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Fighting fat with fat:
omega-3s vs. NAFLD

Systematic review and meta-analysis of
controlled intervention studies on the
effectiveness of long-chain omega-3 fatty
acids in patients with nonalcoholic fatty liver
disease
Introduction
Non-alcoholic fatty liver disease (NAFLD) is a condition in which excessive fat (more than 5% of liver weight) accumulates in the liver due to causes unrelated to alcohol. Depending on the method of diagnosis, the prevalence of NAFLD
in the U.S. is 21-24%. The primary risk factors for NAFLD are obesity, type 2 diabetes, dyslipidemia, and the metabolic
syndrome.
Although NAFLD is a condition associated with adults, there has been a rise in the presence of NAFLD in children
over the last several decades. The average prevalence is about 8%, with rates as high as 38% in some groups of children.
Despite the prevalence of the disease in adults, and the burgeoning issue in children, there are no therapeutic agents
currently approved for managing NAFLD. This is a problem, since NAFLD can ultimately progress to non-alcoholic
steatohepatitis (NASH - inflamed fatty liver not due to alcohol).
Long-chain omega-3 fatty acids, specifically EPA and DHA, have been investigated as potential therapeutics for NAFLD
because they have been shown to alter expression of genes related to fatty acid metabolism in the liver. Specifically, they
have been shown to increase expression of genes related to fatty acid oxidation and decrease expression of genes related
to fatty acid synthesis.
There have been a myriad of clinical trials investigating the effect of omega-3 supplementation in both adults and
children with NAFLD. Some of these trials have been previously examined in a systematic review and meta-analysis.
However, the previous study did not include children and there has been additional research since its publication in
2012. Therefore, the purpose of this study was to perform a contemporary systematic review and meta-analysis on the

effect of omega-3 supplementation in adults and children with NAFLD on liver-related outcomes and metabolic risk
factors.

NAFLD affects roughly a quarter of the adult population in the U.S., while rates in children are growing at an
alarming rate. Omega-3 fatty acids have been shown to directly modulate genes related to fatty acid metabolism in
the liver. The present study is a systematic review and meta-analysis examining the effect of omega-3 supplementation in adults and children with NAFLD on liver-related outcomes and metabolic risk factors.

Who and what was studied?
The study under review was a PROSPERO-registered systematic review and meta-analysis of randomized controlled
trials examining the effects of long chain omega-3 fatty acids on liver-related and metabolic outcomes in adults and
children with NAFLD.
Studies were included if they were controlled trials that compared EPA or DHA supplementation to a placebo or no
intervention in adults or children with NAFLD. The primary outcome was change in liver fat content. Secondary outcomes were changes in liver swelling, fibrosis, and enzymes, blood lipids, fasting glucose and insulin, insulin resistance,
markers of inflammation or oxidative stress, blood pressure, body composition, and biological levels of omega-3 fatty
acids.
A total of 18 studies were ultimately included for review, 14 in adults and four in children. Of the 14 controlled trials
in adults, 12 were randomized and nine were double-blind. The studies each included five to 68 participants per group,
with average ages of 35-58 years. Among the studies in children, all were double-blind randomized controlled trials
involving 20-56 children per group, with an average age of 11-14 years. Doses and types and sources of omega-3 fatty
acids ranged widely. For example, the study with the lowest dose used 250 milligrams of DHA daily, derived from algae,
for children. The study with the highest overall dose used divided doses of fish oils summing up to nine grams of fish
oil daily, containing 4,626 milligrams of EPA and 2,151 milligrams of DHA. The studies ranged in duration from two
months to around 1.5 years.

This meta-analysis of 18 studies examined the effects of EPA and/or DHA supplementation on liver fat content and
other metabolic outcomes in adults and children with NAFLD.

What were the findings?
The main effects (or lack thereof) that were found are summarized in Figure 1.

Figure 1: Summary of study outcomes
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Of those, let’s start with the primary outcome: liver fat. Omega-3 supplementation significantly reduced liver fat content
by 5.2% in the five studies that reported on it. Subgroup analyses were limited by the small number of studies.
Among the other liver-related outcomes, omega-3 supplementation significantly reduced steatosis score when observed
via imaging. The steatosis score was reduced in both adults and children, not affected by the dose of omega-3, reduced
in both shorter (less than six months) and longer studies (more than six months), and among both low- and high-quality studies. Supplementation also reduced the liver enzymes GGT, and ALT, but not AST. Similar subgroup findings were
shown for the liver enzymes, albeit with more variation.
Among the five studies reporting on liver biopsy outcomes in participants with NASH/NAFLD (four studies in NASH,
one study in NAFLD), omega-3 supplementation had no effect on liver fibrosis score, hepatocellular ballooning score,
steatosis score, lobular inflammation score, or the NAFLD activity score.
When all studies were pooled, there were significant improvements in total cholesterol, LDL-C, triglycerides, and
HDL-C with omega-3 supplementation. These significant improvements remained when studies were restricted to
adults or studies lasting less than six months. In children, only triglycerides were reduced (p=0.056). In studies longer
than six months, only LDL-C and HDL-C were improved.
There were no effects of omega-3 supplementation on fasting blood glucose, fasting insulin, or adiponectin. However,
there was an improvement in measures of insulin resistance (measured by HOMA-IR). When analyzed in subgroups,
the improvement in HOMA-IR was present in children, but not in adults.

Omega-3 supplementation led to a roughly 1.0 kg/m2 reduction in BMI. The effect of omega-3 supplementation on
bodyweight was not present when the two studies of children were excluded. Furthermore, there was no significant
effect on bodyweight, waist circumference, or blood pressure, including in all of the sensitivity and subgroup analyses.

Supplementation with omega-3 fatty acids reduced liver enzymes, liver fat content, steatosis imaging scores as well
as in blood lipids (total cholesterol, LDL-C, HDL-C, and triglycerides). Omega-3 supplementation also seemed to
have a small benefit on insulin resistance. Histologic studies of biopsies showed no effect. There was also no substantial effect on bodyweight or body composition.

What does this study really tell us?
The current study shows that supplementation with long-chain omega-3 fatty acids can improve metabolic markers of
liver function as well as blood lipid profiles and insulin sensitivity in people with NAFLD. However, they do not appear
to improve histologic features or blood glucose. Overall, the results suggest that omega-3 supplementation may be beneficial as an adjuvant therapy in people with NAFLD. The effects appear to be present in both adults and children and
many of the effects can be observed in relatively short time frames (i.e. less than six months).
The present data suggest that the benefits of supplementation with omega-3s are most likely limited to metabolic function and that they may improve some metabolic processes and potentially reduce some inflammatory processes. The
data showing no benefit on histologic features of NAFLD or NASH point toward omega-3s not directly affecting the
tissue itself or reversing the diseases, but rather mitigating some of the downstream metabolic effects.
The current study has several limitations. First, the studies have highly heterogeneous doses and sources (ranging from
about 250 milligrams of DHA alone to almost seven grams of EPA and DHA). Second, there were a limited number
of studies available for the histologic analysis and these outcomes may have been underpowered to find small effects.
Furthermore, in the studies with biopsies, the doses used were low (about 350 milligrams of EPA and DHA per day),
had small samples sizes, and the placebo group had unexpected improvements, indicating that there may have been
dietary or physical activity confounding variables present.

Omega-3 supplementation improves metabolic characteristics in people with NAFLD, but there does not appear
to be any benefit for the structure of the liver itself once fibrosis has begun to occur. However, the studies that used
liver biopsies for histologic analysis used small doses of omega-3 and had substantial confounding. More work
needs to be done to determine if higher doses have an effect on liver structure.

The big picture
NAFLD affects a substantial percentage of the population, both in the U.S. and globally. Of paramount concern are the
rising rates of NAFLD among children over the last 20 years. Currently, no pharmaceutical agents have been approved
for the treatment of NAFLD, and as such the burden of the disease is still mounting.

However, there are some other non-pharmaceutical interventions that can have a substantial impact on treatment.
Specifically, lifestyle modifications through physical activity and/or dietary changes. In fact, lifestyle-induced weight
loss of 10% or more has been shown to improve NAFLD to the point where most signs of it are resolved. In people with
NASH, up to 90% of patients who met the 10% threshold saw substantial improvements, and 45% saw a substantial
reduction in fibrosis. Several studies have demonstrated that exercise reduces liver fat content and increases peripheral insulin sensitivity. Calorie restriction that results in similar weight loss also yields very similar results as exercise.
However, including both dietary and exercise-based lifestyle modifications yield the greatest improvements.
Based on the study under review, another non-drug intervention can be added to the list: omega-3 fatty acids. Omega-3
fatty acids are an opportunity for a dietary supplement to provide some therapeutic benefit to the metabolic aspects of
NAFLD. The present meta-analysis suggests that supplementation with omega-3s can improve metabolic functions of
the liver (as assessed by liver enzyme panels) as well as improving blood lipid profiles and markers of insulin resistance.
There are several mechanisms through which omega-3s may improve NAFLD that are summarized in Figure 2. First,
omega-3s are known ligands of peroxisome proliferator-activated receptor gamma (PPAR-γ). PPAR-γ coordinates the
transcription of myriad genes that regulate fatty acid metabolism and promote fatty acid oxidation and decrease fatty acid synthesis. This mechanism is one route through which omega-3 supplementation may reduce fat deposits in
NAFLD and improve overall metabolic function. There is evidence that omega-3s may provide benefit through PPARγ-independent mechanisms. Furthermore, omega-3s are known to suppress sterol regulatory element-binding protein
1a, which also contributes to lipogenic processes in the liver. Lastly, inflammatory processes contribute to the metabolic
dysfunction present in NAFLD. Omega-3s may convey minor anti-inflammatory effects, specifically by modulating the
expression of the inflammatory molecule IL-6, along with tumor necrosis factor-α.

Figure 2: How omega-3s battle fatty liver

Reference: Scorletti & Byrne. Mol Aspects Med. 2018 Mar.

Omega-3 supplementation works through modulating transcriptional regulatory proteins to increase fatty acid
oxidation and reduce lipogenesis. Furthermore, they may also help reduce inflammation. These effects may be the
underpinning of the benefit observed in liver metabolism, blood lipid profiles, and insulin sensitivity observed in
the current meta-analysis.

Frequently asked questions

Besides omega-3 fatty acids, are there any other nutraceutical interventions that might help with NAFLD/NASH?
Yes, there may be. Silymarin, an extract from milk thistle that has antioxidant and anti-inflammatory properties, has
been shown to improve both AST and ALT in people with NAFLD. Furthermore, it has been shown to reduce fasting
blood glucose in people with type 2 diabetes. Berberine may also benefit people with NAFLD. A randomized-controlled
trial showed that berberine was beneficial for reducing hepatic fat content on top of lifestyle modifications, as well as a
thiazolidinedione. There are a handful of other nutraceuticals currently being investigated (e.g. vitamin E, curcumin,
CoQ10) but do not currently have substantial enough evidence to indicate they are beneficial.
How are NAFLD and NASH different?
Nonalcoholic fatty liver disease (NAFLD) and nonalcoholic steatohepatitis (NASH) are related, yet distinct, diseases.
NAFLD is defined as a condition in which excess fat is stored in the liver. Clinically, NAFLD is categorized as simple fatty liver (NAFL) in which excess fat accumulation has occurred, but there is very little inflammation or cellular damage.
NASH is a form of NAFLD in which, in addition to the excess fat accumulation, inflammation of the liver (hepatitis),
cellular damage, and perhaps structural changes such as fibrosis are present. NASH occurs in about 20% of people
with NAFLD and is often thought of as the progressive form of NAFLD. We summarize how a healthy liver progresses
through these steps in Figure 3.

Figure 3: The progression of liver disease

Reference: de Castro & Calder. Clin Nutr. 2018 Feb.

What should I know?
NAFLD presents a substantial population health problem. Given that obesity is one of the leading risk factors for the
condition, and that obesity rates continue to rise, the rates of NAFLD are likely to continue rising as well. While there
are no currently approved therapeutics available for the treatment of NAFLD, omega-3 supplementation is emerging as a potential supplement-based treatment option. The present systematic review and meta-analysis indicates that
omega-3 supplementation improves liver enzymes and markers of liver metabolism, blood lipids, and reduces insulin
resistance in both adults and children with NAFLD. However, there appears to be little to no benefit with regard to
structural damage done to the liver.

◆

Fatten up your knowledge of omega-3 and other nutritional interventions for NAFLD at the ERD Facebook forum!

ERD Mini:
The sports supplements
with the highest amount
of evidence according to
the ISSN
The International Society of Sports Nutrition (ISSN) launched its journal in 2004, with its lead paper being a summary
of the evidence behind nutritional interventions’ impact on training and performance in physically active people. It’s
received updates since it was first published, the latest being in the summer of 2018. The review is chock full of information, covering everything from macro intake to a primer on how nutritional supplements are regulated and how to
rationally evaluate claims made about dietary supplements.
Here, we summarize one very small part of this review for you: the nutritional supplements the ISSN deems to have
strong evidence for efficacy and are apparently safe, which is the highest level of evidence in their summary.

Effective and apparently safe supplements Effective and apparently safe supplements
for muscle building
for performance enhancement
• β-hydroxy β-methylbutyrate (HMB)

• β-alanine

• Creatine monohydrate

• Caffeine

• Essential amino acids

• Carbohydrate

• Protein

• Creatine monohydrate
• Sodium bicarbonate
• Sodium phosphate
• Water and sports drinks

In ERD #45, volume 2’s ERD Mini, we covered the International Olympic Committee’s (IOC’s) take on this matter.
While there’s quite a bit of overlap, there are also some differences. Some can be chalked up to a different focus between
the two reviews. For instance, while carbohydrate intake and hydration were discussed in the IOC’s document, there
was not a large focus on examining the evidence base behind these or on providing intake recommendations (they did
mention a protein intake of 1.6 grams per kilogram of bodyweight as being optimal for muscle building in a section we
didn’t summarize, though). One difference that’s worth mentioning is HMB. The IOC states that any muscle-building or
recovery effects that may be present are likely tiny, and it’s a better idea just to make sure you’re getting enough protein
rather than take HMB. They do say that there may be a role for HMB in helping to recover from injury or disuse, but
the evidence base is small, and is mostly focused on older people recovering from longer-term bed rest, as opposed to
younger athletes.

◆

Gut bugs as bone drugs

Lactobacillus reuteri reduces bone loss in
older women with low bone mineral density:
a randomized, placebo-controlled, doubleblind, clinical trial
Introduction
Osteoporosis is a chronic disease characterized by a lowered bone mineral density (BMD) that can lead to debilitating
bone fractures. It is estimated to affect 9.9 million adults in the U.S., while another 43.1 million have osteopenia, the
condition between normal bone density and osteoporosis. Postmenopausal women have the greatest risk of developing
osteopenia or osteoporosis.
The first line of recommended treatments by the National Osteoporosis Foundation is modifying the diet to include
adequate amounts of calcium and vitamin D, and engaging in regular weight-bearing exercise to maintain bone
strength. However, research over the past few years has suggested that the gut microbiome and probiotic therapy can
play a role in bone health. Some researchers have gone so far as to coin a term for this relationship: “gut microbiota-bone axis.”
Of particular interest is a species of lactic acid producing bacteria called Lactobacillus reuteri ATCC PTA 6475 (L. reuteri 6475). Several studies using mice have shown L. reuteri 6475 can increase BMD and reduce bone loss. However, to
date, there have been no human interventions examining the link between this organism and bone health. The randomized, controlled human trial reviewed here is the first such human study.

Osteoporosis and osteopenia are diseases of bone loss often managed through diet and exercise. Emerging evidence indicates the gut microbiome plays a role in bone health, and several animal studies have suggested that
Lactobacillus reuteri ATCC PTA 6475 (L. reuteri 6475) can increase bone mineral density and reduce bone loss.
The study under review is the first human intervention to evaluate how L. reuteri 6475 affects bone health.

Who and what was studied?
This investigation was a preregistered, double-blind, randomized placebo-controlled trial involving 90 women aged
75-80 years with a T-score of between -1.0 and -2.5. None of the women had osteoporosis, rheumatoid arthritis, or dis-

eases that could cause osteoporosis, such as inflammatory bowel disease or diabetes. Additionally, no participants used
medications that could affect bone metabolism, such as corticosteroids, hormone replacement therapy, or antibiotics.
A T-score is the result of a bone mineral density test usually performed by a DEXA machine. As Figure 1 shows, the
T-score represents how close the measured BMD is to the average peak BMD. Peak BMD usually occurs in one’s 20s,
so the T-score specifically measures how many standard deviations away from the average peak BMD score of healthy
young women the measurement is. A score between -1.0 and -2.5 indicates osteopenia (low bone density) as characterized by the World Health Organization, while a score less than -2.5 indicates osteoporosis. While the T-score is
sometimes used in diagnosing osteoporosis, the World Health Organization and others have been moving away from
using the concept for clinical purposes, instead focusing more on fracture risk, in which BMD plays only one part.

Figure 1: The T-score and how it relates to osteoporosis and osteopenia

The participants were randomized to consume a supplement of freeze-dried L. reuteri 6475 or placebo for 12 months.
The participants were given packets containing either maltodextrin only or maltodextrin and five billion colony forming units (CFUs) of L. reuteri and instructed to mix the packet with a cold, nonalcoholic beverage or food twice daily.
The primary outcome was the difference between groups for the relative change in total volumetric bone mineral
density of the tibia (tibial vBMD) after 12 months. Many secondary outcomes associated with bone health were also
measured, including measurements of cortical and trabecular bone, serum markers for inflammation and metabolic
health, and participant body composition. Outcomes were analyzed with both an intention-to-treat (all 90 participants
who began the study) and per-protocol analysis (only the 70 participants who completed the study). The secondary outcomes were not corrected for multiple comparisons.
The terminology used is worth emphasizing. Trabecular bone is the spongy inner material of bone tissue, while cortical
bone is the hard outer layer. Because bone remodelling is more active in trabecular bone, compared with cortical bone,
any change in bone mass will be greater in trabecular bone.

Older women with osteopenia were randomized to consume either 10 billion units of a Lactobacillus reuteri 6475
supplement or a placebo daily for one year. Tibial bone mineral density was the primary outcome of interest.

What were the findings?
Over the course of the 12-month study period, the tibial vBMD decreased significantly in both groups, but the mean
reduction of the treatment group was about half that of the placebo group (-0.83% vs. -1.85%). This difference was statistically significant and, as you can see in Figure 2, did not materially change in the per-protocol analysis.

Figure 2: Results for the primary outcome

With the exception of trabecular bone volume in the per-protocol analysis, which declined to a significantly lesser
extent in the L. reuteri treatment group compared to the placebo group, there were no significant differences in any of
the secondary outcomes in both intention-to-treat and per-protocol analyses.
Both groups reported similarly high levels of adverse events (80-87% of participants reported at least one, of which half
were considered to be related to the interventions).The most common adverse events in this study were gastrointestinal
(GI) issues like changes in bowel movement frequency and flatulence. These GI issues manifested in similar fractions
of the groups: 47% of the L. reuteri group and 51% in the placebo group. There were also five reported serious adverse
events that occurred during the trial, which were distributed similarly between groups.

Both groups had reduced tibial bone mineral density after one year. The group consuming the L. reuteri supplement had approximately half the reduction of bone density than the placebo group. There were no differences in
any secondary outcome other than trabecular bone volume being significantly less reduced in the L. reuteri treatment group.

What does the study really tell us?

This is the first study to be performed on humans that examines the link between bone health and Lactobacillus reuteri

ATCC PTA 6475 (L. reuteri 6475). The slowing of bone loss with L. reuteri 6475 supplementation among elderly women
is in line with the animal studies that have showed similar effects. However, the magnitude of effect was not large.
As a point of comparison, the use of denosumab, a drug developed to treat osteoporosis in postmenopausal women, has
been shown to increase total tibial vBMD after 12 months of use by 2-3% compared to placebo. Most conventional drug
therapies used to treat osteoporosis in postmenopausal women today, such as bisphosphonates, hormone therapies, and
selective estrogen receptor modulators (SERMs), increase BMD rather than simply reduce bone loss.
Despite the positive effect on BMD, daily ingestion of L. reuteri 6475 did not seem to affect the 33 measured secondary
outcomes. These included tests for other indicators of bone health and bone turnover, serum lipids, inflammation biomarkers, and body composition. So, according to this data, it appears that the effects of L. reuteri supplementation are
restricted to bone mineral density.
The negative results for the inflammation and other markers are disappointing, since these may have provided some
insight into the mechanism for L. reuteri’s effects on BMD, which is why the authors chose to examine some of these
outcomes in the first place. For instance, L. reuteri 6475 is effective in increasing bone density in mice with inflammation, suggesting that perhaps the reduction of inflammation could be a mechanism of action. However, no changes in
inflammatory markers were seen in this study. Furthermore, no significant differences were reported for common biomarkers of bone turnover. For instance, bone-specific alkaline phosphatase levels (an indicator of bone formation), and
cross-linked N-terminal telopeptide (an indicator of bone resorption) did not significantly differ, although there was a
small decrease for both of these in the L. reuteri 6475 group and a small increase in the placebo group. Obesity is also
associated with higher BMD, however, no change in body composition was reported in this study.
Strengths of this study include the design: a preregistered double-blind, randomized, and placebo-controlled trial
reduces any conscious or unconscious bias. Additionally, the authors utilized high resolution peripheral quantitative
computed tomography (HR-pQCT) for the bone assessments, which has been shown to be highly precise and reproducible. However, since the tibia is a weight-bearing bone, there is some doubt as to how relevant its measurement is to
the strength of the remainder of the skeleton. The authors chose the tibia because it is easy to measure and it has high
trabecular bone content, but institutions like the American Association of Clinical Endocrinologists and American
College of Endocrinology discourage the use of peripheral sites like the heel, finger, or tibia for monitoring BMD.
However, there is evidence that tibial BMD can predict fractures as well as BMD measures of the hip.

While this study found that L. reuteri supplementation slowed bone loss, it doesn’t quite measure up to many drugs,
which can actually help increase bone density to some extent. In addition, although this study attempted to shed
some light on the mechanism of action, not much was found due to the lack of effect seen in secondary outcomes.

The big picture
While these results are promising, it is worth remembering that this is simply the first available glimpse into the
link between L. reuteri 6475 and bone health. Future human trials of this nature may not support these findings.

Considering that this RCT is the first of its kind to directly examine a link between the ingestion of L. reuteri and bone
health in humans, additional studies will need to be conducted in the coming years to be able to assess if L. reuteri
6475 does indeed have mitigating effects against reduction in BMD. Moreover, considering this RCT looked at postmenopausal Caucasian women, future research will also need to examine other populations to better determine how
generalizable these results are.
For now, the impact of probiotics in humans is mixed. For instance, a 2017 randomized, placebo-controlled trial
demonstrated that consumption of red clover extract containing isoflavones and a proprietary blend of lactic acid bacteria for 12 months significantly attenuated BMD loss and reduced plasma concentrations of C-terminal telopeptide, a
biomarker for bone mineral resorption whose origin is shown in Figure 3, among postmenopausal osteopenic women.
While the exact bacterial community used in the treatment is unknown, L. reuteri 6475 does belong to the family of
lactic acid-producing bacteria Lactobacillaceae.

Figure 3: Where C-terminal telopeptide comes from

Reference: Greenblatt et al. Clin Chem. 2017 Jan.

On the other hand, a similar 2017 randomized, double-blind, placebo-controlled trial had a group of postmenopausal
and osteopenic women consume a mix of bacterial strains. This community did not include L. reuteri 6475, but other
lactic acid producing species were represented. The results indicated no significant difference in BMD after six months,
although there were significant reductions in C-telopeptide and bone-specific alkaline phosphatase, another biomarker
of bone health that indicates the rate of bone turnover.
Nevertheless, the results reported here do align with similar studies on animals. Adult male mice given L. reuteri 6475
for four weeks had significantly increased trabecular bone parameters like mineral density, bone volume fraction,
trabecular number, and trabecular thickness, as well as increased serum osteocalcin levels. Osteocalcin reflects bone
formation as it is the most abundant, non-collagen protein within the bone matrix, and it is synthesized by osteoblasts,
cells that are involved in the deposition of the organic matrix and its subsequent mineralization. It’s important to note
that female mice had no response to L. reuteri 6475. Following that report, another study was performed on mice using
L. reuteri 6475. This time, female mice had their ovaries removed to induce estrogen-deficient bone loss. Those mice,
after being given L. reuteri for four weeks, had significantly less bone loss compared to controls. This might suggest that
L. reuteri plays a role in bone health via some type of estrogenic activity.

In poultry, a 2018 study demonstrated that laying hens fed a commercially available probiotic that included L. reuteri
6475 had greater BMD, bone mineral content, and produced fewer cracked and shell-less eggs than controls. In view of
these and other benefits, L. reuteri 6475 is commonly used as an additive in chicken feed to keep the animals healthy.
The mechanism that might cause L. reuteri 6475 to protect against the loss of bone mineral density has not been conclusively elucidated, but many potential mechanisms have been discussed. In vivo studies using L. reuteri 6475 demonstrate
that it is capable of suppressing gene expression of pro-inflammatory and pro-osteoclastogenic cytokines, in both the
intestine and the bone marrow, respectively. The idea is that L. reuteri 6475 and perhaps other probiotic bacteria interact
with the epithelial cells at the brush border by secreting factors that causes the epithelial cells to secrete less pro-inflammatory cytokines. This, in turn, could lead to an uptake in mineral absorption. Moreover, these secreted factors can also
be absorbed into the blood and interact with osteoclasts, osteoblasts, and immune cells. For example, macrophage precursor cells placed into L. reuteri 6475 conditioned media in vitro significantly reduced the formation of osteoclasts. It
also appears that L. reuteri can prevent suppression of osteoblast formation via the Wnt signaling pathway. Other mechanisms not specific to L. reuteri 6475 but that apply to the gut microbiome in general include the secretion of short-chain
fatty acids, which may reduce the pH of the gut and thereby enhance mineral absorption.
Lastly, it is worth considering if an approximate 1% difference in bone mineral density demonstrated in this trial is of
any practical value. One percentage point may not appear to be much of a difference, but the annual decrease in bone
density among postmenopausal women is around 2%. If this rate could be halved, it could have significant cumulative
effects over time, with considerable implications for the reduced risk of fractures.
L. reuteri 6475 may not have the pronounced outcomes of the traditional pharmacological agents, but it also does
not have some of the unpleasant side effects, either. For example, common side effects of denosumab are urinary and
respiratory tract infections, cataracts, constipation, rashes, and joint pain. Bisphosphonate side effects can include gastrointestinal intolerance, acid reflux, and muscular pain. In this study, the most common side effects were a change in
bowel habits and flatulence.
Recall from the introduction that the National Osteoporosis Foundation (NOF) recommended that diet and exercise
modification are the first recommended actions, as these are considered safe and inexpensive ways to reduce the risk of
bone loss. Both NOF and the Institute of Medicine recommend that men aged 50-70 consume 1000 milligrams of calcium per day, and that women aged 51+ and men aged 71+ consume 1200 milligrams of calcium per day. However, the
average daily calcium intake in adults age 50 and older is merely 600-700 milligrams. The reality for vitamin D is similar,
with actual intake for adults aged 51+ in the United States failing to meet adequate intakes. Exercise can also be beneficial, as it can increase strength, balance, posture, and help reduce the risk of falls and fractures. Weight-bearing exercise
such as walking, jogging, tennis, and weight-training can also help mitigate osteoporosis by maintaining bone density.

Previous trials involving probiotics and bone health have had mixed results, and the mechanisms for their mode of
action had not been clearly demonstrated, although it is widely considered to involve the mediation of inflammation and influencing osteoclast development. Nevertheless, the outcome of the study under review is in line with
the results of related animal studies.

Frequently asked questions

Does L. reuteri 6475 have potential benefits beyond reducing bone loss?
L. reuteri 6475 has been extensively studied for its effects on infants and children. Specifically, it appears to be effective at treating gastrointestinal disorders such as colic, regurgitation, diarrhea, and acute gastroenteritis. In addition to
reducing diarrhea in infants, a 2014 trial demonstrated that L. reuteri 6475 supplementation in yogurt was more effective than a placebo at reducing constipation in adults.
L. reuteri 6475 has been shown to reduce the growth and development of pathogenic microorganisms that could potentially colonize the gut. Because of these characteristics, L. reuteri is generally considered a beneficial organism.
Are freeze-dried bacteria equivalent to live cultures?
The viability of lyophilized (freeze-dried) bacteria can depend on the type of bacteria. One study performed lyophilization and reconstitution of many species and found motile bacteria with one or more flagella had poor survival rates
following lyophilization. In this same study, species of Lactobacillus had varying survival rates after lyophilization. L.
reuteri 6475 had among the highest survival rates of the genus.
Survival rates can also depend on the media in which the bacteria are lyophilized. A 2018 study suggested that skim
milk and sucrose optimized Lactobacillus acidophilus for survival by improving resistance to lyophilization stress.

What should I know?

Lactobacillus reuteri are common probiotic bacteria studied for their effects on reducing gastrointestinal disorders in
children and infants. Several strains have also been studied as a supplement to animal feed. Recent rodent models have
suggested that L. reuteri may be effective at protecting bone mineral density from declining, but until now no clinical
studies on the topic have been performed.
The study under review was designed as a randomized, double-blind, placebo-controlled trial with older women suffering from low bone mass, but who didn’t have clinical osteoporosis. Participants were randomized to daily supplements
containing five billion CFUs of L. reuteri 6475 or placebo twice daily for one year. While the primary outcome of the
study was the bone mineral density of the tibia, selected secondary markers related to bone health, inflammation, and
body composition were assessed as well. Bone mineral density declined in both groups after one year, with the L. reuteri
group showing roughly half the decline in bone mineral density of the placebo group. However, there was no significant
difference among the secondary measures of bone health between the two groups.
The results from this study corroborate previous studies performed using animal models. While these results show
promise that L. reuteri can play a role in improving bone health, it is important to remain skeptical until additional
trials can be performed.

◆

Do you have a bone to pick with this study? Head over to the ERD Facebook page to tell us about it.

Cheese reloaded: enter
the matrix

Dairy matrix effects: response to
consumption of dairy fat differs when eaten
within the cheese matrix—a randomized
controlled trial
Introduction

Several months ago, Examine.com published a blog answering the question: Is saturated fat bad for you? One of the
sections focused on saturated fat’s effect on heart health, and the primary take-away was that you can’t just focus on
saturated fat—you need to look at the foods that provide it. In support of this conclusion, the editors used dairy fat as
an example of how the effects of saturated fat differ depending on the food source.
Specifically, different dairy products, such as butter and cheese, have different food matrices (structures in which the
food compounds are arranged), and therefore different health effects. This issue has been discussed in past ERD articles, such as Got milk(fat globule membrane)? from ERD #9, as well as Put down the apple and have some cheddar from
ERD #10.
Until now, a question that went unanswered was how the health effects of eating nutrients is altered depending on
whether they were consumed within the food matrix or alongside it. For example, would eating butter, which is mostly fat, with reduced fat cheese have the same impact as eating full-fat cheese if the amount of fat both foods have is
roughly equal? The study under review answers this question.

The food matrix modifies the health effects of nutrients, such that equivalent amounts of dairy fat from cheese and
butter have different effects on blood lipids. However, it is unclear whether a health difference exists when a nutrient is provided as part of a food matrix or as a supplement alongside it (e.g., butter, which is mostly fat). The study
under review investigated this issue.

Who and what was studied?
This was a randomized controlled trial involving 203 free-living adults from Dublin, Ireland. All were overweight and
over 50 years old (average of 60 years), but otherwise healthy. The participants were randomly assigned to one of four
diet groups for the six-week intervention:
1. 120 grams of full-fat cheddar cheese
2. 120 grams of reduced-fat cheddar cheese + 21 grams of butter
3. 49 grams of butter + 30 grams of calcium caseinate + a calcium carbonate supplement
4. Group (1) + a separate six-week run-in period during which all cheese in the diet was removed
As you can see from the group breakdown, this study tested the effects of individual cheese components (group 3),
contained partially (group 2) or completely (groups 1 and 4) within the cheese food matrix. All four interventions were
matched as closely as possible for calories (480-520 kcal), protein (27-30 grams), fat (39-43 grams), and calcium (817900 milligrams). The purpose of group 4 was to determine what effects came from eliminating and then reintroducing
cheese.
The participants were asked to not melt or heat the cheese and to limit their intake of other dairy foods to two ounces
(50 milliliters) of milk per day. Otherwise, participants did not receive any dietary advice or were requested to follow
any dietary restrictions. They kept a diary logging exactly how much of the study foods they ate each day, and those
who consumed more than 80% over the course of the intervention were deemed compliant. A three-day food log was
also completed at baseline and halfway through the study.
This study was not preregistered. The primary outcome was the difference between groups for changes in LDL-C, after
adjusting for confounders like percent change in saturated fat intake and baseline values. Secondary outcomes included
total cholesterol, HDL-C, triglycerides, blood glucose and insulin, C-reactive protein (CRP), blood pressure, bodyweight, body fat percentage, and waist circumference.
It’s important to note that this study may have lacked statistical power due to high dropout rates and the use of a
per-protocol approach for data analysis. The researchers needed 45 participants per group (180 total) to detect a 20%
difference in LDL-C between groups 1 (all-cheese) and 3 (all individual cheese components). However, only 164 participants completed the intervention, of whom only 127 were deemed compliant. This simply means that this study can
only detect large differences in LDL-C, and smaller changes may not register as statistically significant.

This study investigated the effects of individual cheese components (butter + casein protein powder + a calcium
supplement), contained partially (reduced fat cheese + butter) or completely (full-fat cheese) within the cheese
food matrix. It involved overweight older adults and lasted six weeks. The primary outcome was a measurement of
LDL-C.

What were the findings?
As you can see in Figure 1, there were significant differences between groups for changes in LDL-C in the per protocol
analysis, which decreased to a greater extent in the full-fat cheese group (-13%) compared to the reduced-fat cheese
group (-7%), the individual component group (-3.9%), and the run-in group (-2.1%). Similar observations were made
for total cholesterol, but no significant differences were observed for any other outcome.

Figure 1: Effects of the interventions on blood cholesterol levels

Diet logs without inclusion of study foods revealed that all groups except the individual component group significantly reduced their calorie intake by 410-470, which was due entirely to a reduction in total and saturated fat intake.
Accordingly, including cheese in a diet led to a compensatory response not observed with butter and protein powder.
On the other hand, there is a question of accuracy in regard to the food logs because no group experienced a change in
bodyweight.

Eating full-fat cheese (nutrients within food matrix) reduced LDL-C and total cholesterol more than eating
reduced fat cheese + butter (nutrients alongside food matrix) or butter + caseinate protein powder + a calcium
supplement (nutrients without food matrix), despite all three having similar energy and macronutrient contents.
Other outcomes didn’t change during the intervention and were not different between groups.

What does the study really tell us?
The study under review contributes further evidence to suggest that the food matrix influences the effects of the nutrients contained within. It adds to the existing literature by being the first to compare the individual components of
cheese to those same components contained partially or completely within the cheese matrix.
In particular, the study under review found that eating full-fat cheese has a more beneficial effect on blood lipids than
its constituents in isolation (butter, casein, and calcium). Moreover, eating reduced fat cheese with butter was interme-

diate of the others, suggesting that at least having the food matrix present can have some benefits, even if the nutrients
are partially removed from it.
It is notable that all groups experienced reductions in LDL-C, considering that past research consistently finds butter to
raise LDL-C. These results do not conflict, considering that the butter group also consumed casein and calcium supplements, as opposed to just butter like in other research. Accordingly, the additional calcium and protein may have
worked to mitigate the effect of butter fat on blood lipids. Previous research has shown that high calcium intake attenuates saturated fat-induced increases in LDL-C due to calcium’s ability to interfere with fat absorption.
There are, unfortunately, several limitations that we need to bear in mind when interpreting this study. This study ended
up with a sample size that was far below what was deemed necessary to detect a difference between groups for LDL-C.
Statistical differences were still observed, but there is a greater likelihood that the outcomes were biased due to the large
dropout and non-compliance rates found almost exclusively in the cheese component and run-in groups.
On the other hand, the purpose of this study was to investigate a mechanism rather than the effectiveness of any dietary
intervention. So, ensuring that the analysis was restricted to only those participants that were compliant was important
to make sure that the effects of the interventions were accurately portrayed. Whether the intervention itself was sustainable or easy to follow was irrelevant to the purpose of this study.

This study adds to the literature investigating the impact of food matrices on health by showing that individual
food components may work together within a food matrix to modify the effect of each.

The big picture
This study adds to the growing literature suggesting that, when it comes to the macronutrients we consume, context
matters.
Evidence continues to accumulate that different forms of dairy have different effects on blood lipids. A meta-analysis of
five randomized controlled trials (RCTs) comparing the effects of cheese against butter reported that cheese intake lowered LDL-C by 6.5% and raised HDL-C by 3.9%. A more recent RCT comparing the effects of eating full-fat cheese to
reduced-fat cheese reported no differences in blood lipids between the two interventions despite a significantly greater
intake of calories and saturated fat with the full-fat cheese condition.
There are several potential explanations. Previous research has shown that the physical state of the fats affects post-meal
fat metabolism. Another explanation is the milk-fat globule membrane (MFGM), a three-layered membrane composed
of proteins, lipids, and numerous minor bioactive sterols that encloses the milk fat globules. It is a fragile compound
that is preserved in cream and cheese, but destroyed during mechanical processing, such as the churning required to
make butter or the homogenization of milk. It has been suggested to have numerous health benefits, including cholesterol-lowering effects.

For instance, rats fed a high-fat diet supplemented with MFGM phospholipids display a 15% to 30% increase in fecal
cholesterol excretion and a 20% to 60% decrease in liver cholesterol. Additionally, rats that consume a high-fat diet
supplemented with MFGM-rich milk display a reduction in liver fat accumulation and blood lipid levels attributed to a
significant reduction in the expression of hepatic genes that regulate cholesterol synthesis (HMG-CoA reductase), bile
acid synthesis (cholesterol 7α-hydroxylase), and fatty acid synthesis.
The importance of food choices, independent of the nutrients they contain, is further emphasized by an RCT covered in
ERD #8, Blast from the past: a paleo solution for type-2 diabetes. This study of people with type 2 diabetes compared the
health effects of eating calorie- and macronutrient-matched diets based on foods promoted by either the Paleolithic diet
or the American Diabetes Association (ADA) dietary recommendations.
As Figure 2 shows, the paleo diet outperformed the ADA diet in nearly every outcome of interest, including insulin
sensitivity, glycemic control, and blood lipids, despite the fact that both groups consumed calorie-matched diets that
were about 20% protein, 25% fat, and 55% carbohydrates. The main difference between the two diets were the sources
of carbohydrate. The paleo diet relied exclusively on starchy tubers, fruits, and honey for carbohydrates, while the ADA
diet utilized cereal grains, legumes, and fruit.

Figure 2: Paleo vs ADA diet

Reference: Masharani et al. Eur J Clin Nutr. 2015 Aug.

It is becoming clear that it makes sense to start moving away from nutritionism, the practice of talking about food as
a composite of nutrients, and moving toward respecting food synergy as an appropriate way of connecting foods and
dietary patterns to health. Ultimately, both viewpoint must be appreciated and considered to see the forest and understand the trees.

Foods are more than the sum of their parts. As evidenced by accumulating research comparing dairy fat within
different food matrices (e.g., cheese vs. butter) and some studies comparing dietary patterns matched for nutrients
and differing only in the foods supplying them, the context of the entire diet and its form (e.g. processed versus
whole food) need to be appreciated when determining the health impacts of food.

Frequently asked questions

Food matrix research focuses mostly on dairy, but what about other foods?
Nuts are a good example in the context of this question. Walnuts provide about 21% fewer calories that are used by the
body than they contain. Almonds, about 24% lower. Pistachios, about 5% lower. Turns out, nuts contain a plant cell wall
that encloses the fat particles, rendering them unavailable for digestion and absorption as depicted in Figure 3. Thus,
less chewing means more intact cell walls that interfere with the digestive process.

Figure 3: The food matrix can affect the available energy of foods

Reference: Capuano et al. Nutr Rev. 2018 Feb.

Logically, then, it would make sense that the available calories in nut butters would be greater than whole nuts, given
they are “pre-chewed” to a considerable extent. Sure enough, eating whole peanuts leads to greater fecal fat and energy
excretion than consuming peanut oil, peanut butter, or peanut flour. Similarly, cooking peanuts significantly increases
the energy availability compared to eating them raw, due to alterations to the integrity of cell walls that otherwise shield
lipids from digestive enzymes.
In general, cooking alters food matrices in a way that increases energy availability. For example, an elegant set of experiments looking at the effects of food processing on energy availability reported that cooking both meat and tubers
increases the calories people can extract from them compared to the raw versions. Even when the meat and tubers were
pounded up (“pre-chewed,” if you will), eating them raw provided little benefit compared to the unadulterated raw version. Cooking was the main modifier for increased energy availability.

What should I know?
Until now, researchers have known that the food matrix plays a role in how a nutrient affects our health. What wasn’t
entirely clear was whether this was due to the presence of other nutrients in the food, or the actual food matrix the
nutrient was embedded in. The study under review investigated this knowledge gap by comparing the effects of individual cheese components (butter + casein protein powder + a calcium supplement), contained partially (reduced fat
cheese + butter) or completely (full-fat cheese) within the cheese food matrix.
The results demonstrated that blood lipids were affected most favorably with the full-fat cheese, followed by the
reduced-fat cheese, and finally the cheese components, suggesting that the health effects of the macronutrients may
depend in part on the food matrix in which they’re embedded. Other research supports the importance of looking at
foods as foods rather than just as a composite of their nutrients. Both perspectives should be appreciated.

◆

Embed your knowledge about food matrices and dairy’s metabolic effects more firmly over at the ERD Facebook
forum!
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