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This Examine Membership preview includes the following:
• A sample research database for one of our most popular health topics
• A preview of a comprehensive Examine supplement page
• A selection of summaries from two of the 25 health categories that are
updated with new study reviews every month
• Two articles from our in-depth analysis
Our team of researchers filters hundreds of nutrition studies every month and
distills that information into actionable content — making it easy for you to keep
up with the latest research.
Enjoy the preview. If you have any questions, please don’t hesitate to contact us.
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Research Database
Stay up to date with a
comprehensive and fully
referenced research database.
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Curcumin
Also known as: Turmeric extract,Curry Extract,Curcuma,Diferuloylmethane,JiangHuang,Curcuma Longa,1,7-bis{3-methoxy-4-hydroxyphenyl}-1,6-heptadiene-3,5-dione
Other uses:

Curcumin is the primary bioactive substance in turmeric, and has anti-inflammatory properties and
decent evidence for indications from chronic pain to depression. It has poor bioavailability alone,
necessitating special formulations to be efficiently absorbed.
See Curcumin on Examine.com

How to Take
By itself, curcumin is poorly absorbed. Among the methods devised to address the issue, the two
most common (and most often tested) are to pair curcumin with piperine (a black pepper extract) or
to combine it with lipids (BCM-95®, Meriva® …). To supplement curcumin with piperine, take 500 mg
of the former with 20 mg of the latter, thrice a day (i.e., 1,500 mg of curcumin and 60 mg of piperine
per day). To supplement BCM-95®, a patented combination of curcumin and essential oils, take 500
mg twice a day (i.e., 1,000 mg/day). To supplement Meriva®, a patented combination of curcumin
and soy lecithin, take 200–500 mg twice a day (i.e., 400–1,000 mg/day). Curcumin is usually taken
together with food.

LEVEL OF
EVIDENCE

OUTCOME

Triglycerides

Anti-Oxidant
Enzyme Profile

Depression

Inflammation

MAGNITUDE
OF EFFECT

CONSISTENCY OF
RESEARCH RESULTS

Minor

See all 28 studies

Moderate

Very High
Notable

See all 8 studies

Very High
Notable

See all 8 studies

Very High
Notable

See all 6 studies

NOTES

Some reducing effects have been noted, but they seem to be
unreliable and not overly potent

Although the exact enzyme that increases is not overly reliable
(SOD, glutathione, and catalase), all three enzymes have
individually been noted to be increased and they tend to do so
to a large degree.
Curcumin seems to be more effective than placebo in reducing
symptoms of depression. It may take 2-3 months to see any
outcomes. Skepticism is warranted though, as the studies
comparing curcumin to placebo were not well designed and
produced effect sizes not too far apart, even though the
differences were statistically significant.
There appears to be a decrease in disease states or conditions
characterized by inflammation associated with curcumin
ingestion, does not appear to be too discriminatory in which
inflammatory states it benefits

LEVEL OF
EVIDENCE

OUTCOME

Pain

Symptoms of
Osteoarthritis

Anxiety

Blood Glucose

Blood Pressure

C-Reactive Protein

General Oxidation

HDL-C

LDL-C

Lipid Peroxidation

MAGNITUDE
OF EFFECT

CONSISTENCY OF
RESEARCH RESULTS

Very High
Notable

See all 15 studies

Very High
Notable

See all 13 studies

Minor

See all 4 studies

Very High

Low
Minor

See all 29 studies

High
Minor

See all 14 studies

High
Minor

See all 19 studies

Very High
Minor

See all 7 studies

Low
Minor

See all 27 studies

Moderate
Minor

See all 27 studies

Very High
Minor

See all 7 studies

NOTES

There decreases in pain associated with curcumin at higher
doses which extend to post-operative, arthritis, and general
pain symptoms. In particular, curcumin has been researched
for osteoarthritis the most, but many of these studies are of
low quality and funded by industry, so caution is warranted.
Supplementation with curcumin resulted in a notable,
consistent reduction in osteoarthritis symptoms across many
studies. Of the osteoarthritis symptoms, it seems to be most
effective for pain and physical function, while it's less clear if it
reduces stiffness. Caution should be taken due to many of the
studies not being high quality.

Is somewhat more effective than placebo in reducing
symptoms of anxiety, specifically state and trait anxiety.

The reduction in glucose is likely small and inconsistent
overall, and most likely to be meaningful for people with type 2
diabetics. It is unlikely that plain turmeric has notable effects,
and high potency curcuminoids are more likely to have an
effect.

May decrease blood pressure, but more contextual evidence is
required, such as enough studies to properly compare effects
in hypertension, type 2 diabetes, and healthy people.

May decrease C-reactive protein if elevated. Studies are
somewhat inconsistent, but an effect in those who will benefit
most is likely.

Prooxidative biomarkers appear to be reduced following long
term supplementation of curcumin

Possible increases in HDL-C

A small reduction in people with high cholesterol levels is
possible, but studies are inconsistent.

A decrease in lipid peroxidation results following curcumin
ingestion chronically

LEVEL OF
EVIDENCE

OUTCOME

Liver Enzymes

MAGNITUDE
OF EFFECT

Moderate
Minor

Glycemic Control

-

HbA1c

-

Total Cholesterol

-

Weight

-

Functionality in
Elderly or Injured

Nitric Oxide

Adiponectin

Blood Flow

Cell Adhesion
Factors

CONSISTENCY OF
RESEARCH RESULTS

See all 16 studies

Moderate
See all 12 studies

Very High
See all 15 studies

Very High
See all 28 studies

Very High
See all 15 studies

Very High
Notable

See 2 studies

Notable

See study

Very High
Minor

See all 4 studies

Very High
Minor

See all 5 studies

Very High
Minor

See 2 studies

NOTES

No significant influence on liver enzymes associated with
curcumin supplementation in most people, however, a small
reduction is more likely in people with elevated liver enzymes.

An effect is possible in type 2 diabetics but studies are not
generally supportive.

Some studies have found reductions but, even in type 2
diabetics, evidence is inconsistent.

More robust evidence suggests no significant influence of
curcumin on total cholesterol, although there may be a
potential role in people with elevated lipids.

It's unclear if the reductions found in some studies are genuine
effects or random variance.

In persons with osteoarthritis, the performance on a treadmill
test after eight months was significantly increased (more than
twice the distance covered with curcumin relative to control).

80mg of a bioavailability enhanced curcumin supplement has
been reported to increase nitric oxide in serum by 40% or so,
which is significantly larger than many other dietary
supplements.

Curcumin has been implicated in increasing adiponectin
concentrations.

An increase in blood flow has been noted with curcumin
supplementation

Decreases in cell adhesion factors have been noted, which
may underlie therapeutic benefits towards atherosclerosis of
curcumin supplementation.

LEVEL OF
EVIDENCE

OUTCOME

Cognitive Decline

Colorectal Cancer
Risk

DNA Damage

Edema

Fatigue

MAGNITUDE
OF EFFECT

CONSISTENCY OF
RESEARCH RESULTS

Minor

See study

Minor

See 2 studies

Minor

See study

Minor

See study

Minor

See study

-

Very High

-

-

-

-

Insulin
Minor

Insulin Secretion

Insulin Sensitivity

Interleukin 1-beta

Interleukin 6

See all 13 studies

Very High
Minor

See all 3 studies

Minor

See study

Very High
Minor

See all 3 studies

Very High
Minor

See all 5 studies

NOTES

Rate of cognitive decline may be lesser with dietary inclusion
of curcumin, but requires more evidence

Appears to be associated with a reduced risk for colon cancer

A decrease in DNA damage has been noted to be secondary
to reducing arsenic toxicity

A decrease in edema has been noted with curcumin
supplementation

A decrease in postoperative fatigue has been noted with
curcumin supplementation

May increase postprandial insulin concentrations, and a
decrease, when taken chronically, is possible but unreliable
from studies.

Curcumin has been found to increase insulin secretion in
insulin resistant persons, suggesting benefits to pancreatic
tissue.

In insulin resistant persons, curcumin can increase insulin
sensitivity.

A reduction in IL-1b has been noted in osteoarthritic patients,
which is thought to underlie the benefits to joint health seen
with curcumin.

A slight decrease in IL-6 concentrations has been noted,
practical relevance unknown.

LEVEL OF
EVIDENCE

OUTCOME

Intestinal Motility

Kidney Function

Mucositis

Myeloperoxidase

Prostate Cancer
Risk

Prostate Specific
Antigen

Proteinuria

Symptoms of
Ulcerative Colitis

Vascular Function

Arterial Stiffness

MAGNITUDE
OF EFFECT

CONSISTENCY OF
RESEARCH RESULTS

Minor

See study

Minor

See 2 studies

Minor

See study

Minor

See study

-

Very High

-

-

Very High
Minor

See 2 studies

Very High
Minor

See 2 studies

Minor

See study

Very High
Minor

See 2 studies

Minor

-

See study

Moderate
See all 5 studies

NOTES

May increase intestinal motility

Appears to promote kidney function in instances where
function is normally hindered

Symptoms of mucositis have been noted to be decreased with
curcumin supplementation

A slight increase in MPO concentrations has been detected.

Appears to be associated with a reduced risk of prostate
cancer in one study, but another study failed to find clinical
implications in people with prostate cancer in remission.

Has been noted to decrease prostate specific antigen levels
following supplementation

A reduction in proteinuria has been noted in persons with
kidney impairment given curcumin

Symptoms of ulcerative colitis reduced with supplementation
of curcumin

An increase in vascular function has been noted with curcumin
supplementation

No apparent effect in one study.

LEVEL OF
EVIDENCE

OUTCOME

Homocysteine

PMS

Cortisol

Free Fatty Acids

Leptin

Lipoprotein Lipase
Activity

Liver Damage

Lymphocyte Count

Serum BDNF

Symptoms of
Crohn's Disease

MAGNITUDE
OF EFFECT

CONSISTENCY OF
RESEARCH RESULTS

Notable

See study

Notable

See study

Minor

See 2 studies

Minor

See study

Minor

See all 3 studies

Very High

-

High

Minor

See study

Moderate
Minor

See 2 studies

Minor

See study

Minor

See study

Minor

See study

NOTES

A notable effect was found in one study in obese people with a
high risk of cardiovascular disease, but much more research is
needed.

One study found a notable reduction in symptoms from 200
mg of curcumin daily, taking one week before until 3 days after
menstrual bleeding. Much more research is needed to confirm
curcumin's efficacy.

A reduction has been noted in two studies, but more research
is needed.

There was a modest reduction in one study in type 2 diabetics,
but much more research is needed.

Mixed evidence suggesting a possible small reduction in
people with non-alcohol fatty liver disease.

An increase was found in one study in type 2 diabetics.

A notable effect has been found in people with non-alcoholic
fatty liver disease but studies are inconsistent and lacking.

A decrease in people with type 2 diabetes has been noted in
one study.

An increase has been noted in patients with major depression.

Possible reductions of symptoms associated with Crohns
Disease

Blood Pressure

Blood pressure is the force that blood exerts on blood vessels as it circulates. High blood pressure
(*hyper*tension) and low blood pressure (*hypo*tension) can each lead to a variety of health issues.

LEVEL OF
EVIDENCE

SUPPLEMENT

MAGNITUDE
OF EFFECT

CONSISTENCY
OF RESEARCH
RESULTS

Cocoa Extract

See all 23
Minor

studies

Very High
Fish Oil

Minor

See all 8
studies

High
Garlic

Notable

See all 12
studies

Very High
Hibiscus sabdariffa

Notable

See all 6
studies

Moderate
Magnesium

Notable

See all 9
studies

Moderate
Nitrate

Notable

See all 7
studies

High
Olive leaf extract

Notable

See all 4
studies

NOTES

While not affecting everybody, there appears to be a decrease
in blood pressure when assessing mildly hypertensive people;
the increase in blood flow seen in healthy people is not
accompanied by a decrease in blood pressure, while the
xanthine (caffeine) content of chocolate products may cause a
mild and transient increase in blood pressure in some
subjects.

May decrease blood pressure in persons with high blood
pressure, but does not appear to have efficacy in persons with
normal blood pressure

Garlic supplementation appears to reduce blood pressure, and
the magnitude is quite respectable in persons with
hypertension (around 10 points systolic or 8-10%) whereas
there is a smaller but present reduction in persons with normal
blood pressure.

The decrease in blood pressure seen with roselle tea and
supplements is notable and is greater than that seen with other
supplements

There appears to be a significant reduction in blood pressure
assuming one of two conditions is met, either the subject is
low in magnesium levels in the body (deficient) or if the subject
has elevated blood pressure (140/90 or above), with the latter
not requiring a deficiency to precede the blood pressure
reducing effects
Appears to be a fairly potent blood pressure reducing agent
during periods of high blood pressure (at rest during disease
states or during exercise in healthy persons) without having a
reducing effect when blood pressure is normalized. There may
be no effect on people on hypertensive medications, though.
One study assessing the potency in hypertensive persons
noted it was comparable to Captopril, and olive leaf appears to
be potent when it can reduce blood pressure. It does not
appear to reduce blood pressure in normotensive persons,
however

LEVEL OF
EVIDENCE

SUPPLEMENT

MAGNITUDE
OF EFFECT

CONSISTENCY
OF RESEARCH
RESULTS

Moderate
Arginine

Minor

See all 5
studies

Very High
Caffeine

Minor

See all 6
studies

Cannabis

See all 11
Minor

studies

Moderate
Citrulline

Minor

See all 19
studies

Low
Coenzyme Q10

Minor

See all 9
studies

High
Curcumin

Minor

See all 14
studies

Low
Ephedrine

Grape Seed Extract

Minor

See all 5
studies

Very High
Minor

See 2 studies

Very High
Inositol

Minor

See all 6
studies

Very High
L-Carnitine

Minor

See all 8
studies

NOTES

Arginine has been implicated in reducing blood pressure, but
the degree of reduction does not appear to be too remarkable
and it is unreliable in doing so

Tends to increase blood pressure more than it doesn't, which
is in part due to caffeine tolerance (naive users experiencing
increases in blood pressure at higher rates) or genetics; the
increase in blood pressure tends to be transient and low in
magnitude
A single use in a new user will increase diastolic blood
pressure (no real influence on systolic), and this is subject to
tolerance. Heavy users will not experience this acute increase
anymore and may instead have a decrease in diastolic blood
pressure.
A decrease in blood pressure is noted secondary to increasing
plasma arginine (and thus increasing nitric oxide). It applies to
both resting and active blood pressure, and to healthy and
hypertensive participants in general, though the reduction will
naturally be greater for those with hypertension.
There appears to be an interaction between CoQ10 and blood
pressure, but it is not wholly reliable and uncertain whether this
is at the level of the cardiac tissue or at the level of the
endothelium (both plausible). Magnitude of reductions don't
appear too remarkable.

May decrease blood pressure, but more contextual evidence is
required, such as enough studies to properly compare effects
in hypertension, type 2 diabetes, and healthy people.

There may be an acute increase in blood pressure seen with
ephedrine intake, although this does not appear to be overly
reliable; long-term usage of ephedrine does not seem to alter
blood pressure, and may reduce it secondary to weight loss

The meta-analysis conducted noted a pooled reduction of
1.54mmHg systolic associated with standard doses of grape
seed extract; something, but a small reduction.

There may be a slight decrease in blood pressure in women
with PCOS who are having it treated with inositol therapy.

There's a fairly notable reduction in blood pressure for those
with metabolic syndrome, though this isn't based on many
studies. Other studies suggest smaller effects.

LEVEL OF
EVIDENCE

SUPPLEMENT

MAGNITUDE
OF EFFECT

CONSISTENCY
OF RESEARCH
RESULTS

Very High
Melatonin

Minor

See all 4
studies

Low
Modafinil

Minor

See all 3
studies

Moderate
Nigella sativa

Minor

See all 4
studies

High
Pycnogenol

Minor

See all 4
studies

Moderate
Stevia

Minor

See all 4
studies

Very High
Vitamin D

Minor

See all 3
studies

Vitamin E

See all 3
Minor

studies

Very High
Alpha-Lipoic Acid

-

See all 6
studies

Very High
Chromium

-

See all 8
studies

NOTES

An acute decrease in blood pressure occurs following
melatonin ingestion, but this decrease in temporary and
abolished upon standing; likely not practically relevant in an
ambulatory population

There may be a slight increase in systolic blood pressure with
acute usage of modafinil (when measured at its peak blood
levels), although it does not appear to modify basal blood
pressure values

The reduction in blood pressure is only seen in hypertensives
and very mild (1-3mmHg), likely not practically relevant at all.

Pycnogenol has shown mixed effects on blood pressure in
hypertensive subjects. While the majority of trials examined
reported modest blood-pressure lowering effects, one
randomized controlled trial found no effect on blood pressure.
The mixed results suggest that pycnogenol blood-pressure
lowering effects may be dependent on the underlying cause of
hypertension. More research is needed to determine which
individuals with hypertension may benefit from
supplementation.
There appears to be a reduction in blood pressure associated
with stevia only in persons with high blood pressure, this may
be a transient effect that is normalized upon supplement
cessation.

Some correlational and intervention studies note that higher
serum vitamin D is associated with mildly lower blood
pressure, although the evidence is somewhat conflicted and
effects that have been found are rather small.

Blood pressure has been differentially affected by vitamin E
supplementation, thought to be associated with whether it is
an antioxidant or a prooxidant.

The majority of evidence using intravenous or oral
supplements fail to find an influence, and the one study to
suggest a reduction was also confounded with weight loss
(known to reduce blood pressure). It can be assumed that ALA
has no significant influence on blood pressure even in studies
where blood flow is altered

The majority of evidence does not support a role for chromium
in reducing blood pressure any more than placebo.

LEVEL OF
EVIDENCE

SUPPLEMENT

1,3-Dimethylamylamine

Chlorogenic Acid

Green Coffee Extract

Hoodia gordonii

MAGNITUDE
OF EFFECT

CONSISTENCY
OF RESEARCH
RESULTS

Notable

See study

Notable

See study

Notable

See study

Notable

See study

Moderate
Spirulina

Notable

See all 3
studies

Blueberry

CDP-choline

Minor

See all 3
studies

Minor

See study

Moderate
Chlorella

Ecklonia cava

Fucoxanthin

Minor

See all 3
studies

Very High
Minor

See 2 studies

Minor

See study

NOTES

The increase in blood pressure with 1,3-DMAA was fairly
notable and of concern, with 75mg paired with caffeine
(common in preworkout supplements) increasing systolic by
up to 20%.

The decrease in systolic blood pressure with chlorogenic acid
has reached 15 points systolic in hypertensives (150mmHg
systolic initially) and appears to maintain at that level until
supplement cessation.

Decrease in blood pressure noted with green coffee extract
ingestion, due to the chlorogenic acid component. Degree of
reduction reached 10mmHg (from just above 145mmHg to just
above 135mmHg) and is quite notable.

The increase in blood pressure noted with hoodia gordonii in
otherwise healthy persons reached 5.9-15.9mmHg systolic
and 4.6-11.5mmHg diastolic; a worrying increase

Insufficient evidence to fully evaluate the effects on blood
pressure, but given how 6 weeks supplementation reduced
both systolic and diastolic in nonhypertensive persons by
about 11/6 points it is notable

A decrease in blood pressure has been noted in persons at
risk for cardiovascular disease (6% systolic and 4% diastolic),
but this may be limited to high risk individuals only.

One study in older adults noted, as a side-effect, that systolic
blood pressure was slightly reduced

Might reduce blood pressure in some instances but does not
appear remarkably potent.

A possible reduction in blood pressure in overweight persons
with supplementation of ecklonia cava

In obese, premenopausal women, fucoxanthin may lower
blood pressure; this is confounded with overall weight loss,
however

LEVEL OF
EVIDENCE

SUPPLEMENT

Green Tea Catechins

Irvingia gabonensis

Lavender

Microlactin

Nattokinase

Policosanol

Pterostilbene

Pyruvate

Resveratrol

Rose Essential Oil

MAGNITUDE
OF EFFECT

CONSISTENCY
OF RESEARCH
RESULTS

Minor

See study

-

Minor

See study

Minor

See study

Minor

See study

-

Minor

See study

Minor

See study

Minor

See study

Minor

See study

Minor

See study

Minor

See study

NOTES

Possible decrease in blood pressure noted with green tea
catechin consumption

A decrease in blood pressure has been noted with weight loss
associated with this supplement; no inherent blood pressure
reduction has been demonstrated

A reduction in blood pressure is noted alongside reduced
autonomic nervous system activation and increased relaxation;
this is likely to not affect the body over the long term

Has been noted to reduce blood pressure in persons with
hyperlipidemia

A possible blood pressure reducing effect seen with
nattokinase, notable but with high variability

Possibly a small effect in persons with high blood pressure.

Pterostilbene appears to reduce blood pressure in
hypercholesterolemic adults, and the addition of grape seed
extract (which mitigates adverse cholesterol effects) adds to
the benefits to blood pressure.

May reduce blood pressure in hyperlipidemics, relation to
weight loss not known

Blood pressure has been reduced with resveratrol in persons
with high blood pressure; influence on otherwise healthy
persons unknown

A small reduction in blood pressure was noted, possibly
secondary to reductions in CNS activity

LEVEL OF
EVIDENCE

SUPPLEMENT

Rose Hip

Saffron

Salvia sclarea

Sesamin

MAGNITUDE
OF EFFECT

CONSISTENCY
OF RESEARCH
RESULTS

Minor

See 2 studies

Very High

Minor

See study

Minor

See study

Minor

See study

Low
Theanine

Tribulus terrestris

Minor

See all 4
studies

Very High
Minor

See 2 studies

Very High
Vitamin B2

Minor

See all 3
studies

Moderate
Vitamin C

Yohimbine

7-Keto DHEA

Minor

See all 5
studies

Very High
Minor

-

See 2 studies

See study

NOTES

A mild (3.7%) decrease in systolic blood pressure has been
noted in obese persons given supplementation of rose hip.

A decrease in blood pressure was noted in otherwise healthy
(normotensive) men following 26 weeks of saffron
supplementation at 60mg daily, although this was thought to
possibly be related to chronic toxicity of the higher than
normal dose.
A decrease in systolic blood pressure resulted in response to
clary sage aromatherapy, to a small degree and likely not able
to exert long-term benefit (probably more indicative of shortterm CNS depression)

A small decrease in blood pressure has been noted with
sesamin supplementation

As far as we can tell, it can reduce blood pressure increases in
response to caffeine or acute stress, but it's unclear if it has
any chronic effects.

A decrease in blood pressure has been noted in hypertensive
subjects in one study. Another larger study in normotensive
subjects failed to find a significant change. More studies in
hypertensive subjects are needed before confidence in the
effect is warranted.

There appears to be a reduction in blood pressure in the same
subjects who have a reduction in homocysteine, those with the
MTHFR 677TT genetic mutation.

May attenuate the increase due to acute hyperglycemia or
over the course of 4 months in type 2 diabetics, though the
evidence is mixed and more research is needed.

Appears to increase blood pressure, which may aid the
proerectile effects (as it is an acute increase) but is a
cardiovascular risk factor

Insufficient evidence to support changes in blood pressure
following 7-keto supplementation.

Study Summaries
Stay on top of the research in the
health categories of your choice
(25 to choose from) with short,
clear, monthly study summaries.
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Muscle Gain & Exercise
Did you know that... One year ago, a meta-analysis comparing moderate-intensity
continuous training with high-intensity interval training (HIIT) concluded that the latter was
more effective for fat loss. This article was recently retracted due to concerns about study
accuracy and the veracity of the main conclusion.

How much exercise is needed to “offset” a day of sitting?
Background: More time spent sedentary has been associated with an increased risk of death.
We can offset this risk increase by moving more vigorously when we’re not being sedentary, but
how much moderate-to-vigorous physical activity (MVPA) is needed differs between studies using
different experimental methods. Moreover, many of those studies based their conclusions on
self-reported activity levels, which are unreliable. By contrast, this study used data collected
from accelerometers.
The study: This meta-analysis of 9 studies from four different countries included 44,350 adults
whose physical activity was measured via accelerometers for 4–14.5 years. The main objective
was to examine the associations between all-cause mortality and different combinations of
MVPA and sedentary time. As a secondary objective, the authors asked whether vigorous
physical activity could offset the increase in mortality risk (i.e., risk of death) caused by more
time spent being sedentary.
The results: Depending on the study, the average daily sedentary time ranged from 8.5 to 10.5
hours (not counting sleep), whereas the average daily MVPA time ranged from 8 to 35 minutes.
When the group with the highest physical activity and lowest sedentary times was compared to
groups with lower MVPA levels and higher sedentary time, the risk of death was higher with
lower MVPA and higher sedentary time. In short, the risk of death was raised by sedentariness
and reduced by exercise.
For the participants with the highest third of MVPA, the association between greater sedentary
time and risk of death was attenuated, although not completely eliminated. This suggests that
increased physical activity can offset some of the risk associated with sedentary behavior. In
contrast, participants in the lowest third of MVPA had a greater risk of death regardless of
sedentary time.
These results suggest that while more time spent being sedentary is associated with an
increased risk of death, this risk increase can be partially offset by 30-40 minutes of moderateto-vigorous physical activity per day.

Insufficient activity blunts our metabolic response to exercise
Background: Exercise can improve glucose and triglyceride levels following a meal, but there’s
evidence that sedentary behavior may blunt, or entirely negate, these metabolic benefits. Some
studies have shown that the number of steps taken per day can predict this “exercise
resistance”; how much do we need to move to get the metabolic perks of exercise?
The study: In this randomized crossover study, 10 participants completed three five-day
interventions composed of two days of controlled activity, two days of step reduction, and one
day without exercise but with a high-fat shake in the morning. The interventions were separated
by a one-week washout period.
During the two days of controlled activity, the participants walked close to the imposed limit of
10,000 steps/day. They were then assigned to one of three step-count groups: 2 days of “low”
(2,675 ± 314), “limited” (4,759 ± 276), or “normal” (8,481 ± 581) steps/day. When not walking, the
participants were asked to stay seated or lying down. All the participants underwent all three
interventions in random order.
On the evening of the second day, the participants jogged for one hour (their running steps were
not counted in their total steps of the day). The next morning they consumed a high-fat shake,
and their postprandial responses were compared at 2, 3, 4 and 6 hours.
The results: Compared to the “normal” group, the “low” and “limited” groups saw similar
increases in postprandial triglycerides (+23%) at 2, 3, and 4 hours. Total body fat oxidation was
significantly lower in the “low” (−19%) and “limited” (−14%) groups than in the “normal” group.
Plasma glucose showed no difference between groups.
Overall, this study suggests that you need to walk more than a certain number of daily steps to
overcome “exercise resistance” (a blunting of the metabolic benefits of daily exercise). How
many steps are needed isn’t clear, but according to this study, about 8,000 is enough while 5,000
isn’t.
Note: This study highlights the importance of nonexercise physical activity throughout the day.
If all the walking you ever do is from your doorstep to your car, those steps aren’t likely to
benefit your health; but by walking instead of driving, or by spending a little more time walking
your dog, you may accumulate enough steps to overcome “exercise resistance” and thereby
make a real difference in your health. And if you do walk as a form of exercise too, your “exercise
steps” and “nonexercise steps” will add up.

An eggcellent option for muscle and strength
Background: A 2017 study suggested that, eaten after a workout, whole eggs were superior to
egg whites to increase acute muscle protein synthesis.[1] This study was consistent with limited
research suggesting that a higher cholesterol intake may help increase lean muscle mass.[2][3]
This study compared the effect of whole eggs with those of egg whites on body composition,
muscle strength, anaerobic power, and hormonal response to exercise.
The study: In this 12-week randomized controlled trial, 30 resistance-trained men followed a
resistance training program (three weekly sessions) and were instructed to eat about 1.5 grams
of protein per kilogram of body weight per day (0.68 g/lb/day).
They were divided into two groups: one group ate three whole eggs, while the other ate six egg
whites matched for protein content (not caloric content). On training days, they ate the eggs
immediately after working out; on rest days, they ate them in the morning.
The primary outcomes were changes in lean body mass, body fat percentage, handgrip
strength, anaerobic power, and quadriceps muscle mass and cross-sectional area. The
secondary outcomes were changes in hormones: cortisol, testosterone, insulin, growth
hormone, and insulin-like growth factor 1 (IGF-1).
The results: The whole-egg group experienced a greater increase in testosterone, quadriceps
strength, and handgrip strength, and a larger decrease in body fat. The whole egg group also
experienced a nonsignificantly greater increase in lean body mass.
Note: Although the cholesterol in eggs may support muscle protein synthesis, it's important to
remember that muscularity is only one aspect of overall health. Given that increased cholesterol
is correlated with increased risk of cardiovascular disease, egg whites could still be preferable to
whole eggs for those focusing on heart health.

Training period-ization: Should you sync your exercise with your menstrual cycle?
Background: The female menstrual cycle consists of four phases: the menstrual phase (or early
follicular phase), characterized by bleeding and the lowest levels of estrogen and progesterone;
the follicular phase, characterized by a slow rise in estrogen; the ovulatory phase, characterized
by high estrogen and low progesterone; and the luteal phase, characterized by a decline in
estrogen and a rise in progesterone. Some studies suggest that female hormone fluctuations
affect exercise performance, but the existing evidence is mixed.
The study: This meta-analysis of 78 studies (1193 participants) examined changes in exercise
performance across the menstrual cycle in healthy women with normal menstrual cycles.
The researchers compared the menstrual/early follicular phase (the control phase, days 1 to 5)
with all other phases: late follicular (days 6 to 12), ovulation (days 13 to 15), early luteal (days 16
to 19), mid-luteal (days 20 to 23) and late luteal (days 24 to 28). Most of the studies (59%) verified
the participants’ menstrual cycle phase using serum hormone levels, while others (35%)
provided no information on how the phases were verified.
The primary outcome was exercise performance, which was determined using a standardized
measure (e.g., total work done, time to completion, time to exhaustion, rate of force production
and decline, and indices of fatigue).
The results: Exercise performance was slightly reduced during the early follicular phase of the
menstrual cycle (the time of menstruation) compared to all other phases, particularly the late
follicular phase (when estrogen is high, but progesterone is still low). However, all differences
were minimal, and large variations were noted between studies. Therefore, a personalized
approach is recommended for each individual.
Note: Why might exercise performance improve during phases with higher estrogen levels?
Estrogen is known for its anabolic effects and plays a role in regulating metabolism by
increasing glycogen uptake and storage. It also has antioxidant properties (which could
decrease exercise-induced muscle damage) and neural stimulation effects (which could
potentially increase voluntary muscle activation).
Additionally, performance during the early follicular phase may be reduced due to menstrual
symptoms, such as cramps, bloating, and mood changes, as well as concern for leakage.

How does exercise support eating habits?
Background: While a hypocaloric diet is essential for weight loss, exercise is associated with
success in keeping the weight off — because it burns calories, of course, but maybe also because
it promotes healthy habits, including healthy eating habits. With all that said, is one type of
exercise better than the others at keeping the weight off?
The study: In this 24-week randomized controlled trial, 162 people between the ages of 18 and
52 were put on a 30% caloric restriction diet and assigned to one of four exercise groups:
strength, endurance, combo (strength and endurance), or unsupervised (a “guideline-based”
program).
Body weight, BMI, body-fat percentage, lean-mass percentage, level of motivation, eating
habits, and physical activity were measured at baseline and after treatment.
The results: At the end of the study, lean body mass had increased, while body weight, BMI, and
body-fat percentage had decreased, with no difference between groups. Motivation to diet had
increased slightly, but motivation to exercise hadn’t changed, with no difference between
groups.
Since the participants were put on a hypocaloric diet, they ate less protein, carbs, and fat
overall; but their fat consumption decreased most, so that a larger percentage of their fewer
calories came from carbs and protein.
Overall, these results suggest that any type of exercise supports positive dietary changes.
Note: In the paper’s introduction, the authors stated that exercise might promote weight
maintenance after weight loss. While this study was useful, in that it demonstrated that any
exercise could support a diet, it didn’t actually test if exercise made it easier to keep the weight
off. It could be useful to examine this question in the future, since many people who manage to
lose weight end up gaining it back.

Sleep issues in athletes: Causes and potential solutions
Background: Lack of sleep can impair mood, cognition, the immune system, and even athletic
performance. Unfortunately, an estimated 50% to 80% of elite athletes suffer from bad sleep.
Understanding the risk factors involved, as well as strategies to improve sleep, might help
optimize performance.
The study: This was a narrative review of the sleep literature in athletes and a set of
recommendations for improving sleep in athletes.
The results: Screening athletes for sleep problems is integral to addressing individual needs.
Sleep can be impaired by various factors, not all of which are sport-specific.
The most common sport-specific factors are travel, unfamiliar sleeping environment, high
training load, early morning training (before 8 a.m.), competition late in the day (after 6 p.m.),
and stress the night before a competition.
The most common non-sport factors are family commitments, social demands, lifestyle choices
(e.g., caffeine intake), attitudes/beliefs (e.g., anxiety), age, and sex (older people and females are
at a higher risk of sleep issues).
Several tools can be used to improve sleep in athletes. One such tool is sleep education on
topics such as optimal duration (7–9 hours for adults, though some athletes may need more to
fully recover), how and when to nap (less than 30 minutes to prevent grogginess), sleep hygiene
(e.g., sleep in a cool, dark, quiet room), sleeping and training according to chronotype (i.e., your
body’s best sleep/wake cycle[1](PMID:19731106][2]), and optimal use of sleep monitors. Another
tool is “sleep banking”, which involves sleeping for longer than usual each night for a week or
more before a period of anticipated sleep loss.
Note: It is common for both athletes and non-athletes to experience midafternoon sleepiness. A
“nappuccino” is one strategy to combat daytime fatigue. It consists in consuming 150–200 mg of
caffeine just before taking a short nap (15–20 minutes).
Examine.com has a page with ten tips for better sleep.

Vitamin D decreases insulin and insulin resistance after resistance exercise
Background: Since vitamin D plays a role in muscle growth and repair and the regulation of
inflammation and the immune system, deficiencies can impair muscle function and sports
performance.
In addition to causing muscle damage and inflammation, acute bouts of resistance exercise
increase insulin sensitivity and enhance glucose uptake. Vitamin D supplementation has been
shown to improve insulin sensitivity and, in rat studies, to attenuate exercise-induced muscle
damage.
The present study examined the effects of a single injection of vitamin D3 on metabolic,
inflammatory, and muscle-damage markers after a single resistance exercise session. The
authors hypothesized that the D3 injection would improve these markers in vitamin D deficient
males.
The study: This was a non-randomized crossover study of 14 males (aged 20–30) who’d regularly
performed resistance exercise (three or more times a week for at least 2 years. All participants
were deficient in vitamin D — they had 25(OH)D levels under 20 ng/mL — but were otherwise
healthy, with no history of disease.
The participants, each serving as his own control, were evaluated after each of two resistanceexercise sessions. They performed the first 4 weeks after receiving a normal saline injection.
Some 24 hours later, they received a single D3 injection (7,500 µg / 300,000 IU), and 4 weeks
later, they performed a second session.
Each RE session consisted of various exercises, to work out the whole body. Each exercise was
performed with an 8 RM load for 3 sets of 8 repetitions with a 1-minute rest between sets. Blood
samples were taken and heart rate and blood pressure were tested at baseline, immediately
after each session, and 1 hour after each session.
The results: Compared to the placebo injection, the D3 injection decreased insulin and
improved β-cell function after resistance exercise. It also reduced insulin resistance 1 hour after
the session, as assessed by homeostatic model assessment of insulin resistance (HOMA-IR).
Inflammation, muscle damage, and cardiovascular responses were unaffected.
In short, vitamin D increases insulin sensitivity after resistance exercise in males with vitamin D
deficiency.

Note: Insulin signaling plays an important role in muscle recovery after exercise, so this study’s
findings are important, but more research (including a direct comparison of people with and
without vitamin D deficiency) is now needed to determine if this increase in insulin sensitivity
has a meaningful effect on recovery or exercise adaptation.

Sleep
Did you know that... Not all aspects of memory and attention are similarly affected by lack
of sleep. For example, sustained attention drops faster than working memory (the memory that
allows you to keep information in mind for immediate use).

Sleep issues in athletes: Causes and potential solutions
Background: Lack of sleep can impair mood, cognition, the immune system, and even athletic
performance. Unfortunately, an estimated 50% to 80% of elite athletes suffer from bad sleep.
Understanding the risk factors involved, as well as strategies to improve sleep, might help
optimize performance.
The study: This was a narrative review of the sleep literature in athletes and a set of
recommendations for improving sleep in athletes.
The results: Screening athletes for sleep problems is integral to addressing individual needs.
Sleep can be impaired by various factors, not all of which are sport-specific.
The most common sport-specific factors are travel, unfamiliar sleeping environment, high
training load, early morning training (before 8 a.m.), competition late in the day (after 6 p.m.),
and stress the night before a competition.
The most common non-sport factors are family commitments, social demands, lifestyle choices
(e.g., caffeine intake), attitudes/beliefs (e.g., anxiety), age, and sex (older people and females are
at a higher risk of sleep issues).
Several tools can be used to improve sleep in athletes. One such tool is sleep education on
topics such as optimal duration (7–9 hours for adults, though some athletes may need more to
fully recover), how and when to nap (less than 30 minutes to prevent grogginess), sleep hygiene
(e.g., sleep in a cool, dark, quiet room), sleeping and training according to chronotype (i.e., your
body’s best sleep/wake cycle[1](PMID:19731106][2]), and optimal use of sleep monitors. Another
tool is “sleep banking”, which involves sleeping for longer than usual each night for a week or
more before a period of anticipated sleep loss.
Note: It is common for both athletes and non-athletes to experience midafternoon sleepiness. A
“nappuccino” is one strategy to combat daytime fatigue. It consists in consuming 150–200 mg of
caffeine just before taking a short nap (15–20 minutes).
Examine.com has a page with ten tips for better sleep.

Working out when wiped out: Can exercise prevent the metabolic effects of sleep
deprivation?
Background: Sleep deprivation has been correlated with impaired glucose tolerance. There is
limited information about the biological and cellular mechanisms that underpin this
phenomenon, but some researchers have suggested that mitochondrial dysfunction and a
disrupted circadian rhythm play a role. High intensity interval exercise (HIIE) has been shown to
positively affect mitochondrial function, glucose tolerance, and circadian rhythms, so
researchers investigated whether engaging in HIIE could prevent the detrimental metabolic
effects of sleep deprivation.
The study: This nonrandomized controlled trial included 24 healthy, recreationally active men
ages 18–40 who habitually slept seven hours a night, on average. The participants were
assigned (via minimization to avoid between-group discrepancies) to one of three groups: the
normal sleep (NS) group, the sleep restriction (SR) group, and the sleep restriction plus exercise
(SREX) group.
After two nights of baseline sleep, defined as eight hours of time in bed, the groups conducted
their assigned intervention over the course of the next five nights. The NS group continued to
spend eight hours time in bed (11:00 p.m. to 7:00 a.m.) while the SR and SREX groups spent four
hours (3:00 a.m. to 7:00 a.m.). Lights were dimmed between the hours of 11:00 p.m. and 3:00
a.m. to reduce the effect of light on the circadian rhythms of the participants in the SR and SREX
groups.
The SREX group performed HIIE on a cycle ergometer by completing a 3-minute warm-up
followed by 10 60-second intervals, with 75 seconds of active recovery between each interval,
on days 4, 5, and 6 at 10:00 a.m. After intervention days, all participants were allowed to sleep as
desired for one night.
Researchers measured glucose tolerance, mitochondrial respiratory function, sarcoplasmic
protein synthesis, and diurnal measures of peripheral skin temperature at baseline and after the
intervention.
The results: The SR group had reduced glucose tolerance post-intervention (22% increase in
plasma glucose and 29% increase in plasma insulin response), a reduction in mitochondrial
respiratory function, a lower rate of sarcoplasmic protein synthesis, and reduced amplitude of
diurnal rhythms. These changes were not observed in the SREX or the NS groups. There were no
changes in whole-muscle mitochondrial content in any of the groups. The evidence suggests

that HIIE may be an effective tool for thwarting some of the deleterious metabolic effects of
sleep deprivation.
Note: Balancing sleep and exercise is a common challenge. The results of this study suggest
that, after a night of too-short sleep, exercising may still be beneficial, provided you sleep
enough the following night. It’s not clear from this study if exercise is still worth it if you can’t
sleep enough after, but given that sleep deprivation does worsen perceived effort (i.e., the same
effort feels harder), time to exhaustion, and some hormonal and inflammatory markers, it’s
probably not advisable, especially over longer spans of time.[1][2]

Meditation improves sleep in health professionals
Background: Lack of sleep is common among nurses, physicians, and other healthcare
professionals. It can impair cognition[1] and correlates with burnout among physicians.[2]
Relaxation techniques such as yoga and meditation can improve sleep in some contexts;[3] can
meditation help health practitioners get better sleep?
The study: In this 8-week randomized controlled trial, 64 pediatric physicians, dietitians, and
nurses from the same hospital were randomized to either an 8-week yoga-meditation group
(two 30-minute sessions per week) or a waitlist control group.
Before and after the study, objective sleep quality was assessed by polysomnography (PSG),
whereas subjective sleep quality was assessed with the Pittsburgh Sleep Quality Inventory
(PSQI) and Epworth Sleepiness Scale (ESS).
The results: At the end of the study, in the meditation group, the PSG showed decreases in heart
rate and minutes of wake after sleep onset. Overall PSQI score and reported mean sleep latency
had also improved.

Can melatonin promote sleep in middle-aged insomniacs?
Background: Insomnia afflicts 10–40% of people worldwide. It can cause metabolic disorders,
mood disorders, relationship problems, and reduced workplace productivity. Primary insomnia
is defined as insomnia that is not caused by a medical condition, a psychological disorder, or a
substance-abuse problem.
Melatonin promotes sleep, but its natural production in the pineal gland gradually declines with
age. Several studies have investigated melatonin supplementation in elderly people with
primary insomnia, but few have analyzed its use in middle-aged people with this condition.
The study: This 4-week randomized controlled trial enrolled 111 middle-aged people (aged
45–60) with primary insomnia. The participants were assigned to either 3 mg of fast-release
melatonin 1 hour before bed or placebo.
Sleep was assessed at baseline and at the end of the trial using overnight polysomnography, the
Pittsburgh Sleep Quality Index (PSQI), the Insomnia Severity Index (ISI), and the Epworth
Sleepiness Scale (ESS).
The results: The polysomnography showed that the melatonin group had greater decreases in
early wake time and in the percentage of time spent in the N2 sleep phase. There were no
differences between the groups in sleep efficiency, sleep latency, number of awakenings, or
time spent in the N1, N3, or REM sleep phases.
Scores on the PSQI, ISI, and ESS did not differ between the groups. Only component 6 on the
PSQI, which is a question addressing perceived sleep quality, was better in the melatonin group.

Can a walnut-rich Mediterranean diet alleviate the psychological side effects of
fibromyalgia?
Background: Women with fibromyalgia often struggle with anxiety, mood disturbances, eating
and sleep disorders, and poor body image. Pharmaceuticals are typically used to address these
psychological disorders, but they have side effects.
Low serotonin levels are associated with fibromyalgia. This study looked at the effects of a
Mediterranean diet enriched with tryptophan (a precursor of serotonin) and magnesium (a
mineral involved in many biochemical functions) on psychological factors and sleep quality in
women with fibromyalgia.
The study: In this 16-week randomized controlled trial, 22 women (aged 40–60) followed a
Mediterranean diet (50% carbs, 15% protein, 30% fat). As part of their diet, the treatment group
also ate walnuts providing about 60 mg of tryptophan and 60 mg of magnesium. In the
treatment group, fat came from the walnuts; in the control group, from olive oil.
Mood, trait anxiety, sleep quality, perceived body image, and the risk of eating disorders were
assessed before and after the intervention.
The results: Compared to baseline, both groups saw improvements in sleep efficiency, daytime
dysfunction, risk of eating disorders, perceived body image, trait anxiety, and depression. Sleep
duration improved in the intervention group but worsened in the control group.
A Mediterranean diet alone was apparently enough to improve several measures of sleep and
psychological well-being. The walnuts didn’t seem to change much, but then, they added only
little tryptophan and magnesium to the diet. Perhaps larger, supplemental doses of tryptophan
and magnesium would elicit greater improvements.

Sleep interventions in people with mild Alzheimer’s disease and mild cognitive impairment
Background: Bad sleep is prevalent in people with Alzheimer’s disease (AD) and may worsen AD
by promoting the accumulation of proteins that cause neurodegeneration. This review explores
the efficacy of pharmacological and nonpharmacological interventions on sleep in people with
mild AD and mild cognitive impairment (MCI).
The study: This systematic review included 18 papers reporting on 16 studies that investigated
13 sleep interventions. The total sample size was 1,056 people (aged 73.5 on average) with MCI
or mild AD.
The results: Four nonpharmaceutical interventions showed some efficacy:
• Cognitive behavioral therapy (CBT) and a structured exercise program improved sleep
scores, with one study reporting that a combined intervention improved measures of
daytime movement.
• Transcranial stimulation improved cortical slow oscillations and spindle power (and so,
in theory, memory formation and synaptic plasticity) during daytime naps, but it didn’t
affect sleep time or the percentage of remaining sleep stages.
• Melatonin reduced sleep latency and nighttime awakenings in two small studies.
• Continuous positive airway pressure (CPAP) in people with obstructive sleep apnea
deepened sleep and led to fewer nighttime awakenings.
Aromatherapy and phase-locked loop (PLL) acoustic stimulation didn’t affect basic sleep
parameters.
Among the pharmaceuticals tested, suvorexant increased total sleep time and sleep efficiency
while reducing wake-after-sleep-onset time. Galantamine, rivastigmine, and
tetrahydroaminoacridine didn’t affect sleep outcomes.
Overall, the authors reported a scarcity of studies exploring alternative sleep interventions in
people with MCI and AD.
Note: None of the included studies tested pharmaceutical interventions versus
nonpharmaceutical interventions.

Can melatonin promote sleep in hospital patients?
Background: Hospital patients often report poor sleep quality. While sedatives promote sleep
efficiency, they induce abnormal sleep patterns, often with decreased slow-wave sleep and
decreased rapid eye movement (REM) sleep. Supplemental melatonin, on the other hand,
appears to improve sleep quality as well as duration. Might it help critically ill hospital patients
sleep better?
The study: In this 7-day randomized controlled trial, 203 intensive care unit (ICU) patients
received 10 mg of either melatonin or placebo at 8 p.m. each night. The primary outcome was
sleep quality as measured by the Richards Campbell Sleep Questionnaire. The two secondary
outcomes were the use of sedation or analgesics and the incidence of delirium (assessed with a
screening tool).
The results: Average sleep quality was better in the melatonin group, who had higher serum
melatonin (150 pg/mL vs. 32.5 pg/mL).
Very good sleep (score above 75) was observed in 45.8% of the melatonin group and 34.4% of
the placebo group. Very poor sleep (score under 26) was observed in 3.1% of the melatonin
group and 14.6% of the placebo group.
However, days free of analgesics and sedatives were not different between groups, and neither
were cases of delirium.

Can cannabis treat insomnia?
Background: The research on cannabis and sleep quality has produced unclear results. Low
dose THC may decrease sleep-onset latency and increase total sleep time, while high dose THC
may have opposite effects. Furthermore, withdrawal from chronic marijuana use tends to
reduce sleep quality.[1] A large portion of people who use cannabis therapeutically do so to
improve their sleep,[2] so researchers conducted a review of the literature assessing cannabis
and sleep.
The study: This systematic review and meta-analysis assessed the efficacy of cannabis in
treating diagnosed insomnia compared to standard of care, a placebo, or a comparator
sedative. The authors excluded trials on cannabis-induced insomnia or withdrawal. They
included five papers in the systematic review (two RCTs and three non-randomized studies),
three of which they combined into a meta-analysis using the Pittsburgh Sleep Quality Index
(PSQI) as a primary outcome.
The results: The meta-analysis found that cannabinoids had a favorable effect on sleep
assessed via the PSQI before and at four weeks, and at eight weeks of follow-up. One study
excluded from the meta-analysis found that nabilone (a synthetic analog to THC) improved
Insomnia Severity Index score more than amitriptyline (a comparator sedative) after two weeks.
Another study not included in the meta-analysis found no difference between nabilone and
amitriptyline in overall sleep quality, but found that nabilone resulted in more restful sleep. A
study using three THC doses found 10, 20, and 30 mg doses reduced sleep latency.
Note: All of the included studies were judged as poor quality due to small sample sizes, short
treatment periods, uncertain clinical significance, and a high risk of bias. The authors indicated
that the results “do not reliably inform evidence-based practice at this time”.
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Introduction
Current estimates suggest that acute respiratory tract infections are
responsible for about 2.7 million deaths[1] worldwide and are the
most common reason[2] for doctor visits and antibiotic prescription
in the United States. Respiratory infections include, but are not
limited to the common cold, sinus infections, and ear infections[3].
These diseases are highly opportunistic and often manifest
themselves in people with reduced immune function. Low levels of
vitamin D have been associated with worse immune function[4] and
increased rates[5] of acute respiratory infection, possibly due to its
role in regulating the immune system (as outlined in Figure 1). For
example, it has been well documented that low levels of vitamin D in
countries with suboptimal sunlight (about 32-42o N or S of the
equator[6]) as well as a genetic predisposition for low vitamin D
status are both associated with increased[7] rates of acute respiratory
tract infections. This observation has also appeared in the United
States[8]. These data suggest that adequate vitamin D status might be
a protective factor against acute respiratory tract infections.

Adapted from: Lang et al. Osteoporos Int. 2013 May

There is also genetic data demonstrating a link between vitamin D
status and acute respiratory infections. Genetic polymorphisms that
result in a reduction in the total number of vitamin D receptors in the
human body are associated with an increased risk[9] of acute
respiratory tract infections) in children, further supporting a role for
vitamin D in immune regulation.
The most recent meta-analysis[10] of controlled trials investigating
the effect of vitamin D supplementation on the risk of developing
respiratory tract infections found that vitamin D supplementation did
not have a significant effect. However, heterogeneity was high and
there was a marginally significant benefit in people who were
deficient and in people who took vitamin D daily rather than in
weekly boluses.
By examining individual patient data (IPD), it may be possible to
overcome inconsistencies at the trial level. IPD can be used to
determine whether specific treatments are effective for what kinds of

people and under which circumstances. In addition to allowing for
conduct subgroup analysis on consistently defined criteria, utilizing
IPD data overcomes several key issues with trial-level meta-analyses
that use aggregate data. Trial-level meta-analyses ignore the effect of
missing data and omit important correlational structures, which are
overcomed by IPD analyses[11]. Recently, IPD-based meta-analysis
methods were utilized to compile data across vitamin D intervention
trials and examine patient level data to determine which patients
would benefit from vitamin D supplementation and which dosing
strategies were effective for lowering risk of acute respiratory tract
infection.

Vitamin D has well-established
immunomodulatory properties and there is
some evidence to suggest that vitamin D
levels are linked to infections. It has been
well documented that lower levels of
vitamin D, either genetically or due to
environment, are associated with higher
levels of acute respiratory tract infections.
The current study was a meta-analysis of
individual participant data that sought to
determine whether vitamin D
supplementation can lower ones’ risk of
acute respiratory tract infections, as well as
identify people that might benefit from
supplementation and those that might not.

Who and what was

studied?
This study compiled data from randomized, double-blind, placebo
controlled trials of supplementation with vitamin D3 or vitamin D2
that recorded the incidence of acute respiratory tract infections.
Eligible studies had to have prespecified acute respiratory tract
infections as an outcome to ensure the data was sensitive enough to
minimize misclassification bias that often occurs post facto.
Twenty-five studies were found to meet the inclusion criteria, having
a total of 11,321 participants. The samples in these studies were
diverse, ranging in age from newborn babies (less than six months of
age) to elderly individuals (over 90 years old) and spanning across a
number of racial and ethnic backgrounds (e.g., Finnish, Polish,
Japanese, Afghani, American, Indian, Canadian, Israeli, and
Australian).
The authors confirmed the validity of the individual data for each
study by reanalyzing the raw data, confirming the findings with the
original authors, and resolving any discrepancies. The authors then
conducted one-step and two-step IPD meta-analyses. In the one-step
analysis, they examined IPD from all the studies at the same time,
but controlled for each trial as its own cluster. In the two-step
analysis, they examined the IPD in each study to determine what the
effect was for that specific study, and then combined those effects.
Lastly, they determined the number of people that vitamin D would
have to be administered to (known as number needed to treat) to
prevent a single acute respiratory tract infection.
The primary outcome of this study was defined as the incidence of
acute respiratory tract infections. This included any events classified
as the following: upper respiratory tract infection, lower respiratory
tract infection, and acute respiratory tract infection of unclassified
location (i.e., infection of the upper respiratory tract or lower
respiratory tract, or both).

This was a meta-analysis of the raw,
individual-level data from 25 randomized
controlled trials investigating the effect of
vitamin D supplementation on risk of acute
respiratory tract infection. The studies
included participants of a wide age range
(infant to geriatric populations) and diverse
racial and ethnic groups.

What were the findings?
The main findings are summarized in Figure 2. The study showed
that people who supplemented with vitamin D were less likely to
experience an acute respiratory tract infection. The one-step analysis
(where everyone was pooled and the study was controlled for
statistically) indicates that there was about a 12% reduction in the
odds of experiencing an acute respiratory tract infection with vitamin
D supplementation compared to the placebo. The number needed to
treat was 33 people. The two-step analysis showed very comparable
results to the one-step analysis, with a roughly 20% reduction in the
odds of experiencing an acute respiratory tract infection with vitamin
D supplementation.

Subgroup analysis suggested that vitamin D supplementation had a
highly protective effect among those people with baseline levels of
vitamin D less than 10 nanograms per milliliter (ng/mL), whereby
supplementing with vitamin D lowered the odds of experiencing an
acute respiratory tract infection by about 42% compared to placebo.
The number needed to treat in these individuals was a mere eight
people to prevent one acute respiratory tract infection. However, no
significant benefit of vitamin D supplementation was observed in
people with levels greater than 10 ng/mL, which is well below the
cutoff for vitamin D deficiency of 20 ng/mL. The other important
finding was that daily or weekly doses of vitamin D exerted the
protective effect but larger, less frequent bolus doses every one to
three months did not, not even among participants with vitamin D
levels less than 10 ng/mL.
Vitamin D supplement did not increase the risk of serious adverse

events or death in the study, and incidence of hypercalcemia and
kidney stores were not increased due to vitamin supplementation,
regardless of dose or administration type. However, the authors
report that small trials showing adverse effects of vitamin D
supplementation may not have been included in the meta-analysis.

Overall, vitamin D lowered the odds of acute
respiratory tract infection by 12%. Subgroup
analysis showed that this benefit was
restricted to people with vitamin D levels
below 10 ng/mL, where vitamin D
supplementation lowered the risk of acute
respiratory tract infection by 42%.
Interestingly, only daily and weekly dosing
was shown to confer a protective effect,
while acute, large bolus doses of vitamin D
did not lower the odds of acute respiratory
tract infections, regardless of vitamin D
status.

What does the study really
tell us?
By utilizing a meta-analysis with very strict inclusion criteria and
using individual patient-level data as opposed to averages, this study
was able to determine which types of people’s odds of acute
respiratory infections drop when given vitamin D. They were also
able to determine how many people one would have to treat to
prevent an infection from occurring. In the general population,
vitamin D supplementation decreases the odds of acquiring an acute

respiratory tract infection by about 12%. Thirty-three people would
have to be treated with vitamin D before preventing a single
infection. However, if only people with vitamin D levels below 10ng/
mL are supplemented, the odds of infection is reduced by 46%, and
only eight people need to be treated to prevent one infection.
The study has some notable limitations that impact the
interpretation of the findings. One of the major limitations is that the
subgroup of people with baseline vitamin D of less than 10 ng/mL
who received bolus doses of vitamin D was underpowered, as such
the null finding may be a type II error (false negative), and bolus
doses in this subgroup may indeed be effective. A larger sample size
is required to confirm this null finding. Another key limitation is the
lack of adherence data on some of the participants. Inclusion of
people who were non-adherent can bias results towards the null,
thus the authors conclude that effects of vitamin D on acute
respiratory tract infections in those who are fully adherent to
supplementation should be no less than those reported for the study
sample overall.

Using patient level data compiled across
twenty-five studies, the authors were able to
demonstrate that correcting vitamin D
deficiency with daily or weekly vitamin
supplementation substantially reduces the
risk of acute respiratory tract infections.
Daily or weekly supplementation appears to
be the effective form of supplementation.
However, due to statistical power issues it is
not certain that bolus doses do not also
convey some benefit.

The big picture
The common culprits of acute respiratory tract infections such as
rhinoviruses and influenza viruses are highly virulent and are spread
through social interactions. Therefore, reducing the risk of acquiring
a viral infection by 46% amongst people with suboptimal vitamin D
levels not only impacts the individuals infected but may also reduce
the pool of infectious people and lower the overall disease burden
seen by a society during a cold or flu season. As roughly 23% of
people are at risk of vitamin D inadequacy (serum levels between
12-20 ng/mL and 6-10% are at risk of vitamin D deficiency (less than
12 ng/mL)), reducing the reservoir of virulent hosts might also reduce
overall burden.
Methodologically, this type of analysis has far reaching implications,
and can be used to examine the patient level data of other large
clinical trials to determine which patients are most likely to benefit
from intervention and which ones will not. For example, there are
very good theoretical, mechanistic, and observational data to
suggest that there are responders and non-responders to drugs like
statins, and the latter might be better served by treating them nonstatin based therapy. For example, the enzyme proprotein convertase
subtilisin/kexin type 9 (PCSK9) increases circulating LDL-C and is
known to increase in response to statin therapy. A recent study[12]
demonstrated that baseline serum levels of PCSK9 and increases in
serum levels of PCSK9 in response to statin therapy were higher in
people who were non-responders to statin therapy. This can serve to
identify patients who do not respond to statin therapy but might
benefit from PCSK-9 inhibition[13].

The findings of this study suggest that
vitamin D supplementation may lower the
risk of acute respiratory tract infections,

which then could reduce the overall
infectious burden in communities.
Additionally, this study highlights a unique
methodology to identify subpopulations of
individuals who benefit from specific
interventions and those that do not.

Frequently Asked
Questions
Q. What are the different forms of vitamin D that can be tested for in
the blood?
There are several forms of vitamin D (shown in Figure 3) that can be
tested for in the blood: pre-vitamin D, 25-hydroxy vitamin D25(OH)D
and 1,25-hydroxy vitamin D 1,25(OH)D. The standard blood test for
vitamin D measures the 25(OH)D form of vitamin D. While it is true
that the 1,25(OH)D form is the most biologically active form of
vitamin D, levels of the 25-OH forms of vitamin D more accurately
reflect the body's vitamin D stores.

Q.What level of vitamin D is considered normal?
The standard blood test typically reports vitamin D in concentrations
of nanograms per milliliter, (abbreviated as ng/mL) or nanomol per
liter (nmol/L). “Normal” vitamin D levels are a topic of great
discussion amongst clinicians and researchers. However, according
to the National Academies of Science, the current clinical guidelines
for normal vitamin D levels are between 20 and 50 ng/mL. Vitamin D
levels between 20 and 12 ng/mL are considered moderately
deficient, between 12 and 5 ng/mL are considered deficient, and less
than 5 ng/mL are considered extremely deficient.

What should I know?
Acute respiratory tract infections are responsible for about 2.7
million deaths worldwide and are the most common reason for
antibiotic use and doctors visits in the United States. Low levels of
vitamin D have been associated with increased rates of respiratory
infections, opening the possibility that supplementation could
prevent them.
The current study was a meta-analysis of the individual patient data
(as opposed to study averages) from 25 studies that examined the
effect of vitamin D supplementation on prevention of acute

respiratory tract infections. By looking at patient level data, the study
showed that vitamin D supplementation in people with vitamin D
levels of less than 10 ng/mL lowers the odds of acute respiratory
tract infection. Furthermore, it appears that standard
supplementation regimens (daily or weekly) are superior to large
bolus doses.

If you have friends or family who lack sun
exposure and don’t supplement, the results
of this meta-analysis could be quite
important. Discuss it over at the NERD
Facebook forum.

^ Go back to table of contents
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resistance traininginduced gains in muscle mass and strength in
healthy adults
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Introduction
Resistance training is a type of exercise characterized by skeletal
muscles (the muscles responsible for voluntary movement) being
forced to contract against some form of external load. This unique
type of exercise has important health benefits that are mediated, in
part, through its ability to increase muscle mass and strength[1]. Not
only does skeletal muscle help you look good naked, but it plays an
important role[2] in the prevention of many diseases such as obesity,
type 2 diabetes, and osteoporosis.
Protein supplementation is a widespread practice among people
who partake in resistance training, be they athletes or average. The
idea is that protein supplementation will enhance training-induced
gains in muscle mass and strength. Although a single exercise
session[3] increases muscle protein synthesis for up to 48 hours,
overall muscle protein balance is negative without nutritional
intervention. Consuming protein after training has been shown[4] to
shift muscle protein balance from a negative to a positive state.
Several meta-analyses[5] and systematic reviews[6][7] have reported
that protein supplementation leads to increased muscle mass and
strength. The largest meta-analysis[7] to date was conducted in 2012

and included 22 randomized controlled trials. It reported that protein
supplementation significantly enhanced muscle mass and strength
in both young and older adults. However, a recent systematic review
[8] has challenged this conclusion, arguing that the effect of protein
supplementation on muscle mass and strength is inconsistent and
any benefit is minor, at best. This review was not a meta-analysis
though, meaning that there are about five years of data that have not
been evaluated quantitatively.
The study under review is a meta-analysis investigating the impact of
protein supplementation on several important resistance training
outcomes, including muscle mass and strength. It contains more
than double the number of studies included in the previous metaanalysis from 2012, including studies published in the last five years
that the other meta-analysis did not include.

Skeletal muscle plays an important role in
health and resistance training, the go-to
method for increased muscle mass and
strength. The benefit of protein
supplementation for enhancing resistance
training-induced adaptations, while
supported previously, has recently been
questioned. The study under review is an
updated meta-analysis investigating the
effect of protein supplementation on muscle
mass and strength.

Who and what was
studied?
This meta-analysis included randomized controlled trials up to
January 2017 comparing resistance training plus protein
supplementation to resistance training without protein
supplementation. Studies had to involve healthy adults that were not
on an energy-restricted diet, supply the protein alone and not in
combination other supplements that could influence muscle mass or
strength (e.g., creatine), include resistance training at least twice per
week, and have a duration of at least six weeks.
The primary outcomes were grouped into two different categories:
performance improvements and changes in body composition. There
were two different performance measurements explored: differences
between groups in one-repetition-maximum strength (1RM) on any
strength test, or maximum voluntary contraction (MVC) for any
muscle group. Four body composition measurements were also
examined: bodyweight as fat-free mass (FFM) and fat mass measured
by DXA, underwater weighing or BodPod, muscle fiber crosssectional area (CSA) obtained from the vastus lateralis or latissimus
dorsi, and mid-femur whole muscle CSA measured by MRI or CT scan.
Sub-group analysis was performed for training status (trained vs
untrained) and age (younger than 45 years versus older than 45
years).
A meta-regression was used to investigate the influence of potential
confounding variables that would lead to heterogeneity in the
primary meta-analysis. These variables were determined in advance
and included baseline protein intake (grams per kilogram of
bodyweight per day), post-exercise protein dose (grams), participant
age, and training status. Many variables were also identified after the
initial analysis and explored as other potential sources of variance.
A break-point analysis was performed on the change in FFM plotted
against total daily and baseline protein intake from all comparisons

that had available data. The goal was to answer the question: is there
a protein intake beyond which protein supplementation no longer to
provides additional benefit for increasing muscle mass?
Ultimately, 49 studies from 17 countries were included in this metaanalysis and provided 58 comparisons for the body composition
outcomes (bodyweight, FFM, fat mass, CSA, and mid-femur CSA) and
66 comparisons for the performance outcomes (1RM and MVC). When
studies had more than one protein-supplemented group (e.g., whey
and soy) or more than one measure of an outcome (e.g., squat and
bench press 1RM), the average change was combined for the primary
analysis.
Due to the expected variation in participant characteristics and
supplement intervention, a random effects analysis was used. Each
study was evaluated for risk of bias using the Cochrane
Collaboration’s domain-based criteria. The primary meta-analysis
was restricted to studies with less than three (out of six) high or
unclear risk domains. Nine studies were excluded, primarily due to a
failure to blind the participants and study investigators, a failure to
blind participants from the outcome of interest, and reported
conflicts of interest.
The 49 studies contributed a total of 1,863 participants. There were
10 studies in resistance-trained participants and 14 studies using
exclusively females. The interventions lasted six to 52 weeks (average
of 13), involved training two to five days per week (average of three),
used one to 14 exercises per session (average of seven), used one to
12 sets per exercise (average of four) and used three to 25 repetitions
per set (average of nine).
The protein supplement dose ranged from four to 106 grams per day
(average of 36 grams), with 40 studies having participants consume
five to 44 grams (average of 24 grams) immediately after training
sessions. Whey protein was used in 23 studies, a protein blend in 13
studies, milk or milk protein in 10 studies, a whole-food protein in
seven studies, soy protein in six studies, casein in three studies, and
pea protein in one study.
Total daily protein intake increased by an average of 23 grams per

day (range: -25 to 158 grams) in the protein supplemented group and
did not change in the control group. Consequently, the protein group
increased their relative protein intake from 1.4 to 1.8 grams per
kilogram of bodyweight per day (g/kg/day), while the control group
remained at 1.4 g/kg/day. Despite this difference in protein intake,
there was no significant difference between the groups for total daily
energy intake.

This meta-analysis included 49 studies and
1,863 participants comparing a protein
supplemented group to a control group for
changes in body composition outcomes
(bodyweight, FFM, fat mass, muscle fiber
CSA, and mid-femur CSA) and performance
outcomes (1RM and MVC). None of the
participants were on energy-restricted diets.
Most studies were in untrained men
supplementing with an average of 36 grams
of protein per day, resulting in an increase in
average daily protein intake from 1.4 g/kg at
baseline to 1.8 g/kg during the intervention.

What were the findings?
The major findings from the meta-analysis are summarized in Figure
1. Protein supplementation led to significant increases in 1RM
strength (+2.49 kg; 9%), FFM (+0.3 kg; 27%), muscle fiber CSA (+310
µm2; 38%), and mid-femur CSA (+7.2 mm2; 14%), and a significant
decrease in fat mass (-0.4 kg), compared to the control group. There
was no difference between the protein supplemented and control
groups for changes in MVC or bodyweight. A sensitivity analysis

including the nine studies at high risk of bias mentioned in the
previous section found equivalent results, except that the inclusion
of one study for muscle fiber CSA resulted in a non-significant
increase (+153 µm2).

There was no significant relationship between changes in 1RM
strength and baseline protein intake, post-exercise protein dose, age,
or training status found by meta-regression. There were no
statistically significant differences between improvements in trained
versus untrained participants. However, looking at both groups
individually compared to placebo, trained participants had a
significant improvement in 1RM (+4.27 kg) while untrained
participants didn’t. Whole-body training sessions and unsupervised
(versus supervised) sessions also correlated significantly with a
greater increase in 1RM strength. Increases in FFM were found to be
significantly correlated with a higher baseline protein intake, a
younger age, and more training experience in the meta-regression,
but not with the post-exercise protein dose. Subgroup analyses
suggested that the increase in FFM with protein supplementation
was significantly greater in younger (+0.55 kg) and trained (+1.05 kg)
participants compared to older (+0.06 kg) and untrained participants
(+0.15 kg), respectively. Additionally, only younger and trained
participants experienced a statistically significant benefit from
protein supplementation, compared to the control group.
The breakpoint analysis for changes in FFM and total daily protein
intake suggested that no further increase in FFM occurs when protein
intake rises above 1.6 grams per kilogram of bodyweight per day

However, the 95% confidence interval ranged from 1.03 to 2.2 g/kg/
day, suggesting a pretty wide margin of error for this estimate.

When combined with resistance training,
protein supplementation led to significantly
greater increases in 1RM strength, fat-free
mass, muscle fiber cross-sectional area, and
mid-femur cross-sectional area without
affecting MVC or bodyweight. Trained and
younger populations experienced greater
increases in FFM than untrained and older
populations, respectively. There appeared to
be no additional benefit towards increasing
FFM when total daily protein intake was
increased above approximately 1.6 g/kg/
day, although this estimate had a lot of error,
lying anywhere between 1.03 to 2.2 g/kg/
day.

What does the study really
tell us?
Performance outcomes
Protein supplementation led to a significant 2.49 kilogram (9%)
increase in 1RM strength and had no significant effect on MVC
strength compared to placebo, suggesting a small benefit from this
widespread practice. The discrepancy between 1RM and MVC could

be due to the type of measurement involved in each, with the former
relying on dynamic contractions and the latter using primarily
isometric contractions. Pragmatically, 1RM strength is a more useful
metric because it is easily obtained by any individual performing
resistance training.
Although there was no significant correlation between changes in
1RM and training status, this may be due to the sparse number of
studies (four) that used trained participants. Considering that fat-free
mass and muscle fiber CSA significantly increased with protein
supplementation, and that there is a significant correlation between
muscle mass and strength in trained[9] but not untrained individuals
[10], it is possible that a greater increase in strength would be seen in
trained populations. However, more research is needed to verify this
hypothesis.
Studies using whole-body training routines were associated with
larger increases in strength than studies not employing this training
method, and studies in which the training was supervised were
associated with reduced strength than those without supervision. An
explanation for these findings is not clear and warrants further
investigation.
Finally, there is the question of whether a 9% increase in strength is
worth supplementing protein. Considering how little effort
consuming a protein shake after training is, the answer for many
people may be “yes,” especially those involved in sports that require
a strength component (e.g., powerlifting). Realistically, however, this
meta-analysis suggests that performing a proper strength-oriented
resistance training routine is far more influential since most
covariates failed to explain the changes in 1RM strength in the metaregression.

Body composition outcomes
Protein supplementation significantly increased FFM (+0.3 kg; 27%),
muscle fiber CSA (+310 µm2; 38%), and mid-femur CSA (+7.2 mm2;
14%), and significantly decreased fat mass (-0.4 kg), compared to the

control group, suggesting that protein supplementation is useful for
maximizing muscle growth and facilitate optimal changes in body
composition. Although FFM is not synonymous with muscle mass,
the increase in muscle fiber CSA strongly supports the notion that
protein supplementation promoted muscle growth, rather than
simply affecting organ mass or water balance.
The increase in FFM was greater in trained (+1.05 kg) participants
compared to untrained participants (+0.15 kg), which matches up
nicely with the finding that changes in FFM were correlated with
training status. Chronic resistance training appears to dampen[11]
growth-promoting signaling pathways in muscle tissue and reduce
levels[12] of muscle protein synthesis. As such, it is reasonable to
speculate that protein supplementation may be more important in
trained individuals to overcome this exercise-induced anabolic
resistance to muscle protein synthesis.
The increase in FFM was also greater in in younger (+0.55 kg)
participants compared to older (+0.06 kg) participants. Older people
suffer from “anabolic resistance[13],” meaning that they require more
protein[14][15] to elicit the same growth-promoting response as
younger people. The average daily protein dose in the older adult
studies was about 20 grams per day, and only four of the 13 studies
involving older adults had a baseline protein intake above 1.2 grams
per kilogram of bodyweight, which is considered a minimum
requirement[16] when sedentary (see NERD #19, Volume 1, How much
protein does grandpa really need? for a discussion of this research).
The lack of a benefit of protein supplementation on FFM in older
adults compared to placebo may be due to the overall low protein
intake used in these studies. Future resistance-training and protein
supplementation research should use higher doses of protein to
ensure that growth potential is maximized.
A novel finding of this meta-analysis is that people are likely to
require anywhere between 1.0 to 2.2 grams of protein per kilogram of
bodyweight per day to maximize changes in FFM with resistance
training. This result was based on 42 data points from 723 young and
old participants eating between 0.9 to 2.4 g/kg/day, and is depicted
in Figure 2. This finding squares up nicely with the recommendations

from several organizations, such as the American College of Sports
Medicine[17] and the International Society of Sports Nutritionp[18],
who have recommended that physically active adults consume
between 1.2-1.4 and 2.0 g/kg/day. It also supports the recent
observation that bodybuilders require[19] between 1.2 and 2.2 g/kg/
day, which was discussed in NERD #29, Volume 1, Should one gram
per pound be the new RDA for bodybuilders? Collectively, it seems
prudent to recommend that resistance-training individuals aim to
consume close to their bodyweight (in pounds) in grams of protein
each day, at least in people who are relatively lean. So, someone who
weighs 160 pounds should aim for 160 grams of protein.

Another notable finding is that the average baseline protein intake of
the studies included in this meta-analysis was 1.4 g/kg/day, which is
significantly higher than the 0.8 g/kg RDA recommended by the U.S.
and Canadian governments. Supplementing with an average of 35
grams of protein per day on top of this amount still resulted in
further increases in FFM. It is becoming increasingly clear that the
RDA is not sufficient for active individuals looking to maximize
increases in muscle mass.

Limitations
Most of the studies included in the meta-analyses involved young
participants with no resistance training experience. Although
subgroup analyses did reveal some differences between these
individuals and older and trained adults, the meta-regression
grouped all of the studies together, which may have masked any
notable relationships that exist in one population, compared to
another. Additionally, this meta-analysis included only studies in
which participants were at or above energy requirements, preventing
conclusions from being drawn about the impact of protein
supplementation on strength and body composition during periods
of restricted dieting. Finally, the authors tested multiple outcomes
without correcting for multiple comparisons in their statistics, which
increases the likelihood of finding a significant outcome by random
chance. However, even after correcting for this ourselves, the key
findings retained their statistical significance.

Protein supplementation significantly
benefits resistance-training induced changes
in 1RM strength and muscle mass. These
effects are more pronounced in younger and
trained individuals. People who are looking
to maximize increases in muscle mass with
training are likely to require an average of
1.6 g/kg of protein. More research is
necessary to determine how protein
supplementation influences these outcomes
during times of energy restriction (i.e.,
dieting).

The big picture
The meta-analysis under review had broad inclusion criteria that
allows for its results to be generalized to a large portion of the
population. Although the increases in strength and muscle mass
were modest, drinking a protein shake after training is low-hanging
fruit. Pragmatically, it makes sense to do it if maximizing training
adaptations is the goal, especially among people who are not
otherwise tracking their food intake and macros.
This meta-analysis also sets the stage for many future studies. The
meta-regression correlations are observational and can be
considered hypothesis-generating. Although few significant
correlations were observed, they serve to be the basis of questions
that future research can study directly. For example, why did so few
variables correlate with strength and FFM? Are there situations in
which these variables do have a noteworthy influence?
Another question that remains is why these findings contrast with a
recent systematic review[8] suggesting that protein supplementation
is unnecessary. The discrepancy may be explained by the fact that
the systematic review was not quantitative and relied on the two
authors’ qualitative evaluation of the studies they referenced.

The current meta-analysis is the largest to
date with broader inclusion criteria that
suggests multiple populations would benefit
from protein supplementation. This metaanalysis also found several correlations that
can be investigated directly with future
controlled trials.

Frequently Asked
Questions
Q. Does it matter what type of protein is used use?
Probably not. One of the correlational analyses used in this metaanalysis looked at the impact of whey versus soy protein on changes
in 1RM strength and FFM and found no significant difference between
the two. Unfortunately, other sources of protein like as whole foods,
blends, and milk protein were not investigated. Still, in the grand
scheme of things, ensuring adequate protein consumption is
probably more important[20] than where the protein comes from, as
least when discussing relatively high-quality sources and not wholefood proteins from plants, which have a notably lower anabolic
potential[21] for reasons depicted in Figure 3.

Q. How much protein should be eaten per meal?

A recent breakpoint analysis[15] suggested that maximal stimulation
of muscle protein synthesis requires about 0.24 grams per kilogram
of bodyweight (0.25 g/kg FFM) in young adults and 0.4 g/kg (0.6 g/kg
FFM) in older adults (averaging 71 years). This amount per meal
should be considered a minimum, especially considering that there
are only so many meals in a day and our total daily protein intake is
likely to be higher than the sum of these values. For example, a 165
pound (75 kilogram) athlete aiming to consume 165 grams of protein
per day would only need to eat a minimum of about 20 grams of
protein per meal to maximize muscle protein synthesis. Eating eight
times per day to hit a protein quota is going to be rather inconvenient
for most people. Plus, there is no convincing evidence that it would
be superior for building muscle mass or strength compared to eating
less frequently.

What should I know?
The study under review is the largest meta-analysis to date
investigating the effect of protein supplementation on muscle mass
and strength. This meta-analysis included 49 studies and 1863
participants comparing a protein supplemented group to a control
group for changes in body composition outcomes (bodyweight, FFM,
fat mass, muscle fiber CSA, and mid-femur CSA) and performance
outcomes (1RM and MVC). None of the participants were energy
restricted. Most studies were in untrained men supplementing with
an average of 36 grams of protein per day, resulting in an increase in
average daily protein intake from 1.4 grams per kilogram at baseline
to 1.8 grams per kilogram during the intervention.
Protein supplementation led to significantly greater increases in 1RM
strength, fat-free mass, muscle fiber cross-sectional area, and midfemur cross-sectional area without affecting MVC or bodyweight.
Trained populations experienced greater increases in FFM than
untrained populations and younger people experienced greater
increases in FFM than older people. People who are looking to
maximize increases in muscle mass with training are likely to require
between 1.0 and 2.2 grams of protein per kilogram of bodyweight per

day. Other research is necessary to determine how protein
supplementation influences these outcomes during times of energy
restriction (i.e., dieting).

Supplement your knowledge of protein
supplementation in the NERD Facebook
forum!

^ Go back to table of contents
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