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OSTEOARTHRITIS

ABSTRACT & COMMENTARY 

Needle (or Laser) the Knee for Relief  
from Chronic Osteoarthritis Pain?
By David Kiefer, MD
SYNOPSIS: In people with chronic knee pain from osteoarthritis, needle and laser acupuncture fared no better than sham laser 
acupuncture for a variety of parameters at 12 weeks and 1 year. 

SOURCE: Hinman RS, et al. Acupuncture for chronic knee pain: A randomized clinical trial. JAMA 2014;312:1313-1322.

This randomized clinical trial was designed to 
evaluate the immediate and delayed efficacy of 
acupuncture for knee osteoarthritis. The authors 

justify their methodology based on cited prior work, 
including a meta-analysis supporting acupuncture for 
osteoarthritis pain and the fact that laser acupuncture (a 
low-intensity laser) may be more effective on myofascial 
points than needle acupuncture. The structure of this 
trial was meant to improve on past methodology, most 
notably by comparing needle and laser acupuncture 
and by having the participants’ agreement to have 
acupuncture occur after randomization, simultaneously 
making the control group unaware of the clinical 
trial. The researchers hoped that the agreement-after-
randomization approach would improve on issues 
related to recruitment (only people with positive 
attitudes toward treatment participate) and outcomes 

(expectations can influence results) when the control 
group is aware that the other group was receiving 
acupuncture.

The study’s randomization involved 282 adults in 
Australia with inclusion criteria (see Table 1) sufficient 
for a diagnosis of osteoarthritis as per guidelines from 
the United Kingdom (National Institute for Health and 
Care Excellence). Of the total study participants, 71 
were randomized to no treatment (the control group), 
70 to needle acupuncture (13 declined to actually 
receive the treatment), 71 to laser acupuncture (12 
declined treatment), and 70 to sham laser acupuncture 
(nine declined treatment). An intention-to-treat analysis 
was used to analyze the data, so even those individuals 
who declined treatment were included in that group’s 
analysis as if they had received the relative treatment.
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The needle acupuncture used was a 
combination of Western and Chinese style, 
delivered by eight family physicians with 
acupuncture certification (Australian Medical 
Acupuncture College). The acupuncture 
sessions lasted 20 minutes and were 
delivered once or twice weekly for a total of 
8-12 times. The acupuncturists treated the 
patients “according to usual practice,” using 
standardized points both near and distal to 
the affected knee. The acupuncturist could 
also choose “other points” at their discretion, 
a balance between trying to standardize 
treatment for research and clinical purposes, 
and a more individualized approach that 
may be more typical for traditional Chinese 
medicine (TCM) practitioners. The initial 
treatment could use six points (four on the 
affected limb and two others); subsequent 
sessions could vary from that as per the 
acupuncturist’s discretion. For the laser 
acupuncture, an Acupak laser machine or 
a red non-laser light were shined on similar 
points to those used for needle acupuncture. 
It was previously established that it is 
impossible for the patient to differentiate 
between true and sham laser treatments.

The primary outcomes were two self-
reported pain and function measures for 
osteoarthritis. First, using a 0-10 scale, 
average knee pain over the previous week 
was recorded. Second, the Western and 
McMaster Universities Osteoarthritis Index 
(WOMAC; 0-68, higher numbers indicating 
worse function) was used to measure 
physical function. Numerous secondary 
outcomes were recorded, including average 
knee pain on walking, average daily activity 
restriction, WOMAC pain subscale, health-
related quality of life, physical and mental 
component summary scores, and global 
change in pain and function (5-item ordinal 
scale). All of these parameters were measured 
at baseline, 12 weeks, and 1 year. 

The baseline demographics, symptom 
duration, medication use, and past 
osteoarthritis treatment type were similar 
across the four groups, except for the fact 
that the sham laser acupuncture group 
had slightly more people with symptoms 
longer than 10 years’ duration. There are 
many permutations of the data analysis. 
For example, Table 2 shows the three 
intervention groups at 12 weeks’ outcomes 
as compared to the control group. Needle 

acupuncture seemed to fare better than laser 
acupuncture or sham laser, but, interestingly, 
when these data were further analyzed 
and comparisons made between the three 
intervention groups, the needle acupuncture 
results were not statistically different than 
either the laser acupuncture or the sham laser 
group; presumably the lack of a difference 
from the sham laser group was because the 
benefits compared to the control group were, 
according to the authors, of a “clinically 
unimportant magnitude” or of a “clinically 
irrelevant magnitude.” Furthermore, the 
benefits (“better”) in Table 2 all disappeared 
at the 1-year mark. Adverse events were 
described as “few, mild, and transient,” 
the details of which were provided in an 
electronic table separate from the article 
itself.

n COMMENTARY
The potential clinical relevance of this study’s 
conclusions is high. First, acupuncture 
is commonly used and recommended as 
a part of integrative treatment plans for 
several medical conditions, most notably 
postoperative nausea1 and low back pain.2 
Second, pain is a common complaint for 
which people turn to integrative medicine, 
including acupuncture.3 The support or 
refutation of acupuncture’s use for chronic 
knee pain from osteoarthritis would help 
to appropriately allocate people’s time 
and health care dollars in the pursuit of 
symptomatic and functional improvement.

The authors of this study draw parallels 
between their results and those of other 
clinical trials; of note, most other clinical 
trials have compared needle acupuncture 
with sham needle (not laser) acupuncture. 
One difference, though, is a lack of 
statistically discernible difference when 
true acupuncture is compared to sham 
acupuncture, which they attribute to 
their relatively small numbers of study 
participants. That said, they still point to 
the fact that their findings, or findings that 
might have emanated from larger trials, 

Table 1: Inclusion Criteria for  
Acupuncture Research Trial
• At least 50 years old

• Knee pain longer than 3 months’ duration

• Knee pain on most days averaging 4/10

• Morning knee stiffness < 30 minutes
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were minimally clinically relevant. Their methodological 
improvements speak in favor of the believability of these 
results, the significant numbers of participants declining 
treatment, a criticism. True, the statistics were clear, the 
intention-to-treat analysis sound, but those dropouts 
are hard to ignore (even the authors brought it up). 
Another concern is the length of the visit (20 minutes) 
and the number of visits (8-12) in this study protocol. 
An enhanced clinician visit during acupuncture therapy 
in a seminal paper yielded profound positive effects on 
irritable bowel syndrome,4 but those visits were longer 
than 20 minutes. That same study showed that curt office 
visits are little better than no office visit. Perhaps these 
results could have been augmented with a little more QT 
(quality time) with the acupuncturist. And, with respect 
to number of visits, acupuncture will likely not bring 
about healing immediately, especially in cases of chronic 
conditions. The visit number in this protocol may be on 
the low side for chronic knee pain.

It would have been very interesting to see a sham needle 
acupuncture arm in the context of these results. Some 
studies on the use of osteopathic manipulation for pain 
find results, even for sham maneuvers, likely the result of 
a patient response to physical contact. Laser acupuncture 

lacks that aspect of the patient-provider interaction, 
mediated instead through a machine and lights (I can’t 
resist referencing the imaging of the Wizard of Oz and 
his smoke and light display, not meaning, of course, to 
minimize the fact that laser acupuncture has been shown 
to be efficacious in some studies), perhaps explaining 
why, in Table 2, only one variable was affected by laser 
therapy. 

When considering the efficacy and clinical magnitude of 
the results, the authors strongly vote against acupuncture 
as a therapeutic option for chronic knee pain from 
osteoarthritis. A more balanced view of these results 
would also take into consideration the risks of this 
therapy (low, other than time and cost) and the other 
options (and their risks and benefits) for this condition. 
In addition, an increase in clinical time with the 
acupuncturist, as discussed above, may have fortified the 
results presented here. So, in conclusion, we have a safe 
treatment option, which may or may not be efficacious 
for chronic knee pain from osteoarthritis, leading me 
to advocate for research that clarifies and addresses this 
study’s shortcomings. In the meantime, I would consider 
needle acupuncture as an option for people with knee 
pain who are acupuncture willing or motivated.   n
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Summary Points
• This four-arm study of 282 people with knee 

pain from osteoarthritis included control, 
needle acupuncture, laser acupuncture, and 
sham laser acupuncture groups.

• At 12 weeks (but not 1 year), the needle 
acupuncture group showed benefits in some 
of the clinical measurements when compared 
to the control group, but not the sham laser 
or true laser acupuncture groups.

Table 2: Intervention vs Control at 12 weeks

At 12 weeks, the primary and secondary outcomes for each of the acupuncture groups when compared to the control group

Needle Acupuncture  
vs Control

Laser Acupuncture  
vs Control

Sham Laser Acupuncture  
vs Control

Overall pain Better Better ND

WOMAC function Better ND ND

Pain on walking Better ND ND

Pain on standing Better ND ND

Activty restriction ND ND ND

WOMAC pain Better ND ND

Quality of life ND ND ND

Physical summary score ND ND ND

Mental summary score ND ND ND

ND = no difference; WOMAC = Western and McMaster Universities Osteoarthritis Index.
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WOMEN’S HEALTH

ABSTRACT & COMMENTARY

Yoga and Vasomotor Symptoms:  
Does a Meditative Movement Practice 
Improve Menopausal Symptoms?
By Carrie Decker, ND

Founder and Medical Director, Blessed Thistle, Madison, WI

Dr. Decker reports no financial relationships relevant to this field of study.

SYNOPSIS: In a randomized controlled trial, the implementation of a regular yoga practice was not shown to significantly improve 
vasomotor symptom frequency or bother at 6 and 12 weeks. However, it was associated with a significant improvement in Insomnia 
Severity Index. 

SOURCE: Newton KM, et al. Efficacy of yoga for vasomotor symptoms: A randomized controlled trial. Menopause 2014;21:339-346.

With the potential health risks associated with 
hormone replacement therapies for the 

management of estrogen withdrawal-associated 
vasomotor symptoms (VMS), the possible use of 
other medications, herbal supplements, and lifestyle 
interventions for management of menopausal symptoms 
continues to be investigated.

Yoga, a mind-body and movement practice, is utilized 
as an ancillary therapy for a wide variety of chronic 
diseases including hypertension, pain, depression, sleep 
disorders, and mental illness.1 Mechanistically, yoga has 
been shown in studies to affect endothelial function, 
inflammation, immune response, salivary cortisol levels, 
and circulating levels of neurotransmitters and hormones. 
Having such diverse effects, a variety of broad-scale 
benefits may be seen. Other studies investigating yoga 
for the management of menopausal symptoms have 
shown varying results and have been limited in size or 
methodology.

This study was a multisite (three sites), randomized, 
controlled trial using a three-by-two factorial such that 
all participants had an intervention and therefore an 
expectation of benefit. The interventions were 12 weeks 
of yoga, exercise, or usual activity, with simultaneous 
randomization to 1.8 g/day of omega-3 fatty acid or 
placebo capsules. Subjects were qualified to participate in 
the study if they were perimenopausal, postmenopausal, 
or post-hysterectomy; between 40-62 years old; with 
follicle-stimulating hormone levels > 20 mIU/mL and 
estradiol levels of ≤ 50 pg/mL; and were in generally 
good health. Participants were excluded if body mass 
index was > 37 kg/m2, if hormonal medications or other 
over-the-counter treatments for VMS had been taken 

in the past month, or if they currently used one of the 
interventions being investigated in the study.

A 2-week diary and a questionnaire was used to 
determine baseline of the primary outcomes of VMS 
frequency and bother as well as secondary outcomes 
of sleep quality and disturbance, insomnia severity, 
depressive symptoms, and anxiety. A 7-day diary was 
used for assessment of VMS during study weeks 6 and 
12, with follow-up questionnaires for other symptoms 
reassessed only at 12 weeks. 

The yoga intervention included specific groups of 
poses that were identified by expert instructors at the 
National Center for Complementary and Alternative 
Medicine to be useful for relieving VMS. Poses were 
sequenced according to principles of viniyoga. The yoga 
intervention also included breathing exercises and a deep 
relaxation meditation called yoga nidra. Instructors were 
qualified by having 5 years and 500 hours of experience 

Summary Points
• Vasomotor symptom frequency and bother 

were not improved after 6 or 12 weeks of 
regular yoga practice.

• Insomnia severity was improved after 12 
weeks of a yoga practice. 

• Sixty-eight percent of women who participat-
ed in the yoga intervention believed it helped 
improve menopausal symptoms, and 87% 
were interested in continuing to practice yoga.
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and were instructed in the protocol in a 2-day training 
session. Individuals in the yoga intervention group 
participated in a weekly 90-minute class with instruction 
and were instructed to practice at home for 20 minutes 
on days they did not attend class. For home practice, 
they were given a DVD with yoga pose sequences and 
a CD for yoga nidra. Individuals in the usual activity 
group were asked to not engage in yoga or change their 
exercise routines. Comparisons of aerobic exercise were 
not made with the yoga group and specifics of exercise 
interventions were not discussed.

Population demographics were not significantly 
different between groups, with the majority being 
postmenopausal, well educated (more than 93% 
educated beyond high school), white (63%), and a 
mean age of 54 years. For the assessment of the primary 
outcomes of VMS frequency and VMS bother, a two-
sided P value of < 0.025 was considered statistically 
significant; for the secondary outcomes, a two-sided P 
value of < 0.0125 was considered statistically significant.

There was no significant difference in VMS frequency 
at the 6- and 12-week assessment between intervention 
groups. The change in VMS frequency (mean difference 
[yoga – usual activity]) from baseline at 6 weeks was 
-0.3 (95% confidence interval [CI], -1.1 to 0.5) and at 
12 weeks was -0.3 (95% CI, -1.2 to 0.6) with P = 0.119 
for each. In the yoga group, the baseline mean VMS 
frequency was 7.4 per day and decreased to 4.6 VMS/
day. This compared to the usual activity group with a 
mean baseline of 8.0 VMS/day, which decreased to 5.4 
VMS/day. There also was no significant difference (P = 
0.417) in VMS bother with mean bother rating of the 
yoga group decreasing from 2.9 (1 to 4, with 4 very 
bothersome) to 2.3 and in the usual activity group from 
3.0 to 2.5.

Considering the secondary outcomes of Insomnia 
Severity Index (ISI), sleep quality and disturbance, 
depression, and anxiety, a significant improvement was 
seen in ISI score with a mean change between baseline 
and 12 weeks for the yoga group of -4.4 (95% CI, -5.4 to 
-3.4) and -3.1 (95% CI, -3.9 to -2.4) for the usual activity 
group (P = 0.007). Improvements in sleep quality with 
yoga intervention compared to usual activity between 
baseline and 12 weeks (reported by the Pittsburgh 
Sleep Quality Index) were not significant (P = 0.049) 
for the criteria of this study. Similarly, improvements in 
depression with yoga intervention compared to usual 
activity between baseline and 12 weeks (reported by the 
Patient Health Questionnaire-8) were not significant 
(P = 0.028) for the criteria of this study. No significant 
difference was seen in emergent adverse events in groups 
at any time point, with no serious adverse events being 
reported.

When questioned about their experience with the 
yoga intervention, 68% reported that yoga helped to 
relieve menopause symptoms and 87% stated that they 
would like to continue practicing yoga. Adherence to 
the recommended yoga schedule was monitored and 
reviewed; participants attended a mean of 8.5 scheduled 
yoga sessions and practiced at home 4.1 times per week. 
When analysis of data was limited to women who were 
at least 80% adherent to the yoga class intervention, the 
results were not changed.

Reported separately, the intervention of omega-3 fatty 
acids was not found to have a significant effect on VMS 
frequency, VMS bother, insomnia, or mood.2 Moderate-
intensity aerobic exercise was not found to have a 
significant effect on VMS frequency or VMS bother, but 
may have a small (non-significant) effect on insomnia, 
sleep quality, and depressive symptoms.3 

n COMMENTARY
Other studies assessing yoga for VMS, insomnia, 
and sleep quality have had study limitations: lacking 
randomization,4,5 a non-exercise control group,6 or a 
high drop-out rate.7 The limitation of this particular 
study was that although it was a community-based 
sample, participants may have been motivated to seek 
treatment. Additionally, participants were a more 
educated demographic, were in good health overall, and 
a low percentage were current smokers. Given these 
limitations, one might wonder if the implementation of 
a yoga practice in a more general population may have 
a more significant effect. However, the practice of yoga 
does take considerably more time and effort than taking 
a medication or other supplement. The likelihood of 
establishing a regular yoga practice is probably quite low 
for individuals from a general population who are not 
motivated to seek activities to promote health.

An interesting item to note is that both the yoga and 
usual activity group experienced a decrease of VMS 
frequency of > 25% after 12 weeks of the study. 
Although the difference between these groups was 
not significant, the fact that such an improvement in 
VMS was seen in both groups implies that the level of 
VMS was not stable in individuals recruited for this 
study, or that VMS generally improves with time. If 
VMS frequency and bother were more stable for a 
period of time prior to the study (6 or 12 weeks), the 
implementation of an intervention may have a different 
effect. The possibility of a longer study could also be 
considered; however, a study having a longer duration 
(4 months) was seen to have a high dropout rate in the 
intervention group.7 

Although the effects of omega-3 fatty acids were assessed 
in a separate publication1 and were found to not have a 
significant effect on any parameter measured, half of the 
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individuals in both the yoga and usual activity groups 
also had the intervention of fish oil. Data were not 
separately assessed for individuals who were not also a 
part of the omega-3 fatty acid intervention. 

There are various proposed causes of the etiology of 
VMS and menopausal symptoms, and for each individual 
the reason for these symptoms may be different. Often, 
the assessment of one single intervention (estrogen, 
phytoestrogens, neurotransmitter modification) will 
be limited in the benefits seen in a general population 
due to the different etiologies of symptoms. However, 
yoga as a mind-body intervention in some ways may 
overcome these different etiologies as it also has many 
mental and physiological effects. Despite the lack of a 
significant difference in VMS frequency and bother in 
the yoga group, it is interesting to note that such a high 
percentage (68%) had a perception of benefit, and an 
even higher percentage (87%) noted that they would like 

to continue a yoga practice. As yoga has been shown to 
have a multitude of possible benefits to overall health, 
the advocacy of this practice for women with VMS and 
menopausal insomnia should be considered.   n
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CARDIOVASCULAR DISEASE

ABSTRACT & COMMENTARY 

Dietary Fat Correlates with CAD Risk
By David Kiefer, MD

SYNOPSIS: A prospective, population-based study in middle-aged and older men found that polyunsaturated fatty acid intake correlated 
with a lower risk of coronary artery disease events.

SOURCE: Virtanen JK, et al. Dietary fatty acids and risk of coronary heart disease in men: The Kuopio Ischemic Heart Disease Risk Factor 
study. Arterioscler Thromb Vasc Biol 2014 Sep 25. [Epub ahead of print].

Following up on conflicting research results about the 
role of dietary saturated fatty acids (SFA) and other 

macronutrients in the development of coronary artery 
disease (CAD), the researchers in this study aimed to 
improve the research methodology and generalizability 
surrounding this important topic. For example, in the 
introduction, the authors mention early research pointing 
to a direct and inverse relationship between SFA and 
polyunsaturated fatty acid (PUFA) intakes, respectively, 
on total and low-density lipoprotein (LDL) cholesterol, 
leading to dietary recommendations to lower SFA intake. 
Follow-up studies found less of a connection between 
SFA intake and CAD, leading to the postulation that 
other risk factors besides total and LDL concentration 
exist, and/or that macronutrients other than SFA may 
have a connection to CAD. This study explored these 
“other” macronutrients.

The researchers used a 4-day food diary in a population 
with high SFA intakes and high rates of CAD, more akin 
to what is seen with a standard Western diet (hence, the 
increased generalizability). The food diary is considered 

the “gold standard,” and an improvement over prior 24-
hour food recalls or food frequency questionnaires.
The researchers tapped into data from the Kuopio 
Ischemic Heart Disease Risk Factor Study (KIHD) in 
Finland and used fatal and non-fatal CAD as the primary 

Summary Points
• This was a prospective, population-based re-

search study in 1981 men using a 4-day food 
diary to estimated nutrient intakes; the primary 
endpoints were fatal and non-fatal coronary 
artery disease (CAD) events.

• Polyunsaturated fatty acid intake correlated 
with a decreased risk of fatal CAD events; total 
fat intake correlated with an increased risk of 
non-fatal CAD events.

• No change in CAD event risk correlated with 
saturated fat intake.
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endpoints. Secondary analyses used carotid artery 
intima-media thickness measurements (when available) 
as a representation of the atherosclerotic disease process, 
though the subset of this cohort with this measurement 
available were younger and had lower systolic blood 
pressure, lower body mass index, lower baseline SFA and 
protein intakes, higher baseline PUFA intakes, and were 
more likely to smoke. 

Data from 1981 men, free of CAD in the years 1984-
1989, were analyzed. Table 1 lists notable baseline 
characteristics of this cohort. The average total cholesterol 
was 237.8 mg/dL, triglyceride 110.6 mg/dL, high-density 
lipoprotein 50.6 mg/dL, and LDL 154.4 mg/dL. The 
men in this cohort ate an average of 2391 kilocalories 
(“calories”) daily, which was 38.9% fat, including 
18.0% SFA, 1.1% trans-fatty acid (TFA), 11.0% 
monounsaturated fat (MUFA), 4.6% PUFA, 15.6% 
protein, and 43.5% carbohydrate. Of the PUFA intake, 
3.5% were omega-6 fats and 0.7% were omega-3 fats.

The average follow-up for the 1981 men was 21.4 years. 
During this time, 183 fatal CAD events and 382 non-
fatal CAD events were recorded in the KIHD database. 
PUFAs were the only fat to show a correlation with 
fatal CAD events: The hazard ratio (HR) was 0.46 
when quartile 4 (highest PUFA intake) was compared 
to quartile 1 (lowest PUFA intake) (P = 0.03). Of note, 
this statistically significant trend was seen only when the 
analysis was adjusted for other baseline variables and 
the other fat types. The trend was not observed when 
omega-6 PUFAs and omega-3 PUFAs were analyzed 
separately over the quartiles (P = 0.08 and P = 0.11, 
respectively). PUFA intake also correlated with smaller 
carotid artery intima-media thickness (P < 0.05), whereas 
the other fats did not have statistically significant 
correlations with that measurement. 

With respect to fatal CAD events and the other fats, no 
such statistically significant trend was documented for 
any of the other fat types. 

Non-fatal CAD events increased proportionally with 
the quartiles of total fat intake (HR = 1.38, P = 0.03); a 

statistically significant trend was only observed, again, 
when the analysis was adjusted for the other baseline 
variables and other fat intake. No associations were 
found with the other fat types.

The database allowed the researchers to do another 
interesting calculation: the change in CAD risk with 
a 1% energy substitution of one nutrient for another. 
When MUFAs (but, the researchers noted, the MUFAs in 
this cohort more likely came from animal products, such 
as meat and dairy, and not olive oil) replaced SFA, TFA, 
or carbohydrates, fatal (and, less so, non-fatal) CAD risk 
increased; the opposite occurred when PUFAs replaced 
one of those three nutrients. A replacement of SFA or 
TFA with carbohydrate did not change CAD risks.

n COMMENTARY
The debate about healthy and unhealthy fats is far from 
over, especially in context of the doubts over the efficacy 
of the low-fat diet for cardioprotection,1 the resurgence 
of saturated fats (coconut oil and butter trumping 
margarine?), and the scientific “victories” of the MUFA-
heavy Mediterranean diet for CAD and diabetes 
mellitus.2

This study adds to our knowledge with more detailed 
data about dietary correlates with CAD risk in a more 
typical Western diet-eating, albeit one gender, population. 
If we believe these results, then there is less concern than 
in the past to focus on SFA intake as opposed to total 
fat intake. Perhaps the inadequacies of the literature as 
pointed out by the authors of this study were enough 
to skew the data and create an anti-SFA frenzy in past 
decades. Less surprising were the findings that PUFAs 
correlated with some degree of cardioprotection. The 
PUFA results did not translate into a tangible omega-3 
vs omega-6 benefit, different than most of the medical 
literature and possibly related to one key factor; the 
cohort’s baseline 5:1 ratio of omega-6 to omega-3 is 
closer to a historically healthy intake (1:1 or 2:1) than 
the oft-quoted 15:1 to 20:1 found in a typical, CAD-
prone Western diet. This more optimal PUFA intake 
may have negated the ability of this study to statistically 
demonstrate an omega-3 or omega-6 effect.

The calorie substitution calculation, albeit a statistician’s 
trick, may be the most clinically intriguing aspect of this 
study. Clinicians often play the “substitution game,” 
swapping out high-glycemic for low-glycemic index 
carbohydrates. The results here hint at what might 
happen if PUFAs (benefit) or animal-based MUFAs 
(harm) replace other fats and nutrients. Are we to stop 
the trend of inserting olive oil (a MUFA) in people’s diet? 
(Please don’t. The MUFA-effect here was likely due to 
MUFAs from animal products, not olive oil). Or, only 
substitute with PUFAs, such as seed oils, notoriously 
high in omega-6 fatty acids? For any of the detailed 

Table 1: Baseline Characteristics of the 1981 
Men from the KIHD Study
Average age 52 years

Average number of years of education 9 years

Percent married 87%

Percent living in rural areas 27%

Average body mass index 26.7 kg/m2

Percent currently using tobacco 30%

Percent with diabetes mellitus 5%

Percent with hypertension 56%
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substitutions, it is difficult to come to a definitive 
conclusion just based on this trial. As the structure of the 
study only allows us to comment on correlations, follow-
up clinical interventional research trials are necessary to 
determine cause-effect on CAD events. Until then, for 
this demographic, saturated fat was not as evil as we 
would have predicted, and PUFAs may indeed play an 

important role in the prevention of fatal and non-fatal 
CAD events.   n
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In August 2013, the Centers for Disease Control and 
Prevention (CDC) reported that 300,000 cases of Lyme 

disease (LD) are diagnosed each year and that the 30,000 
reported cases is 2008 are a gross underestimation. 
The CDC investigated laboratory reports and clinical 
records and surveyed the public to collect these data.1,2 
Unfortunately, the entirety of the research results have yet 
to be published to shed further light on the discrepancy 
of the LD statistics.1,2 

This August 2013 announcement came in the wake 
of an April 2013 CDC publication recommending 
that clinicians order the standard of care test (two-tier 
serologic testing) for LD when indicated and to not use 
alternative laboratory testing also known as “home 
brew” testing for LD that has not been approved by the 
FDA.3,4 The article discussed a recent investigation into a 
novel laboratory-developed test that claimed to be able to 
identify Borrelia burgdorferi (Bb) through a two-step pre-
enrichment process followed by immunostaining with 
or without polymerase chain reaction (PCR) to identify 
the bacterium and be considered “culture positive.” 
The CDC reports that there was a concern regarding 
increased false positives due to laboratory contamination 
leading to the misdiagnosis of LD in patients.3,4

Unfortunately, it is perceived that there are limitations 
in the CDC recommended two-tier serologic LD testing, 
leading to the use of unapproved LD testing by patients 
and clinicians.1-3,5,6 However, the use of non-validated 
LD tests also has issues; there may be false-positive 
results and unnecessary antibiotic use.3,7 This article will 
review some of the details about LD testing as a guide for 
clinicians whose patients are trying to negotiate this often 
confusing topic.

BACKGROUND
LD is a tick-transmitted infection caused by the 
spirochete bacteria Bb.1 Bb was first described in the 

United States in 1975 by Steere et al.1,8 Bb was reported 
to be the causative agent of LD disease in 1983.8 The 
symptoms of LD were reported for many years in Europe 
prior to the discovery in the United States.8 LD is the 
most common vector-borne illness in the United States.1 
In 2013, 27,203 confirmed cases of LD were reported 
in the United States and more than 80,000 cases in 
Europe.1,9 

Symptoms of LD may include fatigue, headache, 
arthralgia, myalgia, and fever. The most common sign of 
Bb infection, occurring in 80% of infected individuals, is 
the erythema migrans (EM) rash that appears 1-2 weeks 
after a tick bite, at the site of the tick bite.1,5-7 EM is also 
referred to as the “bulls-eye rash” even though two-
thirds of EM are uniformly erythematous or will have an 
enhanced central erythema without clearing around it.1,5-7 
Other symptoms that may occur after Bb disseminates 

Summary Points
• Lyme disease (LD) is a growing public health 

burden and in a select group of patients may 
lead to post-treatment Lyme disease syn-
drome, which can persist for years.

• There are many LD tests, but the two-tier 
serologic test is still considered the most ac-
curate and useful.

• Patients can test positive on two-tier testing for 
both IgG and IgM antibodies even after they 
have been successfully treated for LD.

• The use of alternative LD testing or “home 
brew” testing is not reliable and should be 
avoided due to the increased number of false 
positives.
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into other tissue are cranial nerve palsy, meningitis, and 
cardiac manifestations such as atrio-ventricular block.1,5-7

Arthritis is a symptom of a later stage of disseminated 
LD and occurs in < 10% of all cases, partly because 
most patients are treated earlier.1,5-7 The majority of 
patients respond favorably to antibiotic treatment.1,5-7 
Despite being treated for LD, approximately 10-20% 
of patients report having post-Lyme disease symptoms 
such as musculoskeletal pain, short-term memory and 
concentration difficulties, and fatigue; if these symptoms 
last for 6 months or longer, the patient is then considered 
to have post-treatment-Lyme disease syndrome 
(PTLDS).1,7 The etiology of PTLDS is not currently 
known and may be due to systemic inflammation or 
autoimmune pathologies occurring after Bb exposure.1,5-7

BB GENOSPEICES
A number of Bb species are known to cause disease (see 
Table 1).6 Also, although EM usually occurs in the early 
phase of infection while arthritis occurs later, some of 
these symptoms have also been linked to specific Bb 
species (see Table 2).6 Only Bb is known to cause human 
LD in North America.

BB ANTIGENICITY
Numerous immunogenic Bb surface, cytoplasmic, and 
membrane antigens have been described. Bb does have 
a number of outer surface proteins (OSP).5-7,10-12 These 
OSPs are differentially expressed among the different 
genospecies and environmental triggers.10 OSPs are 
upregulated and important to Bb establishing an infection 
in the host.13 The cell envelope of Bb differs from other 
bacteria such as Escherichia coli, as it has an outer layer 
that is fluid and is bilayer with phosphatidylcholine, 
phosphatidylglycerol, and cholesterol glycolipids.10 There 
are also numerous lipoproteins on the surface of the 
bacterium. Bb also has flagella that are immunogenic. 
Antibody responses are elicited in most patients with 
early production of immunoglobulin M (IgM) reducing 
the burden of the spirochete. Immunoglobulin G (IgG) 
production by B cells is usually measurable by the second 
week of Bb infection.10 Bb evades antibodies by changing 
expression of antigenic molecules and may suppress host 
inflammation to evade detection.10,14 

LABORATORY TESTING
Because of the different species of Borrelia and the 
mechanisms that the bacterium uses to evade immune 
detection, clinical laboratory diagnosis is challenging. 
Antibody production to the Borrelia bacterium vary by 
individual and isolating the Borrelia bacterium is also 
challenging.11,15 The two broad categories of laboratory 
testing used to identify infection with Bb are direct and 
indirect detection. 

The direct types of laboratory testing include culture, 

microscopic assays, and Lyme-specific proteins and/
or nucleic acids using tests such as PCR. The most 
specific and conclusive test is a positive culture of the Bb 
clinical isolate, but it has drawbacks (culture difficulty 
and low concentration of Bb in specimens), limiting its 
clinical usefulness.11 However, it is possible for Bb to 
be cultured from skin biopsies of the EM lesion. In a 
study investigating 21 patients in the United States with 
EM that were biopsied, recovery of Bb was 86%.16 In 
patients who are being treated with antibiotics or the EM 
has resolved, Bb is rarely recovered from the site.17 Bb 
can also be isolated and cultured from plasma or serum; 
however, a large amount of plasma is required to isolate 
a significant number of organisms to culture.11 Clinical 
isolates of possible Bb infection require up to 12 weeks of 
culture to determine that the sample is in fact negative.11 
A positive culture can be identified at 4 weeks, according 
to some researchers’ unpublished data.11 

PCR
PCR techniques can be useful in the diagnosis of LD 
because they can be used on clinical samples with few Bb 
organisms. The quality of the PCR results are dependent 
on the different primers that are used and host tissue 
can also interfere with the results.18 In blood and CSF, 
PCR testing for Bb DNA is not recommended due to 
low sensitivity.19 PCR has an 80% positive result rate 
when used to test synovial fluid samples for Bb DNA in 
untreated LD arthritis patients. 

INDIRECT METHODS FOR LD TESTING 
Immunofluorescent-antibody assays (IFA), enzyme-linked 
immunosorbent assay (ELISA), and western blot (WB) 
are all indirect methods that are dependent on the host 
antibody response to Bb. The two-tier serologic testing 

Table 1: Pathogenic Borrelia Species and 
Location
Borelia Continent

Borrelia burgdorferi North America

Borrelia afzelii, Borrelia garinii,  
B. burgdorferi, Borrelia spielmanii and 
Borrelia bavariensis 

Less common but have demonstrated 
pathogenicity in some patients: Borrelia 
bissettii, Borrelia lusitaniae, and Borrelia 
valaisiana

Europe

Borrelia garni Asia

Table 2: Pathogenic Borrelia and Association 
with Symptoms10

Borelia Symptoms

B. afzelii Skin manifestations

B. garinii Neurotrophic

B. burgdorferi Arthritogenic
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for Bb antibodies uses either IFA or ELISA followed by 
a WB. The currently recommended lab test for LD is the 
two-tier serologic testing for antibodies to Bb. 

If the IFA or ELISA (first-tier) test results are equivocal 
or positive, then an IgG and IgM WB is performed on 
the same serum sample.1 Most patients who have had a 
demonstrated tick bite with EM and other non-specific 
symptoms of infection for at least 4 weeks will have a 
positive IgG. Due to a natural delay in antibody response, 
in the first 2 weeks after infection, the two-tier testing for 
LD is considered insensitive and unreliable. 

Patients who are testing seronegative for 6-8 weeks and 
have not been treated for LD are unlikely to have LD.1,6 
Specificity of the two-tiered testing after 30 days has 
been reported to be 98-100%; however, this is dependent 
on the control serum that is used during testing.9,15 In 
regions where LD is endemic to the population, there is a 
high seropositive background rate, which can confound 
testing. A positive LD serological test does not mean 
that the patient has an active infection. IgG and IgM 
antibodies to Borrelia persist in patients for years after 
resolution of LD The CDC recommends only performing 
IgG and not IgM WB if the patient has been symptomatic 
and there is a clinical suspicion of LD for 30 days or 
more to prevent false positive results.1 Related to this is 
the caveat that the IgM WB test has an increased false 
positive rate after 30 days of infection. 

SOME NUANCES TO THE USE  
OF INDIRECT LD TESTING
ELISA, IFA, and WB are all dependent on the host 
antibody response to Bb, which affects the testing 
sensitivity and specificity. The timing of these indirect 
tests is important, as is a competent immune system. 
Independent variability in antibody responses to the Bb 
infection can further complicate the indirect method of 
testing.

Patients who are treated in the acute phase may not test 
positive on the two-tier serologic assay. Such patients 
may continue to have false-negative results because they 
were treated appropriately and did not develop a strong 
antibody response.1 

ALTERNATIVE TESTING REGIMENS
There are a number of alternative testing regimens 
offered by various laboratories that are not FDA 
approved. These non-FDA approved Bb tests are not 
recommended by the CDC and are considered “home 
brew,” which means that they use in-house validation 
and different interpretation criteria for their laboratory 
tests. These tests rarely have data published comparing 
them to the two-tier serologic testing standard. The CDC 
recommends avoiding the following tests:
• Urine antigen capture tests

• Lymphocyte transformation tests
• Quantitative CD57 lymphocyte tests
• “Reverse Western Blots”
• WB using in-house interpretation criteria
• Measurements of antibodies from joint synovial fluid
• WB IgG/IgM without first performing an ELISA or 

IFA assay
• Cell-wall deficient or cystic forms of B. burgdorferi 

cell sorting
• Immunofluorescent staining

There is disagreement between the CDC and the 
IDSA with the International Lyme and Associated 
Diseases Society (ILADS) with respect to some of these 
“alternative” LD tests.1,21,22 The ILADS is a group of 
medical doctors and researchers who have published 
evidence-based guidelines regarding antibiotic treatment 
for persistent, recurrent, and refractory symptoms, 
postulated to be due to chronic LD.22 Because the ILADS 
protocols veer away from standard of care, many health 
care providers are wary about following the type and 
long duration of antibiotic treatment recommended. 

CO-INFECTION TESTING
Tick co-infections can include Babesia microti, which 
is the primary cause of babesiosis, and Anaplasma 
phagocytophilum, the causative agent of human 
granulocytic anaplasmosis (HGA). HGA is formerly 
known as human granulocytic ehrlichiosis. Both of these 
co-infections can be symptomatic and should be tested 
for in patients who are infected with LD and present with 
the following per IDSA guidelines:
• High-grade fever for > 48 hours despite antibiotic 

therapy for LD
• Acute onset of fever, chills, and headache
• Unexplained leukopenia
• Thrombocytopenia
• Increased liver enzymes
• Anemia
• Resolution of EM and yet worsening or no 

improvement in viral like symptoms
• In a geographic areas known to have B. microti and 

A. phagocytophilum 

HGA DIAGNOSTIC TESTING
HGA can be detected on blood smears; however, the 
best test is the indirect fluorescent testing in both the 
acute phase and in the convalescent phase. Treatment 
can be started per IDSA guidelines without testing results 
in symptomatic patients. Treatment in seropositive but 
asymptomatic individuals is not recommended due to 
the fact that such mild co-infections are usually self-
limiting.21

BABESIOSIS DIAGNOSTIC TESTING
Active Babesia species causing babesiosis require 
treatment. The IDSA recommends diagnostic testing 
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through the identification of the Babesial parasites 
in a blood smear or through PCR. If the patient is 
asymptomatic and no Babesial parasites are noted on the 
blood smear but the patient is seropositive for Babesial 
antibodies, he/she should not be treated.

Treatment is not recommended in asymptomatic 
individuals unless they have positive Babesial smears and 
or PCR that are positive for > 3 months. One caveat with 
Babesia testing is that there are a number of species in the 
genus and there are specific antibodies for certain species, 
which can confound testing. Additional information is 
available through IDSA guidelines.21 

TO TEST OR NOT TO TEST
Beyond the scope of this article is a complete review of 
the signs and symptoms of LD infection and the clinical 
decision-making relevant to whether testing is even 
indicated. For example, there are a subset of patients for 
whom treatment is indicated and testing is not, including 
those who have a typical EM rash. The references 
provided in this article provide information relevant to 
testing in the context of a given clinical scenario.

CONCLUSION
When LD testing is indicated, the current standard of 
care is the FDA-approved and CDC-recommended 
two-tier serologic testing. There is a lack of evidence 
for using alternative or “home brew” laboratory tests, 
as illustrated by the recent April 2014, CDC alert 
regarding the importance of not ordering unapproved or 
unvalidated LD tests. Furthermore, the FDA announced 
on July 31, 2014, that it will begin to start regulating the 
field of “home brew” laboratory testing.12 Hopefully, 
these new regulations will assist in the development of 
novel, fast, and accurate LD tests for patients with an 
unclear diagnosis or cause of lingering symptoms.   n
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[IN FUTURE  
ISSUES] 

1. Which of the following is true about the 
needle acupuncture group in a recent clinical 
trial for knee pain?
a. There were improvements in knee 
pain when compared to the sham laser 
acupuncture group.
b. Overall, the results at 1 year were better 
than those at 12 weeks.
c. The WOMAC function was better than 
the control group at 12 weeks.
d. Needle acupuncture used different 
“points” than the laser acupuncture group.

2. Yoga as a mind-body intervention for 
estrogen withdrawal symptoms was shown 
to significantly improve:
a. anxiety and depression but not vasomotor 
symptoms.
b. vasomotor symptom bother but not 
frequency.
c. vasomotor symptom frequency and 
insomnia severity.

d. insomnia severity but not vasomotor 
symptom frequency or bother.

3. Which of the following nutrients correlate 
with a reduction in the risk of fatal CAD 
events, as per the Virtanen et al study?
a. Polyunsaturated fatty acids
b. Saturated fatty acids
c. Monounsaturated fatty acids
d. Carbohydrates

4. Which of the following tests is indicated 
to test a 50-year-old male patient for Lyme 
disease who presents with an erythema 
migrans (EM) rash at the site where he 
removed a tick 1 week ago?
a. Skin biopsy culture of the EM rash
b. Two tiered Borrelia burgdorferi testing of 
patients’ sera
c. Polymerase chain reaction of sera
d. No testing is required as the EM rash is 
sufficient to clinically diagnose

Biofeedback for  
headache

Testosterone  
supplements

Aromatherapy Massage for chronic  
neck pain
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