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Vitamin D3 and Asthma:  
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SYNOPSIS: Vitamin D3 supplementation in patients with persistent asthma and low serum vitamin D (25(OH)D) did not show 
improvement in the clinical efficacy of inhaled corticosteroids.

SOURCE: Castro M, et al. Effect of vitamin D3 on asthma treatment failures in adults with symptomatic asthma and lower vitamin D 
levels. The VIDA randomized clinical trial. JAMA 2014;311:2083-2091.

Forty-five percent of patients with persistent asthma 
do not respond to inhaled corticosteroids. Studies 
indicate a relationship between responsiveness to 

inhaled corticosteroids and vitamin D status. Vitamin 
D3 serum levels of < 30 ng/mL in adults and children 
with asthma have been associated with decreased 
responsiveness to corticosteroids, hyperresponsive 
airways, and increased exacerbation frequency. The 
Vitamin D Add-on Therapy Enhances Corticosteroid 
Responsiveness in Asthma (VIDA) trial investigators 
sought to further understand the role of vitamin D in 
asthma, particularly in patients with persistent asthma 
who are considered non-responders to corticosteroids.

Participants. Participants were screened between April 
2011 and May 2013. Eligible participants were ≥ 18 
years with a serum vitamin D (25-hydroxy vitamin 
D; [25(OH)D]) < 30 ng/mL with asthma. Asthma 
was diagnosed with evidence of either bronchodilator 
reversibility FEV1 or airway hyperresponsiveness with 
methacholine challenge where FEV1 decreased by 20%. 

Phases of the Trial. There were a number of phases to 
this 28-week trial including a run-in phase, an inhaled 
corticosteroid stabilization phase, and two inhaled 
corticosteroid taper-down phases (see Figure 1). During 
the four-week run in period, patients discontinued their 
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previous asthma medication and were given 
ciclesonide and levalbuterol. To determine 
the corticosteroid responder status, each 
participant received 40 mg/day of prednisone 
for 1 week at the end of the run-in phase. 
FEV1 was then calculated; a change in FEV1 
of 5% was considered significant and the 
participant a responder.

After the run-in phase, participants were 
randomized to placebo or high-dose vitamin 
D3 with 100,000 IU once followed by 4000 
IU/day for 28 weeks added to an inhaled 
steroid ciclesonide (320 ug/day; 2 puffs twice 
daily) and levalbuterol. Randomization was 
computer generated and stratified by body 
mass index (BMI), clinical center, and race. 
Placebo vitamin D capsules were matched in 
appearance to the vitamin D3 capsules.

Participants entered into a 12-week inhaled 
corticosteroids (ciclesonide 320 mg/day) 
stability phase after randomization. The 
stability phase was then followed by two 
phases where the inhaled corticosteroids 
were tapered to 160 mg/day for 8 weeks 
and then 80 mg/day for another 8 weeks 
if the participant’s asthma symptoms were 
controlled. 

Participants who had more than two 
treatment failures or exacerbations were 

withdrawn from the study. To evaluate 
adherence to ciclesonide and vitamin 
D capsules, the VIDA study measured 
adherence electronically. Peak expiratory 
flows and the asthma symptom diary were 
recorded on electronic device (Spirotel 
[Medical International Research]).

Primary Endpoint. The time to the first 
asthma treatment failure was the primary 
endpoint measured. A treatment failure in 
this study was defined as one or more of the 
following:
• Two or three consecutive peak 

expiratory flows of ≤ 65% of baseline 
measurement 

• Two consecutive FEV1 measurements of 
≤ 80% of baseline measurement 

• Eight puffs/day or more of levalbuterol 
in 48 hours compared to baseline 
levalbuterol use

• Oral or parenteral corticosteroid use or 
increased use of inhaled corticosteroids

• Hospitalization or emergency 
department visits with systemic 
corticosteroid use for asthma

• Dissatisfaction of treatment by 
participant

• Clinical judgment by physician for safety 
reasons

Secondary Outcomes. Fourteen secondary 

Figure 1. Trial Design
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outcomes were measured but only nine were analyzed 
and presented in the article.

Asthma Symptoms. Participants completed an electronic 
diary of asthma symptoms in the morning and in the 
evening of each day. Asthma symptoms evaluated were 
shortness of breath, chest tightness, wheezing, cough, 
and phlegm or mucus. The grading scale was zero 
indicating no symptoms, one indicating mild symptoms 
and no interference with activity, two indicating 
moderate symptoms and interference with normal 
activity, and three representing severe symptoms that 
prevented normal activity. The asthma symptom utility 
index, which is scored on a zero to one point axis with 
one indicating better asthma control, was also used to 
evaluate asthma symptoms. 

Statistical Analysis. The Cox proportional hazards 
regression model was used to analyze the intent-to-
treat hypothesis. Power analysis was performed based 
on data from the Asthma Clinical Research Network 
Salmeterol or Corticosteroids and Salmeterol ± Inhaled 
Corticosteroids trials. The authors calculated that 400 
participants were needed to detect a 90% power to 
detect hazard ratio for treatment failures of 0.56 (a 
reduction from 40%) in the placebo group and 24.5% in 
the vitamin D3 group. To analyze secondary outcomes, 
repeated measures analysis of covariance models were 
used and adjustments of BMI, clinical center, and race 
were made.

RESULTS
Enrollment. Out of 1523 participants initially screened 
for eligibility, 455 were excluded because they did not 
meet the eligibility requirements. The other 1068 eligible 
participants entered the run-in phase of the trial; 660 
participants were excluded during the run-in phase. The 

remaining 408 participants were randomized to the two 
groups: 201 were randomized to the vitamin D3 group 
and 207 to the placebo group. Baseline characteristics 
between the two groups were similar at baseline.

Completion Rate. The completion rate between the two 
groups was similar with 89% (95% confidence interval 
[CI], 85-93%) in the vitamin D3 group vs 87% (95% CI, 
83-92%) in the placebo group. The median duration of 
follow up was 28.1 weeks. 

Vitamin D3. The mean baseline serum 25(OH)D levels 
were 18.8 ng/mL (95% CI, 18.2-19.5 ng/mL). Fifty-three 
percent of all participants had 25(OH)D levels < 20 ng/
mL (see Table 1). Eighty-two percent of participants in 
the vitamin D3 group achieved a 25(OH)D serum level 
of ≥ 30 ng/mL (see Table 2).

In the placebo group, 25(OH)D mean serum levels 
continued to be < 20 ng/mL. However, 9% of 
participants in the placebo group demonstrated 25(OH)
D levels of ≥ 30 at 12 weeks (4.4-52.2 ng/mL). One 
confounding variable was found at the end of the trial 
when 13% of the vitamin D group and 15% of the 
placebo group reported taking supplements containing 
vitamin D at the end of the trial; this is the only 
explanation the authors offer for the elevated 25(OH)D 
serum levels in 9% of the placebo group at 12 weeks.

In the vitamin D group, baseline serum 25(OH)D levels 
were associated with serum 25(OH)D levels 30 ng/mL at 
12 weeks (odds ratio, 2.1; 95%CI, 1.2-3.8 for each 10-
ng/mL increment). 

Primary Outcome. The addition of vitamin D3 to the 
inhaled corticosteroid ciclesonide did not demonstrate a 
decrease in time to first treatment failure rate compared 
to placebo. The treatment failure rate for vitamin D3 
group was 28% (95% CI, 21-34%) and 29% (95% CI, 
23-35%) for the placebo group. The adjusted HR was 
0.9 (95% CI, 0.6-1.3; P = 0.54). 

Overall, the actual number of treatment failures in the 
vitamin D3 group was 63 compared to the 83 treatment 
failure events in the placebo group, and these differences 
were not statistically significant (P = 0.17). 

Summary Points
• One-time 100,000 IU plus 28 weeks of 

daily 4000 IU vitamin D3 supplementation in 
asthma patients does not improve corticoste-
roid responsiveness or decrease the overall 
ciclesonide treatment failure rate. 

• No significant difference was noted between 
vitamin D3 and placebo groups with respect 
to asthma exacerbations, lung function, airway 
hyperresponsiveness, asthma symptoms, 
asthma control, asthma-specific quality of life, 
or airway inflammation.

• The pathology of hypovitaminosis D and its 
relationship to the development of asthma 
requires further research.

Table 1. Baseline Serum 25(OH) D Levels

Participants Serum 25(OH) D Levels

All participants (mean) 18.8 ng/mL 
95% CI, 18.2-19.5 ng/mL

54 (13%) < 10 ng/mL

217 (53%) < 20 ng/mL
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The most frequent causes of treatment failure were due to 
the increased need for inhaled or systemic steroids (58%) 
or by experiencing an exacerbation (46%). 25(OH)D 
serum level at baseline was not associated with treatment 
failure (HR, 0.9 per 10 ng/mL increment; 95% CI, 0.7-
1.1 per 10 ng/mL increment; P = 0.32).

Secondary Outcomes. None of the secondary outcome 
results were significantly different between the placebo 
and vitamin D groups. When the authors investigated 
the change in 25(OH)D serum levels between baseline 
and 12-week levels, they found a significant relationship 
with the rate of treatment failures and exacerbations. 
For example, there was a reduction in the rate of overall 
treatment failures with each 10 ng/mL increase in the 
25(OH)D serum level (HR, 0.88; 95% CI, 0.78-0.99; P = 
0.04) and overall rate of exacerbations (HR, 0.80; 95% 
CI, 0.67-0.96; P = 0.02).

n COMMENTARY
Ideally, this study would have expanded on prior 
research showing an association between low 25(OH)D 
serum levels and asthma severity through symptomatic 
improvement with a controlled intervention.  However, 
instead this study demonstrated that a one-time 100,000 
IU plus 4000 IU per day of vitamin D3 with daily inhaled 
corticosteroids for 28 weeks does not decrease asthma 
exacerbations or treatment failure compared to daily 
inhaled corticosteroids and placebo. The findings do 
show that this dosing regimen is an effective method 
of obtaining 25(OH)D serum sufficiency. The lack of 
efficacy corroborates prior work, such as another double-
blind, placebo-controlled study in pediatric asthma 
participants with low serum 25(OH)D that failed to find 
a difference in asthma symptoms.1 Experts are proposing 
a more complicated relationship between vitamin D3 
levels and asthma than previously thought; it may be that 

the pathology of hypovitaminosis D and its relationship 
in the development and severity of asthma may be more 
complicated than just correcting low 25(OH)D serum 
levels. 

Although it may be true that this intervention simply 
does not work in this population, there are also 
methodological limitations with this particular study that 
compromise drawing firm conclusions. For example, 
the authors mention that the control group had an event 
rate that was lower than they had previously thought, 
so the study may be underpowered to detect a smaller 
and significant difference between the vitamin D3 group 
and placebo. In addition, the wide range of 25(OH)D 
serum levels in both the vitamin D3 and placebo groups 
at the 12-week time point may have inhibited capturing 
an overall effect of the intervention. The authors point 
out that a larger number of participants and a longer 
trial period may be useful in understanding the clinical 
efficacy of vitamin D3 supplementation in asthma.

An issue that the authors failed to address in their study 
is the genetic variation in the vitamin D receptor, which is 
associated with asthma.2-5 Due to the vitamin D receptor 
variation, participants may have responded differently to 
vitamin D supplementation, affecting the results of the 
trial.

The relationship between vitamin D and the immune 
system in people with asthma is not well delineated, 
partly because of unknowns regarding the optimal level 
of vitamin D in the body for proper immune function.  
According to one researcher, it is not resolved whether 
there may be reasons unrelated to bone health to increase 
25(OH)D plasma levels above those recommended for 
bone health.1 Another area of ongoing research that 
may be able to further elucidate the relationship between 
vitamin D3 and asthma is the role of 25(OH)D in fetal 
lung development. Low maternal 25(OH)D serum levels 
are associated with increased childhood wheezing and 
asthma.3

RECOMMENDATION
Despite the negative results of this study, supplementation 
with a reasonable dose of vitamin D3 is still 
recommended in people with asthma that have low, 
insufficient, or low sufficient levels, as vitamin D3 
serum levels are associated with asthma and increased 
inflammatory responses.   n
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Table 2. Serum 25(OH)D Levels in Vitamin D 
Group Through All Phases of Trial

Placebo Serum 25(OH) D 
Levels

Baseline 18.8 ng/mL 
95% CI, 18.2-19.5 
ng/mL

18.8 ng/mL 
95% CI, 18.2-19.5 ng/
mL

12 weeks Mean level < 20 ng/
mL*

41.9 ng/mL
95% CI, 40.1-43.7 ng/
mL

20 weeks Mean level < 20 ng/
mL

42.6 ng/mL
95% CI, 40.8-44.3 ng/
mL

28 weeks Mean level < 20 ng/
mL

41.8 ng/mL
95% CI, 39.8-43.7 ng/
mL

* The authors state that at 12 weeks, 9% of the participants in the 
placebo group had 25(OH)D serum levels of ≥ 30 ng/mL (range, 
4.4-52.2 ng/mL).
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CARDIOVASCULAR DISEASE

ABSTRACT & COMMENTARY

Good Ol’ Vitamin C: Does It Deserve 
Another Look for Your Heart?
By David Kiefer, MD

SYNOPSIS: A meta-analysis and systematic review found vitamin C supplementation improved endothelial function in patients with 
diabetes, atherosclerosis, and heart failure.

SOURCE: Ashor AW, et al. Effect of vitamin C on endothelial function in health and disease: A systematic review and meta-analysis of 
randomised controlled trials. Atherosclerosis 2014;235:9-20.

This meta-analysis and systematic review was 
undertaken to investigate the clinical effects of 

supplemental vitamin C on endothelial function. 
Vitamin C’s effect as a free radical scavenger and, 
through its activity as an enzyme co-factor, maintaining 
the vasodilator nitric oxide’s blood levels, created a 
compelling mechanistic connection to vascular health and 
disease, underpinning the rationale for this analysis.

The authors used Cochrane’s methodology to review 
four major databases (PubMed, Embase, Scopus, and 
Cochrane Library) up to May 2013 for randomized, 
controlled trials in adults that examined the effect 
of vitamin C on a variety of search terms to capture 
cardiovascular effects and endothelial function. To 
assess endothelial function, this meta-analysis analyzed 
parameters from the clinical trials including flow-
mediated dilation, forearm blood flow, and pulse wave 
analysis. All told, 9685 studies were located from 
the database searches plus four from other sources, 
though 9458 were excluded after title and abstract 
screening. Of the remaining 231 studies, 179 did not 
meet the inclusion criteria of adult subjects, randomized 
controlled trial, vitamin C as the intervention, and an 
endothelial functional measurement using ultrasound, 
venous occlusion plethysmography, pulse wave velocity, 
iontophoresis, or pulse amplitude tonometry. The 
remaining 52 studies were included in the qualitative 
analysis of the systematic review. Seven of these studies 
did not have endothelial measurements that were applied 
appropriately, so only 44 trials were included in the 
quantitative aspect of the meta-analysis.

The 52 studies (27 orally dosed vitamin C, 18 
intravenous, and 7 not detailed) represented 1324 
research subjects (75% male, median age 51.1 years). 

Qualitatively, two-thirds of the studies reported a 
significant improvement in endothelial function with 
the administration of vitamin C; one-third did not. The 
quantitative analysis of the 44 studies corroborated 
the significant improvement in endothelial function 
with a standardized mean difference of 0.50 (95% 
confidence interval [CI], 0.34-0.66; P < 0.001), though 
there was a moderate amount of heterogeneity between 
the studies. Subgroup analyses showed no effect of 
vitamin C supplementation in studies on healthy 
volunteers (smokers and non-smokers) or people with 
hypertension. However, supplementation benefited 
people with diabetes, atherosclerosis, heart failure, and 
those who underwent experimentally induced endothelial 
dysfunction using glucose, lipids, endotoxins, organic 
nitrite, insulin, and methionine.

With respect to doses, lower doses (90-500 mg daily) 
of vitamin C supplementation did not affect endothelial 
function (P < 0.1), whereas higher doses (501-4000 mg 
daily) did lead to a statistically significant improvement 
in endothelial function (P < 0.01-0.001), a correlation 
that was also seen in the regression analysis on vitamin 
C dose and magnitude of effect. With respect to safety, 

Summary Points
• Vitamin C supplementation improved endo-

thelial function in people with diabetes, ath-
erosclerosis and heart failure, but not people 
with hypertension or who were healthy.

• The effective vitamin C dose was > 500 mg 
daily, with a maximum dose of 4000 mg daily.
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none of the studies analyzed that used a vitamin C dose > 
2 g daily (the Institute of Medicine upper limit) reported 
any adverse effects. In the discussion, the authors tie their 
results into known mechanisms of action, namely the 
lessening of oxidative damage and vascular inflammation 
that leads to healthy endothelial function and a lowering 
of the risk of cardiovascular disease.

n COMMENTARY
This is an important analysis, extending the findings from 
observational studies showing a connection between 
vitamin C intake and improved cardiovascular health;1 
for example, the authors quote results affirming that 700 
mg of vitamin C daily is associated with a 25% decrease 
in the risk of coronary heart disease, likely by affecting 
the inflammatory process and the pathophysiology of 
atherosclerotic plaque disruption. However, also quoted 
is the fact that randomized controlled trials generally 
have been negative, possibly due to genetic effects, 
vitamin C status, and confounding effects that were 
unaccounted for. The results here — a dose-dependent 
effect on the vessels themselves — adds to mechanistic 
data and begins the process of trying to determine who 
might benefit most from vitamin C therapy.

What can we conclude from who might benefit most 
from vitamin C therapy? The results presented here point 
toward those with experimentally induced endothelial 

dysfunction, not usually the demographic seen in most 
clinics. In those studies, supraphysiologic dosing (240-
2600 mg) was used short-term, another uncommon 
intervention. Healthy individuals, presumably with 
normal endothelial function and/or adequate vitamin 
C status, did not benefit from supplementation. The 
authors suggest a focus on vitamin C dosing of 500 mg 
daily or more in people with endothelial dysfunction, 
low vitamin C status, or increased oxidative stress; again, 
clinically it may be difficult to know definitively who falls 
into that category. Also, this meta-analysis focused on 
randomized controlled trials of supplemental, not dietary, 
vitamin C. As with other vitamins, the clinical results 
seen for supplementation can differ significantly from 
a reliance of vitamins and minerals in food as shown 
in dietary studies. Interestingly, in this study, studies 
involving healthy smokers did not show an endothelial 
benefit, even given the oxidative stress imparted by 
tobacco smoke. It is true, as the authors conclude, that 
teasing out all of these effects would require a well-
designed, randomized, controlled trial, but, until then, 
given its relative safety and affordability, there seems 
to be little reason not to recommend this well-known 
nutrient to most, if not all, of the population.   n

REFERENCE
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STRESS

ABSTRACT & COMMENTARY

Meditation at the Micro Level:  
Signs of Promise
By Howell Sasser, PhD

Associate, Performance Measurement, American College of Physicians, Philadelphia, PA

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

SYNOPSIS: A study comparing experienced meditators and non-meditators found that the meditators had more favorable changes in 
some biochemical markers of stress-linked cell damage and inflammation. Those in both groups who responded more effectively to a 
stressful stimulus also showed somewhat better marker levels than those who responded less well.

SOURCE: Kaliman P, et al. Rapid changes in histone deacetylases and inflammatory gene expression in expert meditators. 
Psychoneuroendocrinology 2014;40:96-107.

An international research group conducted a small 
study of biochemical and gene markers associated 

with stress in convenience samples of experienced 
meditators (n = 19) and non-meditator controls (n = 21). 
For inclusion purposes, meditation experience meant at 
least 3 years of practice, a minimum of 30 minutes of 
daily meditation, and completion of at least three retreats 
of at least 5 days each. 

For the study, the meditators completed a 1-day intensive 
program that drew extensively on the mindfulness-based 
stress reduction intervention developed by Jon Kabat-
Zinn. The program included both sitting and walking 
meditation in guided and unguided forms, as well as 
brief inspirational talks and lunch (which was preceded 
by a short video on “mindful eating”). The control 
group participated in a program of the same duration 



      August 2014 91

that included reading, watching documentaries, playing 
computer games, and walking. Neither group had access 
to mobile telephones, the Internet, or other potential 
external distractions.

Participants also completed the Trier Social Stress Test, 
a challenge designed to induce stress through the use 
of public speaking and calculation tasks. The test was 
conducted twice for each participant, separated by an 
average of 12 weeks. The second measure for meditation 
group participants was taken immediately after the study 
day. Control group participants could be assessed at any 
time, subject to the 12-week interval requirement. 

Blood samples were obtained from all participants at 
the beginning (8 a.m.) and end (4 p.m.) of the study day. 
Monocytes were fractioned out and used as the substrate 
for assessment of cytosolic proteins, histones (precursors 
of chromatin), and for genetic analysis (specifically, the 
following genes: HDAC1/2/3/5/9, SIRT1, SET7, G9a, 
LSD1, DNMT3A, RIPK2, CCR7, CXCR1, and genes 
controlling expression of COX2, IL-6, and TNF-α). 
Saliva samples were collected before and at intervals 
after each Trier test and used to assess salivary cortisol 
recovery. 

From the beginning to end of the study day, the 
meditators showed more favorable changes than the 
controls (an average reduction of 17% vs an average 
increase of 3%) in the expression of some epigenetic 
markers of chromatin modification, a measure of stress at 
the cellular level. They also showed similar changes in a 
few proinflammatory genes. Participants in both groups 
with better cortisol recovery rates after the Trier test 
(i.e., those who responded more effectively to a stressful 
stimulus) showed lower levels of a few genetic markers. A 
summary of group-by-time differences is shown in Tables 
1 and 2.

n COMMENTARY
These results are intriguing in that they appear to show 
an effect of a stress-modifying practice at the cellular 
level. However, they should be viewed as guides for 
further study rather than firm conclusions. The sample 
sizes (19 and 21) were quite small, and participants were 
recruited on a volunteer basis and not randomly assigned. 

It would be unwise to look at this group of meditators 
as typical of all practitioners, nor can we be sure that 
the controls were similar to the meditators in all respects 
except the practice of meditation.

The investigators themselves point out that there were 
two potential dimensions to this study’s comparisons — 
meditators vs non-meditators, and those taking part in 
daylong programs with different contents. They chose 
to focus on the first comparison, though it might have 
been equally valid — and interesting scientifically — to 
compare groups of experienced meditators who did and 
did not complete a day of meditation, or even groups of 
meditation-naïve participants.

This brings up the most important caution, uncertainty 
about temporal sequence. By beginning with a group of 
experienced meditators, the investigators were unable to 
say with certainty whether meditation practice preceded 
the observed cellular effects in those individuals. It 
seems equally plausible that meditation is only one 

Summary Points
• Meditators showed greater reductions than 

non-meditators in expression of 3 of 10 genes 
associated with chromatin modification.

• Meditators also showed greater reductions 
than non-meditators in expression of 2 of 6 
proinflammatory genes.

Table 1. Changes in Gene Markers for  
Chromatin Modification, Measured on the 
Study Day (8 a.m. and 4 p.m), in Meditators 
and Non-Meditators

Gene Name Greater Reduction Among Meditators

HDAC1

HDAC2 *

HDAC3 *

HDAC5

HDAC9 *

SIRT1

SET7

G9a

LSD1 †

DNMT3A

* P < 0.05
† P ≈ 0.05

Table 2. Changes in Proinflammatory Genes, 
Measured on the Study Day (8 a.m. and 4 
p.m.), in Meditators and Non-Meditators

Gene Name Greater Reduction Among Meditators

RIPK2 *

COX2 *

CCR7

CXCR1

IL-6

TNF-α

* P < 0.05
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expression of a more general capacity to manage stress 
in these individuals. A more powerful demonstration 
of the observed effects would have begun with a group 
of people known to handle stress in ways not typical of 
meditators (“Type A,” aggressive, highly emotive), and 
observed the patterns of cellular change after a period of 
standardized meditation training. Nevertheless, this study 
adds to the fund of knowledge on this topic. Prior studies 
of similar outcomes have not included a non-meditation 
control group.1,2 

For the present, it seems fair to suggest that patients 
who do not meditate at least give it a try and that those 
who already meditate be encouraged to continue to do 

so. There is enough evidence for the value of meditation 
to recommend it even as investigations into its precise 
mechanism(s) continue. However, meditation is not 
suited to every temperament or set of life circumstances. 
For most clinicians and most patients, it is best included 
as one part of a broader discussion of stress and 
approaches to managing it.   n
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Lipoic Acid in Clinical Practice — Diabetes, 
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Lipoic acid (LA) is a supplement that has much 
current interest for a variety of therapeutic reasons. 

Historically, its use as an antioxidant has been known for 
a long period of time. Current research has elaborated 
on what we know about the antioxidant function of 
this compound, its availability in the body, and how it 
may function to improve diabetic peripheral neuropathy, 
insulin resistance, and reduce obesity. In addition to 
these topics, research has also shown improvements in 
endothelial function, lipid profiles, Alzheimer’s disease, 
and multiple sclerosis, with mechanisms attributed 
mainly with its antioxidant function. Ongoing research 
continues to investigate the use of LA for disease 
conditions including hepatic injury, Parkinson’s disease, 
traumatic brain injury, migraines, and other disease 
states, which include pathology attributed to oxidative 
damage and mitochondrial dysfunction. Collectively, 
these conditions affect a large portion of individuals 
seeking medical care and mandate further attention to the 
possible uses of LA in clinical practice.

BIOAVAILABILITY AND METABOLISM
Also known as thioctic acid, 6,8-thioctic acid, 
6,8-dithioctane acid, and 1,2-dithiol-3-valeric acid, LA 
is a molecule with two possible isomers: R-(+)-LA and 
S(–)-LA (referred to herein as R-LA and S-LA). A small 
amount of LA is made by de novo synthesis and obtained 
from dietary sources (as lipoyllysine), with the greatest 
abundance found in organ meat,1 red meat, spinach, 
broccoli, and tomatoes.2,3 The highest level of lipoyllysine 

found in animal and vegetable sources are 3.67 and 3.15 
mcg/g dry weight in kidney and spinach, respectively.1,2 
When utilized therapeutically, LA is most commonly 
supplied by supplement form.

Maximum plasma levels of LA have been observed 
between 10-60 minutes post oral administration, with 
a plasma half-life of 30 minutes.4,5 When supplemented 
orally as thioctic acid (a racemic mixture of R-LA and 
S-LA), maximum plasma concentrations of R-LA were 
observed to be 40-50% higher than S-LA.4 Maximum 
bioavailability of oral LA has been observed to be 38% 
as R-LA and 28% as S-LA.6 Higher plasma levels of LA 
may be available when it is supplied as a sodium salt 
form7 and when taken away from food.8 LA is converted 
to its reduced form dihydrolipoic acid (DHLA) by 
different enzymes within the mitochondria and cytosol 
and from DHLA to further metabolites. A low level 
of excretion of LA and these primary metabolites are 
recovered in human urine (12%) compared to animal 
studies (80%).5 

MECHANISMS OF ACTION
Antioxidant. As an oxidant couple, LA and DHLA 
has a reduction potential of (–) 0.32V and has both 
lipophilic and hydrophilic properties.9 Both the reduced 
and oxidized forms have the capability of acting as an 
antioxidant (with DHLA being the more active form10) 
and together have the capability of reducing a multitude 
of free radical species.10,11 LA has been shown to be 
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a regenerator of other antioxidants, interacting with 
ascorbate, vitamin E, ubiquinol, and glutathione.10,11 The 
LA/DHLA duo also may act as an antioxidant as a metal 
chelator, with some evidence for the chelation of copper, 
zinc, lead, mercury, and iron.11,12 LA crosses the blood-
brain barrier and its central nervous system antioxidant 
function is the primary mechanism by which disease 
conditions such as multiple sclerosis, Alzheimer’s disease, 
Parkinson’s disease, and traumatic brain injury may 
experience improvements.13 Some of the effects seen with 
LA supplementation are observed up to 24 hours after 
oral administration, particularly pertaining to antioxidant 
status.14 

Insulin Resistance. There are multiple mechanisms 
by which LA may affect insulin resistance and blood 
sugar regulation. LA has been found to increase glucose 
uptake in muscle cells dependent on phosphatidylinositol 
3-kinase (PI3K) and associated with a redistribution of 
glucose transporters to the plasma membrane.15 The 
greatest effects seen on glucose uptake were with R-LA 
compared to the racemic mixture or S-LA, with other 
studies showing supplementation with the reduced 
DHLA form to have no effect.14 Improvements in insulin-
stimulated glucose uptake via R-LA have also been 
associated with increased insulin receptor substrate 1 
expression.16 Non-PI3K-dependent effects have also been 
seen with glucose uptake in skeletal muscle.17 LA also 
may affect muscle glucose uptake by activation of the 
AMP-activated protein kinase,18 a primary regulator of 
skeletal muscle metabolism.19 

Peripheral Neuropathy. Oxidative stress, promoted by 
hyperglycemia through various mechanisms, is thought 
to be one of the primary factors associated with the 
development of peripheral neuropathy.20 It is speculated 
that improvements in peripheral neuropathy may be due 
to various mechanisms including increased blood flow 
to the nerve due the antioxidant effects of LA, associated 
with decreased lipid peroxidation and increased reduced 
glutathione levels.21

Obesity. One of the possible ways that LA may mediate 
anti-obesity effects is via suppressing hypothalamic 
adenosine monophosphate-activated protein kinase 
(AMPK).22 The normal function of AMPK is to activate 
when cellular energy is depleted, and has been shown to 
be activated by triiodothyronine23 and inhibited by leptin, 
insulin, high glucose, and refeeding.24 

Lipids. LA has been observed to reduce dyslipidemia 
associated with a high-fat diet by decreasing gene 
expression associated with cholesterol synthesis and 
by increasing those associated with ß-oxidation (fatty 
acid breakdown).25 LA has been observed to effect 
hepatic triglyceride metabolism by inhibiting lipogenic 
gene expression, lowering triglyceride secretion, and 

stimulating clearance of triglyceride-rich lipoproteins.26

Alzheimer’s Disease. Multiple pathways associated with 
CNS antioxidant and mitochondrial function have 
shown LA may have an effect on Alzheimer’s disease.27 
Glucose uptake in the brain, insulin signaling, and other 
pathways associated with mitochondria biogenesis and 
energy homeostasis have been shown in animal models to 
be altered with aging.28 These changes have been shown 
to be improved with R-LA supplementation. LA has also 
been shown in animal models to have an insulin mimetic 
effect on the brain, activating insulin receptor substrate 
and improving synaptic plasticity.29 Additionally, DHLA 
has been shown to be essential in the activity of choline 
acetyl transferase, an enzyme necessary for acetylcholine 
synthesis.30

Multiple Sclerosis. Inflammatory pathways may be 
an additional means by which LA has an effect on 
conditions such as multiple sclerosis, diabetes, and 
various sequela of metabolic syndrome. Cyclic adenosine 
monophosphate (cAMP) is a second messenger that 
regulates aspects of immune response.31 LA has 
been observed in vivo to increase cAMP production 
and to inhibit IL-6 and IL-17 production and T-cell 
proliferation and activation in vitro.32 An increase in 
soluble intercellular adhesion molecule-1 and matrix 
metalloproteinase-9 has also been associated with 
multiple sclerosis and the inflammatory aspects of other 

Summary Points
• Many of the therapeutic benefits associated 

with lipoic acid are due to its function as an 
antioxidant that is capable of regenerating 
other antioxidants and crossing the blood-
brain barrier.

• The majority of clinical trials using lipoic acid 
have been in the realm of diabetes and the 
conditions associated with metabolic syn-
drome, but research is also ongoing for use 
in Alzheimer’s disease, multiple sclerosis, and 
other conditions associated with oxidative 
damage.

• Therapeutic levels of lipioc acid can be 
achieved by oral dosing, and most clinical stud-
ies showing positive results were with a single 
oral dose daily.

• The most common adverse effects of lipoic 
acid supplementation include urticaria and mild 
gastric upset; however, the possibility of insulin 
autoimmune syndrome (characterized by 
spontaneous hypoglycemia) exists.
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pathologies and has been shown to be reduced with LA 
supplementation.33

CLNICAL TRIALS
Unless otherwise mentioned, the form of LA utilized 
in studies (L- vs R- form) has not been specified, and a 
racemic mixture should be assumed.

Diabetes and Metabolic Syndrome. Individuals with 
type-2 diabetes (T2DM) had a significant increase in 
insulin-stimulated glucose disposal compared to placebo 
(P < 0.01; 95% confidence interval [CI] NR) when 
supplemented with 600 mg of LA orally one to three 
times per day for 4 weeks, with no significant difference 
seen with dosage.34 In a larger study, individuals with 
T2DM who were supplemented with 300 mg of LA 
(orally once daily before food consumption) had a 
significant reduction in fasting blood glucose and insulin 
resistance index (P = 0.001 and 0.006, respectively; CI 
NR) after 8 weeks compared to placebo.35

Obese individuals with impaired glucose tolerance who 
received intravenous treatment with 600 mg of LA once 
daily for 2 weeks experienced a significant decrease in 
postprandial plasma glucose, total cholesterol, LDL, 
VLDL, small dense LDL, and triglycerides, as well as a 
significant increase in HDL (P < 0.01 vs before treatment 
and placebo; CI NR). Insulin sensitivity also significantly 
increased after LA treatment (P < 0.01; CI NR).36

Decreases in both BMI and HbA1c (P < 0.01; CI NR) 
were seen in males with T2DM randomized to LA 
treatment (600 mg intravenously for 7 days followed 
by 600 mg per day orally) or 50 mg of transdermal 
testosterone per day after a period of 12 weeks.37 
Improvement in all parameters associated with sexual 
function (P < 0.05; CI NR) were also seen. Weight loss of 
obese patients was significantly increased after 20 weeks 
of supplementation with 1800 mg of LA (divided doses, 
30 minutes before meals) compared to placebo (2.1%; 
95% CI, 1.4-2.8%; P < 0.05), but not significantly 
increased at the 1200 mg (divided) dosage.38 All groups 
(including placebo) were also subject to caloric restriction 
of 600 calories a day during this period. Flow-mediated 
dilation in individuals with metabolic syndrome was 
significantly increased (P < 0.005; CI NR) and markers 
of inflammation (interleukin-6 and plasminogen activator 
inhibitor-1) were significantly reduced (P = 0.01 and P < 
0.001, respectively; CI NR) compared to placebo after 4 
weeks of treatment with 300 mg/day of LA.39

Peripheral Neuropathy. Multiple clinical trials have 
assessed the effect of LA on diabetic peripheral 
neuropathy. A meta-analysis was performed to assess the 
effectiveness of intravenous LA for diabetic neuropathy, 
dosed at 600 mg, 5 days a week for 3 weeks.40 Four 
randomized, double-blind, placebo-controlled studies met 

the inclusion criteria for this analysis, with the relative 
difference (pooled data) in favor of LA over placebo in 
total symptom score (TSS) of 24.1% (95% CI, 13.5-
33.4; P < 0.05) and neuropathy impairment score of the 
lower limbs of 16.0% (95% CI, 5.7-25.2; not significant 
in all studies), as well as response rates (≥ 50% reduction 
in TSS) of 52.7% in the LA group compared with 36.9% 
in the placebo group (P < 0.05 for pooled data but not 
significant in all studies; CI NR). Oral supplementation 
of LA at doses of 600 mg, 1200 mg, and 1800 mg 
daily for a period of 5 weeks was found to significantly 
improve TSS by 51%, 48%, and 52%, respectively, 
compared with 32% with placebo (P < 0.05, CI NR) 
with response rates of 62%, 50%, and 56%, respectively, 
compared with 26% in placebo (P < 0.05, CI NR).41 

Alzheimer’s Disease. Individuals with probable 
Alzheimer’s disease receiving a combination of 600 mg 
of LA and 3 g of omega-3 fatty acids (containing 675 mg 
docosahexaenoic acid and 975 mg eicosapentaenoic acid, 
triglyceride form) had a lower decline in the mini-mental 
state examination and Instrumental Activities of Daily 
Living scores compared to placebo after a 12-month 
period (P < 0.01 and P = 0.01, respectively), while the 
group receiving only the omega-3 fatty acids had a lower 
decline in the later score.42

Multiple Sclerosis. Improved oxidative status and other 
markers of pathology associated with multiple sclerosis 
have been shown to improve with oral supplementation 
of LA;32,33,43 however, clinical studies assessing the effects 
of LA on multiple sclerosis symptomatology and disease 
course have not been shown. 

DOSING
Oral dosing of LA ranges from 300-1800 mg daily. 
Commonly, for diabetic neuropathy, Alzheimer’s disease 
cognitive dysfunction, and sexual dysfunction, 600 mg 
daily is used. A lower dose of 300 mg could be used to 
increase insulin sensitivity, whereas higher doses (600 
mg two or three times daily) could be used to affect 
lipids or support weight loss. The duration of treatment 
ranges, but some benefits are seen as early as 2 weeks for 
diabetic neuropathy. Treatment should be continued for 
4-8 weeks for insulin sensitivity, and 12 weeks or longer 
to support weight loss and reduce Alzheimer’s disease-
related cognitive dysfunction. Although some studies 
have used intravenous LA, other studies have found a 
benefit with the above doses used orally.

ADVERSE EFFECTS
No serious adverse effects of LA supplementation were 
observed with intravenous dosing at 600 mg daily for 3 
weeks,44 oral dosing to 2400 mg (1200 mg twice daily) 
for 2 weeks,33 or 1800 mg (600 mg three times/day) for 
6 months.44 The most common side effects reported were 
urticaria or itching sensation,38 nausea, gastrointestinal 
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discomfort, vomiting, and vertigo. One isolated event 
of an allergic rash and mild thrombocytopenia was 
observed.33 Treatment emergent adverse events of nausea, 
vomiting, and vertigo were observed to increase with 
increasing oral dosage.41 Animal studies have shown 
evidence of increased oxidative damage at higher doses 
equivalent to 5-10 g/day in humans.45

A complication that is rare yet worthy of mention due 
to the diabetic population in which LA may most often 
be used in is the development of insulin autoimmune 
syndrome (IAS, Hirata disease). This syndrome is 
characterized by spontaneous hypoglycemia, with 
lab findings of high serum insulin levels and high 
autoantibody titers. Substances containing sulfhydryl 
compounds can initiate the development of IAS in 
genetically susceptible individuals having the HLA-
DRB1*04:06 or HLA-DRB1*04:03 allele.46,47

ADDITIONAL ASPECTS
Supplement quality and cost are both primary 
considerations. When serum pharmacokinetics were 
compared after supplementation with three different 
brands of LA at a single dose of 1200 mg, it was found 
that only two the three formulations achieved the target 
serum levels.48 Retail pricing of supplement brands that 
have been shown to achieve therapeutic levels ranges 
from $0.70-1.50 for 600 mg. 

CONCLUSION AND RECOMMENDATIONS
Improvements in some of the underlying pathological 
markers and clinical symptoms of diabetes and metabolic 
syndrome have been observed with supplementation of 
LA. Controlled clinical studies showing the benefits of LA 
for Alzheimer’s disease and multiple sclerosis are lacking. 
Therapeutic dosages have been shown to be achievable 
with oral supplementation. Minimal adverse effects in the 
general population have been observed with treatment, 
and may be dose dependent; however, if spontaneous 
hypoglycemia occurs, the possibility of IAS must be 
considered. With the multiplicity of benefits shown for 
the conditions of diabetes and metabolic syndrome, LA is 
recommended as an integral aspect of treatment.   n
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[IN FUTURE  
ISSUES] 

1. The VIDA research study investigating 
the supplementation of vitamin D3 
demonstrated:
a. increased serum 25(OH)D levels in 
participants was positively associated with 
increased corticosteroid responses.
b. vitamin D supplementation does not 
significantly decrease asthma exacerbations 
or failure rate of corticosteroid treatment.
c. vitamin D supplementation is not an 
effective treatment in patients with asthma.
d. serum 25(OH)D levels are not associated 
with the presence and severity of asthma.

2. Which of the following research 
participants did not benefit from vitamin C 
supplementation?
a. Smokers
b. People with diabetes
c. People with atherosclerosis
d. People with heart failure

3. Which of the following is a cellular marker of 
stress?
a. Chromatin modification
b. Proinflammatory gene expression
c. Salivary cortisol levels
d. All of the above

4. When using lipoic acid therapeutically, the 
minimalist intervention for achieving serum 
therapeutic levels would be with:
a. food based dosing.
b. oral supplementation.
c. intravenous treatment.
d. subcutaneous injection.

5. Clinical trials have shown benefits with 
oral supplementation of lipoic acid for the 
treatment of:
a. peripheral neuropathy and insulin 
resistance.
b. peripheral neuropathy and hypertension.
c. Alzheimer’s disease and multiple sclerosis.
d. metabolic syndrome and multiple 
sclerosis.

Dietary supplement use and  
prescription medications

Energy medicine concepts and 
interventions

MTHFR testing
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