marathon.10 The runners
were randomly assigned to consume a glutamine or

placebo drink one and two hours after the race. Each test
drink contained 5 g glutamine in 330 mL of water.
Immune cell counts (natural killer cells, T-helper cells,
and T-suppressor cells) were determined from blood
drawn prior to the marathon and 15 minutes, 1 hour, and
16 hours after the race. No statistically significant differ-
ences in immune cell counts were observed between the
glutamine and placebo groups. Incidence of URIs was
not measured.

A study of 24 elite swimmers examined plasma gluta-
mine levels during four weeks of intensive exercise dur-
ing which eight swimmers exhibited symptoms of over-
training syndrome.11 The overtrained swimmers had sig-
nificantly lower plasma glutamine levels than the other
swimmers (P < 0.025), but only at the midpoint of the
study period. Ten swimmers developed URIs during the
study, but their plasma glutamine levels were not signifi-
cantly different from those who did not develop URIs.

Eight healthy males rode an exercise bike for three
bouts, resting for two hours between each exercise ses-
sion.6 In the randomized, crossover study, all subjects
repeated the protocol twice, one month apart. Each sub-
ject took nine doses of glutamine or placebo dissolved in
carbohydrate-free lemonade (100 mg/kg body weight).
The supplement was taken during each exercise bout, 30
minutes before the bout ended, at the end, and 30 min-
utes after it ended. The plasma glutamine levels declined
from 508 micromolar before exercise to 402 micromolar
two hours after exercise in the placebo group, while the
levels in the glutamine group remained unchanged.
However, the two groups showed no significant differ-
ences between the amount or activity of lymphokine-
activated killer cells or lymphocytes. 

Similar results were obtained with 16 competitors in
the 1996 Copenhagen Marathon.12 At 0, 30, 60, and 90
minutes after the race, runners were given glutamine (100
mg/kg) or placebo. In the placebo group, plasma gluta-
mine levels declined from 647 micromolar before the
race to 470 micromolar afterward. Post-race levels in the
glutamine group were the same as pre-race levels. The
amount or activity of lymphokine-activated killer cells or
lymphocytes did not differ between the two groups.

Adverse Effects
No adverse effects or drug interactions have been

reported with trauma patients given more than 25 g/d
glutamine.

Formulation
In most clinical studies, between 5 and 10 g L-gluta-

mine was given either during and/or within two hours of
prolonged exercise or an endurance competition. 
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Glutamine is available as a powder, but in water is unsta-
ble and not very soluble. For consumption, each gram of
glutamine is dissolved in at least 20 ml water or flavored
drink. Several glutamine peptides were developed for
TPN and are more soluble and stable in water.13 Both
formulations are available for athletes in capsules and
powders as dietary supplements.

Conclusion
Glutamine supplementation theoretically is justified

to counteract the metabolic stresses of intense,
endurance exercise. The evidence suggests that oral sup-
plementation may decrease the incidence of URIs and
therefore allow athletes to return to intense training
more rapidly. Not all studies have confirmed this conclu-
sion, although the studies finding no beneficial effects
generally have been conducted after shorter bouts of
exercise. Although other benefits of taking glutamine are
possible, even less research is available in those areas
than the small number of studies available regarding
immunosuppression. No studies have examined whether
supplementation improves athletic performance. No
research has examined whether chronic supplementation
with glutamine has any benefits or dangers.

Recommendation
Athletes and others who engage in prolonged strenu-

ous exercise (such as hikers, marathon and ultra-
marathon runners, triathletes, dancers, and those under-
going military exercises) may benefit from taking 5-10 g
glutamine immediately after completing training to
reduce the possibility of URIs. Endurance athletes who
present with overtraining symptoms (excessive fatigue,
unexpectedly poor performances) also may benefit from
a trial period of glutamine to reduce the possibility of
URIs, along with a reduced training load.14 ❖

Dr. O’Mathúna is Professor of Bioethics and Chemistry
at Mount Carmel College of Nursing in Columbus, OH.
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Spirulina (Blue-Green Algae)
as an Antiviral, Antineoplastic,
and Anti-inflammatory Agent
By Robert J. Nardino, MD, FACP

IS IT POSSIBLE TO EAT POND SCUM AND FEEL BETTER? A

rich source of protein, carotenoids, and other micronu-
trients, blue-green algae products have been consumed
by man for hundreds, if not thousands, of years. Current
interest in blue-green algae, the best known of which is
spirulina, began with reports of its nutritional value and
more recently reflects its potential therapeutic role.
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Spirulina and other chlorophyll-containing products
also are known as green foods with many health effects,
ranging from fostering increased energy and improved
mood to curing virtually every known disease. Spirulina
in particular is aggressively marketed. Are there any
supporting data?

Biology
As it turns out, blue-green algae are not really algae,

but a subgroup of photosynthetic bacteria known as
cyanobacteria. Found in a variety of aqueous environ-
ments, cyanobacteria inhabit places as diverse as fresh-
water lakes, brackish marshes, and thermal hot springs.

Cyanobacteria are the only organisms able to fix both
carbon dioxide and nitrogen. Products sold for commer-
cial consumption as blue-green algae contain predomi-
nantly Spirulina species, particularly S. maxima and S.
platensis, as well as non-Spirulina species such as Apha-
nizomenon flos-aquae. Much of the commercial blue-
green algae is grown under controlled conditions,
although some, especially Aphanizomenon, are harvest-
ed from their natural setting.

Nutritional Information
Spirulina consists of approximately 65% crude pro-

tein. A rich source of beta-carotene, spirulina is touted as
having high concentrations of B vitamins, particularly
B

12
; it is marketed to vegans as a reliable source of this

vitamin. The B
12

it contains, however, appears to be pre-
dominantly cobalamin analogues that are not bioavail-
able to humans. In one study of B

12
-deficient children,

serum B
12

levels rose after the kids were fed spirulina,
but there was no effect on hematopoiesis.1 A recent
analysis found the majority of the vitamin B

12
concen-

tration in spirulina, as measured by two different assays,
to be inactive. However, a small fraction was able to
bind intrinsic factor. This minute active fraction was
characterized to be 83% pseudovitamin B

12
and 17%

cobalamin.2 Therefore, there may be a small amount of
active B

12
available in spirulina. Iron and other minerals

are abundant, with as much as 1.5-2 mg of iron available
in 10 g of dry spirulina. There also is a significant con-
centration of the amino acid phenylalanine.

In Vitro and Animal Studies
Some Cyanobacteria species appear to have anti-

retroviral activity. Most studies have used in vitro sys-
tems to examine this effect, but animal studies also have
found evidence of activity. Most studies have utilized
cyanobacteria distinct from those that are used commer-
cially.3,4 The main effect appears to be inhibition of
reverse transcriptase by sulfated homopolysaccharides

extracted from cyanobacteria. 
One well-publicized laboratory study employed Spir-

ulina platensis. An extract from this spirulina, called
cyanovirin-N, inhibited HIV infection of peripheral
blood mononuclear cells in vitro.5 The results of this
study figure prominently on the web sites of many dis-
tributors, though the clinical implications of this finding
have yet to be determined. 

In vitro studies also have identified components iso-
lated from cyanobacteria capable of exerting antioxidant
and anti-inflammatory effects, and have demonstrated
the ability to overcome multiple drug resistance in tumor
cells.6,7 Extracts from Oscillatoria and Synechocystis
species, but not Aphanizomenon, showed in vitro evi-
dence of immunosuppression—specifically inactivation
of lymphocytes.8 A recent study from McGill University
looked at the effects of Aphanizomenon on natural killer
cell activity in 21 healthy volunteers and showed that
there was an increase in migration of these cells into tis-
sue, suggesting an immunostimulating effect.9 Still other
species, distinct from those that are marketed, were
found to have compounds with antiviral and antifungal
properties.10,11

Marketers of Super Blue Green Algae™, a product
that contains Aphanizomenon flos-aquae, claim choles-
terol reductions of as much as 75%. Reference is made
to an animal study from Massachusetts General Hospi-
tal, which turns out to be a rat study showing that a diet
supplemented with Aphanizomenon flos-aquae was
more effective in lowering triglycerides and total choles-
terol than a diet supplemented with soybean oil.12

Clinical Studies
Of the two human studies, both available in abstract

only, one was performed in Japan looking at the effect of
spirulina on cholesterol levels. Thirty hypercholes-
terolemic men were divided in two groups.13 The first
group was given 4.2 g/d spirulina for eight weeks; at
four weeks, average total serum cholesterol in this group
dropped from 244 mg/dL to 233 mg/dL (4.5%). The sec-
ond group received spirulina in the same dose for four
weeks, then stopped. They had a similar decrease in total
cholesterol, with a return to baseline at the end of eight
weeks. The diet is described as being unchanged
throughout the study. 

The second study was performed in India. Spirulina
fusiformis was studied for its ability to prevent premalig-
nant lesions in tobacco chewers.14 Spirulina was given in
a dose of 1 g/d for 12 months. Regression of oral 
leukoplakia was seen in 20 of 44 patients ingesting spir-
ulina (45%) compared to three of 43 in the placebo
group (7%). Within one year of discontinuing spirulina
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supplementation, recurrent lesions were seen in half of
the initial responders. 

Adverse Effects
Some cyanobacteria are capable of producing micro-

cystins, which have a number of adverse health effects,
including the promotion of hepatocellular carcinoma.
Deaths in animals due to “algal blooms” have been rec-
ognized for decades, but it is only recently that human
toxicity has been noted. A number of outbreaks related
to contaminated sources of potable water have been
identified. 

The most lethal contamination evidenced microcystin
poisoning and contamination of a hemodialysis system
in Brazil. All 126 patients in the dialysis unit, which
drew water from a fresh-water lake, developed acute
neurotoxicity and hepatitis ranging from mild transami-
nase elevation to fulminant hepatic failure, ultimately
resulting in the death of 60 patients.15

A second contamination was documented by the Ore-
gon Health Division, which found that Aphanizomenon
flos-aquae, harvested from Upper Klamath Lake, was
frequently contaminated by Microcystis aeruginosa, an
active producer of microcystins. In 1996, 63% of blue-
green algae products tested by the Oregon Department
of Agriculture had greater than the established limit of
microcystins.16

There is some evidence that milder, microcystin-
related symptoms of nausea, vomiting, and paresthesia
occur more frequently than mass contamination. Sales
representatives may indeed tell consumers that this is
part of the “detoxification” process.17

Cyanobacteria can act as a reservoir for cholera.18

Contamination with heavy metals and radioactive ions
have also been reported.

One Mexican study found that spirulina demonstrated
no teratogenicity in rats fed varying amounts.19

Drug Interactions
There have not been any drug interactions with spir-

ulina described in the literature. Theoretically, the
phenylalanine content can exacerbate phenylketonuria.

Formulation
Marketers recommend doses in the 3-5 g/d range,

generally taken before meals, as a tablet or as a powder
mixed with juice. Unpleasant taste—often described as
foul, seaweed-like, and unpalatable—is a limiting factor
in the amount consumed.

Conclusion
Preliminary data suggest that cyanobacteria, including

both commonly marketed Spirulina species and Aphani-
zomenon flos-aquae, contain compounds that may have
beneficial health effects. It also is clear, however, that in
vitro evidence from other Cyanobacteria species has
been “extrapolated” to the marketed species. 

Overall, evidence of beneficial effects in humans is
lacking; what little there is falls well short of supporting
the claims of the algae marketers. In addition, although
blue-green algae certainly are rich in protein, there is
nothing about the protein content that is superior to that
found in meat, soy, beans, or dairy, and the cost is signif-
icantly greater. There also is some doubt as to spirulina’s
ability to provide vitamin B

12
that is bioavailable. Final-

ly, non-Spirulina species present a significant health
hazard of contamination by potentially neurotoxic
microcystins.

Recommendation
Blue-green algae currently are not recommended for

any indication. The evidence suggests awaiting further
research concerning the antiviral, antineoplastic, and anti-
inflammatory properties of blue-green algae. As a nutri-
tional supplement, these products are very expensive;
there are much more cost-effective ways to get the same
nutrients. For those who still want to try blue-green algae,
spirulina products appear to be safer than non-spirulina
products (e.g., Aphanizomenon flos-aquae or “super blue-
green algae”), which are grown in natural settings and
potentially are contaminated with microcystins. Non-
spirulina products are not recommended and should be
discouraged.   ❖

Dr. Nardino is Program Director, Internal Medicine Res-
idency, Hospital of San Raphael, New Haven, CT, and
Assistant Clinical Professor of Medicine, Yale University
School of Medicine.
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CME Questions

25. Transcendental meditation now is considered a reasonable
therapeutic approach in the Core Curriculum for Clinical
Hypertension by the strongly evidence-based American Society
of Hypertension. 

a. True

b. False

26. Similar to weight loss, exercise, and sodium restriction, tran-
scendental meditation probably can lower systolic blood pres-
sure 5-10 mm Hg. 

a. True

b. False

27. Glutamine’s description as a “conditionally essential” amino
acid means that:

a. its status as an amino acid is questionable.

b. supplementation may be necessary under certain metabolic 
conditions.

c. it is a nonessential amino acid in certain species.

d. None of the above

28. Of the available evidence, most points to glutamine having a
role in helping athletes:

a. perform better in competition.

b. develop greater speed and strength.

c. reduce the number of infections after endurance competition.

d. develop better endurance.

29. Blue-green algae are rich sources of:

a. protein.

b. beta-carotene.

c. iron.

d. All of the above

30. Cyanovirin-N, an extract from spirulina, has been shown to
inhibit:

a. Aphanizomenon flos-aquae.

b. free radicals.

c. HIV entry into cells.

d. All of the above

31. From clinical trials, spirulina has been shown to:

a. prevent HIV infection.

b. reduce premalignant oral lesions.

c. add muscle mass.

d. kill dialysis patients.

70 June 2001

Free to Alternative Medicine Alert subscribers: Additional information and
resources on complementary and alternative medicine. Go to www.altmednet.com

for free registration information, or call customer service at (800) 688-2421.



Calcium Absorption
and Chocolate

Source: Shahkhalili Y, et al. Calcium sup-
plementation of chocolate: Effect on cocoa
butter digestibility and blood lipids in
humans. Am J Clin Nutr 2001;73:246-252.

THE DIGESTIBILITY OF COCOA BUTTER

was reported in animal but not
human studies to be low (60-70% and
89-94%, respectively). These differ-
ences could be due to the much higher
ratio of calcium (Ca) to fat (by weight)
in the diet of rats (0.04-0.18) than in that
of humans (0.01). We investigated
whether supplementation of chocolate
with 0.9% Ca (by weight), as an integral
part of a Western diet, reduces absorp-
tion of cocoa butter and hence the
digestible energy value of chocolate.
We also assessed the effect of Ca sup-
plementation on the blood lipid profile.
Ten men were fed control diets contain-
ing 98-101 g/d chocolate with or with-
out a 0.9% Ca supplement (0.9 g Ca/d)
for two periods of two weeks each. The
study was conducted using a random-
ized, double-blind, crossover design
under free-living conditions but with
strict control of food intake. We found
that Ca supplementation of chocolate
increased fecal fat twofold (from 4.4 g/d
to 8.4 g/d; P < 0.0001) and reduced the
absorption of cocoa butter by 13.0%.
This was due mainly to an increase in
the excretion of palmitic and stearic
acids (3.4 g/d), which reduced the
absorbable energy value of the choco-
late by approximately 9%. This supple-
mentation also reduced plasma LDL
cholesterol by 15% (P < 0.02); HDL
cholesterol was unchanged. We con-
clude that Ca supplementation can be
used as a means of reducing the
absorbable energy value of chocolate.
Supplementation with 2.25% CaCO3
had no effect on the taste of chocolate,
was well tolerated by the subjects, and
reduced LDL cholesterol in a short-term
study.

■■ COMMENT
Can chocolate really be good for

you? Can taking calcium with your
chocolate reduce the number of calories
in each morsel? Apparently so.

Though desserts are generally no
place to look for nutrition, chocolate has
many redeeming factors in small
amounts—really small amounts.

There are three types of chocolate for
these purposes: dark, milk, and white.
Dark chocolate has the most cacao bean;
white chocolate usually has none. Milk
chocolate is dark chocolate plus sugar,
cream or milk, and often, hydrogenated
vegetable oil. White chocolate does not
contain cacao normally and is primarily
or all hydrogenated vegetable oil, just
like Crisco and most stick margarine.

Dark chocolate has the most proan-
thocyanidins, which are flavonoids that
function as antioxidants and as pig-
ments. Proanthocyanidins are also
found in other high-flavonoid foods:
cranberries, onions, grapes, and other
berries. The compounds also appear to
reduce LDL oxidation and act synergis-
tically with stronger antioxidants,
including vitamins C and E.

This study was sponsored by Nestlé
in Switzerland, and indeed, most choco-
late research is industry-funded (as most
pharmaceutical research is industry-
funded). Still, on the basis of this study,
I have begun swallowing a 500 mg
tablet of calcium carbonate together
with the savored morsels of 70% cacao
dark chocolate I buy regularly, one little
chip at a time. No weight loss yet, but I
like knowing that there could be. And of
course, I love the flavor, texture, and
taste.

Recommendation
For your patients who love choco-

late, and want to reduce its caloric
value, supplemental calcium may actu-
ally work, including the calcium-con-
taining chocolate chews commercially
available for about 10 calories each.
One ounce of chocolate is small, so
savor it.   ❖

Vitamin E and Serum
Hormone Levels

Source: Hartman TJ, et al. Effects of long-
term alpha-tocopherol supplementation on
serum hormones in older men. Prostate
2001;46:33-4638.

IT IS KNOWN THAT ALPHA-TOCOPHEROL

supplementation significantly reduced
the risk of prostate cancer in the Alpha-
Tocopherol Beta-Carotene Cancer Pre-
vention (ATBC) Study, and that sex hor-
mones are thought to be involved in the
etiology of prostate cancer. We exam-
ined whether long-term supplementation
with alpha-tocopherol modified serum
hormone levels. 

Men who were cancer-free, con-
sumed 90% of the study capsules, and
had both baseline and follow-up blood
available were eligible for the study.
One hundred men who received alpha-
tocopherol were matched by age, study
center, and length of time between
blood draws to 100 men who received
placebo. Multivariate linear regression
models, which allowed for a separate
intercept for each matched pair, were
used to evaluate the effect of alpha-
tocopherol supplementation on follow-
up hormone concentrations. 

Compared to men who received
placebo, we found significantly lower
serum androstenedione (P = 0.04) and
testosterone (P = 0.04) concentrations
among men who received alpha-toco-
pherol, after controlling for baseline
hormone level, follow-up serum choles-
terol concentration, body mass index,
smoking, and fasting time. Geometric
mean (95% confidence interval [CI])
androstenedione concentration among
men who received alpha-tocopherol was
145 ng/dl (CI 137-153 ng/dl) after
adjusting for covariates, compared to
158 ng/dl (CI 148-167 ng/dl) among
men who received placebo. Mean
testosterone concentrations for men
who received alpha-tocopherol and
placebo were 539 ng/dl (CI 517-562
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ng/dl) and 573 ng/dl (CI 549-598 ng/dl),
respectively. 

These results suggest that long-term
alpha-tocopherol supplementation de-
creases serum androgen concentrations,
and could have been one of the factors
contributing to the observed reduction
in incidence and mortality of prostate
cancer in the alpha-tocopherol treatment
group of the ATBC Study.

■■ COMMENT
Funded by the National Cancer Insti-

tute and the National Institutes of
Health, this study adds fuel to the fat-
soluble fire surrounding vitamin E. It is
the supplement that is most closely
associated with efficacy in prostate can-
cer, excepting PC-SPES (a mixture of
eight herbs that causes estrogen-like
adverse effects and PSA responses in
patients with both androgen-dependent
and refractory cancer). And these data,
though few, support vitamin E use.

What is the mechanism? It is all
hypothesis; synthesis, release, or destruc-
tion of androgen is somehow affected.

What is the downside of vitamin E
use? Barrette reports: “In the ATBC
study more episodes of hemorrhagic
stroke were seen in those taking alpha-
tocopherol than those not taking alpha-
tocopherol.... (and) the incidence and
mortality of subarachnoid hemorrhage
were higher in the alpha-tocopherol sub-
jects. However, the absolute rates were
very low, e.g., 28 subarachnoid hemor-
rhage deaths in 14,238 taking alpha-toco-
pherol vs. 10 in 14,281 controls. Alpha-
tocopherol also decreased the overall risk
of the much more common cerebral
infarction by 14% (95% CI, -25% to 
-1%; P = 0.03) and did not affect rates of
intracerebral hemorrhage.” (See Alterna-
tive Medicine Alert, Jan. 2001, pp. 1-5.)

In the Health Professionals’ Follow-
up Study, a prospective cohort study of
more than 40,000 men ages 40-75 fol-
lowed for eight years, vitamin E intake
and supplementation did not significant-
ly affect hemorrhagic, ischemic, or total
stroke rate.

Recommendation
Whether the benefit of vitamin E is

limited to smokers is still up for debate.
But with this writing, most men with
prostate cancer can reasonably judge the
benefit of the vitamin, 100 IU/d, to out-
weigh the risks.   ❖

Carbonated Drinks
and Bone Fractures

Source: Wyshak G. Teenaged girls, carbon-
ated beverage consumption, and bone frac-
tures. Arch Pediatr Adolesc Med 2000;154:
610-613.

TO DETERMINE THE POSSIBLE ASSOCIA-
tion between carbonated beverage

consumption and bone fractures among
teenaged girls we conducted a cross-
sectional (retrospective) study in an
urban high school. 

Four hundred sixty 9th- and 10th-
grade girls participated in this study by
completing a self-administered ques-
tionnaire relating to their physical activ-
ities and personal and behavioral prac-
tices. The school system and the Har-
vard School of Public Health Institu-
tional Review Board approved the
study. The girls’ self-reports on physical
activity, carbonated beverage consump-
tion, and bone fractures were analyzed.

In the total sample, carbonated bev-
erage consumption and bone fractures
are associated: odds ratio (OR) = 3.14
(95% confidence interval [CI], 1.45,
6.78), P = 0.004. Among physically
active girls, the cola beverages are high-
ly associated with bone fractures: OR =
4.94 (95% CI, 1.79, 13.62), P = 0.002.

The results confirm previous find-
ings, but the mechanism by which cola
drinks are associated with bone fractures
in physically active girls has neither
been fully explored nor determined.
Nevertheless, national concern and
alarm about the health impact of carbon-
ated beverage consumption on teenaged
girls is supported by the findings of 
this study. The results have policy 

implications for improving the dietary
practices and health of children.

■■ COMMENT
Published amidst the hubbub of the

holiday season late last year, this study’s
relevance surfaces just in time for sum-
mer. The National Soft Drink Associa-
tion didn’t like it one bit—and a subse-
quent letter to the editor faults Wyshak’s
methods, results, and conclusions. 

Harvard School of Public Health
author and researcher Wyshak didn’t
back down. She writes: “Calcium and
calcium supplementation have been
found to increase bone mineral density.
Osteoporotic fractures may be affected by
diet and activity among young women.
Adolescence could be a critical period for
bone mass formation; adolescent females
at the time of puberty may be the optimal
population for early prevention of osteo-
porosis with calcium intake.”

It’s hard to take issue with such care-
fully collected data and confirmation of
earlier findings. Indeed these self-
administered questionnaires—with
internal consistency and face validity—
can only give associative data. It can’t
be stated that cola drinks cause fractures
in active teenaged girls. 

But it can be stated that most colas
contain 11 teaspoons of sugar per 12
ounce can. And that other than calories
from sugar, colas contain virtually no
nutrients. Carbonated beverages deplete
calcium from bones, and can cause
hypocalcemia, actually resulting in
reported tetany. Whether the mecha-
nism lies in the phosphoric acid, caf-
feine content, displacement of other
nutrients, or the excess simple sugar in
the soda, no one knows. What we do
know is that colas are not good food,
and that they are bad medicine. 

Recommendation
To quench thirst, drink water, not

soda. Discourage teenaged girls from
drinking soda—it provides only empty
calories and is associated with increased
fracture risk.   ❖
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Magnesium

ARELATIVELY RARE DISORDER THAT MAY BE CAUSED BY CHRONIC DIARRHEA, CHRONIC VOMIT-
ing, hyperaldosteronism, and celiac disease, hypomagnesemia only occurs in about 2%

of the general population. However, incidence rates jump to 10-20% in hospitalized patients
and 50-60% in intensive care unit patients. Increased rates also are found among alcoholics
(30-80%) and diabetics (25%).

Dietary Reference Intakes (DRI)
30 mg/d for children 0-6 mo 360 mg/d for girls 14-18 y
75 mg/d for children 7 mo-1 y 400 mg/d for men 19-30 y 
80 mg/d for children 1-3 y 310 mg/d for women 19-30 y
130 mg/d for children 4-8 y 420 mg/d for men 30 y and older
240 mg/d for children 9-13 y 320 mg/d for women 30 y and older
410 mg/d for boys 14-18 y

Food Sources
Dietary sources of magnesium include leafy green vegetables, nuts, whole grains, dried peas
and beans, dairy products, fish, meat, and poultry.

Mechanism of Action
• Magnesium is the second most plentiful cation in the intracellular fluid and the most plenti-

ful cation in the body.
• As much as 50% of the magnesium in the body is found in bone.
• Magnesium plays an essential role in more than 300 fundamental cellular reactions and is

important to normal bone structure.
• Required for the formation of cyclic AMP, magnesium is involved in ion movements across

cell membrane, protein synthesis, and carbohydrate metabolism.
• Magnesium is a component of GTPase and a cofactor for Na-K ATPase, adenylate cyclase,

and phosphofructokinase. 
• Extracellular magnesium is critical to maintaining nerve and muscle electrical potentials

and transmitting impulses across neuromuscular junctions.
• Absorption of dietary magnesium takes place mainly in the ileum and is excreted in stool

and urine. Regulation of serum magnesium is controlled by the kidneys. 

Clinical Uses
• To treat and prevent hypomagnesemia.
• To treat symptoms of gastric hyperacidity.
• To relieve constipation and to prepare the bowel for surgical or diagnostic procedures.
• To treat cardiovascular diseases, including angina, arrhythmias, hypertension, coronary

heart disease and hyperlipidemia, low high-density lipoprotein levels, mitral valve pro-
lapse, and myocardial infarction.

• To treat leg cramps, diabetes, kidney stones, migraine, osteoporosis, premenstrual syn-
drome, altitude sickness, urinary incontinence, and preeclampsia.

• To prevent hypomagnesemia in patients receiving total parenteral nutrition.
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• In combination with malic acid, to treat symptoms of
fibromyalgia.

• Topically, to treat infected skin ulcers, boils, and car-
buncles; and to speed wound healing.

• Parenterally, to treat acute hypomagnesemia associat-
ed with pancreatitis, malabsorption disorders, cirrho-
sis, preeclampsia, and eclampsia.

• To increase energy and endurance in athletes.
• Intravenously, to control seizures associated with

epilepsy, glomerulonephritis, or hypothyroidism when
low serum magnesium levels are present.

• Intravenously, to treat cardiac arrest, atrial and ventric-
ular arrhythmias, acute exacerbations of asthma,
chronic obstructive pulmonary disease, migraine, neu-
ropathic pain, postoperative pain, cerebral edema, and
tetanus.

• Intravenously, to prevent arrhythmias after myocardial
infarction and uterine contractions in preterm labor.

• To treat attention deficit hyperactivity disorder associ-
ated with magnesium deficiency.

Formulations
• Magnesium gluconate and chloride are preferred for

oral replacement because there is less risk of diarrhea
with these formulation.

• Magnesium oxide has an increased risk of diarrhea
when taken orally.

• Magnesium carbonate may not be soluble enough to
adequately replace magnesium levels.

• Magnesium citrate, sulfate, and hydroxide salts are
recommended to relieve constipation.

• Magnesium carbonate, hydroxide, oxide, and trisili-
cate are most commonly used as antacids.

Adverse Effects/Toxicity
• Although safe at recommended amounts, oral magne-

sium can cause gastrointestinal irritation, nausea,
vomiting, and diarrhea. Higher intakes may cause
hypermagnesemia (most commonly in renal patients
taking magnesium) with symptoms that include:
thirst, hypotension, drowsiness, confusion, loss of ten-
don reflexes, muscle weakness, respiratory depres-
sion, cardiac arrhythmias, coma, cardiac arrest, and
death.

• Prolonged use of magnesium-containing antacids may
cause chronic diarrhea leading to fluid and electrolyte
imbalances.

• Urticaria has been reported with IV administration.
• Prolonged topical use to treat boils or carbuncles can

cause damage to surrounding skin.

Interactions/Nutrient Depletion
• Symptoms of magnesium deficiency include convul-

sions, confusion, muscle weakness, and abnormal
muscle movements.

• Concomitant use of boron can increase magnesium
levels.

• Concomitant use of calcium and fiber supplements
can decrease magnesium absorption. Inadequate vita-
min D levels also can affect magnesium absorption.

• Concomitant use of fluoroquinolones can decrease
magnesium absorption.

• Digoxin, loop diuretics, thiazide diuretics, estrogens,
penicillamine, aminoglycosides, amphotericin-B, cis-
platin, cyclosporin, and pentamidine can decrease
serum magnesium levels.

• Excretion-enhancing drugs can decrease the effects of
magnesium; excretion-reducing drugs can increase the
effects of magnesium.

• Concomitant use of nifedipine and intravenous mag-
nesium sulfate can cause profound hypotension or
neuromuscular blockade.

• Magnesium can potentiate the effects of skeletal mus-
cle relaxants.

• Magnesium may interfere with the results of the fol-
lowing tests: serum alkaline phosphatase, serum
angiotensin converting enzyme, serum calcium, plas-
ma cortisol, urine diagnex blue, plasma parathyroid
hormone, serum testosterone, blood pressure, and
electrocardiograms.

• The elderly have an increased risk of hypomagnesemia,
which often is accompanied by low potassium levels.

• Magnesium is contraindicated in people with heart
block and should be used cautiously in people with
renal disease.

• Intestinal magnesium absorption can be decreased in
bile insufficiency states, gastrointestinal infections,
gluten enteropathy, immune diseases with villous atro-
phy, inflammatory bowel disease, intestinal fistulas,
lymphectasia, primary idiopathic hypomagnesemia,
radiation enteritis, and sprue.
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