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Foreword

The important first step

Cliché as it may sound, every journey starts with a first step.
Even the greatest scientists started with their first little experi-
ment and wrote their first article. At Erasmus MC, we are aware
that tomorrow’s scientists are today’s students, and we motivate
them to take that first step early in their career. Obviously, in
order to become a successful scientist, distinctive talents and
personality traits, including curiosity, an open mind and a posi-
tive critical attitude are a prerequisite. But being a scientist also
requires education, craftsmanship, dedication and hard work.

At Erasmus MC, annually, over 1000 systematic reviews, opini-
ons, Minor essays and Master theses are being prepared by our
students. In order to familiarize them with the process of scien-
tific writing, they are invited to submit these products for publi-
cation in Erasmus Journal of Medicine (EJM). Their manuscript
will then be reviewed by fellow students and staff reviewers.
The entire editorial management process is the hands of student
editors, who are tutored by staff researchers.

As the current issue of EIM demonstrates, this process has again
proven successful. A broad variety of topics are addressed, ran-
ging from a discussion of the (cost-)effectiveness of elective
bariatric surgery in obese patients with type 2 diabetes mellitus
to the question whether soft-drinks with sugar should be taxed.
We do hope that you will enjoy reading this work as much as
we and our colleagues enjoyed tutoring the students. And fel-
low students: do not hesitate to submit your valuable research! It
might be the first step in a wonderful scientific career.

Prof. Hans van Leeuwen, dean

Prof. Eric Boersma, chair of the editorial board
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Editorial comment

Too much oxygen?

Paul van Daele, MD PhD
Department of Immunology, staff editorial board EJM,
Erasmus Medical Center

In the current issue of the journal, Zwaan et al describe the po-
tential detrimental effects of over-liberal oxygen supplementa-
tion to patients after cardiac arrest. They mention that hyperoxia,
defined as a PaO2 above 300 mmHg, is associated with poorer
outcome, both in mortality and neurological morbidity.
Although oxygen itself is vital to sustain life, breathing oxygen
at higher than normal partial pressure may lead to hyperoxia and
can cause oxygen toxicity or oxygen poisoning. Both acute and
chronic oxygen toxicity can occur. The acute toxicity (very high
dose for relatively short time as seen for instance in divers (1))
manifests generally with central nervous system (CNS) effects,
while chronic toxicity (lower dose of oxygen for longer periods
for instance in an ICU-setting) has mainly pulmonary effects.
Patients at risk for oxygen toxicity are those that are on hyperba-
ric oxygen therapy, patients exposed to prolonged high levels of
oxygen, premature infants and underwater divers. Oxygen toxi-
city is probably caused by oxygen-derived free radicals. Oxygen
is particularly toxic for CNS, lungs and eyes (neonates).
Fortunately, both in children and adults, oxygen-induced pulmo-
nary toxicity is often reversible. For infants, those who have sur-
vived following an incidence of bronchopulmonary dysplasia,
will ultimately recover near-normal lung function, since lungs
continue to grow during the first 5-7 years, but they remain vul-
nerable to respiratory infections.

Also oxygen-induced retinopathy is often reversible but in ad-
vanced stages the outcome is less favorable. (2)

Whether the effects of high dose oxygen on the brain are rever-
sible is less well known. Hyperbaric oxygen can induce seizures
which are classified as brief, generalized tonic-clonic seizures
and they are believed to cause no residual cognitive damage,
although sound data in humans are lacking. In a mouse model it
was shown that hyperbaric oxygen caused a transient decrement
in cognitive function. (3) Remarkably high dose oxygen may
also have beneficial effects in acute severe traumatic brain in-
jury. (4) This appears to be in contrast to the results from Zwaan
et al.

So even for oxygen Paracelsus’s paradigm holds true: “All
things are poisons, for there is nothing without poisonous quali-
ties. It is only the dose which makes a thing poison.”
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Editorial comment

Diagnostic Accuracy Of Plasma
NT-ProBNP For Diagnosing Acute
Systolic Heart Failure In Adult
Patients Presenting With Dyspnea
At The Emergency Department:

a systematic review and Meta-Analysis

Daniélle Gebhard, medical student

David de Groot, medical student

Thomas Woo, medical student

Editorial Board of the Erasmus Journal of Medicine

In this issue of the Erasmus Journal of Medicine, a systematic
review and meta-analysis by Kemps et al (1) provides an in-
sight in the usage of N-terminal prohormone of brain natriu-
retic peptide (NT-proBNP) in diagnosing Acute Systolic Heart
Failure (ASHF). With a rising incidence of acute heart failure,
optimizing the diagnostic process of ASHF is of great clinical
relevance. Due to its high sensitivity, as has been shown in this
meta-analysis, NT-proBNP can function as a rule-out biomar-
ker for ASHF. This means that normal NT-proBNP serum levels
make ASHF unlikely as the cause of acute dyspnea.

By searching the latest available literature, Kemps et al found
eight studies eligible for inclusion in their meta-analysis to cal-
culate the sensitivity and specificity of NT-proBNP as biomarker
for diagnosing ASHF. Using eight studies to calculate the sen-
sitivity and specificity, the authors were able to make reliable
estimates. However, there are several limitations to this meta-
analysis. For example, the included studies had a different ap-
proach on the biochemical measurement of NT-proBNP in pa-
tient plasma samples, and not all systolic heart failure diagnoses
in the included articles were confirmed by an echocardiography.
Furthermore, we think that the fact that the included articles did
not investigate the differences between men and women is also
a limitation to this study.

The importance of the influence of gender in heart disease was
recently addressed by prof. dr. Angela Maas and dr. Janneke
Wittekoek in the Dutch media.(2) Some research has been done
concerning this matter. It seems that female heart failure patients
tend to have more comorbidities. However, females tend to have
a better prognosis in terms of mortality and hospitalization risk
compared to men.(3) Women tend to develop heart failure at an
older age compared to men, and heart failure with preserved
ejection fraction is more common in women.(4) Also, studies
have shown that serum levels of BNP in healthy adults are sig-
nificantly higher in women compared to men.(5, 6) According
to Kim et al (7) the NT-proBNP level is a more reliable marker
in the prediction of long-term mortality and heart failure read-
mission in men than in women. Generally, it seems that ASHF
tends to be different in female patients. This raises the question
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whether the potential use of NP-proBNP in the diagnosis of
ASHEF also depends on gender.

In the current systematic review, the included studies had an
equal distribution in gender. However, no subgroup analysis has
been conducted for the sensitivity and specificity of the biomar-
ker for men and women separately. Future research is required
to improve the diagnosis of heart failure in both male and fe-
male patients using NT-proBNP as biomarker to minimize the
number of false-positives and false-negatives. Furthermore, the
difference in usability of NT-proBNP between the sexes should
be a subject for future research, due to the known differences
between male and female patients with ASHF.
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Opinion

Elective Bariatric Surgery in
Obese Patients with Type 2
Diabetes Mellitus
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“Medical student, Erasmus Medical Center Rotterdam, The Netherlands
Correspondence: Ricardo M. Bianchi, email: 424702rb@ student .eur.nl
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Abstract

Introduction: Global prevalence of Diabetes Mellitus has increased substantially in the last few decades. More treatment options
for patients with Type 2 Diabetes Mellitus have been tested to achieve glycemic control or even remission. Multiple studies also
showed that surgical bariatric interventions are superior to medication management in the treatment of Type 2 Diabetes Mellitus.
Research question: Should bariatric surgery become the standard treatment in obese patients with Type 2 Diabetes Mellitus in-
stead of conventional medication treatment?

Methods: Literature search was performed to investigate the effectiveness, adverse events, cost-efficacy and logistics of both types
of treatment, as well as other treatments and ethical aspects.

Results: Although bariatric surgery is more effective in terms of remission of Type 2 Diabetes Mellitus, the adverse events, cost-
efficacy and logistics are inferior to those of conventional medication treatment. Moreover, implementing bariatric surgery as
standard treatment has to overcome some ethical considerations however. Medication regimen is not fully optimized yet due to a
poor adherence rate.

Conclusion: Bariatric surgery should not become the standard treatment in patients suffering from Type 2 Diabetes Mellitus.

Introduction

The global prevalence of Diabetes Mellitus (DM) has risen from
4.7% in 1980 to 8.5% in 2014, or from 108 to 422 million indi-
viduals respectively.[1] DM, which is diagnosed when fasting
plasma glucose is equal to or above 7.0 mmol/L, is responsible
for approximately a two-fold increased risk of coronary heart
disease, stroke, and deaths from a cardiovascular cause such as
heart failure, cardiac arrhythmia, sudden death, hypertensive
disease and aortic aneurysms.[2,3]

There are two main forms of DM. Type 1 Diabetes Mellitus
(T1DM) results in insulin deficiency due to auto immune-medi-
ated destruction of pancreatic 3-cell islets, while Type 2 Diabe-
tes Mellitus (T2DM) is caused by defect(s) in insulin secretion,
almost always with a major contribution from insulin resistance.
[4] T2DM is the most common form and is associated with obe-
sity and decreased physical activity.[5] About 52% of the pa-
tients with diagnosed DM are obese, which is defined as having
a Body Mass Index (BMI) of at least 30 kg/m2. Moreover, 83%
of those patients are overweight, which is defined as having a
BMI of at least 25 kg/m2.[6] While patients with TIDM need
the use of insulin to survive, treatment options for T2DM are
more versatile.[4] The American Diabetes Association (ADA)
has stated in their latest annual version of the Standards of Me-
dical Care in Diabetes that a pharmacologic agent, for example
Metformin, is the preferred initial method in the treatment of
T2DM, but lifestyle management and weight control also play
an important role in controlling T2DM.[7,8] In The Netherlands
however, lifestyle intervention and weight control are conside-
red the initial treatment methods in controlling T2DM.

In the last decade more treatment options for patients with
T2DM have been tested to achieve glycemic control or even
remission of T2DM, including weight control programs and ad-
ditional medicines like Empagliflozin and Omarigliptin.[9-11]
Multiple studies also showed that surgical bariatric interven-
tions are superior to medication management in the treatment
of T2DM.[12-15] Bariatric surgery not only helps controlling
T2DM, but is also associated with an significant risk reduction
in macrovascular outcome, myocardial infarction, stroke, car-
diovascular events and mortality compared to non-surgical in-
terventions.[16,17] Our goal is to determine whether bariatric
surgery should become the standard treatment in obese patients
with Type 2 Diabetes Mellitus, as opposed to conventional me-
dication treatment. To answer this question, we performed a li-
terature search on PubMed between November 26th 2018 and
January 4th 2019 and selected articles that had their main focus
on effectiveness, adverse events, cost-efficacy and logistics of
bariatric surgery or conventional medication treatment, as well
as other treatments and ethical aspects.

Effectiveness

To evaluate the possibility to accept bariatric surgery as standard
treatment for patients suffering from T2DM, it is worth investi-
gating the effectiveness of both bariatric surgery and conventio-
nal treatment, in this case lifestyle management and medication.
It has been reported that complete T2DM remission, which is
defined as lowering glycated hemoglobin (HbAlc) to normal
limits and fasting blood glucose (FBG) levels below 100 mg/
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dl (5.6 mmol/L) for at least one year without the use of anti-dia-
betes medication, occurred in about 70% of patients that under-
went bariatric surgery.[18,19] In that same study, just over 12%
of post-bariatric patients achieved partial remission, defined as
HbAlc below 6.5% or 48 mmol/mol and FBG levels of 100
125 mg/dl or 5.6-6.9 mmol/L for a minimum of 1 year without
pharmacological treatment.[ 18] However, about 12% of patients
with partial or complete remission of T2DM also experienced
relapse.[19] Medication regimen on the other hand, showed no
remission after 2 years at all.[20] According to the bottom-up,
prevalence-based European-wide CODE-2 study, which studied
economic burden of Diabetes Mellitus in Europe, conventional
treatment only achieves adequate glycemic control in 31% of
the investigated patients suffering from T2DM and thus, is far
from optimal.[21] Multiple studies though, have addressed poor
adherence to medication treatment and insulin therapy in pa-
tients with T2DM.[22-30] One study found that insulin therapy
unwillingness was common. Nearly 30% of the investigated in-
dividuals reported being unwilling to take insulin if prescribed,
suggesting an adherence rate of only 70% in all eligible patients.
[31] A recent meta-analysis reported a mean rate of poor medica-
tion adherence of 38%, where the patients with good adherence
had significant fewer hospitalization events and less all-cause
mortality events.[32]

Adverse events

Although bariatric surgery leads to higher remission rates of
T2DM, it is a more invasive treatment option with adverse
events and additional risks depending on the performed type of
bariatric surgery. Either performing a Sleeve Gastrectomy (SG)
or Roux en Y Gastric Bypass (RYGB), both which are types of
bariatric surgery, results in at least one major complication in
2.0% of the patients, with leakage as most common complica-
tion. With the use of Laparoscopic Adjustable Gastric Banding
(LAGB), another bariatric procedure, the median complication
rate is 42.7% with slippage and pouch dilatation as most com-
mon complication.[34] Despite all complications, a meta-analy-
sis from 2017 showed that bariatric surgery is associated with a
low perioperative mortality rate (0.18%) and a long-term reduc-
tion in all-cause mortality of 41% in patients receiving bariatric
surgery compared to non-operated obese controls.[35] Medicati-
on treatment however, also has side-effects. Sulphonylureas are
known for its major adverse effect: hypoglycemia. Moreover,
cases of acute pancreatitis have been reported with the use of
glucagon-like peptide 1 (GLP-1) receptor agonists, while skin
rash is prevalent after the use of dipeptidyl peptidase 4 (DPP-4)
inhibitors. Urinary tract infection and genitourinary tract can-
didiasis are commonly reported side-effects of Sodium-glucose
co-transporter 2 (SGLT-2) inhibitors.[36] Thiazolidinediones
(TZDs) could reduce bone density, leading to an increased risk
of bone fractures.[37] Therefore, it is questionable whether the
risk of complications after bariatric surgery outweighs the ad-
verse events of conventional medication treatment.

Cost efficacy

In the US, medical costs of people with diagnosed diabetes are
about 2.3 times higher than in the absence of diabetes. Conside-
red institutional care, outpatient care and outpatient medications
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and supplies, total costs solely attributed to the presence of DM
are 9.601 US dollars per capita per year. Indirect burden of dia-
betes and mortality costs attributed to diabetes account for ano-
ther 89.9 billion and 19.9 billion US dollars respectively. In to-
tal, those numbers have led to a 26% increase in economic costs
of diabetes from 2012 to 2017 after adjusting for inflation. The
main reasons for this rise are increased prevalence of diabetes
and the increased cost per person with diabetes.[38] Estimates
of total costs solely attributed to bariatric surgery however, seem
to be between 14.000 and 15.000 US dollars per capita.[39] The
incremental cost-effectiveness ratio (ICER), which is a statistic
used to quantify the expenses of a healthcare intervention, varied
from over 150.000 US dollars per Quality Adjusted Life Year
(QALY) 36 months after bariatric surgery to around 90.000 US
dollars per QALY, guaranteeing cost-effectiveness with a proba-
bility of 98% 6 years after bariatric surgery.[40] In comparison,
the cost efficacy of metformin, a drug widely used in the preven-
tion and treatment of T2DM, is calculated to be around 30.000
US dollars per QALY.[41] Terranova et al. stated in their review
that other cost efficacy analyses also consistently demonstrated
that additional years of lives gained through bariatric surgery
may be obtained at a reasonable and affordable cost. This cost
will likely differ between countries. Furthermore, they stated the
use of bariatric surgery may save money in a relatively short
period of time, even after a required initial economic investment.
[42] Unfortunately, no data was found on the European evalua-
tion of cost-efficacy of both bariatric surgery and conventional
medication treatment.

Feasibility

A question that needs to be raised, is if elective bariatric surgery
can be performed on all obese patients with T2DM without strain
on the health care system. One study estimated the workload for
surgeons to perform bariatric surgery on all roughly 22 million
obese Americans. It would take 5500 bariatric surgeons doing
400 cases a year each for 10 years to attempt to surgically treat
every obese American. Considering the country’s current surgi-
cal and health care resources, these numbers cannot be achieved.
[43] Instead, it could be more beneficial to address obesity and
diabetes with long-term, concerted policy efforts worldwide.
This includes lifestyle changes like healthy eating, regulation of
food supply, public education, but also motivation and incen-
tives in various societies. Other efforts such as healthy commu-
ting through walking or biking first need gradual change of the
current infrastructure.[44]

Other treatment strategies

Before bariatric surgery can be considered the preferred method
in treatment and cure of T2DM, other treatment strategies need
to be discussed. So far, treatment through medication has been
mentioned. Another possible treatment strategy is lifestyle ma-
nagement, most notably in the form of dietary control.[45] Pre-
vious studies have shown that a low-calorie diet results in a re-
duction of plasma glucose levels of the patients being observed.
[46-48] According to a study performed by Lim and colleagues,
the mechanism behind this effect lies in the reduction of fat con-
tent in liver and pancreas, as well as in normalization of $-cell
function.[46] During that study, participants were given a diet
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of 600 kcal/day for eight weeks. As the participants were given
this diet, fat content in the liver decreased by 9.9% and fat con-
tent in the pancreas by 1.8% after eight weeks. After the eighth
week, fat content was comparable to that of participants in the
control group. Moreover, hepatic insulin sensitivity increased
and plasma glucose levels decreased by 3.3 mmol/L to similar
levels found in the non-diabetic control group. This decrease in
pancreas fat content caused more insulin secretion and thus a
return in B-cell function. These effects were observed after one
week of taking the low-calorie diet and showed a normalization
of glucose levels and hepatic insulin sensitivity in a short pe-
riod of time.[46] However, no significant increase of peripheral
insulin sensitivity was found. Other studies showed a decrease
in HBAlc levels after dietary control, further suggesting that a
low-calorie diet can lead to a remission of T2DM and normali-
zed plasma glucose levels.[4548.49] These studies showed that
the weight of participants also decreased as triglyceride content
in the liver and pancreas decreased.[45-49]

Ethical aspects

So far, we have discussed the practical implications and consi-
derations of implementing bariatric surgery in the treatment of
T2DM. However, there are also ethical aspects related to this
discussion. First of all, a trend towards more invasive interven-
tions has been described previously, even within well-regulated
surgical settings.[50] This could be explained by the fact that
private for profit bariatric centers may let non-medical motives
interfere with medical intentions. Also, conflicts of interest can
occur as surgeons and scientists hold positions in or are paid by
commercial companies providing products for bariatric surgery.
[51] In conclusion, bariatric surgery seems to be at least influen-
ced by stake holder interests.

Secondly, informed consent regarding bariatric surgery can be
quite challenging. Etiology and mechanisms of T2DM, as well
as outcomes of various interventions is complex and not fully
understood yet, even to specialists caring for patients under-
going bariatric treatment. It might therefore be a difficult task to
communicate this to patients. Moreover, it is difficult to inform
patients about the risk, side-effects and expected consequences
of bariatric treatment, such as long-term nutritional, medical and
psychological consequences as they are, again, not fully under-
stood by healthcare professionals.[50]

Thirdly, T2DM is frequently referred to as a “lifestyle disease”.
It is often considered to be self-inflicted resulting from lack of
self-control and is subject to prejudice.[52] Making bariatric sur-
gery the standard treatment method could lead to a change in
perception about the disease. People may see T2DM as a disease
that could simply be cured by means of surgery and may not see
lifestyle as an important factor. However, T2DM is much more
complex than this. Surgery alone would not cure this disease and
there are many factors involved.[53] The perception of T2DM as
merely a disease cured by surgery could create expectations that
could not be met by health professionals.

Although surgery may make T2DM more “biological” and re-
duce this prejudice, it can be seen as a surgical solution to the
medical implications of a social problem.[51] In this perspective
one could ask whether it is ethically justified to perform surgery
in a healthy abdomen.

Lastly, bariatric surgery is not always compensated by the heal-
thcare insurance companies nowadays. This has the potential to
induce inequality to the access of appropriate healthcare, since
not every patient has the financial means to make up for the costs
themselves.[54] Thus, changes in the current healthcare insu-
rance system are crucial to ensure that appropriate healthcare
remains accessible to every patient before bariatric surgery can
be considered the standard treatment.

Authors’ opinion

In this article we summarized the effectiveness of bariatric sur-
gery versus conventional medication treatment in obese patients
suffering from T2DM, as well as cost efficacy of both treatment
strategies and adverse events. We described the potential of
lifestyle management in the form of dietary control as another
treatment strategy in the remission of T2DM and evaluated the
potential of implementing bariatric surgery as standard treat-
ment. Finally, we touched upon the most relevant ethical aspects
and logistics regarding the implementation of elective bariatric
surgery.

We acknowledge the potential of bariatric surgery in the treat-
ment of T2DM in obese patients, especially because of the gro-
wing number of articles showing the effectiveness of this tre-
atment method. On the other hand, less invasive methods like
conventional medication treatment are not yet optimized due to
poor adherence. We believe that an improvement of medication
adherence could lead to better health-related outcomes than con-
ventional medication shows us nowadays.

Although both treatment methods have proven to be cost effec-
tive, it has been established that the cost efficacy of bariatric
surgery is lower than that of conventional medication. If sur-
gery were to become the standard treatment method for T2DM,
it would lead to increased financial costs. Instead, we believe it
would be financially beneficial to invest in the improvement of
medication adherence.

Besides conventional medication, another treatment strategy is
lifestyle intervention in the form of dietary control. There is evi-
dence to suggest that a strict low-calorie diet can produce similar
results to those found in bariatric surgery patients.

We are aware that both conventional medication and lifestyle
intervention have some challenges to overcome in terms of ad-
herence. In the next article of this series, we will evaluate the
possibility to improve adherence to these treatment strategies.
Finally, bariatric surgery still has to take into account some
ethical aspects before it can be implemented as the standard
treatment of T2DM. Stake holder interests need to be more
transparent to prevent conflicts of interest and to guarantee the
best outcomes for each individual patient. Creation of guideli-
nes could ease the process of informed consent and consensus
should be reached about the justification of performing surgery
in a healthy abdomen. Other points to be raised are the potential
shift in perception about the curability of T2DM and access to
the surgery itself across the entire patient population.

In conclusion, conventional medication and bariatric surgery are
treatment options with similar outcomes. Considering all aspects
involved, we believe that bariatric surgery should not become
the standard treatment in patients suffering from Type 2 Diabe-
tes Mellitus.
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Introduction

On January the first of this year, the Dutch government has in-
creased the reduced VAT from 6% to 9%.[1] As a result, pri-
ces of all supermarket goods, including healthy products, have
been raised. The increase in price of products such as fruit and
vegetables caused a great amount of discussion and led to the
question whether a tax on unhealthy products alone would have
been more appropriate. Soft drinks are among the most consu-
med unhealthy products. The popularity of soft drinks has in-
creased enormously in recent decades.[2] Soft drinks are part
of the daily routine for many of us. On average, a Dutch per-
son drinks one glass of soft drink per day. Simultaneously, the
prevalence of obesity has increased.[3] The consumption of soft
drinks could be a major contributing factor to this phenomenon
as they increase the chance of weight gain.[4,5] In addition,
research has shown that soft drinks are associated with many
other health risks.[4-14] Consequently, it is not surprising that
various interventions were investigated to discourage the use of
soft drinks. The introduction of a tax on soft drinks might be
suitable. However, it is not an easy decision as the introduction
of this tax entails both questions on the effectiveness and ethical
objections. The following question therefore arises: Should a tax
on soft drinks be introduced in the Netherlands?

Effects of sugar sweetened beverages on health

In order to decide whether a tax on soft drinks should be imple-
mented, it is important to gather insight into the harmful health
effects of both sugar sweetened beverages (SSBs) and artifici-
ally sweetened (diet) beverages (ASBs).

First, the consumption of SSBs has a harmful effect on
blood glucose and insulin levels.[14] Studies have shown that
the addition of excess energy to a regular diet by SSBs results
in a mean difference of 0.12 mmol/L and 4.70 pmol/L in fasting
blood glucose and insulin, respectively.[14]

The use of SSBs is also associated with several disorders.
Type 2 diabetes mellitus (T2DM) is one of them.[6-8] Research
has shown that the incidence of T2DM increases with 13% per
unit of consumed SSB per day.[6] This percentage was found af-
ter adjustment for body mass index and is therefore independent
of excess body weight. The risk of being overweight is also in-
creased. Studies show a positive association between the use of
SSBs and increased body mass index in both adults and children.
[4] In line, the consumption of SSBs was associated with a 18%
increase of obesity risk.[5] Studies also indicate that there is a
higher chance of acquiring hypertension.[9] In addition, there
appears to be an effect on cardiovascular disease, although this
may be due to indirect effects through the aforementioned disea-
ses.[10,11] Lastly, the consumption of SSBs may affect kidney
and liver. It is associated with increased risk of chronic kidney
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disease by 58% and nonalcoholic fatty liver disease by 55%.
[12,13]

Effects of artificially sweetened beverages on
health

Artificially sweetened beverages (ASBs) are considered to be
healthier alternatives to SSBs. Studies have shown that artifi-
cial sweeteners, in contrast to SSBs, indeed do not affect blood
glucose levels after consumption.[15] However, another study
suggests that the energy avoided from substituting SSBs with
ASBs is compensated for at subsequent meals, resulting in
a similar total energy intake.[16] Furthermore, associations
between ASBs and several disorders have been found.[5,6,9,10]
The consumption of SSBs is associated with a 59% increase of
obesity risk and a 8% increase in risk of T2DM.[5,6] ASBs are
also presumed to increase the risk of stroke and hypertension, in
comparable amounts as SSBs.[9,10] Contrarily, no associations
were found for chronic kidney disease and nonalcoholic fatty
liver disease.[12,13]

It is worth noting that the amount of research regarding
ASBs is limited and results are conflicting, possibly due to
reverse causality, where high risk consumers tend to switch
to ASBs to prevent the predisposed disease (such as obesity).
Therefore, more research is needed to further clarify the long-
term effects of ASBs.

Soft drink popularity

When deciding on the implementation of a soft drink tax, the
scale upon which soft drinks are being consumed, should be
considered.

Soft drinks are very popular in Europe and America. In the last
thirty years, both the amount of soft drinks consumed as well as
the size of one consumption have increased enormously.[2] The
energy intake derived from SSBs even increased by 135%.[2]
Simultaneously, the consumption of dairy products has decre-
ased.[2] The average American drinks 600 ml of sugar sweeten-
ed beverages per day.[2] In the Netherlands, an average person
drinks 86.4 liters of soft drinks per year, which amounts to 240
ml per day.[17] Fructose is a sugar that is widely used as a swee-
tener in soft drinks. It is therefore no surprise that SSBs are the
main source of fructose, which accounts for 9% of the total daily
energy intake in the Netherlands.[18]

Effectiveness and efficiency of a soft drink tax

The effectiveness and efficiency of the intervention should also
be taken into account in the decision-making process of soft
drink tax implementation. In other words: to what extent does
the implementation of this tax succeed in reducing soft drink
consumption and preventing health hazards.
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First of all, there is sufficient evidence that reducing the use of
SSBs will lead to a reduction in the risk of obesity and obesity-
related diseases such as type 2 diabetes.[19] Research has also
shown that the prevention of weight gain in the long term, for
example by reducing the consumption of SSBs, is more impor-
tant in prevention of obesity than weight reduction in the short
term.[19] This proves that reducing the use of SSBs will have a
positive impact on public health.

The question remains whether a tax will actually lead to
a reduction of SSBs consumption. Studies regarding the price
elasticity of soft drinks show that a 10% tax can lead to a de-
crease of 8% to 10% in sale.[20] If the tax is only applicable to
SSBs, this decrease could be even greater as some people will
switch to ASBs instead.[21] It is expected that a tax of 1 (dol-
lar) cents per 30 ml will give a minimum reduction of 20 kcal
per person per day.[21] This is sufficient to achieve weight loss
and to reduce the risk of obesity.[21] It is also expected that this
effect will be even greater for people whose consumption of soft
drinks is high. Their behavior will be more sensitive to a change
in price.[21] Another study predicts that the introduction of a
20% tax will lead to a 1.3% decrease of obesity prevalence.[22]
Although these results were based on predictive models, the ef-
fects of introducing a soft drink tax have also been investigated
in a field study. In a Californian city, a tax of 1 (dollar) cent per
30 ml of sugared soft drink was introduced. This led to a 21%
decrease in SSBs consumption while consumption in compara-
ble cities rose by 4%.[23]

Furthermore, the effects of tax implementation in the past
should also be considered. For example, tobacco taxation has
proven to be an efficient way to reduce smoking and improve
public health.[24]

Ethical dilemma

To decide whether a tax on soft drinks should be implemented
does raise an ethical dilemma. On the one hand, the measure has
a positive influence on public health, while on the other hand,
the measure opposes the respect for autonomy and it could pos-
sibly be considered as an act of paternalism. The question there-
fore remains: Should a tax on soft drinks be introduced in the
Netherlands?

Beneficence

In health care, beneficence is an important principle. This prin-
ciple entails that, as a medical practitioner, one must always try
to promote people’s health.[25] Research has shown that redu-
cing consumption of SSBs will lead to a decrease in the risk of
obesity and obesity-related diseases and a tax on SSBs could
achieve the intended decrease in consumption.[19-23] By pro-
moting public health, a tax on SSBs complies with the principle
of beneficence and should therefore be implemented based on
this principle.

Non-maleficence

Complementary with beneficence, is the principle of non-male-
ficence. This principle states that the actions of a health care pro-
vider should do no harm. However, it also entails that no harm
should be done to an individual through neglect.[25] During re-
cent years, healthy foods and beverages have been consistently

more expensive than less healthy ones, with the Dutch reduced
VAT rate widening this gap even further.[1,26] As a result, an
overall unhealthy lifestyle is promoted, which subsequently
increases the total burden of disease. In addition, it may also
exacerbate social inequalities in health.[26] Neglecting the dis-
couraging environment significantly harms population health
and is therefore a violation of the principle of non-maleficence.
A tax on SSBs could help equalize prices of healthy and less
healthy consumer goods, changing the negative incentive which
is currently present.

Respect for autonomy

Arguments, however, can also be made against the implementa-
tion of the tax. In health care, respect for the opinions, choices
and lifestyle of a person is an important value.[25] This implies
that everyone should be able to make uncoerced choices based
on their own concepts and views. Important to note here is, that
while everybody is responsible for their own choices, a person
has to be competent enough to make these choices.[25] This
principle is called respect for individual autonomy. The imple-
mentation of a soft drink tax opposes this principle. By raising
prices, the government indirectly influences the choices of cus-
tomers. After all, due to the implementation of the tax, a person
can buy less soft drinks with the same salary and the demand
for soft drinks will decrease.[20] Consumption of soft drinks is
therefore reduced by a decision by the government, not by a de-
cision of the individual. Free choice for unhealthy products is
thus limited and part of the responsibility is shifted towards the
government.

One could consider the implementation an act of paterna-
lism. This implies that the government does what it deems best
for all people, without taking into account their individual pre-
ferences.[25] In this case, a tax would be introduced to promote
health, without considering whether people prefer to live a heal-
thy life and what they are willing to sacrifice to achieve this.

Weak paternalism
Sometimes, however, paternalism is justified. Care providers
may ignore the will of an individual if there is no deliberate
choice.[25] This is called weak paternalism and this principle
is applicable to this situation. Firstly, in this case, the deliberate
choice to consume soft drinks is strongly influenced by social
circumstances. Therefore, one might question whether it is a free
choice at all.[27] As mentioned previously, studies have shown
that, on average, unhealthy products are cheaper than healthy
products. [26] Thus, a tax on soft drinks does not hinder the own
choice of an individual, but simplifies the choice for healthy pro-
ducts by a positive influence on the social conditions.[27]
Secondly, making a well-considered healthy choice is a
challenge in itself.[28] It requires sufficient knowledge about
which products are healthy, based upon scientific research. Alt-
hough there is a general idea about health and healthy products,
few will be aware, for example, that a glass of soft drink per day
increases the risk of diabetes by 13%.[6] In addition, when ma-
king healthy decisions, a conflict is present between short term
and long term interests.[28] In the short term, unhealthy pro-
ducts provide benefits as they are considered to be tasty and are
inexpensive.[26] The negative consequences, however, become
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apparent in the long term, which further complicates making a
healthy decision.

Thirdly, consumption of soft drinks by children is a ma-
jor problem.[2] It is the government’s job to protect them from
health risks because they cannot make an informed choice them-
selves and they are largely influenced by their parents’ lifestyle.

Conclusion

Based on the considerations above, a tax on sugar sweetened
beverages should be implemented in the Netherlands. It is clear
that the widespread use of SSBs has negative effects on public
health. It has been shown that a tax on SSBs can achieve the
intended reduction of soft drink consumption and can thus posi-
tively influence public health. Thereby, it complies with the prin-
ciple of beneficence. In addition, neglecting the price inequality
between healthy and less healthy products significantly harms
population health and is therefore a violation of the principle
of non-maleficence. Although the implementation opposes the
respect for autonomy, such a form of paternalism is justified in
this circumstance.

A tax on artificially sweetened beverages, however, is not
justified as of yet, as future studies are required to further eluci-
date the potential harmful effects of ASBs consumption.

Nevertheless, a remark should be made regarding our conclu-
sion. SSBs are often only a small part of an overall unhealthy
lifestyle. Therefore, it is even more important to focus on redu-
cing the consumption of other unhealthy products and breaking
unhealthy habits. This could be achieved by lowering taxes on
healthy products, improving education about healthy habits and
products, increasing the availability of healthy choices over un-
healthy ones and reducing the amount of hidden unhealthy con-
tents of frequently used products.
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Abstract

Objective: To meta-analyze the sensitivity and specificity of NT-proBNP for ruling in and ruling out acute systolic heart failure
(ASHF) at the emergency department (ED). Methods: The databases of Medline and Embase were systematically screened
for English records published until September 31st, 2018 using a predefined protocol. Usage of sensitivities and specificities,
dyspnea as the main complaint at the ED, judication for ASHF and usage of standard diagnostic cut-off values for ruling in
and ruling out ASHF were the main inclusion criteria. Data extraction was performed using a predefined protocol. Quality
was assessed using an eight point scoring tool.

Results: 8 studies were included in the meta-analysis. The pooled sensitivity and specificity of the rule-in cut-off value are
89.4% (95%-CI: 86.8%-91.5%) and 71.7% (95%-CI: 45.3%-88.6%), respectively. The pooled sensitivity and specificity of
the rule-out cut-off value are 97.7% (95%-CI: 95.5%-98.9%) and 55.9 % (95%-CI: 36.8%-73.4%), respectively. Quality ad-
justment had no influence on the results of the meta-analysis.

Conclusions: The sensitivity and specificity of the rule-in cut-off value are 89.4% and 71.7%, respectively. Regarding the
ruling out cut-off value, the analysis showed a sensitivity and specificity of 97.7% and 55.9 %, respectively. These findings
provide insight into the diagnostic usage of NT-proBNP in diagnosing ASHF, but progress still has to be made to improve its

accuracy.

Introduction

Dyspnea is one of the top ten main reasons for adults to present
to an emergency department.[1] Dyspnea can be a sign of both
life threatening and non-life threatening pathologies, making
the diagnostic approach of undifferentiated dyspnea clinically
challenging. Acute heart failure is one of the possible conditi-
ons associated with dyspnea in emergency care.[2] With a rising
incidence and an increase in medical costs, acute heart failure
is becoming more and more of a health problem worldwide.[3]
Therefore, accurate and rapid diagnosis of acute heart failure
upon presentation in the emergency department is important.
Aminoterminal B type natriuretic peptides (NT-proBNP) are
the prohormones of BNP that increase in plasma concentration
when cardiomyocytes are strained.[4] Previously conducted
studies have found a three to ten times higher plasma level of
natriuretic peptides in patients experiencing acute heart failure
compared to a healthy control group.[5-7] Moreover, the amount

of circulating natriuretic peptides is twice as high in acute heart
failure as opposed to chronic heart failure.[8] The gold standard
test of diagnosing acute systolic heart failure (ASHF) is by use
of echocardiography, but this form of imaging at the emergency
department cannot always be rapidly used, for example, due to
the need of specialized handling.[9] NT-proBNP could pose as a
possibly accurate and easier diagnostic tool for the diagnosis of
ASHF in the emergency setting.

The 2012 European Society of Cardiology guidelines suggest
cut-off values for ruling out acute heart failure of 300 pg/ml or
less for NT-proBNP.[2] Often used threshold values for ruling
in acute heart failure are 450 pg/ml, 900 pg/ml and 1800 pg/ml
for patients younger than 50 years, between 50 and 75 years and
older than 75 years, respectively.[5S] Roberts et al. previously
reported on the diagnostic accuracy of natriuretic peptides in
the acute care setting, based on a meta-analysis of records pu-
blished until January, 2014.[10] In this systematic review and
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meta-analysis, we aim to evaluate the diagnostic accuracy of
plasma NT-proBNP measurement for diagnosing ASHF in adult
dyspnea patients presenting to the emergency department (ED),
expressed as sensitivities and specificities. With this, we also
want to include eligible studies published after publication of
the article by Roberts et al., as to capture all available studies on
the diagnostic value of NT-proBNP.

Methods

This article was written in accordance with the 2009 PRISMA
guidelines and checklist for performing systematic reviews and
meta-analyses.[11]

Inclusion and Exclusion Criteria

Previously published studies that evaluated the diagnostic va-
Iue of NT-proBNP to either rule in or rule out ASHF in the ED
were considered eligible if 1) the diagnostic value of the plasma
NT-proBNP measurement was expressed as sensitivity and spe-
cificity analyses or the article supplied data that could be used to
calculate sensitivity and specificity manually; 2) adult patients
(= 18 years of age) enrolled in the study presented at the ED
with acute dyspnea as their main complaint and were diagnosed
before discharge or hospital admission; 3) data on the total num-
ber of adult dyspnea patients, the total number of ASHF patients,
sensitivity and specificity analyses, the way NT-proBNP was as-
sessed, threshold values used for ruling in and / or ruling out
ASHF and the method of judicating ASHF diagnoses were avai-
lable and 4) ASHF in patients with elevated NT-proBNP was
judicated by use of echocardiography (left ventricular ejection
fraction < 50%) by either the emergency physician or a cardio-
logist or by expert evaluation of medical records. Studies were
included for meta-analyzing if the NT-proBNP threshold for ru-
ling in ASHF was 450 pg/ml, 900 pg/ml and 1800 pg/ml for
patients younger than 50 years, between 50 and 75 years and
older than 75 years, respectively, or if the threshold for ruling
out ASHF was 300 pg/ml. Articles written in any other langu-
age than English, review articles, duplicate articles and articles
without full-text access were excluded from the meta-analysis.

Data Extraction

Data extracted from eligible studies included the study size, coun-
try, mean age of participants, sex of participants, the mean presen-
tation at the ED, the study outcomes, the used cut-oft values for
ruling in and ruling out acute systolic heart failure, the assay used
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to measure plasma NT-proBNP, the study’s definition of ASHF, the
means of judication of ASHF diagnoses and sensitivity and speci-
ficity analyses. In addition, information on the amount of true po-
sitive, false positive, true negative and false negative NT-proBNP
test results was used to manually calculate the sensitivity and spe-
cificity if the study had no specific analysis for these variables.

Quality Assessment

We assessed the quality of included articles with an eight point
scoring tool designed for this study. Cardiac history of included
patients, the amount of missing data, the definition and presence
of inclusion and exclusion criteria and the way of judicating sys-
tolic heart failure diagnoses were taken into account. Articles
that scored 5 or more points were considered to have a high qua-
lity. The quality scoring tool is shown in table 1.

Search Strategy

We conducted a search of the electronic databases of Medline
and Embase by use of PubMed and the Cochrane Library res-
pectively. For PubMed, the following search query was used:
(“pro-brain natriuretic peptide (1-76)” [Supplementary Concept]
OR “pro-brain natriuretic peptide” [TIAB] OR ““amino-termi-
nal pro-brain natriuretic peptide” [TIAB] OR “aminoterminal
pro-brain natriuretic peptide” [TIAB] OR “proBNP” [TIAB]
OR “pro-BNP” [TIAB] OR “NTproBNP” [TIAB] OR “NT-
proBNP” [TIAB] OR “NT-pro-BNP” [TIAB]) AND ((“Heart
Failure, Systolic/analysis” [Mesh] OR “Heart Failure, Systolic/
blood” [Mesh] OR “Heart Failure, Systolic/diagnosis” [Mesh]
OR “Heart Failure, Systolic/enzymology” [Mesh] OR “Heart
Failure, Systolic/metabolism” [Mesh] OR “Heart Failure, Sys-
tolic/statistics and numerical data” [Mesh]) OR ((“Heart failure”
[TIAB] OR “Cardiac failure” [TIAB] OR “Heart decompensati-
on” [TIAB] OR “Myocardial failure” [TIAB]) AND (“Systolic”
[TIAB] OR “Acute” [TIAB]))).

For the Cochrane Library, we used the following search query:
(“pro-brain natriuretic peptide” :ti,ab OR “amino-terminal pro-
brain natriuretic peptide” :tiab OR “aminoterminal pro-brain
natriuretic peptide” :ti,ab OR “proBNP” :ti,ab OR “pro-BNP”
:ti,ab OR “NTproBNP” :ti,ab OR “NT-proBNP” :ti,ab OR “NT-
pro-BNP” :ti,ab) AND ((“heart failure” :ti,ab OR “cardiac fai-
lure” :ti,ab OR “heart decompensation” :ti,ab OR “myocardial
failure” :ti,ab) AND (“systolic” :ti,ab OR “acute” :ti,ab)). The
end of the search date was set to September 31st, 2018.

Table 1 - Scoring tool for the quality assessment of eligible studies. ASHF = acute systolic heart failure, ED = emergency department.

Criterium

Availability of cardiac history

Inclusion and exclusion criteria are defined in study
Amount of missing data in study

Method of ASHF diagnosis

Maximal score
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Available for each individual patient
Available for patients as a group
Absent or incomplete

All data accounted for

One or two missing variables

Three or more missing variables

Gold standard test (echocardiography)
Expert evaluation

Based on ED presentation

Available points

00O =~ NOoO - MNDNOoO =N
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Figure 1- Flow chart of the selection of eligible articles.

# of records identified # of articles excluded
and screened —> | based on title/abstract
n=1686 n=1635
# of full-text articles # of full-text articles
assessed for eligibility ——> | excluded
n=51 No NT-proBNP, n = 13
No ASHE,n=9
NoED,n=38

Duplicates, n = 6
Incomplete data,n =3
No full text,n=3
Review,n =1

# of articles used in
meta-analysis
n=8

Statistical Analysis

Diagnostic sensitivity and specificity analyses were calculated
using OpenMetaAnalyst, the 64 bit Windows 8 version, updated
October 2012.[12] We performed analyses separately for ruling
in and ruling out cut-off values of NT-proBNP. Forest plots were
constructed on the basis of a random effects model according
to DerSimonian-Laird.[13] Heterogeneity among eligible stu-
dies was assessed with 12 statistics. Heterogeneity between stu-
dies was considered statistically significant when P < 0,05. The

study flow chart was created with the 5th edition of Cochrane’s
2014 Review Manager.[14] We adjusted for the study qualities
by comparing the pooled results to the results of high quality
studies alone.

Results

Study Selection

Figure 1 illustrates the selection process of eligible articles. As
shown in the flow chart, our database search with the previ-
ously described query resulted in a total of 1686 articles. Af-
ter screening of all abstracts, 51 articles remained for full text
analysis. Of these articles, 13 were excluded because they did
not assess the diagnostic value of NT-proBNP, 9 articles were
excluded for the reason that they made use of other heart failure
types than ASHF in their assessment, 8 articles were excluded
because they were not (entirely) conducted at the ED and 3 were
excluded for lack of a threshold specification. In addition, 6 du-
plicate studies, 3 articles without full text access and 1 review
were removed. We assessed 51 full-text articles on relevancy for
our research question. Application of the predefined inclusion
and exclusion criteria lead to 8 remaining articles for our meta-
analysis.[15-22]

Article Description

Table 2 shows the characteristics of the included articles. Stu-
dies were mostly conducted in Europe or other western coun-
tries. The study size ranged from 96 to 1461 enrolled patients.
In all studies, there was a near equal distribution of the sexes.
As defined in the inclusion criteria, the main presentation at the
emergency department was acute dyspnea (acute new onset dys-
pnea or an acute exacerbation of chronic dyspnea), sometimes
accompanied by signs of peripheral edema. All studies measured
plasma NT-proBNP levels, but with different types of bioche-

Table 2 - Characteristics and extracted data of eligible studies. Missing data is indicated with [M]. SD = standard deviation, IQR = interquartile range, ASHF = acute
systolic heart failure, LVEF = left ventricular ejection fraction, LV = left ventricle.
* No further specification of the used assay for measuring plasma NT-proBNP.

Author Year

Stoica
etal.
Januzzi
etal.
Darche
etal.
Sartini
etal.
Martinez
etal.
Hoffmann
etal.

2018

2018

2017

2017

2016

2015

Behnes
etal.

2014

Januzzi
etal.l
Januzzi
etal. ll

2006

18

Male (%) Cardiac Mean pre-
History sentation
(n)

Country Mean age

(SD) or median
age (IQR)

Romania 127 75,96 (11,11) ™ M] Dyspnea
North America 1461 56,4 (15,7) 51,9 M Dyspnea
Germany 312 M 59 M] Dyspnea
Italy 236 79,98(1213) 496 74 Dyspnea
Spain 96 M] 46 M] Dyspnea
Germany 401 67 (18-96) 51 M] Dyspnea /
peripheral
edema
Germany 212 67 (65-69) 50 M] Dyspnea /
peripheral
edema
Multiple 655  68,4(159) 51 M] Dyspnea
(Western)

Sensitivity and Cut-off ASHF ASHF
definition  diagnosis
84,8%,75,5%  Rule-in  Hospital LVEF < 40% Transthoracic
Standard* echocardiography
91,5%, 38,6%  Rule-in  Cobase 601 LVEF Transthoracic
echocardiography
89,5%,76,1%  Rule-in  Stratus CS Acute LV function  Expert evaluation
Care
97,4%, 27,7%  Rule-out Hospital M] Expert evaluation
Standard*
86,4%,76,7%  Rule-in  Hospital LVEF Transthoracic
Standard* echocardiography
96,1%,48,2%  Rule-out Hospital M Expert evaluation
Standard*
97,4%, 83,1%  Rule-out Hospital LVEF Transthoracic
Standard* echocardiography
90,1%, 84,3% Rule-in  Elecsys Roche  LVEF < 50% Transthoracic
echocardiography
99,2%,60,1%  Rule-out
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Table 3 - Quality assessment of the eligible studies based on the eight point quality scoring tool.

Study (year Criterium Score
Stoica et al. (2018) A 1
B 2
© 0
D 2
Total Score 5
Januzzi et al. (2018) A 1
B 2
C 1
D 2
Total Score 6
Darche et al. (2017) A 1
B 2
c 1
D 2
Total Score 6
Sartini et al. (2017) A 0
B 2
© 1
D 1

H

Total Score

Study (year Criterium Score
Martinez et al. (2016) A 1
B 2
© 1
D 2
Total Score 6
Hoffmann et al. (2015) A 0
B 2
© 0
D 1
Total Score 3
Behnes et al. (2014) A 1
B 2
(& 1
D 2
Total Score 6
Januzzi et al. (2006) A 1
B 2
C 1
D 2
Total Score 6

A. Availability of cardiac history, B. Inclusion and exclusion criteria, C. Missing data, D. Method of ASHF diagnosis

mical assays. 3 studies used the standard rule-out cut-off value
(< 300 pg/ml), 4 studies used the standard rule-in cut-off value
(> 450 pg/ml, > 900 pg/ml and > 1800 pg/ml) and 1 study used
both cut-offs. Most studies defined systolic heart failure as an
impaired left ventricular heart function (LVEF < 50%). ASHF
was diagnosed by either expert evaluation or transthoracic echo-
cardiography. Table 2 shows the endpoints of the studies we
used for our meta-analysis. The sensitivity ranged from 84.8%
t0 99.2% and the specificity ranged from 27.7% to 84.3%. These
percentages were either available in the articles or calculated
manually.

Quality Assessment

The result of the quality scoring tool is shown in table 3. Of the
eight included studies, six had a high quality scoring, whereas
two studies had a low quality scoring. Studies that were deemed
of ‘low quality’ scored particularly low on providing a cardiac
history for its included patients or had a relatively large amount
of missing data. Exclusion of the studies with low qualities in a
separate meta-analysis did not lead to a significant result in both
the sensitivity and the specificity analysis. Therefore, we did not
exclude studies with a low quality, resulting in a final analysis of
eight studies in total.

Meta-Analysis

Figure 2a depicts the sensitivity of the studies that used the
standard rule-in cut-off value. The pooled sensitivity of these
studies is 89.4% (95%-CI: 86.8%-91.5%). Figure 2b shows the
specificity of the studies that used the standard rule-in cut-off
value. The pooled specificity of these studies is 71.7% (95%-CI:
45.3%-88.6%). Figure 2c illustrates the sensitivity of the studies
that used the standard rule-out cut-off value. The pooled sensiti-
vity of these studies is 97.7% (95%-CI: 95.5%-98.9%). The last
meta-analysis in figure 2d shows the specificity of the studies
that used the standard rule-out cut-off value. The pooled specifi-
city in this analysis is 55.9% (95%-CI: 36.8%-73.4%). Hetero-
geneity analyses showed significant results for both specificity
calculations (P < 0.001), but not for the sensitivity analyses.

Conclusion and Discussion

In our study, we meta-analyzed the diagnostic accuracy of
NT-proBNP in diagnosing acute systolic heart failure in adult
dyspnea patients presenting to the emergency department. The
meta-analysis was performed separately for ruling in and ruling
out criteria. For the ruling in criteria, we calculated a pooled sen-
sitivity and specificity of 89.4% and 71.7%, respectively. Regar-
ding the ruling out criteria, the pooled sensitivity and specificity

Figure 2a - Meta-analysis of included articles calculating the pooled sensitivity and specificity of both ruling in and ruling out cut-off values of NT-proBNP

in diagnosing ASHF at the ED.
Sensitivity
Studies Estimate (95% C.I.) TP/(TP + FN)

Stoica et al. 2018 .848 (0.684, 0.935) 28/33

0 0
Januzzi et al. 2018 0.915 (0.812, 0.964) 54/59
Darche et al. 2017 0.895 (0.836, 0.935) 137/153
Martinez et al. 2016 0.864 (0.758, 0.927) 57/66
Januzzi.1 et al. 2006 0.901 (0.865, 0.927) 326/362

Overall (1A2=0 % , P=0.773) 0.894 (0.868, 0.915) 602/673

o7
A. Pooled sensitivity for ruling in threshold
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Figure 2b,c,d - Meta-analysis of included articles calculating the pooled sensitivity and specificity of both ruling in and ruling out cut-off values of NT-

proBNP in diagnosing ASHF at the ED.

B. Pooled specificity for ruling in threshold

Specificity
Studies Estimate (95% C.I.) TN/(FP + TN) '
i
Stoica et al. 2018 0.755 (0.659, 0.832)  71/94 -
Januzzi et al. 2018 0.386 (0.361, 0.412) 541/1402 1 .
Darche et al. 2017 0.761 (0.689, 0.821) 121/159 —%—.—
Martinez et al. 2016 0.767 (0.585, 0.884) 23/30 - -
Januzzi.1 et al. 2006 0.843 (0.797, 0.880) 247/293 i R
i
i
Overall (1"2=9838 % , P< 0.001) 0.717 (0.453, 0.886) 1003/1978
T T T T 1
0.36 0.49 0.62 0.75 0.89
Specificity
C. Pooled sensitivity for ruling out threshold
Sensitivity
Studies Estimate (95% C.I.) TP/(TP + FN) H
Sartini et al. 2017 0.974 (0.924, 0.992) 114/117 =
Hofimann et al. 2015 0.961 (0.909, 0.984) 122/127 = '
Behnes et al. 2014 0.974 (0.901, 0.993) 74/76 L
Januzzi.2 et al. 2006 0.992 (0.975, 0.997) 359/362 ‘,—.i
Overall (1"2=3669 % , P=0.192) 0.977 (0.955, 0.989) 669/682 ——————
T T T T |
08 0.82 0.95 087 1
Sensitivity
D. Pooled specificity for ruling out threshold
Specificity
Studies Estimate (95% C.I.) TN/(FP + TN} !
|
Sartini et al. 2017 0.277 (0.204, 0.364) 33/119 . !
Hoffmann et al. 2015 0.482 (0.423, 0.541) 132/274 ——
Behnes et al. 2014 0.831 (0.758, 0.8BB5) 113/136 ! _._
Januzzi.2 et al. 2006 0.601 (0.544, 0.655) 176/293 +

Overall (1*2=9610 % , P<0.001) 0.559 (0.368, 0.734) 454/822

0.z

037 054 071 0.68
Specificity

Cl = confidence interval, TP = true positive, FN = false negative, FP = false positive, TN = true negative, ASHF = acute systolic heart failure, ED = emergency department.

were 97.7% and 55.9%, respectively. Quality adjustment had no
statistically significant impact on the result of our analyses.

Our study has a few limitations. First, our study only made use
of specific threshold values for ruling in and ruling out ASHF
at the ED. The cut-off values of 300 pg/mL, 450 pg/mL, 900
pg/mL and 1800 pg/mL were used in most potentially eligible
articles. However, during the study inclusion, we encountered a
number of variating thresholds as ruling in or ruling out criteria.
Data from these studies could not be used in our meta-analysis.
Our study does not answer the question of which cut-off value
for NT-proBNP provides the highest sensitivity and specificity
in the researched population.

Second, not all included studies supplied detailed information
about the prevalence of a previous cardiac history in the enrolled
patients. Natriuretic peptides have been shown to be elevated
in different types of cardiac disease, such as pulmonary hyper-
tension, pulmonary embolism and renal failure.[23,24] Previous
cardiac stress could have caused higher levels of circulating NT-
proBNP, therefore increasing the possibility of a patient meeting
the ruling in threshold. Since the presence of a full medical his-
tory record was unavailable in all studies, this could have caused
a higher number of false positive test results.

Third, the included studies had a different approach on the bio-
chemical measurement of NT-proBNP in patient plasma sam-
ples. Due to the differences between commercially available NT-
proBNP assays, usage of multiple assays cannot be reduced to
a singular cut-off value in the diagnostic process of ASHF.[25]
The variability in biomarker detection might have impacted the
validity of our meta-analysis.

Finally, not all systolic heart failure diagnoses in the included
articles were judicated by means of echocardiography, which
is the gold standard test for this disease.[9] Some of the analy-
zed articles based their working diagnosis on expert evaluation
of the patient’s history, the clinical presentation, routine blood
testing and the likelihood of heart failure being the underlying
pathology. A possible bias could have been the availability of
the NT-proBNP result to the treating physician that diagnosed
the patients. This could have led to a higher number of ASHF
diagnoses, altering our results to a possibly higher accuracy than
we would have found if this would have been taken into consi-
deration in the articles. Other diagnostic approaches could differ
in accuracy, potentially leading to more missed cases of heart
failure or more incorrectly diagnosed patients.
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The pursuit of the highest possible accuracy of diagnostic tests
in medical practice is of vital importance for multiple reasons.
Inaccurate testing could lead to high rates of falsely diagnosed
patients and missed diagnoses. A high false positive rate increa-
ses medical expenses for treatment of healthy patients and a high
false negative rate poses a threat to patient wellbeing, as these
patients might not receive the treatment they need. In addition,
false positive diagnoses could cause emotional stressors for the
involved patients, which do not contribute to patient wellbeing.
In order to reduce health risks and to be cost efficient, medical
tests should have both a high sensitivity and a high specificity.
Our study calculated the pooled sensitivity and specificity of of-
ten used cut-off values for NT-proBNP in diagnosing ASHF at
the ED. Our findings provide insight into the diagnostic value
of this biomarker in heart failure. For the ruling in as well as the
ruling out threshold, progress still has to be made to improve
the diagnostic accuracy of the test. Especially the specificity for
ruling out ASHF has room for improvement, since a specificity
of 55.9% would mean that 44.1% of patients were falsely tested
positive for heart failure. Furthermore, in our analyses, we found
statistically significant heterogeneity between the studies used in
the calculation of the diagnostic specificity of NT-proBNP. This
suggests that the calculated specificities might have been influ-
enced by the wide range of results in the investigated articles,
expressing the need for further research on this matter.

We only meta-analyzed the accuracy of the most commonly
used cut-off values for NT-proBNP, but several of the excluded
articles made use of other thresholds. Whether the investigated
threshold can be declared the optimal cut-off value for acute
systolic heart failure diagnosis remains uncertain. Therefore, in
future research, investigation of an optimally accurate cut-off
value of ruling in or ruling out ASHF at the ED is necessary.
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Abstract

Objective: Due to liberal oxygen supplementation following resuscitation from cardiac arrest (CA), hyperoxia is a common com-
plication seen in the intensive care unit (ICU). There is increasing evidence that hyperoxia can be harmful. We aimed to syste-
matically review the current literature on the association between post-CA exposure to hyperoxia and adverse clinical outcomes.
Methods: We searched PubMed/EMBASE for observational studies investigating the effects of post-CA hyperoxia on clinical
outcomes. We decided to apply a hyperoxia threshold of 300 mmHg in line with earlier published reports.

Results: 10 articles met the selection criteria and were included. Five of the 10 articles showed a significant association between
post-CA hyperoxia and mortality. Four articles also looked at neurological function as an outcome, with one of them showing
a significant association with post-CA hyperoxia. Four articles additionally investigated secondary outcomes (such as length of
stay in hospital, improved organ function and functional status at discharge), with two of these studies reporting a significant
association.

Conclusion: We have found strong evidence supporting the relationship between hyperoxia after resuscitation and increased mor-
tality and poor neurological outcome in CA patients. There was limited evidence for the other outcomes. However, the evidence is

restricted to heterogenous, observational studies with mixed results and important methodological issues.

Introduction

Cardiac arrest (CA) is a common but life-threatening condition
that requires immediate medical care. Sudden CA is a leading
cause of death worldwide, with approximately 350.000 cases
every year in the U.S.[1] The mortality rate of CA remains high,
despite improvements in the post-resuscitation management of
patients.[2-4] Several interventions such as therapeutic hypo-
thermia and hemodynamic monitoring are widely implemented
to improve the post-CA prognosis.[5]

CA patients also regularly receive liberal oxygen supplementa-
tion in the intensive care unit (ICU) in an attempt to prevent hy-
poxia-related injury.[6,7] However, there is increasing evidence
that hyperoxia may also be harmful. High concentrations of oxy-
gen in arterial blood can induce vasoconstriction and increased
production of reactive oxygen species (ROS).[8] Hyperoxia can
therefore contribute to a complex combination of pathophysio-
logical processes following resuscitation called Post-Cardiac
Arrest Syndrome (PCAS), including systemic inflammation,
myocardial dysfunction and brain injury.[9]

In various experimental studies, animals exposed to hyperoxia
following cardiac arrest had worse neurological outcomes, com-
pared to the normoxic group.[10-12] However, clinical studies
on the effects of hyperoxia in patients after CA have given con-
flicting results.[13,14] Studies used varying criteria to define hy-
peroxia, although most studies applied a predetermined partial
pressure of arterial oxygen (PaO2) of 300 mmHg as a boundary
to differentiate hyperoxia from normoxia.[15] One study publis-
hed in 2011 analyzed PaO2 as a continuous variable and found

a linear relationship between increasing O2 tensions and mor-
tality.[16]

We therefore conducted a systematic review of observational
studies to determine whether hyperoxia after return of sponta-
neous circulation (ROSC) from CA in adults is associated with
poor clinical outcomes, using the cut-off PaO2 value of 300
mmHg for hyperoxia in line with previous studies.[15]

Methods

Literature search

On the 28th of September 2018, we searched PubMed/EM-
BASE for suitable studies. We used the following combination
of search terms: (“Hyperoxia”[MeSH] OR “Hyperoxia”[All
Fields]) AND (“Heart arrest”’[MeSH] OR “Cardiac arrest”[All
Fields]). We also cross-checked our search results with the “re-
levant articles” section of PubMed and the reference lists of the
articles we found.

Selection criteria

We first screened the eligible articles using the title and abstract.
We included articles where hyperoxia was observed in adult
CA patients in the hours after ROSC. We defined hyperoxia as
a Pa02 = 300 mmHg, since the majority of the studies used this
cut-off value.

We applied the following exclusion criteria: 1) CA patients with
only normoxia and/or hypoxia, 2) participants did not have CA
prior to hyperoxia, 3) no clinical outcomes reported (survival,
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neurological function etc.), 4) pediatric patients (< 18 years of
age), 5) not an original study/trial (reviews, systematic reviews,
editorial comments, letters or case reports), 6) studies on ani-
mals / in vitro models, 7) non-English articles. Furthermore, we
only included articles with full texts that were free and available
online through the Erasmus Medical Centre. We did not apply
any restrictions on the date of publication for our search. For the
remaining articles after the initial screening, we assessed their
full texts, according to the aforementioned criteria. We resolved
any disagreements by a third person (see Figure 1).

Data extraction

For each of the articles, we gathered general information such
as the sample size (N), study population, age and percentage of
male participants, and how the arterial blood gas (ABG) data
was recorded and assessed. We also collected data on the preva-
lence of hyperoxia within the cohort and on clinical outcomes.

Quality assessment

We assessed the methodological quality of the included articles
using the Newcastle-Ottawa scale (NOS), which is a validated
scale for assessing cohort studies.[17] The NOS consists of three
categories: selection, comparability and outcome (see Appendix
1).[17] The included studies were individually assessed by the
three reviewers and disagreements were resolved by consensus-
based discussion.

Results

Study selection

Our systematic search in PubMed resulted in 98 articles. We
found four additional articles through the ‘related articles’ func-
tion in PubMed. Of the 102 articles eligible for screening, we
excluded 82 articles using our exclusion criteria after screening
the titles and abstracts. After full-text assessment using the same
set of criteria, 10 more articles were excluded. This resulted in
10 articles for the systematic review (see Figure 1).

Description of studies

Table 1 summarizes the general characteristics of the included
studies. We included ten studies in total. Five studies were con-
ducted in North America, three in Oceania, one in Europe and
one in Asia. Six studies used retrospective cohorts, two used
prospective cohorts, and two studies performed a retrospective
analysis of a prospective cohort. Regarding the study popula-
tion, five studies only included patients with an Out of Hospital
Cardiac Arrest (OHCA), one only included patients with an In
Hospital Cardiac Arrest (IHCA). Three studies included both
OHCA and IHCA patients, and one of the studies included In-
tensive Care Unit Cardiac Arrest ICUCA) as well as OHCA and
IHCA patients. The sample size of the studies varied between
119 and 12108. The mean age of the included patients varied
between 59-66 years. The percentage of male patients varied
between 54-80%;, although this value was missing in Nelskyld
et al.[26]

Table 2 shows the prevalence of hyperoxia in the included stu-
dies, while Tables 3a, 3b and 3¢ summarize the association of
hyperoxia with mortality/survival, neurological function and
other outcomes, respectively. The results were usually presented
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Figure 1- Flow diagram of the literature search for studies included in the

systematic review
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as an odds ratio (OR), relative risk (RR) or as percentages, where
the hyperoxic group was compared to the normoxic group. Table
4 shows the result of the NOS quality assessment of the included
studies. We awarded all 10 studies with either 7 or 8 stars, which
can be interpreted as good quality.

Prevalence of hyperoxia

Nine of the included studies provided data on the prevalence of
hyperoxia. Only Johnson et al. did not provide a value for the
prevalence of hyperoxia.[21] There was a large variation in the
prevalence of hyperoxia across the studies, ranging from as low
as 3% to as high as 41% (see Table 2).

Mortality/Survival

All 10 of the included studies investigated the relationship
between hyperoxia and mortality, although the significance of
the outcomes differed between the studies.

First of all, Kilgannon et al. showed that hyperoxia is signifi-
cantly associated with increased hospital mortality (adjusted
OR 1.8;95% CI 1.5-2.2; p <0.001).[18] Secondly, Elmer et al.
found a 17% decrease in odds of survival to hospital discharge
for every hour the patient was exposed to hyperoxia (adjusted
OR 0.83; 95% CI 0.69-0.99; p = 0.04).[19] Bellomo et al. also
reported a 20% increased hospital mortality in patients exposed
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Table 1 - Characteristics of the included studies

Study (Author) Country Study
design

Study
population

(Publication year)
[Ref #]

Age (mean/
median yrs)

Male (%) Timing / assessment

of ABG

Roberts et al. Us. Multicenter prospective cohort 280 OHCA, IHCA 59 64 First 6 hr

(2018) [23] - 1stABG 1 +/- 2 hr after ROS
- 2nd ABG 6 +/- 2 hr after ROSC

Johnson et al. us. Multicenter retrospective cohort 544 OHCA, IHCA 61 56 At 1,6, 12, 24, and 48 hr after

(2017) [21] CA

Helmerhorst et al. The Multicenter retrospective cohort 5258 OHCA 66 70 First 24 hr, worst pa02

(2015) [24] Netherlands

Elmer et al. U.s. Retrospective analysis of 184 OHCA, IHCA 60 54 Hourly for 24 hr after CA

(2015) [19] single-center prospective cohort

lihe et al. Australia/ Retrospective cohort 584 OHCA (ventricular 63 80 First 24 hr, worst Pa02

(2013) [25] New Zealand fibrillation)

Nelskyl4 et al. Australia Retrospective analysis of 119 OHCA, IHCA, ICUCA 61 - First 24 hr, highest Pa02

(2013) [26] prospective cohort

Bellomo et al. Australia/ Retrospective cohort 12108 OHCA 64 64 First 24 hr, worst Pa02

(2011) [20] New Zealand

Kilgannon et al. us. Retrospective cohort 6326 OHCA 64 54 First 24 hr, first Pa02

(2010) [18]

Wang et al. U.S./Canada  Prospective cohort 9176 OHCA 64 65 First 24 hr, first & last Pa02

(2017) [22]

Oh et al. South Korea  Retrospective cohort 792 IHCA 64 65 1st ABG 10 min after ROSC

(2014) [27] 2nd ABG 60-120 min after ROSC

*0HCA = Out-of-hospital cardiac arrest, *IHCA = In-hospital cardiac arrest, *ICUCA = Intensive care unit cardiac arrest, *ABG = Arterial blood gas, *TH = Therapeutic hypothermia

to hyperoxia after adjusting for illness severity (adjusted OR 1.2;
95% CI 1.0-1.5; p = 0.04).[20] When the authors additionally
applied Cox proportional hazards modelling of survival, sensiti-
vity analyses using deciles of hypoxemia, time period matching
and hyperoxia defined as PaO2 > 400 mmHg, the association no
longer reached statistical significance.[20] However, their new
PaO2 threshold of 400 mmHg was not relevant for this particular
review.[20]

Two of the studies also investigated if the timing of the hy-
peroxia exposure within the post-resuscitation period affected
the outcome.[21,22] Johnson et al. looked at the effect of hy-
peroxia on mortality for 5 different time periods (1, 6, 12, 24,
and 48 hours after CA), but only found a significant association
between hyperoxia and decreased odds of survival at 12 hours
after CA (adjusted OR 0.17; 95% CI 0.03-0.89; p = 0.032).[21]
Wang et al. looked at the first and last PaO2 measurement in the
first 24 hours after ROSC.[22] The presence of final or any hy-
peroxia was associated with an increased in-hospital mortality,
with adjusted ORs of 1.6 (95% CI 1.26-2.04) and 1.25 (95%
CI 1.11-1.41), respectively.[22] This was not the case for initial

Table 2 - Prevalence of hyperoxia

Study (Author) [Ref # Prevalence of hyperoxia (%)

Roberts et al. [23] 38
Johnson et al. [21] -
Helmerhorst et al. [24] 3
Elmer et al. [19] 36
lihe et al. [25] 6
Nelskyla et al. [26] 41
Bellomo et al. [20] 11
Kilgannon et al. [18] 18
Wang et al. [22] 26.5
Ohetal. [27] 11.6

24

hyperoxia (adjusted OR 1.1; 95% CI 0.97-1.26).[22]

In contrast to these findings, Roberts et al., Helmerhorst et al.,
Nelskyld et al., and Oh et al. did not find a significant associa-
tion between hyperoxia and mortality/survival.[23-27] Ihle at al.
claimed that there was no significant association between hy-
peroxia and hospital mortality but did find an association with
increased ICU mortality.[25]

Neurological outcome

Four of the included studies investigated the association between
hyperoxia and neurological outcome, of which only Roberts et
al. showed significant results.[19,21,23,27]

Firstly, Roberts et al. found after adjustment for potential base-
line and post-CA confounders, that hyperoxia was an significant
independent predictor of poor neurological function at hospital
discharge (defined as a modified Rankin Scale (mRS) > 3), with
an adjusted relative risk of 1.23 (95% CI 1.11-1.35; p <0.001).
[23] Secondly, the authors showed that hyperoxia was signifi-
cantly associated with a 32% increased risk of early neurological
injury (defined as a Full Outline of Unresponsiveness (FOUR)
score < 6 at 72 hours after ROSC), after analysis using listwise
deletion (adjusted RR 1.32; 95% CI 1.03-1.69; p = 0.026).[23]
Thirdly, the same study showed that hyperoxia was associated
with a 3% increase in risk of poor neurological outcome per
hour of exposure (adjusted RR 1.03; 95% CI, 1.02-1.05), there-
fore demonstrating the cumulative effect of hyperoxia as well.
[23] Additionally, Roberts et al. also examined this association
across other thresholds for hyperoxia (PaO2 > 100, 150, 200,
250, 350 and 400 mmHg). The significant association with poor
neurological outcome only began at a threshold of = 300 mmHg.
[23] Despite the significant findings of Roberts et al., the three
remaining studies did not show a significant association between
hyperoxia and poor neurological outcome.[19,21,27] Johnson et
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Table 3a - Mortality/survival
Study (Author) [Ref #] Reported outcome Reported OR/RR* 95% confidence interval p-value

Roberts et al. [23] In-hospital mortality Adjusted RR 1.24 0.99-1.55 0.06
Johnson et al. [21] Survival Adjusted OR 0.17 0.03-0.89 0.032
Helmerhorst et al. [24] Hospital mortality Adjusted OR 1.13 0.81-1.57 0.46
Elmer et al. [19] Survival to hospital discharge Adjusted OR 0.83 0.69-0.99 0.04
(per hour of hyperoxia exposure)
lihe et al. [25] - Hospital mortality - Adjusted OR 1.2 -0.51-2.82 -0.83
- ICU mortality - 35% (vs. 32%) == - 0.042
Nelskyla et al. [26] 30-day survival 45% (vs. 36%) -- 0.313
Bellomo et al. [20] - Hospital mortality - Adjusted OR 1.2 -1.0-1.5 -0.04
- Hospital mortality** - Adjusted OR 1.0 -0.8-1.2 -0.71
Kilgannon et al. [18] Hospital mortality Adjusted OR 1.8 1.5-2.2 <0.001
Wang et al. [22] - Hospital mortality (initial hyperoxia) - Adjusted OR 1.1 -0.97-1.26 -
- Hospital mortality (final hyperoxia) - Adjusted OR 1.6 -1.26-2.04 -
- Hospital mortality (any hyperoxia) - Adjusted OR 1.25 -1.11-1.41 -
Oh et al. [27] Survival Adjusted OR 1.03 0.31-3.40 0.96

* OR = 0dds ratio, RR = Relative risk

** Hospital mortality after applying Cox proportional hazards modelling of survival, sensitivity analyses using deciles of hypoxemia, time period matching and hyperoxia
defined as Pa02 > 400 mmHg. Although the threshold of 400 mmHg made this outcome irrelevant to our study, we decided to report it nevertheless since it formed the
main conclusion of the authors.

Table 3b - Neurological outcome
Study (Author) [Ref #] Reported outcome Reported OR/RR 95% confidence interval  p-value

Roberts et al. [23] - Neurological function at hospital discharge - Adjusted RR 1.23 -1.11-1.35 - <0.001
(mRS score* > 3)
- Early neurological injury (FOUR score** < 6) - Adjusted RR 1.32 -1.03-1.69 -0.026
- Neurological outcome (per hour of hyperoxia - Adjusted RR 1.03 -1.02-1.05 --
exposure)
Johnson et al. [21] Neurological outcome at hospital discharge No significant associa- -- --

tion (data not available)

Helmerhorst et al. [24] - - -- --

Elmer et al. [19] Neurological outcome (CPC score*** > 3) No significant associa- -- --

tion (data not available)

lihe et al. [25] -- -- -- --

Nelskyla et al. [26] -- -- -- --

Bellomo et al. [20] - - -- -

Kilgannon et al. [18] -- -- -- --

Wang et al. [22] -- -- -- --

Oh et al. [27] Neurological outcome Adjusted OR 1.07 0.30-3.84 0.91
*mRS = modified Rankin Scale (0, no symptoms; 1, no significant disability; 2, slight disability; 3, moderate disability; 4, moderate severe disability; 5, severe disability;
6, death).
> FOUR): Full Outline of Unresponsiveness. A score of brain injury used for comatose patients with 4 components: eye responses, motor responses, brainstem
reflexes, and respiration pattern (ranges from 0 to 16 with lower scores indicating worse injury).

*** CPC = Pittsburgh Cerebral Performance Category (1-2, good neurological outcome; 3-5, poor neurological outcome).

Table 3c - Other outcomes

Study (Author) [Ref # Reported outcome Reported OR/RR 95% confidence interval p-value
Roberts et al. [23] - -- -- --
Johnson et al. [21] - -- -- --
Helmerhorst et al. [24] - -- -- -
Elmer et al. [19] Organ function at 24 hours Unadjusted OR 1.00 0.89-1.12 0.97
lihe et al. [25] Median hospital length of stay 7.6 days (vs. 8.9 days) -- 0.013
Nelskyla et al. [26] - ICU length of stay - 3.6 days (vs. 3.7 days) -- -0.474
- ICU discharge - 53% (vs. 46%) -- -0.430
- Hospital discharge - 41% (vs. 34%) -- -0.468
Bellomo et al. [20] - -- -- --
Kilgannon et al. [18] Hospital discharge as functionally independent*  29% (vs. 38%), 3-15% 0.002

proportional difference 9%
Wang et al. [22] - -- = -
Oh et al. [27] -- = - -

* Functional independence is defined as the ability to live at home and complete activities of daily living (ADLs) without assistance.
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Table 4: Methodological assessment of included studies with NOS
Study (Author) Selection

[RetE Represen- Selection  Ascer- Demonstration that

tativeness of the non- tainment outcome of interest

of the ex- exposed of was not present at
posed cohort cohort exposure start of study

Robertsetal. * * * *
[23]

Johnsonetal. * * * *
[21]

Helmerhorstet * * * *
al. [24]

Elmer et al. * * * *
[26]

lihe et al. * * * *
[25]

Nelskyld etal. * * * -
[26]

Bellomoetal. * * * -
[19]

Kilgannonet  * * * *
al. [20]

Wang et al. * * * *
[18]

Oh et al. * * *
[27]

al. found no significant association between hyperoxia measu-
red at five different time intervals within the first 48 hours after
CA and neurological outcome at hospital discharge.[21] Elmer
et al. did not find a significant association between hyperoxia
and the Pittsburgh Cerebral Performance Category (CPC) score
for neurological outcome.[19] At last, Oh et al. showed no signi-
ficant association between hyperoxia and neurological outcome
as well, with an adjusted OR of 1.07 (95% CI 0.30-3.84; p =
0.91).[27]

Other outcomes

Besides the most commonly evaluated outcomes, mortality/
survival and neurological outcome, four of the included studies
examined other clinically relevant outcomes.[18,19,25,26]

To begin with, Nelskyld et al. and Ihle et al. both looked at the
length of stay, but had contradictory findings.[25,26] Ilhe et al.
found that hyperoxia was associated with a shorter median hos-
pital length of stay, compared to the normoxia group (7.6 vs.
8.9 days; p = 0.013).[25] On the other hand, hyperoxia was not
significantly associated with a difference in length of stay at the
ICU unit in Nelskyld et al. (3.6 vs. 3.7 days; p = 0.474).[26] In
addition to this, Nelskyld et al. showed no significant association
between hyperoxia exposure and difference in ICU or hospital
discharge.[26]

Kilgannon et al. also investigated the effect of hyperoxia on
functional status at hospital discharge.[18] Among hospital sur-
vivors, patients with hyperoxia had a significantly lower chance
of being discharged as functionally independent (29% vs. 38%;
p=0.002).[18]

Lastly, Elmer et al. concluded that there was no significant as-
sociation between hyperoxia and improved organ function at
24 hours after CA (unadjusted OR 1.00; 95% CI 0.89-1.12; p
=0.97).[19]

Comparability Outcome Total

Comparability of Assessment Was follow-up  Adequacy score
cohorts on the basis of outcome long enough of follow- (stars)
of the design or for outcomes to  up of

analysis controlled occur cohorts

for confounders

* * * * 8
* * * * 8
* * * * 8
* * * * 8
* * * * 8
* * * * 7
* * * * 7
* * * * 8
* * * * 8
* * * * 8
Discussion

In this systematic review we aimed to evaluate the current evi-
dence regarding the association between exposure to hyperoxia
following resuscitation and adverse clinical outcomes in CA pa-
tients.

Findings

We included observational cohort studies investigating the ef-
fect of post-resuscitation hyperoxia on mortality, neurological
function as well as some other outcomes. All 10 studies looked
at the mortality (most commonly in-hospital), with five of them
showing a significant association. Four of the studies looked at
neurological outcome as an end-point, with Roberts et al. being
the only one to identify a significant association between hyper-
oxia and poor neurological status.[23] On some occasions, an
association between hyperoxia and clinical outcomes was lost
after adjusting for multiple variables. Only a few studies inves-
tigated the association between hyperoxia and other outcomes,
such as length of stay in hospital, improved organ function and
functional status at discharge. Therefore, the evidence was insuf-
ficient for us to be able to draw a conclusion.

A recent systematic review and meta-analysis of observational
studies by Patel et al. found post-arrest hyperoxia to be associ-
ated with in-hospital mortality.[28] However, the authors war-
ned that these results should be interpreted with caution because
there was significant heterogeneity between studies.[28]

Review strengths/limitations

This review has several strengths. By only including the articles
that defined hyperoxia as a PaO2 value greater than 300 mmHg,
we aimed to reduce the heterogeneity between the studies that
stemmed from the use of a different threshold. A study by Kil-
gannon et al. however showed that PaO2 as a continuous varia-
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ble had a significant linear relationship with mortality.[16] This
could be an explanation for the inconsistency of the results, since
dichotomization of the variable could lead to loss of valuable
information and therefore power.

The methodological quality in all included studies was high after
assessment using the NOS, meaning that the risk of bias was
small. We also conducted this systematic review according to
the PRISMA statement to ensure that our study is thorough and
replicable.[29]

We would like to address some important limitations in the in-
cluded studies that may explain the inconsistent results. The ob-
servational nature of the studies mean that findings only repre-
sent an association, and therefore do not imply causation. There
were substantial differences in the sample size of the different
studies included. Considering the relatively low prevalence of
hyperoxia, this meant that there was not always sufficient power
to identify significant results. The large variation in the preva-
lence of hyperoxia suggests that there may have been differences
in the baseline characteristics of the participants or in the post-
resuscitation care between ICU’s in different hospitals. For ins-
tance, some studies only included OHCA patients, while others
included both OHCA and IHCA patients for a more pragmatic
approach. Additionally, varying percentages of patients under-
went other post-CA interventions, including therapeutic hypo-
thermia and coronary revascularization, leading to differences in
the treatment received. Some studies did not adequately adjust
for certain confounding variables, such as the timing and du-
ration of hyperoxia exposure, CPR duration and initial cardiac
rhythm, which are known to have an influence on the outcomes.
This makes the significance of their conclusions more uncertain.
Most studies depended on a single ABG measurement obtained
at varying points within the first 24 hours after ROSC, while
it is definitely possible that the values can fluctuate during this
period. A single reading also does not provide information on the
duration of the exposure to hyperoxia. Different studies assessed
the ABG’s differently as well, selecting either the first, highest or
worst PaO2 reading. According to a recent cohort study, the inci-
dence of hyperoxia in the ICU as well as the strength of the asso-
ciation with worse outcome, varied depending on the method of
ABG measurement applied, with mean/median PaO2 displaying
the strongest relationship with outcome.[30] Several studies did
acknowledge this problem and took multiple readings into con-
sideration.[21,22]

Although this systematic review is limited to studies that de-
fined hyperoxia as a PaO2 of greater than 300 mmHg, it remains
unclear what the optimum lower and upper limits for PaO2 is in
clinical practice. In fact, there is very little evidence to support
the use of this single cut-off value, which may lead to an under-
or overestimation of the hyperoxia incidence. However, Roberts
et al. found that poor neurological outcome only began at a PaO2
of = 300 mmHg, thus supporting our choice for this particular
threshold.[23]

Conclusion

Based on the results of this systematic review, we can conclude
that there may be an association between hyperoxia after re-
suscitation and adverse clinical outcomes in CA patients. The
relationship is a complex one, and to a certain extent depends
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on various baseline factors such as the cause of cardiac arrest,
post-CA care received and duration of hyperoxia.

However, the evidence is restricted to heterogenous, observati-
onal studies with mixed results and methodological flaws. It is
therefore difficult to comment on the implications for the current
clinical practice, and medical professionals can best follow the
current post-resuscitation guidelines for optimal oxygen therapy.
According to Callaway et al., targeting an arterial oxygen satura-
tion (Sa02) of 94-98%, using a controlled oxygenation strategy,
can help avoid potentially harmful exposure to both hypoxia and
hyperoxia.[15]

Since the brain is most susceptible to reperfusion injury in the
period immediately following ROSC, future studies may bene-
fit from protocol-directed ABG measurements at specified time
points in the early post-resuscitation period to avoid inconsisten-
cies and achieve a higher level of evidence.[23]
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Appendix 1: Newcastle-Ottawa Scale (NOS)
assessment form for cohort studies

Note: A study can be given a maximum of one star for each
numbered item within the Selection and Outcome categories.
A maximum of two stars can be given for Comparability.

Selection
1) Representativeness of the exposed cohort
a) Truly representative (one star)
b) Somewhat representative (one star)
c) Selected group
d) No description of the derivation of the cohort
2) Selection of the non-exposed cohort
a) Drawn from the same community as the exposed cohort
(one star)
b) Drawn from a different source
¢) No description of the derivation of the non exposed co-
hort
3) Ascertainment of exposure
a) Secure record (e.g., surgical record) (one star)
b) Structured interview (one star)
¢) Written self report
d) No description
e) Other
4) Demonstration that outcome of interest was not present at
start of study
a) Yes (one star)
b) No

Comparability
1) Comparability of cohorts on the basis of the design or analy-
sis controlled for confounders
a) The study controls for age, sex and marital status (one
star)
b) Study controls for other factors (one star)
¢) Cohorts are not comparable on the basis of the design or
analysis controlled for confounders

Outcome
1) Assessment of outcome
a) Independent blind assessment (one star)
b) Record linkage (one star)
c) Self report
d) No description
e) Other
2) Was follow-up long enough for outcomes to occur
a) Yes (one star)
b) No
3) Adequacy of follow-up of cohorts
a) Complete follow up- all subject accounted for (one star)
b) Subjects lost to follow up unlikely to introduce bias-
number lost less than or equal to 20% or description of
those lost suggested no different from those followed.
(one star)
c) Follow up rate less than 80% and no description of those
lost
d) No statement

Interpretation of the NOS (good, fair, and poor):

* Good quality: 3-4 stars in selection domain AND 1-2 stars
in comparability domain AND 2-3 stars in outcome do-
main

* Fair quality: 2 stars in selection domain AND 1-2 stars in
comparability domain AND 2-3 stars in outcome domain

* Poor quality: 0-1 star in selection domain OR O stars in
comparability domain OR 0-1 stars in outcome domain
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Abstract

Objective: The objective of this systematic review is to determine the effectiveness of the initiatives designed to improve cultural
competency among medical students, and to give an advice to the Erasmus Medical Center (MC) regarding to cultural compe-
tency education.

Methods: A systematic literature search in Pubmed electronic database for English language publications was conducted, repor-
ting initiatives for cultural competency education and its effectivity. Cultural competency, used in this review, is a combination
of knowledge, attitude and skills regarding to cross-cultural situations. The title, abstract and full text of the publications were
reviewed for eligibility and appraised by a quality assessment.

Results: A total of 272 publications were retrieved, of which seven met the criteria. Positive results regarding to the students’ at-
titude to cross cultural differences were found in four of the seven publications, positive results in knowledge in three of the seven
publications and positive results in skills in two of the seven publications. In one publication no changes were found regarding to
attitude, knowledge and/or skills.

Conclusion: More ways of teaching cultural competency are possible, initiatives must be combined to achieve the optimal out-

come.

Introduction

Cultural competency has become a very important ingredient for
physicians.[1] Rotterdam is a multicultural city with more than
50% of the residents from foreign origin.[2] This high percen-
tage is the result of the large migration of non-Western migrants
to the Netherlands in the past decades (e.g. Turkish and Moroc-
can labor migrants and Surinamese) and the recent migration of
Afghans and Iranians. The variation in ethnic background of the
patient population may lead to difficult communication between
doctor and patient.[1] Research has shown that physicians be-
have less affectively towards patients with an ethnic minority
background and check less often whether these patients have
understood their message, comparing to majority populations.
[1] Evidence suggests that provider—patient communication is
directly linked to patient satisfaction and adherence and subse-
quently to health outcomes.[3]

The main cause for this phenomenon may be the lack of know-
ledge of the physician about the patients’ culture. Every culture
is different from another in its daily habits, experience of ill-
ness and norms and values. Not knowing and not being aware
of these differences can lead to health disparities.[4.,5] To avoid
these health disparities, education in cultural competency can
play an essential role.

The definition of cultural competency, used in this review, is
a combination of knowledge, attitude and skills regarding to
cross-cultural situations.[6] Every culture contains its own ideas,
customs and social behaviors, which differ between societies or
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particular groups of people.[7] For example, it can refer to cha-
racteristics as age, gender, sexual orientation, disability, religion,
income level, race or ethnicity, education, geographical location
or profession.[8] In this review we specifically focused on eth-
nic culture, due to the increasingly diverse ethnic cultures in the
Netherlands.[9]

Described above, more and more medical faculties are consi-
dering to implement cultural competency education into their
curriculum.

For example, the medical faculty of Vrije Universiteit (VU) Am-
sterdam has recently renewed its curriculum with the “leerlijn
interculturalisatie”. In this curriculum, art is used as a tool to
improve cultural competency among medical students.[10]
Also the Erasmus MC wants their students to be as cultural com-
petent as possible.[11] Occasionally attention is paid to cultural
competency in the current curriculum. The Medical Psycholo-
gy department has set up a “five-week Interculturality elective
course” for second year students. During these weeks, topics
will be discussed such as social-cultural differences with regard
to health and care use, communication (including working with
interpreters), basic knowledge of migration and migrants, phi-
losophy of life and health care, prejudices and stereotypes, case
studies and experiences in care. Furthermore, Erasmus MC has
created a Student Working Group on Inclusion and Diversity
(SWID). SWID wants to pay attention to the development of
knowledge, skills and attitude formation of students in the field
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of all forms of diversity. In this way, SWID hopes that the stu-
dents who graduate from Erasmus MC will become team players
who are capable of working in the healthcare of the future. This
will be achieved due organizing activities and thinking about
new education. In order to create an effective curriculum, know-
ledge about a framework that focuses on strategies to improve
knowledge, attitudes and skills is needed. A previous review has
shown that cultural competency training can improve this among
medical trainees.[12] However, a good overview about what the
effectiveness is of initiatives among medical students, is missing.
The aim of this systematic review is to determine which initia-
tives concerning cultural competency are implemented among
undergraduate medical students and what works. In this way we
want to give an advice to the Erasmus MC about ideas for a new,
more culturally competent, curriculum.

Methods

Search Strategy and Selection Criteria

On December 23nd 2018, a searched for publications availa-
ble in the Erasmus Medical Centre Pubmed electronic database
was done. A systematic search was conducted in PubMed using
the following Medical Subject Headings (MeSH) search terms:
(“Education, Medical”’[Mesh] OR “Students, Medical”’[Mesh])
AND “Cultural Competency”[Mesh]. Sequently, all found stu-
dies were considered that were written in English and availa-
ble as full text version in the Erasmus Medical Centre Pubmed
electronic database. Four independent authors have reviewed
all publications on title and abstract. To determine whether the
publication should be excluded, the authors examined the fol-
lowing exclusion criteria:

1. participants were not only medical students (e.g. residents,

Figure 1- Selection process of articles

Total articles identified
through database sear-
ching (n=423)

Articles excluded based
>|  on lack of full text or
N\ non-English language
. journal (n=151)
Atrticles assessed for
full text and English
(n=272)
R Articles excluded based
4 on title and abstract
WV (n=204)
Articles screened by
title and abstract
(n=68)
Full text articles
«| excluded based on the
d 7| exclusion criteria (e.g.
no medical students,
Total number of inclu- no intervention studies
ded articles outsite Europe or Uni-
(n=7) ted States, etc.) (n=61)

health professionals, nursing or dental students);

2. participating medical students did not study in Europe or
the United States of America;

3. no intervention was included in the study; and

4. the effectiveness on cultural competency was not included
as an outcome measure; please see the introduction for the
definition of cultural competency.

The publications that met the criteria were divided into groups,
i.e. group one and group two. Two authors individually read the
full text publications of group one and the other two authors read
the full articles of group two. The authors of each group then
discussed whether the publications of their group were useful.
Disagreements were resolved through discussion with a third
reviewer (S. Khoshnaw and R. Hossain).

Finally, the reference lists of all included publications were ana-
lyzed for additional studies missed by our Pubmed search. Ho-
wever, all of the studies found in these reference lists met one or
more exclusion criteria.

Inventory of effects

To assess the different aspects of cultural competency, we used
the model of Betancourt.[14] This model shows that training in
cross-cultural medicine can divided in three subterms focusing
on attitude, knowledge and skills. All three subterms plays a cru-
cial role, and needs to be supported by the other subterms. We
examined the improvement the three subterms in the different
publications.[13] In the following we define these subterms.

Attitude

The subterm ‘attitude’ refers to being aware of all outside in-
fluences on the patient. It is a combination of being respectful,
sensitive and curious.[15,16]

Knowledge

The subterm ‘knowledge’ refers to having the basic knowledge
about group differences regarding to disease incidence and pre-
valence, ethnopharmacology, and historical/cultural factors that
could possibly shape health behavior.[17]

Skills

The subterm ‘skills’ refers to the ethnographic tools used in me-
dical interviewing, taking into account the cross-cultural issues,
social issues, and health beliefs.[18,19,20,21,22]

Results

Search Result

In total 272 publications were retrieved from Pubmed, of which
seven complied with all of our criteria. Figure 1 summarizes the
study selection process.

Characteristics of the included studies

Intervention characteristics of the included studies are summa-
rized in table 1. The publications originated from two different
countries, namely the United States of America and Germany.
Of the seven publications, two were randomized controlled tri-
als and the remaining five were either non-randomized trials or
observational studies.
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Table 1 - Study characteristics
Title Authors Study type Journal Year Country Program

Randomized Family Medicine

Teaching cross-cultural com-  Amy L. Lee et al
munication skills online: a Controlled
multi-method evaluation.[22] Trial

Systematic Review

April 2015 USA Medical students attending the
family medicine clerkships followed a
1-hour online reaching module about
culture competency and health dispa-
rities. This module was combined
with an assignment where students
practiced using PACT questions with
10 of their patients and sequently

writing a reflection.

Promoting medical compe- Fabian Jacobs Case report BMC Medical March 2014  Germany  3rd year medical students followed
tencies through international  etal. Education an international exchange program
exchange programs: benefits to Ghana.

on communication

and effective doctor-patient

relationships.[23] Denise Thew etal  Case report Academic Medicine  September USA

The deaf strong hospital 2012 1st year medical students followed

program: a model of diversity

and inclusion training for

first-year medical students.

[24]

Responding to the challenges  Paritosh Kaul etal  Case report
of teaching cultural compe-

tency.[25]

Medical Education ~ May 2010 USA

an educational program, in which the
medical students themselves simu-
lated as patients and deaf healthcare
workers as doctors.

1st year medical students followed
an introductory session on culture,
health and illness.

Reflective practice enriches Desiree Lie et al Case report Journal of General ~ December USA Medical students, attending a four

clerkship students’ cross- Internal Medicine 2009 week family medicine clerkship,

cultural experiences.[26] wrote an assignment which was
followed by faculty-facilitated peer
discussions.

Empowering Students With Inginia Genao etal  Randomized  Journal of the December USA 3rd year medical students followed

Cultural Knowledge: Rando- Controlled National Medical 2009 a training where 7 core elements

mized Controlled Trial of a Trial Association of cultural competency were

Cultural competency Curri-

culum for Third-Year Medical

Students.[27]

A validated cultural com- Angela P. Mihalic
petency curriculum for US etal

pediatric clerkships.[28]

Beneficial effects

Attitude

Change in attitude as a result of a cultural competency initia-
tive was assessed in four of the seven publications (57%): the
‘Problem-Affect-Concern-Treatment” (PACT)-question model
(Amy L. Lee et al.); the deaf strong hospital program (Denise
Thew et al.); introductory session on culture, health and illness
(Paritosh Kaul et al.); and the reflective practice curriculum (De-
siree Lie et al.). All above named initiatives showed positive
results regarding the students’ attitudes towards cross-cultural
differences.

In the PACT-question model positive themes emerged from the
students’ reflective writing, for example the ability to reflect on
the students’ own biases against cross-cultural patients.

The Deaf Strong Hospital (DSH) Program positively affected
students’ attitude and future behavior as physicians when inter-
acting with patients who do not speak English.

The introductory session on culture, health and illness increased
students’ attitudes significantly (p=0.001) on both care and elicit
respectively resulting in large (d=0.66) and moderate (d=0.44)
effect sizes.[21]
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Case report Elsevier

highlighted.

Medical students followed two inter-
active workshops, multimedia web
cases and a cultural and linguistic
competency pocket guide.

July 2009 USA

The reflective practice curriculum achieved a more nuanced
understanding of cross-cultural encounters among medical stu-
dents after discussion. Self-rating of confidence in addressing
cultural issues after the curriculum was high, at the scale from 1
till 4 it scored 3.17 + SD 0.57.

Knowledge

Change in knowledge as a result of a cultural competency initiative
was assessed in four of the seven publications (57%): the inter-
national exchange program (Fabian Jacobs et al.); the reflective
practice curriculum (Desiree Lie et al.); a comprehensive cultural
competency curriculum (Inginia Genao et al.); and a validated cul-
tural competency curriculum (Angela P. Mihalic et al.).

The exchange program showed no significant positive impact on
knowledge, comparing to students that went to Ethiopia with a
representative control group.

The reflective practice curriculum improved cultural knowledge
scores significantly 3.17+SD 0.57 (1-4).

The comprehensive cultural curriculum significantly empowe-
red third-year medical students with cultural competency know-
ledge.
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Table 2 - Results of interve.ntions| ier domain
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Teaching Cross-Cultural Commu-
nication Skills Online.[20]

The Deaf Strong Hospital Program:
A model of Diversity and Inclusion
Training for First-Year Medical
Students.[22]

Responding to the challenges of
teaching cultural competency.[23]
Reflective Practice enriches
clerkship students’ cross-cultural
experiences.[24]

Knowledge

Promoting medical competencies
through international exchange
programs: benefits on communi-
cation and effective doctor-patient
relationships.[21]

Reflective Practice enriches
clerkship students’ cross-cultural
experiences.[24]

Empowering students with cultural
competency knowledge: rando-
mized controlled trial of a cultural
competency curriculum for third-
year medical students.[25]

A validated cultural compe-

tency curriculum for US pediatric
clerkships.[26]

Teaching Cross-Cultural Communi-
cation Skills Online.[20]

The Deaf Strong Hospital Program:
A model of Diversity and Inclusion

Training for First-Year Medical

(Amy L. Lee et al. 2015)
(Denise Thew et al. 2012)
(Paritosh Kaul et al. 2010)
(Desiree Lie et al. 2009).

(Fabian Jacobs et al. 2014)
(Desiree Lie et al. 2009)
(Inginia Genao et al. 2009)
(Angela P. Mihalic et al.
2009).

(Amy L. Lee et al. 2015)

(Denise Thew et al. 2012)

A more patient-centered focus was achieved by the PACT model, including the ability to
reflect upon the students’ own biases.

90% of the participating students (strongly) agreed that the DSH program helped them to
realize the importance of the cultural, linguistic, and communication issues in delivering
health care to patients from different cultures. The program positively affected students’
attitudes and future behaviors when interacting with patients who do not speak English.
Students’ attitudes increased significantly (p=0.001) on both care and elicit.Respectively
resulting in large (d=0.66) and moderate (d=0.44) effect sizes.

Students’ achieved greater synthesis and more nuanced understanding of cross-cultural
encounters after discussion. Self-rating of confidence in addressing cultural issues after
the curriculum was high at 3.17 + SD 0.57 (1-4).

No significant results were found regarding to knowledge of a second language and/or
outside medicine, comparing students that went to Ethiopia with a representative control
group.

Cultural knowledge scores improved significantly.

Third-year medical students in the intervention group were significantly empowered with
cultural competency knowledge when compared to the control group.

Pre- and post-knowledge test scores improved by 17% (p<0.0001).

Students asked significantly more PACT questions during the communication-focused SPE,
when receiving the intervention.

Former participants, who are now in the clinical orientated stage, reported that the apply
lessons from the DSH program in their clinical practice now, including how to work with
interpreters and use nonverbal methods of communication. iAlso, the program had influen-

Students.[22]

Through the validated cultural competency curriculum, the
pre- and post-knowledge test scores were improved by 17%
(p<0.0001).

Skills

Changes in skills, as a result of a cultural competency initia-
tive, was assessed in two of the seven publications (29%): the
PACT-question model (Amy L. Lee et al.); and the DSHP (De-
nise Thew et al.).

In the PACT-question model the participating students used
more cross-cultural communication PACT questions compared
to the control group in an observed standardized patient exercise.
Former participants in the DSH program reported that they are
applying lessons from the DSH program in their clinical practice
now, including how to work with interpreters and use nonverbal
methods of communication. The program has also had positive
influences on the interaction with non/limited-English-speaking
patients.

No article was found that had an improvement in all the three
categories.

ced how they will interact with non/limited-English-speaking patients.

Discussion and conclusion

In the last decades, the community of Rotterdam is becoming
more and more diverse through migration flows.[2] Future phy-
sicians should be prepared for patients with different ethnic
background in the consulting room. That is why it is crucial to
implement ‘’cultural competency education’ in the medical cur-
riculum.

Different initiatives are found to teach students cultural compe-
tencies, varying from exchange programs to introductory ses-
sion on culture, health and illness. Except for the study about the
exchange program,[23] all of the studies that were included in
this review reported improvement in at least one of the following
components of cultural competency: attitude, knowledge and
skills regarding to cultural competency. However, no initiative
was found that had an improvement in all three aspects. For the
optimal outcome, improvement in all aspects of cultural compe-
tence, it is necessary that different initiatives are implemented.

Limitations

This review has several limitations.

First of all, the MeSH-term that was used in the MEDLINE
search “Cultural Competency” is introduced since 2008. That
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is why only articles, published between 2008 till 2018, are in-
cluded. Older articles might have been interesting to include in
our review, since the principal behind cultural competency is
relatively stable over time. Future research must show whether
older interesting initiatives regarding to cultural competency
have been missed.

Secondly, although the term “Cultural Competency”, introduced
in 2008, was used in the MEDLINE search, an article publis-
hed in 2007 was found in the search result. Normally, articles
published before 2008 would not be in the search result, since
the MeSH-term was introduced later in time. This increased
skepticism about the quality of the MeSH-term “Cultural Com-
petency”.

Thirdly, despite the broad term of cultural competency, only
articles focused on ethnic related culture were included. Mul-
tiple cultural competency articles regarding to “other types of
culture”, e.g. disability culture or military culture were exclu-
ded. Therefore, this review is representative for initiatives spe-
cifically focused on improving cultural competency, regarding
to ethnic culture.

Fourthly, the literature search was only conducted in PubMed,
caused by the restrictive time that was given to write this syste-
matic review. PubMed was chosen because of the relatively high
quality of the articles. Due to this, other relevant articles can be
missed. Future research must include different databases and a
more elaborated search term

At least, initiatives implemented on European medical students
were intended to be included, to be as representative as possible
to the situation in Rotterdam. However, this resulted in only one
publication from Europe. Therefore, studies performed in the
United States of America were also decided to be included. In
the United States of America research is done among medical
students, who live in a diverse environment and who have a ge-
neral Western Learning. A large limitation hereby is that, despite
in both countries physicians are educated, the medical curricu-
Ium in the USA has a different structure than in the Netherlands.
[10] Future research must be performed to find out whether this
makes a difference.

Jernigan V.B.B et al also performed an interesting review on
cultural competency training in medical education, which we
compared by emphasizing differences.[9]

For example, this review named above included not only under-
graduate medical students’, but also ‘graduated students. Only
interventions implemented among undergraduate medical stu-
dents were included in our review. Furthermore, where Jernigan
V.B.B et al included articles from 2000 till 2015, this review
included publications from 2008 till 2018.

Additionally, the objective is different. The other review wants
to give an advice to all medical universities in the United States
of America. The primary goal of our review is to use our gained
knowledge to specifically improve the cultural competency
education in the curriculum of the Erasmus MC. When positive
results are achieved at the Erasmus MC, our next goals are to
inspire other medical faculties in the Netherlands.

Advice to the Erasmus MC

We would like to give an advice to the board of directors of the
Erasmus MC. Further research needs to be done on the possibi-
lities for the implementation of cultural competency interventi-
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ons into the medical curriculum of the Erasmus MC. In specific,
attention should be spent on the Global exchange-program to
Ethiopia, the DSH-program and the introduction lessons given.
No improvements regarding to cultural competency were found
in the global exchange program of German students going on
exchange to Ethiopia. The quality of this study was assessed as
low. Third year medical students at the Erasmus MC have the
opportunity to attend the minor global health in foreign coun-
tries to (a.0.) improve their cultural competency. Before these
students go abroad, they have a five-week lecture course. The
(long term) effectiveness of the minor G.H. on specifically cul-
tural competence should be assessed, to find out which aspects
are gained during the minor.

In the DSH-program, 40 deaf healthcare workers were needed
to educate 100 first year medical students. Every year, 410 first
year medical students begin their studies at Erasmus MC. So,
when the same form would be implemented at the Erasmus MC,
this means a huge labor intensity. The timing of the intervention
was perfect, right before all the clinical lessons had even started.
If the same timing could be achieved at the Erasmus MC, stu-
dents are able to take this experience with them through all the
other clinical lessons.

In the article regarding the introduction lesson, first year me-
dical students were educated cultural competency by “clinical
phase”-students, in collaboration with physicians. This resulted
in a higher acceptance to cultural competency by the first-year
medical students. The specific Student Workgroup Inclusion and
Diversity at the Erasmus MC could help in facilitating this.
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Abstract

Systematic Review

Does mutant NPM1 MRD predict
relapse in adult AML?

Sofie Engels‘, Ferayed Hok¢, Jitte Reinhard®. Supervisor: Peter J.M. Valk’
“Medical students, Erasmus University Medical Center Rotterdam, The Netherlands
*Dept. of Hematology, Erasmus University Medical Center Rotterdam, The Netherlands

Objective: Acute myeloid leukaemia (AML) is a form of blood cancer with a major biologic heterogeneity. The prognosis of pa-
tients with AML dependents on several factors and as such, may differ from each other. The aim of the study was to determine
whether mutant Nucleophosmin 1 (NPM1) minimal residual disease (MRD) is a prognostic factor for AML relapse.

Methods: We systematically searched PubMed for articles reporting on an association between mutant NPM1 MRD and relapse
or survival of adult AML patients before transplantation. A meta-analysis was performed with relapse as the primary endpoint.
Results: 7 studies were included in the systematic review, including 1274 patients. In our meta-analysis we found an association
between mutant NPM1 MRD and AML relapse; random effects model: HR 3.16,95% CI (1.87-5.34)

Conclusions: Mutant NPM1 MRD is a prognostic factor for AML relapse after induction therapy.

Keywords

Acute myeloid leukaemia, Minimal Residual Disease, NPM1 mutation, Relapse, Adults

Introduction

Acute myeloid leukaemia (AML) is the most common acute
leukaemia in adults.[1] AML is caused by uncontrolled proli-
feration of clonal, undifferentiated cells of the hematopoietic
system, which infiltrate bone marrow, blood and other tissues.
[2] The majority of patients are older than 65 years.[3] Despite
improvements in treatment of AML, the prognosis in elderly pa-
tients is poor.[3] 70% of patients 65 years and older will die of
AML within 1 year of diagnosis.[4]

AML is characterized by a cytogenetic and molecular heterogen-
eity.[2] This biologic heterogeneity is illustrated by the variety
of molecular aberrations which carry prognostic value, but the
clinical application of this new information is currently limited.
[2] Nucleophosmin 1 (NPM1) is a molecular marker that is used
in clinical practice, such as WHO classification of AML.[2,5]
The NPM1 mutation status is incorporated in the 2017 ELN risk
stratification.[6] NPM1 mutant AML patients have a favourable
outcome, compared with other aberrations, even in the presence
of low level FLT3 ITD mutations.[6] 25-35% of AML patients
are NPM1 MRD positive.[2] NPM1 is one of the most com-
monly mutated genes in AML, but the mechanism of leukemo-
genesis is currently unclear.[5] An important additional predic-
tive factor is monitoring of minimal residual disease (MRD).
[7]1 MRD is defined as detectable leukemic cells, although this
patient is in complete remission according to current standards.
[8] Residual leukemic cells can still be detected by very sen-
sitive methods, that is what we call presence of MRD. MRD-
monitoring in AML with NPM1 mutations has been well studied
in recent years.[2]

The current therapy of AML consists of an induction therapy
and consolidation therapy. Induction therapy is an intensive
chemotherapy with the aim of achieving complete remission. A
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second induction course is also given. Post-remission therapy is
essential when complete remission is achieved after induction
therapy. The purpose of this therapy is to maintain remission.
Post-remission therapy consists of conventional chemothera-
peutic consolidation therapy and/or (allogeneic or autologous)
stem cell transplantation. When patients are unlikely to have
sustained complete remission with conventional chemotherapy
consolidation, they are eligible for (autologous or allogeneic)
stem cell transplantation.[2]

It seems that NPM 1 mutant AML patients have a better progno-
sis, but MRD is associated with a worse prognosis. We want to
investigate whether patients who are NPM1 MRD positive have
a better prognosis than patients who are NPM1 MRD negative.
The aim of this systematic review was to evaluate the association
between MRD and relapse in adult patients with NPM1 AML.

Methods

Literature search

We conducted a systematic review and meta-analysis by per-
forming a literature search on PubMed on December 11, 2018
using the following search: “Leukaemia, Myeloid, Acute/
genetics”’[Mesh] AND “Recurrence”[Mesh] AND NPMI1[All
Fields] AND (“Neoplasm, Residual/genetics”[Mesh] OR
(“Mutation”[Mesh] AND “Neoplasm, Residual”[Mesh]) OR
“Mutation/genetics"[MESH]).

Inclusion and exclusion criteria

We used exclusion criteria to screen the titles and abstracts.
Articles that were not written in English were excluded. Also,
reviews were excluded. We included articles in the systematic
review after reading the full text. We included articles a) descri-
bing the association between NPM1 MRD before (allogeneic or
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Table 1 - Quality assessment

Criteria — Articles with a score <4 were seen as Score
weak articles
1. Representativeness of the exposed cohort 01

2. Selection of the non-exposed cohort meets the criteria 01
3. Ascertainment of exposure: laboratory measurements 01
Comparability

4. Comparability of cohorts on the basis of the design or 01
analysis controlled for confounders

Outcome

5. Assessment of outcome: record linkage 0/
6. Was follow-up long enough for outcomes to occur 01
7. Subjects lost to follow-up unlikely to introduce bias — 01

number lost less than or equal to 20% or description of
those lost suggested no different from those followed

autologous) stem cell transplantation and relapse of adult AML
patients (median age > 50 years), b) in which the analysis was
based on NPM1 mutation and c) the article explicitly defined
inclusion and exclusion criteria. In case of disagreement, con-
sensus was reached through discussion.

Endpoints

Our primary endpoint was relapse, defined as no recurrence of
AML. Relapse was measured from start of first line treatment.
The secondary endpoint was overall survival.

Figure 1- Flowchart study selection

Articles found with our
search (n=423)

!

Articles screened on

title and abstract using —>| ~ Rev1.ews (nf2)
our exclusion criteria - Not in English (n=1)

(n=20)

Articles excluded by
reading the full text
not matching inclusion
Full text articles scree- criteria (n=10)
ned for eligibility | 5| - Articles describing

(n=17) NPM1 MRD before
transplantation (n=1)
- Outcome is relapse
(n=2)

- A research popula-
tion consisting of adult
patiets (n=1)

- Data from more than
50 patients (n=2)

- Explicit inclusion/ex-
clusion criteria (n=1)

- Analysis based on
NPMI1 mutation (n=3)

Articles included in
systematic review after
selection based on full

text (n=7)

Quality assessment

Two independent researchers evaluated the quality of the inclu-
ded articles by analysing full articles according to a previously
defined quality score table (Table 1).

We made our own quality assessment based on the Newcastle-
Ottawa Scale.[9] This questionnaire contained seven criteria
which focused on selection, comparability and outcome. If no
consensus would be reached, disagreements would be resolved
by a third researcher. Articles with a score of 4 or higher were
considered strong articles.

Statistical analysis

We looked at the significance results of each study separately
and compared them for signs of consistency in the outcome.
Then, we performed a meta-analysis expressing the association
between mutant NPM1 MRD and relapse-free survival as ha-
zard ratio (HR) with 95% confidence intervals (CI). We used
‘Review Manager Software 5.3’ empowered by the Cochrane
Library for this. A forest plot shows all hazard ratios. I?-values
describe study heterogeneity. If I-squared was > 50%, we con-
trolled for unobserved heterogeneity by using a random effects
model. The test was statistically significant if p<0.05.

Results

Literature search

Using the previously mentioned search, we found 20 articles
(Figure 1), including two reviews that was excluded based on
the set criteria. After reading the full text of every article in the
result, we excluded another 10 articles as they did not meet the
inclusion criteria, did not describe MRD in NPM 1 mutated AML
patients, did an analysis not based on NPM1 mutation, did not
provide results with which to derive relapse-free survival or
overall survival as outcome, did not have at least 50 patients in
the cohort or did not provide sufficient exclusion and inclusion
criteria for its study or a combination of the above mentioned.
Eventually, we included 7 articles in our systematic review.

Study characteristics and quality appraisal

The characteristics of the 7 included studies are shown in Table
2. Measuring MRD in the studies was done either by standard
PCR, RT-PCR, qPCR or RT-qPCR. A total of 1274 patients, me-
dian age 53.2 (range 6-80), were included in the studies. Me-
dian sample size was 158 (range 51-252). Median follow-up
for survival varied between 0.8 to 4.9 years. All 7 articles were
deemed of strong quality, the lowest rate was 5 out of 7, with 4 or
more points defined as strong quality. For this review we looked
at MRD measurements done after induction therapy and after
stem-cell transplantation.

MRD after induction therapy

Positive MRD after induction therapy consistently shows higher
risk of relapse. Six studies provided results showing that positive
mutant NPM1 MRD was associated with a higher risk of relapse
(Table 3), with hazard ratios ranging between 1.47 by Hubmann
etal. (HR 1.47 (95% CI 1.17-1.84); p=0.001) and 21.2 by Bill
etal. (HR 21.1 (95% CI 4.9-91.6); p <0.001).[10-13,15,16]
Bill et al. also found a higher overall survival (2.9 (95% CI 1.2-
7.1); p = 0.020), was linked to negative mutant NPM1 MRD
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Table 2 - Study characteristics

Study population Number of participants

with NPM1 MRD (n)

Bill, et al. Median 61.6 years (32.6-73.9) 51
(2018) [10]

Ivey, et al. Median 50 years (6-68) 346
(2016) [11]

Kayser, et al. Median 53.3 years (17-73) 67
(2016) [12]

Kronke, et al. Median 49 years (19-61) 137
(2011) [13]

Schnittger, et al. Median 58.9 years (20.1-79.3) 252
(2009) [14]

Hubmann, et al. Median 57 years (18-80) 158
(2014) [15]

Shayegi, et al. Median 51 years (20-79) 155
(2013) [16]

Table 3 - Mutant NPM1 MRD after induction therap

Cumulative incidence of Event-free survival

relapse (HR; 95% Cl)
Bill M, 2018 [10]  21.1 (4.9-91.6); p < 0.001
Ivey A, 2016 [11]  4.80 (2.95-7.80); p < 0.001

Kayser S, 2016
[12]

Kronke J, 2011
[13]
Schnittger S, 1.307 (1.090-1.524); p
2009 [14] =0.006

Hubmann M, 1.47 (1.17-1.84); p = 0.001

2014 [15]
Shayegi N,
2013 [16]

9.03 (1.07-75.9); p = 0.04

1.96 (1.55-2.47); p < 0.001

3.41 (1.15-10.06); p = 0.03

after induction, while Kayser et al. found a lower chance at over-
all survival (0.70 (95% CI 0.29-1.70); p = 0.02) associated with
positive mutant NPM1 MRD after induction therapy.[10,12]
Both Ivey et al. and Kronke et al. found a higher risk of death in
NPM1 mutated AML patients with positive MRD after induc-
tion, respectively 4.38 (95% CI 2.57-7.47); p < 001 and 1.70
(95% CI 1.36-2.14); p<0.001.[11,13]

Schnittger et al. showed that NPM1 mutated AML patients
with negative MRD have a significantly higher chance at event-
free survival then patients with positive MRD.[14] The results
support the thesis that Minimal Residual Disease detection by
NPM1 mutation carries prognostic value for relapse of AML.

MRD after consolidation therapy
Hubmann et al. show a significant higher risk of relapse after
consolidation therapy (HR 1.39 (95% CI 1.10-1.77); p = 0.006)
with positive MRD (Table 4).[15]

MRD after stem cell transplantation
According to Kronke et al., minimal residual disease by NPM 1
mutation determined after stem-cell transplantation carries sig-

Table 4 - Mutant NPM1 MRD after consolidation therapy

Stud Relapse (HR; 95% Cl

Hubmann M, 2014 [15] 1.39 (1.10-1.77); p = 0.006
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(Relative risk; 95% CI)

Systematic Review

Pre- or post-trans- Study Result quality  Cut-off levels

plantation outcome assessment NPM1 mutant
Pre-transplantation - Cumulative inci- 7 ratio of 0,01
dence of relapse
Pre- and post-trans- - Overall survival
plantation - Risk of relapse 6 ratio of 0,1
- Risk of death
Pre-transplantation - Relapse 6 1%
- Overall survival
Pre- and post-trans- - Relapse 6 200 NPM-
plantation - Death 1mut/104 ABL
Pre-transplantation - Event-free 5 3-log
survival
Pre-transplantation - Relapse-free 6 ratio of 0,01
survival
- Overall survival
Pre- and post-trans- - Disease-free 5 1%
plantation - Overall survival

Overall survival (HR; 95% CI) Death (HR; 95% CI)

2.9(1.2-7.1); p = 0.020
4.38 (2.57-7.47); p
0.70 (0.29-1.70); p = 0.02 <001

1.70 (1.36-2.14); p <

0.001
Table 5 - Mutant NPM1 MRD after SCT
Study Relapse (HR; Death
95% CI) (HR; 95% CI)
Krdnke J, 2.24 (1.83-2.74); 1.67 (1.43-1.95); p
2011 [13] p < 0.001 < 0.001
Schnittger S,
2009 [14] =0.025
Shayegi N, 1.84(0.19-
2013 [16] 17.76); p = 0.6

nificant higher risk of relapse (HR 2.24 (95% CI 1.83 - 2.74); p<
0.001) and higher risk of death (HR 1.67 (95% CI 1.43-1.95);
p<0.001).[13] Schnittger et al. show a higher chance at event-
free survival with negative MRD, determined after stem-cell
transplantation (Table 5).[14]

Meta-analysis

We found an overall association between minimal residual
disease by mutant NPM1 after induction and relapse-free survi-
val using our meta-analysis. The meta-analysis only included the
six articles reporting on the incidence of relapse (Table 3) and
shows significant prognostic value for MRD in mutant NPM1
AML for relapse-free survival, random effects model: HR 3.16.
[95% CI 1.87-5.34] (Figure 2).[13,14,16] I? was 85%, sugges-
ting serious heterogeneity between the studies.

Event-free survival
(Relative risk; 95% Cl)

1.060 (1.075-1.113); p
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Figure 2 - Meta-analysis: Relapse in patients with mutant NPM1 MRD compared to no NPM1 MRD after induction therapy. Outcome: hazard ratio of relapse

Hazard Ratio
IV, Random, 95% CI

Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight IV, Random, 95% CI
Kayser S, 2016 2.2006 1.0862 5.0% 9.03[1.07,75.91]
Bill M, 2018 30533 0747 B87% 21.19[4.90,51.60]
Shavegl N, 2013 12267 0552 126%  3.41[1.16,10.06]
ey A, 2016 1568 0248 220% 4.30[2.95, 7.80]
Kréinke J, 2011 06720 0118 258%  1.6(1.56, 2.47]
Hubmann M, 2014 03934 01155 258%  147[(1.17,1.84]
Total (95% CI) 100.0%  3.16[1.87,5.34]

Heterogeneity. Tau*= 0.27, Ch* = 32.45, df= 5 (P < 0.00001), I*= 85%
Testfor overall effect Z= 4.28 (P < 0.0001)

Discussion

The prognosis of AML patients shows great variety. In this study
we did a literature review to assess the prognostic value of mu-
tant NPM1 MRD.

MRD is a prognostic factor for mutant NPM1 AML after in-
duction therapy. All articles showed a significant lower cumu-
lative incidence of relapse or a higher cumulative incidence of
event free survival, after induction therapy, for patients who are
NPM1 MRD negative. In our meta-analyses, which included six
articles.[7-10,12,13], we found a significant lower outcome for
patients who are NPM1 MRD negative.

Bill M, Ivey A, Kayser S and Kronke J showed a significant hi-
gher overall survival rate or lower death rate after induction the-
rapy for patients who are NPM1 MRD negative.[10-13,15,16]

Relevance of our conclusion

Our systematic review confirms the prognostic value of mini-
mal residual disease by NPM1 mutation. This confirmation is
important for both patients and clinicians. Patients can be bet-
ter informed about their status and the chances of survival or
relapse, while their doctors can make well-informed decisions
concerning the patients’ therapy. For example, patients who are
NPM1 MRD negative, may receive less intensive therapy than
patients who are NPM1 MRD positive.

Limitations of the research:

The articles used different NPM1 MRD cut-off levels, therefore
it is difficult to compare the results with each other. This may
have caused our high heterogeneity.

Schnittger, et al. provided 4 results after induction therapy.[14]
Namely after 18-60, 61-120, 121-365 and >365 days.[6] We
used the results between 121 days and 365 days, because this
was comparable to the number of days in the other articles that
discussed induction therapy.

For the cumulative incidence of relapse Shayegi, et al. compared
multiple levels of NPM1/ABL MRD, instead of NPM1 MRD or
no NPM1 MRD, which forced us to choose one level of NPM 1
MRD for the review and meta-analysis.[16] We chose the NPM 1
MRD level of 1% (compared with the reference) for further ana-
lysis, as this was also the cut-off level of three other included
studies.[16]

Some patients had additional aberrations beside a NPM1 mu-
tations, like FLT3. This can affect the prognosis of the patients.
For instance, a patient with a FLT3 mutation has more risk to
relapse. This can affect our outcome.

—_—
-
-
<>
'l | L 'l
0.01 01 10 100
NPM1 MRD-Positive Better NPM1 MRD-Negative Better

The median age of patients included in the articles used for this
systematic review is 53 years, but there were also children in-
cluded (range 6 - 80). Our research was aimed at investigating
adult AML relapse and the conclusion should be considered as
such. We didn’t have the databases of the included studies and
the results of the adults and children were not divided. There-
fore, it was not possible to extract the results of the children.
The median age of each population was at least 50 years. We
acknowledge that the median age is lower than the majority of
AML patients (older than 65), and may as such have an effect on
our conclusion.

Whether mutant NPM1 MRD is a prognostic factor for paedia-
tric AML, remains unclear.

The Newcastle-Ottawa scale was not fully relevant to the studies
we were looking for. Our scale isn’t researched and critiqued by
the scientific community. Our scale is better, because we have
criteria established in accordance with current knowledge and
understanding of the diagnosis of AML.

Further research is needed to study how to adjust treatment when
NPM1 MRD is negative. Also, it would be very interesting to
investigate whether other genetic aberration and the MRD status
does also have an impact on relapse or survival.
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Abstract

Objective: The aim of this systematic review was to examine potential differences in eye movements in social situations between
patients with Fragile X Syndrome (FXS) and patients with Autism spectrum disorder (ASD).

Methods: On December 12, 2018, we searched the PubMed database. Articles were included if they used social stimuli and mea-
sured the eye movements of the two groups.

Results: In total, six articles were included. Significant findings were: participants with FXS had a higher proportion of dwell
time, fixated quicker on social stimuli, had a higher proportion of gaze to the face (whereas participants with ASD showed more
gaze to objects), and spent a lower proportion of time at the eye region of the face compared to participants with ASD.
Conclusions: The results of the studies included in this systematic review seem to suggest that FXS patients tend to be more sensi-
tive to social stimuli than ASD patients, and more likely to avoid eye contact. However, as the included studies used a wide variety
of paradigms and the sample sizes are limited, the findings of this review should be interpreted with caution, and it is important
that these studies are replicated. Nevertheless, the studies do show that eye tracking might be a valuable tool in clinical research

as this non-invasive measure is sensitive to small behavioral differences between groups.

Keywords

Fragile X Syndrome, Autism Spectrum Disorder, Eye Movements

Introduction

Fragile X Syndrome (FXS) is an inherited disorder, known as
the most common cause of intellectual disability.[1] In FXS a
repeat mutation in the FMR1 gene hinders the production of the
protein FMRP, which is associated with the development of the
synapses between neurons.[2,3] The reduced FMRP levels cause
an impairment in the development of the nervous system and its
functions.[2] It occurs in approximately 1 in 4000 males and 1 in
8000 females.[4] Because FXS is a genetic disorder in a X-linked
dominant pattern, it is more common in boys and boys are more
likely to have severe symptoms than girls.[S] Patients with FXS
may present with social problems, behavioral problems, learning
disabilities and developmental delay.[6] In addition, patients with
EXS often experience symptoms like hyperactivity, repetitive be-
havior and impulsivity.[7]

Patients with FXS often have social and communicational pro-
blems, and many are diagnosed with autism spectrum disorder
(ASD).[6] According to Turner et al, approximately 21% of the
children (25,9% of boys) with FXS scored at or above the cut off
for ASD.[4] Even though many patients with FXS also receive an

ASD diagnosis, studies have reported differences in ASD charac-
teristics between patients with FXS and ASD and patients with
non-syndromic ASD. According to McDuffie et al, more severe
deficits in complex mannerisms were seen in patients with FXS
(with ASD) compared to patients with ASD only.[8] In contrast,
Wolff et al. found that individuals with FXS (with ASD) had fe-
wer deficits in social behavior compared to individuals with ASD
only.[9] In that study, the social behavior was scaled by measu-
ring the facial expression, gaze integration, social smile and other
variables.

Currently, there is no effective treatment available for FXS. Two
problems make it difficult to develop an effective treatment.
First, there is a lot of variability in the FXS population in terms
of the symptoms they experience, and we do not know which
characteristics are specific to FXS and which characteristics are
caused by for example the comorbid ASD or developmental
delay. Second, it is unknown which of those characteristics are
sensitive to treatment and which can be measured objectively to
study the effectiveness of treatments.

Some researchers have studied characteristics of ASD by mo-
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nitoring eye movements of patients in social situations.[10,11]
With eye tracking, an individual’s gaze and eye movement are
followed by using an external device.[10] Eye tracking could be
a useful tool to reveal differences between groups of patients,
because it can give insight into the ways in which visual atten-
tion is distributed.[11] Using an eye tracker could provide in-
sight in which characteristics are typical for FXS and it could
show whether the ASD characteristics in individuals with FXS
are similar to the ASD characteristics in individuals with ASD
only. Similarities in those ASD characteristics could mean that
individuals with FXS could benefit from the same treatment as
individuals with ASD. Conversely, potential differences in the
ASD characteristics between individuals with FXS and individu-
als with ASD would show that specialized treatment is needed.
Because social impairments are an important characteristic of
ASD, eye movements in social situations will be the focus of this
review. However, it is important to note that this is just one of
many characteristics that should be investigated in both groups.
Furthermore, aberrant eye movements can never be used as the
only biomarker to measure the effectiveness of a treatment. Ho-
wever, this way of measuring would be a good addition to the
more subjective measures that are currently used in clinical prac-
tice (behavioral observations, parental- and self-reporting).

In this systematic review, we will answer the question what the
differences are in eye movements in a social situation between
patients with FXS (with or without ASD) and patients with ASD
(without FXS). Thurman et al. used a depression, anxiety and
mood scale to investigate psychiatric symptoms in individuals
with FXS and ASD (without FXS).[12] He found that there was
more hyperactive behavior and general anxiety in boys with
FXS, compared to boys with ASD (without FXS). Knowing this,
the hypothesis of differences in eye movements or gazing beha-
vior in socials situations is that boys with FXS (with or without
ASD) will respond less tot social stimuli compared to boys with
ASD only, based on the anxiety.

The aim of our review is to find characteristics in eye move-
ments, as an objective measure, which could act as a biomarker
in the future. Such characteristics, typical for FXS, could help
measure the effectiveness of potential treatments in the future.
No systematic review has been published about this yet.

Methods

Search strategy

On December 12, 2018, a search was conducted in PubMed
using search terms related to FXS, ASD and eye-movements.
Since we are comparing patients with FXS (with/without autism)
with patients who suffer from autism only, we wanted both of
these terms to appear in our articles. Therefore, we used “AND”.
Furthermore, articles we included had to be English. Figure 1
shows our final search.

Figure 1 - Search term

(((““autism spectrum disorder”’[MeSH Terms] OR
“autism”[All Fields]) AND (“fragile x syndrome”[MeSH
Terms] OR “fragile x”[All Fields])) AND (“eye
movements”’[MeSH] OR “eye tracking”[All Fields] OR
“eye gaze”[All Fields] OR “eye movement”[All Fields])
AND English[lang])
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Study selection

We scanned the articles on their titles and abstracts and discussed
whether the articles were relevant for the review. Additionally,
we scanned the reference lists of the selected articles for other
potentially relevant articles. Studies were included if eye-move-
ments of participants with FXS and participants with ASD were
recorded when presented with social stimuli.

We composed the following exclusion criteria: articles were ex-
cluded if they compared FXS patients only with a control group
(typically developing children), if they did not use eye-tracking
or the participant’s eye gaze as an outcome, if they used medica-
tion as an intervention, if they did not use FXS patients in their
study, if they did not use patients with autism only in their study
and if they used ‘rapid eye movement’ (REM) sleep as only out-
come.

After our initial screening we did a full text screening to assess
the eligibility of the articles we initially included.

Quality assessment

To determine the quality of the articles, we applied a checklist for
measuring study quality as described in “The feasibility of cre-
ating a checklist for the assessment of the methodological qua-
lity both of randomized and non-randomized studies of health
care interventions” by Sara H Downs and Nick Black.[13] This
checklist consists of 27 questions that can be answered by either
“yes” or “no” and some questions can be answered by “unable
to determine”. Question 5 can also be answered by “partially”.
For each question, the article could be rewarded with either one
point (if the answer is yes) or zero points (if the answer is no or
unable to determine). Some questions can be rewarded with more
than one point. Furthermore, question 27 concerns the power of
each study and therefore gets points according to the height of the
power. Table 1 shows the checklist with its questions.

Results

Selection process

Our PubMed search produced 32 articles. After applying our ex-
clusion criteria on the titles and abstracts, 7 articles were eligible.
When reading the full text, one article had yet to be excluded
as the participants in the ASD group in this article showed ASD
symptoms, but did not have a formal ASD diagnosis. Figure 2
shows a flowchart of our study selection process.

Study characteristics

The characteristics of the included articles are summarized in
Table 2. Only Crawford et al. (2015) included one girl with FXS
in their study.[11] The other studies exclusively used male par-
ticipants.

Social stimuli

In 3 out of 6 studies social stimuli consisted of live interactions.
[14-16] A video-recording was shown to the participants as a so-
cial stimulus in 2 of the studies. One of these studies showed so-
cial and non-social stimuli and the other showed a word-learning
video performed by an actor.[10,17] The final study used photo-
graphs of human faces as social stimuli.[11]

M
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Figure 2 - Flowchart of study selection

Table 1 - Checklist for quality assessment

Records identified Records excluded (N=25)
] through database - Articles that compared FXS
:"..E searches (N=32) patients with a control group
2 (N=8)

- Articles that did not use eye-
tracking or the participant’s
eye gaze as an outcome
(N=3)

- Articles that used medicati-
on as an intervention (N=1)

- Articles that did not use

Records screened FSX patients in their study

(N=32) (N=3)

- Articles that did not use
patients with autism only in
their study (N=7)

- Articles that used ‘rapid eye
movement’ (REM) sleep as
an outcome (N=3)

A\ 4

WV

= A\
:'E-, Full text articles assessed Full text articles excluded
o for eligibility (N=7) > (N=1)

- Articles that used partici-
pants who only have sym-
toms of autism, no autism
diagnosis (N=1)

Studies included in the
review from the pubmed
database (N=6)

Measuring tools

3 out of 6 studies used an eye-tracker as a measuring tool.
[10,11,17] In the other 3 studies trained raters analyzed partici-
pants’ eye-movements using video recordings.[14-16]

Results and conclusions

In 4 studies, the reaction of the participant on social stimuli was
the main focus.[10,14,15,17] This was specified as looking at the
stimulus (person) or not, either by looking away or by looking
at an object.

Friedman et al. had gaze avoidance as a percentage of the total
video time as an outcome.[14] They did not find any statistical
significant differences between the ASD and the FXS group (p
=0.4606).

Crawford et al. (2016) observed the proportion of social dwell
time of the total dwell time (social and non-social) for stimuli
moving towards and stimuli moving past the viewer.[17] They
found a higher proportion of dwell time in participants with FXS
than in participants with ASD in both the moving towards and
the moving past stimuli. They also found that participants with
EFXS fixated quicker on these stimuli compared to participants
with ASD. However, ASD and FXS were not directly compared

42

1. Is the hypothesis/aim/objective of the study clearly descri-
bed?

2. Are the main outcomes to be measured clearly described in
the Introduction or Methods section?

3. Are the characteristics of the patients included in the study
clearly described?

4. Are the interventions of interest clearly described?

5. Are the distributions of principal confounders in each group
of subjects to be compared clearly described?

6. Are the main findings of the study clearly described?

7. Does the study provide estimates of the random variability
in the data for the main outcomes?

8. Have all important adverse events that may be a consequen-
ce of the intervention been reported?

9. Have the characteristics of patients lost to follow-up been
described?

10. Have actual probability values been reported (e.g. 0.035
rather than <0.05) for the main outcomes except where the
probability value is less than 0.001?

11. Were the subjects asked to participate in the study re-
presentative of the entire population from which they were
recruited?

12. Were those subjects who were prepared to participate
representative of the entire population from which they were
recruited?

13. Were the staff, places, and facilities where the patients
were treated, representative of the treatment the majority of
patients receive?

14. Was an attempt made to blind study subjects to the inter-
vention they have received?

15. Was an attempt made to blind those measuring the main
outcomes of the intervention?

16. If any of the results of the study were based on “data dred-
ging”, was this made clear?

17. In trials and cohort studies, do the analyses adjust for diffe-
rent lengths of follow-up of patients, or in case-control studies,
is the time period between the intervention and outcome the
same for cases and controls?

18. Were the statistical tests used to assess the main outcomes
appropriate?

19. Was compliance with the intervention/s reliable?

20. Were the main outcome measures used accurate (valid and
reliable)?

21. Were the patients in different intervention groups (trials
and cohort studies) or were the cases and controls (case-control
studies) recruited from the same population?

22. Were study subjects in different intervention groups (trials
and cohort studies) or were the cases and controls (case-control
studies) recruited over the same period of time?

23. Were study subjects randomized to intervention groups?
24. Was the randomized intervention assignment concealed
from both patients and health care staff until recruitment was
complete and irrevocable?

25. Was there adequate adjustment for confounding in the
analyses from which the main findings were drawn?

26. Were losses of patients to follow-up taken into account?
27. Did the study have sufficient power to detect a clinically
important effect where the probability value for a difference
being due to chance is less than 5%?
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Table 2 Characteristics of the included studies
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Systematic Review

Table 3 - Results of quality assessment

significant differences were found in the proportion of time spent
Question Friedman Crawford

S looking at emotional faces (happy or disgust) compared to loo-

Cohen et Cohen et al.

Benjamin

in this study, because the participants of these groups were not
matched on a number of participant characteristics. Therefore,
these findings could not be statistically compared.

Benjamin et al. investigated gaze proportion to target or face
during target object presentation and gaze proportion to distracter
or face during distracter object presentation.[10] Their follow-up
t-tests compared object gaze (target and distracter) to face gaze.
Their study found that FXS individuals showed more gaze to
the face than those with ASD during object presentation (target
object: p = 0.007; distracter object: p = 0.04), whereas ASD in-
dividuals showed more gaze to the objects than those with FXS
(target object: p = 0.001; distracter object: p = 0.03). Moreover,
participants with FXS had a higher proportion of gaze to the face
than to the objects (target object: p < 0.001; distracter object: p
=0.04) and participants with ASD distributed their gaze evenly
to both the objects and the face. These findings were statistically
significant.

Cohen et al. (1988) had relative frequency of social gaze to avoi-
dance and absolute frequency of social gaze as an outcome.[15]
In both relative frequency of social gaze to avoidance and ab-
solute frequency of social gaze, a higher percentage was visible
in participants with ASD than in those with FXS+ASD, though
these groups were not directly compared in this study. Hence, we
do not know whether this difference is statistically significant.
In one study, the part of the face that is most frequently viewed
is examined.[11] In Crawford et al. (2015), the only significant
outcome was the proportion of time spent looking at the eye re-
gion of neutral faces.[11] It was found that individuals with ASD
spent a significantly higher proportion of time at the eye region
of the face compared to individuals with FXS (p = 0.001). No

0' 1 t bR t e t 2 L L 1 ek king at neutral faces (happy faces: p = 0.683; disgust faces: p =
2 1 1 0 1 1 1 0.598). Furthermore, the proportion of time spent looking at the
3 9 1 1 1 1 1 mouth region on neutral faces did not significantly differ between
4 1 1 1 1 1 1 individuals with FXS and individuals with ASD (p = 0.49).

5 1 2 1 2 1 1 The last included study, Cohen et al. (1989), examined the effect
6 1 1 1 1 1 1 of ‘adult looks at child’ (AL) on the probability of the reaction of
7 1 1 1 1 1 1 the child.[16] The reaction could either be ‘child looks at adult’
8 0 0 0 0 0 0 (CL) or ‘both look at each other’ (BL) or ‘neither looks at the
9 0 0 L L L L other’ (NL). It was found that individuals with FXS were sen-
i L L L ! ! ! sitive to the parents’ social gaze initiation (AL) (p < 0.001), but
11 0 1 1 0 0 0 N . . - .

12 0 0 0 0 0 0 the individuals with FXS had an aversive reaction in their eye
13 0 0 0 0 0 0 contact (p = 0.034). In contrast, individuals with non-FXS ASD
14 0 0 0 0 0 0 were insensitive to the parents’ social gaze initiation (AL), but
15 0 0 0 0 0 1 they did not find eye contact aversive.

16 1 1 1 1 1 1

17 0 0 0 0 0 0 Quality assessment

18 1 1 1 1 1 1 Two reviewers assessed the quality of the included articles. Table
19 0 0 0 0 0 0 3 shows the results of our quality assessment. For many questi-
20 . L ! L 1 . ons, all articles are not rewarded with any points. This is due to
el v 0 ! L L 4 the fact that these questions do not apply to the type of study that
:; g g g 8 g g is performed. For example, none of the studies were randomized.
24 0 0 0 0 0 0 We left out question 27 (concerning the power of the studies),
25 0 0 0 0 0 0 because we were not able to calculate the power of all papers.

2% 0 0 0 0 0 0 Cohen et al. (1988) blinded the raters so that they did not know
Total 11 13 12 12 11 12 the hypotheses of the study, but no other study did that.[15] Mo-

reover, only Crawford et al. (2015) recruited their participants
from the same source.[11] Others recruited their participants
from an earlier study or they did not state how they recruited
their participants.

In total, the article of Crawford et al. (2015) had the highest qua-
lity (13 points) and the article of Friedman et al. and that of Co-
hen et al. (1989) the lowest (11 points).[11,14,16]

Discussion

In this systematic review, we tried to answer the question what
the differences are in eye movements in a social situation between
patients with FXS (with or without ASD) and patients with ASD
(without FXS).

Benjamin et al. showed that participants with FXS gazed more
at the face in comparison with participants with ASD, who sho-
wed more gaze at the target or distracter object.[10] Though not
statistically compared, Crawford et al. (2016) demonstrated that
FXS individuals looked more at and fixated quicker on social
stimuli than ASD individuals.[17] By contrast, Friedman et al.
did not find any significant differences in social gaze between the
two groups.[14] According to Crawford et al. (2015), individuals
with FXS spent less time looking at the eye region of the face
compared to individuals with ASD.[11] In the article of Cohen
et al. (1989) it was found that individuals with FXS were sta-
tistically more sensitive to social gaze initiation by others com-
pared to individuals with ASD.[16] Furthermore, they showed
that individuals with FXS looked away when eye contact was
made, whereas individuals with ASD did not. Lastly, Cohen et al.
(1988) found that individuals with ASD showed more social gaze
compared to individuals with FXS+ASD.[15]

To be able to analyze these results further, we divided them into
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two subcategories: the reaction of the participants to social stimu-
li and the part of the face participants are more likely to look at.

First, the reaction of the participants to social stimuli was ob-
served. 5 out of the 6 studies belong to this subcategory: Fried-
man et al., Crawford et al. (2016), Benjamin et al., Cohen et al.
(1989) and Cohen et al. (1988).[10,14,15,16,17] Benjamin et
al. and Cohen et al. (1989) significantly support that patients
with FXS are more sensitive to social stimuli than patients with
ASD.[10,16] This might be explained by the study of Wolff et
al., which is mentioned earlier.[9] In that study, it is investigated
whether there are differences in social behaviors in individuals
with FXS+ASD compared to individuals with ASD-FXS. Ulti-
mately, the study showed that individuals with FXS+ASD had
fewer deficits in social behaviors than the ASD-FXS group. This
might mean that individuals with FXS are more social than indi-
viduals with ASD only, because of the greater quality of social
overtures, which is found in the study. The fact that individuals
with FXS are more social, could explain why individuals with
FXS tend to be more sensitive to social stimuli than patients with
ASD.

Looking at the results described above, Benjamin et al. and Co-
hen et al. (1989) significantly support that patient with FXS are
more sensitive to social stimuli than patients with ASD.[10,16]
Crawford et al. (2016) stated that FXS individuals looked more at
and fixated quicker on social stimuli than ASD individuals.[17]
Yet, since the fact that these findings are not statistically compa-
red, we do not know whether the finding is significant. The study
of Friedman et al. and Cohen et al. (1988) also had outcomes that
would allow us to say something about the reaction of the partici-
pants to social stimuli.[14,15] Though, there were no significant
differences found between both groups in the study of Friedman
et al.[14] Furthermore, we are not sure if the results investigated
by Cohen et al. (1988) are significant, because those groups were
not directly compared in their study so we extracted the results
from the figure by visually observing it.[15]

Considering this, we tend to conclude that patients with FXS
might be more sensitive to social stimuli than patients with ASD.
This means that a patient with FXS is more likely to interact in a
social situation. However, only 2 out of the 5 studies mentioned
above significantly support this conclusion, so this makes it diffi-
cult to form a conclusion based on our results.[10, 16] Neverthe-
less, we still tend to conclude that there is a greater sensitivity to
social stimuli in patients with FXS, based on the 2 articles which
statistically investigated this combined with the background data
we already read in the article of Wolff et al.[9,10,12,16] More
research need to done in order to be able to confirm this in the
future.

Second, two studies examined which part of the face is most pre-
ferred to look at.[11,15] Crawford et al. (2015) stated that pa-
tients with FXS look significantly less to the eyes than to other
parts of the face compared to patients with ASD and Cohen et al.
(1988) stated that patients with FXS look away after making eye
contact with another person.[11,15] This might be explained by
the study of Thurman et al.[12] In this study, it is found that boys
with FXS had more general anxiety than boys with ASD only.
This is also already mentioned in the introduction. The fact that
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boys with FXS are more scared could mean that they are more
curious to keep an eye on anyone who is talking. But by the time
the one who is talking looks at the patients, the individuals with
FXS might be more likely to look away, because of the social
fear. Ultimately, this makes it seem like patients with FXS might
not enjoy making eye contact and are more likely to avoid eye
contact, which could be a consequence of the fact that patients
with FXS suffer from anxiety more frequently.

Our quality assessment showed that the article of Crawford et
al. (2016) had the highest quality.[17] However, since the results
that are relevant to our review are not statistically compared,
we cannot value these results. Friedman et al. and Cohen et al.
(1989) had the lowest quality.[14,16] Most of the articles did not
state how they recruited their participants, so we were not able to
tell if the participants were representative of the entire FXS and
ASD population and if that had an influence on the results. Re-
markable is that the quality scores of all studies are very similar:
the difference in quality score between highest and lowest quality
is only two points. Besides, the distribution of the scores in each
study is almost similar, which makes it hard to distinguish in the
values of the results of the different articles. Since the outcomes
of the included studies are not completely similar, it is difficult to
explain these different findings. Furthermore, not many articles
have been published about this yet.

Based on the results, we have cautiously formed an answer to our
research question: there seem to be differences in eye movements
in a social situation between patients with FXS and patients with
ASD. Patients with FXS tend to be more sensitive to social sti-
muli, but they seem to be more likely to avoid eye contact than
patients with ASD.

This is the first systematic review that has focused on using eye-
tracking as a biomarker to monitor treatments in patients with
FXS. This subject is of great interest, because developing a treat-
ment for FXS will be easier in the future by using an objectively
measurable and sensitive biomarker.

However, there are also a few limitations in this systematic re-
view. First, as described earlier, different social stimuli and
measuring tools were used in the studies. 3 out of 6 studies used
photos or videos as social stimuli, whereas the other 3 studies
used live interacted social stimuli.[10,11,14,15,16,17] This is
not remarkable, because there are no guidelines for measuring
eye movements nor presenting social stimuli in this context. Ho-
wever, this does make it hard to compare those studies, because
the social stimuli are presented in a completely different way.
The participant could be more scared of a person than a video.
There were also differences between the studies that used live
interacted social stimuli. For example, in the study of Cohen et
al. (1989), the participants did an object-centered task with their
parents, whereas the participants in the study of Friedman et al.
had to sit next to a stranger (examiner).[14,16] The fact that the
participants had to communicate with an unknown person, could
have made them more uncomfortable. This could have influen-
ced the results. That is why the studies that used live interacted
social stimuli are also hard to compare to each other.

In the future there should be a standardized approach for both
social stimuli and measuring tools. That would make it easier to
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compare the results from different studies. We suggest that stu-
dies in the future all should use an eye-tracker to measure the
eye movements. An eye-tracker is a more objective measuring
tool than a measurement by a rater and is less prone to making
mistakes or missing movements. In addition, studies should all
use real-life interactions as social stimuli, because this simulates
reality the best. Via a video or a photograph, the patient might not
react in the same way as in a real-life situation, because there is a
certain distance between the patient and the stimulus.

Third, a majority of the included studies has not specified
whether their participants with FXS had a comorbid ASD or not.
If patients with FXS+ASD are compared to patients with ASD, it
is possible to specifically examine the influence of FXS on social
behavior in patients with ASD. Since this has not been specified
in most of the studies, we cannot be certain that the characteris-
tics we found are specific to FXS only.

Another limitation is that only boys with FXS are observed in all
studies, except for the article of Crawford et al. (2015), that also
observed one girl.[11] Therefore, our conclusion only applies to
males.

Moreover, included studies for this systematic review all had a
small sample size. Cohen et al. (1989) had the highest sample
size of 48 participants, which is still very small.[16] Aside from
the fact that a small sample size leads to a low statistical power,
this could also mean that the samples are not representative of the
entire FXS and ASD population.

Lastly, Crawford et al. (2016) was not able to statistically com-
pare the findings that were relevant to our review and the results
of Cohen et al. (1988) were only visible observed.[15, 17] This
limits our review because this means that we cannot value their
results.

The aim of this study was to examine whether eye-movements
of patients with FXS contain characteristics that are specific for
FXS in social situations/when presented with social stimuli. This
may help determine whether eye-tracking could be considered as
an option for measuring the effectiveness of potential treatments
in the future. Despite the fact that our findings need to be inter-
preted cautiously, our systematic review has proved that there are
differences in eye movements between patients with ASD and
FXS and that eye tracking might be a useful tool to measure these
differences. In order to prove our findings, more research with a
standardized method needs to be performed.
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Instructions for EJM authors

General

The instructions that follow have several purposes. First, we
want to make life easy for you, the authors, and for the editors
and peer reviewers, the layout (prepress) people, and the
journal readers.

The section Authors instructions storyline, on the website
(www.erasmusmec.nl/erasmusjournalofmedicine) will help you
to organize your article in a logical, credible and readable way.
This will help you - it tells you what goes where—and, thus,
save you time. It will help the editors and peer
reviewers—they will easily see the credibility and relevance
of your work— and, thus, save them from writing rejection
letters. And, it will help readers to quickly and easily read and
understand your work and see its value.

The section entitled Formatting Instructions will help
you as well; the basic idea is to keep the formatting as simple
as possible, so you can focus on content and not get involved
with layout. The language editor and the prepress people will
also be able to more efficiently do their jobs. Please follow
these instructions.

Please be aware that we will have to return papers that do not
conform to these instructions to the authors.

What you can enter

Research news - Research articles describe one study or
analysis, usually from an elective research project or one

of the masters programs. Number of words: max. 3500 + 4
figures or tables.

Extended abstracts - Extended abstracts consist of a
condensed presentation of final or preliminary results of a
study. Extended abstracts can concern ongoing research that
is not yet published elsewhere which is comparable with a
congress presentation thus does not require copyright transfer.
An extended abstract can also be submitted after publication in
another Journal if possible with extra figures, this does require
proper referencing. Number of words: 350 words + 1 figure or
table.

Research papers - Here researchers or teachers describe
ongoing research projects at the Erasmus Medical centre for
which they want to invite students to participate. Number of
words: 350.

Systematic reviews - A systematic review is a literature
review focused on a research question that tries to identify,
appraise, select and synthesize all high quality research
evidence relevant to that question in a quantitative way.
Systematic reviews of high-quality randomized controlled
trials are crucial to evidence-based medicine, and are
considered very important by the editorial board of EJM.
Besides health interventions, systematic reviews may concern
clinical tests, public health interventions, social interventions,
adverse effects, and economic evaluations. Number of words:
3000 + 3 figures or tables.
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Opinion papers - These are papers that reflect the opinion
of the author on a scientific topic. The author should be clear
where evidence ends and personal opinion starts. A paper
typically has a length of about 1000 words.

Clinical lesson/question - A clinical lesson should present
a scenario and a concrete related question about a disease or
condition, the article should elaborate on possible approaches
or treatment options for this disease or condition. Conclusion
should provice a solid evidence based conclusion on the
preferred approach or treatment. Number of words: 1000 + 1
figure or table.

Case reports - A case report consists of the initial
presentation, medical history, examination, tests performed,
eventual outcome and discussion on the case backed up by
scientific literature. Number of words: 900 + 1 figure or table.

Clinical quiz - A clinical quiz should present a scenario and
a concrete related question about the disease or condition,
preferably accompanied by a clinical image, and four plausible
treatment options or courses of action. Conclusion should
elaborate on which is the correct option and why. Number of
words: 600 + 1 figure or table.

Clinical images - Clinical images should present a typical
abnormality on a photograph/imaging tests of a patient or on
an additional investigation. It must be accompanied by an
elaboration on the clinical diagnosis. Number of words: 350
+ 1 figure. Make sure that the patient is not identifiable or
that the data presented traceable to the patient. Additionally,
written consent should be obtained from presented patient.
We expect the author to refer to scientific literature to back up
their case presentations.

Comments - In this section editors, or faculty staff, as well
students are invited to write a short critical comment on a
paper, putting it into perspective for a broader medical public
readership. Number of words: 350.

Letters to the editor - The editorial board encourages
students to write a letter to the editor to comment on published
papers, or on the journal in general. These will be published
on the website of the journal. Letters should not exceed 200
words and may be abbreviated by the editor.

The review process

Papers may be submitted to the editorial office. Please indicate
which author will act as corresponding author. We expect this
author to maintain contact with the other authors and to speak
and decide on their behalf.

Each paper will be assigned to a team consisting of a
managing editor and an associate editor. Each submitted paper
will be checked for compliance with the author instructions. If
this is not the case, the paper may be returned to the author.
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When the paper is taken into review, it will be sent out
to two external reviewers, a student and a staff member of
Erasmus MC. Based upon these reviewers comments, their
recommendations and the opinion of the editorial team, a
decision will be made: reject, major revision, minor revision,
accept with or without minor changes.

The paper will then be returned to the corresponding
author, along with the recommendation. We try to return
papers within 3 weeks after submission. When a paper is
rejected, it cannot be resubmitted, but we encourage
resubmissions when we recommend major or minor changes
to a paper. Resubmitted paper will be reviewed again by the
same reviewers and editorial team.

Before a paper can be accepted for publication, we will
need a statement that the staff member that supervised your
work agrees with the submission of your paper. Moreover,
we need a signed Copyright Transfer Agreement (CTA) and
a signed Conflict of Interest statement. When your research
project involves patients or volunteers, we need a statement
in the paper that the research protocol has been reviewed by a
Medical Ethics Committee. Failure to provide this information
at an early stage of the submission may impair the review
process.

When a paper is accepted for publication, it will often
be forwarded to our language editing and restructuring
editors. They will each in turn give recommendations and ask
the author adapt the paper accordingly. When this phase is
completed, the paper will be forwarded to the publisher.

Page proofs will be sent to the author for a final check.

Formatting instructions

Entry format - Papers should be submitted by email, to
ejm@erasmusmc.nl. Word 2007 files are preferred for the
initial submission. The file should include all figures and
tables.

Title page - The title page should clearly identify the
authors, the institute where the research project was carried
out, as well as the staff member who supervised the project.
The corresponding author name (first name and family name),
email address, student id, should be clearly indicated. In case
of multiple authors, state functions and departments only in
superscript in alphabetical order.

Example:

First name A.G. Family name® and First name W.F. Family

name* Supervisor: First name R. Lastname®

* Medical students, Erasmus MC University Medical Center
Rotterdam, the Netherlands

® Dept. of Internal Medicine, Erasmus MC University Medical
Center Rotterdam, the Netherlands

Correspondence: First name A.G. Family name,

email: FirstnameFamilyname@me.com.

Structure - Please use the following sections in all papers
(except in comments and opinion papers): Abstract,
Introduction, Methods, Results, Discussion, References,
Tables, Figures.

References - Number references in order of appearance.
References should have the following format:

Rothwell, P. M. Medical and surgical management of
symptomatic carotid stenosis. Int J Stroke. 2006; 1: 140-149.
(I.e. year;vol:ppp-ppp) In case of more than 3 authors, name
the first 3 and insert “et al.”. Limit the number of references
to 30. References should appear in the text as follows: “...
treatment is of proven benefit.[1]”

Tables and figures - Tables and illustrations (both
numbered in Arabic numerals) should be prepared on separate
pages. Number tables and figures separately and consecutively.
Tables require a heading and figures a legend, also prepared
on a separate page and should be formatted with a text editor
(example). Figures should be submitted electronically. B/w
half-tone and color illustrations must have a final resolution of
300 dpi after scaling, line drawings one of 800-1,200 dpi (jpg
and tiff is an acceptable format). Please note that all
color-figures will be converted to gray tones. Please adapt
graphs to suit this format, i.e. make use of dotted and dashed
lines and hatched bars instead of colored items.. The final
submission should contain figures as JPG or TIFF files.

Page layout

¢ Standard margins

* no headers or footers

* no columns

o left align (ragged right)

* font: 12pt Arial

* single line spacing

» main headings 14 pt bold; subheading 12 point italic

* indent every paragraph, except after headings, tables, bul-
leted lists or figures

Other formatting

* number all tables and figures sequentially

¢ place tables and figures at the end of article; insert captions
at correct locations in body text

* no text boxes

* no footnotes or end notes

* do not submit figures with text as drawing objects (they
cannot be edited)

e limit the use of italics and do not use italics for simple
emphasis; do not italicize quotations; quotation marks are
sufficient

¢ do not use italics for commonly understood Latin
expressions such as “in vitro”

* use italics for other foreign words, such as expressions in
Dutch

* no “sub-paragraphs”

* no hyphenation (afbreking)

Language
US English spelling and punctuation
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The template for authors

Introduction
1. What is the health-related problem that your
research helps to solve?

2. What is your strategy to solve the problem?

3. What is your research question/hypothesis?
Whether a question or a hypothesis, state it in terms of
2 items:
e variables: the measurable/observable independent and
outcome variables that you measured/observed and
e relationships: the relationships between those variables
that your data analyses were designed to determine.

4. The core concept of the methods you used to answer the
research question
Briefly describe the core concept of the methods at the
end of the Introduction section. This helps readers to
understand the complex details that are then presented in
the Methods section

Methods section
Organize the details of the Methods section under subheadings.
Possible subheadings:

What was studied and study design (subheading)

Describe the details of

—  what was studied: sample from a patient/animal
population, and

— the design of the study: case-series, cohort study,
case-control study, randomized trial, etc.

Data collection (subheading)

Describe the details of how the data was collected/observed
Note
Observable variables will be credible only if qualified
observers and validated instruments were used to assess
them. Examples of observable variables include patient
symptoms, subject responses to open interviews/
questionnaires, ultrasound/MRI/CT images, assessments
of articles in a literature review etc. In such cases, build
credibility in the Methods section; report “who” observed
and interpreted the data. For example, “An experienced
radiologist interpreted the images.”
Note
When reporting on decisions/judgments that were made,
use the “we” form —take responsibility for what you did.
Note
The Methods section reports historical facts and must be in
past tense.

Data analysis (subheading)
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Results section

5. The core concept of the Results
Briefly describe the core concept of the results in a short
paragraph at the beginning of the Results section. This
helps readers to understand the details that follow. Note
just as in the Methods section, this section reports
historical facts and must be in past tense.

Then organize the details of your Results under sub-headings,

for example:

Patient/animal characteristics
Data
Statistical results

Discussion section
Structure your Discussion to focus on 4 core concepts
(6,7,8,and 9 below).
6. The answer to your research question
Present this right at the top of the Discussion section—the
very first sentence, a present tense statement that
expresses—to the best of your knowledge —how the world
works as related to your research question/hypothesis. It
is a direct answer to the question/hypothesis stated in the
Introduction.
7. Support that answer?
a) how your factual findings, (expressed in past tense),
support your answer.
b) relating the findings of others to your answer.
¢) theoretical considerations that support your
answer.

Limitations (subheading)
8. The limitations to that answer
Focus explicitly on limitations related to possible confoun-
ders:
e sample size
* specific locations/medical centers of your study,
* possible ethnic/cultural variables,
* uncontrolled patient/subject characteristics and
e underlying assumptions.

Conclusions (subheading)

The Conclusion is not a summary, but should focus on the
consequences of your work. Structure this subsection using
separate paragraphs that state 2 main messages (9 and 10)

9. What are the practical/theoretical consequences of your
answer?
The value—relevance — of your work: how it helps to
solve the problem described at the beginning of the
Introduction.

10. What is a next step to help solve the original problem?
* a new research question to be answered
* a refinement of the present study to reduce limitations
* a protocol to implement the findings in the clinic
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For the convenience of our future contributors and
our readers, we publish here the advice we give to
our reviewers.

In the process of reviewing a paper, please refer to the
following points:

¢ Your first step should be to evaluate your relationship
with the authors. To ensure the credibility of the process,
reviewers should not have a conflict of interest with the
authors. If this is a case, the paper should be appointed to
other reviewers. Please keep us informed whether conflict
of interest is an issue for you as an appointed reviewer.

e Is this work relevant and interesting for EIM?

¢ Are the objectives appropriate and clearly stated?

¢ Are the data valid?

¢ Are the conclusions valid and properly supported?

¢ Is the already existing work described adequately?

* Paper structure/organization; is this logical?

¢ Does abstract clearly convey meaning of the paper?

o [s the paper well written and can be easily understood?
(Please keep in mind that students don’t have the experience
to reed throughout the paper very quickly and to understand
everything in a research paper at the first glance)

e Are all sections really needed, or could they be shortened?

¢ Is the science reliable? Please, be aware of ethical issues
such as plagiarism!

Comments should be detailed and specific. Mentoring the
authors includes helping authors improve their paper under
review even if these papers will/could not be accepted for
publication in our journal. By careful reviewing, you will help
improving the quality of papers published elsewhere too. Avoid
vague complaints and provide appropriate citations if authors
are unaware of the relevant work.

Please consider a manuscript received for reviewing as a
confidential document and do not discuss the content of this
paper with others. To maintain the validity of this process, you
should never contact the authors about the paper under review.

The review process serves two important goals: providing
guidance to the authors to improve the quality of their paper,
and providing the editor or editorial board with valuable
recommendations regarding the acceptance or rejection of the
peer-reviewed papers (along the whole spectrum of major
revision- minor revision- rejection). So it is important that you
give comments to the authors, and to the editor in separate
sections. Please use the provided form, because this makes life
easier for you, the editor and the authors.

EJM is committed to rapid editorial decisions and
publication. We request that reviewers return their comments
within the time indicated at invitation. If any unanticipated
difficulties arise that may prevent you from submitting the
review on time, contact us by sending an email to the editorial
office at ejm@erasmusmec.nl. You are welcome to contact us if
you have any questions.

For more information about guidelines for the review
process, please visit our website: www.erasmusme.nl/ejm.

We also recommend you to view the presentations of the EJM
workshop on our website. Here you can find instructions about
how to scan through a paper and grab its essence, and how to
structure your comments to the authors and to the editor.

Januari 2017, Editorial board of Erasmus Journal of Medicine.

Erasmus Journal of Medicine  13th issue - June 2019






Erasmus Journal of Medicine




