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Editorial

New oral anticoagulants versus vitamin K
antagonists in countries with good INR control
M. Coppens
Department of Vascular Medicine, Academic Medical Center, Amsterdam, the Netherlands and
Population Health Research Institute, McMaster University, Hamilton, Ontario, Canada,
tel.: +31 (0)20-5665976, fax: +31 (0)20-6968833, e-mail: M.Coppens@amc.nl

Routine monitoring of the international normalised ratio
(INR) in patients treated with vitamin K antagonists
(VKAs) is mandatory because of a narrow therapeutic
index combined with an unpredictable and highly variable
anticoagulant effect. The lowest risk of thrombotic and
bleeding complications is reached by maximising the
time in the therapeutic range (TTR). A low TTR indicates
poor INR control and has been associated with increased
risks of thrombotic and bleeding complications in patients
with atrial fibrillation (AF).1,2 The TTR is determined by
individual characteristics, such as use of co-medication,
as well as by the centre that manages the patient.1 The
mean TTR per centre (cTTR) thereby reflects the quality of
management of VKA therapy of that specific centre.
The new oral anticoagulants (NOACs) dabigatran etexilate,
rivaroxaban and apixaban have been compared with VKA
therapy in over 50,000 patients with AF.3-5 The NOACs
are used at a fixed dose without the need for routine
coagulation monitoring and offer significant simplification
of anticoagulant therapy. The results of the AF trials
indicate that unmonitored NOACs are either non-inferior
or superior compared with monitored VKAs. Concern
has arisen if the benefits observed in the AF trials will
apply in countries with a high quality of INR control of
VKA therapy after the publication of a subgroup analysis
of the RE-LY trial in 2010.6 Although there was no
significant interaction between the cTTR and treatment
for the prevention of stroke or systemic embolism, the
hazard ratio (HR) in the upper quartile of cTTR (>72.6%)
of dabigatran etexilate 150 mg twice daily vs warfarin
suggested a loss of superiority of dabigatran etexilate in
centres with the highest TTR (HR 0.95, 95% confidence
interval 0.61-1.48).6
Management of VKA therapy in the Netherlands is
provided by a nationwide network of thrombosis services.
In their annual reports, the percentage of INR results
within the therapeutic range is consistently 70-80%.7
However, the cross-sectional method used to calculate

this percentage differs from the widely used Rosendaal
method.8 Moreover, the Dutch Federation of Thrombosis
Services uses a wider therapeutic range (INR 2.0-3.5) than
the therapeutic range in randomised controlled trials (INR
2.0-3.0). It is therefore hard to compare the quality of INR
control in the Netherlands with the cTTRs from the trials.
In this issue of the Netherlands Journal of Medicine,
Bezemer and colleagues compare the Dutch cross-sectional
method with the Rosendaal method in a representative
sample of patients treated with VKA therapy in the
Netherlands.9 The results show that the two methods
produce similar results with a TTR of 75% for the
therapeutic range of 2.0-3.5. The TTR for the narrower
INR target range of 2.5-3.5 was 60%. This study is the
first to report the quality of INR control achieved in
the Netherlands in terms that can be compared with
international standards. The study shows that the quality
of management of VKA therapy in the Netherlands is good,
but not the best worldwide.
How should these results influence the expectations of
the potential benefits of NOACs over VKA therapy in the
Netherlands? Over two years have passed since the initial
subgroup analyses by cTTR from the RE-LY trial. Similar
analyses have now been presented for the two other atrial
fibrillation trials, which allow a revaluation of the concept
that NOACs may not provide the same benefits over VKAs
in countries with good INR control.10,11 The analyses
of the three AF trials comparing NOACs with VKAs
according to subgroups of cTTR for the primary efficacy
outcome of stroke or systemic embolism are presented
in figure 1. The results show that there is no significant
interaction between quartiles of cTTR and treatment.
This indicates that the benefits of NOACs over VKA apply
to countries with poor INR control as well as in countries
with good INR control. Although one may argue that a
non-significant trend towards decreased superiority of
dabigatran etexilate 150 mg twice daily vs VKA is present
in centres with the highest cTTR, no such trend is visible
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The long-term outcome of the Kasai operation
in patients with biliary atresia:
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Abstr act

K ey wor ds

Background: Biliary atresia (BA) is a progressive
inflammatory destructive process of the bile ducts
occurring in about one of every 20,000 live births. If
left untreated, biliary atresia can lead to liver failure.
The only effective treatments for BA at the moment
are the Kasai operation and liver transplantation. Kasai
portoenterostomy increases the survival of children with
BA and postpones subsequent liver transplantation.
Because long-term survival is rare, there is not much
known about the long-term efficacy of the Kasai
operation.
Methods: The aim of this review was to study the outcome
of patients with BA who survived more than 20 years
on their native liver. We performed a systematic search
on PubMed using MeSH terms for articles describing
the long-term outcomes of patients with biliary atresia.
We searched for patients who have lived at least 20 years
with their native liver and we registered the number
of complications. The endpoints identified in these
articles were: death, cholangitis, portal hypertension and
gastrointestinal bleeding.
Results: From 53 articles we included 14 articles for
analysis. In total 184 patients were above the age of 20
years. Of these 162 patients, 88% (162/184) were still alive
with their native liver and 60.5% (98/162) were suffering
from liver-related complications.
Conclusions: It is possible for patients with biliary atresia
to survive more than 20 years on their native liver after
undergoing the Kasai operation during early infancy.
However, 60.5% of the long-term survivors alive on their
native liver end up suffering from progressive liver-related
complications.

Biliary atresia/surgery, cholangitis, follow-up, portoenterostomy, survival rate

I n t r o d uc t i o n
Biliary atresia (BA) is a progressive inflammatory
destructive (obliterative) process of the bile ducts.1 It is
characterised by a perinatal complete obstruction of all or
part of the extrahepatic bile ducts and is always associated
with abnormalities of the intrahepatic biliary tree.2 If left
untreated, biliary atresia will lead to liver failure. Biliary
atresia is a rare condition with a prevalence of about one
patient per 20,000 live births; patients are destined for a
fatal outcome if they are not treated during the first few
months of life. The only effective treatments for BA at
present are hepatic portoenterostomy (Kasai operation) and
liver transplantation.
The Kasai operation was introduced in 1959,3 and consists
of constructing a new bile drainage system, generally by
creating an anastomosis of the jejunum by a Roux-en-Y
loop to the porta hepatis region to re-establish a connection
between the intrahepatic bile ducts and the intestine.
If successful, Kasai portoenterostomy increases the
survival of children with BA and consequently postpones
subsequent liver transplantation. Studies have reported
20-year survival rates in patients with their native liver
of 21%, 4 25%,5 22%,6 23%2 and 44%.7 However, most
long-term survivors develop complications.8 Until the age
of 18, BA patients are generally managed by paediatricians
or paediatric surgeons. After the age of 18 these patients
are referred to and managed by gastroenterologists. It is

© Van Zuiden Communications B.V. All rights reserved.
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as the secondary outcome. The complications described
in this article are: cholangitis, portal hypertension and
gastrointestinal bleeding.

therefore important that gastroenterologists become aware
of the fact that in long-term survivors who have undergone
the Kasai operation, complications such as recurrent
cholangitis and portal hypertension may occur.
The aim of this review is to study liver condition and
liver-related complications in patients treated with this
operation during early infancy after a follow-up of 20
years while retaining their own liver. This review attempts
to give an overview of the most important complications
suffered by these patients and the prevalence of these
complications.

Data analysis
We extracted the study characteristics and the primary
and secondary outcome measures from each article. The
study characteristics included the authors, year, journal
of publication, country of study and population above
20 years of age. For each outcome (death, alive with/
without liver transplantation, with/without complications,
cholangitis, portal hypertension, gastrointestinal bleeding
or hepatocellular carcinoma) separately, we counted the
number of patients in each article, summed them up and
displayed them in a table or graphic.

Methods
Literature search
The PubMed database was searched on 7 January 2012
using the MeSH term combination:
(“Biliary Atresia/surgery”[MeSH Terms] AND
(“Follow-Up Studies”[MeSH Terms] OR “Survival
Analysis”[MeSH Terms] OR “cholangitis”[MeSH Terms]
OR “Portoenterostomy, hepatic”[MeSH Terms])). The limits
were set to ‘English’ and ‘Aged 19+ years’.

R esults
The literature search and selection of studies
The results of our systematic literature search and our
study selection is shown in a flowchart ( figure 1). From
the literature search we identified 53 studies, from which

Selection of studies
Articles were excluded based on title and abstract when
research on liver transplantation, non-gastrointestinal
complications, diagnostic tools used for follow-up and
alternative postoperative treatment were described. Articles
that described studies with a population younger than 20
years, articles that did not contain information on BA or
the added complications and articles that were not available
for Erasmus MC were also excluded.
After reading the articles, some were excluded because the
minimum follow-up was shorter than 20 years or the age
of the population was unclear. One article contained no
information on the complications of biliary atresia. After
excluding all these articles, the references of the remaining
articles were scanned, which yielded additional relevant
articles. Some articles that were retrieved described
the same population, thereby creating an overlap. To
resolve this issue we included the most recent article that
described the whole population.

Figure 1. Results of systematic literature search and
study selection
Search (hits)
PubMed 53

19 Hits
Screened on title/
abstract

Outcome
Using the articles retrieved from the systematic review we
defined a cohort of patients that survived for 20 years after
a hepatoporto-enterostomy with their own liver. Within
this cohort the number of patients who died or underwent
a liver transplant after they had reached 20 years of age
and the number of patients who are still alive with their
native liver were described. We also retrieved information
on complications in patients aged 20 years or older, who
are still alive with their native liver after 20 years of age

34 Articles excluded
17 studies about liver
transplantation
5 studies about non-gastro
intestinal complications
5 studies about diagnostic tools
for follow-up
1 article was not retrievable
3 studies with a population
<20 years
2 studies not about biliary
atresia or the added
complications
1 study about alternative post
operative treatment
5 Studies excluded
4 studies with a population or
age <20 or were unclear about
the age of the population
1 study contained no information about complications

14 Articles included
Screened on full text
4 Studies included
By screening the
reference lists of
included articles

14 Articles included
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4 Articles excluded
There were 5 articles from the
same institute

Table 1. Characteristics of the articles
Source

Publication date

Journal

Country of study

Lykavieris et al.2
Shinkai et al.7
Nio et al.6
De Vries et al.5
Toyosaka et al.14
Shimizu et al.11
Pintér et al.1
Watanabe et al.15
Hung et al.3
Takahashi et al.13
Raffensperger9
Hol et al.8
Kasai et al.12
Yamanaka et al.16

2005
2009
1997
2011
1993
1997
2004
1997
2006
2009
1991
2008
1988
2005

Hepatology
J Pediatr Gastroenterol Nutr
Tohoku J Exp Med
Clin Gastroenterol Hepatol
J Pediatr Surg
Tohoku J Exp Med
J Pediatr Surg
Tohoku J Exp Med
J Pediatr Gastroenterol Nutr
J Pediatr Surg
J Pediatr Surg
Eur J Gastroenterol Hepatol
J Pediatr Surg
J Pediatr Surg

France
Japan
Japan
Netherlands
Japan
Japan
Hungary
Japan
Taiwan
Japan
US
Netherlands
Japan
Japan

N alive at 20 years with
native liver
63
35
30
28
6
6
4
3
2
2
2
1
1
1

Table 2. Analysis of the population

34 studies were excluded based on title and abstract. We
read the full text of 19 articles from which five articles
were excluded. We screened the reference lists of the 14
remaining articles; this resulted in four additional articles.
Finally, we excluded four articles because they contained
an overlap in population. Thus, 14 articles were included
for further analysis.
Characteristics of the articles
Of the 14 articles included, seven described a follow-up
study, three articles described a retrospective cohort study
and four articles were case reports. Of the 14 studies,
eight studies are from Japan. There are ten studies that
described very few or only one patient. Four articles
described a larger patient group (table 1).

Total population >20 years
Death
Alive with Ltx
Alive without Ltx

Number
184
8 (4.3%)
14 (7.6%)
162 (88%)

Without complications
With complications

64 (39.5%)
98 (60.5%)

Cholangitis
Portal hypertension
Gastrointestinal bleedings
Hepatocellular carcinoma

98 (100%)
78 (80%)
35 (45%)
1 (1.3%)

Ltx = liver transplantation.

Population
The 14 studies included a total group of 184 patients above
20 years of age. In this group, eight patients died and
14 were alive with liver transplantation after 20 years of
age. There were 162 patients living with their native liver
(table 2). All patients who died or had undergone liver
transplantation had end-stage liver disease or suffered
from severe liver-related complications.

D i s cu s s i o n
This systematic review shows that there are patients born
with biliary atresia who can survive for more than 20 years
with their native liver. This review included 184 patients of
which 60.5% of the patients eventually developed severe
complications such as cholangitis, portal hypertension,
gastrointestinal bleeding and hepatocellular carcinoma.
One can assume that in the end, most of these patients will
need to undergo a liver transplantation.
It was not possible to calculate a survival rate because
not all the included articles were follow-up studies, other
included articles did not provide information on deceased
and transplanted patients before the age of 20. Earlier
publications have described 20-year survival rates on a
native liver, which varies from 21% to 44%.2,4-7
The importance of these findings can be extrapolated to
clinical practice where until the age of 18 these patients
are generally managed by a paediatrician or paediatric

Complications
Of the 162 patients who are alive with their native liver,
39.5% (64/162) are alive without complications. The
remainder of the patients have developed complications
(table 2).
All the patients who developed complications had
experienced episodes of cholangitis. Of the 98 patients
with cholangitis, 80% (78/98) developed portal
hypertension. Of the patients with portal hypertension,
45% (35/78) experienced gastrointestinal bleeding. In one
patient a hepatocellular carcinoma was found (table 2).
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surgeon. After the age of 18 most of these patients
are managed by the gastroenterologist. It is especially
necessary for the gastroenterologist to realise that in
long-term survivors after Kasai operation developing
recurrent cholangitis and portal hypertension liver
transplantation should be considered early to avoid death to
liver-related mortality. This review shows that the majority
of these patients have severe liver disease that requires
close follow-up.
Almost all the articles we included for this review describe
only a small population of BA patients. This is why we also
took case reports into account. Some case reports described
detailed outcomes that were not available in other articles.
When analysing the complications, it became difficult
to understand which patients suffered from which
complications in the articles. To avoid overlap in patients
who had more than one complication we assumed the
following: cholangitis led to portal hypertension which led
to gastrointestinal bleeding. That means that we assumed
that patients who had portal hypertension were the same
patients who suffered from cholangitis.
Most of the articles we analysed were publications from
Japan. The Kasai operation was introduced in Japan in
1959 and at first was probably only used in Japan to treat
biliary atresia. It only became accepted in America9 and
the Netherlands10 in around 1970. Before that, Japan was
practically the only country using the operation to treat BA.
This could be the reason why Japan has more long-term
survivors.
We would suggest that more research is needed on
the further development of the disease after 20 years
of survival on a native liver. It could be a great asset to
the treatment of biliary atresia if research was done to
assess whether patients should be added to the liver
transplantation waiting list after clinical manifestation of
cholangitis.
Altman et al. provided an important insight into survival
rates in patients with biliary atresia. 4 However, due to the
fact that suffered complications were not described, this
article had to be excluded from this review.
Taking everything into account, we can conclude that
there is an extensive lifelong follow-up needed in these
patients, so complications can be identified and the optimal
treatment can be initiated.

1.

Pintér AB, Farkas A, Par A, Kovesi T, Appelshoffer S. A long-term follow-up
of five patients with atresia of the common bile duct. J Pediatr Surg.
2004;39:1050-4.

2.

Lykavieris P, Chardot C, Sokhn M, Gauthier F, Valayer J, Bernard
O. Outcome in adulthood of biliary atresia: a study of 63 patients
who survived for over 20 years with their native liver. Hepatology.
2005;41:366-71.

3.

Hung PY, Chen CC, Chen WJ, et al. Long-term prognosis of patients
with biliary atresia: a 25 year summary. J Pediatr Gastroenterol Nutr.
2006;42:190-5.

4.

Altman RP, Lilly JR, Greenfeld J, Weinberg A, van Leeuwen K, Flanigan
L. A multivariable risk factor analysis of the portoenterostomy (Kasai)
procedure for biliary atresia: twenty-five years of experience from two
centers. Ann Surg. 1997;226:348-53; discussion 353-5.

5.

de Vries W, Homan-Van der Veen J, Hulscher JB, Hoekstra-Weebers JE,
Houwen RH, Verkade HJ; Netherlands Study Group of Biliary Atresia
Registry. Twenty-year transplant-free survival rate among patients with
biliary atresia. Clin Gastroenterol Hepatol. 2011;9:1086-91.

6.

Nio M, Ohi R, Shimaoka S, Iwami D, Sano N. The outcome of surgery for
biliary atresia and the current status of long-term survivors. Tohoku J Exp
Med. 1997;181:235-44.

7.

Shinkai M, Ohhama Y, Take H, et al. Long-term outcome of children
with biliary atresia who were not transplanted after the Kasai operation:
>20-year experience at a children’s hospital. J Pediatr Gastroenterol Nutr.
2009;48:443-50.

8.

Hol L, van den Bos IC, Hussain SM, Zondervan PE, de Man RA.
Hepatocellular carcinoma complicating biliary atresia after Kasai
portoenterostomy. Eur J Gastroenterol Hepatol. 2008;20:227-31.

9.

Raffensperger JG. A long-term follow-up of three patients with biliary
atresia. J Pediatr Surg. 1991;26:176-7.

10. Houwen RHJ, Molenaar JC, Sinaasappel M. Biliary atresia and Kasai’s
operation: experiences during the period 1972 through 1981. Ned Tijdschr
Geneeskd. 1983;127:1565-8.
11. Shimizu Y, Hashimoto T, Otobe Y, Ueda N, Matsuo Y, Manabe T.
Long-term survivors in biliary atresia--findings for a 20-year survival
group. Tohoku J Exp Med. 1997;181:225-33.
12. Kasai M, Ohi R, Chiba T, Hayashi Y. A patient with biliary atresia who died
28 years after hepatic portojejunostomy. J Pediatr Surg. 1988;23:430-1.
13. Takahashi Y, Matsuura T, Saeki I, Zaizen Y, Taguchi T. Excellent long-term
outcome of hepaticojejunostomy for biliary atresia with a hilar cyst. J
Pediatr Surg. 2009;44:2312-5.
14. Toyosaka A, Okamoto E, Okasora T, Nose K, Tomimoto Y. Outcome of
21 patients with biliary atresia living more than 10 years. J Pediatr Surg.
1993;28:1498-501.
15. Watanabe Y, Todani T, Toki A, et al. Changes of hepatic volume after
successful Kasai operation. Tohoku J Exp Med. 1997;181:185-91.
16. Yamanaka J, Iimuro Y, Hirano T, Kosaka H, Fujimoto J. Successful liver
resection for biliary atresia with intrahepatic biliary cysts after Kasai
procedure. J Pediatr Surg. 2005;40:E9-11.

Bijl et al. Long-term survival after Kasai operation.
m ay 2 013, vo l . 7 1, n o 4

173

Review

Obesity-associated low-grade inflammation
in type 2 diabetes mellitus: causes and
consequences
M.M.J. van Greevenbroek*, C.G. Schalkwijk, C.D.A. Stehouwer
Department of Internal Medicine & Laboratory for Metabolism and Vascular Medicine, Maastricht
University Medical Centre, Maastricht, the Netherlands, *corresponding author: tel. + 31 (0)43-3882135,
fax +31 (0)43-3670916, e-mail: m.vangreevenbroek@maastrichtuniversity.nl

How d oes obesi t y c ause t y pe 2
di a bet es?

Abstr act
The epidemic of overweight and obesity is a major problem
because of the plethora of health and economic issues
that it induces. Key among these is the sharply increasing
prevalence of type 2 diabetes (T2D) and cardiovascular
disease. The development of T2D is characterised by two
processes: 1) insulin resistance, resulting from impaired
insulin signalling and leading to an increased demand for
insulin, which must be met by increased insulin production
by pancreatic b-cells (compensatory b-cell function); and 2)
b-cell dysfunction, with T2D developing when the amount of
insulin that is produced is insufficient to meet the demand.
Overweight and obesity, especially in case of abdominal
fat accumulation, are associated with systemic low-grade
inf lammation. This low-grade inf lammation is
characterised by, among other things, higher levels of
circulating proinflammatory cytokines and fatty acids.
These can interfere with normal insulin function and
thereby induce insulin resistance, and have also been
implicated in b-cell dysfunction. This review focuses on
the known and emerging relations between inflammation
and T2D. We first discuss current views on the effects of fat
distribution on adipose tissue inflammation and adipose
tissue dysfunction. Next we focus on the detrimental roles
of proinflammatory cytokines and fatty acids on insulin
signalling and b-cell function. In the last part of this
review we provide some insight into novel players in (the
initiation of) inflammation in overweight and obesity, and
their effects on T2D and vascular dysfunction.

The epidemic of overweight and obesity has caused a
dramatic increase in the number of individuals with
metabolic abnormalities and premature cardiovascular
disease (CVD). The prevalence of diabetes, and especially
of type 2 diabetes (T2D), which comprises 80-90% of
all individuals with diabetes, also rises sharply with
the obesity epidemic. Two processes contribute to the
development of T2D. Impaired insulin signalling – also
known as insulin resistance – leads to an increased
demand for insulin and this increased demand must be
met by an increased insulin production by the pancreatic
b-cells, a process known as compensatory b-cell function.
Thus, obesity-induced insulin resistance will initially lead
to higher circulating insulin concentrations but in case
of prolonged and/or worsening insulin resistance, b-cells
may no longer be able to meet the high demand. This
will eventually lead to insufficient hepatic and peripheral
glucose disposal, subsequently to higher circulating
levels of glucose and eventually to the development of
T2D ( figure 1). In the past three decades, both CVD
and diabetes, in particular obesity-induced T2D, have
been recognised as inflammatory diseases. The systemic
low-grade inflammatory response that is often observed in
obesity detrimentally affects both insulin signalling and
b-cell function and may thus contribute to the development
of T2D.
At the population level, the relative risk of developing T2D
rises sharply with an increase in body mass index [BMI), as
a measure of excessive body fat. However, within a narrow
range of BMI levels, individuals can vary enormously with
respect to insulin resistance, and this inter-individual
difference has been attributed, to an important extent,
to differences in the distribution of fat over the body.1 In
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Figure 1. Development of insulin resistance and B-cell failure are involved in the development of obesity-associated T2DM
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Panel A presents the main events that underlie the development of obesity-associated T2DM and the two main metabolic hubs that are involved, i.e.
development of insulin resistance and the development of b-cell failure. Caloric intake in excess of energy expenditure leads to the accumulation
of fat. If this fat accumulates primarily in the superficial subcutaneous adipose tissue depot, the low-grade inflammatory response will likely be
minimal to absent. If, however, due to genetic and/or lifestyle factors, accumulation of fat is shifted towards the abdominal fat and ectopic depots,
a persistent low-grade inflammatory response will develop. This low-grade inflammatory response will lead to cellular insulin resistance and also
attract proinflammatory immune cells to adipose tissue, which can worsen the inflammatory response. Insulin resistance increases the demand
for insulin, but as long as the pancreatic b-cells can respond with a sufficient compensatory insulin production, this will lead to a state of normoglycaemia with hyperinsulinaemia, which is often associated with dyslipidaemia, hypertension and further ectopic fat accumulation. If, however,
due worsening of the insulin resistance and, again, to individual genetic and/or lifestyle factors, the secretion capacity of the b-cells is no longer
sufficient, hyperglycaemia and hence T2D will develop
Panel B represents the timeline of these events. Genetic and lifestyle factors most likely determine not only the development of (abdominal) obesity
(Ow/Ob), low-grade inflammation (LGI) and insulin resistance (InsRes) but also the time scale (years or decades) it takes to progress through the
different stages of the development of obesity-associated T2D. The major vascular complications of T2D, i.e. macrovascular and microvascular
disease are each presumed to start prior to the development of hyperglycaemia

particular, at the same BMI, more upper body fat (also
referred to as abdominal or central obesity), as represented
by a higher waist circumference or higher waist-to-hip
ratio, has been found to be associated with a higher risk of
T2D compared with less upper body fat.2,3
Several different fat depots have been identified, each
with specific physiological and metabolic functions.
Subcutaneous fat is the largest fat depot in the human
body and comprises approximately 70-80% of total body
fat. The second largest fat depot is visceral fat, which
comprises approximately 10-15% of total body fat. 4 The
subcutaneous fat depot should probably not be regarded
as functionally homogeneous. For example, it may be
divided into peripheral versus central subcutaneous
fat, which were shown to have specific and sometimes
contrasting metabolic functions.5-7 Another way to identify
metabolically distinct parts of the subcutaneous fat depot
is to divide it into superficial and deep subcutaneous fat.
This distinction appeared to be particularly relevant for
abdominal subcutaneous fat, where the deep subcutaneous
depot appeared to behave metabolically more similar to
visceral than to superficial subcutaneous fat.8
Visceral (sometimes referred to as abdominal and/or
omental) fat is generally considered the ‘bad’ fat depot.
Adipocytes within the visceral fat depot show substantially
higher fatty acid fluxes than superficial subcutaneous

abdominal adipocytes.9 These non-esterified fatty acids
(NEFA), often referred to as free fatty acids, can contribute
to insulin resistance and b-cell failure (see below). Visceral
fat is characterised by higher secretion of proinflammatory
cytokines such as tumour necrosis factor (TNF)-a and
interleukin (IL)-6 and lower secretion of adiponectin, the
anti-inflammatory adipokine, as compared with abdominal
subcutaneous fat.10,11 Both visceral and deep subcutaneous
fat were shown to be associated with insulin resistance. 4,12-15
In addition to these main fat depots, there are additional
fat depots that are usually referred to as ‘ectopic’ fat. These
additional fat depots are considerably less important
in volume, but appear highly relevant with respect to
regulatory and metabolic functions. Generally, ectopic fat
depots are larger in individuals who have a more central fat
distribution with a relatively large amount of visceral fat.
Ectopic fat includes, for example, perivascular as well as
epicardial and pericardial fat depots – which are relatively
small but distinct patches of fat around the vasculature
and the heart – and intramuscular and intrahepatic fat –
which is the accumulation of triglycerides within muscle
and liver, respectively.
The adipose tissue depots that are in close proximity to
the vasculature and the heart have been implicated in
the development of vascular dysfunction,16 probably via
locally produced mediators that can contribute to a local
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inflammatory response17,18 as well as to local insulin
resistance, which may directly affect vascular function19,20
and might as such contribute to hypertension and CVD
(see also below).
Intramuscular fat is mainly derived from the circulation
and the amount of fat that is accumulated in muscle was
associated with whole body insulin resistance.21 Indeed,
T2D patients were shown to have more visceral and
intramuscular fat than non-diabetic controls.22 Moreover,
intramyocellular triglyceride content in the soleus muscle
was 40% higher in offspring of T2D parents than in
control subjects,21 suggesting that increased intramuscular
fat may precede and contribute to the development of T2D.
The main sources of hepatic fat are endogenous fatty
acids, which are newly synthesised in hepatocytes, and
(diet and adipose tissue derived) exogenous fatty acids.
Fat accumulation in the liver (mainly as triglycerides) is
currently considered an important risk factor for metabolic
and cardiovascular diseases. Uncomplicated hepatic fat
accumulation (steatosis) is the first stage of the full spectrum
of non-alcoholic fatty liver disease (NAFLD). NAFLD may
progress from simple steatosis to steatohepatitis, fibrosis
and eventually liver cirrhosis. Obesity and obesity-associated
T2D are mostly associated with the earlier NAFLD stages
(steatosis, steatohepatitis), although also late stages of NAFLD
i.e. liver cirrhosis, were shown to be associated with a high
prevalence of T2D.23 The ‘portal theory’ is the concept
that, with an increasing amount of visceral fat, the liver
is exposed to higher concentrations of proinflammatory
cytokines and NEFA that are released from the visceral
fat depot and directly transported, via the portal vein,
to the liver where they contribute to the development of
NAFLD.24 Thus, the occurrence and severity of visceral
fat accumulation and NAFLD are highly correlated and
inflammatory changes in visceral adiposity and NAFLD are
aetiologically intertwined. Hence, it is not easy to dissect
their independent contributions to the development of
obesity-associated T2D, especially in humans. The general
view is that NAFLD adversely affects insulin resistance and
the risk of T2D and CVD.25 The visceral fat depot, in turn,
is highly relevant in an aetiological sense, as it precedes and
induces the development of NAFLD and other ectopic fat
depots. In addition, visceral fat may contribute directly to
systemic low-grade inflammation and increased systemic
levels of NEFA.
But it appears that not all fat is bad. It has consistently been
shown that approximately 25-30% of obese individuals
do not develop insulin resistance; these are the so-called
healthy obese. There is also accumulating evidence that
expansion of the fat depot(s) will not by definition lead
to an inflammatory response and insulin resistance.
Efficient expandability of the superficial subcutaneous
fat depot, through e.g. intrinsic genetic properties and/or
an attenuated inflammatory response, is likely to improve

flexibility to process excess caloric intake with limited
triglyceride overflow into the visceral and ectopic fat depots.
A large capacity for storage of triglycerides in the superficial
subcutaneous, metabolically less active fat depot, may
thus result in less ‘overflow’ of triglycerides into the deep
subcutaneous and visceral fat depots.26,27 Very recently
it was indeed shown that upon feeding healthy men a
high-fat diet, accumulation of fat in the visceral fat depot
was highest in those subjects who had the lowest expression
of lipid storage-related genes in their subcutaneous fat.28
The possibility that subcutaneous adipose tissue function
and/or inflammation may contribute to redistribution of
fat towards the visceral depot is also corroborated by recent
data that infiltration of macrophages into human abdominal
superficial subcutaneous adipose tissue was associated with
larger visceral fat depots.29 Accordingly, the expression of
inflammation-related genes was significantly upregulated in
abdominal subcutaneous adipocytes of obese, as compared
with non-obese individuals.30,31 In line with these data,
we recently showed that preadipocytes isolated from
subcutaneous adipose tissue of T2D patients had a gene
expression profile that was consistent with a decreased
differentiation capacity.32 In animal models subcutaneous
fat expansion could, for example, be achieved by fat-specific
overexpression of adiponectin in genetically obese mice,
which resulted in increased peripheral obesity but less
accumulation of ectopic fat (visceral, liver, muscle) with
significant improvement in insulin resistance. Adiponectinoverexpressing mice showed an increased expression of
peroxisome proliferator-activated receptor (PPAR)-g target
genes and, despite massive obesity, had few macrophages
in their fat depots, concomitant with lower plasma IL-6 and
TNF-a levels.33 Notably, recent data show that adiponectin
can exert part of its anti-inflammatory effects on adipose
tissue via regulation of microRNAs that can suppress
intracellular proinflammatory pathways, such as toll-like
receptor (TLR)-4 signalling (see below).34 MicroRNAs
comprise a promising new field of potential novel treatment
targets for insulin resistance and T2D, because they appear
to have a vast functional and regulatory capacity, also in
other pathways that may contribute to insulin resistance
and T2D.35 PPAR-g activation by rosiglitazone in mice was
also associated with higher body weight and adipose tissue
expansion, but with less accumulation of fat in the liver. In
these mice a higher macrophage infiltration into adipose
tissue was seen, but these were primarily alternatively
activated (M2) macrophages that are considered to have
anti-inflammatory capacities (see below), and their presence
was associated with ameliorated insulin resistance.36
Together, current data suggest that visceral/omental,
abdominal deep subcutaneous, as well as ectopic fat
depots appear to be the culprit fat depots with respect to
the generation of an inflammatory response and insulin
resistance. There may, however, very well be underlying
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protein (MCP)-1 (also known as CCL2). 46 Indeed, in a
study of monozygotic twins it was shown that acquired
obesity is characterised by adipocyte hypertrophy and
increased expression of the macrophage marker CD68
and TNF-a in subcutaneous abdominal adipose tissue. 47
These proinflammatory changes in acquired obesity
were associated with an increase in insulin resistance. 47
In addition to proinflammatory effects induced by local
hypoxia, the high rate of protein synthesis during adipose
tissue expansion may lead to accumulation of unfolded or
misfolded proteins and hence to endoplasmic reticulum
(ER) stress, 48-50 which may then also contribute to the
production of inflammatory and chemotactic signals.
The exact signals from adipose tissue that initiate
macrophage infiltration have not yet been identified.
In obesity, TNF-a production is increased in both the
adipocyte and the macrophage fraction of adipose tissue
and an increase in MCP-1/chemokine (C-C motif) ligand
(CCL2) that may be induced by TNF-a has been proposed
as primary macrophage attractant51,52 although these data
are not fully consistent.53 Recently it was shown that TNF-a
also induces the production of CXCL5, which is a strong
chemoattractant for macrophages. Moreover, mice that
were knock-out for the receptor for CXCL5 (i.e. CXCR2) or
treated with anti-CXCL5 were less insulin resistant.54
Macrophages that are located within the adipose tissue may
be pro- or anti-inflammatory, depending on their activation
status.55 Classically activated macrophages (referred to as
M1 macrophages) are considered proinflammatory, and the
M1 status is induced by, among others, TNF-a and lipopolysaccharides (LPS). Alternatively activated macrophages
(referred to as M2 macrophages), on the other hand,
primarily function to resolve or dampen the M1-induced
inflammatory response and are therefore considered
anti-inflammatory. The M2 status is induced by, among
others, IL4 and IL10. Although the M1 versus M2 status
is a gradient rather than a black-and-white phenomenon,
macrophages present in adipose tissue in obesity appear to
be predominantly polarised towards the M1 phenotype.56

metabolic characteristics of the (superficial) subcutaneous
fat depots that contribute to the size of these visceral/
omental depots. Prevention of adipose tissue dysfunction,
of (visceral) fat inflammation, and of ectopic fat deposition
may therefore all help to maintain a metabolically healthy
obese phenotype.37

Obesity – fat distribution | Key points:
• Obesity is strongly associated with T2D
• Visceral, abdominal deep subcutaneous, and
ectopic fat were all shown to be associated with
an adverse metabolic phenotype
• Subcutaneous fat, especially of the lower body,
may have metabolically beneficial functions
• Better capacity for triglyceride storage in
adipocytes of superficial subcutaneous fat
may prevent overflow of triglycerides into the
metabolically unfavourable fat depots

H o w d o e s o b e s i t y c a u s e ch r o n i c
i n f l a mm a t i o n ?
It is currently well-accepted that that obesity promotes
a state of chronic low-grade inflammation,38-40 which is
reflected not only by an increased production of cytokines
and proinflammatory adipokines by adipose tissue, but also
by a cellular component. Adipose tissue is heterogeneous
in composition and contains, besides mature adipocytes,
also immature adipocytes (preadipocytes), endothelial
cells, fibroblasts, macrophages and other immune cells.
Adipose tissue macrophages are largely bone marrow
derived and their number is increased in obesity. 41 Thus,
local production of chemoattractants that enhance the
homing of monocytes to adipose tissue depots can
contribute to adipose tissue inflammation. Macrophages
in adipose tissue are overrepresented around dead or
dying adipocytes, thereby forming so-called crown-like
structures. 42,43 This suggests that adipocyte necrosis may
underlie the proinflammatory response and macrophage
attraction, but at present their concomitant presence
represents an association and a direct causal relation
remains to be established. 44
Accumulation of abdominal fat can induce inflammation
via several mechanisms. For example, caloric intake
in excess of energy expenditure will lead to expansion
of adipose tissue and adipocyte hypertrophy, which
may be associated with local hypoxia and adipocyte
apoptosis, which in turn generate signals to recruit
macrophages. 45 Hypertrophic adipocytes begin to secrete
low levels of TNF-a, which stimulate preadipocytes
and endothelial cells to produce monocyte chemotactic

Obesity – chronic low-grade inflammation | Key
points:
• Adipocyte hypertrophy, hypoxia and stress may
all be involved in adipose tissue inflammation via
induction of pro-inflammatory cytokines, as well
as of chemokines that attract macrophages
• Adipose tissue macrophages may have a
pro-inflammatory (M1), an anti-inflammatory
(M2), or an intermediate phenotype, depending
on the activating cytokines that are present
• In obesity, macrophages in adipose tissue were
shown to be mainly M1
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for example, the proinflammatory cytokines TNF-a,67-69
IL-670 and IL-1a,71 and saturated NEFA,72 which are all
involved in obesity-associated low-grade inflammation.
These factors employ various intracellular ser/thr kinases
such as Jun NH2-terminal kinase (JNK), protein kinase
C (PKC), IKKb and mTOR,57,72 which can be activated via
multiple mechanisms. IKK-b is particularly interesting
in this respect since it is a central effector protein in the
inflammatory responses that are activated upon stimulation
of the intracellular protein transcription factor NF-kB.
Notably, the factors described here mainly affect signal
transduction via IRS, and it has indeed been shown that
it was the PI3 kinase pathway that was impaired in obesity
and in T2D, while insulin signalling via MAP kinase
was largely unaffected.73 Moreover, (saturated) fatty acids,
TNF-a and IL-6 have all been demonstrated to induce
insulin resistance in healthy humans,74,75 suggesting that
the above-described induction of insulin resistance is
indeed relevant in humans, even though a large body of
information was obtained in cell and animal studies.
Obese, hypertrophic and/or insulin resistant adipocytes
were shown to have an increased release of fatty acids.
Specifically, the saturated fatty acids that are released can,
in a paracrine fashion, activate the TLR-4/NF-kB pathways
on macrophages in adipose tissue, which then release
TNF-a, which in turn binds to TNF receptors on the
adipocytes, further stimulating fatty acid release and thus
inducing a vicious cycle of worsening inflammation and
insulin resistance.76,77 JNK is activated upon exposure not
only to cytokines and NEFA, but also to internal cues such
as ER stress. 49 Given the relevance of NAFLD in insulin
resistance and T2D, it is also of interest that experimental
activation of JNK in the liver appeared to be sufficient to
induce systemic insulin resistance.78 The proinflammatory
effects of fatty acids appeared to be mainly restricted
to the saturated fatty acids while unsaturated and in
particularly w-3 fatty acids, in contrast, appeared to exert
anti-inflammatory effects.79,80

Insulin resistance is a state in which the sensitivity
of target cells to insulin, especially with regard to its
metabolic actions, is reduced. Inflammatory cytokines,
with TNF-a and IL-6 as most extensively studied
examples, can directly induce insulin resistance and
the level of insulin signal transduction, by using a
physiological negative feedback mechanism of normal
insulin signalling.57 Binding of insulin to its functional
receptor induces autophosphorylation of tyrosine residues
on the intracellular part of the receptor. In the so-called
metabolic pathway of insulin signalling, the insulin
receptor substrate (IRS), docks the insulin receptor and
is trans-phosphorylated in its tyrosine residues via the
kinase activity of the phosphorylated insulin receptor.
Subsequently, more members of the insulin signal
transduction pathway, including phosphatidylinositol3-kinase (PI3K) and Akt/protein kinase B (PKB), are
recruited and activated in order to induce downstream
effects.58 Insulin signal transduction via PI3 kinase mainly
affects metabolic pathways such as GLUT-4 translocation
and inhibition of hormone-sensitive lipase. The other main
pathway of insulin signal transduction involves signal
transduction via the renin-angiotensin system/ mitogenactivated protein (Ras/MAP) kinase pathway and primarily
stimulates mitogenic rather than metabolic processes.58
Several processes interrupt signalling via the
insulin receptor in order to maintain a physiological
insulin response. Firstly, protein phosphatases can
dephosphorylate the insulin receptor and the IRS proteins;
secondly, there may be ligand-induced downregulation
of the insulin receptor; and thirdly, insulin receptor
signalling induces pathways that inhibit signalling via
the insulin receptor. The physiological negative feedback
mechanism is induced when insulin activates mTOR
and PKCζ. These intracellular serine (ser)/threonine
(thr) kinases can then either directly, or indirectly (e.g.
via IkappaB kinase beta (IKKb)), phosphorylate ser/thr
residues in IRS. Ser/thr phosphorylation of IRS, which
occurs at multiple residues in the IRS protein, hampers
its tyrosine phosphorylation via insulin receptor and thus
interrupts, or at least reduces, insulin signal transduction
via the IRS proteins.59 In addition, ser/thr phosphorylation
can induce dissociation of IRS proteins from the insulin
receptor,60,61 induce degradation of IRS proteins,62,63 remove
IRS proteins from complexes that keep them in close
proximity to the insulin receptor,64,65 and turn IRS proteins
into inhibitors of insulin receptor kinases.66
There are various other intracellular and extracellular
substances that can also induce ser/thr phosphorylation of
the IRS proteins and thereby hamper insulin signalling,
but with pathophysiological consequences.57 These include,

Inflammation – insulin signalling | Key points:
• In obesity and T2DM it is insulin signalling via
IRS and PI3 kinase – i.e. the metabolic pathway –
that is primarily affected
• Inflammatory cytokines, e.g. TNF-α and IL-6,
as well as saturated fatty acids can all hamper
insulin signalling via the IRS and PI3 kinase
pathway via activation of intracellular ser/thr
kinases
• IKK-β and JNK are important intracellular
mediators in metabolic insulin resistance
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proinflammatory cytokines such as IL-6 and IL-8.99 It
was also recently shown that insulin gene transcription
was decreased when JNK was activated by palmitic acid in
pancreatic b-cells.100 In addition, reduction of pancreatic
triglyceride content was shown to improve insulin
secretion capacity.101
The effects of lipotoxicity may be enhanced in case of
hyperglycaemia.102 Thus, both glucotoxicity and lipotoxicity
induce local production of cytokines and inflammation in
pancreatic islets, but it remains to be established to what
extent circulating cytokines can also directly affect b-cell
survival at their systemic concentrations, although they do
appear to affect the secretory function of b-cells, in vitro.103
Other mechanisms that were proposed to explain b-cell
failure in obesity-associated T2D include ER stress,
oxidative stress and amyloid deposition. Most of these
mechanisms have also been implicated in inflammation,
either because they induce a (local) inflammatory
response or because they result from inflammation.104
The detrimental effects of inflammation on b-cell function
may be particularly relevant in situations of a sustained
inflammatory response, as is probably the case in obesity
and associated glucose and lipid overload.104 Increased
numbers of macrophages have been shown in pancreatic
islets of T2D patients,99,105 most likely in response to
increased islet expression of IL-1b and chemokines.99,106

The healthy b-cell has a large capacity to maintain
normoglycaemia via an increase in b-cell mass and
subsequent hyperinsulinaemia.81 However, once the
demand for insulin exceeds its production, hyperglycaemia
will develop ( figure 1). b-cell failure can result on the one
hand from an intrinsic insulin secretion defect in existing
b-cells and on the other hand from reduced b-cells mass.82
b-cell failure may be partly due to genetic and partly to
acquired factors. It is probable that genetic disposition
may render some individuals more sensitive to those
acquired factors than others. Prolonged exposure of
pancreatic b-cells to high levels of glucose and lipids, also
known as glucotoxicity and lipotoxicity, may contribute to
oxidative stress – potentially via effects on mitochondrial
function – and to high rates of b-cell apoptosis in T2D.83-86
Moreover, impaired insulin signalling may add to b-cell
dysfunction.87,88 In addition, inflammatory cytokines
may also contribute to b-cell dysfunction and, as such, to
enhanced development of T2D.89
Hyperglycaemia can induce the production of IL-1b
by b-cells,82,90 and this proinflammatory cytokine was
shown to be involved in b-cell deterioration in both
T1D and T2D.91,92 IL-1b may, via induction of specific
signal transduction pathways that include Fas (CD95),
initially induce b-cell proliferation, but with prolonged
hyperglycaemia switch to increased b-cell apoptosis.93
Notably, leptin, which circulates in considerably increased
concentrations in obesity, was shown to increase the release
of IL-1b by b-cells.94 In addition to its effects on b-cells,
IL-1b may also induce insulin resistance via direct effects
in insulin signalling. For example, IL-1b can down-regulate
IRS mRNA expression in adipocytes.95 The relevance of
IL-1b in human T2D, and in particular b-cell function, was
recently shown in a placebo-controlled proof-of-concept
study with an IL-1 receptor antagonist.96,97 Clearly, the
effects of IL-1b are not the only way through which b-cell
mass and function are affected in the development of T2D,
but the IL-1b pathway is a relevant representative of the
many (inflammatory) pathways that are involved in the
generation of b-cell failure in response to obesity-associated
low-grade inflammation and the concomitant increased
insulin demand.
Pancreatic lipotoxicity partly results from dyslipidaemia
(high small dense LDL cholesterol, low HDL cholesterol,
high NEFA) and partly from accumulation of fat
(triglycerides) in the pancreas as an ectopic fat depot.
Increased concentrations of NEFA, particularly saturated
fatty acids, were shown to be harmful for b-cells, in among
other ways via the induction of IL-1b,98 and induced an
inflammatory response in pancreatic islets.99 NEFA also
induced the local production of other IL-1-dependent

Inflammation and β-cell failure | Key points:
• Glucotoxicity and lipotoxicity may both
contribute to β-cell failure, in among other ways
via induction of local production of cytokines,
e.g. IL-1β, and hence of inflammation in the
pancreatic islets
• ER stress, oxidative stress and amyloid deposition
may also induce inflammation and β-cell failure
in obesity-associated T2D

H o w d o e s i n f l a mm a t i o n c a u s e
m a c r o v a s cu l a r d i s e a s e i n T 2 D ?
CVD comprises the major long-term complication of
diabetes. Various aspects of (obesity-associated)
inf lammation and macrovascular disease have
been extensively reviewed elsewhere. 16,107-109 In
short, atherosclerosis, the main process underlying
macrovascular disease, starts with activation of the
endothelial cells that line the intima. Endothelial cell
activation, which may be induced by e.g. lipids (including
NEFA and cholesterol) or inflammatory cytokines,16,107-109
can lead to expression of leucocyte adhesion molecules
and binding of leucocytes, which migrate through
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the endothelium to the intima where they can attract
monocytes which ultimately transform into lipid-laden
foam cells. These processes may be enhanced in T2D.
Further progression of the atheroma and generation
of rupture-prone atherosclerotic plaques involves a
complex interplay of immune cells and inflammatory
mediators. Inflammatory pathways are also involved
in thrombosis, the late complication of atherosclerosis
which is responsible for most of the complications of
macrovascular disease.107 Macrovascular disease is thus
perceived to be a major consequence of obesity-induced
inflammation and T2D.

response.116 A relative reduction in the density of the
capillary network combined with microvascular
dysfunction may therefore aggravate the hypoxic and
inflammatory processes in adipose tissue depots and thus
lead to deterioration of insulin resistance and metabolic
homeostasis.117
Microvascular dysfunction may additionally contribute
to the development of T2D via effects on b-cell function.
For example, transient periods of (mild) hyperglycaemia
that coincide with insulin resistance as well as low-grade
inflammation – possibly in combination with increased
NEFA and dysregulation of adipokines – may lead to
reduced islet perfusion and (mild) islet ischaemia,118
and control the recruitment of inflammatory cells to the
islets.119
Interestingly, microvascular dysfunction is also thought to
contribute to the development of hypertension (reviewed
elsewhere120), and may thus provide an explanation, at least
in part, for the typical co-occurrence of insulin resistance
and hypertension in obesity.

H o w d o e s i n f l a mm a t i o n c a u s e
m i c r o v a s cu l a r d y s f u n c t i o n ?
Microvascular dysfunction may not only be a resultant,
but also a cause of T2D and hypertension. We recently
showed that microvascular dysfunction was associated
with a higher incidence of T2D110 and other studies showed
that diet-induced insulin resistance in the microvasculature develops before the development of skeletal
muscle insulin resistance.111,112 How can microvascular
dysfunction affect the development of insulin resistance,
T2D, and hypertension?
Obese insulin-resistant humans and rats are characterised
by impaired capillary recruitment, which has been
shown to be necessary for normal insulin-mediated
glucose uptake by skeletal muscle.113 Such microvascular
dysfunction may result from increased systemic
concentrations of NEFA and inflammatory cytokines, and
decreased concentrations of adiponectin, which can induce
endothelial insulin resistance, reduce local NO production,
lower insulin-mediated glucose uptake in muscle by as
much as 40% and, as such, contribute to whole body
insulin resistance. Microvascular dysfunction may be
further aggravated in the expanding adipose tissue since
adipose tissue produces all factors of the RAS necessary to
produce angiotensin II, and RAS activity is enhanced in
obesity.113,114 Perivascular fat around resistance arterioles of
muscle may directly affect the function of these vessels and
indeed it appeared that in lean mice perivascular fat had a
beneficial effect to stimulate insulin-induced vasodilation
due to local adiponectin production, which was hampered
in obese mice.115 Moreover, this impairment in obese mice
was ameliorated by inhibition of JNK.115
Microvascular dysfunction may also contribute to
the vicious cycle of adipose tissue dysfunction and
inflammation. Functional capillaries in the expanding
adipose tissue are necessary to provide optimal blood flow
and delivery of nutrients and oxygen to adipocytes. Thus,
insufficient adipose tissue angiogenesis and capillarisation
may lead to hypoxia and induction of an inflammatory

Inflammation – vascular disease | Key points:
• Endothelial dysfunction: a shared factor
underlying both micro- and macrovascular
dysfunction
• Macrovascular disease is a major consequence of
obesity-induced inflammation and T2D
• Microvascular dysfunction may be both cause and
consequence of obesity-induced inflammation
and T2D
• Microvascular endothelial insulin resistance may
lead to reduced capillary recruitment in muscle
and, as such, contribute to whole body insulin
resistance
• Microvascular dysfunction may also contribute to
adipose tissue hypoxia and dysfunction

I n i t i a t i o n o f i n f l a mm a t i o n i n
o b e s i t y : r e c e n t i n s i gh t s
Although the concept of low-grade inflammation as an
important causal factor in obesity-associated insulin
resistance is currently well accepted, less is known about
the processes that induce the inflammatory response in
adipose tissue. Several processes have been proposed,
including the above-described adipocyte hypertrophy,
apoptosis and macrophage infiltration, which most likely
act simultaneously. Recently, inflammasomes have been
proposed as central regulators of early adipose tissue
inflammation. Inflammasomes, of which NOD-like
receptor family pyrin domain containing 3 (NLRP3) is
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the best characterised member, are pattern-recognition
receptors (PRRs) that assemble into high-molecularweight platforms that control maturation and secretion
of proinflammatory interleukins such as IL-1b.121 NLRP3
releases bioactive caspase-1 which can cleave procytokines
into their mature active forms.122 The expression of
inflammasome NLRP3 components is increased in
obesity, while whole-body knockout of components of this
complex resulted in protection from obesity (due to higher
energy expenditure), and from inflammation and insulin
resistance in mice.56 Several endogenous stress signals,
including glucose, palmitate, cholesterol crystals, islet
amyloid peptides and reactive oxygen species, have been
suggested as potential in vivo inflammasome inducers,
but their relevance in the aetiology of human obesity and
insulin resistance remains to be elucidated.
A growing body of evidence suggests that cellular
components of not only the innate but also the adaptive
immune system contribute to adipose tissue dysfunction.
The stromal vascular fraction of adipose tissue consists
of various types of immune cells, in addition to the
macrophage populations discussed earlier. For example,
the role of proinflammatory T-cells in obesity-induced T2D
has gained significant interest in recent years. Human
adipocytes and preadipocytes appear to possess the full
machinery to prime inflammation and attract T-cells
independently of macrophages.123 Moreover, subcutaneous
adipose tissue of T2D patients has increased presence
of not only macrophages, but also of proinflammatory
T-cells,124 infiltration of which preceded the infiltration
of macrophages in mice fed a high fat-diet.124,125 T-cells
derived from adipose tissue of obese mice produced more
interferon-gamma (IFN)-g than those from control mice,126
and hampered preadipocyte-to-adipocyte differentiation.127
T-cells that are infiltrated in adipose tissue may not only
attract macrophages, but also skew their differentiation
towards the M1 phenotype. In contrast, induction of
T-regulatory cells was beneficial and reduced adipose
tissue inflammation and insulin resistance.128,129 Notably,
the anti-inflammatory master switch in adipocyte
differentiation, PPAR-g, was recently identified as major
driver of visceral adipose-tissue-resident regulatory
T-cells.130
Another emerging factor that may underlie, at least
part of, the inflammatory response that is seen in
insulin resistance and T2D is the gut microbiome.
Obese humans and rodents were shown to have higher
concentrations of gut-derived endotoxins than non-obese,
and these can potentially trigger TLRs in e.g. adipose
tissue or on pancreatic b-cells, thus contributing to both
insulin resistance and b-cell failure.131,132 Experimental
endotoxaemia can induce adipose tissue inflammation
and insulin resistance in lean human subjects.133 Moreover,
portal endotoxaemia may contribute to inflammation

in hepatic steatosis and be a relevant risk factor for
nonalcoholic steatohepatitis (NASH).134

Initiation of obesity-induced inflammation – novel
insight | Key points:
• Inflammasomes, of which NLRP3 is the best
characterised member, were recently proposed
as central regulators of early adipose tissue
inflammation
• Pro-inflammatory T-cells may comprise an early
inflammatory cellular infiltrate and contribute
to cytokine release and attraction of additional
inflammatory cells
• Composition of the gut microbiome may
contribute to, among other things, endotoxaemia
which may induce adipose tissue inflammation

Below we will discuss in more detail two additional
emerging early activators of adipose tissue inflammation
in obesity: the complement system and advanced glycation
end products (AGEs). We will also discuss their potential
roles in the development of diabetes.

Th e c o mp l e m e n t s y s t e m i n
i n f l a mm a t i o n a n d T 2 D
The complement system is a complex protein network
that was initially identified as part of the innate immune
system. Historically, the liver was regarded the major source
of complement, but in recent years, various non-hepatic
sources of complement, including adipose tissue and
endothelial cells, have been identified. Complement can
be activated via several pathways – the classical, the lectin
and the alternative – which all converge on complement
C3, the central component of the complement system. The
alternative pathway also functions as an ‘amplification
loop’ and thereby enhances complement activation once
it is initiated by activation of any of the three pathways.
All three pathways result in the activation of the terminal
complement pathway ( figure 2). The complement system
is increasingly recognised as an essential regulator of cell
and tissue homeostasis, in addition to its well-known role
in immunity.135,136 Higher systemic C3 concentrations have
been associated with several diabetes risk factors, including
obesity, insulin resistance and NAFLD,137,138 and were shown
to be independently associated with incidence of T2D, at
least in men.139
Various lines of evidence suggest a biologically relevant,
functional role for complement activation in adipose
tissue homeostasis and insulin resistance. First,
adipose tissue expresses a large variety of complement
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of anaphylatoxins and assembly of the (soluble) terminal
complex, may be proatherogenic.159 Moreover, complement
activation may be instrumental in the development of
atherothrombosis since proteases of the coagulation and
fibrinolysis systems may activate the complement system,
and vice versa.162

components and regulators, with contributions from both
the stromal vascular and the adipocyte fractions.140-145 It
has been known for over two decades that the alternative
complement pathway is activated in adipocytes,146 and more
recently expression of proximal components of the classical
pathway has been shown to be altered in subcutaneous
adipose cells of insulin resistant individuals.147 There may
also be local effects of complement activation in specific
ectopic fat depots. As an example, it was recently reported
that the induction of complement C3 from perivascular fat
may adversely affect adventitial fibroblast function148 and
complement activation was shown in human NALFD.149
In addition, C1q, which is an early component of the
classical complement pathway, can suppress macrophage
inflammation in vitro, 150 while, on the other hand, the
anaphylatoxins (C3a and C5a) that are generated during
complement activation can efficiently attract inflammatory
cells to the site of complement activation151 and, as such,
also induce inflammation and insulin resistance in adipose
tissue and the liver. C3a-receptor knock-out mice are
protected from high-fat-diet-induced insulin resistance and
have less macrophage infiltration in adipose tissue152 and,
very recently, similar data were obtained in C5a-receptor
knock-out mice.153 In particular the observations on C3a
and C5a and their receptors suggest that complement
activation in obesity, and in particular in hypertrophic,
metabolically stressed adipocytes, may contribute to
recruitment of immune cells from the circulation to the
adipose tissue. This may enhance the cellular immune
response in adipose tissue and thereby contribute to
adipose tissue dysfunction.
In addition to the proposed effects of complement activation
on adipose tissue (dys)function, there may also be a role
for complement activation in the progression of b-cell
dysfunction in T2D, as absence of complement C3 in mice
prevents diabetes development in response in mice treated
with low-dose streptozotocin,154,155 which causes b-cell
deterioration in a way similar to what is observed in T2D.82
There is also a substantial body of data, including from
our own research group,156 that implicates complement
activation in the development of macrovascular and
microvascular disease156-158 ( figure 2) as reviewed
elsewhere.135,137,159 In short, complement system activation
leads to endothelial dysfunction, especially when
protection of the endothelial cells is compromised due to
decreased expression of complement inhibitors.160 Since
the microvasculature comprises approximately 98% of
the total vascular surface area,161 complement activation
will inevitably affect microvascular function. With respect
to atherosclerosis, complement activation by the classical
and perhaps also the lectin pathway may aid in removal
of apoptotic cell and cell debris and hence have protective
effects in the atherosclerotic plaque, while complement
activation beyond C3, which is associated with the release

Complement – inflammation – T2D | Key points:
• Many complement components are produced
by human adipose tissue (by both adipocytes
and stromal vascular cells), and are increased
in obesity, insulin resistance and low-grade
inflammation
• Complement activation in adipose tissue, liver or
pancreatic islets may contribute to inflammation
and attraction of immune cells
• Complement activation may lead to endothelial
dysfunction, and has been implicated in macroand microvascular disease

Advanced glycation, inflammation and T2D
AGEs form a heterogeneous family of unavoidable
by-products that are formed by reactive metabolic
intermediates derived from glucose and lipid oxidation.163
In addition to the overwhelming amount of data,
including ours,164-167 demonstrating a role of AGEs in the
development of vascular disease in diabetes (reviewed
elsewhere168,169, AGEs are implicated in the development
of obesity and diabetes170 and have been found to be
associated with insulin resistance.171 In obesity, the
combined effects of enhanced food consumption, low
energy expenditure, hyperglycaemia, hyperlipidaemia and
increased oxidative stress may augment the formation of
specific AGEs such as N[Carboxymethyl)lysine (CML).
Peroxidation of lipids may also lead to the formation of
the reactive dicarbonyl compound methylglyoxal (MGO),
which is believed to be the most potent glycation product.
Accelerated endogenous formation of both CML and MGO
in obesity has been described in a few studies. We recently
demonstrated the accumulation of a major AGE, CML, in
adipose tissue and fatty liver and provided evidence that
this is a core mechanism leading to the dysregulation
of cytokines production.172,173 CML is a major ligand for
the receptor for AGE (RAGE) and we demonstrated that
RAGE-/- obesedb/db mice have reduced inflammation and
improved insulin sensitivity, indicating a role for the
CML-RAGE axis in inducing insulin resistance.173
In addition to the effects in insulin resistance, AGEs
have also been shown to induce b-cell dysfunction and
apoptosis, at least partly via the AGE-RAGE axis174-177 and
via effect of MGO.178,179

Van Greevenbroek et al. Obesity, inflammation and type 2 diabetes.
m ay 2 013, vo l . 7 1, n o 4

182

Figure 2. Complement activation and the development of vascular disease
Lectin PW
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C3 convertase
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of classical PW activation may
dampen inflammation

Amplification loop
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Proteases of the coagulation/
fibrinolysis system may activate the
complement system and vice versa

C5 convertase

Anaphylatoxin receptors
(C3aR, C5aR, C5L2)
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in glucose and lipid metabolism
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C7
C8
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C5b-C9 =
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Many complement components are expressed in adipose tissue, by adipocytes, (resident) immune cells, or both. Complement can be activated via
three pathways (PW), the classical, the lectin and the alternative PW. C1q, the first component of the classical PW, is activated by antibodies and
by members of the pentraxin family (which includes e.g. C-reactive protein (CRP)) resulting in formation of the C1qrs complex that subsequently
activates complement factors C4 and C2. C1 inhibitor (C-INH) inhibits C1R and C1S and is a major component for controlling the classical PW; the
lectin PW is activated via mannose-binding lectin (MBL) or ficolins which subsequently bind and activate MASPs (MBL-associated serum proteases),
which in turn activate C4 and C2. These last-mentioned complement components are shared between the lectin and the classical PWs. The alternative PW has a slow intrinsic auto-activation (via C3H2O), but also functions as an important ‘amplification loop’ and thereby enhances complement
activation once it is initiated by activation of any of the three pathways. Activation of the alternative pathway results in activation of factors B and D.
Alternative PW amplification (and hence the amplification loop) is controlled by properdin (CFP, positive regulator) and factors I and H (CFI/CFH,
negative regulators). All complement PWs result in the generation of C3 convertases which are able to activate C3; C3 activation in turn initiates the
formation of C5 convertases that can activate C5. Activation of C3 and subsequently C5 generates C3b and C5b, respectively, with the release of the
anaphylatoxins C3a and C5a, which can activate one or more surface receptors.C5b assembles with C6 through C9 to form the (sublytic) terminal
complement sequence (C5b-9) on cells. This last step of complement activation is controlled (inhibited) by CD59. Complement activation is under
tight control of a large number of circulating and cell-bound inhibitors to prevent unrestrained progression of complement activation once any of
the three pathways is initiated and only a few of those are included in this simplified scheme. Complement activation may be involved in the development of cardiovascular disease via several mechanisms and at several levels, as indicated

cytokines can affect insulin signalling at the molecular
level and on how similar molecular events may also affect
b-cell function. We have additionally discussed novel
insights into the processes that may initiate the obesityassociated inflammatory response, including complement
activation and advanced glycation end products. However,
the details on exactly where and how inflammation is
induced, the temporal order of the events that contribute to
insulin resistance and the development of b-cell function,
and the role of vascular dysfunction therein remain to
be further elucidated. More detailed knowledge of these
events will help to pin-point optimal targets for prevention
of, and intervention in, T2D.

Advanced glycosylation end products – inflammation
– T2D | Key points:
• Obesity is characterised by increased formation
of advanced glycation end products
• AGEs in obesity may have important biological
effects on the dysregulation of adipokine
secretion and the induction of insulin resistance
• AGEs have been shown to induce β-cell
dysfunction

Concluding remarks
References

Taken together, the larger picture on how obesity,
inflammation and T2D are interrelated is becoming
increasingly clear. We have provided an overview of the
different fat depots and their potential contribution to
obesity-associated inflammation, on how inflammatory

1.

Yki-Jarvinen H. Ectopic fat accumulation: an important cause of insulin
resistance in humans. J R Soc Med. 2002;95 Suppl 42:39-45.

Van Greevenbroek et al. Obesity, inflammation and type 2 diabetes.
m ay 2 013, vo l . 7 1, n o 4

183

2.

Vague J. The degree of masculine differentiation of obesities: a factor
determining predisposition to diabetes, atherosclerosis, gout, and uric
calculous disease. Am J Clin Nutr. 1956;4:20-34.

23. Wlazlo N, Beijers HJ, Schoon EJ, Sauerwein HP, Stehouwer CD,
Bravenboer B. High prevalence of diabetes mellitus in patients with liver
cirrhosis. Diab Med. 2010;27:1308-11.

3.

Pi-Sunyer FX. The epidemiology of central fat distribution in relation to
disease. Nutr Rev. 2004;62:S120-6.

24. Item F, Konrad D. Visceral fat and metabolic inflammation: the portal
theory revisited. Obes Rev. 2012;13 Suppl 2:30-9.

4.

Abate N, Garg A, Peshock RM, Stray-Gundersen J, Grundy SM.
Relationships of generalized and regional adiposity to insulin sensitivity
in men. J Clin Invest. 1995; 96:88-98.

25. Speliotes EK, Massaro JM, Hoffmann U, et al. Fatty liver is associated
with dyslipidemia and dysglycemia independent of visceral fat: the
Framingham Heart Study. Hepatology. 2010;51:1979-87.

5.

Snijder MB, Dekker JM, Visser M, et al. Trunk fat and leg fat have
independent and opposite associations with fasting and postload glucose
levels: the Hoorn study. Diabetes Care. 2004; 27:372-7.

6.

Okura T, Nakata Y, Yamabuki K, Tanaka K. Regional body composition
changes exhibit opposing effects on coronary heart disease risk factors.
Arterioscler Thromb Vasc Biol. 2004; 24:923-9.

26. Sniderman AD, Bhopal R, Prabhakaran D, Sarrafzadegan N, Tchernof
A. Why might South Asians be so susceptible to central obesity and its
atherogenic consequences? The adipose tissue overflow hypothesis. Int
J Epid. 2007;36:220-5.

7.

27. Tan GD, Goossens GH, Humphreys SM, Vidal H, Karpe F. Upper
and lower body adipose tissue function: a direct comparison of fat
mobilization in humans. Obes Res. 2004;12:114-8.

Rocha PM, Barata JT, Teixeira PJ, Ross R, Sardinha LB. Independent and
opposite associations of hip and waist circumference with metabolic
syndrome components and with inflammatory and atherothrombotic risk
factors in overweight and obese women. Metabolism. 2008;57:1315-22.

8.

Deschenes D, Couture P, Dupont P, Tchernof A. Subdivision of the
subcutaneous adipose tissue compartment and lipid-lipoprotein levels
in women. Obes Res. 2003;11:469-76.

9.

Marin P, Andersson B, Ottosson M, et al. The morphology and
metabolism of intraabdominal adipose tissue in men. Metabolism.
1992;41:1242-8.

28. Alligier M, Gabert L, Meugnier E, et al. Visceral Fat Accumulation
During Lipid Overfeeding Is Related to Subcutaneous Adipose Tissue
Characteristics in Healthy Men. J Clin Endocrinol Metab. 2013;98:802-10
29. Le KA, Mahurkar S, Alderete TL, et al. Subcutaneous adipose tissue
macrophage infiltration is associated with hepatic and visceral fat
deposition, hyperinsulinemia, and stimulation of NF-kappaB stress
pathway. Diabetes. 2011;60:2802-9
30. Lee YH, Nair S, Rousseau E, et al. Microarray profiling of isolated
abdominal subcutaneous adipocytes from obese vs non-obese
Pima Indians: increased expression of inflammation-related genes.
Diabetologia. 2005;48:1776-83.

10. Fried SK, Bunkin DA, Greenberg AS. Omental and subcutaneous adipose
tissues of obese subjects release interleukin-6: depot difference and
regulation by glucocorticoid. J Clin Endocrinol Metab. 1998;83:847-50.

31. Klimcakova E, Roussel B, Kovacova Z, et al. Macrophage gene expression
is related to obesity and the metabolic syndrome in human subcutaneous
fat as well as in visceral fat. Diabetologia. 2011;54:876-87.

11. Motoshima H, Wu X, Sinha MK, et al. Differential regulation of
adiponectin secretion from cultured human omental and subcutaneous
adipocytes: effects of insulin and rosiglitazone. J Clin Endocrinol Metab.
2002;87:5662-7.

32. van Tienen FH, van der Kallen CJ, Lindsey PJ, Wanders RJ, van
Greevenbroek MM, Smeets HJ. Preadipocytes of type 2 diabetes subjects
display an intrinsic gene expression profile of decreased differentiation
capacity. Int J Obes. 2011;35: 1154-64.

12. Misra A, Garg A, Abate N, Peshock RM, Stray-Gundersen J, Grundy SM.
Relationship of anterior and posterior subcutaneous abdominal fat to
insulin sensitivity in nondiabetic men. Obes Res. 1997;5:93-9.

33. Kim JY, van de Wall E, Laplante M, et al. Obesity-associated
improvements in metabolic profile through expansion of adipose tissue.
J Clin Invest. 2007;117:2621-37.

13. Kelley DE, Thaete FL, Troost F, Huwe T, Goodpaster BH. Subdivisions
of subcutaneous abdominal adipose tissue and insulin resistance. Am J
Physiol. 2000;278:E941-8.

34. Ge Q, Gerard J, Noel L, Scroyen I, Brichard SM. MicroRNAs regulated by
adiponectin as novel targets for controlling adipose tissue inflammation.
Endocrinology. 2012;153:5285-96.

14. Smith SR, Lovejoy JC, Greenway F, et al. Contributions of total body fat,
abdominal subcutaneous adipose tissue compartments, and visceral
adipose tissue to the metabolic complications of obesity. Metabolism.
2001;50:425-35.

35. Williams MD, Mitchell GM. MicroRNAs in insulin resistance and obesity.
Exp Diabetes Res. 2012;2012:484696.
36. Stienstra R, Duval C, Keshtkar S, van der Laak J, Kersten S, Muller M.
Peroxisome proliferator-activated receptor gamma activation promotes
infiltration of alternatively activated macrophages into adipose tissue. J
Biol Chem. 2008;283:22620-7.

15. Atzmon G, Yang XM, Muzumdar R, Ma XH, Gabriely I, Barzilai N.
Differential gene expression between visceral and subcutaneous fat
depots. Horm Metab Res. 2002;34:622-8.
16. Ouwens DM, Sell H, Greulich S, Eckel J. The role of epicardial and
perivascular adipose tissue in the pathophysiology of cardiovascular
disease. J Cell Mol Med. 2010;14:2223-34.

37. Bluher M. Are there still healthy obese patients? Curr Opin Endocrinol
Diabetes Obes. 2012;19:341-6.

17. Rittig K, Staib K, Machann J, et al. Perivascular fatty tissue at the
brachial artery is linked to insulin resistance but not to local endothelial
dysfunction. Diabetologia. 2008;51:2093-9.

38. Hotamisligil GS. Role of endoplasmic reticulum stress and c-Jun
NH2-terminal kinase pathways in inflammation and origin of obesity and
diabetes. Diabetes. 2005;54(Suppl 2]:S73-8.

18. Cherian S, Lopaschuk GD, Carvalho E. Cellular cross-talk between
epicardial adipose tissue and myocardium in relation to the pathogenesis
of cardiovascular disease. Am J Physiol. 2012;303:E937-49.

39. Hotamisligil GS, Shargill NS, Spiegelman BM. Adipose expression
of tumor necrosis factor-alpha: direct role in obesity-linked insulin
resistance. Science. 1993;259:87-91.

19. Eringa EC, Bakker W, van Hinsbergh VW. Paracrine regulation of vascular
tone, inflammation and insulin sensitivity by perivascular adipose tissue.
Vasc Pharmacol. 2012;56:204-9.

40. Shoelson SE, Lee J, Goldfine AB. Inflammation and insulin resistance. J
Clin Invest. 2006;116:1793-801.
41. Weisberg SP, McCann D, Desai M, Rosenbaum M, Leibel RL, Ferrante
AW, Jr. Obesity is associated with macrophage accumulation in adipose
tissue. J Clin Invest. 2003;112:1796-808.

20. Greenstein AS, Khavandi K, Withers SB, et al. Local inflammation and
hypoxia abolish the protective anticontractile properties of perivascular
fat in obese patients. Circulation. 2009;119:1661-70.

42. Cinti S, Mitchell G, Barbatelli G, Murano I, Ceresi E, Faloia E, et al.
Adipocyte death defines macrophage localization and function in adipose
tissue of obese mice and humans. J Lipid Res. 2005;46:2347-55.

21. Perseghin G, Scifo P, De Cobelli F, et al. Intramyocellular triglyceride
content is a determinant of in vivo insulin resistance in humans: a 1H-13C
nuclear magnetic resonance spectroscopy assessment in offspring of type
2 diabetic parents. Diabetes. 1999;48:1600-6.

43. West M. Dead adipocytes and metabolic dysfunction: recent progress.
Curr Opin Endocrinol Diabetes Obes. 2009;16:178-82.

22. Gallagher D, Kelley DE, Yim JE, et al. Adipose tissue distribution is
different in type 2 diabetes. Am J Clin Nutr. 2009;89:807-14.

44. Osborn O, Olefsky JM. The cellular and signaling networks linking the
immune system and metabolism in disease. Nat Med. 2012;18:363-74.

Van Greevenbroek et al. Obesity, inflammation and type 2 diabetes.
m ay 2 013, vo l . 7 1, n o 4

184

45. Surmi BK, Hasty AH. Macrophage infiltration into adipose tissue:
initiation, propagation and remodeling. Future Lipidol. 2008;3:545-56.

67. Moller DE. Potential role of TNF-alpha in the pathogenesis of insulin
resistance and type 2 diabetes. Trends Endocrinol. Metab. 2000;11:212-7.

46. Xu H, Barnes GT, Yang Q, et al. Chronic inflammation in fat plays a crucial
role in the development of obesity-related insulin resistance. J Clin Invest.
2003;112:1821-30.

68. Feinstein R, Kanety H, Papa MZ, Lunenfeld B, Karasik A. Tumor necrosis
factor-alpha suppresses insulin-induced tyrosine phosphorylation of
insulin receptor and its substrates. J Biol Chem. 1993;268:26055-8.

47. Pietilainen KH, Kannisto K, Korsheninnikova E, et al. Acquired obesity
increases CD68 and tumor necrosis factor-alpha and decreases
adiponectin gene expression in adipose tissue: a study in monozygotic
twins. J Clin Endocrinol Metab. 2006;91:2776-81.

69. Hotamisligil GS, Murray DL, Choy LN, Spiegelman BM. Tumor necrosis
factor alpha inhibits signaling from the insulin receptor. Proc Natl Acad
Sci. 1994;91:4854-8.
70. Senn JJ, Klover PJ, Nowak IA, Mooney RA. Interleukin-6 induces cellular
insulin resistance in hepatocytes. Diabetes. 2002;51:3391-9.

48. Lionetti L, Mollica MP, Lombardi A, Cavaliere G, Gifuni G, Barletta A.
From chronic overnutrition to insulin resistance: the role of fat-storing
capacity and inflammation. Nutr Metab Cardiovasc Dis. 2009;19:146-52.

71. He J, Usui I, Ishizuka K, et al. Interleukin-1alpha inhibits insulin signaling
with phosphorylating insulin receptor substrate-1 on serine residues in
3T3-L1 adipocytes. Mol Endocrinol. 2006;20:114-24.

49. Zha BS, Zhou H. ER Stress and Lipid Metabolism in Adipocytes. Biochem
Res Int. 2012;2012:312943.

72. Shi H, Kokoeva MV, Inouye K, Tzameli I, Yin H, Flier JS. TLR4 links
innate immunity and fatty acid-induced insulin resistance. J Clin Invest.
2006;116:3015-25.

50. Gregor MF, Yang L, Fabbrini E, et al. Endoplasmic reticulum stress
is reduced in tissues of obese subjects after weight loss. Diabetes.
2009;58:693-700.
51. Weisberg SP, Hunter D, Huber R, et al. CCR2 modulates inflammatory
and metabolic effects of high-fat feeding. J Clin Invest. 2006;116:115-24.

73. Cusi K, Maezono K, Osman A, et al. Insulin resistance differentially affects
the PI 3-kinase- and MAP kinase-mediated signaling in human muscle. J
Clin Invest. 2000;105:311-20.

52. Kamei N, Tobe K, Suzuki R, et al. Overexpression of monocyte
chemoattractant protein-1 in adipose tissues causes macrophage
recruitment and insulin resistance. J Biol Chem. 2006;281:26602-14.

74. Kruszynska YT, Olefsky JM, Frias JP. Effect of obesity on susceptibility
to fatty acid-induced peripheral tissue insulin resistance. Metabolism.
2003;52:233-8.

53. Inouye KE, Shi H, Howard JK, et al. Absence of CC chemokine ligand 2
does not limit obesity-associated infiltration of macrophages into adipose
tissue. Diabetes. 2007;56:2242-50.

75. Krogh-Madsen R, Plomgaard P, Moller K, Mittendorfer B, Pedersen
BK. Influence of TNF-alpha and IL-6 infusions on insulin sensitivity and
expression of IL-18 in humans. Am J Physiol. 2006;291:E108-14.

54. Chavey C, Lazennec G, Lagarrigue S, et al. CXC ligand 5 is an
adipose-tissue derived factor that links obesity to insulin resistance. Cell
Metab. 2009;9:339-49.

76. Suganami T, Nishida J, Ogawa Y. A paracrine loop between adipocytes
and macrophages aggravates inflammatory changes: role of free fatty
acids and tumor necrosis factor alpha. Arterioscler Thromb Vasc Biol.
2005;25:2062-8.

55. Chinetti-Gbaguidi G, Staels B. Macrophage polarization in metabolic
disorders: functions and regulation. Curr Opin Lipidol. 2011;22:365-72.
56. Sun S, Ji Y, Kersten S, Qi L. Mechanisms of inflammatory responses in
obese adipose tissue. Ann Rev Nutr. 2012;32:261-86.

77. Suganami T, Tanimoto-Koyama K, Nishida J, et al. Role of the Toll-like
receptor 4/NF-kappaB pathway in saturated fatty acid-induced
inflammatory changes in the interaction between adipocytes and
macrophages. Arterioscler Thromb Vasc Biol. 2007;27:84-91.

57. Zick Y. Insulin resistance: a phosphorylation-based uncoupling of insulin
signaling. Trends Cell Biol. 2001;11:437-41.

78. Nakatani Y, Kaneto H, Kawamori D, et al. Modulation of the JNK pathway
in liver affects insulin resistance status. J Biol Chem. 2004;279:45803-9.

58. Youngren JF. Regulation of insulin receptor function. Cell Mol Life Sci.
2007;64:873-91.

79. Holzer RG, Park EJ, Li N, et al. Saturated fatty acids induce c-Src
clustering within membrane subdomains, leading to JNK activation. Cell.
2011;147:173-84.

59. Mothe I, Van Obberghen E. Phosphorylation of insulin receptor
substrate-1 on multiple serine residues, 612, 632, 662, and 731, modulates
insulin action. J Biol Chem. 1996;271:11222-7.

80. Kalupahana NS, Claycombe KJ, Moustaid-Moussa N. (n-3) Fatty acids
alleviate adipose tissue inflammation and insulin resistance: mechanistic
insights. Adv Nutr. 2011;2:304-16.

60. Paz K, Hemi R, LeRoith D, et al. A molecular basis for insulin resistance.
Elevated serine/threonine phosphorylation of IRS-1 and IRS-2 inhibits
their binding to the juxtamembrane region of the insulin receptor and
impairs their ability to undergo insulin-induced tyrosine phosphorylation.
J Biol Chem. 1997;272:29911-8.

81. Steil GM, Trivedi N, Jonas JC, et al. Adaptation of beta-cell mass to
substrate oversupply: enhanced function with normal gene expression.
Am J Physiol. 2001;280:E788-96.
82. Donath MY, Ehses JA, Maedler K, et al. Mechanisms of beta-cell death in
type 2 diabetes. Diabetes. 2005;54(Suppl 2):S108-13.

61. Liu YF, Paz K, Herschkovitz A, , et al. Insulin stimulates PKCzeta-mediated
phosphorylation of insulin receptor substrate-1 (IRS-1). A self-attenuated
mechanism to negatively regulate the function of IRS proteins. J Biol
Chem. 2001;276:14459-65.

83. Brownlee M. A radical explanation for glucose-induced beta cell
dysfunction. J Clin Invest. 2003;112:1788-90.
84. Robertson RP, Harmon J, Tran PO, Poitout V. Beta-cell glucose toxicity,
lipotoxicity, and chronic oxidative stress in type 2 diabetes. Diabetes.
2004;53(Suppl 1):S119-24.

62. Haruta T, Uno T, Kawahara J, et al. A rapamycin-sensitive pathway
down-regulates insulin signaling via phosphorylation and proteasomal
degradation of insulin receptor substrate-1. Mol Endocrinol.
2000;14:783-94.

85. Unger RH. Lipotoxicity in the pathogenesis of obesity-dependent NIDDM.
Genetic and clinical implications. Diabetes. 1995;44:863-70.

63. Pederson TM, Kramer DL, Rondinone CM. Serine/threonine
phosphorylation of IRS-1 triggers its degradation: possible regulation by
tyrosine phosphorylation. Diabetes. 2001;50:24-31.

86. Lupi R, Del Guerra S, Fierabracci V, et al. Lipotoxicity in human pancreatic
islets and the protective effect of metformin. Diabetes. 2002;51(Suppl
1):S134-7.

64. Tirosh A, Potashnik R, Bashan N, Rudich A. Oxidative stress disrupts
insulin-induced cellular redistribution of insulin receptor substrate-1
and phosphatidylinositol 3-kinase in 3T3-L1 adipocytes. A putative
cellular mechanism for impaired protein kinase B activation and GLUT4
translocation. J Biol Chem. 1999;274:10595-602.

87. Marchetti P, Lupi R, Federici M, et al. Insulin secretory function is
impaired in isolated human islets carrying the Gly(972)-->Arg IRS-1
polymorphism. Diabetes. 2002;51:1419-24.
88. Rhodes CJ. Type 2 diabetes-a matter of beta-cell life and death? Science.
2005;307:380-4.

65. Clark SF, Molero JC, James DE. Release of insulin receptor substrate
proteins from an intracellular complex coincides with the development
of insulin resistance. J Biol Chem. 2000;275:3819-26.

89. Wang C, Guan Y, Yang J. Cytokines in the Progression of Pancreatic
beta-Cell Dysfunction. Int J Endocrinol. 2010;2010:515136.

66. Hotamisligil GS, Peraldi P, Budavari A, Ellis R, White MF, Spiegelman
BM. IRS-1-mediated inhibition of insulin receptor tyrosine kinase
activity in TNF-alpha- and obesity-induced insulin resistance. Science.
1996;271:665-8.

90. Maedler K, Sergeev P, Ris F, et al. Glucose-induced beta cell production
of IL-1beta contributes to glucotoxicity in human pancreatic islets. J Clin
Invest. 2002;110:851-60.

Van Greevenbroek et al. Obesity, inflammation and type 2 diabetes.
m ay 2 013, vo l . 7 1, n o 4

185

91. Maedler K. Beta cells in type 2 diabetes – a crucial contribution to
pathogenesis. Diab Obes Metab. 2008;10:408-20.

113. Muris DM, Houben AJ, Schram MT, Stehouwer CD. Microvascular
dysfunction: An emerging pathway in the pathogenesis of obesity-related
insulin resistance. Rev Endocr Metab Disord. 2013 [in press].

92. Scarim AL, Arnush M, Hill JR, et al. Evidence for the presence of type I
IL-1 receptors on beta-cells of islets of Langerhans. Biochim Biophys Acta.
1997;1361:313-20.

114. Rahmouni K, Mark AL, Haynes WG, Sigmund CD. Adipose depot-specific
modulation of angiotensinogen gene expression in diet-induced obesity.
Am. J. Physiol. 2004;286:E891-5.

93. Maedler K, Fontana A, Ris F, et al. FLIP switches Fas-mediated glucose
signaling in human pancreatic beta cells from apoptosis to cell
replication. Proc Natl Acad Sci. 2002;99:8236-41.

115. Meijer RI, Bakker W, Alta CL, et al. Perivascular Adipose Tissue Control
of Insulin-Induced Vasoreactivity in Muscle Is Impaired in db/db Mice.
Diabetes. 2013;62:590-8.

94. Maedler K, Sergeev P, Ehses JA, et al. Leptin modulates beta cell
expression of IL-1 receptor antagonist and release of IL-1beta in human
islets. Proc Natl Acad Sci. 2004;101:8138-43.

116. Halberg N, Khan T, Trujillo ME, et al. Hypoxia-inducible factor 1alpha
induces fibrosis and insulin resistance in white adipose tissue. Mol Cell
Biol. 2009;29:4467-83.

95. Jager J, Gremeaux T, Cormont M, Le Marchand-Brustel Y, Tanti JF.
Interleukin-1beta-induced insulin resistance in adipocytes through
down-regulation of insulin receptor substrate-1 expression.
Endocrinology. 2007;148:241-51.

117. Rutkowski JM, Davis KE, Scherer PE. Mechanisms of obesity and related
pathologies: the macro- and microcirculation of adipose tissue. FEBS
Journal. 2009;276:5738-46.
118. Tal MG. Type 2 diabetes: Microvascular ischemia of pancreatic islets?
Medical Hypotheses. 2009;73:357-8.

96. Larsen CM, Faulenbach M, Vaag A, Ehses JA, Donath MY,
Mandrup-Poulsen T. Sustained effects of interleukin-1 receptor antagonist
treatment in type 2 diabetes. Diabetes Care. 2009;32:1663-8.

119. Zanone MM, Favaro E, Camussi G. From endothelial to beta cells: insights
into pancreatic islet microendothelium. Curr Diab Rev. 2008;4:1-9.

97. Larsen CM, Faulenbach M, Vaag A, et al. Interleukin-1-receptor antagonist
in type 2 diabetes mellitus. New Engl J Med. 2007;356:1517-26.

120. De Boer MP, Meijer RI, Wijnstok NJ, et al. Microvascular dysfunction: a
potential mechanism in the pathogenesis of obesity-associated insulin
resistance and hypertension. Microcirculation. 2012;19:5-18.

98. Maedler K, Oberholzer J, Bucher P, Spinas GA, Donath MY.
Monounsaturated fatty acids prevent the deleterious effects of palmitate
and high glucose on human pancreatic beta-cell turnover and function.
Diabetes. 2003;52:726-33.

121. Schroder K, Tschopp J. The inflammasomes. Cell. 2010;140:821-32.

99. Ehses JA, Perren A, Eppler E, et al. Increased number of islet-associated
macrophages in type 2 diabetes. Diabetes. 2007;56:2356-70.

122. Tschopp J, Schroder K. NLRP3 inflammasome activation: The convergence
of multiple signalling pathways on ROS production? Nat Rev Immunol.
2010;10:210-5.

100. Solinas G, Naugler W, Galimi F, Lee MS, Karin M. Saturated fatty
acids inhibit induction of insulin gene transcription by JNK-mediated
phosphorylation of insulin-receptor substrates. Proc Natl Acad Sci.
2006;103:16454-9.

123. Meijer K, de Vries M, Al-Lahham S, et al. Human primary adipocytes
exhibit immune cell function: adipocytes prime inflammation
independent of macrophages. PLoS One. 2011;6:e17154.

101. Matsui J, Terauchi Y, Kubota N, et al. Pioglitazone reduces islet
triglyceride content and restores impaired glucose-stimulated insulin
secretion in heterozygous peroxisome proliferator-activated receptorgamma-deficient mice on a high-fat diet. Diabetes. 2004;53:2844-54.

124. Kintscher U, Hartge M, Hess K, et al. T-lymphocyte infiltration in visceral
adipose tissue: a primary event in adipose tissue inflammation and the
development of obesity-mediated insulin resistance. Arterioscler. Thromb
Vasc Biol. 2008;28:1304-10.

102. Poitout V, Robertson RP. Minireview: Secondary beta-cell failure in type 2
diabetes--a convergence of glucotoxicity and lipotoxicity. Endocrinology.
2002;143:339-42.

125. Nishimura S, Manabe I, Nagasaki M, et al. CD8+ effector T cells
contribute to macrophage recruitment and adipose tissue inflammation
in obesity. Nat Med. 2009;15:914-20.

103. Donath MY, Storling J, Maedler K, Mandrup-Poulsen T. Inflammatory
mediators and islet beta-cell failure: a link between type 1 and type 2
diabetes. J Mol Med. 2003;81:455-70.

126. Rocha VZ, Folco EJ, Sukhova G, et al. Interferon-gamma, a Th1 cytokine,
regulates fat inflammation: a role for adaptive immunity in obesity. Circ
Res. 2008;103:467-76.

104. Donath MY, Boni-Schnetzler M, Ellingsgaard H, Ehses JA. Islet
inflammation impairs the pancreatic beta-cell in type 2 diabetes.
Physiology. 2009;24:325-31.

127. Wu H, Ghosh S, Perrard XD, et al. T-cell accumulation and regulated on
activation, normal T cell expressed and secreted upregulation in adipose
tissue in obesity. Circulation. 2007;115:1029-38.

105. Richardson SJ, Willcox A, Bone AJ, Foulis AK, Morgan NG. Islet-associated
macrophages in type 2 diabetes. Diabetologia. 2009;52:1686-8.

128. Y, Maron R, Tukpah AM, et al. Induction of regulatory T cells decreases
adipose inflammation and alleviates insulin resistance in ob/ob mice.
Proc Natl Acad Sci. 2010;107:9765-70.

106. Ehses JA, Lacraz G, Giroix MH, et al. IL-1 antagonism reduces
hyperglycemia and tissue inflammation in the type 2 diabetic GK rat.
Proc Natl Acad Sci. 2009;106:13998-4003.

129. Winer S, Chan Y, Paltser G, et al. Normalization of obesity-associated
insulin resistance through immunotherapy. Nat Med. 2009;15:921-9.
130. Cipolletta D, Feuerer M, Li A, et al. PPAR-gamma is a major driver of
the accumulation and phenotype of adipose tissue Treg cells. Nature.
2012;486:549-53.

107. ibby P. Inflammation in atherosclerosis. Nature. 2002;420:868-74.
108. Perseghin G. The role of non-alcoholic fatty liver disease in cardiovascular
disease. Dig Dis. 2010;28:210-3.

131. Cani PD, Amar J, Iglesias MA, et al. Metabolic endotoxemia initiates
obesity and insulin resistance. Diabetes. 2007;56:1761-72.

109. Taube A, Schlich R, Sell H, Eckardt K, Eckel J. Inflammation and
metabolic dysfunction: links to cardiovascular diseases. Am J Physiol.
2012;302:H2148-65.

132. Creely SJ, McTernan PG, Kusminski CM, et al. Lipopolysaccharide
activates an innate immune system response in human adipose tissue in
obesity and type 2 diabetes. Am J Physiol. 2007;292:E740-7.

110. Muris DM, Houben AJ, Schram MT, Stehouwer CD. Microvascular
dysfunction is associated with a higher incidence of type 2 diabetes
mellitus: a systematic review and meta-analysis. Arterioscler Thromb Vasc
Biol. 2012;32:3082-94.

133. Mehta NN, McGillicuddy FC, Anderson PD, et al. Experimental
endotoxemia induces adipose inflammation and insulin resistance in
humans. Diabetes. 2010;59:172-81.

111. Bonner JS, Lantier L, Hasenour CM, James FD, Bracy DP, Wasserman
DH. Muscle-Specific Vascular Endothelial Growth Factor Deletion
Induces Muscle Capillary Rarefaction Creating Muscle Insulin Resistance.
Diabetes. 2013;62:572-80.

134. Hsieh PS, Hsieh YJ. Impact of liver diseases on the development of type
2 diabetes mellitus. World J Gastroenterol. 2011;17:5240-5.
135. Hertle E, van Greevenbroek MM, Stehouwer CD. Complement C3:
an emerging risk factor in cardiometabolic disease. Diabetologia.
2012;55:881-4.

112. Kim F, Pham M, Maloney E, et al. Vascular inflammation, insulin
resistance, and reduced nitric oxide production precede the onset
of peripheral insulin resistance. Arterioscler Thromb Vasc Biol.
2008;28:1982-8.

136. Ricklin D, Hajishengallis G, Yang K, Lambris JD. Complement: a key
system for immune surveillance and homeostasis. Nat Immunol.
2010;11:785-97.

Van Greevenbroek et al. Obesity, inflammation and type 2 diabetes.
m ay 2 013, vo l . 7 1, n o 4

186

137. Onat A, Can G, Rezvani R, Cianflone K. Complement C3 and cleavage
products in cardiometabolic risk. Clin Chim Acta. 2011;412:1171-9.

eyes of patients with diabetic retinopathy. Invest Ophthalmol Vis Sci.
2002;43:1104-8.

138. Yesilova Z, Pay S, Oktenli C, et al. Hyperhomocysteinemia in patients
with Behcet’s disease: is it due to inflammation or therapy? Rheumatol
Int. 2005;25:423-8.

159. Speidl WS, Kastl SP, Huber K, Wojta J. Complement in atherosclerosis:
friend or foe? J Thromb Haemost. 2011;9:428-40.
160. Bossi F, Bulla R, Tedesco F. Endothelial cells are a target of both
complement and kinin system. Int Immunopharmacol. 2008;8:143-7.

139. Engstrom G, Hedblad B, Eriksson KF, Janzon L, Lindgarde F. Complement
C3 is a risk factor for the development of diabetes: a population-based
cohort study. Diabetes. 2005;54:570-5.

161. Wolinsky H. A proposal linking clearance of circulating lipoproteins to
tissue metabolic activity as a basis for understanding atherogenesis. Circ
Res. 1980;47:301-11.

140. Corominola H, Conner LJ, Beavers LS, et al. Identification of novel genes
differentially expressed in omental fat of obese subjects and obese type
2 diabetic patients. Diabetes. 2001;50:2822-30.

162. Oikonomopoulou K, Ricklin D, Ward PA, Lambris JD. Interactions
between coagulation and complement-their role in inflammation. Semin
Immunopathol. 2012;34:151-65

141. Gabrielsson BG, Johansson JM, Lonn M, et al. High expression of
complement components in omental adipose tissue in obese men. Obes
Res. 2003;11:699-708.

163. Baynes JW, Thorpe SR. Glycoxidation and lipoxidation in atherogenesis.
Free Rad Biol Med. 2000;28:1708-16.

142. Hocking SL, Wu LE, Guilhaus M, Chisholm DJ, James DE. Intrinsic
depot-specific differences in the secretome of adipose tissue,
preadipocytes, and adipose tissue-derived microvascular endothelial
cells. Diabetes. 2010;59:3008-16.

164. Engelen L, Ferreira I, Gaens KH, et al. The association between
the -374T/A polymorphism of the receptor for advanced glycation
endproducts gene and blood pressure and arterial stiffness is modified
by glucose metabolism status: the Hoorn and CoDAM studies. J
Hypertension. 2010;28:285-93.

143. Moreno-Navarrete JM, Martinez-Barricarte R, Catalan V, et al.
Complement factor H is expressed in adipose tissue in association with
insulin resistance. Diabetes. 2010;59:200-9.

165. Hartog JW, Voors AA, Schalkwijk CG, et al. Clinical and prognostic value
of advanced glycation end-products in chronic heart failure. Eur Heart J.
2007;28:2879-85.

144. Rehrer CW, Karimpour-Fard A, Hernandez TL, et al. Regional
Differences in Subcutaneous Adipose Tissue Gene Expression. Obesity.
2012;20:2168-73.

166. Nin JW, Jorsal A, Ferreira I, et al. Higher plasma levels of advanced
glycation end products are associated with incident cardiovascular
disease and all-cause mortality in type 1 diabetes: a 12-year follow-up
study. Diabetes Care. 2011;34:442-7.

145. van Greevenbroek MM, Ghosh S, van der Kallen CJ, Brouwers MC,
Schalkwijk CG, Stehouwer CD. Up-Regulation of the Complement System
in Subcutaneous Adipocytes from Nonobese, Hypertriglyceridemic
Subjects Is Associated with Adipocyte Insulin Resistance. J Clin
Endocrinol Metab. 2012;97:4742-52.

167. van Heerebeek L, Hamdani N, Handoko ML, et al. Diastolic stiffness of
the failing diabetic heart: importance of fibrosis, advanced glycation end
products, and myocyte resting tension. Circulation. 2008;117:43-51.

146. Choy LN, Rosen BS, Spiegelman BM. Adipsin and an endogenous
pathway of complement from adipose cells. J Biol Chem.
1992;267:12736-41.

168. Jandeleit-Dahm K, Cooper ME. The role of AGEs in cardiovascular disease.
Curr Pharm Design. 2008;14:979-86.

147. Zhang J, Wright W, Bernlohr DA, Cushman SW, Chen X. Alterations of the
classic pathway of complement in adipose tissue of obesity and insulin
resistance. Am J Physiol Endocrinol Metab. 2007;292:E1433-40.

169. Schalkwijk CG, Miyata T. Early and advanced non-enzymatic glycation in
diabetic vascular complications: the search for therapeutics. Amino Acids.
2012;42:1193-204.

148. Ruan CC, Zhu DL, Chen QZ, et al. Perivascular adipose tissue-derived
complement 3 is required for adventitial fibroblast functions and
adventitial remodeling in deoxycorticosterone acetate-salt hypertensive
rats. Arterioscler Thromb Vascular Biol. 2010;30:2568-74.

170. Gaens KH, Stehouwer C, Schalkwijk CG. The Ne-(carboxymethyl)lysine–
RAGE axis: putative implications for the pathogenesis of obesity-related
complications. Exp Rev Endocrinol Metab. 2010;5:15.
171. Schalkwijk CG, Brouwers O, Stehouwer CD. Modulation of insulin action
by advanced glycation endproducts: a new player in the field. Horm
Metab Res. 2008;40:614-9.

149. Rensen SS, Slaats Y, Driessen A, et al. Activation of the complement
system in human nonalcoholic fatty liver disease. Hepatology.
2009;50:1809-17.
150. Benoit ME, Clarke EV, Morgado P, Fraser DA, Tenner AJ. Complement
protein C1q directs macrophage polarization and limits inflammasome
activity during the uptake of apoptotic cells. J Immunol. 2012;188:5682-93.

172. Gaens KH, Niessen PM, Rensen SS, et al. Endogenous formation of
Nepsilon-(carboxymethyl)lysine is increased in fatty livers and induces
inflammatory markers in an in vitro model of hepatic steatosis. J Hepatol.
2012;56:647-55.

151. Klos A, Tenner AJ, Johswich KO, Ager RR, Reis ES, Kohl J. The role of the
anaphylatoxins in health and disease. Mol Immunol. 2009;46:2753-66.

173. Gaens KH, Stehouwer C, Schalkwijk CG. Advanced glycation endproducts
and its receptor receptor in obesity. Curr Opin Lipidol. 2013;24:4-11

152. Mamane Y, Chung Chan C, et al. The C3a anaphylatoxin receptor is a key
mediator of insulin resistance and functions by modulating adipose tissue
macrophage infiltration and activation. Diabetes. 2009;58:2006-17.

174. Tajiri Y, Moller C, Grill V. Long-term effects of aminoguanidine on insulin
release and biosynthesis: evidence that the formation of advanced
glycosylation end products inhibits B cell function. Endocrinology.
1997;138:273-80.

153. Phieler J, Chung K-J, Chatzigeorgiou A, Lambris JD, Chavakis T. C5aR
contributes to adipose tissue inflammation and insulin resistance.
Immunobiol. 2012;217:1.

175. Lin N, Zhang H, Su Q. Advanced glycation end-products induce injury
to pancreatic beta cells through oxidative stress. Diabetes Metab.
2012;38:250-7.

154. Gao X, Liu H, Ding G, et al. Complement C3 deficiency prevent against
the onset of streptozotocin-induced autoimmune diabetes involving
expansion of regulatory T cells. Clin Immunol. 2011;140:236-43.

176. Zhu Y, Shu T, Lin Y, et al. Inhibition of the receptor for advanced glycation
endproducts (RAGE) protects pancreatic beta-cells. Biochem Biophys Res
Comm. 2011;404:159-65.

155. M, Yin N, Murphy B, et al. Immune cell-derived c3 is required for
autoimmune diabetes induced by multiple low doses of streptozotocin.
Diabetes. 2010;59:2247-52.

177. Lim M, Park L, Shin G, Hong H, Kang I, Park Y. Induction of apoptosis of
Beta cells of the pancreas by advanced glycation end-products, important
mediators of chronic complications of diabetes mellitus. Ann NY Acad
Sci. 2008;1150:311-5.

156. van Greevenbroek MM, Jacobs M, van der Kallen CJ, et al. Human
plasma complement C3 is independently associated with coronary heart
disease, but only in heavy smokers (the CODAM study). Int J Cardiol.
2012;154:158-62.

178. Fiory F, Lombardi A, Miele C, Giudicelli J, Beguinot F, Van Obberghen
E. Methylglyoxal impairs insulin signalling and insulin action on
glucose-induced insulin secretion in the pancreatic beta cell line INS-1E.
Diabetologia. 2011;54:2941-52.

157. Muscari A, Bozzoli C, Puddu GM, et al. Association of serum C3 levels
with the risk of myocardial infarction. Am J Med. 1995;98:357-64.

179. Dhar A, Dhar I, Jiang B, Desai KM, Wu L. Chronic methylglyoxal infusion
by minipump causes pancreatic beta-cell dysfunction and induces type 2
diabetes in Sprague-Dawley rats. Diabetes. 2011;60:899-908.

158. Gerl VB, Bohl J, Pitz S, Stoffelns B, Pfeiffer N, Bhakdi S. Extensive
deposits of complement C3d and C5b-9 in the choriocapillaris of

Van Greevenbroek et al. Obesity, inflammation and type 2 diabetes.
m ay 2 013, vo l . 7 1, n o 4

187

Review

Established and forthcoming drugs for
the treatment of osteoporosis
W.F. Lems1*, M. den Heijer2
Departments of 1Rheumatology and 2Internal Medicine, VU University Medical Centre, Amsterdam,
the Netherlands, *corresponding author: e-mail: wf.lems@vumc.nl

Abstr act
Nowadays, effective drugs are available to prevent fractures
in patients at high risk for osteoporotic fractures. The
generic bisphosphonates alendronate and risedronate are
first choice, because of their effectiveness and tolerability
in the majority of patients, while they also have a low
cost price. However, the use of bisphosphonates can be
associated with side effects: not only the well-known
(upper) gastrointestinal side effects, but also (spontaneous)
atypical fractures of the femur and aseptic necrosis of the
jaw.
Denosumab and zoledronic acid are both potent
antiresorptive drugs that could be an attractive alternative
for those patients who do not tolerate oral bisphosphonates.
Strontium ranelate has both antiresorptive and anabolic
effects, while teriparatide has primarily anabolic effects.
The working mechanism of cathepsin K inhibitors and
monoclonal antibodies against sclerostin, both currently
under development, is exciting since the usually occurring
coupling of bone resorption and bone formation has not
been found so far.

and immobility, and a T-score below -2.5 at the lumbar
spine and/or hips are usually prescribed antiosteoporotic
treatment. 2 In addition, elderly osteopenic patients
(T-score between -1 and -2.5) who are on chronic treatment
with prednisone (>7.5 mg per day) or elderly osteopenic
patients with one or more vertebral fractures, are also
offered antiosteoporotic treatment.3 General measures are
necessary in all osteoporotic patients: adequate calcium
and vitamin D intake, regular (weight-bearing) exercises,
prevention of falls, smoking cessation and avoiding (a large
intake of) alcohol.2
In this manuscript we will discuss the effectiveness and
side effects of the antiosteoporotic drugs calcium and
vitamin D supplements, oral bisphosphonates, strontium
ranelate, raloxifen, zoledronic acid, and also new drugs
with exciting working mechanisms that either have
a stimulating effect on bone formation (teriparatide,
PTH 1-84), selectively block RANKl (denosumab), or are
currently under development (cathepsin K inhibitors,
monoclonal antibodies against sclerostin).

K ey wor ds

C a l c i um a n d v i t a m i n D

Osteoporosis, bisphosphonates, denosumab, cathepsin K
inhibitor

Vitamin D plays a pivotal role in the uptake of calcium
and also has direct effects on bone. Vitamin D and
calcium deficiency leads to secondary hyperpara
thyroidism and osteoporosis and osteomalacia. 4
Therefore, adequate vitamin D and calcium status is
the very basis of osteoporosis prevention and treatment.
This is illustrated by the fact that almost all trials
on antiosteoporotic drugs use vitamin D and calcium
supplementation in both the active and the placebo arm.
Much debate exists on which levels of 25-hydroxy vitamin
D are necessary with regard to the prevention of bone
loss. In the Netherlands, the 2008 report of the Health
Council advised a level of 50 nmol/l as sufficient.5 Recently,

I n t r o d uc t i o n
Osteoporosis is a skeletal disease that is characterised by
low bone mineral density (BMD) and a microarchitectural
deterioration of bone tissue, leading to decreased bone
quality and an elevated risk of fractures.1 Patients 50 years
and over with a recent clinical fracture and a low BMD,
and elderly patients with (several) clinical risk factors
for osteoporosis, such as low BMI, familial osteoporosis
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the Institute of Medicine declared the skeletal effects of
vitamin D as the only proven effect and also recommended
a level above 50 nmol/l.6 Based on these levels patients with
osteoporosis are advised to take 800 IE vitamin D daily.2,5
Patients with coeliac disease and other bowel disorders
with intestinal malabsorption should be tested whether
they achieve these levels. Furthermore, patients with
chronic kidney disease should receive calcitriol or another
active vitamin D because of low 1-alpha hydroxylase
activity.
The recommended daily allowance (RDA) for calcium
in adults is 1000-1200 mg.6 Some concern was raised
after the publication of a meta-analysis that showed an
increased risk for cardiovascular disease in subjects treated
with higher doses of calcium alone (without vitamin
D).7 However, a number of issues with the studies, such
as inadequate compliance with the intervention, use of
non-trial calcium supplements, potential bias in event
ascertainment, and lack of information on and adjustment
for known cardiovascular risk determinants, suggest that
bias and confounding cannot be excluded as explanations
for the reported associations.8 Findings from other cohort
studies also suggest no detrimental effect of calcium
from diet or supplements, with or without vitamin D,
on cardiovascular disease risk. So the current RDA of
1000-1200 mg still holds.2

and nonvertebral fractures, including hip fractures, the
long-term experience, the tolerability in the majority of
patients and the low cost price of the generics, alendronate
and risedronate are first choice.2
Other bisphosphonates, e.g. ibandronate, tiludronate and
pamidronate, also reduce bone resorption, but fracture
reduction (vertebral, nonvertebral and hip fracture) has not
been documented.
The main problem in oral therapy is to achieve the desired
levels in the blood. For most patients the oral form will
be sufficient, but in cases of gastrointestinal symptoms
or gastrointestinal contraindications, the intravenous
form could be chosen. Although several intravenous
bisphosphonates are available, zoledronic acid has been
most extensively studied and showed a strong reduction in
both vertebral and nonvertebral fractures.9
One of the side effects of oral bisphosphonates is the
damage to the oesophageal mucosa which can result in
ulcers and eventually in oesophageal cancer. Therefore
patients should be told to take these pills in a fasting
state and to remain in an upright position for half an
hour. Given these recommendations bisphosphonate use
turned out not to be associated with a higher incidence of
oesophageal cancer.10
In the last decade two other side effects became apparent,
osteonecrosis of the jaw (ONJ) and atypical fractures.11 Both
are thought to result from the low bone turnover state that
is induced by the bisphosphonates. Although the primary
effect is antiresorptive, the close connection between
osteoclasts and osteoblasts results not only in decreased
bone resorption but also decreased bone formation in the
long term.
Osteonecrosis of the jaw occurs more often in patients
with periodontitis. Therefore doctors prescribing
bisphosphonates should ask about dental history and
dentists should ask about bisphosphonate use in their
patients. It is important to realise that the risk of ONJ
is much higher in patients with a malignancy and
who are treated with several courses of intravenous
bisphosphonates than in postmenopausal osteoporotic
women treated with oral bisphosphonates.
Atypical subtrochanteric hip fractures are a relatively
recently discovered side effect of long-term bisphosphonate
treatment. It is a fracture in the subtrochanteric or shaft
region with a transverse or short oblique orientation and
with a thickening of the cortex. This type of fracture is
most often reported in combination with long-term (>5
years) bisphosphonate use. Although these side effects
of bisphosphonates may be serious, the incidence is
relatively low. However, especially the occurrence of
atypical fractures in long-term bisphosphonate use has
warranted a more restricted use and the introduction
of a ‘drug holiday’ of two to three years after the initial
treatment for five years.

B i s ph o s ph o n a t e s
Where lifestyle recommendations such as weight-bearing
exercises, fall prevention, smoking cessation and the
use of sufficient calcium and vitamin D is essential
to all osteoporosis prevention, in patients with
documented osteoporosis this will not be sufficient.
Bisphosphonates have been cornerstone in osteoporosis
treatment for a long time. The first trials were done
in the 1970s. Bisphosphonates have a structure that
resembles hydroxyapatite and are built into the bone.
They are toxic for the osteoclasts by interfering with
adenosine triphosphate (ATP) in the energy metabolism
(non-nitrogenous bisphosphonates) or with the HMG-CoA
reductase system (nitrogenous bisphosphonates) and
therefore act primarily as antiresorptive agents. More than
ten different bisphosphonates are available for both oral
and intravenous use.
Etidronate is one of the first bisphosphonates used in
clinical practice, but its antiresorptive potency is low
compared with more recently developed nitrogenous
bisphosphonates (such as alendronate, risedronate, and
zoledronic acid). Because etidronate at higher doses
can induce mineralisation defects (osteomalacia), the
nitrogenous bisphosphonates are now recommended.
Because of the data showing a reduction in vertebral
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Most trials with bisphosphonates excluded patients with
chronic kidney disease (CDK), especially with an estimated
creatinine clearance below 30 ml/min. Next to the paucity
of data an important reason to withhold bisphosphonates
in CKD patients is the occurrence of other bone diseases
that result in a lower bone density (for instance renal
osteodystrophy).12

has only been proven that it reduces vertebral fractures
and because of its side effects. It might be an attractive
antiosteoporotic drug in relatively young women (around
60-65 years of age) with oestrogen receptor positive breast
cancer.

PTH
S t r o n t i um r a n e l a t e

Nowadays, two parathyroid hormone (PTH) analogues are
available for the treatment of established osteoporosis in
postmenopausal women (PTH 1-34 and PTH 1-84).
These PTH analogues are unique anabolic drugs
since they not only more or less preserve the BMD by
blocking osteoclast activity (such as bisphosphonates),
they also build up new bone, by increasing the number
of osteoblasts, resulting in an increase in the percent
bone-forming surfaces with little effect on bone
resorption.19 Recent data have shown that intermittent
PTH analogues interfere with the WnT signalling
pathway, by blocking sclerostin, leading to stimulated
bone formation.20
In the Fracture Prevention Trial (FPT), a multicentre,
randomised, double-blind, placebo-controlled trial, 1637
postmenopausal women with an average age of 69 years,
an average T-score of -2.6 and at least one prevalent
osteoporotic vertebral fracture at the beginning of the
study, were included.21 New vertebral fractures occurred in
14% of the women in the placebo group and in 5% and 4%,
respectively, of the women in the 20 mg and 40 mg PTH
1-34 groups; the respective relative risks, as compared with
the placebo group, were 0.35 and 0.31 (95% CI intervals
0.22 to 0.55 and 0.19 to 0.50). New nonvertebral fragility
fractures occurred in 6% of the women in the placebo
group and in 3% of those in each PTH 1-34 group: relative
risk 0.47 and 0.46, respectively (95% CI 0.25 to 0.88 and
0.25 to 0.861). No reduction in hip fractures was observed,
probably related to the low number of hip fractures in the
study (four hip fractures in the whole study).
In the TOP (Treatment of Osteoporosis with Parathyroid
Hormone) study with PTH 1-84, a multicentre,
randomised, double-blind, placebo-controlled clinical trial
on 2532 postmenopausal women either with or without
prevalent osteoporotic vertebral fractures, a relative risk
reduction of new vertebral fractures was found: 0.42 (95%
CI 0.24 to 0.72), but no reduction in nonvertebral and/or
hip fractures.22 The key question is whether PTH 1-84 is
less effective than PTH 1-34, or that the design of the study
plays an important role, e.g. the enrolment of patients with
a lower baseline fracture risk.
Recently, the EFOS (European Forsteo Observation Study)
data were published, a large observational study in 1648
patients in eight European countries, all treated for 18
months with teriparatide.23 In general, these patients had

Strontium ranelate is a unique drug, since it has a
combined effect with stimulation of bone formation and
inhibition of bone resorption. Strontium is an elementary
element such as calcium and is named after the Scottish
place, Strontian, were this element was found.13 It has
been used for osteoporosis for a long time. Strontium
ranelate acts on the surface of the bone and stimulates the
differentiation of osteoblasts by stimulating the calcium
sensor receptor, but inhibits osteoclast differentiation
by inhibiting RANKL production and increasing
osteoprotegerin (OPG) activity.
Two phase III trials show a clear effect on the prevention
of vertebral fractures: the Spinal Osteoporosis Therapeutic
Intervention study (SOTI) with 1649 postmenopausal
women with osteoporosis and at least one vertebral fracture
showed a 41% reduction in new vertebral fractures after
three years.14 The TReatment Of Peripheral OSteoporosis
study (TROPOS) with 5091 postmenopausal women with
osteoporosis also showed, in three years, a 16% reduction
in nonvertebral fractures and a 36% reduction in hip
fractures in patients with high risk of hip fracture.15 The
medication was well tolerated, and the safety profile was
similar to that in younger patients. Although very rare,
strontium ranelate can induce DRESS (drug rash with
eosinophilia and systemic symptoms). Recently, it has been
demonstrated that strontium ranelate reduces radiological
progression and pain in patients with knee osteoarthritis.
This is important, because osteoporosis and osteoarthritis
often coexist in the elderly, and only symptomatic drugs are
available in osteoarthritis.16

R alox ifene
Raloxifene is a selective oestrogen receptor modulator
that acts as an oestrogen agonist for bone, lipids and the
coagulation system, and as an oestrogen antagonist on
breast and uterus. It has a preventive effect on vertebral
fractures, but not on hip fractures.17,18 Additionally it has
a protective effect on breast cancer. However, as with
oestrogen use, it is associated with an increased risk for
venous thrombosis. Raloxifene is not very often prescribed
for the prevention of osteoporotic fractures because it
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severe osteoporosis, and several of them had co-morbidities
and/or used co-medication that made them not eligible for
the above-mentioned phase III trials. The main outcome
of the study was a substantial decrease in fracture rate
over time: a 47% decrease in fracture rate in the last
six-month period compared with the first six-month period.
Moreover, a substantial decrease in back pain was found:
visual analogue scale at baseline was 57.7 mm, and this
was reduced by 25.8 mm after 18 months of treatment
(p<0.001). In addition to that, an increase in quality of life
was observed.
Given the fact that glucocorticoids (GC) induce apoptosis
of osteoblasts and osteocytes, with a subsequent inhibiting
effect on bone formation, an anabolic drug would, at
least theoretically, be preferred to a bisphosphonate for
the treatment of glucocorticoid-induced osteoporosis
(GIOP).24 In 2007, PTH 1-34 (20 mg/day) was compared
with the active comparator alendronate (10 mg/day)
for treating GC-induced osteoporosis in a 36-month,
randomised, double-blind, controlled trial in 428 subjects
with osteoporosis who had received prednisone 5 mg/
day or more for at least three months.25 A reduction in
vertebral fractures in the PTH 1-34 group versus the
alendronate group was observed: (3 [1.7%] versus 13
[7.7%]; p = 0.007), but no significant difference in the
incidence of non-vertebral fractures. In an editorial by
Phil Sambrook it was concluded that for patients with low
bone mineral density who are receiving long-term GC
therapy, teriparatide should be considered as a potential
first-line therapy.26 However, at least partly related to
the high cost price, reimbursement of teriparatide (and
PTH 1-84) is limited: e.g. in the Netherlands it is only
reimbursed for postmenopausal women, and since 1 March
2013 also for men, with two prevalent vertebral fractures
who suffer from a third fracture during treatment with
bisphosphonates or strontium ranelate.19

patients had vertebral fractures at baseline, indicating
that fracture risk was relatively low in this patient group.
Nevertheless, a striking reduction in the number of
patients with new vertebral fractures, the primary
endpoint, was found: relative risk 0.32, 95% CI 0.24 to
0.41. In an accompanying editorial is was suggested that a
difference was observed between moderate reductions of
vertebral fractures for oral bisphosphonates and strontium
ranelate, and much larger reductions, for zoledronic acid
and denosumab.29 In addition, a risk reduction of 40% was
found for hip fractures and (only) 20% for nonvertebral
fractures.
No significant difference was found in serious infections or
malignancies; eczema and cellulitis were more frequently
reported. As far as we know, no phase IV studies are
currently underway in the Netherlands observing the side
effects of denosumab in clinical practice in osteoporotic
patients with co-morbidity and/or co-medication.
In a follow-up study, patients were eligible to enter a
two-year extension study: thus, patients were treated with
five years of denosumab, or with two years of denosumab,
after three years with placebo.30 In the five-year denosumab
group, BMD increased at the lumbar spine to 13.7%, and
to 7.0% at the hips; in the crossover group to 7.7% and
4.0% respectively. Apart from this large increase in BMD,
the yearly incidence of both vertebral and nonvertebral
fractures were comparable with the relatively low fracture
incidence in the denosumab group in the first three years
of the study (despite ageing).
In human rheumatoid arthritis (RA) patients, twice-yearly
subcutaneous injections of 60 mg and 180 mg of
denosumab to RA patients treated with methotrexate
not only improved BMD of the lumbar spine and hip but
also inhibited structural joint damage.31 Both dosages
prevented progression of erosions, already after six months
on MRI and after 12 months on conventional X-rays.
In addition, an increased BMD of the hand measured
with DXA was observed, while no effect was observed
on joint space narrowing. These data indicate that both
local and generalised bone loss in RA can be protected by
using potent antiresorptive therapies specifically targeting
osteoclasts without effecting inflammation.

D e n o s um a b
Denosumab is a really new approach to the prevention
of osteoporotic fractures. It is a fully human monoclonal
antibody that binds to RANKl and inhibits the
RANKl-RANK interaction, resulting in suppressed
formation, function and survival of osteoclasts.27 During
treatment with denosumab, bone resorption is strongly
inhibited, as shown by a strong reduction in serum
C-telopeptide, a marker of bone resorption, one month and
six months after subcutaneous injection: -86% and -72%,
respectively.28 In the randomised, pivotal phase III trial,
7868 postmenopausal women with a T-score between -2.5
and -4 were enrolled, and were treated with subcutaneous
injections of 60 mg of denosumab or placebo every six
months for three years. Remarkably, only 24% of the

Cathepsin K inhibitors
The structure and the physiological role of cathepsin K
was discovered in 1995; it was found that cathepsin K is
the protease that primarily induces the degradation of
bone matrix by osteoclasts.32 Since then, several cathepsin
K inhibitors have been developed, while the development
was blocked in one of them because of serious side effects
(scleroderma-like changes in the skin). For odanacatib, a
selective cathepsin K-inhibitor, reliable data are available
from phase II studies, and the phase III study is nearly
finished. In a randomised controlled trial in 339 patients,
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odanacatib 50 mg once weekly was compared with
placebo: a greater increase in the BMD of both the lumbar
spine and the total hip was observed: 5.5% versus -0.2%
and 3.2% versus -0.9%, respectively.33 Although this
increase is impressive, and probably larger than for oral
bisphosphonates, it is not yet clear how to extrapolate this
to (additional) fracture reduction. During treatment with
odanacatib, one very exciting phenomenon occurs: while
bone resorption and bone formation are usually coupled,
there seems to be some uncoupling in odanacatib-treated
patients. For example, serum C-terminal telopeptide (CTX)
decreased during treatment with odanacatib, more or less
comparable with antiresorptive drugs, while markers of
bone formation only initially decrease but then gradually
return back to baseline. It is thought that cathepsin K
targets the resorption process itself, without an osteoclastmedicated effect on bone formation. Nowadays, we can
only speculate whether the absence of uncoupling is not
only scientifically and theoretically attractive, but also
clinically relevant. A phase III trial with hip fractures as
one of the endpoints was terminated in July 2012 because
of robust efficacy data; the final results are expected in
2013.

days after one single injection of 10 mg/kg!35 These
data are promising, and the very strong bone formation
stimulating effect may be very helpful in patients with
severe osteoporosis, although the optimal regimen and
dosage should be further investigated.

Summ a r y
Nowadays, the oral bisphosphonates alendronate and
risedronate are first choice in the treatment of osteoporosis,
because of their effectiveness and tolerability in the
majority of patients, while they also have a low cost
price. However, the use of bisphosphonates can be
associated with side effects: not only the well-known
upper gastrointestinal side effects, but also (spontaneous)
atypical fractures of the femur and aseptic necrosis of the
jaw. The intravenous use of zoledronic acid might be an
attractive alternative for those patients who do not tolerate
oral bisphosphonates due to gastrointestinal side effects of
gastrointestinal contraindications. Strontium ranelate has,
next to an antiresorptive effects, also anabolic effects and
might particularly be interesting in the elderly, because of
the hip fracture reduction in those individuals above 74
years. In addition, it has been demonstrated that strontium
ranelate reduces radiological progression and pain in
patients with knee osteoarthritis.
Several new drugs are already available or are in the
pipeline: these drugs have a completely different mode
of action, and seem to induce large changes in BMD.
For teriparatide and denosumab substantial decreases
in fracture rate have already been documented; both
drugs can be prescribed in daily practice. Denosumab
is an elegant way of treating osteoporosis since it has
the advantage that the favourable effect (vertebral
and nonvertebral, including hip fracture reduction) is
possible with only two subcutaneous injections per year.
Teriparatide is the only drug currently available that
has a strong anabolic effect: it leads not only to fracture
reduction, but also to reduction in back pain and increased
quality of life in elderly postmenopausal women with
severe osteoporosis.
For the cathepsin-K antagonist odanacatib fracture data
are not (yet) available; for monoclonal antibodies against
sclerostin it will probably take some years before phase
III trials are finished. Of course, an eventual favourable
fracture rate has to be outweighed against data on side
effects, cost price of the drugs, and comparisons with
already available drugs, such as oral bisphosphonates.
Thus, the number of antiosteoporotic drugs in the field of
osteoporosis is rising, and it can be expected that in the
coming years very attractive new treatment options can
be used in daily practice. Physicians who treat patients
with osteoporosis should be aware of the effectiveness,

Monoclonal an tibodies aga inst
sclerostin
Sclerosteosis and Van Buchem disease are two
closely related rare disorders resulting from endosteal
hyperostosis, which are characterised by progressive
generalised osteosclerosis, particularly in the mandible
and skull, sometimes complicated by entrapment of cranial
nerves.34 Sclerosteosis is caused by a genetic defect on
chromosome 17q12-21, encoding for the protein sclerostin;
in Van Buchem disease a modification downstream of
the same gene was found. In healthy adults, sclerostin
is expressed by osteocytes, but not in patients with
sclerosteosis and Van Buchem disease sclerostin has an
inhibiting effect on bone formation by antagonising the
Wnt-signalling pathway. Recently, it has been elucidated
that the WnT-signalling pathway plays an important role
in bone formation.34 It is a complex system that can be
inhibited by sclerostin, produced by osteocytes, and by
Dkk-1. Dkk-1 is upregulated in patients with active RA
and in patients treated with glucocorticoids, leading to
inhibited bone formation. Theoretically, it is very attractive
to develop a strategy to block sclerostin, e.g. by monoclonal
antibodies. In a recently published dose-escalating
single-dose phase 1 trial it was demonstrated that one
single (subcutaneous) injection of a monoclonal antibody
against sclerostin markedly increased bone formation
markers and BMD: an increase in BMD of 5.3% at the
lumbar spine and 2.8% at the total hip was found 85
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possible side effects and cost price of these drugs. Apart
from that, nonmedical treatment is also still important:
adequate calcium and vitamin D supply, regular exercises,
prevention of falls, smoking cessation and limiting alcohol
intake.

20. Moester MJ, Papapoulos SE, Lowik CW, et al. Sclerostin: current
knowledge and future perspectives. Calcif Tissue Int. 2010;87:99-107.
21. Neer RM, Arnaud CD, Zanchetta JR, et al. Effect of parathyroid hormone
(1-34) on fractures and bone mineral density in postmenopausal women
with osteoporosis. N Engl J Med. 2001;344:1434-41.
22. Greenspan SL, Bone HG, Ettinger MP, et al. Treatment of Osteoporosis
with Parathyroid Hormone Study Group. Effect of recombinant human
parathyroid hormone (1-84) on vertebral fracture and bone mineral
density in postmenopausal women with osteoporosis: a randomized trial.
Ann Intern Med. 2007;146,326-9.
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Abstr act
Results of trials with new oral anticoagulant drugs
and vitamin K antagonists (VKA) might not be directly
applicable to Dutch clinical practice due to the high level of
control of anticoagulation in the Netherlands. In addition,
the Dutch method for assessing anticoagulation control
uses cross-sectional international normalised ratio (INR)
test results while the method used in the trials is based on
person-time.
To enable comparisons, the two calculation methods were
applied to INR data of a cohort of 5422 atrial fibrillation
patients treated with VKA.
Overall, 74% of test results and 77% of person-time were in
the therapeutic range [2.0-3.5]. For the narrower target INR
interval [2.5-3.5], 59% of test results and 61% of person-time
were in range. It was only between two and six months after
the start of treatment that the percentage of person-time in
range was lower than the percentage of test results in range.
Control of anticoagulation, expressed as a percentage of
person-time spent in range, in this Dutch dataset was
similar to recent trials with new oral anticoagulants,
although it should be noted that the Dutch INR target
is higher than the target in these trials. INR control as
estimated by the two calculation methods (cross-sectional
and longitudinal) was similar.

Netherlands. These drugs are indicated for the prevention of
thromboembolic disease following knee or hip replacement,
based on comparative studies with low-molecular-weight
heparin.1 More recently, results were published from
randomised trials comparing dabigatran, rivaroxaban or
apixaban with warfarin (a vitamin K antagonist, VKA) for
prevention of cerebrovascular accidents in patients with
atrial fibrillation. These studies showed superiority or
noninferiority with regard to reductions in stroke or systemic
embolism rates and bleeding, compared with warfarin.2-5
Effectiveness and safety of VKA treatment depends, among
other things, on the intensity of anticoagulation.6 During
VKA treatment, the clotting tendency of the patient’s
blood, expressed as international normalised ratio (INR), is
monitored and VKA doses adjusted if necessary in order to
achieve INR values within a specified therapeutic or target
range. Different methods exist to assess the level of INR
control: a cross-sectional method based on the proportion
of INR test results in range7 and a longitudinal method
based on the proportion of person-time spent in range
(time in therapeutic range, TTR).8 The Dutch Thrombosis
Service represents a unique, high-standard setting of care
for monitoring and dosing of VKA treatment.7 The reported
percentage of cross-sectional INR test results in the therapeutic
range is 70-80%.9-11 The trials that compare the new oral
anticoagulants with VKA treatment use the longitudinal
method, which hampers extrapolation of internationally
obtained results to the Dutch setting. When the level of INR
control in the Netherlands differs from the trial settings, the
results are not directly applicable. In addition, the therapeutic
range in the Netherlands (INR 2.0-3.5) differs from the
therapeutic range used in the trials (INR 2.0-3.0).
The aim of this study was to describe how the Dutch
cross-sectional INR calculation and the longitudinal
Rosendaal method (TTR) compare in order to enable
comparisons of the Dutch setting with international studies.

K ey wor ds
Anticoagulants, atrial fibrillation, INR, TTR, vitamin K
antagonists

I n t r o d uc t i o n
With the introduction of dabigatran and rivaroxaban,
new oral anticoagulant drugs became available in the
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Material and Methods

of INR measurements within therapeutic or target range
using cross-sectional data and the percentage of time in
therapeutic or target range based on longitudinal data.

Data source
The PHARMO Institute was granted access to the data of
the Dutch Thrombosis Service in the region of Eindhoven
concerning clients using VKA and requiring regular
monitoring of INR. For this study the data from 2007 to
2009 were analysed. Variables in the database included
indication of type of VKA use, dosing schemes and INR
measurements.

INR test results within range (cross-sectional method)
The percentage of INR test results within range was
calculated as described by Van Geest-Daalderop,7 a method
which is also used in the annual reports of the Dutch
Thrombosis Service. The Thrombosis Service assesses
overall treatment intensity twice a year, by taking the last
INR of each patient before the prespecified assessment date
and calculating the percentage of INR results within the
therapeutic range.7 In the current study, the data delivery
dates of the Thrombosis Service Region Eindhoven are
adopted: 31 March and 30 September. In each year during
the study period, the last INR of each patient since the
last data delivery date (and after at least two months of
treatment) was included. The percentage of INR results
within range was based on the mean of the included
estimates (two per calendar year, in total a maximum of six).

Patient selection
All VKA users with an indication of atrial fibrillation
who attended the Thrombosis Service Region Eindhoven
between 2007 and 2009 (study period) were eligible for
inclusion in the study. Study patients started treatment
in the study period, or before but continued attending
the Thrombosis Service during the study period.
Start of treatment was defined as the date of the first
INR measurement after the date of registration at the
Thrombosis Service. In order to obtain stable estimates
of INR control, INR measurements performed within two
months of the start of treatment were excluded. Treatment
was defined as subsequent INR measurements during use
of one specific VKA (acenocoumarol or phenprocoumon).
A maximum gap of 12 weeks was allowed between
measurements; if the gap was larger, treatment was
assumed to be ended. Only the first treatment within the
study period was included. Start of follow-up for the study
was defined as the date of the first INR measurement
in the study period, or the first measurement that was
performed after at least two months of treatment for
patients starting treatment in or just before start of the
study period. Consequently, patients who had received
less than two months of treatment were excluded. End of
follow-up was defined as the date of the last measurement
recorded at the Thrombosis Service, the last measurement
under treatment with the specific VKA (switching of
therapy), or the last measurement in 2009 (end of study
period), whichever came first.

Person-time in range (TTR, longitudinal method)
The percentage of total person-time spent within the
therapeutic or target range was calculated as described
by Rosendaal.8 This method ‘allocates the person-time
between two measurements to particular INR values
[…] by dividing the time between two measurements in
days, and using small steps of 0.1 INR over the range of
the time interval. […].’ In the current study all INR test
results during follow-up were included; person-time was
allocated to the therapeutic or target range according to the
Rosendaal method and summed over all patients.
Stratified analysis
The calculation methods were performed overall and in
the following strata: age at start of follow-up (<60, 60-69,
70-79, ≥80 years), VKA (acenocoumarol, phenprocoumon),
time between start of treatment and INR measurements
(2-6 months, >6 months) and calendar year of INR
measurement (2007, 2008, 2009).

Study endpoints
The percentage of INR measurements within the
therapeutic range and the percentage of person-time in
the therapeutic range were calculated. The therapeutic
and target ranges for atrial fibrillation as defined by the
Federation of Dutch Thrombosis Services (the FNT; INR
2.0-3.5 and INR 2.5-3.5)8-11 were used. Analysis of INR
range 2.0-3.0 was not considered useful as the Thrombosis
Service is not aiming at that range.

Statistical analysis
Data were analysed using SAS programs that are organised
within SAS Enterprise Guide version 4.2 (SAS Institute
Inc., Cary, NC, USA). Data management was conducted
under Windows using SAS version 9.2.

R esults
In 2007-2009, 5921 AF patients were treated with VKA
of whom 499 patients (9%) had received less than two
months of treatment, which resulted in a study cohort of
5422 AF patients (see table 1 for patient characteristics).

Data analysis
This study was a descriptive analysis of INR test results.
Two calculation methods were applied: the percentage
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Table 1. Characteristics of patients treated with VKA for
atrial fibrillation

Gender, n (%)
Men
Women
Age at start of follow-up
<60
60-69
70-79
≥80
Mean (± SD)
Vitamin K antagonist, n (%)
Acenocoumarol
Phenprocoumon
Start of treatment, n (%)
<2001
2001-2003
2004-2006
2007-2009
Follow-up in months
0-12
>12-24
> 24-36
Mean (± SD)
End of follow-up, n (%)
Last measurement recorded
Switching of therapy
End of study period
Number of INR measurements during
follow-up, mean (± SD)
Time between measurements in days, mean
(± SD)

Table 2. Percentages of test results (cross-sectional) and
person-time (longitudinal) in range

Study population
n=5422

Cross-sectional
method

Longitudinal
method

2889 (53)
2533 (47)

INR test results
within range
n (%)*
12,064 (100)

Person years
within range
n (%)
9742 (100)

8963 (74)

7487 (77)

7166 (59)

5915 (61)

Total
390 (7)
1013 (19)
1974 (36)
2045 (38)
75 ± 10

INR 2.0-3.5 (therapeutic
range)
INR 2.5-3.5 (target range)

*One measurement per patient per six months.

4687 (86)
735 (14)

In table 3 and table 4 various subgroup analyses are shown
for both ranges. Similar or somewhat more control of
INR was observed when excluding the first 2-6 months
of treatment from the longitudinal calculation; for the
cross-sectional method results did not differ between the
2-6 and >6 month treatment period.
From 2007 to 2009, the level of INR control was stable
when determined by the cross-sectional calculation
method (73-75% of values were in range). However, INR
control improved when determined by the longitudinal
calculation method: from 72% of person-time in range
in 2007 to 80% of person-time in 2009. Between study
years no differences were observed in the mean INR
result, number of measurements per patient, time between
measurements or the distribution of measurements by
time since the start of treatment.

584 (11)
808 (15)
1744 (32)
2286 (42)
1686 (31)
1089 (20)
2647 (49)
22 ± 13
1629 (30)
0 (0)
3793 (70)
41 ± 25
17 ± 5

SD = standard deviation.

D i s cu s s i o n
The study population included slightly more men
(53%) than women (47%). Mean age was 75 (± 10)
years. Acenocoumarol was the primary VKA used in
this population (86%); none of the patients switched
preparations during the study period. Most patients started
treatment in or just before the study period; 26% had been
on treatment for more than four years and 11% had been
on treatment for more than six years at the start of the
study period (1 January 2007). Mean follow-up was 22 (±
13) months; for most patients (70%) follow-up ended on 31
December 2009 (end of study period). Mean time between
INR measurements was 17 (± 5) days.

The aim of this study was to compare two calculation
methods for assessing INR control in order to enable
comparisons of the Dutch setting to international studies
with new oral anticoagulants. These calculations were
performed on the same dataset and with the therapeutic
as well as the narrower target range for AF. Overall, the
two calculation methods gave similar estimates. The
longitudinal method gave slightly higher INR control
estimates, likely due to the fact that INR values were
weighted by the amount of person-time (and patients are
sent home for a longer period when INR values are stable
and in range), whereas in the cross-sectional analysis each
INR value was equally eligible for selection while more
measurements are performed when INR values are out of
range. Another study comparing the methodologies found
that the longitudinal method yielded lower estimates than
the cross-sectional method, which is in contrast to our
study.12 The reason for the lower TTR results from the
longitudinal method in that study was not clear.

The estimates of INR control as determined by the
cross-sectional and the longitudinal calculation methods
were similar, within the therapeutic range INR (2.0-3.5)
as well as in the target range INR (2.5-3.5) (table 2). The
percentages of INR values within range were 74% and 59%,
respectively, and the percentages of person-time within
range were 77% and 61%.
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Table 3. Percentages of test results (cross-sectional) and person-time (longitudinal) in the therapeutic range (INR 2.0-3.5)
by age, VKA preparation, and treatment phase
Cross-sectional method – INR tests

Longitudinal method – person-years

<60 years
60-69 years
70-79 years
≥80 years

INR (2.0-3.5) / total*
606 / 808
1670 / 2209
3410 / 4499
3277 / 4548

(% within range)
(75)
(76)
(76)
(72)

INR (2.0-3.5) / total
449 / 587
1375 / 1760
2879 / 3723
2784 / 3673

(% within range)
(77)
(78)
(77)
(76)

Acenocoumarol
Phenprocoumon

7606 / 10,315
1357 / 1749

(74)
(78)

6302 / 8260
1185 / 1482

(76)
(80)

2-6 months
> 6 months

800 / 1075
8163 / 10,989

(74)
(74)

484 / 755
7003 / 8,986

(64)
(78)

*One measurement per patient per six months.

Table 4. Percentages of test results (cross-sectional) and person-time (longitudinal) in target range (INR 2.5-3.5) by age,
VKA preparation, and treatment phase
Cross-sectional method – INR tests

Longitudinal method – person-years

<60 years
60-69 years
70-79 years
≥80 years

INR (2.5-3.5) / total*
470 / 808
1310 / 2209
2779 / 4499
2607 / 4548

(% within range)
(58)
(59)
(62)
(57)

INR (2.5-3.5) / total
349 / 587
1083 / 1760
2301 / 3723
2182 / 3673

(% within range)
(60)
(62)
(62)
(59)

Acenocoumarol
Phenprocoumon

6030 / 10,315
1136 / 1749

(58)
(65)

4933 / 8260
982 / 1482

(60)
(66)

2-6 months
>6 months

604 / 1075
6562 / 10,989

(56)
(60)

347 / 755
5567 / 8986

(46)
(62)

*One measurement per patient per six months.

In the two to six months after start of treatment, the two
calculation methods resulted in different estimates of
INR control likely due to the difference in selection of
measurements. In the cross-sectional method, the last INR
value of each patient in the database within a prespecified
time period was selected for analysis, i.e. relatively late
in the treatment period. Assuming improvement of
INR control over the 2-6 month treatment period, the
resulting estimate is higher than when calculated using
all measurements between 2-6 months of treatment, as
was done in the longitudinal method. After six months
of treatment, anticoagulation is more stable and this
difference was no longer present.
We also observed improving INR control over the study
years 2007 to 2009 by the longitudinal calculation method
but not by the cross-sectional method. The reason for this
difference is unclear.

As described in the Thrombosis Service reports,9-11 INR
control was better under phenprocoumon than under
acenocoumarol.
This study was based on data from the Thrombosis
Service Region Eindhoven which monitors anticoagulation
treatment of about 10,000 patients each year, and is
therefore among the larger services in the Netherlands.
The proportions of patients with arterial indications
(86-87%) and atrial fibrillation (60-65% of arterial
indications) are similar to the national median proportions
over the study years (83-85% and 62-66%, respectively).
The percentages of phenprocoumon users in this
particular centre were 18-19% over the study years, which
is above the national median of 9-12%. The percentage of
INR results within range are, however, representative of
the Netherlands: 77-78% of INR test results from long-term
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patients were within the therapeutic range compared with
the national median of 78-80%.9-11
Besides a different method to calculate INR control,
the trials with new anticoagulants used a different
therapeutic range. In these studies, patients with atrial
fibrillation received warfarin under a therapeutic range
of INR (2.0-3.0) while the Thrombosis Service has an
INR target range (2.5-3.5) and a broader therapeutic
range (2.0-3.5). The target range is set higher than the
internationally advised target range to prevent inadequate
anticoagulation (INR <2.0).13 Quality estimates obtained
for the Thrombosis Service in our study were 74% of INR
values and 77% of person-time within therapeutic range
(2.0-3.5) and 59% of INR values and 61% of person-time
within target range (2.5-3.5). The trials reported 64%,3
62%4 and 55%5 of person-time within therapeutic range
INR (2.0-3.0). Hence, compared with the target range
in the Thrombosis Service, two of three trials reported
slightly higher INR control.3,4 However, given the broader
therapeutic range in the Netherlands and the fact that
these studies used selected populations, it may be more
appropriate to conclude that the level of INR control was
similar for the different settings. Although they used
various calculation methods, INR ranges and indications
for anticoagulation, other studies on Dutch data have
reported estimates which are lower or equal to the
estimates calculated in this study.7,14-22
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ABSTRA C T

C ASE RE P ORT

Toxic hepatitis is a rare but serious complication of
high-dose prednisolone treatment. We report a case
of high-dose prednisolone-induced acute hepatitis in a
48-year-old woman suffering from multiple sclerosis that
recurred after repeated administration. Timely recognition
is paramount to avoid this complication. This report
includes a brief review of the literature on methylprednisolone-induced hepatitis.

A 48-year-old woman was admitted to the emergency
room in 2012 because of abdominal pain and nausea. In
1998 she was diagnosed with multiple sclerosis on the
basis of clinical and radiological findings. In 2008, she
was treated with a three-day course of methylprednisolone
(1000 mg intravenously) because of a relapse of multiple
sclerosis. This led to a pattern of grossly elevated liver
enzymes (alanine aminotransferase (ALAT) and aspartate
aminotransferase (ASAT)), two months following the
treatment. The ALAT values returned to normal within
four months. In 1998, 2001 and 2002 the patient was
treated with a relatively low dose of dexamethasone orally
(200 mg/day, 5 days) following a relapse of multiple
sclerosis but this did not cause any elevation of the liver
enzymes. On admission in May 2012, she reported similar
symptoms to the earlier episode of hepatitis in 2008.
Laboratory findings were now as follows: ALAT 3028 U/l
(normal <35 U/l); ASAT 2384 U/l (<30 U/l); total bilirubin
29 mmol/l (normal <17 mmol/l); lactate dehydrogenase 1037
U/l (normal <490 U/l); gamma glutamyltransferase 182
U/l (normal <35 U/l); thrombocytes 127*109 E/l (normal
150-400*109 E/l); leucocytes 4.5*109 E/l (normal 4-10*10^9
E/l); haemoglobin 9.2 mmol/l (normal 7.5-10.0 mmol/l)
and C-reactive protein 5.7 mg/l (normal <5 mg/l).
Some 19 days prior to admission she had been treated with
a three-day course of methylprednisolone because of an
exacerbation of multiple sclerosis. She was admitted and
with conservative management the pattern of elevated liver
enzymes eventually resolved. A summary of the course of
the ALAT levels with time is shown in figure 1.
Alternative diagnoses for the onset of hepatitis were
eventually ruled out. The patient denied any use of alcohol
and was not taking any other medication. Serological

K EY W ORDS
Hepatitis, methylprednisolone, multiple sclerosis

INTROD U C TION
Multiple sclerosis is a chronic recurrent inflammatory
disease of the central nerve system. It follows a heterogenic
clinical course due to multifocal demyelination and
inflammation resulting in frequent relapses.1 First-line
treatment of relapsing multiple sclerosis is high-dose
intravenous administration of methylprednisolone.2 The
beneficial action of methylprednisolone is pleiotropic
and most side effects such as truncal weight gain and
osteoporosis occur after prolonged administration of the drug.
Acute side effects include hyperglycaemia, fluid retention
and mental changes such as euphoria and insomnia.3,4
Methylprednisolone-induced hepatotoxicity is rare but recurs
on repeated administration and may be associated with a
poor outcome.5 We describe a patient suffering from multiple
sclerosis in whom repeated administration of methylprednisolone led to recurrence of hepatotoxicity.
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Figure 1. Relation between alanine aminotransferase
and methylprednisolone infusion

high-dose intravenous methylprednisolone, methylprednisolone, glucocorticosteroid, toxic hepatitis, liver toxicity,
hepatotoxicity, acute hepatitis, hepatitis and the MESH
terms: hepatitis and multiple sclerosis. Additional articles
were obtained through citation snowballing to locate
primary sources. A total of five case reports were identified
(table 1). It is remarkable that all the case reports written
about this topic involve women. This could be explained by
the higher incidence of multiple sclerosis in women (3.6
cases per 100,000 person-years) compared with men (2.0
per 100,000 person-years). In addition, the female-to-male
multiple sclerosis ratio has increased over the last years.2
In the reported cases, hepatotoxicity occurred three days
to six weeks after intravenous methylprednisolone therapy.
ALAT normalised in two weeks to four months after
discontinuation of the drug. One patient was treated with
glycyrrhizin in addition to withdrawal of methylprednisolone. Glycyrrhizin is an agent that is thought to protect
against acute liver injury.
Drug-induced hepatotoxicity is usually idiosyncratic
by nature. This reflects tissue injury that occurs
without warning and is determined by individual
susceptibility.5 There are two types of idiosyncratic
reactions: immunoallergic and non-allergic (metabolic).
Immunoallergic reactions are dose-dependent and have
a short latency period. Metabolic reactions seem to be
dose-independent and have a variable latent period (days
to months) to inception of injury.6,7 Patients may develop
hepatotoxcity even six months after discontinuation of
a drug.8 A non-allergic reaction occurs in 0.01% to
1% of patients exposed to the drug. Genetic as well as
environmental factors play a role in the occurrence of
an idiosyncratic reaction.9 According to the literature,
rechallenge after recovery of hepatotoxicity might not
consistently reproduce the injury.8 This supports the
fact that environmental factors play an important role
and explains why not all patients included in this review
developed hepatitis after the first course of methylprednisolone therapy.9 Interestingly, some suggest that the
interval between pulsed methylprednisolone treatment and
onset of elevated ALAT declines after the second episode of
hepatitis. This has not been reported in other case reports
and is difficult to understand given the non-allergic nature
of the side effect (table 1).
Toxic hepatitis due to high-dose methylprednisolone
therapy is a rare adverse event. It requires exclusion
of alternative diagnoses and timely recognition of this
drug-related reaction is important to allow stopping of the
drug.5 According to a survey of all liver transplantations
in the USA between 1990 and 2002 (n=2.291) some 15%
(n=375) were due to drug-induced acute hepatic necrosis.10
There are no cases in the collated literature that document
liver transplantation resulting from methylprednisoloneinduced hepatitis.
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The time course of alanine aminotransferase values in our patient.
T values indicate time in days. The arrows indicate the timing of the
methylprednisolone infusions. Note that ALAT increases in response
to methylprednisolone infusions but returns to baseline values
subsequently.

tests for hepatitis B, C, Cytomegalovirus, Epstein-Barr
virus, Varicella Zoster and Herpes Simplex virus were all
negative. Autoimmune hepatitis was excluded by a negative
test of antinuclear antibodies, as well as negative tests
for anti-smooth muscle antibodies. Tests for ferritin and
transferrin saturation were normal. Abdominal ultrasound
was compatible with mild liver steatosis.
Although histological confirmation is lacking, the
combination of clinical and laboratory information
suggested the diagnosis of methylprednisolone-induced
toxic hepatitis. Indeed the unintended rechallenge
four years after the first episode with ensuing hepatitis
corroborates this hypothesis. We obtained a score of nine
points (definitive adverse drug reaction) using the Naranjo
scale.

DIS C U SSION
We report a severe idiosyncratic toxic hepatitis from
high-dose methylprednisolone. The side effect in this
patient was specific for methylprednisolone but not for
other steroids such as dexamethasone. An unintentional
rechallenge test in 2012 confirmed the association between
methylprednisolone and the onset of toxic hepatitis.
In order to obtain a comprehensive overview of high-dose
methylprednisolone-induced hepatitis in multiple
sclerosis we performed a literature search for PubMed
articles for the years 1966-2012 using the keywords:
multiple sclerosis, high-dose prednisolone intravenously,
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Table 1. Methylprednisolone-induced hepatitis in multiple sclerosis patients: review of five cases
Reference

Age/
Sex

Furutama 11/Fa
et al.13

Type
Course Dose and
Max.
of
duration of ALATa/
steroid
treatment
ASATa
(U/l)
MPa
1st
1g iv/daily, 800 / 278
3days

Das et al.14 48/F

MP
MP
MP

2nd
3rd
3rd

NM
NM
NM

800/NM NM/NM 1-5 weeks
820/NM
NM/NM 1-5 weeks
1600/1450 NM/200 6 weeks

MP

4th

NM

NM

MP

1st

1g iv daily,
3 days

2685/1328 71/115

MP

2nd

1g iv daily,
3 days

41/883

MP

3rd

1328/2685 56/115

NM

MP

2nd

1g iv daily,
3 days
500 mg
iv daily, 6
days

1740/900

4 weeks

3rd

500 mg
iv daily, 6
days

1129/1488 168/164

4 weeks

2nd

1g iv daily,
3 days

1095/755

6 weeks

3rd

1g iv daily,
3 days
1g iv daily,
3 days

Fernández 57/F
et al.5

Gutkowski 24/F
et al.6

Hofstee et 46/F
al.15

MP

4th

Max.
GGTa/
ALPa
36/NM

NM

Time between Histology
treatment and
elevation of
liver tests
1-5 weeks
NM

3 weeks

3 days

NM/NM 5 days

50/186

Conco Follow-up
mitant
treat
ment
No
Normalisation
of liver tests 2
weeks after MP
discontinuation,
bed rest and
treatment with
glycyrrhizin
NM
No
NM
NM
No
NM
Striking
No
Normalisation
infiltration of
of liver tests
parenchyma
after MP
by lymphodiscontinuation
cytes, eosinophils and
plasma cells
NM
Normalisation
of liver tests
after MP
discontinuation
Acute hepatitis no
Normalisation
with lytic
of liver tests
necrosis and
3 months
ceroid-laden
after MP
macrophage
discontinuation
hyperplasia
NM
Normalisation
of liver tests
3 months
after MP
discontinuation
NM
NM

No biopsy

No

1600/900 NM/NM Few weeks

No biopsy

No

Normalisation
of liver tests
3 months
after MP
discontinuation
Normalisation
of liver tests
after MP
discontinuation
Normalisation
of liver tests
4 months
after MP
discontinuation
<4 months

2350/950

No biopsy

No

<4 months

156/140

NM/NM Few weeks

No biopsy
(low PT)

Beta
feron

No

Rechal
lenge

Yes,
twice

Yes,
once

Yes,
twice

Yes,
once

Yes,
twice

ALP = alkaline phosphatase; ALAT = alanine aminotransferase; ASAT = aspartate aminotransferase; F = female; GGT = b-glutamyltransferase;
M = male; MP = methylprednisolone; NM = not mentioned.

Although hepatitis is a rare side effect, awareness of
this toxicity is important so that repeated exposure to
methylprednisolone can be avoided. In acute exacerbations
of multiple sclerosis, pulsed methylprednisolone treatment
has shown to have a short-term benefit on the speed
of functional recovery.11 Patients who fail to recover
after methylprednisolone treatment could be treated

with therapeutic plasma exchange.12 This might be an
alternative therapy for patients developing acute hepatitis
on methylprednisolone. Other options include IFN-beta
which has been shown to reduce relapse rates.11
There is no screening model that predicts idiosyncratic
hepatotoxicity. Therefore, monitoring of serum ALAT
following high-dose methylprednisolone treatment
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should be considered in order to prevent idiosyncratic
hepatotoxicity.
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P h o t o qu i z

Referred shoulder pain in a patient with small
cell lung cancer
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e-mail: W.van.der.Bruggen@slingeland.nl

1

Figure 1. FDG-PET/CT showing a large central tumour
in the right lung attached to a large mediastinal mass
(both FDG avid), without distant metastases

Case report
A 60-year-old man with no relevant medical history
presented at the respiratory outpatient clinic with shortness
of breath. Chest X-ray showed a large mass in the upper
mediastinum and the patient was referred for FDG-PET/
CT for staging of suspected lung cancer. FDG-PET/CT
showed a large central tumour in the right lung attached
to a large mediastinal mass (both FDG avid), without
distant metastases ( figure 1). During bronchoscopy a
large ulcerating tumour was seen at the carina, partly
obstructing the right main bronchus.
Histology revealed small cell lung cancer (SCLC) and the
patient was staged as having limited disease, cT4N2M0
(International Association for the Study of Lung Cancer,
7th edition). During the next two months, the patient was
treated with chemoradiotherapy plus prophylactic brain
radiation. Follow-up CT chest two weeks after completion
of therapy showed partial remission of the tumour.
After eight months, the patient complained of fluctuating
pain in both shoulders, decreased appetite and weight loss.
Diagnostic procedures were repeated (X-rays of shoulders

and lumbar spine and extensive biochemistry) and were
considered normal. Chest CT showed further decrease of
the thoracic tumour.

W h at is your di agnosis?
See page 206 for the answer to this photo quiz.
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P h o t o qu i z

A red eye on the intensive care unit
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tel.: +31 (0) 88-2505442 or +31 (0) 88-2505000, fax: + 31 (0)88-2506626, e-mail: lvlelyveld@diakhuis.nl
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Figure 1. The left eye on day 12: local conjunctival
oedema, hyperaemia, subconjunctval bleeding, and local
opacification of the cornea

Case report
A 82-year-old man was admitted to the Intensive Care
Unit (ICU) because of respiratory insufficiency. He was
intubated, mechanically ventilated and resuscitated with
large amounts of fluids. Because of chronic corticosteroid
usage (prednisone 5 mg three times a day) for rheumatoid
arthritis, a Pneumocystis jirovecii pneumonia (PJP) was
suspected and treatment with high-dose trimethoprimsulfamethoxazole (TMP-SMX) (1920 mg three times a
day) and prednisone (40 mg twice a day) was initiated.
A bronchoalveolar lavage (BAL) was performed and
polymerase chain reaction (PCR) for PJP was positive. On
the 12th day a red eye was observed ( figure 1).

W h at is your di agnosis?
See page 207 for the answer to this photo quiz.
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P h o t o qu i z

A young woman with facial oedema
F. van den Hanenberg*, C.B. Brouwer, G.E.L. van den Berk
Department of Internal Medicine, Onze Lieve Vrouwe Gasthuis, Amsterdam, the Netherlands,
*corresponding author: tel.: +31 (0)20-5993037, fax: +31 (0)20-5993975,
e-mail: floorhanenberg@hotmail.com

Case report

Figure 2. After treatment

A 23-year-old woman of Surinam-Hindu origin presented
to our clinic with a two-week history of fatigue, headache,
constipation and joint pain. Since four days she noticed a
swollen face. She had no medical history, was not on any
medication and the family history was unremarkable.
Physical examination showed a moderately ill woman
with a blood pressure of 130/60 mmHg, a pulse of 105

Figure 1. Before treatment

beats/min and a temperature of 37.8 °C. Her face was pale
with periorbital oedema and oedema of the upper lip. Her
thyroid gland was not enlarged.

W h at is your di agnosis?
See page 208 for the answer to this photo quiz.
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A n s w e r t o ph o t o qu i z ( p a g e 2 0 3 )
R e f e r r e d s h o u l d e r pa i n i n a pa t i e n t w i t h s m a l l c e l l l u n g c a n c e r

Table 1. Causes of shoulder pain

Diagnosis

Trauma (contusion, fracture, rupture, AC-joint separation or
injuries, rupture of rotator cuff)
Infection and inflammation (arthritis, capsulitis, bursitis,
tendinitis)
Impingement syndrome
Anterior and posterior shoulder instability
Shoulder-hand syndrome
Local arterial, venous or lymphatic occlusion
Thoracic outlet syndrome
Hyperabduction syndrome
Costoclavicular syndrome
Myalgias and arthralgias
Psychogenic pain
Sleep dysesthesias
Congenital or developmental abnormalities
Neoplasm, primary or metastatic
Referred pain

Repeated FDG-PET/CT displayed enhanced FDG uptake
in extremely enlarged adrenal glands (11 x 11 cm on both
sides) and focal FDG uptake in the lumbar spine (L5),
consistent with metastases ( figure 2). The adrenal glands
could not be palpated at physical examination.
Endoscopic ultrasound guided fine-needle aspiration of
the left adrenal gland was positive for metastasis of small
cell lung cancer. The patient was thus diagnosed with
extensive disease and treated with carboplatin/etoposide.
Subsequently, the adrenal lesions decreased considerably
in size on CT. Simultaneously, the pain in the shoulders
disappeared. Both the time relation and the absence of
local abnormalities of the shoulders support the hypothesis
that the adrenal metastases caused the pain, as a result
of excitation of the diaphragm. Thus, the pain in the
shoulders is to be considered ‘referred pain’.1

Table 2. Documented causes of referred shoulder pain
Apical lung cancer (Pancoast’s syndrome)
Cervical radiculopathy and brachial neuritis
Angina pectoris / myocardial infarction, or both
Diaphragmatic irritation:
- Biliary disease
- Myocardial infarction
- Blood or gas in peritoneal or pleural cavity
- Subphrenic abscess
- Splenic trauma
• Lower lobe pleuropulmonary inflammation
• Neoplasm
à Adrenal metastases

Shoulder pain can be attributed to a wide array of causes
as shown in table 1.1 Referred shoulder pain has been
documented to be due to several aetiologies, one of which
is diaphragmatic excitation related to several documented
causes as shown in table 2.1 Viscera abutting against
the pleural or peritoneal surface of the diaphragm can
cause referred pain to the ipsilateral shoulder. Excitation
of the diaphragm or the adjacent areas of pleura or
peritoneum will stimulate the roots originating from the
phrenic nerves, i.e., the third, fourth, and fifth cervical
nerves. Since these nerves innervate the skin of the neck,
supraclavicular area, and shoulders, pain may be perceived
in these areas.2

To the best of our knowledge this is the first
documentation of adrenal gland metastases as a cause of
referred shoulder pain. This case exemplifies the potential
role of FDG-PET in restaging of lung cancer,3 as repeated
physical examination and diagnostic procedures of the
thorax and bones did not reveal a diagnosis. Eventually,
the FDG-PET/CT clarified the pain in the shoulders most
likely to be referred pain due to diaphragmatic excitation
by the adrenal metastases.

Figure 2. PET/CT displayed enhanced FDG uptake
in extremely enlarged adrenal glands (11x11cm on both
sides) and focal FDG uptake in the lumbar spine (L5),
consistent with metastases
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A n s w e r t o ph o t o qu i z ( p a g e 2 0 4 )
A red eye on the intensive care unit

Diagnosis
moisture chambers together with lubricating ointments
seem to be most effective. However, unfortunately, this is
not common practice in most ICUs .
Previously, each mechanically ventilated patient in our
ICU was treated with 1 drop hypromellose 0.3% every four
hours together with 30-45 degrees elevation of the head
of the bed. Because of this case we reviewed the literature
and introduced a protocol which included frequent ocular
examination by nurses, the use of ocular gels instead of
hypromellose drops for sedated patients and mechanical
closure of the eyes in case of lagophthalmos.
In conclusion, the patient’s eyes are easily overlooked
on the ICU, while simple measures can prevent serious
complications.

The ophthalmologist was consulted and examination
revealed incomplete eyelid closure (lagophthalmos),
conjunctival oedema (chemosis) and subconjunctival
bleeding. Diagnosis was exposure keratopathy with corneal
abrasion secondary to lagophthalmos due to chemosis.
The differential diagnosis was broad and included
peripheral ulcerative keratitis in the context of a flare of
his rheumatoid disease and microbial/viral keratitis among
others. The first seemed less likely because the patient
received high-dose corticosteroids and examination did
not reveal any signs of vasculitis or specific infectious
symptoms such as dendritic lesions in the corneal
epithelium due to a Herpes infection.
The patient was treated with chloramphenicol 0,5% eye
drops four times daily for seven days, oculentum simplex
and application of a moisture chamber. During his ICU
stay the condition of his eyes improved and when he
recovered he turned out to have clear sight.

References

D i s cu s s i o n
Ocular disorders most prevalent in ICU patients are
chemosis (9% to 80%) and exposure keratopathy (3.6%
to 60%). There are multiple reasons for critically ill
patients to develop chemosis, e.g. fluid overload, increased
capillary permeability, low plasma oncotic pressure and
compromised venous return from the ocular region
due to positive pressure ventilation. Furthermore,
sedation compromises protective eye reflexes and masks
ophthalmological symptoms such as pain. Lagophthalmos,
frequently caused by chemosis, may lead to ocular surface
desiccation and corneal abrasion.
Early diagnosis and treatment can be crucial, since
exposure keratopathy may progress to microbial keratitis,
corneal ulceration, perforation, scar formation and
eventually permanent visual loss. When awake, vision loss
and pain in the eyes cause discomfort and are a risk factor
for delirium, associated with adverse outcome. Moreover,
good sight highly contributes to the quality of life in the
long term.
Exposure keratopathy and its complications can be
prevented by using simple protocols. In the literature
a variety of protective techniques are mentioned, all
achieving adequate closure or covering of the eyes to
maintain corneal moisture. Although no statistically
significant difference is reported between the different
preventive measures, application of polyethylene covers or
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A you ng wo m a n w i t h fac i a l oe de m a

D i a g n o s i s / D i s cu s s i o n
Laboratory results showed an elevated level of thyroidstimulating hormone (TSH, 65 mIU/l), a reduced level
of free thyroxine concentration (9.1 pmol/l) and thyroid
peroxidise antibodies (TPO-Ab) were present. The presence
of TPO-Ab supports that an autoimmune thyroid disease
(Hashimoto’s disease) is the cause for the diagnosed
hypothyroidism. Hashimoto’s disease is the most common
cause of hypothyroidism in iodine-sufficient regions. It
is caused by cell- and antibody-mediated destruction of
thyroid tissue.1
Hypothyroidism is a common disease and has well-known
signs and symptoms. It can affect all organ systems. In
our case the most remarkable signs were the cutaneous
manifestations: the pale skin, periorbital oedema and
oedema of the upper lip. This is called myxoedema.
The term myxoedema, formerly used as a synonym for
hypothyroidism, refers to the symptoms of the skin
and subcutaneous tissues in patients with a severely
hypothyroid state.2 Myxoedema is rarely seen today. A
possible explanation could be the fact that patients now
seek medical attention in a much earlier phase of their
disease.
Hypothyroidism causes an increased deposition of
glycosaminoglycans, especially hyaluronic acid, in the
dermis. The increased deposition causes mucinous
oedema which is responsible for the thickened features
and a puffy appearance. The main cause of the depositions
of glycosaminoglycans is local expression of the TSH
receptor.3,4 Myxoedema is a non-pitting oedema and is
apparent around the eyes, on the dorsa of the hands and
feet and in the supraclavicular fossae. It can also cause
thickening of the tongue and the pharyngeal and laryngeal
mucous membranes.2 A histologically similar deposit may
occur in patients with Graves’ disease, usually over the
pretibial area.3 The skin pallor is very common and results
from both peripheral vasoconstriction and increased
deposition of water and mucopolysaccharides in the
dermis, which alters the refraction of light.5

TSH level and a reduced free thyroxine concentration. We
increased the dose of levothyroxine. A few months later she
reached the euthyroid state and had no more complaints.
Hashimoto’s disease is a permanent condition, and lifelong
therapy is necessary.
In conclusion autoimmune hypothyroidism was diagnosed.
Myxoedema as seen in this case is rarely seen today but it
is a typically presentation of hypothyroidism. The term
should be reserved for description of the physical signs.2
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We treated our patient with oral administration of synthetic
thyroxine, levothyroxine 50 mcg daily to reach an euthyroid
state. This can easily be accomplished in almost all
patients and appropriate treatment reverses the clinical
manifestations of hypothyroidism.
After four weeks our patient still had some complaints
of constipation, weight gain and fatigue but overall
she felt rather well. The facial swelling had completely
disappeared. Her laboratory results still showed an elevated
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The standardised mortality ratio is unreliable
for assessing quality of care in rectal cancer
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Abstr act

I n t r o d uc t i o n

Background: The standardised mortality ratio (SMR) for
rectal or anal cancer was above average in a large tertiary
referral centre for locally advanced rectal cancer in the
Netherlands. The aim of this study was to investigate
whether the increased SMR was indeed related to poor
quality of care or whether it could be explained by
inadequate adjustment for case-mix factors.
Methods: Between 2006 and 2008, 381 patients were
admitted for rectal or anal cancer. The SMR score of
this diagnostic group was 230 (95% CI 140 to 355),
corresponding with 20 in-hospital deaths. The hospital
dataset was merged with data from the Eindhoven Cancer
Registry to obtain more detailed information.
Results: Patients admitted for palliative care only accounted
for 45% (9/20) of the in-hospital mortality. In contrast to
the high SMR, postoperative mortality was low, i.e. 2.6%.
The majority of the rectal or anal cancer patients were
diagnosed in and referred from another hospital. Referred
patients more often had an advanced tumour stage, more
often underwent resection and were more frequently
treated with chemotherapy and/or radiotherapy than
non-referred patients (p<0.01). Postoperative mortality
rates for referred and non-referred patients were 2.9% and
1.9%, respectively.
Conclusions: The increased SMR appeared to be caused by
the admission of patients who received palliative care only.
Consequently, the SMR is unreliable for the assessment of
quality of care in patients with rectal or anal cancer.

Quality of care has become increasingly important in
the last decades. Nowadays, in the Netherlands, quality
of care of colorectal cancer is measured by a number of
indicators. These include hospital participation in the
Dutch Surgical Clinical Audit (DSCA) (which registers
outcome of colorectal surgery), data on the number of
examined lymph nodes after resection, and whether
a patient is discussed during a preoperative multidisciplinary team meeting.
However, also other quality of care indicators are currently
used, such as the hospital standardised mortality ratio
(HSMR).1 This measure is calculated by dividing the
number of observed deaths in a given hospital by the
number of patients that would be expected to die there.
The national HSMR reference value is 100, hospitals with
a higher score are supposed to have performed worse
while the reverse would be true below 100. The HSMR is
a hospital-wide measurement including several diagnostic
groups (50 for the Dutch model) which are responsible for
80% of the in-hospital mortality. One of the 50 diagnostic
groups comprises patients admitted for rectal or anal
cancer. For each diagnostic group, a separate standardised
mortality ratio (SMR) is calculated. The different SMR
results could be interpreted and used separately or
aggregated to create the overall hospital HSMR.
For each Dutch hospital, the HSMR is published by the
Dutch Health Care Inspectorate (IGZ) in December 2011.
However, the validity of HSMRs and their accuracy to
reflect quality of care is heavily contested. Some have
suggested that the HSMR is an appropriate measure to
monitor hospital quality of care,1-3 while others stated that
it should not be used as a performance and/or quality
indicator. 4-9 The consequences of making invalid measures
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public could provoke an unjustified good or bad hospital
reputation, groundless sanctions or rewards, disturbed
collaborations between health care providers as well as
damage to the public confidence. The HSMR calculation
should be valid and accurate before making results public
or incorporating in policy decision making.
In the last years, the SMR for rectal or anal cancer appeared
to be increased in the Catharina Hospital. For a specialised
centre for patients with locally advanced rectal cancer10
this is very concerning. The aim of the present study was
to investigate whether the increased SMR for rectal or
anal cancer was indeed related to poor quality of care or
whether it could be explained by inadequate adjustment
for case-mix factors.

grade is classified as: well differentiated, moderately
differentiated, poorly differentiated and unknown
differentiation grade. Both clinical (cT) and pathological
(pT) tumour penetration depth are recorded. For patients
who did not meet the minimum requirements for
classification (such as physical examination for cT or
surgery/biopsy for pT) the tumour stage was classified as
N/A. Due to neoadjuvant chemotherapy and radiotherapy,
a less advanced tumour stage or even the absence of a
tumour might occur during pathological examination
resulting in a pT0 classification. In addition, data on
hospital of diagnosis and treatment are recorded as well so
referral patterns could be investigated. Patients admitted
directly to the Catharina Hospital (non-referred) were
distinguished from those diagnosed in another hospital
and subsequently referred to the Catharina Hospital
(referred).
To investigate patient and tumour characteristics of the 381
patients diagnosed at the Catharina Hospital with rectal or
anal cancer, data of the Eindhoven Cancer Registry were
merged with the hospital dataset on the basis of gender and
date of birth. Patients with multiple matches were checked
manually and those with corresponding zip codes were
included. Patients with more than one tumour who had
multiple matches were manually checked as well to select
the correct tumour. From the hospital dataset 363 patients
could be matched and were included in the new database.
The other 18 patients were admitted to the Catharina
Hospital for a recurrent rectal or anal tumour of which the
primary tumour was diagnosed outside the Eindhoven
Cancer Registry. Data of these patients were obtained from
the Netherlands Cancer Registry which contains all newly
diagnosed cancer patients in the Netherlands. Moreover,
medical records of patients whose tumours were diagnosed
more than one year before the hospital admission date
were manually checked to rule out that they had presented
with a recurrent instead of a primary tumour. As all
registered data on patient and tumour characteristics of the
Cancer Registries include information on time of primary
tumour diagnosis and not regarding local recurrence, some
analyses did not comprise patients admitted for a recurrent
cancer (n=50). If this was the case, results were based on
analyses of 331 (87%) patients.
Data on in-hospital mortality were obtained from the
hospital database including 381 patients with rectal or anal
cancer. In addition, the hospital medical records of the 20
patients who died during the hospital stay were reviewed
for additional information including the reason of the
admission (diagnostics, treatment, or palliative care).

Materials and Methods
Patients and data
Between 2006 and 2008, there were 484 admissions (381
patients) for rectal or anal cancer in the Catharina Hospital
Eindhoven in the Netherlands. Of this diagnostic group
about 20 patients died while a maximum of nine patients
were expected to die based on the national average. The 11
excess deaths resulted in a significantly increased SMR of
230 (95% CI 140 to 355). The national SMR reference value
is 100, scores above this value indicate that more patients
died than expected while scores below 100 indicate that
less patients died than expected. In the Dutch HSMR
model (calculated over the period 2006-2008), expected
mortality was calculated adjusted for age, sex, primary
diagnosis, urgency of admission, Charlson comorbidity
index, month of admission, year of discharge, social
deprivation and source of referral. However, continuous
refinements are made yearly to the included variables in
the HSMR model.2 The SMR calculations are based on data
from the National Medical Registration (LMR) which are
provided by hospitals and gathered by the Dutch Hospital
Data (DHD). The diagnosis of rectal or anal cancer is
classified according to the International Classification
of Disease, Tenth Revision (ICD-10) and included the
following codes: C154.0, C154.1, C154.2, C154.3, C154.8,
C230.4, C230.5, C340.6 and V10.06. Consequently, these
codes comprise one of the 50 Clinical Classification System
(CCS) groups for which SMRs are calculated, i.e. rectal and
anal cancer.
The Eindhoven Cancer Registry collects data on all patients
with newly diagnosed cancer in a large part of the southern
Netherlands. The area comprises approximately 2.3 million
inhabitants, six pathology departments, ten community
hospitals (including the Catharina Hospital) and two
radiotherapy institutions. Besides patient characteristics,
tumour data such as site, differentiation grade and depth
of penetration are recorded as well. Tumour differentiation

Statistical analysis
Differences between referred and non-referred patients
were compared using a Student’s t-test for continuous
variables and using chi2-test for categorical variables
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Referred and non-referred patients
Of all 381 patients, 235 (62%) were diagnosed with cancer
in another hospital and subsequently referred to the
Catharina Hospital. Forty-six different medical centres
referred patients to this hospital. Excluding patients with
a recurrent tumour, 192 of 331 (58%) were referred. Of
these 331 patients diagnosed with a primary rectal or anal
tumour, referred patients were younger (64 vs 67 years,
respectively) and had a more advanced tumour stage (pT3
+ pT4; 57 vs 39%, respectively) compared with non-referred
patients (p<0.01).

and reported as percentages. Statistical analyses were
performed using SAS/STAT® statistical software (SAS
system 9.3, SAS Institute, Cary, North Carolina, USA). A
p-value <0.05 was considered to be significant.

R esults
Patient and tumour characteristics
Fifty patients (13%) had a locally recurrent tumour. As
mentioned previously, no data were available for these
patients with respect to their recurrent cancer and were
therefore not included in table 1. The mean age of the
remaining 331 patients was 65 (±11) years and 61% were
men. The majority of the patients (97%) were diagnosed
with rectal cancer, whereas only 3% were admitted for anal
cancer. More than half of the patients had a tumour stage
T3 or T4 (both cT and pT) and approximately half of the
patients had a moderately differentiated tumour.

In-hospital mortality
During the study period, 20 (5.2%) patients died in the
Catharina Hospital. Figure 1 demonstrates in detail the
in-hospital mortality (including patients with a recurrent
tumour). Of these 20 patients, nine were referred from
another hospital and 11 were primarily diagnosed in
the Catharina Hospital. Two patients had a recurrent
tumour, one referred and one non-referred patient. Nine
patients were admitted to receive palliative care only: eight
non-referred patients and one referred patient. So only 11
of the 20 deceased patients were admitted and treated with
curative intent.
Table 2 presents the percentages of in-hospital mortality
for the referred and non-referred patients who underwent
resection and those who did not (recurrences not included).
As no treatment data were available for recurrent tumours
(n=50), the results are based on analyses without these
recurrences (n=331). In total 192 (58%) of the 331 patients
were referred, of whom 3.7% died within the hospital
whereas 7.2% of the patients who were diagnosed in the
Catharina Hospital died (p=0.15). Total postoperative
mortality after surgical resection was low at 2.6% and did
not differ between referred and non-referred patients, 2.9%
and 1.9%, respectively (p=0.61). In contrast, in-hospital
mortality of the non-resected patients was 17.9%. The

Table 1. Patient and tumour characteristics
Total
(n=331)
Patient characteristics (%)
Age
Male gender
Tumour characteristics (%)
Tumour site
- Rectal cancer
- Anal cancer
Depth of penetration
- Pathological
--- T0/in situ
--- T1
--- T2
--- T3
--- T4
--- Unknown
--- NA*
- Clinical
--- T0/in situ
--- T1
--- T2
--- T3
--- T4
--- Unknown
--- NA*
Tumour differentiation grade
- Well differentiated
- Moderately differentiated
Poorly differentiated
Unknown

65±11
61

97
3

8
6
25
42
7
2
10

Figure 1. Flowchart of patients who died within the
hospital stay

0
4
5
27
31
31
2

Total
in-hospital
mortality
N = 20

Referred
patients
N=9

7
51
7
35

Palliative care
N=1

Patients with recurrent disease not included. *Patients did not meet
minimum requirements for classification.

Treated with
Palliative care
curative intent
N=8
N=8
(local recurrent
(local recurrent
tumour N= 1)
tumour N= 1)
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Non-referred
patients
N = 11

Treated with
curative intent
N=3

Table 2. Percentage in-hospital mortality
Total
(n=331)
n (%)
Total (n=331)
17 (5.1)
Resected (n=275)
7 (2.6)
Non-resected (n=56) 10 (17.9)

Referred
(n=192)
n (%)
7 (3.7)
5 (2.9)
2 (9.5)

patients more often underwent surgical resection than
non-referred patients (89 vs 75%, respectively; p<0.001)
and more often received chemotherapy, radiotherapy or
chemoradiotherapy (p<0.01 for all). Of the non-resected
patients (n=56) two-thirds (68%) received chemotherapy
or radiotherapy or both.

Non-referred
(n=139)
n (%)
10 (7.2)
2 (1.9)
8 (22.9)

D i s cu s s i o n
majority (60%) of this group were terminally ill and
admitted for palliative care only.
In total, nine of the 20 patients (45%) died within the
postoperative period due to surgical complications.
Two patients (10%) were admitted due to acute need
for gastrointestinal surgery and died as a result of a
cardiovascular cause. The remaining nine patients (45%)
were all admitted with end-stage disease and severe
symptoms to receive palliative care only (described above).

Centralisation of complex, low-volume surgery in
specialised centres to improve quality of care is an
important issue in the current health care system. As a
result, the Catharina Hospital has successfully provided
specialised care for patients with locally advanced and
locally recurrent rectal cancer for several years.11-14
However, this seems to be in contrast with the SMR for
this diagnosis group which appeared to be significantly
increased for the period 2006-2008 in this hospital. The
results of the present study demonstrated that patients
admitted for palliative care accounted for approximately
50% of the in-hospital mortality for patients with rectal
or anal cancer resulting in an increased SMR. Moreover,
insufficient case-mix adjustment for the reason of
admission and referral patterns is likely to negatively affect
the SMR for this diagnostic group.
For a significant part, the increased SMR for rectal and
anal cancer is explained by the admission of terminally
ill patients who require or opt for end-of-life care in the
hospital, since almost half (45%) of the deceased patients
were admitted to receive such palliative care only. While
these patients were all expected to die during the hospital
stay, the predicted chance to die, based on the SMR
adjustment model, is not calculated as (nearly) 100% for
these patients. This leads to an underestimation of the
in-hospital mortality and consequently to an increased
SMR. Moreover, comparison of in-hospital mortality
rates of resected (2.6%) and non-resected (17.9%) patients
confirms the suggestion that the admission of patients
who could not be cured increases the in-hospital death
rate. Consequently, the reason of admission should be
incorporated in the HSMR adjustment model or, even
better, patients admitted for palliative care should be
excluded when HSMRs or SMRs are calculated.
In addition to the hospitalisation of terminally ill
patients, those with recurrent rectal or anal cancer might
considerably affect the SMR as well. The Catharina
Hospital is a specialised centre for the treatment of
patients with local recurrence;10 however, the extended
anatomical resections cannot be compared with primary
cases. Certain subsites of the recurrent tumour are
a major problem in rectal cancer surgery such as a
postero-lateral recurrence which is associated with 20%
mortality within three months after surgery.15 Irradical

Therapy
Of the 331 patients of whom treatment data were available,
275 patients (83%) underwent resection for the tumour.
Of these surgically treated patients, 92% received
radiotherapy, 50% chemotherapy and 48% of the patients
both radiotherapy and chemotherapy ( figure 2). Referred

Figure 2. Treatment of patients with rectal or anal
cancer according to referral status. Percentage
chemotherapy, radiotherapy, and chemo- and
radiotherapy of patients who underwent surgical
resection (n=275)
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resection rates and consequent cancer-related deaths
are considerable among patients with recurrent rectal
cancer. Furthermore, treatment of these locally recurrent
cases is limited to very few centres in the Netherlands,
of which the Catharina Hospital is by far the largest.
This condition cannot be assessed within the framework
of the SMR for rectal or anal cancer. We identified 13%
of the rectal cancer patients included in our study as
admitted for a recurrent tumour and patients with a
recurrent tumour accounted for 10% of the in-hospital
mortality.
The majority of the rectal or anal cancer patients were
referred from other hospitals to the Catharina Hospital
which serves as a tertiary centre for patients with a locally
advanced and locally recurrent rectal carcinoma. The latter
was confirmed by our results which demonstrated that
the referred patients more often had an advanced tumour
stage (T3 and T4) and a recurrent tumour compared
with the patients who were primarily diagnosed in the
Catharina Hospital. Referred patients living outside the
local community usually have a different risk profile than
patients who are admitted directly; they are more ill, have
a longer length of hospital stay and have greater mortality
rates.16-19
The Dutch adjustment model which was used to calculate
the SMR for rectal cancer for the period 2006-2008 only
included the Charlson comorbidity index to adjust for
disease severity. A specific variable for disease severity
was lacking. Recently, the model has been expanded by the
addition of a detailed variable for disease severity. However,
despite these changes to the model, the adjustment for
severity of disease is still insufficient.20 Moreover, transfer
of severely ill patients is likely to reduce the HSMR or SMR
for the referring hospital21 while accepting these patients
may lead to increased mortality rates.16,22 Consequently,
a tertiary referral centre will be ‘punished’ twice when a
referred patient dies during the hospital stay; the referring
hospital will be given a positive score for the high-risk
patient who is leaving the hospital alive while the accepting
hospital will be given a negative score when this patient
dies. So large variation between hospitals in the admission
of patients with advanced disease could result in diverse
and conflicting in-hospital mortality rates. Consequently,
publication of incorrect SMRs will cause more harm than
good for hospitals as well as for patients as they could
be denied admission to medical centres supplying the
specialised care they require.
In contrast to the significantly increased SMR for rectal
and anal cancer, the in-hospital mortality rate among
patients who underwent surgical resection in the Catharina
Hospital was low (2.6%) and in accordance with the
national23 and international24,25 literature. Our results
are also confirmed by recent mortality data which were
established by the Dutch Surgical Colorectal Audit, DSCA.

For the period 2009-2011, the hospital volume for rectal
cancer surgery was more than 250 for the Catharina
Hospital and the in-hospital mortality of 2% was below
the average.26 These data clearly demonstrate and confirm
that our hospital serves as a centre of excellence for rectal
cancer patients and provides good quality of care. The
results of our study demonstrated that even for referred
patients who often suffer from advanced disease, low
mortality rates were accomplished. However, given the
different risk profile between referred and non-referred
patients and the fact that these patients affect in-hospital
mortality of both the referring and accepting hospital,
it is crucial that referral patterns are taken into account
when SMRs are calculated. For example, intention-to-treat
analysis may be considered in which mortality will count
for the first hospital the patient was admitted to. Given the
referral patterns due to concentration of specialised care,
quality of care should be investigated at a regional level
instead of a hospital level.
Quality of care is currently an important topic in health
care; however, there remains considerable debate about
which measures should be used to reflect quality of care.27
The most common framework is that of Donabedian
who conceptualised three quality of care dimensions,
i.e. structure, process and outcome.28 Direct outcome
measures such as morbidity and mortality are most
appealing to use for the evaluation of quality of care as
they are relatively easy to use and usually widely available.
However, as the results of our study confirm as well, the
focus should not be solely on outcome measures such as
in-hospital mortality. Structural elements such as hospital
type, the availability of specific technologies/treatment
options and the presence of health facilities such as
hospices in the hospital area may have a significant impact
on in-hospital outcome as this results in the admission
or discharge of specific patients. In addition, outcome
measures other than mortality should be considered as
well. For rectal or anal cancer patients undergoing surgery,
complication rates, reoperation rates, cancer recurrences,
length of hospital stay and guideline-recommended
treatment are related with quality of care and may also be
considered.23
The additional information obtained from the cancer
registry made it possible to explore potential patient and
tumour characteristics of rectal and anal cancer patients
which could affect in-hospital mortality. However, less
detailed data were available for patients admitted for a
recurrent cancer. Moreover, the exact method of SMR
calculation was unfortunately confidential, so we were
not able to re-calculate the SMR for rectal and anal cancer.
Additional analyses should be performed with and without
the aforementioned variables (i.e. tumour recurrence,
palliative care, and referral patterns) to investigate the
actual effects of these factors on SMRs.
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In conclusion, the SMR for rectal and anal cancer was
significantly increased which is in contrast with the
low postoperative mortality rates for the patients who
underwent surgical resection. Patients admitted for
palliative care accounted for almost half of the in-hospital
mortality. Given the inadequacies, the SMR for rectal and
anal cancer is unreliable and should not be used to assess
quality of care.
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Abstr act
Background: In undergraduate medical education,
students are supposed to acquire knowledge and
understanding about the basic principles of adjuvant
breast cancer treatment. The best education method
in this context is unknown. In this randomised study
we assessed the effect of designing a patient education
poster on knowledge, perceived participation and students’
satisfaction compared with case-oriented education
concerning endocrine therapy for breast cancer patients.

to the importance of patient education in the medical
curriculum, to help students realise the relevance of this
aspect of medical profession.

K ey wor ds
Breast neoplasms, competency-based education, medical
oncology, undergraduate medical education

Methods: This study was conducted in the Bachelor
Oncology Course for undergraduate students in Medical
Science of the Radboud University Nijmegen Medical
Centre. In the experimental group, students designed and
created a patient education poster in small groups. In the
control group, students answered case-based questions
in small groups. Knowledge was tested at different
moments using multiple-choice questions. To assess
perceived participation and satisfaction, students filled out
questionnaires.

I n t r o d uc t i o n
Breast cancer is the most common life-threatening
malignancy among women and the second most common
cause of cancer death in women in the Western world.1
Over the years, mortality has declined partly due to
improved treatment modalities. One of these modalities
is adjuvant endocrine therapy in hormone-sensitive breast
cancer patients. In postmenopausal patients, adjuvant
endocrine treatment with an upfront aromatase inhibitor
(AI) or a switch therapy of tamoxifen and an AI is standard
of care, while in premenopausal women adjuvant treatment
with tamoxifen with or without ovarian suppression is
recommended.1 Due to the (rising) incidence of breast
cancer a large proportion of medical professionals will be
faced with breast cancer patients. Therefore, in the Medical
Science Bachelor curriculum of the Radboud University
Nijmegen Medical Centre (RUNMC), students are
supposed to acquire knowledge and understanding about
the basic principles of adjuvant breast cancer treatment,
such as working mechanisms, (contra)indications and side
effects. However, the question remains which instructional
method is most effective?

Results: 329 students participated in the study. No
difference in knowledge was observed between the
experimental and control group. However, students in the
control group reported a higher perceived participation
and satisfaction compared with the students in the
experimental group (p<0.05).
Conclusion: In this study, working on case-based questions
was preferred compared with designing a patient education
poster in terms of students’ perceived participation and
satisfaction. Working on case-based questions may be
appreciated by medical students as most relevant for
their future profession. We advocate more attention
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Respondents
A total of 329 undergraduate medical students (33.7%
male, 66.3% female) of the RUNMC signed up for the
mandatory second-year Bachelor Oncology Course in
November and December 2010. During the first plenary
lecture of the course, students were informed about the
study. Students were randomised to attend either two
conventional sessions on adjuvant endocrine treatment
or two experimental sessions. The male-female ratio was
equal in both groups. In both groups, the first session
consisted of a mandatory small group session and the
second session of a (non-mandatory) response session.
Three hundred and nine students participated in the small
group sessions and 180 of these students attended the
response sessions ( figure 1). The study was approved by the
general coordinator of the course as well as the education
management team of the RUNMC.

Previous studies have indicated that cooperative learning
is a very powerful method to process information.2
Cooperative learning refers to all educational methods
where students work together in groups in positive
interdependence to accomplish shared learning goals.
Working in small groups of 6-8 students improves the
quality of discussions and the development of skills such
as deep thinking and sharing of experiences.3 Moreover,
working in small groups, students feel that they participate
more actively. 4 Active participation of students has shown
to contribute to knowledge. Learning processes are
stimulated by the fact that learners communicate and
interact actively.5
To further enhance learning in small groups, it seems
relevant that students can work on specific products such
as posters, poster presentations, or concept maps.6 Working
on concrete products stimulates interaction between
students, increases their knowledge about the subject and
their self-confidence.7

Procedure
In both the conventional and the experimental approach
the first small group session lasted two hours, while the
subsequent response session lasted one hour. During
the first session in the conventional arm students were
divided into small groups of five persons and, as a

However, to the best of our knowledge no studies are
available that investigate the influence of working in
small groups on a concrete product in medical oncology
education. In this study we will assess the effect of working
on a concrete product in small groups, viz. the design
of a patient education poster, with respect to knowledge,
perceived participation and students’ satisfaction in a
Bachelor course versus conventional sessions. Designing a
patient education poster was chosen as it is a concrete and
sensible task that was expected to stimulate deep learning
as it required students to actively incorporate knowledge in
order to summarise and rephrase this knowledge into plain,
understandable language. The design of a patient education
poster as a teaching method was regarded specifically
appropriate in the context of adjuvant endocrine treatment,
as proper patient education may improve adherence to
endocrine treatment and, therefore, treatment outcome.

Figure 1. Study design
All students oncology course
(n = 329)

Conventional
condition
(n = 164)

Experimental
condition (n = 165)
Knowledge test
conventional n = 149
experimental n = 156

Small group session
(n = 151)
participation n = 149
satisfaction n = 156

Materials and methods

Small group session
(n = 158)
participation n = 158
satisfaction n = 131
Knowledge test
conventional n = 151
experimental n = 158

Setting
In the conventional Bachelor curriculum of the RUNMC
education is structured in blocks and organised in themes.
Students visit lectures, work together in small groups and
do assignments in order to deepen the different topics.
Afterwards, they have the opportunity to visit a dedicated
response session, where they can ask questions about
the topics of the course. And lastly, they make a final
assessment to finish the course. The part of the oncology
course that was the subject of the present study focussed
on adjuvant hormonal treatment of breast cancer patients,
teaching working mechanisms, side effects, indications
and outcome of tamoxifen and aromatase inhibitors.

Response session
(n = 158)
participation n = 83
satisfaction n = 83

Response session
(n = 158)
participation n = 97
satisfaction n = 97
Knowledge test
conventional n = 83
experimental n = 97
Final test
Knowledge
conventional n = 160
experimental n = 154
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was administered directly after the small group session to
assess the perceived participation and satisfaction of the
students about the small group session that they had just
attended (Cronbach’s alpha .89) and the response session,
to assess the perceived participation and satisfaction of the
students about the response group session that they just
attended (Cronbach’s alpha .94).

group, had to answer questions based on patient cases
concerning adjuvant endocrine breast cancer treatment
with tamoxifen and the aromatase inhibitor letrozole.
During the response session all the students assigned to
the conventional arm had the opportunity to ask questions
about the subject. In the experimental arm, in the first
session the students designed a patient education poster on
adjuvant endocrine treatment of breast cancer with either
tamoxifen or letrozole in small groups of five students and
prepared themselves to present the poster in the response
session. During this response session students could
read all the posters created by their colleagues. Two of the
created posters per session – one on letrozole and one on
tamoxifen – were selected to be presented. Afterwards,
the posters were discussed and the students had the
opportunity to ask questions.
To prepare for the sessions on endocrine treatment of
breast cancer patients, all students were expected to read
specific chapters in their textbook on adjuvant endocrine
treatment and answer the accompanying questions.
The students participating in the study filled out
questionnaires to assess knowledge, perceived participation
and satisfaction ( figure 1). Before the start of the course, the
four medical oncologists who were teaching in the adjuvant
endocrine treatment sessions were informed about the
study and attended an oral presentation on the new
teaching approach. They also received a written manual on
the small learning groups and the corresponding response
session. All teachers had several years of experience in both
medical oncology and medical teaching. The teachers were
allocated to teach in two conventional sessions and two
experimental sessions.

Statistics
For the statistical analyses, the statistical package for
social sciences (SPSS) Windows version 18.0 was used. To
determine knowledge, t-tests for repeated measures were
performed. To assess differences between the experimental
and control group variance analyses, one-way ANOVAs were
conducted using the difference scores of the knowledge
tests; p<0.05 was considered statistically significant.
To assess differences between the average scores for
student satisfaction and perceived participation in the
two teaching methods, one-way ANOVA analyses of
variance were conducted. If differences between the
teaching methods were observed, an independent t-test was
performed to further assess those differences.
Post-hoc analyses were conducted to compare knowledge,
perceived participation and student’s satisfaction,
attendance at the non-compulsory response session, and
students’ self-reported preparation for the sessions. Also,
we compared the group of students who studied tamoxifen
with the group of students who worked on letrozole.

R esults
Knowledge
In both the experimental and the control group knowledge
significantly increased from the pretest to the final test.
The highest scores were attained at the second post-test,
directly after the response session. No difference was
observed in knowledge between the experimental and the
control group (table 1).
Post-hoc analyses showed that students who had attended
the response session had higher scores on the final test
than students who did not attend this session (p<0.001).
No differences were observed on the pretest between
the students who prepared for the sessions compared
with those who did not read the textbook and answer the
accompanying questions (p=0.182). However, the students
who reported to have prepared themselves scored higher on
the post-test directly after the response session (p=0.039)
as well as on the final test (p=0.001).
The students who worked on the posters on tamoxifen
showed higher scores on the post-test after the small group
session and response session compared with the students
who prepared for letrozole. On the final test, no differences
were observed between the groups.

Instruments
To assess knowledge, four tests with comparable items
for knowledge testing were handed out: before the first
session to assess prior knowledge, directly after the first
and second session and in the final test of the whole
oncology course (1.5 weeks later). To assess the effect of
the new teaching approach on perceived participation and
satisfaction, students filled out questionnaires just after the
first and second session.
The tests to determine the students’ knowledge were
designed by a teacher in medical oncology. The course
coordinator and an assessment expert were consulted.
Each test consisted of six multiple-choice questions, which
covered the predefined subjects of the small group learning
(working mechanisms, (contra)indications and side effects
of adjuvant endocrine treatment). Each of these questions
gave a score of 1 point, the questions could be answered as
correct or incorrect.
Based on a questionnaire by Kooloos et al. 8 a 19-item
questionnaire was constructed to assess perceived
participation and student satisfaction. This questionnaire
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Table 1. Average proportion of correctly answered
questions on the four tests

Pretest first session
Post-test first session
Post-test second session
Final test

Experimental group

Control group

N
156
158
97
154

N
149
151
83
160

Av.
.67
.79
.89
.72

SD
.20
.15
.13
.16

Av.
.69
.77
.89
.71

prepared themselves compared with the students who
had not prepared themselves for the sessions. Students’
satisfaction was not significantly different between the
tamoxifen and letrozole subgroups.

SD
.20
.18
.14
.18

D i s cu s s i o n
In this study, we observed that the acquired knowledge
on adjuvant endocrine breast cancer treatment proved to
be similar for students working on an education poster
(experimental group) and students answering questions
based on a case (control group), while student satisfaction
was lower in the experimental group working on posters.
Perceived participation was lower in the experimental
group for the small group session, although no differences
in perceived participation in the response session were
observed between the conventional and the experimental
group. Although our study focused on educational sessions
in an oncology course, the results may be of direct relevance
for other medical courses as our prestudy hypothesis –
working together in small groups on a specific product
increases learning satisfaction, perceived participation, and
knowledge – would in principle be applicable to a broad
range of medical topics.3-5 However, despite our expectations,
this hypothesis was not confirmed in our study.
Two major reasons can be identified that could explain
the discrepancy between the results of the study and our
pre-study hypothesis. First of all, for these medical students,
creating a patient education poster may have been new for
them and they may have felt uncomfortable about it. More
specifically, working on a case may have been regarded by
the students as more relevant for their future profession
than creating a patient education poster. Applying their
medical knowledge to solve clinical problems may have
seemed more ‘medical doctor-like’ than patient education.
Interestingly, however, according to the CanMeds roles,
patient education is one of the main competences of a health
care professional.8 CanMeds is an educational framework
identifying and describing seven roles of health care
professionals that would lead to optimal health care delivery
and outcomes. This framework of core competencies
includes the different roles that physicians fulfil in
their daily practice, namely the roles of Medical Expert,
Communicator, Collaborator, Health Advocate, Manager,
Scholar and Professional. In the context of endocrine breast
cancer treatment, patient education is indeed a very relevant
competence, as the benefits of endocrine treatment in
terms of disease recurrence and survival require long-term
adherence to the medication regimen. Previous studies
indicate that 5-32% of the patients discontinue endocrine
treatment or skip or lower their doses in the course of
time.9,11-14 Proper patient education may improve adherence
and, therefore, treatment outcome.

Perceived participation
The students in the conventional arm (working on the
questions based on a case) reported a higher perceived
participation during the small group session compared
with the students in the experimental arm (working on the
patient education poster) (p=0.037) (table 2). No differences
in perceived participation were observed between the
students who had prepared themselves compared with the
students who had not prepared themselves for the sessions.
Perceived participation was not significantly different
between the tamoxifen and letrozole subgroups.
Students’ satisfaction
The students in the conventional groups working on the
cases showed higher satisfaction about the two educational
sessions compared with the students in the experimental
group, who worked on a poster (table 3). No differences in
satisfaction were observed between the students who had

Table 2. Average score for perceived participation in the
first and second session
First session,
experimental group
First session,
control group
Second session,
experimental group
Second session,
control group

N
158

Av.
SD
14.84 2.33

151

15.34* 1.83

97

8.95

1.93

83

9.25

1.34

df
307

F
4.41

p
.037*

178

1.46

.228

*p<.05.

Table 3. Average score for satisfaction in the first and
second session
First session,
experimental group
First session,
control group
Second session,
experimental group
Second session,
control group

N
131

Av.
36.90

SD
8.27

131

46.66* 7.60

97

41.02

83

47.33* 10.11

df
260

11.40 178

F
p
62.40 .000*

15.18

.000*

*p<.05.
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Currently, the CanMed framework forms the basis
for objectives of medical training and provides the standard
for continuing professional development. However,
students in the current course may not have been familiar
with these CanMed roles. In fact, patient education was
not explicitly mentioned as a formal learning objective of
the course.

easily and they feel comfortable with this way of learning.
However, as patient education will be an important part of
their future profession, we advocate that this perspective
should be introduced more explicitly as a learning objective
in the educational as well as in the assessment programme.
Disclosures
Data from this manuscript were presented at the
Netherlands Association of Medical Education Congress in
Egmond aan Zee, the Netherlands, on 18 November 2011.

A second reason that could explain the discrepancy
between the results of the study and our pre-study
hypothesis concerns the role of assessment driven
learning. Assessment driven learning implies that students
prepare mainly for the assessment they have to do.10
Student’s perceptions about the way they will be assessed
determine their choices for and emphasis on specific
learning strategies en learning activities.
In our study, students were preparing mainly for
multiple-choice questions directly covering the
(knowledge-based) subjects of the course. Although
having to think about the presentation of the poster and
rewording medical terminology in plain language could
have stimulated deep learning,3 in practice, students may
have felt that creating a poster distracted them from their
primary learning task. The purpose of the education
poster, related to the knowledge-based assessment, may
not have been clear to them. Therefore, our results could
not only be explained by the perceived relevance of the
learning task for the students’ profession in the far future,
but also by the relevance for the assessment of the course
in the near future.
Of note, students who attended the non-obligatory
response session had higher scores on the final test than
students who did not attend these sessions. Also, students
who prepared themselves by making the self-assignment
had higher scores on the post-test directly after the second
session. These results may not only be explained by
more exposure to the content of the course, but also by a
higher intrinsic motivation of the students. The students
attending the response session and the students who made
the self-assignment may have been more motivated than
the students who did not attend the response sessions or
made the self-assignment. Unfortunately, motivation was
not tested in this study and may be relevant to incorporate
in future studies on the effect of new educational
approaches.
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Letter to the editor

Dapsone for the treatment of chronic IgA
vasculitis (Henoch-Schonlein)
A.P. Bech1*, L.J. Reichert1, J.W. Cohen Tervaert2
Department of Internal Medicine, Rijnstate Hospital, Arnhem, the Netherlands, 2Maastricht University,
Maastricht, the Netherlands, *corresponding author: e-mail: annekebech@hotmail.com

1

Dear Editor,
IgA vasculitis (IgAV; Henoch-Schonlein) in adults is a
rare disease belonging to the category of immune complex
small-vessel vasculitides.1,2 Patients present with purpura,
nephritis, arthritis and/or abdominal pain. A chronic
form of IgAV occurs predominantly in patients with
isolated cutaneous involvement.3 The aetiology of this
chronic form of IgAV is unknown. In 40% of patients a
trigger is identified such as infections, drugs, toxins and/
or malignancies.3-5 Furthermore, IgAV can be associated
with other diseases such as liver disease, inflammatory
bowel disease, and/or ankylosing spondylitis. Treatment
of IgAV with internal organ involvement consists mainly
of corticosteroids. Unfortunately, this is ineffective for the
chronic cutaneous form of IgAV.3,6

Figure 1. Henoch-Schonlein vasculitis

A 21-year-old woman presented to the outpatient
department of internal medicine because of chronic skin
lesions of the legs. The lesions had already been present for
two years. This was a symmetrical, non-pruritic rash which
dominated on the extremities and which was influenced
by orthostasis. Her medical history showed recurrent
urinary tract infections. Apart from oral contraceptives
she was not on any medications. On physical examination
no abnormalities were found besides a non-palpable skin
rash of the legs ( figure 1). A skin biopsy was taken which
showed a leukocytoclastic vasculitis with depositions of
IgA and C3. A diagnosis of chronic adult IgAV was made.
Further laboratory investigations showed a C-reactive
protein level of 1 mg/l, erythrocyte sedimentation rate
of 7 mm/hour, glomerular filtration rate >90 ml/min,
serum IgA of 2.13 g/l (normal level 0.7-4.0 g/l), absence
of cryoglobulins, ANA 1:80, anti-dsDNA negative, ENA
negative, ANCA negative, normal complement (C3 1.18 g/l,
C4 0.15 g/l), HIV negative, hepatitis B negative, hepatitis C
negative, EBV and CMV IgM negative. Urine examination
disclosed no erythrocytes or proteinuria. An ultrasound of
the heart did not show any signs suggestive of endocarditis.
Treatment with dapsone 100 mg once daily was started.

Within 24 hours the skin lesions diminished and totally
disappeared within a week. During follow-up (12 months),
the patient remained asymptomatic with dapsone 50 mg as
maintenance therapy.
In conclusion, dapsone was found to be very effective in
treating chronic leukocytoclastic vasculitis in our patient
with IgAV. The use of dapsone should be advocated
in such patients with chronic adult IgAV. The exact
mechanism how dapsone works, is poorly understood.
Unfortunately, the skin lesions frequently relapse after
stopping dapsone and renal involvement does not respond
to this treatment.7-10
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Letter to the editor

High TPMT activity as a risk factor for severe
myelosuppression during thiopurine therapy
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Department of Gastroenterology and Hepatology, VU University Medical Centre, Amsterdam,
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1

Dear Editor,
The methylating enzyme thiopurine S-methyl transferase
(TPMT) plays a crucial role in the metabolism of the
thiopurines, azathioprine (AZA) and mercaptopurine
(MP). Diminished or absent TPMT activity, leading
to elevated levels of the pharmacologically active
6-thioguanine nucleotide (6-TGN), is associated with
an increased risk of myelotoxicity. An increased activity
of TPMT, which may lead to grossly elevated levels of
methylated metabolites (e.g. 6-methylmercaptopurine
(6-MMP)), has not been associated with bone marrow
suppression.1 We report a case of an ulcerative colitis (UC)
patient who developed a severe pancytopenia due to high
TPMT activity.
A male patient, diagnosed with pancolitis ulcerosa,
was treated with intravenous cyclosporine, after failure
of mesalazine and prednisolone therapy, followed by
maintenance treatment with AZA (200 mg). Thiopurine
metabolite concentrations were repeatedly low during
treatment, without compliance problems. After years,
his disease became active again and in attempt to
achieve higher 6-TGN levels, AZA was switched to MP
(150 mg). After four weeks he developed complaints
of gastrointestinal discomfort and general malaise.
Laboratory tests showed a severe myelosuppression
(leucocyte count 1.0 x 109/l and haemoglobin 3.2 mmol/l)
and an increased C-reactive protein level of 138 mg/l.
Thiopurine metabolites now demonstrated grossly
elevated levels of 6-MMP (19,000 mmol/8 x 108 RBC)
and low 6-TGN concentration (73 mmol/8 x 108 RBC).
Mercaptopurine therapy was discontinued and he received
blood transfusions. Standard viral causes for pancytopenia
were ruled out. Endoscopy showed a severely active
pancolitis, for which intravenous prednisolone was started
and subsequently anti-TNF-a therapy. After ten days,
his bone marrow suppression resolved. After discharge,
combination therapy with low-dose MP (25 mg) and 100

mg allopurinol was started alongside infliximab. TPMT
activity was determined twice, one month after admission
(80 nmol/gram protein/hour (reference values: 34-94)) and
four months later (121 nmol/g/h). His colitis remained in
clinical remission without haematological abnormalities.
In contrast to the well-known association between low
TPMT activity and myelosuppression, our case illustrates
that high TPMT activity with extremely elevated 6-MMP
levels may also induce bone marrow suppression and
should be considered a potential risk factor for myelosuppression. 6-Methylmercaptopurine and its ribonucleotides
can inhibit the de novo purine synthesis leading to a
depletion of purines which are essential elements for DNA
and RNA formation.2
Our case also demonstrates the pitfall of measuring
TPMT activity too early after blood transfusions. After
one month, the TPMT activity was within normal ranges,
while four months later his TPMT activity was found to be
elevated. This phenomenon is most likely due to the blood
transfusions our patient received during hospitalisation.
During the first TPMT measurement donor erythrocytes
were still present so the outcome of the test was influenced
by the TPMT activity of the donor.
Interestingly, we observed that thiopurine metabolism
can change dramatically after switching from AZA to
MP with the potential risk of developing severe toxicity,
underlining the necessity to strictly monitor patients after
modification of thiopurine therapy. Patients displaying
grossly elevated 6-MMP and low 6-TGN levels are at risk
to develop hepatic transaminitis and may experience
therapeutic inefficacy.3 Combination therapy of allopurinol
and low-dose thiopurine can optimise thiopurine therapy
in these patients, leading to a steep decrease in 6-MMP
levels. 4,5 Our case demonstrates the potential beneficial
use of combination therapy as no myelotoxicity reoccurred,
indicating that the high 6-MMP levels due to high TPMT
activity probably caused the myelosuppression.
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identifying the corresponding person (with the
address, telephone number, fax number and e-mail
address). Conflicts of interest, commercial affiliations,
consultations, stock or equity interests should be
specified. In the letter one to three sentences should
be dedicated to what this study adds. The letter should
make it clear that the final manuscript has been seen
and approved by all authors. All authors should sign the
letter. The letter should either be submitted through
http://mc.manuscriptcentral.com/nethjmed or faxed to
the editorial office (+31 (0)20-691 96 58).

Divide the manuscript into the following sections: Title
page, Abstract, Keywords, Introduction, Materials and
Methods, Results, Discussion, Acknowledgements,
References, Tables and Figures with Legends.
The Title page should include authors’ names, degrees,
academic addresses, correspondence address, including
telephone number, fax number, e-mail address and grant
support. Also the contribution of each author should be
specified.
The title should be informative and not exceed 90
characters, including spaces. Avoid use of extraneous words
such as ‘study’, ‘investigation’ as well as priority claims (new,
novel, first). Give a running title of less than 50 characters. If
data from the manuscript have been presented at a meeting,
list the name, date and location of the meeting and reference
and previously published abstracts in the bibliography. Give
a word count (including references, excluding tables and
legends) at the bottom of this page.
The Abstract, not exceeding 250 words, should be
written in a structured manner and with particular
care. In original articles, the Abstract should consist
of the following paragraphs: Background, Methods,
Results and Conclusion. They should briefly describe the
problem being addressed in the study, how the study was
performed and which measurements were carried out,
the most relevant results, and what the authors conclude
from the results.
Keywords: Include three to five keywords in alphabetical
order.
The Introduction should be brief and set out the purposes
for which the study has been performed.
The Materials and methods should be sufficiently detailed
so that readers and reviewers can understand precisely
what has been done without studying the references
directly. The description may be abbreviated when
well-accepted techniques are used.
The Results should be presented precisely, without
discussion.
The Discussion should directly relate to the study being
reported. Do not include a general review of the topic, but
discuss the pertinent literature.
Acknowledgement: All funding sources should be credited
here. Also a statement of conflicts of interest should be
mentioned.
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References should be numbered consecutively as they
appear in the text (after the punctuation and in square
brackets). Type the reference list with double spacing on
a separate page. References should be in the language
they are published in, conform the ‘Vancouver’ style for
biomedical journals (N Engl J Med. 1991;324:424-8).
Journal abbreviations should conform to the style used in
the Cumulated Index Medicus. Examples:
1. Smilde TJ, van Wissen S, Wollersheim H, Kastelein
JJP, Stalenhoef AFH. Genetic and metabolic factors
predicting risk of cardiovascular disease in familial
hypercholesterolemia. Neth J Med. 2001;59:184-95.
2. Kaplan NM. Clinical Hypertension. 7th ed. Baltimore:
Williams & Wilkins; 1998.
3. Powell LW, Isselbacher KJ. Hemochromatosis. In:
Braunwald E, Fauci AS, Kasper DL, et al., editors.
Harrison’s Principles of Internal Medicine. 15th edition.
New York: McGraw-Hill; 2001. p. 2257-61.
Please note that all authors should be listed when six or
less; when seven or more, list only the first three and add et
al. Do not include references to personal communications,
unpublished data or manuscripts either ‘in preparation’
or ‘submitted for publication’. If essential, such material
may be incorporated into the appropriate place in the text.
Recheck references in the text against the reference list
after your manuscript has been revised.
The use of bibliographic software programmes that are
designed to generate reference lists such as Reference
Manager© or Endnote© is highly encouraged. Authors can
use the predefined output ‘Vancouver’ style from these
programmes.
Tables should be typed with double spacing each on
a separate page, numbered consecutively with Arabic
numerals, and should contain only horizontal lines.
Provide a short descriptive heading above each table with
footnotes and/or explanation underneath.
Figures must be suitable for high-quality reproduction (>300
DPI). Submit line drawings made in Word or other computer
programmes but not in a PowerPoint file. Colour figures
are occasionally possible and will be charged to the authors.
Legends for figures should be typed, with double spacing,
on a separate page.
Case reports
Case reports containing concise reports on original work will
be considered for publication. Case reports which are relevant
for understanding the pathophysiology or clinical presentation
of disease may also be accepted under this heading. Selection
of case reports will be based on criteria as outlined in a
special report by the editors (Drenth et al. The case for case
reports in the Netherlands Journal of Medicine. Neth J Med.
2006;64(7):262-4). We advise potential authors to take notice
of the instructions in this report. Articles published in this

section should be no longer than 1000 words, and supplied
with a summary of about 60 words, preferably no more than
two figures and/or tables, and no more than 15 references. In
addition, we require that authors of case reports answer the
following two questions (Neth J Med. 2008;66(7):289-90):
1) What was known on this topic? and 2) What does this add?
The answers will appear in a separate box in the text.
Mini reviews
Mini reviews are concise notes that bring the reader up
to date with the recent developments in the field under
discussion. The review article should mention any previous
important reviews in the field and contain a comprehensive
discussion starting with the general background of the field.
It should then go on to discuss the salient features of recent
developments. The authors should avoid presenting material
which has already been published in a previous review. The
manuscript should be divided as follows: title page, abstract
and main text. The text may be subdivided further according
to the areas to be discussed. The text should not exceed 2500
words.
Letters to the editor (correspondence)
Letters to the editor will be considered by the editorial
board. Letters should be no more than 400 words.
Please use SI units for measurements and provide the
references conform the Vancouver style (N Engl J Med.
1991;324:424-8). No more than one figure is allowed. For
letters referring to articles previously published in the
Journal, the referred article should be quoted in the list of
references.
Photo quiz
A photo quiz should not exceed 500 words and include no
more than two figures and four references conform the
Vancouver style. Abbreviations of measurements should
be quoted in SI units.
Book reviews
The editorial board will consider articles reviewing books.
Reviewing process
After external and editorial review of the manuscript the
authors will be informed about acceptance, rejection or
revision. We require revision as stated in our letter.
Proofs
Proofs will be sent to the authors to be carefully checked
for printer’s errors. Changes or additions to the edited
manuscript cannot be allowed at this stage. Corrected
proofs should be returned to the editorial office within two
days of receipt.
Offprints
These are not available. The first author receives a sample
copy of the Journal with the published article.
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