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Learning objectives
You will learn:

• To understand the indications and options for pharmacotherapy for weight management

• The use of a specific dosage of liraglutide as a treatment for obesity

• To interpret evidence from the SCALE clinical trial programme of liraglutide in terms of 
efficacy and safety for obesity treatment.

Introduction
Management options for the treatment of obesity are firstly based on behavioural 
modification for anyone who struggles with excess weight. This includes medical 
nutrition therapy, also referred to as dietary intervention, physical activity, psychological 
therapy and counselling to support the attainment of an improved lifestyle.

Pharmacotherapy is indicated for people with a BMI of 30 or greater, or a BMI of 
27 or greater with a health-related complication of obesity. Bariatric surgery can be 
considered for people with a BMI of 40 or greater, or a patient with a BMI of 35 or 
greater with adiposity-related complications. Many guidelines around the world, 
including the Canadian guidelines,1 are now recommending that bariatric surgery be 
considered for even lower BMIs of 30 or greater if there are difficult-to-manage health 
conditions associated with obesity. This is because of emerging data in people with type 
2 diabetes who have a BMI greater than 30, and who benefit from bariatric surgery.

When selecting treatment strategies for obesity, behavioural modification is the first 
option for everyone; however, there are many patients in whom pharmacotherapy 
can be of benefit, and for select patients, bariatric surgery can be a very effective and 
appropriate treatment option.

This report was made possible 
by an unrestricted educational 
grant from NovoNordisk. 
The content of the report is 
independent of the sponsor.
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It is important 
to recognise 
that obesity is a 
chronic medical 
condition that 
requires long-
term treatment

Pharmacological options for weight management
What pharmacotherapy options do we have 
for the treatment of obesity? Table 1 shows 
the weight management therapies available in 
Europe, the USA and South Africa.

Liraglutide 3.0mg has been available in 
Canada for almost six years, so there is a 
wealth of clinical experience with this mole-
cule. It is important to note that orlistat is the 
only pharmacotherapy option that does not 

impact appetite, so it really does not address 
the science and the biology of obesity, which 
is about weight regulation in the brain. This 
is perhaps the cause of the minimal success 
seen with orlistat, as it is not a very effective 
treatment strategy for obesity. Phentermine is 
a short-term treatment option and does not 
address the long-term nature of the treatment 
needed for obesity, which is a chronic medical 
condition.

Table 1: Weight management therapies available in Europe, the USA and South Africa

EU
United 
States

South 
Africa

Mode of action

Orlistat ✓ ✓ ✓ Energy wastage

Phentermine ✗ ✓ ✓ Appetite reduction

Phentermine/topiramate ✗ ✓ ✗ Appetite reduction

Naltrexone/bupropion ✓ ✓ ✗ Appetite reduction

Liraglutide 3.0 mg ✓ ✓ ✓ Appetite reduction

Lorcaserin ✗ ✗ ✗ Appetite reduction

Sibutramine ✗ ✗ ✗ Appetite reduction

*Some of the products listed are not applicable to South Africa.
*Always refer to the South African approved product package insert or professional information for locally approved medicines and 
indications.

The clinical development programme of liraglutide
Liraglutide was investigated and studied 
in a very robust clinical development pro-
gramme with over 6000 patients enrolled. 

This satisfied the regulatory requirements for 
approval of obesity pharmacotherapy. 

Regulatory requirements for registration of an obesity medication
The FDA requires the number of patients to 
be at least 3000 on active treatment and 1500 
on placebo; the study must also continue for 
at least a year. The liraglutide treatment pro-
gramme satisfied these requirements. 

The main efficacy benchmark is a placebo-
adjusted, mean weight loss of at least 5%, 

and at least 35% of patients have to achieve 
this 5% weight loss. Further, the weight loss 
achieved with the obesity therapy has to be 
at least double that achieved with placebo. 
These were the goals of the liraglutide clinical 
trial programme, which were successfully met 
(Table 2).
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Table 2. Regulatory requirements

FDA (weight management)

Draft 2007 in US

EMA-CHMP (weight control)

2016 in the EU

Population:
• Significant risk for weight-related morbidity and 

mortality
• BMI ≥30 kg/m2, or
• BMI ≥27 kg/m2 + comorbidities

 – T2DM, HTN, DL, OSA, CVD

Population:
• Significant health risk/risk of increased mortality
• BMI ≥30 kg/m2, or
• BMI ≥27 kg/m2 + weight-related risk factors
• Ensure relevant proportions of Class II/III obesity 

and coexisting cardiovascular risk factors

Size/duration (safety):
• n ≥3000 (active), n ≥1500 (placebo)
• 1 year

Size/duration:
• Not defined
• 1 year

Efficacy benchmarks:
• Placebo-adjusted mean WL ≥5%, or
• ≥35% achieving ≥5% WL + twice that of placebo

Efficacy benchmarks:
• Mean WL 5-10%, and ≥5% higher than placebo
• Percentage of subjects with >10% WL

FDA guidance www.fda.gov; EMA guidance at www.ema.europa.eu (accessed 18/4/2021)

Liraglutide trial design: determining the effective dosage

Why is 3.0mg the approved obesity treatment 
dose for liraglutide? Liraglutide as a treat-
ment for type 2 diabetes is used at a dose of 
1.2 or 1.8mg. The reason why liraglutide was 
approved at 3.0mg for obesity treatment is 
because there is an increased dose-dependent 
weight loss up to 3.0mg with this molecule. 
The Phase 2 dose-finding study was done 
over a decade ago and enrolled patients who 

had a BMI between 30 and 40, randomised 
to various doses of liraglutide, plus an open 
label comparator of orlistat (Figure 1). After 
a year, liraglutide and placebo recipients 
were switched to 2.4mg and then 3.0mg. The 
interim analyses of the data revealed that the 
higher dose was the most favourable treat-
ment dose for obesity.2

Figure 1. Liraglutide trial design: Phase II dose-ranging study. Two-year safety, tolerability and weight loss 
associated with liraglutide

Trial information
• January 2007 to 

April 2009
• Randomised, 

controlled double-
blind study

• 19 European centres
• Year 1 double-blind; 

Year 2 unblinded

Inclusion criteria
• BMI ≥30 to ≤40kg/

m2

• Age 18-65 years
• Stable body weight
• FPG <7mmol/L at 

screening

Randomisation
(1:1:1:1:1:1)

Placebo run-in: 
week –2

20 weeks
Extension n=398

FU: 1 week
1 year

EOT
2 years

  Trial objective

   Long-term safety, tolerability and efficacy of liraglutide for sustaining WL in combination with reduced 
calorie diet (–500 kcal/day) and increased physical activity

Lifestyle intervention: –500kcal/day diet + ↑ physical activity

Liraglutide 3.0mg (n=93)

Liraglutide 2.4mg (n=93)

Liraglutide 1.8mg (n=90)

Liraglutide 1.2mg (n=95)

Placebo (n=98)

Orlistat 120mg ×3 (n=95)

Switched to 
liraglutide 
2.4mg and 
to 3.0mg 

when locally 
approved 

(70–96 weeks)

http://www.denovomedica.com
http://www.fda.gov
http://www.ema.europa.eu
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Weight loss with 
liraglutide was 
dose-dependent 
and increased 
right up to 3.0mg, 
which is the 
dose selected 
for weight 
management

Mean weight loss at one year

In the dose-finding study there was a dose-
dependent weight loss with liraglutide: at the 
3.0mg dose, there was a 9.2% weight loss. 

This met the FDA criterion of more than 5% 
weight loss compared to placebo and was a 
statistically significant difference. 

Subjects achieving >5% weight loss at one year
The proportion of patients who achieved 
>5% weight loss at one year met the FDA 
benchmark that at least 35% of patients 
achieve 5% weight loss. Liraglutide 3.0mg 
achieved well over these targets (Figure 2).

Weight loss with liraglutide was dose depend-
ent and increased right up to 3.0mg, which is 
the dose selected for weight management. 

SCALE trials of liraglutide in weight management 
(Phase IIIa)
There were a number of studies done in the 
Phase IIIa programme; three of the trials are 

pivotal and their results are reviewed here.

Trial design: SCALE obesity and prediabetes study
This study recruited over 3700 patients; these 
were adults who met the criteria for obe-
sity pharmacotherapy, i.e. a BMI of 30 or 
greater or a BMI of 27 or greater with health 
comorbidities related to obesity. They were 
randomised to either liraglutide 3.0mg or 
placebo.3

All patients in the trial were studied for up to 
one year. They were pre-stratified as having 

prediabetes or having euglycaemia (patients 
with prediabetes were followed for up to three 
years).4 Focusing on the one-year results of 
all patients, the primary endpoints of body 
weight change and the proportion of patients 
achieving 5% or 10% weight loss were evalu-
ated. It is important to note that all patients 
in these trials also received lifestyle coun-
selling, because this is an essential part of 
obesity management.3

Figure 2. Subjects achieving >5% weight loss at one year. Phase II dose-ranging study

28

43

51

73

*

FDA Approval 
benchmark

At 1 year proportion losing ≥5%:
• At least 35%
• Approx. 2× that of placebo
• Statistically significant*

Pr
op

or
ti

on
 o

f s
ub

je
ct

s 
(%

)

Placebo 1.2mg 1.8mg

Liraglutide dose

2.4mg 3.0mg

*Estimated mean changes in weight-loss responders (by logistic regression) are shown for the intention-to-treat; population with last 
observation carried forward. p≤0.05 vs. placebo. FDA, United States Food and Drug Administration

Lirglutide 1.2–2.4mg are not approved for weight management

53



MAY 2021  I  5

Pharmacotherapy for the management of obesity: Scaling new frontiers

EARN FREE
CPD POINTS

Join our CPD community at

and start to earn today!

www.denovomedica.com

Change in body weight (%) at year one5

In this study, at one year, patients who 
adhered to treatment for the duration actually 
lost 9.2% of their body weight with liraglutide 
3.0mg versus 3.5% weight loss with placebo. 
In the last observation carried forward 
(LOCF) analysis, there was an 8% weight loss 

with liraglutide versus 2.6% weight loss with 
placebo. This demonstrated a powerful effect 
of liraglutide 3.0mg together with lifestyle 
intervention, which induced a clinically 
significant weight loss (Figure 3).

EMA stopping-rule guidance for anti-obesity medication failure

Most regulatory bodies around the world 
state that obesity pharmacotherapy should be 
stopped if  the patient does not reach at least 
5% weight loss after three months on full-dose 
treatment. When the SCALE obesity and 

prediabetes clinical trial was evaluated for treat-
ment failure, two-thirds of patients achieved 
the successful benchmark of at least 5% weight 
loss on the full-dose of treatment, versus only 
22% of patients in the placebo group.

Change in body weight (%)
Patients who achieved 5% weight loss after 
three months on the full dose (regarded 
as early responders) also achieved a larger 
weight loss at one year (11.5%), compared 
with people who did not achieve the targeted 
5% weight loss in the first three months (so-
called non-responders), who only achieved 
an average of 3.8% weight loss at one year 
(Figure 4).5

“It is nonetheless noteworthy that over one-
third of those who did not reach 5% weight 
loss at three months still went on to achieve a 
clinically significant weight loss by one year” 
says Dr Pedersen.

Figure 3. Change in body weight (%)
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if a patient had 
been gaining 
weight prior 
to starting 
pharmacotherapy, 
and then had 
just a 3% weight 
loss, that would 
be considered a 
success clinically, 
because they are 
no longer gaining 
weight.

The Canadian Obesity Guidelines challenge 
the EMA 5% stopping rule on two grounds. 
First of all, if  the patient is achieving weight 
loss, even if  it is slower, the Canadian guide-
lines suggest evaluating these patients on an 
individual basis, as some people who don’t 
achieve 5% weight loss will still have good 
success over the longer term.

A second motivating issue for continuation 
is that the 5% rule doesn’t take into account 

the patient’s trajectory prior to starting 
obesity pharmacotherapy. For example, if  
a patient had been gaining weight prior to 
starting pharmacotherapy, and then had just 
a 3% weight loss, that would be considered a 
success clinically, because they are no longer 
gaining weight. In Canada, it is recommended 
that clinicians take their patient’s journey into 
consideration when deciding whether or not 
obesity pharmacotherapy is successful and of 
value to an individual patient.

SCALE obesity and prediabetes trial – three-year 
outcome
Patients with prediabetes in the SCALE 
obesity and prediabetes study were followed 
up for three years - with the primary endpoint 
being ‘time to onset of type 2 diabetes’. It is 
well known that obesity is associated with 
many health complications; prediabetes is 
common in the population with obesity. If  
pharmacotherapy can help to prevent or delay 
the onset of type 2 diabetes in overweight peo-
ple, that is a really important health benefit. 

The overall purpose of managing obesity is 
not actually about numbers on the scale, it’s 
about improving health: metabolic health, 
mechanical health, psychological health and 
quality of life. Studies that look at health 
outcomes are really important to understand 
what the health benefits of pharmacotherapy 
can be.

Change in body weight (%) and delay in progression to type 2 diabetes
At the three-year mark, the majority of the 
weight loss seen at one year was sustained on 
liraglutide therapy. Importantly, this study 
reached its primary endpoint and showed that 
the risk of developing type 2 diabetes in this 

population on liraglutide 3.0mg was reduced 
by 79% compared to placebo. There is a very 
important diabetes prevention capacity fol-
lowing liraglutide 3.0mg treatment.6

Figure 4. Categorical weight loss achievers at week 56
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Pharmacotherapy 
does not cure 
obesity, just like 
antihypertensive 
medication 
doesn’t cure 
blood pressure 
but helps to 
control it. 
Similarly, obesity 
pharmacotherapy 
is intended 
to be a long-
term treatment 
strategy to 
control this 
chronic medical 
condition

SCALE trial – maintenance of lifestyle weight loss 
(Phase IIIa) 
The patient who cannot maintain their weight 
loss with lifestyle, dietary and other interven-
tions is a common clinical phenomenon. This 
was addressed in the SCALE maintenance 
trial, one of the key trials leading to the 
Canadian Obesity Guidelines’ recommenda-
tion to use pharmacotherapy for maintenance 
of lifestyle-induced weight loss.

More than 400 patients were enrolled in the 
SCALE maintenance trial, again meeting 

the traditional clinical criteria for pharmaco-
therapy for obesity, randomised to liraglutide 
3.0mg or placebo, after having achieved at 
least a 5% weight loss with a low-calorie diet 
and physical activity interventions. If  they 
had lost 5% on lifestyle modification, they 
were randomised to liraglutide (3.0mg) or 
placebo to assess whether they could main-
tain their weight loss or even potentially lose 
more weight.

Maintenance of change in body weight (%) 
It is important in understanding this trial to 
know that if  patients achieved 5% weight loss 
with lifestyle change alone and no pharmaco-
therapy, they were then randomised to either 
liraglutide 3.0mg or placebo. The results 
show that those in the run-in phase who had 

success with lifestyle change lost 6% weight, 
while the liraglutide group not only main-
tained that weight loss, but lost another 6.2% 
body weight, for a total of over 12% weight 
loss (Figure 5).7

Figure 5. Change in body weight (%) – SCALE maintenance trial
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I counsel my 
patients that 
about 20% 
can expect to 
experience some 
gastrointestinal 
side effects on 
liraglutide, most 
commonly nausea, 
sometimes 
constipation, 
sometimes 
diarrhoea and 
heartburn

The placebo group was able to maintain the 
weight loss because they had good, regular 
follow-up in the context of a clinical trial; 
when the clinical trial was stopped and 
treatment was stopped, there was a tendency 
toward weight gain. This did not happen on 
liraglutide treatment and underscores the 
importance of pharmacotherapy as a long-
term treatment strategy. 

Pharmacotherapy does not cure obesity, 
just like antihypertensive medication doesn’t 
cure blood pressure but helps to control 

it. Similarly, obesity pharmacotherapy is 
intended to be a long-term treatment strategy 
to control this chronic medical condition.

Four out of five patients on liraglutide 
(3.0mg) were able to maintain the weight loss 
achieved with lifestyle change, versus less 
than half  of the patients on placebo. Half  of 
the patients in the liraglutide (3.0mg) treat-
ment group were also able to achieve an addi-
tional 5% weight loss, versus approximately 
one in five patients on placebo.7

Adverse events in the SCALE obesity and 
prediabetes trials7

The most common side effects of liraglutide 
as weight management therapy, as with all 
GLP-1 receptor agonists, are gastrointestinal. 
“I counsel my patients that about 20% can 
expect to experience some gastrointestinal 
side effects on liraglutide, most commonly 
nausea, sometimes constipation, sometimes 
diarrhoea and heartburn.” This is due to a 
transient slowing in gastric emptying when 
GLP-1 receptor agonists are initiated.7

Most nausea is mild to moderate, and abates 
with time; this is related to the transient 
nature of the slowing of gastric emptying, 
which actually reverts back to baseline in the 
vast majority of patients once they have been 
on liraglutide treatment for a few months. 
“The majority of patients don’t get gastroin-
testinal side effects, but it certainly does hap-
pen; however, they tend to be minimal and 
abate with time.”

Adverse events of special interest
Overall, across the SCALE treatment pro-
gramme, there was a 1% chance of developing 
gallstones in the treatment group, relative to 
those on placebo. It is important to note that 
anyone losing weight can actually get gallstones. 
Because there’s a slight slowing of contractility 
of the gall bladder on liraglutide therapy, there 
is about a 1% increased risk over and above the 
normal risk associated with weight loss.

There is also about a 1 in 1000 increased risk 
of pancreatitis. There is no concern about an 
increase in cardiovascular events; in fact, the 
LEADER trial of liraglutide 1.8mg in type 2 
diabetes showed a reduction in cardiovascular 
mortality in people with type 2 diabetes.8 This 
finding was accepted as sufficient cardiovas-
cular safety data for liraglutide 3.0mg.

Case study
Patient: Sandy
I’d like to finish by sharing a case of one of my patients, Sandy. 

I met her in 2012; at that time she was 39 and had PCOS as a health comorbidity of her adi-
posity. She had a BMI of 29. 

We tried many lifestyle programmes, but she had no success with weight loss. The only phar-
macotherapy we had at that time was orlistat, which she didn’t tolerate, due to its gastrointesti-
nal side effects. 

Sandy left my follow-up appointment intending to work on lifestyle, and didn’t come back 
until four years later. She was very disturbed because of her weight, as she had gained 9kg 
over those four years; her BMI was now 33.5. She was exercising daily and she told me that her 
appetite was her major problem, that she just felt so hungry when she tried to restrict her food 
intake. She was normoglycaemic and did not have type 2 diabetes.

At this time, liraglutide 3.0mg for weight management had become available in Canada, so 
she started on this therapy. Four months later she came in very pleased after losing 10.3% of 
her body weight after three months on full-dose treatment; her BMI was 30. Although she had a 
normal HbA1c at baseline, her HbA1c had also come down further within the normal range.
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Key learnings

• Liraglutide 3.0mg is an important pharmacotherapeutic option for the management of obesity. It provides 
dose-dependent weight loss up to the 3.0mg dose, which is the approved dose, and at that dose there is 
an attainable 9.2% weight loss at 56 weeks, when combined with lifestyle modification

• Patients who experienced at least a 5% clinically significant weight loss at week 16 of liraglutide therapy 
(which is three months on a full-treatment dose) are referred to as early responders. In these early 
responders, there is even better weight loss success of 11.5%

• Liraglutide is well tolerated and has a safety profile in keeping with that of the GLP-1 RA class; now with 
liraglutide being available in some countries for over half a decade, there is a wealth of global experience 
with liraglutide supporting its long-term safety and efficacy.

NOW EARN FREE CPD POINTS

Click here to access and submit deNovo Medica’s CPD modules

References
Click on reference to access the scientific article
1. Wharton S, Lau DCW, Vallis M, et al. Obesity in adults: a clinical 

practice guideline. CMAJ 2020; 4(192): E875-E891. 

2. Astrup A, Carraro R, Finer N, et al. Safety, tolerability and 

sustained weight loss over 2 years with the once-daily human 

GLP-1 analog, liraglutide. Int J Obes (Lond) 2012; 36(6): 843-

854.

3. Pi-Sunyer X, Astrup A, Fujioka K, et al. A randomized controlled 

trial of 3.0mg of liraglutide in weight management. N Engl J 

Med 2015; 373: 11-22.

4. Kolotkin RL, Smolarz BG, Meincke HH, et al. Improvements in 

health‐related quality of life over 3 years with liraglutide 3.0 mg 

compared with placebo in participants with overweight or 

obesity. Clin Obes 2018; 8(1): 1-10.

5. Blüher, K. Hermansen, F. Greenway, K. Fujioka, P. Jacobsen, C. 

Jensen, J. Wilding (Germany). Early weight loss with liraglutide 

3.0 mg is a good predictor of clinically meaningful weight loss 

after 56 weeks 0208-P.

6. Le Roux CW, Astrup A, Fujioka K, et al. Three years of 

liraglutide versus placebo for type 2 diabetes risk reduction 

and weight management in individuals with prediabetes: a 

randomized double-blind trial. Lancet 2017; 389(10077): 

1399-1409.

7. Wadden A, Hollander P, Klein S et al. Weight maintenance 

and additional weight loss with liraglutide after low-calorie-

diet-induced weight loss: the SCALE maintenance randomized 

study. Int J Obes (Lond) 2013; 37(11): 1443-1451. With 

erratum in Int J Obes (Lond) 2015; 39(1): 187. 

8. Marso SP, Daniels GH, Brown-Frandsen K, et al. Liraglutide 

and cardiovascular outcomes in type 2 diabetes. N Engl J Med 

2016; 375(4): 311-322.

Disclosures
Grants/research 
support: Novo Nordisk, 
AstraZeneca, Prometic, 
Sanofi, Pfizer, Lilly
Speaker’s bureau/
honoraria: Lilly, 
Boehringer, AstraZeneca, 
Janssen, Novo Nordisk, 
Merck, Sanofi, Abbott, 
Bausch, HLS
Consulting fees: 
AstraZeneca, Boehringer, 
Novo Nordisk, Bausch, 
Janssen, Sanofi, Merck, 
Lilly, Abbott, Dexcom, HLS

http://www.denovomedica.com
https://www.facebook.com/DeNovo-Medica-727966280661344/
https://twitter.com/deNovoMedica
https://www.linkedin.com/in/denovo-medica-5b80901a1/
https://twitter.com/deNovoMedica
https://www.facebook.com/DeNovo-Medica-727966280661344/
https://www.linkedin.com/in/denovo-medica-5b80901a1/
mailto:info%40denovomedica.com?subject=
http://www.denovomedica.com
http://www.denovomedica.com
https://www.cmaj.ca/content/cmaj/192/31/E875.full.pdf
https://www.cmaj.ca/content/cmaj/192/31/E875.full.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3374073/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3374073/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3374073/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3374073/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5813214/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5813214/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5813214/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5813214/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5813214/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5813214/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5813214/
https://www.nejm.org/doi/full/10.1056/nejmoa1411892
https://www.nejm.org/doi/full/10.1056/nejmoa1411892
https://www.nejm.org/doi/full/10.1056/nejmoa1411892
https://www.nejm.org/doi/full/10.1056/nejmoa1411892
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736%2817%2930069-7/fulltext
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736%2817%2930069-7/fulltext
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736%2817%2930069-7/fulltext
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736%2817%2930069-7/fulltext
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736%2817%2930069-7/fulltext
https://pubmed.ncbi.nlm.nih.gov/23812094/
https://pubmed.ncbi.nlm.nih.gov/23812094/
https://pubmed.ncbi.nlm.nih.gov/23812094/
https://pubmed.ncbi.nlm.nih.gov/23812094/
https://pubmed.ncbi.nlm.nih.gov/23812094/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4985288/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4985288/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4985288/

