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Observational studies suggest that dietary 
flavonoids (catechins, epicatechins, and 
oligomeric proanthocyanadins) reduce the 

risk of death from cardiovascular disease.1 Among 
the often delicious flavonoid options of red wine, 
teas, fruits, and vegetables, chocolate has a special 
place in the hearts of many.

Native to South America, chocolate is produced 
from the seed of the small tropical evergreen tree, 
Theobroma cacao. Cultivated by Mesoamerican 
peoples for thousands of years, the bitter seeds are 
removed from ripe pods, fermented, dried, cleaned, 
and then roasted. After roasting, the shell is removed 
from the seeds to produce cacao nibs, which then 
may be ground into cocoa mass. Cocoa mass, which 
is rich in bitter flavanols, is liquified and divided into 
cocoa solids and cocoa butter. These are then turned 
into a variety of culinary chocolates via alteration of 
their ratios and the addition of various sweeteners, 
fats, milk, and other ingredients. White chocolate 

contains no cocoa solids but only cocoa butter, milk, 
and sugar. Natural cocoa powder (undutched) is 
light brown in color. Dutch-processed cocoa has been 
alkalinized, which reduces bitter flavors and increases 
smoothness, resulting in a darker color at the expense 
of reducing the amount of active flavanols by up to 
60%.2 Thus, processing techniques influence flavanol 
content significantly; a product’s cocoa content 
and color are not necessarily accurate reflections of 
flavanol content.3 A very dark colored chocolate may 
be low in flavanols.3

MeCHAniSM OF ACtiOn
Cocoa contains oils, tannins, and alkaloids such 
as theobromine and caffeine, but the potential 
cardiovascular benefits are believed to be primarily 
related to its major flavonoids from the flavanol 
subgroup, epicatechin and catechin. In vivo and ex 
vivo studies demonstrate chemically pure epicatechin 
closely emulates the acute vascular effects of flavanol-
rich cocoa by improving endothelial function and 
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increasing production of nitrous oxide.4 
Sustained improvements in endothelial 
dysfunction by regular dietary intake 
of flavanols from a cocoa-rich beverage 
also are associated with mobilization of 
functional circulating angiogenic cells, 
also known as endothelial progenitor 
cells, which are critical for vascular 
repair and maintenance of endothelial 
function.5 In multiple trials, cocoa and 
chocolate both reduced insulin resistance 
as measured by Homeostasis Model of 
Assessment-Insulin Resistance (HOMA-
IR) and improved endothelial function 
as measured by flow mediated dilation 
(FMD) through improved formation of 
vasodilating nitric oxide.6

CLiniCAL eViDenCe
A meta-analysis of randomized 
controlled trials published in The 

American Journal of Clinical Nutrition 
in March 2012 looked exclusively at 
the effects of chocolate, cocoa, and 
flavan-3-ols on cardiovascular health.6 
The meta-analysis included 42 “acute” 
or “short-term chronic” (< 18 week) 
randomized, controlled trials (RCTs) 
comprising almost 1300 patients 
randomly assigned to chocolate, cocoa, 
or cocoa flavan-3-ol preparations in 
comparison with control groups. Major 
cardiovascular disease (CVD) risk 
factor outcome findings included: 1) 
significant reductions in serum insulin 
levels suggesting improvement in insulin 
resistance HOMA-IR (-0.67; 95% 
confidence interval [CI], -0.98 to -0.36); 
2) improvement in endothelial function 
based on FMD after both chronic 
(1.34%; 95% CI, 1.00% to 1.68%) 
and acute (3.19%; 95% CI, 2.04% to 
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4.33%) ingestion; 3) reduction in diastolic blood 
pressure (DBP) (-1.60 mmHg; 95% CI, -2.77 to 0.43 
mmHg) and mean arterial pressure (-1.64 mmHG; 
95% CI, -3.27 to -0.01 mmHg); and 4) marginally 
significant effects on LDL (-0.07 mmol/L; 95% CI, 
-0.13 to 0.00 mmol/L) and HDL cholesterol (0.03 
mmol/L; 95% CI, 0.00 to 0.06 mmol/L). Although it 
appears FMD improved regardless of cocoa dose, it 
appears only higher doses (> 50 mg epicatechin/day) 
reduced systolic blood pressure (SBP) and DBP. Two-
thirds of a 100 g Ritter Sport Halbitter Bar contains 
44 mg of epicatechin. Although the health outcomes 
were positive overall, it is important to note that the 
GRADE assessment of strength of evidence varied 
from low to moderate. The quality of these studies 
suffers due to small sample size, unclear reporting 
of allocation concealment and dropouts, as well as 
missing outcomes data. A majority of these studies 
were industry-funded, thus introducing strong risk 
of bias. However, even after sensitivity analysis 
removed industry-funded studies, the results were 
not altered with regard to cocoa’s effects on insulin 
resistance and FMD, although other outcomes lost 
statistical significance. 

Another recent meta-analysis supports the positive 
findings of chocolate’s benefits on blood pressure 
(BP).7 This meta-analysis included 20 short-term 
(mostly 2-week) studies involving 856 healthy 
participants demonstrating an SBP decline of -2.8 
mmHg (95% CI, -4.72 to 0.82; P = 0.005) and 
DBP decline of -2.2 mmHg (95% CI, -3.46 to 0.93; 
P = 0.006). This effect was more significant in the 
shorter trials as compared to longer trials, although 
reasons for that are unclear and may be confounded 
by other factors. Subgroup analysis revealed that a 
significant BP lowering effect was found only in trials 
where the control groups had flavanol-free product 
vs low-flavanol product; 78% of the short (< 2 
week duration) studies used a flavanol-free product. 
Additionally, the dose of chocolate was higher 

in the shorter studies (100 g/d). However, when 
looking at total flavanol content in the active group, 
there was no correlation between dose of flavanol 
(between 3.6-105 g/day) or specifically epicatechin 
and catechin (between 7-236 mg/d) and BP. Nor was 
there an association between theobromine content 
and BP. In conclusion, BP improved slightly with 
short-term ingestion of varying amounts of chocolate 
and more markedly when compared with control 
groups that were flavanol-free (i.e., white chocolate) 
vs low flavanol (i.e., heavily dutched or milk 
chocolate). Once again, it appears longer studies 
investigating chronic, low-dose cocoa ingestion are 
needed to better understand cocoa’s utility in BP 
control.

The following individual studies that were presented 
in both of the above meta-analyses may further help 
inform our view of cocoa and chocolate products. 

In 2005, Grassi et al performed a randomized, 
controlled, crossover study of 20 untreated 
hypertensive adults and 15 normotensive controls 
randomly assigned to eat one full 100 gram, 
commercially available, Ritter Sport Halbbiter dark 
chocolate bar containing 88 mg flavanols (21.91 
mg catechin, 65.97 mg epicatechin) or a flavanol-
free isocaloric Kraft Milka white chocolate bar per 
day for 15 days, followed by a 7-day washout, and 
followed by crossover to the other treatment.8 The 
participants were instructed to avoid other flavanol-
rich foods throughout the study. Baseline FMD in 
hypertensives was impaired compared to controls 
7.4 vs 9.9, but improved in hypertensives to almost 
normal following the dark chocolate intervention 
(8.9 ± 1.4%; F = 13.25; P < 0.0001) but NOT 
the flavanol-free white chocolate (7.5 ± 1.3%; P < 
0.0001). Normal FMD can vary from lab to lab. 
The studies do not specifically mention CI, but do 
include F values, which compare variance (ANOVA). 
FMD also increased in controls after dark chocolate 
(11.8 ± 1.3%; F = 19.86; P < 0.0001) but not 
white chocolate (10.1 ± 0.9%, NS). Additionally, 
ambulatory BP decreased in the dark chocolate 
hypertensive group (24-hour SBP -11.9 ± 7.7 mm 
Hg; F = 33.78; P < 0.0001; 24-hour DBP -8.5 ± 5.0 
mmHg; F = 38.80; P < 0.0001), but not in the white 
chocolate group. Dark but not white chocolate also 
decreased fasting insulin levels (from 13.1 to 9.3 
mUI/mL; F = 33.55; P < 0.0001).

In 2007, Taubert et al performed a similar RCT 
with 44 pre-hypertensive or untreated stage I 
hypertensive patients.9 This study used a lower-dose 
habitual cocoa intake over a longer period of time 
(18 weeks vs 15 days in the Grassi study). Again the 
commercially available Ritter Sport Halbitter was 
used as the intervention while a matching isocaloric 

Summary Points
• Chocolate rich in flavanols improves 

endothelial function.

• Chocolate rich in flavanols is probably 
good for your cardiovascular health.

• It is difficult to know which products are 
consistently rich in flavanols.

• The best bet at this point might be Ritter 
Sport Halbitter, which was used in several 
promising trials.
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Kraft Milka served as control. Instead of the 100 
g bar, only 6.3 g was used. Despite this cocoa dose 
being one-sixteenth that used in Grassi’s study, 
translating to only 5.1 mg epicatechin/day, there 
were still improvements in BP. From baseline to 18 
weeks, the dark chocolate group’s SBP decreased 
by -2.9 mmHG (95% CI; P < 0.001) and DBP by 
-1.9 (95% CI; P < 0.001) without changes in body 
weight or glucose. White chocolate intake caused 
no changes in BP. This study did not assess insulin 
sensitivity or endothelial function.

There has been concern that even if benefits are 
proven for cocoa, daily ingestion of the sugar and 
fat associated with commercially available cocoa 
products might adversely affect cardiovascular health 
through caloric impact and role in inflammation. 
It is thus surprising that blood sugar actually was 
lowered following sugar-containing cocoa product 
ingestion in a number of studies. In the Grassi 
study, participants were instructed to substitute the 
480 kcal chocolate bars for foods of similar energy 
composition in an attempt to avoid weight gain,8 
but the Njike et al study comparing sugar-sweetened 
vs sugar-free cocoa on endothelial function in 
overweight individuals neither demonstrated weight 
gain nor significant differences in benefit between 
groups over a 6-week period.10 Participants were 
instructed to maintain their usual diet without 
altering their intake to adjust for the additional 
chocolate calories. They were, however, told to avoid 
flavonoid-rich foods 24 hours prior to test days. 

Forty-four adults were included in this randomized, 
controlled, crossover trial where they were 
sequenced into a twice daily sugar-free cocoa 
beverage (containing a total of 22 g/d cocoa, 69 mg 
of combined catechin and epicatechin, 90 kcal), a 
sugar-sweetened cocoa beverage (22 g/d cocoa and 
91 g/d sugar, 460 kcal containing same amount 
flavanols as the sugar free), or a sugar-sweetened, 
cocoa-free placebo (110 g/d sugar without cocoa, 
500 kcal, no flavanols). Each treatment was 
administered daily for 6 weeks, with a 4-week 
washout period before groups were switched to 
the next intervention. The results revealed that 
consumption of cocoa-containing beverages for 
6 weeks improved FMD compared to cocoa-free 
placebo. The magnitude of improvement in FMD 
after consumption of the sugar-free preparation was 
greater than after sugar-sweetened cocoa but not 
significantly (P = 0.15). Overall, FMD was 3.2% 
greater in sugar-free cocoa vs placebo (95% CI, 
-1.8 to 4.6, P < 0.001) and 2.3% greater in sugar-
sweetened cocoa vs placebo (95% CI, 0.9 to 3.7, P = 
0.002). Other biomarkers of cardiac risk (BP, lipids, 
fasting glucose, C-reactive protein) did not change 
appreciably from baseline. 

Although many of these studies demonstrate 
cocoa’s beneficial effects on CVD risk biomarkers 
(insulin levels, FMD, nitric oxide levels, BP), they 
do not attempt to elucidate chocolate’s role in 
actual cardiovascular mortality. What about the 
impact of cocoa in populations? A retrospective 
epidemiological study of the Kuna, a group of 
people living off the coast of Panama known to 
have substantially lower BPs as they age compared 
to their mainland relatives in Panama, provides an 
opportunity to examine cocoa intake and mortality.11 
The Kuna drink a flavanol-rich cocoa as their main 
beverage, contributing to an intake of 900 mg 
flavanol per day (likely the most flavanol-rich diet 
of any population). Bayard et al reviewed causes of 
death from 2000 to 2004 on mainland Panama vs 
San Blas islands where the Kuna live. On San Blas, 
death from ischemic heart disease had a frequency 
of approximately 8 per 100,000/year and stroke of 
3 per 100,000/year, compared to mainland Panama, 
where ischemic heart disease was 44 per 100,000/
year and stroke was 41 per 100,000/year. Because 
this is an observational study and many confounders 
are surely at play, firm conclusions cannot be drawn; 
however, it is suggestive of the beneficial impact of 
cocoa on a population and supports the findings of 
many (but not all) small, randomized, clinical trials 
looking at CVD risk factors.

The Zutphen Elderly study also sought to examine 
cocoa intake on a real population. This prospective, 
cross-sectional, cohort study assessed habitual 
cocoa intake and BP in 470 elderly Dutch men over 
5 years.12 The lowest tertile comprised no cocoa 
intake. The median intake in the middle tertile was 
0.92 g/d cocoa and in the highest tertile was 4.18 
g/d. Plain chocolate and chocolate bars contributed 
two-thirds of cocoa intake; the rest came from 
chocolate candies, spreads, mousse, pudding, 
and hot cocoa drinks. Adjusted for confounding 
factors (age, body mass index, socioeconomic 
status, cigarette smoking, alcohol, physical activity, 
use of aspirin and anticoagulants, drug-use, food 
[vegetables, fruit, low and medium fat dairy, meat, 
non-chocolate sugary confections, nuts, seeds, 
coffee], and total calorie intake), there was lower 
mean SBP (-3.7 mmHG; 95% CI, -7.1 to -0.3) and 
DBP (-2.1 mmHg; 95% CI, -4.0 to -0.2) in the 
highest tertile of cocoa intake compared with the 
lowest. After 15 years of follow-up, 314 men had 
died, 152 of cardiovascular diseases. Compared 
with the lowest tertile of cocoa intake, the adjusted 
relative risk for men in the highest tertile was 0.50 
(95% CI, 0.32 to 0.78; P = 0.004 for trend) for 
cardiovascular mortality and 0.53 (95% CI, 0.39 
to 0.72; P < 0.001) for all-cause mortality. This 
translates to an impressive risk reduction of about 
50% for both cardiovascular and all-cause mortality 
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associated with regular, low-dose, commercial cocoa-
containing products in this mortality based study on 
real-life cocoa consumption in a Western population.

ADVeRSe eFFeCtS
Cocoa is well-tolerated (nay, extremely well-
tolerated) orally. There are reports of allergic skin 
reactions, shakiness, increased urination, increased 
heart rate, stomach upset, gastroesophageal reflux, 
nausea, and constipation, as well as triggering of 
migraine headaches in certain individuals.13 Weight 
gain may be a concern because of the high sugar and 
fat content of some cocoa and chocolate products 
but as discussed above studies cast doubt on this 
assumption.10

DiSCuSSiOn/COnCLuSiOnS
Although popular media has flaunted chocolate’s 
health benefits, and we would love to be able to 
recommend unlimited chocolate for our patients, 
the randomized trials that have been done so far do 
not conclusively prove that chocolate will reduce 
one’s risk of CVD. They do, however, demonstrate 
acute and chronic benefits of cocoa and chocolate 
on FMD and insulin resistance, and possibly but 
less conclusively improvements in BP (BP changes 
were documented, but not really clinically relevant). 
Although there is much variability in the study 
designs and populations, there seems to be clear 
uniformity in endothelial function improvement 
regardless of study length, cocoa strength, 
or population. None of the studies reviewed 
demonstrate a negative impact of cocoa or chocolate 
intake; however, firm conclusions remain elusive 
regarding their improvement on BP and fasting 
glucose due to mixed findings and study limitations. 

Because the impact of even small improvements 
in these areas from a dietary intervention that is 
both well-tolerated and adhered to could translate 
into substantial improvements in morbidity and 
mortality at a population level, larger and longer-
term independently funded trials are needed for 
confirmation of their impact on outcomes that 
matter clinically. Luckily, due to gourmand health 
enthusiasts worldwide, more and more studies are 
emerging that explore whether this guilty pleasure 
could instead be a healthful indulgence. 

ReCOMMenDAtiOn
One challenge is finding a product that reliably 
delivers adequate doses of flavanols without 
significantly increasing caloric burden and weight 
gain, which might limit the potential cardiovascular 
benefits (although this is called into question by 
the Njike study, which found no weight gain in the 
group consuming sugar-sweetened, higher-calorie 
chocolate compared to sugar-free, calorie-reduced 

chocolate and benefits were similar.)10

Many chocolate studies have used proprietary 
flavanol-enhanced cocoa drinks or chocolate, 
which makes it difficult to determine practical 
recommendations for patients. There is concern that 
many commercially available cocoa products are not 
rich in flavanols. In addition, there are few means 
for consumers to be able to gauge flavanol content 
reliably.

Because several studies used Ritter Sport Halbitter 
chocolate (50% cacao bittersweet) 100 g (~480 
calories, 88 mg of cocoa flavanols), this might be a 
reasonable product to recommend. In studies, both 
100 grams and 6.3 grams performed well. Until 
conclusive studies demonstrate no risk of weight 
gain associated with chocolate candy intake, it seems 
prudent to discuss strategies for substituting this for 
foods of similar energy composition in order to not 
gain weight and potentially counteract the potential 
benefits obtained by chocolate consumption. It 
also may be useful to remind patients that cocoa 
powder is defatted and thus quite a bit lower in 
caloric content than chocolate. Unfortunately, the 
flavanol content of commercially available cocoa 
drinks are not known and products used in studies 
do not appear to be commercially available. Mars 
makes CocoaVia, which guarantees 250 mg of 
cocoa flavanols from cocoa extract in several flavors 
to be mixed into drinks (low calorie 20-30 Kcal 
per serving), but we were unable to find clinical 
trials utilizing this preparation. They are currently 
recruiting for a study using this product examining 
the role of flavanols in Cardiovascular Function in 
Healthy Aging at the University of Texas in Austin.

In summary, enjoy chocolate — not too much, 
mostly dark, never white — and bask in the 
knowledge that it is probably good for you.   n
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it is proverbial in modern life that the health 
benefits claimed initially for foods and 
natural products will eventually prove to be 

overly optimistic (for example, oat bran and 
dark chocolate), or at least subject to balancing 
against potential harms (for example, bacterial 
contamination of fresh produce and unpasteurized 
juices). Such cautionary examples should not — and 
usually do not — prevent appropriate use of such 
items, provided that we have a realistic idea of what 
they can do and what their attendant harms may be. 

A good example of this is high-fat fish and the 
potential presence of heavy metals. Since at least 
the 1990s, there has been strong and consistent 
evidence that the n-3 fatty acids (eicosapentaenoic 
and docosahexaenoic acid) found in “oily” marine 
species such as salmon, tuna, and mackerel have 
significant cardiovascular health benefits. A 
1997 meta-analysis showed clinically meaningful 
reductions in triacylglycerol (triglycerides) with 
higher fatty fish consumption.1 A 2002 American 
Heart Association consensus statement added to 
this, noting n-3 fats’ role in controlling heart rhythm, 
hemodynamics, and arterial endothelial function.2 

The drawback to these positive effects lies in the 
biology and natural history of the relevant fish 
species. They are mostly carnivorous and at the 
top of their respective food chains. Consequently, 
the dietary and environmental factors of all lower 
species are concentrated in their diets and in their 
tissues, a phenomenon called bioaccumulation or 
biomagnification. This includes heavy metals such 
as mercury. Mercury typically enters bodies of water 

from natural or human sources as elemental mercury 
(Hg) and then is converted by microbial action to 
the organic compound methylmercury (CH3Hg+, 
sometimes also written as MeHg+). In this form, it 
is readily taken up by insects and other small prey 
species, beginning the process of bioaccumulation.3 

By the time some large and long-lived species are 
caught for human consumption, mercury levels in 
them can be high enough to pose a meaningful threat 
to humans, particularly fetuses and small children 
whose neurological systems are still developing. 
This has led the U.S. Environmental Protection 
Agency and Food and Drug Administration to 
recommend that children and pregnant women 
restrict their consumption of certain high-fat 
fish.4 However, it should be noted that mercury 
levels can vary widely, even within the same 
species, over time and as a result of the production 
methods used (i.e., farm-raised vs. wild-caught). 
(One source for technical data is FDA’s report 
on surveillance of fish stocks between 1990 and 
2010, which is accessible at: www.fda.gov/food/
foodsafety/product-specificinformation/seafood/
foodbornepathogenscontaminants/methylmercury/
ucm115644.htm.) This complexity has created 
confusion among consumers as to what kinds of fish 
are safe to include in their diets. 

SeLeniuM tO tHe ReSCue?
Understandably, there is interest in what strategies 
may be available to mitigate the danger in what is 
otherwise a very healthful category of foods. The 
most obvious approach — curtail at least those 
environmental emissions of mercury that are of 
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human origin — is enmeshed with political and 
economic concerns. It is also beyond the control of 
the individual consumer. Another possible avenue of 
attack comes from observation of a natural process, 
ironically best described in fish models.

Selenium (Se) is an elemental substance that forms 
compounds essential for most plant and animal life.5 
In mammals, selenoproteins play a role in thyroid 
regulation, and selenium is a key component of 
the antioxidant enzymes glutathione peroxidase 
and thioredoxin reductase. It has been shown 
that selenium binds preferentially with mercury to 
form stable mercury selenide compounds (HgSe).6 
This process effectively sequesters methylmercury 
and prevents it from reaching vulnerable tissues 
in a form capable of causing damage. It has also 
been suggested that the antioxidant compounds 
of which selenium is a part may help to prevent 
cellular damage by scavenging free radical oxygen 
species created by biochemical processes involving 
methylmercury among other sources.7

It should be noted that the chemical processes by 
which selenium reduces the presence of mercury in 
the tissue also deplete the body’s supply of selenium. 
A deficiency of selenium has an independent set of 
potential health consequences, including thyroid 
dysregulation, immune system dysfunctions, and 
infertility.7 A diet high in fatty fish would seem to 
argue for careful attention to adequate consumption 
of selenium, both for the protective role it may 
play with mercury and also precisely because 
this function may leave inadequate selenium for 
other important processes. However, there is little 
experimental evidence in vertebrate mammals, and 
none in humans, for the magnitude or consistency of 
the effect of selenium supplementation. Nevertheless, 
the available evidence is intriguing.

WHAt tHe SCienCe teLLS uS
In areas with high industrial output of mercury (for 
instance, from factory smokestacks), some bodies of 
water have come to have such high levels that they 
have been declared off limits for fishing for human 
consumption. A group in Sweden experimented 
with artificially raising the selenium content of one 
such “black-listed” lake for a period of several 
years and then monitored fish in the lake for the 
mercury level in their tissues.8 They showed marked, 
statistically significant reductions in mercury in 
several fish species, reaching levels below the “black-
list” threshold for as long as the supplementation 
continued.

A Japanese group fed juvenile rats a diet of fish with 
a known content of methylmercury, and a variable 
amount of natural or supplemental selenium.9 
They found that selenium in blood, brain, and 
spinal cord was positively correlated (r between 
0.69 and 0.90) with protection from neurological 
damage attributable to mercury. This finding was 
partially replicated by another group that studied 
mercury and antioxidant exposure in gravid rats 
and their offspring.10 Exposure to mercury during 
pregnancy reduced the survival rate of the resultant 
offspring. While nursing, the mothers showed better 
gains in weight and neurological function when 
supplemented with a combination of selenium and 
vitamin E. However, the mothers’ supplementation 
did not appear to have any beneficial effects in their 
offspring.

Available evidence in humans to date is entirely 
observational. A population survey (n = 1216) in 
Britain collected 7-day-recall food frequency data, 
from which five categories of fish intake were 
summarized — fried white fish, other white fish, 
shellfish, oily fish, and all fish combined.11 Mercury 
and selenium levels in blood and blood components 
also were assessed. In linear regression models, 
consumption of all categories of fish except fried 
white fish was strongly and positively associated 
with mercury in whole blood and with selenium in 
red blood cells and plasma (P < 0.0001 in all cases). 
Blood mercury was also strongly and positively 
correlated with red cell and plasma selenium. They 
concluded from this that fish consumption was the 
source of both factors. It should be noted, however, 
that a number of other food categories also showed 
significant correlations with both mercury and 
selenium.

A Chinese group sampled body fluids from a group 
of 72 people living in a mercury-contaminated 
region.12 Mercury exposure was categorized as 
high or low, based on serum and urine levels, and 
selenium was measured in the same samples. They 

Summary Points
• Mercury in high-fat fish species is a  

significant human health concern.

• Selenium has been shown to reduce free 
mercury in non-human models, including 
fish.

• The evidence is not yet strong enough  
to warrant recommending selenium 
supplementation for protection against 
mercury toxicity.
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found a statistically significant correlation between 
mercury and selenium levels in urine (r = 0.625, P 
< 0.001), but not in serum. These results are cross-
sectional only, so no inference about causation is 
possible. However, there does seem to be evidence 
that mercury and selenium covary in humans in a 
predictable way.

Norwegian investigators conducted a retrospective 
study comparing a group of 20 people who reported 
having symptoms that could be attributed to their 
mercury amalgam fillings and 21 people who also 
had amalgam fillings but did not report relevant 
symptoms.13 They found that the median serum 
concentration of selenium in those reporting 
symptoms was statistically significantly lower than 
in those not reporting symptoms (119.2 mcg/L vs. 
130.3 mcg/L, P = 0.003). A separate comparison of 
people who had had amalgam fillings removed with 
others who had never had amalgam fillings showed 
no difference in serum selenium levels. This finding 
is suggestive, but does not allow any inference about 
which factor (presence of fillings, serum mercury, 
serum selenium) appeared first or what the pattern 
of causation may be.

COnCLuSiOn
The available evidence seems adequate to conclude 
that there is an interaction between mercury and 
selenium that may be clinically relevant. Studies 
of fish and non-human vertebrates show strong 
correlations between higher selenium levels and 
lower mercury levels, as well as lower rates of 
neurological deficits that are attributable to mercury 
toxicity. There is also suggestive evidence in humans 
that lower selenium levels may be associated with 
a greater chance of mercury-associated health 
problems. However, there is as yet no definitive 
evidence in humans that consumption of any defined 
level of selenium, or supplementation with selenium 
at doses higher than required to meet non-mercury-
related physiological needs, protects against damage 
caused by dietary or environmental mercury 
exposure. 

Given the potential harm arising from consumption 
of mercury, experimental evidence in a human 
model is unlikely to be forthcoming. However, it is 
reasonable to expect that large-scale observational 
studies and quasi-experimental designs should be 
possible. Regrettably, there are large populations 
in many parts of the world living in areas where 
environmental and/or dietary exposure to mercury 
makes natural experiments feasible. Further 
clarification of the mercury/selenium relationship 
would go a long way toward mitigating a health 
burden that they bear, and that is unlikely to be 
remedied at the source in the foreseeable future.

ReCOMMenDAtiOnS
Selenium is an essential component of the human 
diet. The recommended daily allowances of 
selenium, as endorsed by U.S. government agencies, 
is included in Table 1.

However, consumption of selenium in large 
quantities can lead to a toxicity syndrome known as 
selenosis, which is characterized by gastrointestinal 
distress, fatigue, and irritability, among other 
symptoms. The Institute of Medicine of the U.S. 
National Academy of Sciences recommends an 
upper limit of 400 mcg per day for adults.14 It is 
important to note that the selenium content in foods 
can vary dramatically, so consumption of foods 
known to be rich in selenium (Brazil nuts, as well as 
plant-based foods from geographic areas with high 
natural selenium levels) should be managed in light 
of overall selenium intake. 

Although there is no level of mercury recognized 
as “safe,” the Agency for Toxic Substances and 
Disease Registry, a component of the Centers for 
Disease Control and Prevention, has stated that in 
its opinion a level of CH3Hg+ in fish of no more 
than 0.003 mg/kg/day represents, “an estimate of 
the daily human exposure that is likely to be without 
appreciable risk of adverse non-cancer health effects 
over a specified duration of exposure.”15

At this point, there does not appear to be adequate 
evidence to justify recommending that anyone 
consume extra selenium as a form of mercury 
prophylaxis. However, consumption of adequate 
quantities of essential nutrients, including selenium, 
has proven benefit in a variety of other ways and 
can be recommended on its own merits. Patients 
who wish to ensure that they consume adequate 

table 1. Recommended daily allowances  
of selenium

Age Male/Female if Pregnant if Lactating 
(years) mcg/day mcg/day mcg/day

1-3 20  

4-8 30  

9-13 40  

14-18 55 60 70

19+ 55 60 70

Source: national institutes of Health, Office of Dietary 
Supplements. Dietary fact sheet: Selenium. Available at: http://
ods.od.nih.gov/factsheets/Selenium-HealthProfessional/. Accessed 
August 23, 2012.
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quantities of n-3 fatty acids, but are concerned about 
mercury or other toxicants in fish, can be offered the 
alternative of taking fish oil capsules, which avoid 
the problem altogether. In this, as in many such 
situations, an open discussion of patient preferences 
and comfort with risk is a good way to clarify the 
issues, identify potential misunderstandings, and 
make appropriate recommendations.   n
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Rehabilitation for Chronic Stroke:  
Better Balance through yoga?
By Nancy J. Selfridge, MD
Associate Professor, Integrated Medical Education, Ross University School of Medicine, Commonwealth of Dominica,  
West Indies
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SynOPSiS: An 8-week yoga training program improved balance performance measures and reduced fear of falling in 
adult patients with a history of stroke. 
SOuRCe: Schmid AA, et al. Poststroke balance improves with yoga: A pilot study. Stroke 2012;43:2402-2407.

Falls are one of the most common complications 
after stroke. In a multicenter study, Langhorne 
et al reported a post-stroke incidence of 

such falls in 25% of 311 patients. Of the falls, 
5% were associated with significant injury to the 
patient.1 Persistent balance, strength, and sensory 
deficits are the underlying factors associated with 
increased risk of falling after a stroke. Thus, current 
clinical practice guidelines recommend balance 
training for stroke victims who demonstrate 
balance impairment.2 With specific balance training 
recommendations and protocols not being currently 
available, the authors of this pilot study set out to 
determine whether yoga training would improve 
balance and stroke recovery based on case studies 

and qualitative research, which suggest a benefit for 
stroke patients and for elderly in general.

A total of 47 patients with chronic stroke of greater 
than 6 months’ duration were selected from 222 
potentially eligible patients who were identified by 
chart review, recruited from stroke support groups, 
or recruited from previously completed stroke 
research studies in the Indianapolis area. Selectees 
were randomly assigned to an intervention group 
(n = 37) or a wait-list control group (n = 10). The 
intervention consisted of an hour-long, adapted, 
yoga-based protocol in a group setting twice weekly 
for 8 weeks. Postures were chosen and taught by 
a registered yoga therapist with input from the 
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research team based on previous evidence supporting 
improved balance through a focus on increased 
hip and ankle flexibility as well as strength. Class 
members used bands, bolsters, and other assistive 
devices to help them attain and maintain the yoga 
postures. Measures were performed at baseline and 
8 weeks after completion of the yoga program. 
Stroke-related disability was rated using a modified 
Rankin Scale, which is a validated instrument for 
determining the degree of disability and dependence 
after stroke. According to this scale, functional 
independence is defined as a score of 0-2 and 
dependence as a score of 3-5. The Berg Balance 
Scale, a validated physical performance assessment, 
was used to assess static and dynamic balance. 
Scores ≤ 46 identify patients who are at risk for falls 
after stroke. Patients reported balance self-efficacy 
using the Activities-specific Balance Confidence 
Scale, another validated and reliable assessment tool 
for stroke victims, ranging from “no confidence” 
(0%) to “completely confident” (100%). Fear 
of falling was measured with a simple yes/no 
question. Quality-of-life data were collected using 
the Stroke-Specific Quality of Life scale, previously 
demonstrating validity in stroke research. In the 
intervention group, 29 patients completed all 16 
yoga sessions and post-assessments. Three patients 
were lost to follow up, four completed fewer than 
five sessions due to scheduling or transportation 
problems, and one patient was hospitalized for 
reasons unrelated to the intervention. The authors 
noted no statistically significant differences between 
the control and intervention groups in baseline 
or 8-week measures. However, they did note 
improvement in all measures in the intervention 
group from baseline to 8-week follow-up and these 
changes were significant. In contrast, the control 
group demonstrated no significant improvement 

in measures from baseline and follow-up. Balance 
improved significantly in the yoga group (P < 
0.001) coupled with fewer yoga participants 
answering “yes” to the fear of falling question (P 
< 0.001) and a greater number were identified as 
“independent” on the modified Rankin Scale (P 
< 0.001). Though less impressive, there also was 
significant improvement in quality of life (P < 0.037) 
and balance self-efficacy (P < 0.035). Interestingly, 
the patients whose baseline balance scores were ≤ 
46 improved to an even greater degree, with a mean 
increase of 8 points.

COMMentARy
Yoga again emerges as a potential therapeutic 
intervention, this time for patients with a history 
of stroke and sequelae. Improvements in the 
intervention group were not only statistically 
significant but also clinically meaningful. Berg 
Balance Scale scores of ≤ 45 indicate a higher risk 
of falling, and elderly, community-dwelling adults 
without stroke generally have scores > 50. So, for 
many of the yoga participants in this study, balance 
improved enough to mitigate their increased risk of 
falling. High adherence rates and no adverse effects 
suggest feasibility and patient acceptance. However, 
the size of this pilot study limited its power to detect 
differences between the control and intervention 
groups, and without an adequate control group, 
it could be argued that improvements represented 
regression to the mean. The authors initially divided 
the intervention group into two cohorts: both 
received the 8-week yoga intervention, but one group 
also received a home audio device and preloaded 
20-minute recording and were instructed to listen 
to and track their use at least three times weekly. 
Since there were no differences in the outcome 
measures at 8 weeks between these two intervention 
groups, the authors decided to collapse the data 
into one intervention group for analysis. It would 
be interesting to see if differences between these 
intervention groups and the control group emerged 
with a larger sample size or a longer intervention. 
Assessments were completed by a research assistant 
who also assisted with the yoga sessions; therefore, 
the study was not blinded to the primary outcome 
assessment, a significant methodological flaw. The 
study sample included a low enrollment of women, 
and thus was not representative of the stroke 
population in general. An active control arm to 
monitor for group effect would help discern what 
elements of this yoga intervention are most effective. 
Long-term maintenance of improvement would be 
important to document in future studies. Despite 
the great promise in this pilot study, future research 
correcting for these shortcomings is necessary 
before group yoga can be added to clinical practice 
guidelines for stroke rehabilitation.   n

Summary Points
• A quarter of post stroke victims suffer falls 

due to balance, strength and sensory defi-
cits and 5% of these falls are associated 
with significant injury.

• Current clinical guidelines recommend 
balance training for stroke victims who 
demonstrate balance deficits, though 
specific methods are not detailed.

• Statistically significant improvement in 
balance, fear of falling and quality of life 
occurred in chronic stroke patients after 
completing an 8 week adapted yoga 
program.
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Coffee Consumption and Mortality
By Andrew J. Boyle, MBBS, PhD
Assistant Professor of Medicine, Interventional Cardiology, University of California, San Francisco
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SOuRCe: Freedman nD, et al. Association of coffee drinking with total and cause-specific mortality. N Engl J Med 2012;366:1891-1904.

Coffee is widely consumed throughout the 
United States. Some prior studies have 
associated coffee consumption with increased 

rates of heart disease, whereas other studies have 
shown less heart disease in coffee drinkers. The data 
associating coffee consumption and total mortality 
have also been conflicting. In the New England 
Journal of Medicine, Freedman and colleagues 
examined the association of coffee drinking with 
subsequent total and cause-specific mortality among 
229,119 men and 173,141 women in the National 
Institutes of Health–AARP Diet and Health Study. 

This very large cohort study enrolled subjects 
(AARP members) who were 50 to 71 years of 
age, and assessed dietary and lifestyle factors. 
Coffee consumption was assessed once at baseline. 
Participants with cancer, heart disease, and stroke 
were excluded. The subjects were followed for 
14 years (5,148,760 person-years of follow-up) 
and the data were linked to the Social Security 

Administration Death Master File to assess 
mortality. In age-adjusted models, the risk of death 
was increased among coffee drinkers. However, 
coffee drinkers were also more likely to smoke, 
and after adjustment for smoking status and other 
potential confounders, there was a significant 
inverse association between coffee consumption and 
mortality. Adjusted hazard ratios for death among 
men who drank coffee as compared with those who 
did not were: 0.99 for drinking less than 1 cup per 
day, 0.94 for 1 cup, 0.90 for 2 or 3 cups, 0.88 for 4 
or 5 cups, and 0.90 for 6 or more cups of coffee per 
day (P < 0.001). The respective hazard ratios among 
women were 1.01, 0.95, 0.87, 0.84, and 0.85 (P < 
0.001). Reduced mortality was observed for deaths 
due to heart disease, respiratory disease, stroke, 
injuries and accidents, diabetes, and infections. 
However, cancer-related deaths were not reduced, 
and there was a trend toward higher mortality from 
cancer in men who drank more than 6 cups per day. 
Interestingly, both caffeinated and decaffeinated 
coffee were associated with similar reductions 
in mortality. The authors conclude that coffee 
consumption was inversely associated with total 
and cause-specific mortality, but whether this was a 
causal or associational finding cannot be determined 
from these data. 

COMMentARy
This study is welcome news for coffee drinkers. 
However, several aspects of this study need to be 
taken into account. First, this was an observational 
study, and therefore cause and effect cannot 
be concluded from these data. Second, coffee 
consumption was ascertained at baseline and never 
again throughout 14 years of follow-up. Patterns 
of consumption may well have changed during that 
long follow-up period. Third, participants resided 
in six states (California, Florida, Louisiana, New 
Jersey, North Carolina, and Pennsylvania) and two 
metropolitan areas (Atlanta and Detroit). Thus, the 
cohort may not be truly representative of the entire 

Summary Points
• A study in a cohort of AARP members 

over 14 years showed that coffee con-
sumption, caffeinated or decaffeinated, is 
inversely associated with cause-specific 
and total mortality.

• There was minimal effect for 1-2 cups 
daily (there was a trend along coffee con-
sumption quantity), and it is unclear what 
type of coffee is most beneficial.

• This is not a cause-effect conclusion; this 
association needs to be followed up by  
interventional clinical trials.
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[IN FUTURE ISSUES]

1. it appears that chocolate’s 
role in reducing 
cardiovascular risk factors is 
least clear in the case of:
a. flow-mediated dilation.
b. insulin resistance.
c. blood pressure.

2. Consumption of white 
chocolate, although 
containing fewer flavanols 
than dark chocolate, also 
demonstrates cardiovascular 
risk reductions.
a. True
b. False

3. selenium plays a role in all 
of the following except:
a. thyroid function.
b. immune function.
c. fertility.
d. calcium deposition in 

bone.

4. selenium is hypothesized 
to play a role in reducing 
mercury toxicity in 
vertebrates by which of the 
following processes?
a. Sequestration in stable 

compounds
b. Free radical scavenging
c. Both A and B

5. Which of the following 
measures demonstrated 
statistically significant 
improvement in chronic 
stroke patients after an 8 
week yoga intervention?
a. Balance
b. Balance efficacy
c. Fear of falling
d. Quality of life
e. All of the above

6. a recent large observational 
study has shown that coffee 
drinking is associated with:
a. a higher risk of death.
b. a lower risk of death.
c. a neutral effect on death.
d. nonsmoking. 

•  present evidence-based clinical 
analyses of commonly used 
alternative therapies;

•  make informed, evidence-based 
recommendations to clinicians 
about whether to consider using 
such therapies in practice; and;

•  describe and critique the 
objectives, methods, results and 
conclusions of useful, current, 
peer-reviewed clinical studies in 
alternative medicine as published 
in the scientific literature.

CMe OBJeCtiVeS
upon completion of this educational activity, participants should be able to:

CMe QueStiOnS

the science behind  
fad diets

exercise and acute  
respiratory infection

Wait-list controls

country. Fourth, the distinction between 
persons who drank caffeinated coffee and 
those who drank decaffeinated coffee was 
subject to misclassification, since these 
categories were defined on the basis of 
consumption of either beverage more than 
half the time. Fifth, there were no data 
about how coffee was prepared (espresso, 
boiled, or filtered) and the constituents of 
coffee may differ according to the method 
of preparation.

Despite the limitations to observational 
studies like this one, this is a very large 
study, and its sheer size strengthens 
the associations that it demonstrates. 
If indeed coffee were to cause this 
reduction in mortality, what could be 
the potential mechanism? Coffee is a 
rich source of antioxidants and other 
bioactive compounds. Some prior 
studies have shown inverse associations 

between coffee consumption and serum 
biomarkers of inflammation, as well as 
reductions in insulin resistance, diabetes, 
inflammatory diseases, and stroke. 
Although other antioxidants have not 
reduced cardiovascular events in clinical 
trials, perhaps the particular constituents 
in coffee succeed where others have failed. 
Or perhaps a combination of antioxidants 
and anti-inflammatory actions combine to 
have salubrious effects. 

Importantly, this study does not tell 
us about other potentially deleterious 
effects of coffee, such as effects on blood 
pressure, lipids, or arrhythmias. These 
should all be taken into account before 
advocating our patients increase coffee 
consumption. Although this study does 
not prove cause and effect of coffee 
reducing mortality, I feel comfortable 
continuing my morning coffee ritual.   n


