
Lutein and Ocular Diseases 
By Georges Ramalanjaona, MD, DSc, FACEP, MBA

CATARACT AND AGE-RELATED MACULAR DEGENERATION (AMD) ARE

the leading causes of decreased visual acuity and legal blind-
ness in the elderly, 1 and important causes of disability. 

A growing body of evidence from epidemiological and experi-
mental studies has implicated a role for macular pigment in the pro-
tection against cataract and AMD, together known as Age-Related
Degenerative Eye Diseases (AREDs). 

Epidemiological studies have correlated high dietary intake of
lutein with reduced risk of developing age-related cataract and AMD
in persons with high serum concentrations of carotenoids.2 The mac-
ular pigment in the retina contains large amounts of a sub-class of
carotenoids called xanthophylls, which includes lutein (L) and zeax-
anthin (Z).3 Although modifying lifestyle, stopping smoking, and
decreasing sunlight exposure may decrease the risk of developing
AREDs, currently there are no accepted standard non-operative
treatments for cataract and AMD. 

Current clinical strategies are focused on preventing AREDs or
delaying their progression. The best current evidence establishes a
relationship between dietary lutein and AREDs as part of a promis-
ing strategy for the primary and secondary prevention of cataract
and AMD. 

Pharmacokinetics
Humans can only carry out limited metabolic transformation of

carotenoids (from carotenes to xanthophylls). Thus, all carotenoids
in humans are derived exclusively from the diet.4 Carotenoids are
fat-soluble compounds, and their absorption involves solubilization
in bile salts and incorporation into micelles. High dietary fat
enhances plasma lutein levels and bioavailability of L and Z.5 Lutein
is converted to zeaxanthin in the retina. 

Carotenoids are known to influence each other’s metabolism in
animals and humans. Low intake of L increases the storage of vita-
min A in rat liver; large doses of beta-carotene (12-30 mg/d) given
for six weeks decrease serum lutein levels; and 10 mg daily of oral
lutein supplementation for three weeks increases serum levels of Z.6
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In human serum, as in diet, lutein dominates over
zeaxanthin in a ratio ranging from 2.7-5:1, and serum
levels have been shown to be accurate biomarkers of
food intake. Furthermore, increasing levels of macular
xanthophylls pigment have been achieved through high
dietary intake of foods rich in L and Z or by consuming
purified supplements of lutein.7 Both L and Z are metab-
olized to oxo-lutein, Z isomers, and keto-carotenoids in
the serum and macula.8 The uptake of L and Z from the
serum into the retina is quite specific, unlike the other
serum carotenoids that are found only in trace amount in
retina. Yemelyanov et al recently isolated a xanthophyll-
binding protein from human donor eyes; this work may
play a key role in explaining that specificity. 9

Mechanism of Action
In vitro studies have shown that L and Z function as

antioxidants by quenching free radicals produced in the
retina and as blue light filters, protecting underlying
ocular tissues from photodamage and limiting chromatic
aberration at the fovea.10

There are no current animal studies correlating
dietary lutein to cataract formation and only limited data
relating carotenoids to AMD. Several investigators have
reported that monkeys fed a diet deficient in xantho-

phylls displayed depletion of their macular pigment
(MP). Long-term maintenance (up to 14 years) on this
diet resulted in loss of retinal pigment and epithelial and
photoreceptor cell death.11

A preliminary human autopsy study has shown that
retinal L and Z concentrations are 30% lower in eyes
from patients with a history of AMD compared to those
from age-matched control subjects without a known his-
tory of AMD.12

Two clinical studies have examined the effects of
dietary lutein on macular density. Landrum et al found
that in two subjects consuming an equivalent of 30 mg
of free lutein daily for 140 days, MP optical density
increased by 39% and 21%, respectively, within 20-40
days, and did not level off until 40-50 days after supple-
mentation stopped.13 It was estimated that this modest
period of lutein intake resulted in 30-40% reduction of
blue light reaching the photoreceptors. 

Another study by Hammond showed the effects of
lutein-rich foods (cooked spinach and corn) on 13 sub-
jects for 6-15 weeks.14 In eight subjects eating a diet rich
in spinach or spinach and corn, serum lutein levels and
MP density increased; the former remained elevated six
months after the trial ended, and the latter returned to
baseline. 

Clinical Studies
Several clinical studies (retrospective, prospective,

and randomized trials) have demonstrated the role of
dietary lutein in lowering or preventing the incidence of
age-related cataract and AMD. In this section, we will
only report the most relevant and significant studies (see
Table). 

Cataract. In a large retrospective study (Level of evi-
dence IIB, on a scale of I to III) Mares-Perlman reported
that women (n = 1,919) who had the highest (by quin-
tile) intake of lutein (median 949 mcg/d) 10 years prior
to study enrollment had a 27% lower prevalence of
severe nuclear cataract (odds ratio [OR] = 0.73, 95%
confidence interval [CI] 0.5-1.06, P = 0.02) compared to
those in the lowest quintile category (median 179
mcg/d).2 However, this inverse relationship between
dietary lutein and development of nuclear sclerosis was
not statistically significant in men. Among the lutein-
rich foods studied, only spinach was found to be inverse-
ly associated with nuclear cataract. 

Similarly, in a five-year follow-up of the Beaver Dam
cohort, Lyle et al found that subjects who were in the
highest quintile category of lutein intake (median 1,245
mcg/1,000 kcal) 10 years prior to baseline had a 50%
lower incidence of nuclear cataract compared to sub-
jects in the lowest quintile.15 Further examination of a 

54 May 2002

Subscriber Information
Customer Service: 1-800-688-2421.

Customer Service E-Mail:customerservice@ahcpub.com
Editorial E-Mail: paula.cousins@ahcpub.com

World-Wide Web: http://www.ahcpub.com

Subscription Prices
United States

$299 per year (Student/Resident rate: $125).
Multiple Copies

1-9 additional copies: $224 each; 10 or more copies: $199 each
Outside the United States

$329 per year plus GST (Student/Resident rate: $140 plus GST).

Accreditation
American Health Consultants (AHC) is accredited by the 
Accreditation Council for Continuing Medical Education (ACCME) to
provide continuing medical education for physicians. 

American Health Consultants designates this continuing medical
education activity for up to 24 hours in category 1 credit toward the
AMA Physician's Recognition Award. Each physician should claim
only those hours of credit that he/she actually spent in the educa-
tional activity. 

This CME activity was planned and produced in accordance with
the ACCME Essentials. 

Alternative Medicine Alert has been approved by the American
Academy of Family Physicians as having educational content
acceptable for Prescribed credit hours. Term of approval covers
issues published within one year from the beginning distribution
date of July 1, 2001. This volume has been approved for up to 24
Prescribed credit hours. Credit may be claimed for one year from
the date of this issue.
For CME credit, add $50.

Alternative Medicine Alert, ISSN 1096-942X, is published

monthly by American Health Consultants, 3525 Piedmont

Rd., NE, Bldg. 6, Suite 400, Atlanta, GA 30305. 

VICE PRESIDENT/PUBLISHER: Brenda L. Mooney.

EDITORIAL GROUP HEAD: Lee Landenberger.

MANAGING EDITOR: Paula L. Cousins.

GST Registration Number: R128870672. 

Periodical postage paid at Atlanta, GA.

POSTMASTER: Send address changes to Alternative

Medicine Alert, P.O. Box 740059, Atlanta, GA 30374. 

Copyright © 2002 by American Health Consultants. All rights

reserved. No part of this newsletter may be reproduced in

any form or incorporated into any information-retrieval sys -

tem without the written permission of the copyright owner. 

Back Issues: $42 per issue. Missing issues will be fulfilled

by Customer Service free of charge when contacted within

one month of the missing issue’s date.

This is an educational publication designed to present sci-

entific information and opinion to health professionals, to

stimulate thought, and further investigation. It does not pro-

vide advice regarding medical diagnosis or treatment for

any individual case. Opinions expressed are not necessari-

ly those of this publication. Mention of products or services

does not constitute endorsement. Professional counsel

should be sought for specific situations. The publication is

not intended for use by the layman.

Statement of Financial Disclosure
In order to reveal any potential bias in this publication, and in accordance with Accreditation Coun-
cil for Continuing Education guidelines, physicians have reported the following relationships with
companies related to the field of study covered by this CME program. Dr. Balk, Dr. Barrette, Dr.
Cirigliano, Dr. deLeon, Dr. Gaster, Dr. La Puma, Dr. Ramalanjaona, Dr. Schiedermayer, Dr. Sor -
rentino, Dr. Spar, Dr. Stoltz, and Dr. Udani have no relationships with companies related to the
field of study covered by this CME program.

Questions & Comments
Please call Paula Cousins, Managing Editor, at 
(816) 960-3730 between 8:30 a.m. and 4:30 p.m. ET,
Monday-Friday.



sub-sample of 400 subjects (age 65 and older) showed
an inverse slight association (although not statistically
significant) between serum lutein levels and incidence
of nuclear cataract equally in both genders. 

Furthermore, a large long-term prospective cohort
study (Level of evidence IA) of 36,644 men ages 45-75
with an eight-year follow-up showed that men in the
highest quintile of L and Z intake had a 19% lower risk
of severe cataract requiring extraction compared to men
in the lowest fifth (relative risk [RR] = 0.81, P = 0.03).16

This lowering of risk of cataract extraction was modest,
but significant in men with higher intakes of L and Z
(spinach, broccoli) but not of alpha-carotene, beta-
carotene, lycopene, or vitamin A after controlling other
risk factors, including age and smoking. The use of
cataract extraction rather than cataract diagnosis as an
endpoint decreased the chance of variation in the thresh-
old for diagnosis of disease and reduced the false-posi-
tive cases. 

Similar findings were observed in another large, long-
term prospective cohort study (Level of evidence IA) of
74,466 female registered nurses ages 45-71 years during
a 12-year follow-up.17 Information on nutrient intake
was regularly assessed by a detailed food questionnaire
during these 12 years. Women in the highest intake of L
and Z had a 22% decreased risk of cataract extraction
compared to those in the lowest quintile (RR = 0.78, P =
0.04). This decrease in the risk of cataract was signifi-
cant in women with higher food intake of L and Z (e.g.,
spinach and kale). 

Conversely, two recent large long-term, randomized,
double-blinded, placebo-controlled trials have effective-

ly eliminated the role of other carotenoids in preventing
cataract in the elderly. 

First, Teikari et al studied 1,828 middle-aged smok-
ing men supplemented with either 50 mg/d of alpha-
tocopherol or 20 mg/d of beta-carotene, a combination
of the two, or placebo for 5-8 years.18 Results showed
that supplementation with either or both was not signifi-
cantly associated with decreased prevalence of all sub-
types of cataract (nuclear, cortical, and sub-capsular) or
any effect on cataract severity as measured by lens opac-
ity meter values compared to placebo. 

Another recent randomized, placebo-controlled trial
(n = 4,757) of high-dose supplementation with vitamins
C and E and beta-carotene did not reveal any statistically
significant effect in a large older adult cohort on the
seven-year risk of development or progression of age-
related cataract or visual acuity loss.19 These two trials
pointed out that effort should be turned to other
carotenoids such as lutein to prevent cataract. 

AMD. Several epidemiological and prospective
cohort studies have examined the role of dietary lutein
or serum lutein in reducing the risk of AMD. 

A large case-control trial by the Eye Disease Case
Control Study (Level of evidence IIB) showed that indi-
viduals (n = 876) in the highest quintile of dietary intake
of L and Z (median 5,757 IU) were 57% less likely to
develop advanced AMD (OR = 0.43, 95% CI 0.2-0.7, P
= 0.001) than individuals in the lowest quintile category
(median 561 IU).20 Furthermore, subjects with high
serum levels of L and Z (> 0.67 micromol/L) were 70%
less likely to have AMD than those with lower serum
levels (< 0.25 micromol/L) (OR = 0.3, 95% CI 0.2-0.6,
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Table 

Recent studies on the effects of lutein on age-related degenerative eye diseases 

Study Design Subjects Duration Results 

Mares Perlman et al2 Prospective cohort 11,919 women 5 years Statistically significant decrease of severe 

nuclear cataract.

Lyle et al15 Prospective cohort 400 adults 5 years Inverse association between lutein intake

and incidence of nuclear cataract. 

Brown et al16 Prospective cohort 36,644 men 8 years Statistically significant lowering of 

incidence of severe cataract. 

Chasan-Taber et al17 Prospective cohort 74,466 women 12 years Statistically significant decrease of 

advanced AMD. 

Seddon et al20 Case-control trial 876 adults Statistically significant decrease of 

advanced AMD. 

Mares Perlman et al21 Case-control trial 167 adults No significant association between lutein

and AMD. 

AREDS No. 823 Randomized, double- 3,640 adults 6.3 years Statistically significant reduction in visual

blind, controlled trial acuity loss in antioxidant groups.



P < 0.0001). Consumption of spinach or collard greens
decreased odds of having AMD (P < 0.001). 

In contrast, using a smaller sample of 167 case-con-
trol pairs from the Beaver Dam Study, Mares-Perlman
found lower levels of serum L and Z among subjects
with exudative AMD compared to controls.21 There was
no significant association between L and Z intake and
AMD. 

A five-year follow-up of subjects from Beaver Dam
cohort did not show any significant association between
L and Z intake and specific macular lesions of late
AMD.22 However, the power of this result was limited
by the small number of subjects enrolled and the narrow
range of serum L and Z intake. 

The discrepancies between studies are partly due to
differences in study design, sample size, range of serum
levels of L and Z, and severity of AMD. 

Finally, a recently completed large, long-term ran-
domized, placebo-controlled trial (AREDS 8) sponsored
by the National Eye Institute assessed four different
antioxidant supplements for their protective effect
against AMD.23 Results showed statistically significant
reduction in rates of visual acuity loss (OR = 0.75, 99%
CI 0.53-0.99) in the antioxidants plus zinc group com-
pared to placebo. The authors did not specifically test
lutein supplementation. 

Adverse Effects
No statistically significant adverse effects were

reported or associated with dietary lutein during short-
term or long-term prospective studies.18,23

Contraindications and Precautions
There are no reported drug interactions or known

interactions/contraindications with diseases or condi-
tions with the use of lutein in the diet or as a supple-
ment.24,25 Olestra, a fat substitute, decreases serum lutein
concentrations in healthy subjects.26 Concomitant
administration of beta-carotene may reduce bioavailabil-
ity of lutein.27,28

Formulation
Commercial products containing 6 mg or 20 mg of

lutein are available. Supplemental esterified lutein is
absorbed better when taken with high-fat (36 g) than
with low-fat (3 g) meals.5

Foods containing high concentrations of lutein
include cooked kale (44 mg per cup), cooked spinach
(26 mg per cup), and broccoli (3 mg per cup).4 Substan-
tial amounts of lutein and zeaxanthin (30-50%) are pres-
ent in kiwi fruits, grapes, and orange juice. Dark green
leafy vegetables contain 15-47% lutein. 

Dosage
In clinical trials, 6.9-11.7 mg of lutein per day from

diet has been associated with reduced risks of develop-
ing AMD and cataract.1,2

Conclusion
Our current understanding of the role of lutein in age-

related ocular disease stems from current epidemiologi-
cal, histological, and clinical data. These studies con-
clude that risks of AMD and cataract appear to be signif-
icantly reduced in a safe and effective manner by a diet
rich in lutein. Additional prospective epidemiological
studies are needed to establish a nutrient database on
content and bioavailability of lutein among various veg-
etables and fruits. Clinical trials confirming the specific
benefits of lutein supplementation are still lacking. 

Recommendations
Current evidence strongly supports the recommenda-

tion to consume vegetables and fruits high in lutein and
zeaxanthin daily to reduce the incidence of age-related
cataract and AMD. While AREDs have non-modifiable
components (genetic, sex, race), an increased consump-
tion of dietary carotenoids should be part of any success-
ful strategy to prevent/retard degenerative eye diseases.
Dietary consumption of food rich in lutein for the pre-
vention of AREDs is recommended at this time.   v

Dr. Ramalanjaona is Associate Chairman for Acad-
emic Affairs, Department of Emergency Medicine, Seton
Hall University, School of Graduate Medical Educa-
tion, South Orange, NJ; and Director of Research, Divi-
sion of Emergency Medicine, St. Michael’s Hospital,
Newark, NJ. 
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Probiotics for the Treatment
of Helicobacter pylori
By Jay Udani, MD, and Myles Spar, MD, MPH

PROBIOTICS TRADITIONALLY ARE DEFINED AS LIVE

microorganisms, belonging to the natural gut flora,
that have a beneficial effect in the prevention or treat-
ment of specific pathologic conditions when they are
ingested. Those used in this manner constitute a small
proportion of the more than 500 bacterial species that
live symbiotically in the human gut. 
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Helicobacter pylori is a major etiologic factor in pep-
tic ulcer disease and a risk factor for gastric cancer: The
organism causes a six-fold risk of development of this
cancer.1 The prevalence of infection in the United States
is estimated to be between 45-52%. This gram-negative
rod usually begins to colonize the digestive tract during
youth, with prevalence increasing throughout life. An
estimated 70-80% of elderly adults carry the bacteria.2

Use of probiotics, also called “microbial interference
treatment,” has been proven effective in the treatment of
many gastrointestinal conditions, including infectious
diarrhea, inflammatory bowel disease, irritable bowel
syndrome, and lactose intolerance.3 This type of therapy
was observed by Pasteur and Joubert to be successful 
as early as 1877, and is now enjoying a resurgence 
for the treatment of H. Pylori infection, among other 
conditions. 

Conventional Treatment
The National Institutes of Health Consensus Confer-

ence in 1994 concluded that all patients with peptic
ulcer disease, whether on first presentation, recurrence,
or with a history of ulcers, who are H. pylori-positive,
should be treated for the infection.4 Treatment with
antibiotics requires a 14-day regimen of several medica-
tions. The current standard of care involves the use of a
proton pump inhibitor with two antibiotics, usually clar-
ithromycin and amoxicillin, with or without bismuth.
This protocol achieves more than 90% eradication; how-
ever, it requires frequent dosing and is associated with
adverse effects. One study demonstrated that 25% of
patients treated with standard therapy experience work-

limiting side effects, such as rash, photosensitivity, vom-
iting, neuropathy, and fever.5

Probiotic Identification
The best-studied probiotics are the lactic acid bacte-

ria, Lactobacillus sp., and Bifidobacterium sp. Other
organisms used include Escherichia coli, Streptococcus
sp., Enterococcus sp., Bacteroides sp., Bacillus sp., Pro-
pionibacterium sp., and various fungi (see Table 1).
Many probiotic preparations contain mixtures of more
than one species of bacterium. 

Mechanism of Action
There are many mechanisms by which probiotics

assist in antimicrobial action. They include stimulation
of immunity, competition for limited nutrients, inhibi-
tion of epithelial and mucosal adherence, inhibition of
epithelial invasion, and production of antimicrobial 
substances.6

For the latter several mechanisms, Lactobacillus aci-
dophilus, an anaerobic gram-positive bacterium, has
been shown to have an inhibitory effect on the attach-
ment of H. pylori to gastric epithelial cells in vitro.7 L.
acidophilus also can produce bacteriocins, which are
proteins with antibiotic-like bactericidal properties,8 and
lactic acid and hydrogen peroxide, both of which limit
the growth of H. pylori.9 In vitro investigation of one
type of probiotic, Bacillus subtilis 3, which inhibits H.
pylori growth, has shown that this species produces at
least two antibiotic substances.10 Some species of lacto-
bacillus can produce nitric oxide and other endotoxins
that kill pathologic bacteria.11
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Table 1 

Profiles of selected probiotic strains

Strain Mechanism of Action Current Uses

Lactobacillus Inhibits attachment; inhibits invasion; competes for  H. pylori
acidophilus nutrients; produces lactic acid and hydrogen peroxide 

and natural antibiotics

Bifidobacterium Inhibits colonization; produces acetic acid; stimulates Immune system development in formula-fed 
bifidum antibody production; assists in absorption of calcium; infants; childhood diarrhea; H. pylori

helps to rid body of toxins; produces lactic and acetic acid

Lactobacillus Proteolytic; produces lactic acid; inhibits adhesion; Acid reflux;  lactose intolerance
bulgaricus scavenges free radicals; stimulates t-lymphocyte function

Streptococcus Used to produce yogurt; helps to break down lactose Lactose intolerance
thermophilus

Lactobacillus Produces lactic acid Childhood diarrhea
ruteri

Lactobacillus GG Produces lactic acid Irritable bowel syndrome; irritable bowel disease;
allergy prevention in newborns; immune system
enhancement



In Vitro and Animal Studies
A 1995 study reported inhibition of H. pylori growth

by L. acidophilus and Lactobacillus delbrueckii, the lat-
ter being a typical milk bacterium found in yogurt cul-
tures.12 Another study examined Clostridium butyricum,
a bacterium found among human normal flora, against
H. pylori in vitro and in mice. This group showed inhibi-
tion of H. pylori adhesion to gastric epithelial cells and
cure of H. pylori infection in the mice.7

Clinical Studies
There are several randomized controlled trials

(RCTs) and two case series that are especially relevant.
Three RCTs and the case series looked at sign and
symptom relief and eradication rates, and one trial
examined the impact of lactobacillus on side effects
from standard triple therapy (see Table 2). 

One RCT enrolled 120 asymptomatic individuals
found to be H. pylori-positive during routine screening,
who chose to receive eradication therapy.13 They were
randomly assigned to one week of treatment with either:
1) rabeprazole (Aciphex, 20 mg twice a day), clar-
ithromycin (250 mg three times a day), and amoxicillin
(500 mg three times a day) or 2) the same regimen sup-
plemented with a lyophilized and inactivated culture of
L. acidophilus. The dose of lactobacillus was 5 x 109 of
inactivated bacterial cells given three times daily for 10
days, including the seven days of the triple therapy plus
an additional three days. It was not mentioned whether
or not the lactobacillus was given with food or not.
Using intent-to-treat analysis with all patients complet-
ing therapy, the eradication rate was significantly greater
in the group receiving L. acidophilus than in the control
group (86.6% vs. 70%; P < 0.05). 

In a second RCT, 20 H. pylori-positive subjects were
treated with the whey-based L. acidophilus La1 super-
natant (50 mL qid) vs. omeprazole (Prilosec, 20 mg qid)
plus the La1 for a total of 14 days.14 H. pylori breath
tests showed a marked and significant decrease in H.
pylori values immediately after treatment in both groups
by a similar degree. Unfortunately, there was no placebo
control group for the lactobacillus. The study did show a
53-57% decrease in breath test values among all the par-
ticipants. A prolonged suppression of infection was
observed in the group receiving La1 alone vs. the com-
bined therapy group at six weeks after treatment. 

The same group looked at using La1-acidified milk
(actually, a commercially available yogurt) vs. placebo
among 53 volunteers infected with H. pylori.15 The
milk/yogurt was given as 180 mL twice a day for three
weeks. All the subjects received clarithromycin 500 mg
twice daily during the last two weeks of therapy. Esoph-
agogastroduodenoscopy and biopsies were performed at
inclusion and repeated 4-8 weeks after the end of treat-
ment. The lactobacillus group had decreased H. pylori
densities, antral inflammation, and activity of antral gas-
tritis as compared with placebo (P < 0.05 in each), an
effect that persisted for the final follow-up studies. How-
ever, the lactobacillus did not improve eradication rates
obtained from the antibiotic. 

In 2001, Sakamoto et al examined the use of Lacto-
bacillus gasseri (LG21) in a case series of 31 subjects
who were H. pylori-positive by urea breath test and
serology.16 In the first part, 90 g of yogurt containing 
1-1.4 x 107 colony forming units/g of LG21 was con-
sumed twice daily for eight weeks following eight
weeks of yogurt without the bacteria. Serial urea breath
tests showed significantly lower values after the LG21
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Table 2 

Probiotics vs. antibiotics

Parameter Probiotics Antibiotic Triple Therapy

Tolerance Excellent Moderate

Safety No reported adverse events Drug interactions, neurotoxicity

Side effects Minimal Nausea, vomiting, rash, photosensitivity,
possible neuropathy

Cost ~$35 ~$95

Efficacy at eradication Unproven High cure rates in trials (> 90%), lower in 
clinical practice

Antibiotic resistance None Significant

Retreatment options Ability to advance to use of antibiotics Repeat same therapy

Current role in therapy Adjunctive Primary eradication

Quality standard Variable Pharmaceutical



yogurt, but these levels rose again three months later in
three of the subjects. Measures of gastric mucosal
inflammation were significantly lower after the eight
weeks of LG21 yogurt as compared to the period after
the plain yogurt. Examination of antral biopsies showed
two- to 100-fold decreases in numbers of H. pylori, but
in no case were bacteria eradicated completely.

Finally, Armuzzi et al used a strain of Lactobacillus
GG in a study of 120 patients to compare side effects
from triple therapy alone (one week of pantoprazole
[Protonix] 40 mg twice daily, clarithromycin 500 mg
twice daily, and tindazole 500 mg twice daily) or to the
same regimen supplemented with Lactobacillus GG for
14 days.17 The dose of lactobacillus was 6 x 109 of
viable bacteria, given twice daily, two hours after break-
fast or dinner during the week of eradication therapy and
the following week. Patients completed validated ques-
tionnaires during follow-up to determine the type and
severity of side effects. The lactobacillus group was
found to have significantly less diarrhea (6.6% vs.
23.3%), bloating (16.6% vs. 40%), and taste distur-
bances (6.6% vs. 26.6%), all with P values < 0.05. 

Toxicity/Safety (Adverse Effects)
Probiotics are well tolerated. Trials of more than

2,000 healthy normal adult volunteers have shown no
harmful effects.18 A 1996 study in which lactobacilli
were found to aggregate platelets has been disproved.19

Still, some reports have isolated bacteria used in pro-
biotics from human infections, though it is felt that these
represented opportunistic infections.20 Lactobacillus
GG, specifically, has no invasive properties. Although
no reports of allergic reaction to probiotics were found
in the literature reviewed, many of these species are
delivered in a preparation containing lactose and milk
proteins, which have allergic potential. 

There are few known drug interactions from the use
of probiotics. However, L. acidophilus has been shown
to interfere with the metabolism of sulfasalazine and
chloramphenicol by degrading these drugs in the stom-
ach if taken concurrently. 20

Preparation
Aside from freeze-dried powder, there are many

sources of probiotics, including fermented milk products
such as yogurt, kefir and cheese, as well as miso and
tempeh.21 Because the pasteurization process kills these
organisms, they must be introduced after pasteurization. 

Formulation and Dosage
DNA studies have revealed great genetic variability

within strains of L. acidophilus and other probiotic

species. The use of specific strains corresponding with
those used in research studies is recommended. In addi-
tion, the method of packaging and storing the product is
important, as temperature, moisture, light, and air can
adversely affect viability. Refrigeration of the product
from the time of manufacture through delivery and stor-
age is critical to ensure the potency of the strains, as
temperatures above 60° F (15° C) will kill many of the
bacteria.22 The products should be kept in amber-colored
glass bottles to avoid light damage unless specifically
designed by the manufacturer to be stable on the shelf in
some other packaging. 

Quality, however, is a problem. One study reported
recently that of 30 dried probiotic supplements tested,
11 contained no viable bacteria, seven contained all
claimed species, and 18 had species other than those on
the label. Another group found that 63% of products
tested in the United Kingdom were below standard.23

In general, probiotics should be taken alone, on an
empty stomach, two to three hours after an antibiotic
dose to avoid killing the probiotic bacteria. It is suggest-
ed to limit the dosage to fewer than 10 billion viable L.
acidophilus daily to decrease any risk of possible mild
gastrointestinal disturbance.8

Patients should be encouraged to use those probiotics
that have been studied in clinical trials. The products
should be formulated by respected manufacturers that
subject their products to independent quality control and
guarantee potency, purity, and correct labeling. Probi-
otics in the form of encapsulated supplements should
relate closely to the individual forms studied in clinical
trials. 

Conclusion
H. pylori is one of the world’s most common

pathogens. Probiotics, supplements, or foods containing
indigenous flora and used for treatment or prevention of
disease, have been shown in in vitro and animal studies
to inhibit H. pylori growth and even to eradicate the
organism. Human studies have begun to confirm these
findings, but there still is limited evidence from con-
trolled clinical trials and there are no firm data suggest-
ing that probiotic therapy by itself would be as effective
as standard therapy for eradication of H. pylori infec-
tion. These studies do indicate that probiotics, especially
lactobacilli, may decrease side effects and enhance effi-
cacy of conventional eradication therapy. 

Recommendation
The use of probiotics is recommended as an adjunct

to currently proven standard care for H. pylori infection.
Except for risk of allergic reaction, these products have
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minimal adverse effects, and are able to counteract some
of the side effects from triple therapy. Studies to deter-
mine the efficacy of probiotics in eradicating H. pylori
infection are under way.   v

Dr. Udani and Dr. Spar are Clinical Instructors, Univer-
sity of California Los Angeles School of Medicine; Dr.
Udani also is Medical Director, Northridge Hospital
Integrative Medicine Program, Northridge, CA. 
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Phenylalanine for the 
Treatment of Depression 
By Barak Gaster, MD

ALTHOUGH QUITE A BIT IS KNOWN ABOUT THE MOLECU-
lar function of common antidepressants, surprising-

ly little is known about the pathophysiology of depres-
sion itself. Many theories have been proposed, mainly
based on inferences from the actions of antidepressants
on various neurotransmitters, but no conclusive evidence
offers a more detailed understanding of causation
beyond this. 

One of the many causation hypotheses holds that
depression may be related to total body deficiencies of
one or more catecholamines. This has led some
researchers to wonder whether supplementing the diet
with catecholamine precursors may alleviate the symp-
toms of depression. 
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One such precursor is the amino acid phenylalanine.
Although studying phenylalanine for the treatment of
depression attracted enthusiasm in the 1970s and 1980s,
interest has since waned because of the few positive effi-
cacy studies and the fortunate emergence of other effec-
tive and relatively well-tolerated antidepressants. 

Pharmacology
There are two isomer forms of phenylalanine: l-

phenylalanine and d-phenylalanine. L-phenylalanine
occurs in nature as one of the 20 amino acids forming
the building blocks of human proteins. Because it cannot
be synthesized in the body and must be present in the
diet, it is termed an essential amino acid. L-phenylala-
nine is found in significant quantities in all protein-rich
foods such as meat, fish, eggs, milk, and beans. 

The molecule d-phenylalanine is the synthetic mirror
image of l-phenylalanine and is not found in nature.
Both the l-form and the d-form have been tested in clini-
cal trials. A synthesized racemic mixture of the two
forms, referred to as dl-phenylalanine, also is available
commercially. 

Mechanism of Action
L-phenylalanine is the first precursor in the four-step

biosynthesis of norepinephrine. At least one study has
suggested that oral consumption of phenylalanine may
increase plasma levels of norepinephrine.1 Pyridoxine is
known to be a cofactor in the first step of this four-step
synthetic process, raising the possibility that co-admin-
istration of pyridoxine along with phenylalanine may be
beneficial. 

Another possible mechanism of action for phenylala-
nine involves phenylethylamine (PEA), another neu-
roamine whose deficiency also has been postulated to
play a role in depression. In at least one study, ingestion
of phenylalanine seemed to be associated with an
increase in PEA production.2

Clinical Trials 
A search of MEDLINE, EMBASE, and Cochrane

databases using the keyword phenylalanine identified
only three English-language clinical trials that contain
unique patient data. All three were open-label studies
without randomization and without placebo controls. 

The largest of the three trials included 40 patients
diagnosed with recurrent or continuous bipolar or unipo-
lar depression.3 The patients were treated with one 500
mg tablet of l-phenylalanine per day, with dose increases
thereafter of one additional tablet per day until one of
the following endpoints was reached: Patients had a
“therapeutic response,” they experienced an adverse

event, or they reached a 14 g total daily dose. Patients
also received 100 mg bid of pyridoxine. The duration of
treatment for each patient was “at least three weeks,”
although no further information on treatment length was
given. Of the 40 patients, 31 were said to have improved.
The method of determining improvement was not
defined. 

The two other trials suffered from similarly poor
methodology. One studied 200-600 mg d-phenylalanine
per day (mean 350 mg) in 11 patients.4 Only two
patients showed improvement; two were dropped from
the study because of dramatic worsening of their depres-
sion. The other study included 29 patients with bipolar
or unipolar depression who were treated with 2-6 g/d of
l-phenylalanine.5 None of the patients who had unipolar
depression showed improvement. 

Adverse Effects
In the largest of the studies described above, adverse

events included headache, nausea, constipation, and
anxiety. Pregnant patients should use extreme caution
using phenylalanine as birth defects have been related to
elevated serum phenylalanine levels in women with
unrecognized phenylketonuria.6

Drug Interactions
In patients with Parkinson’s disease, phenylalanine

may interfere with the action of levodopa.7 It also should
not be used in combination with antipsychotics as there
have been at least two reports of worsening tardive dysk-
inesia associated with the use of phenylalanine.8,9

Formulation
Commercially available formulations include l-

phenylalanine and the synthetic racemic mixture dl-
phenylalanine. Both come in 500 mg and 600 mg
tablets. 

Dosage
Given the paucity of data, no definite dosage recom-

mendations can be made. If it is to be used, there
appears to be slightly more data for l-phenylalanine than
the d- or dl- forms. One reasonable approach seems to
be to start with a dose of 500 mg once per day and grad-
ually increase the dose up to 6 g daily. There is some
suggestion that combining phenylalanine with pyridox-
ine 100 mg bid may be beneficial. 

Conclusion
No well-designed studies of phenylalanine have been

performed, and those that have been reported have not
shown evidence of efficacy. Assessment of these data is
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made even more difficult by the variety of doses and iso-
mer types of phenylalanine that have been tested. 

Recommendation
Phenylalanine cannot be recommended for the treat-

ment of depression. Potential drug interactions and
adverse effects warrant special vigilance against its use
in patients with psychotic disorders, those with Parkin-
son’s disease, and in pregnancy.   v
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CME Questions 
34.Which vegetable has the highest concentration of lutein? 

a. cooked kale. 
b. cooked spinach. 
c. broccoli. 
d. corn. 

35.In clinical trials, which of these oral supplements has been
shown to significantly decrease the prevalence of cataract? 
a. Alpha-tocopherol 50 mg/d 
b. Beta-carotene 20 mg/d 
c. Esterified lutein 6.9 mg/d 
d. High-dose vitamin C 
e. Vitamin E 

36.Probiotics are organisms used to treat gastrointestinal infec-
tions and are routinely found in the: 
a. mouse. 
b. human gut. 
c. urine. 
d. microbiology lab. 

37.H. pyloriantibiotic treatment is recommended for those who
test positive for H. pyloriand who have: 
a. lymphoma. 
b. gastritis. 
c. peptic ulcer disease. 
d. diarrhea. 

38.Mechanisms of action of probiotics against H. pylori include: 
a. inhibition of attachment to gastric mucosa. 
b. production of antibacterial products. 
c. competition for nutrients. 
d. All of the above. 

39.Studies have suggested that oral consumption of phenylalanine
may increase: 
a. plasma levels of norepinephrine. 
b. phenylethylamine production. 
c. both plasma levels of norepinephrine and phenylethylamine

production. 
d. None of the above 

40.Patients with which disease should use caution in using 
phenylalanine? 
a. Parkinson’s disease 
b. Diabetes 
c. Asthma 
d. Hypertension 
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CAM Usage and
Insurance Coverage 

Source: Wolsko PM, et al. Insurance cover-
age, medical conditions, and visits to alter-

native medicine providers. Arch Intern Med
2002;162:281-287. 

IN 1997, PATIENTS MADE AN ESTIMATED

629 million visits to complementary
and alternative medicine (CAM)

providers; however, little is known
about factors associated with visits to
CAM providers. 

To examine the effect of insurance
coverage on frequency of use of CAM
providers, a nationally representative
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telephone survey was conducted
between November 1, 1997, and Febru-
ary 28, 1998. Random-digit dialing with
random selection of one English-speak-
ing household resident 18 years or older
was used to conduct a nationally repre-
sentative, random household telephone
survey of 2,055 adults. Therapies
specifically not included in the defini-
tion of CAM for this analysis were spir-
itual healing by others, self-prayer, and
exercise. Extent of insurance coverage
was classified as none, partial, or full.
CAM insurance information for respon-
dents who did not report visits to
providers was not collected. 

The main outcome measure was the
number of visits made to CAM
providers. Correlates of use of chiro-
practors have not been examined in a
national sample. The effect of CAM
provider insurance coverage or other
factors on frequency of CAM provider
use for providers other than chiroprac-
tors has not been examined previously. 

An estimated 44% of the U.S. popu-
lation used at least one CAM therapy in
1997. Of those using CAM, 52% had
seen at least one CAM provider in the
last year. Among those who used a
CAM therapy, factors independently
associated with seeing a provider were
having been in the upper quartile of vis-
its to conventional providers in the last
year (adjusted odds ratio [AOR] 2.00,
95% confidence interval [CI] 1.33-
3.01), female sex (AOR 1.67, 95% CI
1.17-2.38), and having used the therapy
to treat diabetes (AOR 5.20, 95% CI
1.40-19.40), cancer (AOR 2.99, 95% CI
1.04-8.62), or back or neck problems
(AOR 1.51, 95% CI 1.02-2.23). 

Factors independently associated
with frequent use (eight visits per year)
of a CAM provider were full insurance
coverage of the CAM provider (AOR
5.06; 95% CI 2.45-10.47), partial insur-
ance coverage (AOR 3.26, 95% CI

1.72-6.19), having used the therapy for
wellness (AOR 2.85, 95% CI 1.63-
4.98), and having seen the provider for
back or neck problems (AOR 2.26, 95%
CI 1.29-3.94). 

Conservative extrapolation to nation-
al estimates suggests that 8.9% of the
population (17.5 million adults)
accounted for more than 75% of the 629
million visits made to CAM providers
in 1997. A small minority of persons
accounted for more than 75% of visits
to CAM providers. Extent of insurance
coverage for CAM providers and use
for wellness are strong correlates of fre-
quent use of CAM providers. 

n COMMENT 
This is one of several reports of the

follow-up to the well-known Eisenberg
prevalence study (Eisenberg DM, et al.
JAMA 1998;280:1569-1575), now dem-
onstrating that relatively few patients
visit CAM providers relatively often,
not unlike patterns in allopathic medi-
cine. And patients who have CAM
insurance coverage and those who use
CAM for wellness (instead of treating
an illness) are those who see CAM
providers most often. 

Almost two-thirds of enrollees who
had full coverage for manipulation
delivered by CAM providers—chiro-
practors, primarily—made eight or
more visits in the last year of the survey;
only one of six enrollees with no (chiro-
practic) coverage made eight or more
visits. Whether the coverage was full or
partial did not matter.

For non-manipulative providers, the
only factor from the primary model sig-
nificantly associated with high-frequen-
cy provider use was having used the
therapy for wellness. 

The $64 question, of course, is
whether enrollees chose health insur-
ance coverage because they knew chiro-
practic (and massage, to be fair) would

be covered, or whether enrollees simply
used chiropractic and massage more
because it was there. 

Patients obtain information for pre-
vention from CAM providers, allopath-
ic providers, the lady next door, and on
the web. Those who seek help from
CAM providers are, in general, health-
minded—they want to know their blood
pressure, cholesterol levels, how much
protein they should be eating. 

The upshot? Even patients who have
many chronic illnesses do not consider
themselves ill in such a way that they
require CAM. They do not seek CAM
to treat their hypertension, diabetes, and
heart failure (even though the supple-
ments they are taking may aim to do so).
Instead, people with chronic illness seek
CAM so they can feel better and
improve their general health. 

Certainly there are economics
involved. The authors report that chiro-
practic “maintenance care” is recom-
mended to four of five chiropractic
patients, and may account for nearly a
quarter of a chiropractor’s income.
“Maintenance care” may include
manipulation and counseling about food
and fitness. 

Recommendation 
As the provision of CAM is so

directly correlated with insurance cover-
age, carriers will want to make sure that
their providers are licensed, insured, and
credentialed optimally. The risks and
interactions of their CAM providers’
prescriptions should be well known to
providers and available to patients.
Because prevention of medical illness
also drives patients to see CAM
providers, thoughtful, systematic
processes in nutrition, fitness, exercise,
spirituality, supplementation, and envi-
ronmental health ought to be tested and
if successful, integrated into standard
benefits packages. v
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In Future Issues:
Human Growth Hormone for Improved Strength and

Increased Muscle Mass

Gymnema for the Treatment of Hyperinsulinemia


