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Probiotics for the Treatment  
of Bacterial Vaginosis

By Donald Brown, ND

Naturopathic Physician and Director of Natural Product Research 
Consultants, Seattle, WA. 

Dr. Brown is a consultant to the supplement industry. He reports no relevant financial 
relationships to any of the probiotic strains discussed in this article. 

Bacterial vaginosis (bv) is a common vaginal infection caus-
ing significant gynecologic and obstetric morbidity. Though no 

single pathogen has been identified as the causative agent of BV, 
Gardnerella vaginalis and Atopobium vaginae are commonly as-
sociated with the condition.1 Typical symptoms are said to include 
vaginal malodor, itching, dysuria, and thin discharge, but a substan-
tial number of women with BV are asymptomatic.2 BV has been 
associated with pelvic inflammatory disease, infections following 
gynecologic surgery, and preterm birth.3 Estimates suggest that 
40% of cases of spontaneous preterm labor and preterm birth may 
be associated with BV.4 Some evidence also suggests the presence 
of BV may increase risk of HIV-infection.5

Treatment for the condition consists of metronidazole or clinda-
mycin, administered orally or intravaginally. However, these anti-
microbials are sometimes ineffective and many women have high 
recurrence rates following treatment (30% at 3 months and up to 
50% at 6 months).6 A study of women with BV found that an ad-
herent biofilm of primarily G. vaginalis and A. vaginae persisted 3 
weeks after treatment with metronidazole.7

Vaginal Microbiota and BV
The estimated number of microbial species inhabiting the vagina 

is 50, compared to approximately 800 species in the intestinal tract.8 
The vaginal microflora of healthy premenopausal women is gener-
ally dominated by Lactobacillus species, especially Lactobacillus 
crispatus, L. gasseri, L. jensenii, and L. iners.9,10 Factors influencing 
the vaginal microflora include hormonal changes (especially estro-
gen), vaginal pH and glycogen, and the use of topical microbicides.8 
Lactobacilli in the vagina have been associated with the following 
protective roles against uropathogens (including those associated 
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with BV): 1) inhibition of binding of pathogenic bacte-
ria; 2) production of H

2
O

2
 and lactic acid that may limit 

pathogen growth; and 3) regulation of epithelial innate 
immunity.11-14 A recent in vitro study found that L. rham-
nosus RC-14 and L. reuteri RC-14 (see clinical research 
review below) are able to incorporate themselves into the 
biofilms created by G. vaginalis and A. vaginae and cause 
disruption of the biofilm and even some killing of the  
bacteria.15

The presence of H
2
O

2
-producing Lactobacilli spp. has 

been shown to be significantly higher in healthy women 
compared to those with BV.16 In one study, vaginal lac-
tobacilli were isolated from 73.7% of 825 women with-
out BV compared to 29.8% of 131 women with BV (P 
< 0.001).17 In a study of pregnant women, lactobacilli 
were isolated from 74.3% of women without BV com-
pared to 38.4% of women with BV (odds ratio 0.7, 95% 

confidence interval 0.6-0.8).18 In a study with Chinese 
women (aged 23-45 years), healthy subjects had a higher 
vaginal count of L. crispatus and a lower count of L. in-
ers compared to women with BV.19 A study with pregnant 
Japanese women found that the presence of L. cripsatus, 
L. gasseri, and L. jensenii was higher in healthy women 
compared to those with BV.20 The study also found that 
presence of L. iners was associated with a greater risk of 
colonization by BV-related bacteria. 

Probiotics for the Treatment of BV
Several clinical trials to date have been completed 

to study the effects of specific strains of lactobacilli to 
colonize the vaginas of women with symptomatic or as-
ymptomatic BV, to reduce colonization of pathogens, 
and to improve symptoms and/or signs of BV when they 
are present. Although this review will focus primarily on 
more recent studies using probiotics as adjunctive thera-
py with standard antimicrobial therapy, readers also may 
want to review the excellent meta-analysis published in 
2007 by Falagas et al that reviews the data from 10 studies 
published between 1992 and 2005.3 

It is interesting to note that the more contemporary re-
search using probiotics for the treatment of BV continues 
to be divided between intravaginal or oral application. 
The assumption for many years (and that continues in 
some circles) is that intravaginal application was the only 
means to efficiently deliver probiotics for the treatment 
and/or prevention of female genitourinary tract infections 
such as BV. Canadian researchers led by Gregor Reid 
have challenged this assumption with the development 
of two lactobacilli strains that were isolated from the va-
ginas of healthy women — L. rhamnosus RC-14 and L. 
reuteri RC-14 (previously identified as L. fermentum RC-
14). Reid and colleagues found that oral administration of 
the two strains to 64 healthy women (ages 19-46 years) 
for 60 days resulted in a significant increase in vaginal 
lactobacilli at day 60 compared to a group taking placebo 
(P = 0.05), as well as a reduction in yeast and coliforms 
in the probiotic group.21 Although all women in the study 
reported being asymptomatic at the time of recruitment, 
16 of 64 (25%) had asymptomatic BV at day 0. Of those 
subjects who did not have BV at baseline, 6 of 25 (24%) 
receiving placebo developed BV at day 35 and 6 at day 
56 compared to none of the probiotic group (P < 0.05). 
A follow-up study found that oral delivery of the same 
strains was not only effective in colonizing the intestinal 
tract (based on fecal analysis) of healthy women but also 
the vagina.22 

Vaginal Application of Probiotics
In a single-center, randomized, observer-blinded study, 

190 women (ages 18-45 years) diagnosed with BV were 

Summary Points
•  Studies have shown that many strains of Lacto-

bacillus may inhibit the growth of bacteria associated 
with bacterial vaginosis (BV).

•  Antimicrobials can be ineffective against BV, and 
the recurrence rate is high following treatment.

•  Adjunctive use of select probiotic therapies may 
improve treatment outcomes and recurrence rates 
with BV.
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treated with clindamycin (300 mg bid) for 7 days and then 
randomized to receive a vaginal capsule containing L. ca-
sei rhamnosus (Lcr35 [Gynophilus; Laboratories Lyo-
centre, France], 1 x 109 colony forming units [cfu]) or no 
further treatment the next 7 days.23 Final vaginal swabs 
for Nugent scoring were taken 4 weeks after the last ad-
ministration of clindamycin (the scoring system examines 
vaginal cells at random and applies a 0-3 score for normal 
[dominated by gram-positive bacilli resembling lactoba-
cilli], 4-6 for intermediate [lactobacill present along with 
gram-negative or gram-variable rods], and 7-10 for BV 
[no lactobacilli seen and cells conlonized by gram-neg-
ative rods]). The primary outcome was the change in the 
Nugent score between baseline and at the end of the study 
of at least 5 grades.

At the end of the study, 83% of the women in probi-
otic group compared to 35% in the control group showed 
a reduction of the Nugent score by at least 5 grades (P 
< 0.001). A reduction of 8 grades on the Nugent score 
was found in 60% of women in the probiotic group com-
pared to 14% in the placebo group. The median difference 
between initial and final swabs was 6.61 in the probiotic 
group and 4.13 in the control group (P < 0.001). There is 
no indication that adverse events were tracked during the 
study. The results suggest that intravaginal application of 
Lcr35 following antibitoic therapy is able to effectively 
restore the vaginal flora to a healthier level based on the 
Nugent score.

In a randomized, double-blind, placebo-controlled trial 
(RDBPCT), 100 women (mean age 34 years) with BV 
were treated with 2% clindamycin cream for 7 days and 
then randomized to receive vaginally inserted capsules 
containing either a placebo or a probiotic combination 
of L. gasseri (Lba EB01-DSM 14869) and L. rhamnosus 
(Lbp EB01-DSM 14870) containing 1 x 108-9 cfu of each 
organism per capsule.24 The two strains were cultured from 
healthy women in Norway. Following the 7-day course of 
clindamycin, patients were instructed to insert the vaginal 
capsules daily for 10 days or until menstruation started. 
After each menstruation, this 10-day application was re-
peated for 3 cycles. Women who were considered to still 
have BV after the first menstruation were retreated with 
clindamycin and excluded from the study. Treatment was 
considered a cure when the Hay/Ison score was 1; a score 
of 2 was designated as “improved,” and a score of 3 was 
a treatment failure (the Hay/Ison criteria uses the follow-
ing grades based on a gram-staind vaginal smear: Grade 
1 [normal] — lactobacilli morphotypes predominate; 
Grade 2 [intermediate] — mixed flora with some lactoba-
cilli present but Gardnerella and/or Mobiluncus morpho-
types also present; and Grade 3 [BV] — predominately 
Gardnerella and/or Mobiluncus morphotypes and few or 
absent lactobacilli). Treatment efficacy was based on both 
cure after one month and the length of time to relapse us-

ing the Kaplan-Meier survival analysis. 
The initial intention to treat (ITT) cure rate after the 

first menstruation was 64% for the probiotic group and 
74% for the placebo group. However, when considering 
missing or unclassified vaginal swabs or missed capsules, 
the rates were 77% and 78%, respectively. The 76 women 
initially classified as cured were followed until their sixth 
menstrual cycle or until relapse. There was a significant 
difference (P = 0.027) in favor of the probiotic-treated 
women in duration of time from cure to relapse. At the 
end of the study, 64.9% of the probiotic group compared 
to 46.2% of the placebo group were cured (P = 0.042). 
Adverse events were similar in both groups and there was 
one possible case of vaginal discomfort due to allergy in 
the probiotic group.

Oral Use of Probiotics
In a RDBPCT, the efficacy of an oral probiotic combi-

nation was studied in women being treated for BV with 
metronidazole.25 One hundred and twenty-five women 
(18-44 years old) initially were entered in the study. All 
subjects received oral metronidazole (550 mg bid) from 
days 1 to 7 and were randomized to receive one capsule 
containing L. rhamnosus GR-1 (1 x 109 cfu) and L. reuteri 
RC-14 (1 x 109 cfu) or placebo orally bid from days 1 to 
30. Chris Hansen, Horsholm, Denmark, supplied the pro-
biotic combination. The primary outcome was the cure of 
BV as determined by a normal Nugent score, absence of 
clue cells, negative sialidase test, and no signs or symp-
toms (no discharge or fishy odor) of BV at day 30. 

One hundred six women returned for the 30-day fol-
low-up visit. In the probiotic group, 88% of women were 
cured compared to 40% in the antibiotic/placebo group 
(P < 0.001). Of the remaining probiotic subjects (12%), 
none had frank BV. All had mild irritative symptoms, no 
discharge or odor, a weakly positive sialidase score, and 
intermediate Nugent score. This contrasted with the re-
maining 34 placebo subjects, of which half had BV and 
the other half had an intermediate status. According to 
the study report, 100% of the probiotic-treated patients 
no longer were diagnosed with BV, while 30% of the pla-
cebo group was positive. High counts of Lactobacillus sp. 
(> 105 cfu/ml) were recovered from the vagina of 96% of 
the probiotic-treated subjects compared to 53% of con-
trols at day 30. No significant adverse events were report-
ed. The study reports a high dropout rate in the probiotic 
group (n = 16) compared to the placebo group (n =3). Al-
though the investigators suggest this is due to the patients 
feeling better and assuming they were cured, an intention-
to-treat analysis that included these subjects should have 
been included.

A second RDBPCT studied the same oral probiotic 
combination in 64 women (ages 16-51 years) diagnosed 
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with BV.26 All patients were treated with a single dose 
of tinidazole (2 g) and then randomized to receive two 
capsules containing L. rhamnosus GR-1 and L. reuteri 
RC-14 (each capsule contained 1 x 109 cfu of each probi-
otic strain) or placebo orally in the morning for 28 days. 
Subjects, who reported suffering from recurrent BV, were 
distributed in a balanced fashion between the probiotic  
(n = 8) and placebo (n = 7) groups.

At day 28, significantly more women in the probiotic 
group than the placebo group had normal vaginal smears 
according to the Nugent score (P = 0.011) and Amsel cri-
teria (P = 0.001; the Amsel criteria are used in clinical 
practice to diagnose BV and include: 1) thin, white, yel-
low, homogenous discharge; 2) clue cells on microscopy; 
3) pH of vaginal fluid of > 4.5; and 4) release of a fishy 
odor on adding 10% potassium hydroxide). This trans-
lated to a cure rate of 87.5% for the probiotic group com-
pared to 50% for the placebo group (P < 0.05). The vagi-
nal smears of the placebo group showed a higher presence 
of gram-variable cocci-rods and curved gram-negative 
rods deemed indicative of BV compared to the probiotic 
group (P < 0.05). Considering only those patients with 
recurrent BV, 75% of those in the probiotic group were 
cured compared to 57.1% in the placebo group (P < 0.05). 
No significant adverse events were reported.

Conclusion
The role of “bacillus” in the health of the female genito-

urinary tract was first described in 1892 by Albert Döder-
lein. Long referred to as “Döderlein bacillus,” we now 
know that the healthy vaginal flora is made up primarily 
of members of the Lactobacillus family. Various in vitro 
studies have demonstrated the ability of specific strains of 
lactobacilli to inhibit the growth of bacteria causing BV 
as well as inhibiting adherence and possibly interfering 
with the formation of biofilms. 

Newer clinical studies suggest that the adjunctive use 
of probiotics with standard antimicrobial therapy may not 
only improve treatment outcomes but also prevent recur-
rence in women with BV. While promising, the data are 
split between different routes of probiotic administration 
as well as varied proprietary strains. With two studies con-
firming efficacy, the oral combination of L. rhamnosus 
GR-1 and L. reuteri RC-14 appears to be the frontrunner 
for future clinical studies (2 x 1010 cfu of each strain per 
day). Larger and longer trials with a focus on prevention 
are needed in a more diverse group of women to firmly 
establish probiotics as a viable clinical option for the treat-
ment and prevention of BV. Considering the fact that wom-
en with BV have been treated with the same antimicrobial 
treatments for the past 40 years and the significant rate of 
recurrence paired with the health risks associated with BV, 
the further development of probiotics in the management 

and prevention of BV appears to be a sound investment.

Recommendation
Women being treated for BV with antimicrobial ther-

apy should be educated about the potential benefits of 
adjunctive use of specific probiotic strains to potentially 
improve treatment outcomes, prevent recurrence, and re-
establish healthy vaginal flora. Preliminary data suggests 
that longer-term ingestion may be more effective than 
short-term ingestion and may point to the need for women  
with a history of recurrence to consider ongoing use of 
probiotics.   n
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Introduction

Evidence for the use of probiotics in a variety of 
medical conditions continues to accumulate. Defined 

as live, nonpathogenic microorganisms that benefit the 
host (humans, in this case) when provided in adequate 
amounts,1-3 probiotics comprise a variety of species of 
bacteria and one yeast, and are found in mixed or single 
species preparations, recommended in a variety of dosag-
es. This review will update two prior issues of Alternative 
Medicine Alert that addressed probiotic therapy,4,5 focus-
ing on the use of probiotics in gastrointestinal and atopic 
disease. The previous article in this issue reviews data re-
garding the use of probiotics in gynecologic conditions.

Physiology
Both in vitro and in vivo research have demonstrated 

that probiotic species outcompete pathogenic bacteria 
for binding sites in the gastrointestinal tract and help to 
strengthen the gastrointestinal epithelial barrier.1-3 Probi-
otics also, predictably, modify the gastrointestinal flora, 
and can lead to systemic and local changes in immune 
system function.1,2 Relevant to childhood atopy, probiotics 
may help temper excessive immune system and inflam-
matory responses to foreign antigens through changes in 
various cytokines, decrease exposure to dietary antigens 
by gastrointestinal macromolecule alterations, and im-
prove serum immunoglobulin A responses.2,6,7 

Probiotic species with known beneficial physiological 
effects include numerous species of Lactobacillus (aci-
dophilus, rhamnosus, bulgaricus, reuteri, and casei), Bi-
fidobacterium species, Streptococcus species, Enterococ-
cus faecium, and the yeast, Saccharomyces boulardii.2,8 

Clinical Trials
Diarrhea. There are numerous clinical studies describ-

ing the effects of probiotics on the prevention or treatment 



30	 	 	 	 	 	 March 2012

diarrhea of varying etiologies and in different demograph-
ics. Of note, due to variations in study design, probiot-
ics strains used, doses administered, and formulation, the 
results of the different studies are difficult to compare. 
Nonetheless, one meta-analysis of 34 studies found that 
probiotics significantly reduced the risk of acute diarrhea 
of diverse causes by 34% (confidence interval [CI] 8-53%, 
P = 0.013).9 The effect was similar across probiotic spe-
cies, including L. rhamnosus, L. acidophilus, L. bulgari-
cus, and S. boulardii, though the overall effect seemed to 
be higher in children than for adults. Another systematic 
review of probiotics for the prevention of childhood diar-
rhea supported a positive preventive effect, primarily in 
the dose range of 5-40 billion colony forming units (cfu) 
daily of either L. rhamnosus or S. boulardii.10 

In addition to this preventive role, probiotics may func-
tion in the treatment of acute infectious diarrhea in both 
children and adults. A systematic review found that the 
duration of symptoms may be shortened by about 30 
hours when using probiotics for acute diarrhea.11 An ex-
ample of a specific intervention examined in this context 
is a three times daily dosage of 1 billion cfu of E. faecium 
for adults with acute diarrhea.12 In addition, clinical tri-
als have shown that different probiotic strains, including 
Lactobacillus species (reuteri, rhamnosus, or casei) and 
S. boulardii are useful in reducing the severity and dura-
tion of acute infectious diarrhea in children; the oral ad-
ministration of probiotics shortens the duration of acute 
diarrheal illness in children by approximately 1 day.13 The 
evidence from studies on viral gastroenteritis (e.g., rotavi-

rus) is more convincing than the evidence for bacterial or 
parasitic infections.13 

The coadministration of some probiotic strains may 
prevent antibiotic-associated diarrhea (AAD).14 The same 
meta-analysis that addressed children’s infectious diar-
rhea found that children receiving Lactobacillus species, 
Streptococcus species, or S. boulardii plus antibiotics 
had a 30% reduced incidence of AAD when compared 
to placebo groups.13 In adults, Lactobacillus species and 
S. boulardii seem to significantly reduce the incidence 
of AAD.15 Both of these reviews were corroborated by a 
meta-analysis finding a 52% reduction of AAD in both 
children and adults taking probiotics (CI 35-65%, P < 
0.001).9

For other types of diarrhea, there is less research. A 
meta-analysis of clinical trials for probiotics in traveler’s 
diarrhea showed that S. boulardii and a mixture of L. aci-
dophilus and Bifidibacterium bifidum prevented traveler’s 
diarrhea, but there was a large variation in methodology 
between the trials, making it difficult to draw firm con-
clusions.16 Another meta-analysis failed to find benefits 
for probiotics in the prevention of traveler’s diarrhea.9 
Interestingly, probiotics may be useful in the treatment 
of stress-induced diarrhea,17 as well as the prevention of 
diarrhea from Clostridium difficile after antibiotic treat-
ment.18 

Atopic Dermatitis. Prior issues of Alternative Medi-
cine Alert1,2 detailed clinical trials and conclusions based 
on the probiotic-eczema medical literature through 2008. 
At that time, the primary conclusions were that probiotic 
supplementation in pregnant or breastfeeding women, or 
for their newborn helps to decrease the incidence and se-
verity of newborn atopic dermatitis, especially if there is a 
history of atopy in the family.19,20 Common dosing in this 
context was 5-10 billion cfu, using a variety of single or 
multiple probiotic species.

Since that time, further clarification about the use of 
probiotics to prevent or treat atopic disease, either in the 
perinatal period or after delivery, has surfaced in clini-
cal trials. One recent randomized clinical trial replicated 
the common methodology for a probiotic intervention for 
atopy, namely that pregnant women with a family history 
of atopic disease (n = 112) were randomized to receive 
probiotics (a blend of species, 4.8 billion cfu daily) from 
2 months before delivery to 3 months afterward.21 The 
prevalence of eczema in the newborn was found to be less 
in the probiotic group vs placebo at 1 year of age (18.2% 
vs 40.0%, P = 0.048). This positive effect has not always 
been replicated in clinical trials, prompting researchers to 
search for reasons to explain the disparities. For example, 
it is possible, though not definitively proven, that probiot-
ic supplementation more adequately prevents atopic der-
matitis in children who are IgE sensitized, that is, those 

Summary Points
•  Probiotics can be defined as live, nonpathogenic 

microorganisms that benefit the host when provided 
in adequate amounts.

•  Specific probiotic therapy may reduce inflam-
matory changes in response to antigenic exposure. 

•  Probiotic therapy may prevent antibiotic-
associated diarrheal illness, as well as help prevent 
and treat viral diarrheal disease; however, probiot-
ics appear less beneficial in the setting of traveler’s 
diarrhea.

•  Atopic dermatitis in newborns may be prevent-
ed by the administration of probiotics during the 
late third trimester, breastfeeding, and to the infant 
during the first year of life.

•  Probiotic therapy appears to be generally safe, 
but care must be taken in certain situations, notably 
immunosuppression.



Alternative Medicine Alert	 	 	 	 	 	 	 	 	 	        31

children who have a positive skin prick test and/or ele-
vated serum IgE levels.22 This conclusion would dovetail 
with in vitro research documenting cytokine and immune 
system effects.

With respect to treatment of childhood eczema, a re-
cent meta-analysis of 12 clinical trials did not find any 
probiotic benefit on symptoms or investigator rating of 
eczema severity.23 There was, as with other reviews of 
this topic, a significant heterogeneity of study quality and 
methodology (including dosing, from 1-100 billion cfu 
daily, and probiotic species used) that could compromise 
the final conclusion. Lacking in this review article, and, in 
fact, the other reviews also mentioned in this article, is a 
subgroup analysis by dose or species that would help to 
statistically clarify the relationship of these two important 
variables to clinical outcome.

Other Conditions
Advances in clinical research have shown, to vary-

ing extents, effects of probiotics on numerous different 
clinical conditions (see Table). It is beyond the scope of 
this article to fully review the relevant literature but re-
searchers have found some evidence that probiotics may 
maintain remission from pouchitis in inflammatory bowel 
disease,24 induce remisison in Crohn’s disease,25 help re-
lieve symptoms of allergic rhinitis or asthma,22 and help to 
prevent the development of acute upper respiratory tract 
infections from infancy onward.26,27 In addition, probiotic 
supplementation may improve some, but not all, of the 
symptoms associated with irritable bowel syndrome.28-29 
Not all clinical trials have found benefit; probiotic sup-
plementation for childhood constipation has had mixed 
results1,30,31 and probiotics do not seem to decrease colo-
nization with vancomycin-resistant E. faecium (a variety 

of the same species that is part of our normal flora and a 
constituent of some probiotic supplements) nor help clini-
cal or laboratory findings in hepatic encephalopathy.1

Dosing
It is not possible to suggest a general dosage for pro-

biotics. The dose needed depends greatly on the species, 
product, and indication. Most of the products employed 
in research trials contain between 100 million and 10 bil-
lion cfu/dose, and used up to 20 billion cfu daily, though 
higher doses are sometimes recommended for acute in-
dications.2 As a general rule, extrapolating from clinical 
trials, dosing on the higher end of the dose range (5 billion 
cfu daily for children and 10 billion cfu daily for adults) 
would be more likely to yield a positive clinical effect for 
prevention or treatment of gastrointestinal conditions or 
atopic dermatitis.2,4

Adverse Effects
Probiotics are considered safe, with a low risk of ad-

verse effects, in healthy individuals.7 Some clinical tri-
als have documented a range of adverse effects, though 
often similar in incidence to side effects documented in 
members of placebo groups.23 Mild adverse effects in 
children may include rash, nausea, gas, flatulence, vom-
iting, increased phlegm, chest pain, constipation, taste 
disturbance, and poor appetite, with no serious adverse 
effects in otherwise healthy children.10,32 In other popula-
tions, self-limiting and mild gastrointestinal discomfort or 
flatulence have been reported.2

There have been case reports of bowel ischemia and 
sepsis in children, for which some authors believe that 
probiotics should be relatively contraindicated in certain 
populations, such as preterm infants, children with short-
gut syndrome, immunocompromised children and adults, 
or in people with “chronic disease,” the latter presumably 
due to decreased immune system function.2,22,23,32 

Conclusion
Probiotics comprise a range of species, including bac-

teria such as Lactobacillus and Bifidobacterium species, 
and the yeast S. boulardii. The physiological effects of 
orally administered probiotics, as demonstrated in both 
in vitro and in vivo research, comprise not only local 
gastrointestinal effects, such as displacement of patho-
genic bacteria and improvement of inter-intestinal cell 
tight junctions, but systemic improvements in cytokine 
profiles and immune system function. Clinical trials ex-
ist that have explored the use of probiotics for numerous 
conditions, including diarrhea and atopic dermatitis. The 
data are convincing for the use of probiotics to prevent 
both acute infectious diarrhea and antibiotic-associated 
diarrhea, as well as to treat viral gastroenteritis, helping 

Table: Clinical conditions beyond diarrhea and 
atopy for which there is some evidence for the  
use of probiotics1

Cancer prevention (in vitro)

Hyperlipidemia

Maintaining remission of ulcerative colitis or	
  Crohn’s disease

Oral health (i.e., prevention of dental caries)

Obesity/overweight children and adults

Ventilator-associated pneumonia

Pre-term neonates: necrotizing enterocolitis and  
   all-cause mortality
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children (more than adults) to recover approximately one 
day faster, when used in an average dose of 10 billion 
cfu daily (5 billion cfu for children). Probiotics seem less 
likely to help prevent traveler’s diarrhea. For atopic der-
matitis, there is little doubt that probiotics, begun during 
pregnancy and continued through the first year of life, 
help to decrease the prevalence and severity of eczema 
in newborns born into so-called “atopic families.” It is 
possible that positive probiotic effects are more likely to 
occur in newborns who are IgE sensitized, but this needs 
to be further clarified with more clinical trials. The medi-
cal literature is mixed on whether probiotics are a use-
ful adjunct in the treatment of already-existing eczema. 
Adverse effects of probiotics are generally rare and mild, 
though caution is warranted in select individuals, such as 
those who are immunocompromised.

Recommendation
Probiotics composed of a mixture of species and dosed 

at a minimum of 5 billion cfu daily for children and 10 bil-
lion cfu daily for adults should be given to anyone on an-
tibiotics, except in the context of severe illness or chronic 
disease, or in preterm infants, infants with short-gut syn-
drome, or anyone with a compromised immune system. 
In addition, children who are at risk of acute diarrheal ill-
ness, such as those who attend day care, should ingest 
daily probiotics, either from food or supplements. Finally, 
in families with a high prevalence of atopic disease, pro-
biotic supplementation should be considered for inclusion 
as a part of a pregnant woman’s regimen and continued 
through the early months of a healthy newborn’s life, in 
order to help prevent the development of atopic dermati-
tis. Convincing clinical trials and physiologic mechanistic 
work show that probiotic therapy is a generally safe and 
important therapeutic tool for enhancing gastrointestinal 
and immune system function.   n
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A B S T R A C T  &  C O M M E N T A R Y
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Synopsis: Yoga, a stretching program, and a self-care 
book on low back pain were compared in a three-armed 
randomized trial for patients with chronic low back 
pain. The findings showed that yoga was significantly 
more effective than was using the self-care book, where-
as yoga and stretching classes were equally effective. 
The benefits lasted for at least 26 weeks.

Source: Sherman K, et al. A randomized trial comparing yoga, 
stretching, and a self-care book for chronic low back pain. 
Arch Intern Med 2011;171:2019-2026.

The costs of chronic low back pain in terms of human 
suffering, disability, and economic impact are inargu-

ably large. Long-term evidence of efficacy and safety for 
analgesic use is still lacking, and although there is some 
evidence to support the recommendation of non-drug treat-
ments — such as acupuncture, chiropractic, and massage 
— none have been proven to be highly effective.1 A num-
ber of studies have shown that yoga may be an effective 
treatment for chronic or recurrent low back pain. A recent 
meta-analysis of controlled studies concluded that yoga is 
a useful approach with moderate effect sizes on pain and 
associated disability.2 In this new study of yoga for low 
back pain, using a larger sample size, the authors set out to 
confirm previous findings that yoga is helpful for reducing 
pain and increasing function for patients with low back 
pain. Because yoga training includes a mental component 
in addition to the physical stretching and strengthening, 
the authors also designed the study to determine if yoga 
was superior to a stretching only program.

Methods
Patients with low back pain were recruited primarily 

from a large western Washington health care organization 
and augmented with outreach to the general population. 
Exclusion criteria included back pain due to structural or 
underlying medical conditions, a history of previous back 
surgery, a history of litigation, pain less than 3 months’ 
duration, or minimal pain at the time of screening. Par-
ticipants also had to be able to attend classes and had to 
express willingness to do home practice. A total of 228 
participants were randomized to three treatment arms in 
a 2:2:1 distribution: yoga, stretching, and self-care. The 
study staff was blinded to treatment assignments. The 
yoga and stretching classes consisted of 12 standardized 
weekly 75-minute classes. Adherence to treatment pro-
tocols was monitored. Participants in both classes were 
asked to practice for 20 minutes on non-class days and 
were given written and video practice guides to assist 
them. A third cohort of participants received a self-care 
book detailing causes of low back pain and advice on ex-
ercising, lifestyle modifications, and managing flares of 
pain. 

Telephone interviewers collected study data at baseline 
and at 6, 12, and 24 weeks. Primary outcomes were scores 
on self-rated symptom “bothersomeness” (0-10 scale) 
and scores on the Roland Morris Disability Questionnaire 
(RDQ), a widely used, validated instrument for measur-
ing health status in low back pain patients. Secondary 
outcomes included activity restriction, global rating of 
improvement, and patient satisfaction. Participants also 
were asked about adverse events. Primary and secondary 
outcomes were analyzed using regressions and general-
ized estimating equations. All analyses were subjected to 
intent-to-treat principles.
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Results
Adherence in the yoga and stretching cohorts was simi-

lar: The proportion of participants attending at least eight 
classes was 65% for yoga and 59% for stretching. Home 
practice times were similar in both of these active groups 
for the duration of the study. Of the self-care participants, 
86% reported reading at least some of the book. Connec-
tion with class instructor was rated similarly in the yoga 
and stretching groups, as was support from classmates.

RDQ scores showed superior function in the yoga 
group compared with self-care at 12 weeks (95% confi-
dence interval [CI], -3.7 to -1.3) and 26 weeks (95% CI, 
-3.1 to -0.5). The stretching group also demonstrated su-
perior function compared to self-care at 6 weeks (95% 
CI, -3.0 to -0.4), 12 weeks (95% CI, -3.4 to -1.0), and 
26 weeks (95% CI, -2.8 to -0.2). Adjusted Relative Risk 
(RR-95% CI) for pairwise comparisons of RDQ scores 
of at least 50% improvement at 26 weeks was 1.90 for 
yoga vs self care; 1.63 for stretching vs self care; and 1.17 
for yoga vs stretching. Differences in outcomes between 
the yoga and stretching groups were not statistically sig-
nificant. The only meaningful differences between groups 
for symptom “bothersomeness” occurred at 12 weeks 
wherein the yoga group was significantly less bothered 
by symptoms than the self-care group (95% CI, -1.74 to 
-0.41). Thirteen participants in the yoga group and 13 in 
the stretching group reported mild-to-moderate adverse 
experiences, mostly increased back pain. Only one self-
care participant reported increased pain after doing rec-
ommended exercises. However, compared to self-care, 
yoga and stretching participants reported higher satis-
faction with care and were more likely to rate their back 
pain as better, much better, or completely resolved at all 
follow-up intervals.

The authors concluded from this study that yoga is an 
effective intervention for improving symptoms and dis-
ability due to chronic low back pain and that the effect 
is most likely due to the physical components of a yoga 
practice, since stretching appears to offer similar benefits.

n COMMENTARY

This study supports a growing body of research that 
suggests that yoga is a viable and effective treatment op-
tion for patients with chronic low back pain. The sample 
size for this study was about twice that of those in previ-
ous published clinical trials, a frequent criticism of the 
prior research. Another strength of this study is that the 
authors attempted to separate the physical and mental ef-
fects of yoga on back pain with the use of the stretching 
class treatment group, working under the assumption that 
yoga might have therapeutic effect due to the breathing 
and mental training that is part of traditional yoga prac-
tice, and is not a part of conventional stretching classes. 
The yoga method used in this study was a viniyoga style 
that is therapeutically oriented. The yoga instructors were 
comfortable with modifying postures for persons with 
physical limitations. Simply suggesting a yoga class to 
chronic low back pain patients without considering the 
style and instructor orientation appears to be unwise be-
cause of the wide variation in styles, levels of difficulty, 
and instructor training and experience in yoga classes 
available at large. 

Further, the various styles of yoga for low back pain 
have not been compared for efficacy and safety. An ad-
ditional drawback is that classes can be expensive, though 
DVDs and online instruction offer low-cost alternatives. 
Unsupervised instruction may be fraught with hazards, 
and there is a beneficial effect from the social support 
that prevails in a class format, which remains challeng-
ing to measure. Though yoga and stretching exercises 
seem similarly effective in this study, most stretching ex-
ercise classes available in community settings are not of 
75 minutes duration. Comparing yoga to a more typical 
stretching class of 30-45 minutes would yield valuable 
information and thus should be considered as a future 
study. Adherence to any physically active intervention 
for chronic pain remains problematic even in the present 
study, where the adherence rate is similar to past studies 
on exercise for back pain. 

Thus, recommendions of yoga for back pain patients 
must take into consideration the patients’ willingness to 
pursue a physically active course of treatment that re-
quires at least some motivation and self-efficacy. Fear of 
movement and exercise in patients with chronic low back 
pain may be an obstacle to overcome for them to benefit 
from yoga and stretching, both of which were shown to be 
effective in this study.   n

References
1.	 Chou R, et al. Diagnosis and treatment of low back pain: 

A joint clinical practice guideline from the American 
College of Physicians and the American Pain Society. 
Ann Intern Med 2007;147:478-491.

Summary Points
•  Therapeutic yoga has the potential to offer not 

only physical conditioning, stretching, and strength-
ening, but also a component of mental relaxation.

•  In this study, yoga therapy was equally effective 
in relieving chronic low back pain as a standardized 
regimen of stretching exercises, and more effective 
than self-care.
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Massage — With Your Genes 
On 
A B S T R A C T  &  C O M M E N T A R Y

By Russell H. Greenfield, MD

Synopsis: Through a small but exquisite study, the au-
thors of this investigatory intervention trial provide a 
plausible subcellular explanation for massage therapy’s 
purported benefits on injured muscle using muscle 
biopsy and subsequent gene profiling. The application 
of similar study techniques might be expected in future 
studies of other CAM therapies directed against pain.

Source: Crane JD, et al. Massage therapy attenuates inflamma-
tory signaling after exercise-induced muscle damage. Sci Trans 
Med 2012;119:1.

The aim of this study was to assess the influence of 
massage therapy within muscle that had completed a 

bout of intense exercise. Eleven recreationally active (and 
brave!) male volunteers participated in the study. After an 
overnight fast, subjects reported to the laboratory on two 
separate occasions, 14 days apart. They were permitted to 
follow their normal diets up until fasting, but were asked 
to abstain from moderate to intense physical exertion for 
72 hours prior, alcohol consumption for 48 hours, and caf-
feine ingestion for the previous 12 hours. A 355-kcal de-
fined formula diet was ingested 2 hours before each study 
session. 

At the beginning of the first visit, a baseline muscle bi-
opsy was taken from the quadriceps muscle of a randomly 
assigned leg to serve as the resting control sample. After 
the biopsy, each subject underwent testing for peak aero-
bic capacity (VO

2peak
) on an upright bicycle ergometer. 

At the second visit, subjects performed a bout of ex-
haustive aerobic exercise followed by randomized mas-
sage therapy. The exercise activity again consisted of up-
right cycling and was performed as follows: 1) pedaling 
at a workload calculated to elicit 60% of each subject’s 
predetermined VO

2peak
 for 30 minutes at 70-90 rpm, fol-

lowed by 2) an increase in exercise intensity to a work-
load equivalent to 65% VO

2peak
 for 5 minutes, then 3) 

back down to 60% for 5 minutes, and 4) increased to 
70% VO

2peak
 for 5 minutes, then 5) dropped to 60% for 

5 minutes, and 6) so on until a maximum of 85% VO
2peak 

was achieved. Exercise was continued until participants 
reached exhaustion, defined as the inability to maintain a 
cycling cadence above 70 rpm. 

Subjects were allowed to recover for 10 minutes while 
massage oil was lightly applied to both quadriceps. One 
leg was then selected at random to receive 10 minutes 
of massage from a registered massage therapist. Repeat 
quadriceps muscle biopsies were obtained immediately 
after massage therapy, and then after 2.5 hours of addi-
tional recovery time. 

Whole-genome, untargeted microarrays were per-
formed initially to screen for expressed genes induced 
by massage; five were identified that were differentially 
expressed in the muscle immediately after massage, and 
four genes that were differentially expressed 2.5 hours af-
ter treatment. Real-time reverse transcription–polymerase 
chain reaction (RT-PCR), protein signaling analysis, and 
metabolite quantification were performed to characterize 
processes occurring within the muscle in association with 
massage.

The authors describe a pathway starting with myofi-
brillar damage as a result of exercise-induced muscle 
contractions or direct trauma, and ending with localized 
inflammation and resultant pain; in between there lies a 
complex interplay of mechanotransduction, cell signal-
ing, activation and suppression of regulatory proteins, im-
mune cell recruitment, and alterations in glucose uptake. 
The authors do a terrific job of describing this in a detailed 
yet accessible manner. The bottom line results emphasize 
the sub-cellular and molecular levels: massage therapy 
appears to 1) drive processes that modulate inflammation, 
in part by reducing the synthesis of pro-inflammatory cy-
tokines (which may interfere with muscle repair), and 2) 
promote repair of damaged muscle tissue by improving 
contractile function, enhancing glucose uptake, reduc-
ing intracellular stress, promoting protein synthesis, and 
increasing the production of mitochondria. The temporal 
nature of the findings suggest that processes related to 
cytoskeletal integrity take place early following massage 
therapy, while those impacting inflammation occur later. 
Of note, no changes in glycogen fractions and muscle lac-
tate levels were identified. 

Summary Points
•  Based on the findings of this study, massage 

therapy appears to modulate pro-inflammatory 
cytokines, increase mitochondrial production, and 
enhance protein synthesis in exercised muscle tissue.

•  Massage therapy works similar to NSAIDs in 
mildly damaged muscle tissue, but is safer and more 
pleasant. 
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The authors close by stating that massage therapy may 
work in ways similar to NSAIDs, yet be safer, and poten-
tially more effective in addressing muscle injury, espe-
cially to areas of known low blood flow such as the mus-
cle-tendon interface. The mechanisms by which massage 
therapy provides therapeutic benefits include increased 
mitochondrial production, enhanced protein synthesis, 
and modulation of pro-inflammatory cytokines.

n COMMENTARY

Everyone knows that massage therapy feels good, and 
numerous studies show that massage can contribute to 
recovery from a variety of painful conditions, but only 
rarely are subjective outcomes sufficient to carry the day 
when it comes to determining precise clinical indications, 
or helping patients to secure insurance reimbursement 
for treatment. It has long been presumed that massage 
therapy helps relieve aching, overworked, and damaged 
muscles through a combination of actions that promote 
increased blood flow and clearance of lactic acid buildup, 
among others, but in truth there has been relatively lit-
tle mechanistic research performed that focuses on how 
massage therapy, and other CAM interventions, might 
provide relief. And then this paper was published.

Creating a biological understanding of therapeutic im-
pact related to any therapy is imperative. Scientific in-
quiry into CAM treatments that takes advantage of tech-
nological advances in molecular biology and genetics is 
rare. There are reasons, of course, but the fact remains. 
The results of this study show it can, and should, be done 
more frequently.

The researchers confirmed first that damage had been 
done to cells of the quadriceps muscle through toluidine 
blue staining. On a molecular level, they then showed that 
a mere 10 minutes of massage therapy created changes 
that decrease inflammation, hasten muscle repair, de-
crease pain, and promote recovery. Some of these actions 
are unique, some are similar to those associated with the 
use of anti-inflammatory medication, but few would ar-
gue with the idea that massage therapy is infinitely more 
enjoyable than popping pills, and significantly safer.

Kudos to the researchers (and the courage and vitality 
of the volunteers) for a study that not only offers answers 
that may pave the way for greater advantage for patients, 
but also lights the path for more in-depth biological eval-
uation of additional therapies, both conventional and al-
ternative in nature.   n

In Future Issues:
Vitamin D and Cardiovascular Health

L-Carnitine: A Review

CME Objectives
After completing the program, physicians will be able to:
a.	 present evidence-based clinical analyses of commonly used al-

ternative therapies; 
b.	 make informed, evidence-based recommendations to clinicians 

about whether to consider using such therapies in practice; and 
c.	 describe and critique the objectives, methods, results and con-

clusions of useful, current, peer-reviewed clinical studies in al-
ternative medicine as published in the scientific literature.

CME Questions 
1.	 The presence of hydrogen peroxide-producing lactobacilli 

species in the vagina has been shown to be significantly 
higher in healthy women compared to those with bacterial 
vaginosis. Lactobacilli in the vagina have been associated 
with which of the following?
a.	 Inhibition of binding of pathogenic organisms

b.	 Production of hydrogen peroxide and lactic acid

c.	 Regulation of epithelial innate immunity

d.	 All of the above

2.	 Which of the following strains has been shown to be poten-
tially efficacious for bacterial vaginosis when used orally?
a.	 Lactobacillus rhamnosus Lcr35

b.	 L. rhamnosus GR-1 and L. reuteri RC-14

c.	 L. acidophilius 2012

d.	 L. gasseri (Lba EB01-DSM 14869) and L. rhamnosus (Lbp 
EB01-DSM 14870)

3.	 Which type of diarrhea has the least evidence of benefit from 
probiotic supplementation?
a.	 Traveler’s

b.	 Antibiotic-associated

c.	 Treatment of acute infectious diarrhea

d.	 Prevention of acute infectious diarrhea

4.	 Which of the following genera (assume a variety of species) of 
probiotic microorganism have been studied in clinical trials 
and seem to have some proven effect on either gastrointesti-
nal or atopic disease, or both?
a.	 Lactobacillus

b.	 Bifidobacterium

c.	 Streptococcus

d.	 All of the above

5.	 Which of the following is true about yoga for back pain?
a.	 Meta-analyses suggest dubious benefit for pain and disability.

b.	 Styles of yoga have been compared and viniyoga has greater 
efficacy.

c.	 Adherence to yoga programs for back pain is superior to 
other exercise programs.

d.	 Standardized programs of yoga and stretching appear to be 
equally beneficial.


