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The scientific world we live in is changing. We no longer 
rely on the hardcopy of a Journal for scholarly information, 
instead we just log on to the web and try to find the article 
that fits our needs. We introduced open access to the 
Netherlands Journal of Medicine (NJM) at the beginning of 
August, 2005.1 We did so because we believe that open 
access serves readers and scientists best. The content of 
the NJM is now readily available via PubMed  
(www.pubmed.gov) as well as via the Publisher’s website 
(www.njm-online.nl). We believe that this will attract a 
wider audience and enable us to disseminate relevant 
clinical knowledge on a global platform. 
The benefits for the Journal are clear: open access 
enhances the visibility of the Journal and we hope that 
this translates into an increase in the quantity and quality of 
submitted manuscripts. On the other hand, open access 
benefits the authors and readers as well. Evidence shows 
that usage increases when access is more simple, and 
maximising the usage of the scientific information benefits 
society. Papers that are freely accessible online are more 
easily available and enjoy a higher visibility, which leads 
to higher citation rates.2 A by now classic study analysed 
possible factors that were responsible for higher citation 
rates for British Medical Journal (BMJ) articles. In 1999, 
the BMJ enjoyed free open access and for a cohort of 
papers that were published in that year, Perneger calcu-
lated the ‘hit count’ and number of citations these articles 
received in the following years.3 Indeed the hit count in 
the first week after publication correlated significantly with 
the number of subsequent citations. This phenomenon 
might be new for biomedical scientists, but it has been 
known for years among physicists and mathematicians. 
The correlation between hit counts and subsequent citations 
appears to be so consistent that an online usage/citation 

© 2005 Van Zuiden Communications B.V. All rights reserved.

e d i t o r i a l

The Netherlands Journal of Medicine’s hit list: 
best cited articles in 2003

J.P.H. Drenth*, P. Smits, T. Thien, A.F.H. Stalenhoef

Department of Medicine, Radboud University Nijmegen Medical Centre, Nijmegen,  
the Netherlands, *corresponding author: tel. +31 (0)24-361 47 60, fax: +31 (0)24-354 01 03,  

e-mail JoostPHDrenth@CS.com

correlator has been created that allows the prediction of 
citation counts two years later on the basis of the down-
loads of today (http://citebase.eprints.org/analysis/ 
correlation.php). Consequently, the number of early hits 
is a potentially useful measure of the scientific value of 
published medical research papers.
Facilitated by the former publisher, the Netherlands 

Journal of Medicine was available on the web from 
September 1999 until December 2001. The online  
content of the Journal was only available via institutional 
subscription, which limited its access. Despite these 
obstacles, the electronic usage of the Journal grew quickly, 
illustrated by the hit counts which increased from only 
200 a month at the beginning of 2000 to 1600 a month 
by the end of 2002.4 In recent years, we have witnessed 
an enormous explosion of Internet technology and the 
data provided here are a mere reflection of this. The elec-
tronic traffic to our Journal (for a large part facilitated by 
its open access) has exceeded our expectations. The vast 
majority of articles are accessed and downloaded directly 
via PubMed, and in the first three months the hit count 
easily exceeded 3000 every month. This illustrates the 
popularity of PubMed as a search interface but also that 
the Journal is a viable and interesting source for valuable 
clinical information. In the near future, we hope to provide 
you with more detailed information down to the level of 
individual articles. 
Now let us focus our attention on the most popular 
articles from 2003. In 2003 the Journal published 20 
reviews, 22 original articles, 28 case reports and 15 other 
reports. A count on Web of Science interface (ISI Web of 
Knowledge), on 15 October 2005, revealed that a total of 
45 articles (53%) yield citations and the majority of papers 
received less than two citations. The level of non-citations is 
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on a par with that seen for surgical publications but higher 
than that for immunological journals.5 The ten most cited 
articles received on average 4.9 citations within two years 
after publication (table 1). The table contains six reviews, 
three original articles and one case report. This finding 
is in line with the notion as reiterated elsewhere that 
reviews attract the most citations. The authors on this 
list have to be applauded because they have succeeded in 
pickking up many citations in a time when the Journal 
was only limited (table 1). 
As Editors, we continuously strive for improvement in 
the content as well as design of the Journal.6 We aim for 
publication of important new scientific developments 
that affect the clinical practice of internists. The Journal 
attracts a large range of clinical manuscripts and the list 
shown here reflects the variety of subject matter pub-
lished by the Journal that has succeeded in attracting 
attention. The most frequently cited article from 2003, 
written by Dr Ingrid M. Jazet and colleagues from Leiden 
University Medical Centre, describes the role of adipocyte 
secretory products in relation to insulin resistance and 
obesity. It is well written and equally well illustrated and 
highly topical, all important reasons why it is best cited.7 
The Editorial Board congratulates these authors on their 
achievement. 

We feel that by publication of both citation rates and hit 
counts for articles we single out those articles that made 
the cut. We plan to keep track of both types of impact in 
the future and will inform the reader accordingly.
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A b s tract   

In this article several suggestions on how to optimise inter-
ventions for problem drinking among hospital outpatients 
are enumerated. These interventions are especially important 
for patients with diagnoses that are alcohol related. The 
intervention has to be brief and easy to integrate into 
medical specialist’s routine practice; an active role for the 
medical specialist and flexible involvement of a specialised 
nurse are suggested. Key elements of the intervention are:
•	 early identification of problem drinking;
•	 raising the issue of problem drinking;
•	 assessment of the drinking behaviour;
•	 reaching an agreement about change;
•	 follow-up;
•	 evaluation of the change.
A feasible and attractive option is integrating the inter-
vention into a broader lifestyle intervention. Those who 
perform the brief alcohol intervention need to be specially 
educated and trained.

K e y w o r d s

Alcohol consumption, alcoholism, brief intervention, 
hospital outpatients, prevention

Intr    o d u ct  i o n

Medical specialists in hospitals frequently encounter 
patients who drink above safe health limits (>14 units/
week for women and >21 units/week for men). Especially 

if patients have medical complications that are related 
to their problematic alcohol use, the medical specialist 
has to intervene in the alcohol problems alongside the 
patient’s medical treatment. Although interventions for 
problematic alcohol use are described in guidelines such 
as the ‘Guideline problematic alcohol use from the Dutch 
College of General Practitioners’,1 medical specialists are 
not used to intervening structurally in alcohol-related 
problems. Most lack the skills to intervene appropriately 
and successfully. Because of time restraints and low expect
ations on effect, lifestyle interventions are considered a 
waste of time. Medical specialists usually restrict themselves 
to warnings, i.e. to unidirectional advice about lifestyle. 
This is often not sufficient. The question arises as to how 
alcohol problems among hospital patients can be dealt 
with in a more structured way during medical practice.
In this article we will give suggestions on how interven-
tions for problem drinking among hospital outpatients 
can be optimised, based on relevant literature and our own 
research experience. We will refer to the type of interven-
tion, target population and to the question who can best 
provide the intervention. This is followed by a description 
of the important elements of a brief alcohol intervention 
among hospital outpatients including an example. Training 
should be an important facilitator of the intervention. 

T y p e  o f  i nter    v ent   i o n ,  tar   g et  
g r o u p  an  d  p r o v i d er  

Type of intervention
To stimulate medical caregivers to perform an intervention 

© 2005 Van Zuiden Communications B.V. All rights reserved.
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to reduce alcohol consumption among their patients, 
the intervention needs to be brief and easy to integrate 
into daily hospital medical practice. The majority of the 
patients with mild or moderate alcohol problems might 
profit from such an intervention.2,3 Those who fail to 
change their drinking behaviour can be referred to spe-
cialised treatment with a higher level of intensity.
Most brief interventions comprise assessment, advice, 
counselling with educational elements, and some form 
of written information. They are less time-consuming 
than intensive alcohol treatment and are generally deliver
ed by professionals other than specialists in substance 
abuse.4 They are often ‘opportunistic’, since their aim is 
to modify drinking behaviour in patients whose primary 
interest is not discussing their drinking behaviour. Most 
brief interventions aim for moderate or harm-free drink-
ing rather than total abstinence. 
Although various studies have reported about the use 
of brief alcohol interventions in general practice,5,6 less 
studies examined brief alcohol intervention in the hospital 
setting. In a review of the literature regarding studies 
performed in the general hospital setting, we found 
only eight controlled trials.7 Two of these studies were 
performed among outpatients. Although one of these out
patient studies found a reduction in alcohol consumption 
and a decrease in g-glutamyltransferase (GGT),8 and the 
other a decrease in sickness allowance days,9 both studies 
had major methodological weaknesses. So the evidence 
for the effectiveness of such brief interventions is not 
convincing. However, various arguments underscore the 
need for a brief intervention that is structured, flexible and 
feasible. The chronic character of many alcohol problems 
needs to be taken into account. A single intervention by 
one medical specialist during one or two consultations 
might not be sufficient to have a lasting effect on chronic 
disorders.2 An alcohol intervention embedded in a chain 
of repeated interventions, preferably in cooperation with 
other caregivers, might eventually lead to better results. 
A short, feasible motivational advice may help the doc-
tor-patient interaction. Finally, whether they like it or not, 
medical doctors are regularly confronted with patients 
who continue their drinking habit that is in flagrant 
contradiction to their health. The causal or contributing 
effects of heavy drinking on somatic illnesses is strong and 
undisputed. As such, medical specialists cannot neglect 
this behaviour. It seems simply unethical to disregard it. 
So, how should the intervention be performed?
Although brief interventions for problem drinking are 
also performed among hospital patients who attend the 
accident and emergency department or came straight to a 
clinic for treatment of injuries,10-12 we focus more on the 
medical specialist in the chronic care setting. In acute care 
settings the population more often consists of younger 
drinkers who drink too much on one occasion (binge 

drinkers) instead of the chronic excessive drinkers. Often 
less time is available for intervention, so follow-up of an 
intervention can become difficult. If the patient’s injury 
is related to the use of alcohol, the intervener should pri-
marily pay attention to that injury. All these factors make 
brief interventions in the acute care different from those 
we describe in our article

Target group 
Brief alcohol interventions could also be effective for 
problem drinkers with nonalcohol-related complaints. 
However, it can be questioned who will be the best person 
to perform this form of prevention. We think it can be 
useful if medical specialists who identify excessive drinkers  
with health problems that are neither directly nor indirectly 
related to excessive alcohol use at least make a remark 
about the healthy drinking limits, and ask the general 
practitioner to deal with it further. 

Provider of the intervention 
Brief interventions in the hospital setting can be per-
formed by different healthcare providers such as medical 
specialists,8 psychologists,13 specialised nurses,13-16 or com-
binations of these.9,17

We doubt whether psychologists should be the secondary 
reference to provide a brief intervention in the hospital 
setting. Elvy and colleagues (1988) studied a brief inter-
vention in which hospital inpatients were approached by 
a psychologist who confronted them with their self-report-
ed drinking problems and asked whether they would 
accept referral to an alcoholism counsellor.13 Although 
patients who received the intervention improved in terms 
of self-reported alcohol problems, no differences in reduc-
tion in alcohol consumption were found compared with 
those who did not receive the intervention. We also failed 
to find evidence for the effectiveness of adding a brief 
motivational intervention for problem drinking provided 
by a psychologist to physician’s advice among hospital 
outpatients.18 The two-session intervention focused on 
enhancing motivation by perceiving consequences of 
excessive use and reflecting on them. After six months 
there were no differences between the patients who did 
and those who did not receive the intervention. 
Evidence suggests that nurses are effective at reducing 
excessive drinking in the primary healthcare setting.19 
Nurses performed approximately half of the interventions 
evaluated in the World Health Organisation study of brief 
interventions in primary healthcare.19 This study showed 
that their simple advice and brief counselling had a sig-
nificant effect on reducing alcohol consumption, especially 
among males. Another primary care study also found a 
reduction in alcohol consumption after very brief advice 
and counselling delivered by a nurse practitioner.20  
Less studies evaluated brief interventions for problem 

Emmen, et al. Interventions for problem drinking.
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drinking performed by nurses in the hospital setting, and 
the effects are less convincing. Three studies that evaluated 
brief alcohol interventions performed by a (specialised) 
nurse among hospital inpatients reported no effects on 
alcohol consumption.14-16 However, an intensive interview 
by a specialised nurse led to a reduction in alcohol-related 
problems and a reduction in the biochemical marker GGT.14 
After an audiovisual presentation of information on alcohol 
and a booklet offered by nursing staff a significanty larger 
proportion of patients experienced a decrease in their 
alcohol-related health problems compared with a control 
group.15 So the effects of nurses providing the brief inter-
vention for problem drinking among hospital patients are 
mixed. Nevertheless, because nurses with a specialisation 
in mental health counselling regularly provide treatment 
in organisations dealing with substance use disorders, 
specialised nurses can be considered quite suitable to be 
employed for this task in outpatient clinics as well. 
Based on the positive effects of brief alcohol interventions 
performed by the general practitioner,5,6 it seems likely 
that a hospital intervention for problem drinking is most 
effective when it is performed, or at least initiated, by the 
medical specialist himself. This was the case in the only 
hospital intervention study with clear positive effects.8 
A motivated medical specialist gave his patients per-
sonal advice and reinforced this four times within eight 
weeks. Also, in a recent study among outpatients with 
high cardiovascular risk, we demonstrated that targeting 
several risk behaviours such as excessive drinking, smok-
ing, unhealthy eating habits and inactivity by a medical 
specialist in internal medicine appeared to have positive 
although small effects.21

However, lack of time, knowledge or motivation, doubts 
about effectiveness and inadequate skills often prevent 
medical specialists from performing brief interventions 
to promote patient health.22-24 A feasible alternative might 
be that they pass on the intervention to another care pro-
vider after they have established rapport with the identi-
fied problem drinker. These care providers can be trained 
more extensively and can save costs if they take over tasks 
that are now carried out by the medical specialist. Research 
in primary healthcare has demonstrated positive effects 
when screening and raising the issue of a drinking problem 
by the physician were combined with an intervention by 
a nurse.25 This could be a valuable combination in the 
hospital setting too.
 

K e y  e l ement     s  o f  a  b r i e f  a l c o h o l 
i nter    v ent   i o n  am  o n g  h o s p i ta  l 
o u t p at  i ent   s

Based on the guide ‘Helping patients with alcohol prob-
lems’, published by the National Institute on Alcohol 

Abuse and Alcoholism,26 and in line with the recently 
published Dutch guidelines for intervention in smoking 
behaviour,27 and inspired by our own experiences, we 
have developed a stepwise approach for brief, structured 
intervening in problem drinking among hospital outpatients. 
The six key elements of a brief alcohol intervention are 
(figure 1): 
•	 early identification of problem drinking;
•	 raising the issue of problem drinking;
•	 assessment of the drinking behaviour;
•	 reaching an agreement about changing the drinking 

behaviour;
•	 follow-up;
•	 evaluation of the change.

Emmen, et al. Interventions for problem drinking.

1. Early identification of the problem 
 drinker by the medical specialist
 • Signs of excessive alcohol use (i.e. 
  alcoholic breath, specific liver 
  function disturbances) 
 • Screening questions (i.e. the first 
  three questions from Cornel et al.)
  - Have you ever felt the need to 
   cut down on your drinking? 
  - Do you ever drink to forget your 
   worries?
  - Do close relatives ever worry or 
   complain about  your drinking?
 • Laboratory tests (GGT and CDT)
 • The use of the results of a lifestyle 
  report

2. Raising the issue of problem 
 drinking by the medical 
 specialist

3. Assessment of the drinking 
 behaviour This part can 

be carried out 
by someone 
externally, 
such as a 
specialised 
nurse 

4. Reaching an agreement 
 about change 

5. Follow-up of the changes 

6. Evaluation of the changes by 
 the medical specialist

Figure 1 The six key elements of a brief alcohol inter-
vention in the hospital setting
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Early identification of problem drinking
Early identification of problem drinking is important 
since brief interventions are most effective if started 
early.2 The medical specialists are in a favourable position 
to identify the problem drinker during the first diagnostic 
consultation. Therefore, they should question all patients 
regarding their alcohol consumption. However, many 
patients do not present their alcohol use as a problem. 
Not only disorders such as reflux oesophagitis, liver cir-
rhosis, pancreatitis, peripheral neuropathy, hypertension, 
fatigue and depression, but also a variety of social and 
behavioural complications can serve as clues to the pres-
ence of problem drinking.28,29 

Screening questionnaires, such as the first three ques-
tions from an interval scale measuring the severity of 
problem drinking by Cornell and colleagues,30 or the four 
questions from the CAGE questionnaire,31 can be used 
to facilitate the early identification of problem drinkers. 
The administration of the three screening questions from 
Cornell’s scale takes 25 seconds. The administration of 
the four questions from the CAGE takes 32 seconds. 
Given the good psychometric qualities, we would recom-
mend the first three questions from Cornell’s interval 
scale.30 The AUDIT is a useful screening questionnaire 
too,32 but two minutes are required for the administra-
tion of this ten-item questionnaire and another minute 
for the interpretation of the scores. Altogether this takes 
too much time. In our study regarding the effectiveness 
of a brief psychological motivational alcohol intervention 
among hospital outpatients, internal medicine residents 
did a structural screening. They used the Cornell scale 
for all patients who consumed alcohol. About 70% of the 
participating residents reported that they found it difficult 
to ask the sensitive alcohol-related questions to patients 
with complaints that were obviously not alcohol related or 
to patients who stated that they only drank sporadically. 
They were concerned about offending these patients. In 
general, they had fewer problems with the screening if 
patients drank regularly or had probable alcohol-related 
complaints. Other researchers found similar problems 
with universal screening among general practitioners.33 
Therefore we would like to advocate a greater alertness in 
identifying problem drinking than screening all patients 
structurally.
The screening questions could be supported by the use 
of biochemical markers of excessive alcohol consump-
tion such as an elevated GGT or carbohydrate-deficient 
transferrin (CDT).34 The cut-off value for the % CDT 
(axis-shield % CDT assay) is ≥2.6%. However, for both 
markers the predictive value for diagnosing alcohol abuse 
is not high.34 If elevated, these markers can be valuable 
during follow-up. They can be used to motivate patients 
who have successfully lowered their consumption and in 
whom the test normalised.

Raising the issue of problem drinking
Raising the issue of problem drinking sensitively is the 
next step. Since problematic alcohol use is associated 
with more stigmas than, for example, tobacco use, and 
patients can feel ashamed, the topic should be raised non-
moralistically. This part of the intervention will be most 
convincing if medical specialists do it, since they are the 
experts to emphasise the relation between the patient’s 
alcohol use and medical symptoms. After mentioning the 
(possible) influence of ‘use of alcohol’ on the patient’s 
complaints, the specialist can ask the patient to discuss 
his/her drinking behaviour. Rollnick and colleagues 
suggest that words such as ‘problem’ or even ‘concern’ 
can best be avoided and that ‘use of alcohol’ is the saf-
est phrase to use.35 They also advise that if the subject is 
raised and the patient is feeling threatened, it can be good 
to give a patient time to think it over, coming back to it 
later. Yet, this could mean an extra consultation.

Assessment of the drinking behaviour 
The following step is the assessment of the drinking 
behaviour. Although in our experience medical special-
ists can be trained to assess patient’s drinking behaviour 
within five minutes, it could be an option to involve a 
specially trained nurse for this part of the intervention. 
Based on the biopsychosocial model of health and ill-
nesses developed by Engel,36,37 we suggest examining 
the drinking behaviour from a biological, psychological 
and social perspective. The biological perspective means 
examining the relation between patient’s alcohol use and 
medical symptoms. The psychological perspective deals 
with where, when and how much the patient drinks, his 
cognitions (ideas and opinions about alcohol use), and 
emotions (how the patient feels when drinking alcohol). 
The social perspective concerns the self-reported influ-
ences on the patient’s social environment; how the social 
environment confirms, accepts or rejects the patient’s 
drinking behaviour, and with whom and where the 
patient drinks. 

Reaching an agreement about change
After the assessment, the medical specialist or specialised 
nurse tries to reach an agreement with the patient about 
changing the risk behaviour. The advice provided to the 
patient depends on the severity of the complaints and the 
patient’s drinking history. Based on the guidelines to help 
patients with alcohol problems published by the National 
Institute on Alcohol Abuse and Alcoholism26 the follow-
ing advice is recommended: reducing alcohol consump-
tion below the national health limit (in the Netherlands: 
≤3 U/day for men and ≤2 U/day for women) for patients 
with mild or moderate alcohol problems and abstain-
ing from alcohol for patients with severe alcohol-related 
diagnoses, alcohol dependency, or a long drinking history. 

Emmen, et al. Interventions for problem drinking.
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After the advice, the patient should be given the opportun
ity to react. The medical specialist gauges the patient’s 
readiness to change by asking what the patient thinks 
and if he is ready to cut down or to abstain. According 
to the transtheoretical model of behaviour change the 
patient is stimulated to move through a series of changes 
from not thinking about change (precontemplation), to 
being unsure about it (contemplation), ready for change 
(preparation), engaged in change (action) and keeping the 
change going (maintenance).38,39 If a patient is not ready 
to change, the medical specialist can restate concern 
about the patient’s health and reaffirm his willingness to 
assist the patient when he is ready to change his drink-
ing behaviour. Although this patient will not immediately 
change his drinking behaviour, offering the advice might 
have caused a change in the patient’s thinking about the 
risky drinking behaviour. If a patient is ready to try to 
cut down or to abstain, the patient and care provider can 
negotiate a feasible behavioural change goal. Patients 
are more likely to change their drinking behaviour when 
they are involved in goal setting.40 The care provider 
can enhance the commitment by noting the mutual 
agreement down in the patient’s medical record, and by 
announcing that he will return to the subject at the next 
consultation. 

Follow-up 
The fifth step of a brief intervention is a follow-up at 
the next consultation. The care provider asks the patient 
how he has progressed with his behaviour change and 
reinforces any progress toward reduction in alcohol con-
sumption. It is important to enhance the patient’s confi-
dence, so the patient will feel able to change his drinking 
behaviour.40 If a patient has not reached his treatment 
goals, the care provider should explore the reasons for 
this. New feasible goals can be set and new agreements 
can be made.
The role of these follow-up sessions in which patient’s 
progress is monitored should not be underestimated. 
Interventions for excessive drinkers seem to be more 
effective when extended by one or more follow-up ses-
sions.41,42 Both effective brief interventions in the primary 
care,5,6,25 and the only successful hospital intervention,8 
included several follow-up sessions. 

Evaluating the change
The sixth and last step of the intervention is the evalu
ation of the change by the medical specialist. If someone 
else performed the assessment, reached the agreement 
and did one or more follow-up sessions, the medical 
specialist needs to be informed about the results, so he 
can evaluate how a patient has progressed. To prevent 
patients from relapsing and to better maintain the estab-
lished changes in drinking behaviour, the medical spe-

cialist can inform the patient’s general practitioner and 
eventually other health providers about the agreement 
of change and results by a letter. A copy of the letter can 
be sent to the patients. This written document might 
enhance patient commitment.
For those patients who have had several unsuccessful 
attempts at changing their drinking behaviour, the med
ical specialist should consider referral to a specialist in 
substance abuse or a self-help group such as the AA 
(Alcoholics Anonymous). Again the specialist can send a 
copy of the referral letter to the patient.

Br  i e f  a l c o h o l  i nter    v ent   i o n s 
a s  p art    o f  a  b r o a d er   l i f e s t y l e 
i nter    v ent   i o n

Integrating alcohol assessment in the context of a broader 
lifestyle assessment will probably make it more accept-
able to both internists and nurses and less threatening for 
the patients.43 Recently, we studied the implementation 
and effect of brief behavioural feedback intervention in 
hospital outpatients.21 The intervention was performed 
by medical specialists in internal medicine and directed 
at patients with lifestyle-related complaints, in particular 
those with a high cardiovascular risk profile. The inter-
vention was brief and easy to perform, it took about one 
to five minutes, seemed to be feasible to implement, and 
had small but significant positive effects. The interven-
tion involved not only the reduction of excessive alcohol 
consumption, but also modification of smoking, physical 
inactivity and poor dietary habits.21 
To deliver the intervention, the medical specialists first 
had to invite patients to complete a computerised lifestyle 
assessment including questions about smoking, physical 
inactivity, poor dietary habits and alcohol consumption 
and about patient’s readiness to change these behaviours. 
This pilot study reported on the use of a computer 
programme called CLAFI (Computerised Lifestyle 
Assessment and Feedback Intervention). In this pro-
gramme, patient’s assessment scores are presented in a 
personal lifestyle feedback report. The scores on the dif-
ferent health behaviours are calculated and transformed 
into risk scores for the four behaviour domains. The risk 
scores are visualised by traffic lights: red for risky behav-
iour, orange for behaviour which is not really harmful yet, 
but could be improved, and green for healthy behaviour. 
The traffic lights are accompanied by educational messages 
such as ‘Smoking is harmful for your health, you’d better 
stop’ (red colour). For each behaviour that was ‘risky’ or 
‘could be improved’, the patient’s motivation to change 
is presented as well. This information about patients’ 
motivation to change can be very useful for the medical 
specialists who have to provide feedback to their patients. 
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In a next consultation, the medical specialist offers the 
personal feedback report to the patients. We support the 
medical specialists by providing an instructive checklist, 
as part of the programme, to couple the report with verbal 
comments and advice. The feedback report makes risk 
behaviour immediately visible for the medical specialist 
and the patient, and places it in the frame of lifestyle in 
general. This facilitates in particular the key elements of 
identifying the lifestyle problems and raising the issue and 
can be followed by further assessment and an agreement 
on changing behaviour. 

T ra  i n i n g 

Although nurses and physicians in specialised healthcare 
settings indicate they are often confronted with alcohol 
problems, they consider early recognition and treatment 
of heavy drinking as less appropriate and showed poor 
knowledge of the content of brief alcohol interventions.23

Research shows that general practitioners who received 
more education regarding alcohol abuse are more likely 
to manage patients with alcohol-related harm.44 Also 
training in alcohol counselling skills is important to give 
them a sense of competence to intervene with problem 
drinkers.45 A controlled trial conducted among emergency 
medicine residents demonstrated that these elements are 
also relevant in the training of specialists.46 A four-hour 
didactic video and skills-based workshop significantly 
improved the residents’ knowledge and practice with 
regard to patients with alcohol problems. 
We developed a five-hour training programme for medical 
specialists to perform the brief alcohol intervention 
described earlier, implying both raising alertness, educat-
ing and counselling, and referral. The trainers were psy-
chologists and experienced medical specialists. The train-
ing transfers the relevance, effects and content of a brief 
alcohol intervention in the context of a biopsychosocial 
model of health and illnesses.36,37 
Because it is preferable to involve nurses in brief alcohol 
interventions in general healthcare, a training programme 
is needed to help them screen and educate patients, 
perform brief interventions and support the treatment 
of patient resistance.47 An adaptation of our training pro-
gramme has now been designed and is being used in a run-
ning implementation project in Amsterdam and Nijmegen. 

C o nc  l u s i o n

The combination of identifying the problem drinking and 
raising the issue of a drinking problem by the specialist 
with the assessment of the drinking behaviour, reaching an 
agreement about change and follow-up by a specialised  

nurse needs further consideration. Finally, medical  
specialists should evaluate the change and consider 
informing other care providers, or referring patients who 
have had several unsuccessful attempts at changing their 
drinking behaviour to specialised alcohol treatment. To 
stimulate the medical specialist and nurses to perform 
the intervention, it should be brief, easy to perform, fit 
into their workflow, and be focused on patients with com-
plaints which are directly or indirectly related to excessive 
alcohol use. Moreover, it is important to educate both 
medical specialists and nurses about the relevance and 
effects of brief alcohol intervention and to train them in 
how to apply those interventions. 
Future research can best be focused on the effectiveness 
of brief alcohol interventions among hospital outpatients 
in routine practice. For example in randomised controlled 
multicentre trials, where hospitals are randomised to evalu-
ate the intervention against usual care. Such studies should 
include a process analysis of daily routines that might 
reveal factors that influence the successful implementation 
of the interventions and help tailoring the service.
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A b s tract   

Background: In Turkish immigrant diabetics, problems 
with communication and cultural differences may hinder 
delivery of diabetes care. 
Methods: In a prospective controlled study, the effect of an 
ethnic-specific diabetes education programme on glycaemic 
control and cardiovascular risk factors in Turkish type 2 
diabetes patients was assessed, by comparing Turkish 
diabetics who were offered the education programme with 
Turkish diabetics offered routine care only (control group). 
From 16 general practices (31 GPs) in Rotterdam, 104 
Turkish type 2 diabetes patients were recruited, 85 of 
whom could be assessed at one-year follow-up. Glycaemic 
control, lipid concentrations, blood pressure and body 
mass index were measured.
Results: Compared with the control group, mean HbA1c 
in the intervention group decreased by 0.3% (95% CI -0.8 
to 0.2). A significant decrease in HbA1c was observed in 
women with HbA1c >7% at baseline (-0.9%; 95% CI -1.73 
to -0.09) but not in the other subgroups studied. Serum 
lipid concentrations, blood pressure and body mass index 
remained unchanged in the intervention group. 
Conclusion: Ethnic-specific diabetes education by Turkish 
female educators has no obvious beneficial effect on gly-
caemic control or cardiovascular risk profile. More focus 
on specific patient selection and gender equality between 
educators/ patients may prove worthwhile. 

K e y w o r d s

Diabetes mellitus, education, ethnic groups

Intr    o d u ct  i o n

Type 2 diabetes has a high prevalence among ethnic 
groups in Western society.1-4 Together with ageing of the 
population, it is expected that the prevalence of type 2 dia-
betes will further increase in these groups in the coming 
decade. Diabetes education is an essential part of diabetes 
care.5 Problems with communication and cultural dif-
ferences may hinder delivery of optimal diabetes care to 
ethnic groups.6

The Turkish population is one of the largest ethnic 
minority groups in the Netherlands. Most of the older 
Turkish inhabitants are first-generation immigrants who 
came to the Netherlands in the 1960s and 1970s. They 
live in a relatively traditional manner and their proficiency 
in the Dutch language is limited. The available data 
show that the prevalence of type 2 diabetes in the Turkish 
population is about twice as high as that in the indigen
ous Dutch population and that compared with Dutch type 
2 diabetes patients, glycaemic control in Turkish diabetics 
is poorer.4,7

We developed an ethnic-specific education programme: 
an education programme tailored to the traditions and 
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specific habits of the Turkish diabetes patients (treated 
by their GP in general practices) and also taking the low 
level of education in this group into account. The pro-
gramme was carried out by Turkish female health educa-
tors. This study assessed whether the diabetes education 
programme has a beneficial effect on glycaemic control 
and cardiovascular risk factors in Turkish type 2 diabetes 
patients. 

Pat   i ent    an  d  met   h o d s

The study followed a prospective controlled experimen-
tal design. Turkish type 2 diabetes patients from seven 
practices (13 GPs) in the southern part of Rotterdam 
formed the intervention group and were offered routine 
care together with ethnic-specific diabetes education. For 
the control group Turkish type 2 diabetes patients were 
recruited from nine practices (18 GPs) located in a com-
parable ethnic and socioeconomic area in the northern 
part of Rotterdam, who were offered routine care only. All 
practices were fully computerised. 
Approval for this study was obtained from the Ethics 
Committee of the Erasmus Medical Centre, Rotterdam.

Patients
An inventory of all type 2 diabetes patients who were 
treated for their diabetes by the GP exclusively was made 
from the computer-based patient records and, if present, 
disease register. Patients were identified as type 2 diabet-
ics if they were specifically marked in the patient records 
as having type 2 diabetes, or using oral antidiabetic medi-
cation or insulin. Patients were considered Turkish on the 
basis of their surname, as assigned by a Turkish assist-
ant.7 All Turkish type 2 diabetes patients younger than 75 
years and treated for diabetes by their GP were eligible. 
Excluded were patients who, according to their GP, were 
too ill to follow the intervention programme, and patients 
planning to go abroad for more than six months during 
the study period. A Turkish-speaking assistant, who was 
not aware of which group the patients were allocated, 
approached the patients to invite them to participate. 
After informed consent and baseline measurements, 
patients were informed by letter whether they were allo-
cated to the intervention or the control group.

Intervention
The two Turkish health educators, both of Turkish origin, 
who spoke both Turkish and Dutch fluently, were regarded 
as representatives of the target population (peers). They 
were trained educators and had experience in educating 
in a primary care setting. They received an additional 
training about diabetes management. Because of their 
Turkish background, the educators could be seen as peers 

and were thought able to translate advice on diabetes into 
understandable and (culturally) acceptable (ethnic-specific) 
advice for Turkish diabetes patients.8 The health educators 
were supervised by a Dutch psychologist, both individually 
and together with other to health educators. 
A new diabetes programme was developed, based on 
basic elements of known Dutch diabetes education pro-
grammes (e.g. what is diabetes, general advice on diet, 
physical exercise and self-care), taking the characteristics 
of this specific group of Turkish diabetes patients, such 
as low education and a traditional way of living, into 
account. The planned nine-month programme included 
seven individual educational sessions and three group 
sessions. The individual sessions consisted of four ses-
sions with the educator and patient together and three 
‘triangle’ sessions with the GP, educator and patient 
present, to discuss the three-monthly assessment of the 
glycaemic control and cardiovascular risk factors. Patients 
were encouraged to have one of the individual sessions 
with the dietician and one with the partner present, 
although this was not obligatory. Afterwards, the educator 
and patient discussed the triangle sessions. During the 
intervention, group sessions were organised separately 
for men and women. The educators were allowed to 
adjust the number of the education sessions according to 
the needs of the individual patient. Individual and group 
sessions took place in the general practice. 
The programme was based on three principles: peer 
education, tailoring, and the Health Education Model.9 
Education focused on attainment of self-care skills and 
behavioural change strategies. During the individual 
sessions the educators were assigned to investigate the 
patient’s attitude regarding important diabetes-related 
behaviour (e.g. diet, exercise and medical drug compli-
ance) according to the model, in order to prioritise the 
therapeutic goals. During the individual sessions patients 
were invited to arrange an appointment together with a 
dietician to discuss dietary rules and the patient’s partner 
to discuss social support. In each session, the therapeutic 
goals were re-evaluated and adjusted to the patient’s per-
sonal experiences and problems hampering attainment of 
the goals. The first group session was mainly to discuss 
experiences and the patients received general information 
about diabetes. During the second group session the 
treatment of diabetes and self-care behaviour were dis-
cussed. Main topics in the third group session were pre-
vention of diabetes-related complications and care of the 
feet (this intervention and also the results on behavioural 
outcome measures are described in detail elsewhere).8,10 

Outcome measures 
Plasma glucose, total cholesterol, HDL cholesterol, and 
triglyceride were measured every three months with the 
950 AT ORTHO diagnostics. Glycated haemoglobin was 
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determined by the Variant-1 Biorad. LDL cholesterol was 
calculated using the Friedewald formula.11 All blood sam-
ples were taken in the fasting state using venous blood 
samples. The research assistants were instructed to meas-
ure systolic and diastolic blood pressure (Korotkoff V) on 
the left arm of the seated patient twice with a two-minute 
interval using a mercurial blood pressure monitor and 
calculate the mean of the two measurements. Weight and 
height were measured to calculate the body mass index 
(BMI).

Since allocation to the intervention or control group was 
not random, differences in diabetes care between the 
two groups were considered as a potential confounder. 
In order to adjust for this confounder, features of diabetes 
care in the participating practices were assessed by analys
ing the medical records of all listed Turkish diabetes 
patients (including patients not in this study) in the 
participating practices, as described in a previous study.7 
From an inventory of all type 2 diabetes patients made 
from a computer-based patient record, and if present, dis-
ease register, all Turkish patients were selected who had 
been treated exclusively by the GP and were known to 
have had diabetes for at least 3.5 years and who could be 
followed for two years before the intervention took place. 
Indicators of diabetes care were: 1) the mean number of 
recommendations from the Dutch GP guidelines on dia-
betes that were carried out (maximum 8), 2) the number 
of diabetes-related referrals of Turkish diabetes patients, 
and 3) the percentage of medication adjustments within 
three months after registration of increased plasma glucose 
levels (fasting ≥8.0 mmol/l, nonfasting ≥10.0 mmol/l).12 

Statistical analysis
The main effect parameter was change in HbA1c between 
baseline measurement and one-year follow-up. Power 
calculations were based on the assumption that the study 
should be able to detect a clinically relevant improvement 
in HbA1c of 0.6% in the intervention group, based on an 
intention-to-treat analysis. With a 5% significance level 
and a power of 90%, 50 patients were required in each 
group. 
To adjust for potential confounding, multivariate linear 
regression analyses were carried out with change from 
baseline as outcome variable, and HbA1c at baseline, 
gender, age, years since diagnosis, mode of treatment, 
and the indicators of diabetes care as potential con-
founders. Because essential data were missing for some 
patients due to loss to follow-up, we first carried out an 
intention-to-treat analysis, followed by an intention-to-
treat analysis on the dataset obtained by multiple imput
ation for missing data. Multiple imputation for non-
response replaces each missing value by two or more 
plausible values.13

Subgroup analyses
To acquire additional information we decided in advance 
to perform subgroup analyses for patients with HbA1c 
≤7% (good glycaemic control) and HbA1c >7 at baseline, 
and for male and female patients separately.

R e s u lt s 

Table 1 gives the baseline characteristics of the 104 
patients included in the study: 38% were men, mean 
age was 52 (SD 6.0) years, mean number of years since 
diagnosis of diabetes was 6.0 (SD 4.6), and mean HbA1c 
was 8% (SD1.6). There were no significant differences 
between the intervention and control group.

Features of care for in the intervention and control  
practices (before the intervention)
Analysis of the medical records of all listed Turkish dia-
betes patients yielded the following results. The mean 
number of guideline recommendations carried out 
(maximum 8) in the intervention practices was 2.0 (SD 2.0)  
per patient vs 2.7 (SD 1.7) per patient in the control 
practices. During the two-year registration before the 
intervention, 25% of the Turkish diabetes patients in the 
intervention practices were referred for diabetes treatment 
to hospital-based diabetes clinics vs 9.6% in the control 
practices. Within three months after measuring poor 
plasma glucose, medication was adjusted in 75% of the 
cases in the intervention practices vs 57% of the cases in 
the control practices. 

Loss to follow-up
Of the 104 patients who signed informed consent, five 
patients (three in the intervention and two in the control 
group) did not attend the laboratory for baseline measure-
ments and dropped out before the intervention. Another 
14 patients (12 in the intervention and two in the control 
group) were lost to follow-up. Reasons for not complet-
ing the follow-up measurements were: refused (5), stayed 
abroad for a longer period (4), moved or changed physician 
(4), unable to be contacted (1) (figure 1).

The intervention
The mean number of education sessions visited by 38 
patients with known baseline and follow-up measure-
ments was 9.3 (SD 3.9) of the ten planned sessions. Ten 
of the 38 patients had a session with the dietician present. 

Glycaemic control 
Table 2 shows change in glycaemic control and cardiovas-
cular risk factors after one year. There were no significant 
differences in the change in HbA1c and fasting plasma 
between patients in the intervention and control group. 
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Compared with the control group, mean HbA1c in the 
intervention group decreased by 0.3% (95% CI -0.8 to 
0.2) and fasting plasma glucose decreased by 0.9 mmol/l 
(95% CI -2.2 to 0.3). Adjustment for baseline value 
(HbA1c), patient features (age, gender, years since diag-
nosis and use of medication) or practice features did not 
substantially alter these findings.
Table 3 gives the results of subgroup analyses for change 
in HbA1c after one year for patients with baseline HbA1c 
≤7% (good glycaemic control) and patients with baseline 
HbA1c >7%, for all patients, and for males and females 
separately. A significant effect of the intervention was 
only seen in women with increased plasma glucose levels 
(0.87%; 95% CI -1.73 to -0.09). 

Uitewaal, et al. Diabetes education for Turkish migrants.

Intervention group
53 patients signed 
informed consent 

Control group
51 patients signed 
informed consent

Completed baseline 
measurements

50 patients

Completed baseline 
measurements

49 patients

Completed follow-up 
measurements

38 patients

Completed follow-up 
measurements

47 patients

Figure 1 Flow chart

Table 1 Patient characteristics and baseline measurements of type 2 diabetes patients in the intervention (I) and  
control (C) group; data are mean (SD), or number of patients (percentage)

n (I/C)1 Intervention group Control group 
Age (years) 53/51 50.6 (9.3) 53.5 (6.2)

Men (number) 53/51 21 (40) 19 (37) 

Years of education 37/412

• No education 14 (38) 14 (34)

• One to six years 20 (54) 22 (54)

• More than six years 3 (8) 5 (12)

Income 38/392

• <1000 e/month 26 (68) 32 (82)

• >1000 e/month 12 (32) 7 (18)

Number of years since diagnosis 53/51 6.0 (4.2) 6.1 (5.0)

Body mass index (kg/m2) 48/472 32.8 (5.2) 31.6 (4.5)

Smokers (number) 48/462 10 (21) 9 (20)

Treatment for diabetes (number) 53/50

• Diet 9 (17) 5 (10)

• Sulphonylureas 23 (43) 21 (42)

• Metformin 6 (11) 9 (18)

• Combined oral hypoglycaemic agents 13 (25) 15 (30)

• Insulin 2 (4) - (0)

HbA1c (%) 50/49  8.2 (1.7) 7.9 (1.6)

Fasting plasma glucose (mmol/l) 50/49 10.4 (3.0) 9.8 (3.3)

Total cholesterol (mmol/l) 50/49 5.3 (1.1) 5.5 (1.0)

HDL cholesterol (mmol/l) 50/49 1.1 (0.4) 1.0 (0.3)

LDL cholesterol (mmol/l) 49/433 3.1 (1.0) 3.4 (0.9)

Triglyceride (mmol/l) 50/49  2.5 (1.8) 2.7 (1.5)

Blood pressure (mmHg)

• Systolic 48/482 136 (17) 141 (22)

• Diastolic 48/482 88 (10) 89 (10)

Urinary albumin (number) 48/492

• >50 10 (21) 8 (16)

• >300 5 (10) 2 (4)

1Baseline laboratory data were obtained from 50 patients in the intervention group and from 49 patients in the control group, and were missing 
in five patients (3 intervention, 2 control) who signed informed consent. 2Missing data due to incomplete dataset. 3Due to high triglyceride level 
(>4.5 mmol/l) the LDL cholesterol could not be calculated in eight patients.
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Cardiovascular risk factors
No significant differences in the changes of plasma lipid 
levels, blood pressure and BMI in favour of the interven-
tion group were observed at one-year follow-up. 

The analyses based on the 104 patients who entered the 
study with missing values imputed by means of multiple 
imputation yielded similar results for the outcome meas-
urements HbA1c and cardiovascular risk factors.

D i s c u s s i o n

In this study targeting first-generation Turkish immigrants 
with type 2 diabetes, bicultural education in general practice 
had no obvious beneficial effect on either glycaemic control 
parameters or cardiovascular risk factors.
An improvement in HbA1c of 0.6% in the intervention 
group, on which the power calculations were based, was 
not achieved; the study group was too small to detect 
an improvement as small as 0.3%. The expected larger 
improvement was based on the assumption that nearly 
all Turkish diabetes patients would have HbA1c levels 
>7%. However, this was not the case in 26 (31%) of the 

85 patients with completed datasets, which made an 
improvement of 0.6% more difficult to reach. 
The finding that the intervention was slightly more 
effective in women warrants some discussion. Firstly, the 
low HbA1c level at baseline in the male patients in both 
the intervention (HbA1c 7.7%) and control group (HbA1c 
8.0%) with completed datasets, and the small number of 
men might explain why no significant decrease in HbA1c 
in men could be shown. Secondly, the influence of gen-
der inequality between the female educator and the male 
patients might explain the lack of effect in men. A former 
study showed the positive influence of gender equality on 
the effectiveness of health education.14 In our study, both 
of the Turkish educators were female and (for cultural 
reasons) Turkish male patients may feel less inclined to 
take advice regarding behavioural changes from women. 
Indeed, another report of this study showed that the 
Turkish females experienced more change in behaviour 
than the Turkish men.8 Attention to gender equality 
should be considered in future studies, possibly by mak-
ing the contents of the message more gender specific. 
Although no studies have been performed to prove this, 
it seems quite possible that the susceptibility for behav-
ioural advice differs between Turkish men and women. 
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Table 2 Glycaemic control and cardiovascular risk factors in 85 Turkish diabetes patients with completed datasets: 
outcome measurements at baseline, and one year after baseline measurements, and mean change from baseline 
measurements in both groups1

Intervention group (n=38) Control group (n=47) Mean differ-

ences (95% CI)

Baseline After 1 

year

Change from 

baseline

Baseline After 1 

year

Change from 

baseline
HbA1c (%) 7.9 (1.4) 7.6 (1.2) -0.3 (1.3) 8.0 (1.6) 8.0 (1.5) 0.03 (0.9) -0.3 (-0.8 to 0.2)

Fasting plasma 
glucose (mmol/l)

10.1 (3.0) 8.8 (2.9) -1.3 (3.2) 9.9 (3.3) 9.7 (2.8) -0.4 (2.5) -0.9 (-2.2 to 0.3) 

Total cholesterol 
(mmol/l)

5.1 (1.0) 5.0 (1.0) -0.1 (0.7) 5.5 (1.0) 5.5 (1.0) -0.1 (0.6) -0.1 (-0.4 to 0.2)

HDL cholesterol 
(mmol/l)

1.2 (0.3) 1.1 (0.3) -0.1 (0.2) 1.0 (0.3) 1.1 (0.3) 0.1 (0.1) 0.1 (0.05 to 0.2)

LDL cholesterol 
(mmol/l)

3.0 (0.9) 3.0 (0.9) -0.1 (0.8) 3.4 (0.9) 3.3 (0.9) -0.2 (0.7) 0.1 (-0.2 to 0.5)

Triglycerides 
(mmol/l)

2.3 (1.9) 2.0 (1.1) -0.3 (1.3) 2.7 (1.6) 2.5 (1.9) -0.2 (1.2) 0.17 (-0.7 to 0.4)

Body mass 
index (kg/m2)

33.0 (5.7) 32.3 (4.9) -0.2 (1.7) 31.7 (4.5) 30.9 (4.4) -0.5 (1.1) 0.3 (-0.3 to 1.0)

Blood pressure (mmHg)

• Systolic 136 (18) 131 (16) -5 (13) 141 (22) 142 (25) 1 (22) -6 (-15 to 2)

• Diastolic 88 (11) 85 (11) -4 (8) 89 (10) 87 (12) -2 (12) -1 (-6 to 4)

Values are adjusted – for HbA1c at baseline and patient characteristics (age, gender, years since diagnosis, mode of treatment: diet alone or use 
of oral hypoglycaemic agents – mean values (SD) and mean differences between changes from baseline in the intervention and control group 
(95% CI). 1Fourteen patients (12 in the intervention and 2 in the control group) with completed baseline measurements were lost to follow-up. 
Reasons for this were: refused (5), stayed abroad for a longer period (4), moved or changed physician (4), unable to be contacted (1).
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The first methodological limitation of this study was the 
absence of randomisation, which was not possible for 
three reasons. First, the bicultural educators were already 
working in the participating intervention practices and 
Turkish patients were familiar with the facility; exclusion 
of diabetes patients from this facility for a longer period 
was not considered an option. Secondly, the number 
of patients per general practice would be too small to 
arrange group education within each general practice. 
Thirdly, the danger of contamination between patients 
of the control and intervention group was considered too 
large, particularly because older Turkish patients living in 
one district form close networks. 
A second limitation concerns the dropout. Because 
we were unable to follow up 15 of the 53 patients who 
dropped out of the intervention, it was impossible to 
perform a traditional intention-to-treat analysis. Reasons 
for dropping out were diverse and many patients dropped 
out before or early on in the intervention, and only five 
patients dropped out for education-related reasons. We 
believe, however, that the possibility of bias induced by 

selective dropout is very limited. Importantly, this is 
illustrated by analysis of the dataset obtained by multiple 
imputation for missing data, which yielded similar results 
on both HbA1c and cardiovascular risk factors.

To our knowledge this is the first study to assess the 
effect of ethnic-specific diabetes education on glycaemic 
control in Turkish diabetes patients. Although the results 
show that our educational approach has no clear effect on 
glycaemic control or cardiovascular risk factors, the study 
yielded some interesting findings. A substantial propor-
tion of patients in good glycaemic control, the high drop-
out and the larger effect in women suggest an even more 
tailored approach. The fast growing numbers of diabetes 
patients from non-Western ethnic minority groups in 
West Europe, and the difficulty that physicians experience 
in treating these patients groups warrant further study. 
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Table 3 Subgroup analyses for change in mean HbA1c one year after baseline measurements in patients in the inter-
vention and control group for patients with HbA1c ≤7.0% at baseline (good glycaemic control) and for patients with 
HbA1c >7.0% at baseline: in all patients, and in males and females separately

Patient group n HbA1c in % (SD) 

at baseline

HbA1c in % (SD) 

at one year 

Difference between intervention 

and control1

 b 95% CI
All patients

• Intervention 38 7.9 (1.4) 7.6 (1.2) -0.30 (-0.74 to 0.14)

• Control 47 8.0 (1.6) 8.0 (1.4)

Male patients

• Intervention 14 7.7 (1.3) 7.6 (1.3) -0.09  (-0.75 to 0.57)

• Control 19 8.0 (1.7) 7.9 (1.3)

Female patients

• Intervention 24 8.0 (1.5) 7.6 (1.1) -0.49 (-1.11 to 0.13)

• Control 28 8.0 (1.5) 8.0 (1.6)

Patients with HbA1c ≤7%

• Intervention 10 6.5 (0.5) 6.9 (0.9) 0.25 (-0.34 to 0.84)

• Control 16 6.7 (0.3) 7.0 (0.8)

Patients with HbA1c >7%

• Intervention 28 8.4 (1.3) 7.9 (1.2) -0.53 (-1.09 to 0.04)

• Control 31 8.6 (1.5) 8.5 (1.5)

Male patients with HbA1c >7%

• Intervention 10 8.2 (1.0) 7.8 (1.3) 0.06 (-0.78 to 0.90)

• Control 14 8.6 (1.8) 8.2 (1.5)

Female patients with HbA1c >7%

• Intervention 18 8.6 (1.4) 7.9 (1.1) -0.87 (-1.73 to -0.09)

• Control 17 8.7 (1.4) 8.7 (1.5)

1Adjusted for HbA1c at baseline and patient characteristics (age, gender, years since diagnosis, mode of treatment: diet alone or use of oral 
hypoglycaemic agents).
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A b s tract   

Background: The short Synacthen test, the overnight 
metyrapone test and the insulin tolerance test are fre-
quently used in the evaluation of patients suspected of 
adrenal insufficiency. In the present study, we established 
reference values for these diagnostic tests, as well as for 
baseline morning plasma cortisol and adrenocortico-
trophic hormone (ACTH).
Methods: We studied 50 subjects recruited from the gen-
eral population, equally distributed according to sex and 
age between 20 and 69 years. A short ACTH stimulation 
test (250 mg Synacthen iv), an overnight metyrapone test 
(2.0, 2.5, or 3.0 g given orally depending on body weight 
at 23.30 hours) and an insulin tolerance test (0.15 U/kg 
actrapid iv) were performed. Reference intervals are given 
as the means ± 2SD of observed hormone concentrations 
after logarithmic transformation. 
Results: The following reference values were established: 
09.00 hr plasma cortisol 150 to 802 nmol/l, 09.00 hr 
plasma ACTH 8 to 93 ng/l, peak plasma cortisol after 
Synacthen 591 to 1113 nmol/l, peak plasma cortisol after 
insulin-induced hypoglycaemia 557 to 1015 nmol/l, and 
plasma 11-deoxycortisol after metyrapone 197 to 759 nmol/l.
Conclusion: We established reference values for diagnostic 
tests that are useful in the evaluation of patients suspected 
of primary or secondary/tertiary adrenal insufficiency.

K e y w o r d s

ACTH, adrenal insufficiency, cortisol, insulin, metyrapone, 
Synacthen

Intr    o d u ct  i o n

Adrenal insufficiency is a rather rare disease. Primary 
adrenal insufficiency has a prevalence of 93 to 140 per 
million, and the estimated prevalence of central adrenal 
insufficiency is 150 to 280 per million.1 Primary adrenal  
insufficiency in the Netherlands is mostly caused by 
autoimmune adrenalitis, whereas central (secondary 
and tertiary) adrenal insufficiency is usually the result of 
pituitary/hypothalamic tumours, surgery or irradiation. 
Glucocorticoid deficiency gives rise to mainly nonspe-
cific symptoms, whereas orthostatic hypotension and 
brown discolouration of skin and mucosa develop only 
in advanced disease. The existence of other autoimmune 
endocrine disorders or hypothalamic/pituitary disease, 
however, may give a clue to the existence of adrenal 
insufficiency. If clinical suspicion has been raised, it is 
important to demonstrate accurately the absence or pres-
ence of adrenal insufficiency. Measurement of cortisol 
and adrenocorticotrophic hormone (ACTH) in a single 
blood sample is, however, inconclusive in many instances 
for a number of reasons. First, the time of sampling is 
important in view of the circadian rhythm of cortisol and 
ACTH. Another potential bias is that both cortisol and 
ACTH are stress hormones: elevated plasma concentra-
tions may occur at a difficult venipuncture or in stressed 
patients. These confounding factors call for blood sam-
pling under standard conditions. But even then, a normal 
plasma cortisol concentration does not reliably rule out 
glucocorticoid deficiency. In order not to miss the diagno-
sis which puts the patient at risk of developing a potential 
life-threatening Addison crisis, many centres rely on 
dynamic function tests of the hypothalamic-pituitary-
adrenal axis in view of their higher sensitivity.
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Administration of synthetic ACTH (Synacthen) releases 
cortisol from the adrenal gland: a reduced cortisol 
response indicates primary adrenal failure if plasma 
ACTH (measured under standard conditions) is elevated, 
or central adrenal failure if plasma ACTH is not elevated. 
A normal increase in plasma cortisol in response to 
Synacthen, however, still does not completely rule out the 
possibility of central adrenal insufficiency. To this end, 
an insulin tolerance test or a metyrapone test can be per-
formed. The insulin-induced hypoglycaemia is a potent 
stimulus for the release of corticotrophin-releasing factor 
(CRH) and subsequently ACTH and cortisol; it is, how-
ever, an unpleasant test and contraindicated in patients 
with ischaemic heart disease or epilepsy. Metyrapone 
given orally is better tolerated, although it may cause nau-
sea and headache. Metyrapone inhibits the enzyme 11b-
hydroxylase in the adrenals and thereby the conversion of 
11-deoxycortisol into cortisol; the drop in plasma cortisol 
is an effective stimulus for the release of ACTH, which 
enhances adrenal steroidogenesis: plasma 11-deoxycortisol 
concentrations increase but plasma cortisol levels remain 
low because of the enzymatic blockade.
Although in principle each laboratory should establish 
their own reference values, this recommendation is not 
always followed in practice. Consequently, reference val-
ues supplied by the manufacturer of a particular assay 
kit are used in many cases, or values are derived from 
the literature. The situation is even worse with regard to 
dynamic stimulation and suppression tests as only few 
institutions endeavour to establish the reference range of 
responses in subjects without the disease under scrutiny. 
This unfortunate state of affairs is, however, quite under-
standable as it will not be feasible, especially for smaller 
institutions, to perform all these tests in a reference 
population.
We decided to establish reference values for the following 
endocrine tests used in the evaluation of adrenal insuf-
ficiency: morning (09.00 hour) plasma ACTH, cortisol 
and 11-deoxycortisol, Synacthen test, insulin tolerance 
test, and metyrapone test. These tests were performed 
under standardised conditions in 50 subjects recruited 
from the general population not suspected of having 
adrenal sufficiency.

S u b ject    s  an  d  met   h o d s

Subjects
Volunteers were recruited by advertisement in a local 
newspaper with a free house-to-house distribution in 
the Amsterdam region. Responders were asked by tele
phone whether they satisfied the inclusion and exclusion 
criteria. Inclusion criteria were age between 20 and 69 
years and self-proclaimed general good health. Exclusion 

criteria were pregnancy or lactation, parenteral drug 
abuse, alcohol abuse, the use of oestrogens or corticoids, 
cardiovascular disease, diabetes mellitus, and epilepsy. 
Subjects were invited to our department where they were 
interviewed about drinking and smoking habits, and the 
use of drugs and medication. Weight, height and blood 
pressure were measured. Pregnancy was excluded in all 
female subjects by a urine human chorionic gonadotro-
pin test (hCG). Subjects were divided per decade into five 
age groups. Each age group consisted of five men and five 
women. Informed consent was obtained from all subjects 
and the study was approved by the hospital’s ethics com-
mittee. 

Tests
Synacthen test
The Synacthen test was performed in the postabsorptive 
state and in recumbent position, starting between 08.30 
and 09.30 hours. An indwelling venous catheter was 
inserted (t = -30 min) in an antecubital vein, and blood 
samples were taken at t = -15 min and t = 0 min for meas-
urement of ACTH (EDTA blood, tubes were put imme-
diately on ice) and cortisol and 11-deoxycortisol (heparin 
blood). Additional blood samples were taken at t = 30 min 
and t = 60 min for measurement of cortisol after intra-
venous administration of 250 mg tetracosactin (Synacthen; 
Novartis Pharma; Arnhem, the Netherlands) at t = 0 min. 
Plasma samples were stored at -20°C until assay.

Metyrapone test
After completion of the Synacthen test, metyrapone cap-
sules of 250 mg (Metopiron, Interpharm BV, Almere, the 
Netherlands) were distributed to the volunteers. They were 
asked to swallow the capsules the same evening at home 
at 23.30 hours with a glass of milk or yoghurt. The admin-
istered dose was 2.0 g (body weight <70 kg), 2.5 g (body 
weight 70 to 90 kg), or 3.0 g (body weight >90 kg), corre-
sponding to 8, 10 and 12 capsules respectively. Next morn-
ing blood samples were taken in the postabsorptive state 
at 09.00 hours for measurement of ACTH (EDTA blood) 
and cortisol and 11-desoxycortisol (heparin blood). Plasma 
samples were stored at -20°C until assay. Blood pressure 
and pulse rate were recorded after the venapuncture.

Insulin tolerance test
The insulin tolerance test was performed in the post
absorptive state and in a recumbent position, starting 
between 08.30 and 09.30 hours. An indwelling venous 
catheter was inserted (t = -30 min) in an antecubital vein, 
and blood samples were taken at t = -15 min and  
t = 0 min. Additional blood samples were taken at t = 15, 
30, 45, 60 and 75 min after intravenous administration 
of insulin 0.15 U/kg (Actrapid, Novo Nordisk, Mainz, 
Germany) at t = 0 min. Plasma samples for measurement 
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of cortisol were stored at -20°C until assay. Criteria for a 
valid test result were neuroglycopenic symptoms lasting 
for at least ten minutes and a blood glucose concentration 
of <2.2 mmol/l.

Analytical methods
All hormone measurements were done in duplicate. 
ACTH was determined by an immunoluminometric 
assay (Nichols Institute Diagnostics, San Juan Capistrano, 
CA, USA) with a detection limit of 1 ng/l; the intra-assay 
CV was 5.0%, the inter-assay CV 7.5%. Plasma cortisol 
was measured by an enzyme immunoassay (Diagnostic 
Products Corporation, Los Angeles, CA, USA) with a 
detection limit of 50 nmol/l; the intra-assay CV was 4.4%, 
the inter-assay CV 7.4%. Crossreactivity of 17-OH-pro-
gesterone and 11-deoxycortisol in the cortisol assay is 0.2 
and 1.6% respectively; a rise of plasma 11-deoxycortisol 
up to 820 nmol/l as observed after metyrapone will thus 
hardly affect serum cortisol values. Plasma 11-deoxy-
cortisol was determined by a radioimmunoassay (ICN 
Pharmaceuticals, Diagnostic Division, Orangeburg, NY, 
USA); the intra-assay CV was 3.7%, the inter-assay CV 
9.4%. Samples of a particular subject were assayed in the 
same run, but samples of different persons were assayed 
in different runs to include inter-assay variation in the 
establishment of reference values.

Statistical methods
Alcohol use was defined as ingestion of alcohol-contain-
ing beverages at least twice daily, and smoking as daily 
smoking. Hormone values below the detection limit of 
the assays were included in the analyses as having the 
value of 50% of the detection limit. In the Synacthen test 

and the insulin tolerance test basal values were calcu-
lated as the mean of t = -15 and t = 0 min. The absolute 
increase in cortisol was calculated as the highest observed 
cortisol value after Synacthen or insulin administration, 
respectively, minus the basal cortisol value; the relative 
increase in cortisol was the absolute increase in cortisol 
divided by the basal cortisol value. 
Sex differences and the effects of smoking and alcohol 
were tested by the Mann-Whitney U test, the effect of age 
by the Kruskal-Wallis test. The Wilcoxon matched-pairs 
test was used to compare the two baseline levels of ACTH 
and cortisol in the Synacthen test. Spearman’s rank cor-
relation analysis was used to evaluate possible correla-
tions between baseline cortisol values and the increase 
in cortisol. If hormone concentrations were not normally 
distributed, logarithmic transformation to normality was 
performed in order to calculate reference intervals.  
The SPSS 9.0 statistical package was used. In all analyses, 
p values <0.05 were considered statistically significant.

R e s u lt s

Subject characteristics
Mean age of the 50 healthy volunteers was 44±15 years 
(range 20-69). Seven (14%) were smokers and seven 
(14%) used alcohol. The body mass index ranged from 
18.8 to 39.4 (median 25.4) in the 25 males, and from 18.3 
to 37.4 (median 26.5) in the 25 females.

Synacthen test (table 1)
ACTH concentrations at t = -15 (range 6 to 160 ng/l, 
median 26) were higher than at t = 0 (range 8 to 82 ng/l, 
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Table 1 Results of diagnostic tests for adrenal insufficiency in 50 healthy volunteers

Mean Median Range
Morning (09.00 hr) plasma cortisol

Morning (09.00 hr) plasma 11-deoxycortisol

Morning (09.00 hr) plasma ACTH

• Females

• Males

nmol/l

nmol/l

ng/l

ng/l

378

 6.0

 25

 40

325

5.6

21

33

125-950

2.6-14.9

 

10-76

11-116

Synacthen test (250 mg iv)

• Peak plasma cortisol

• Absolute cortisol increase

• Relative cortisol increase

nmol/l

nmol/l

%

821

443

150

800

452

143

620-1280

110-830

16-516

Metyrapone test

• Plasma cortisol

• Plasma ACTH

• Plasma 11-deoxycortisol

nmol/l

ng/l

nmol/l

180

297

407

145

233

410

<50-540

42-960

140-820

Insulin tolerance test

• Peak plasma cortisol

• Absolute cortisol increase

• Relative cortisol increase

nmol/l

nmol/l

%

761

361

111

744

370

95

568-1037

112-600

12-324
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median 23) (p=0.002). Baseline ACTH values (the mean 
of t = -15 and t = 0) ranged from 10 to 116 ng/l with a 
median of 24; they were higher in males (range 11 to 
116 ng/l, median 33) than in females (range 10 to 76 ng/l, 
median 21) (p=0.007).
Plasma cortisol concentrations at t = -15 (range 130 to 
930 nmol/l, median 340) were higher than at t = 0 (range 
120 to 970 nmol/l, median 310 (p=0.005). Baseline 
plasma cortisol values ranged from 125 to 950 nmol/l 
with a median of 325; there was no sex difference. After 
stimulation with ACTH 1-24 (250 mg Synacthen iv) peak 
cortisol values (range 620 to 1280 nmol/l, median 800) 
were reached at t = 30 in three subjects and at t = 60 in 
47 subjects. The absolute and relative increase in plasma 
cortisol is depicted in figure 1. The cortisol increase was 
indirectly related to baseline cortisol: the higher the base-
line cortisol, the lower the increase (r=0.63, p<0.001) 
(figure 2). Sex, age, smoking and alcohol had no effect on 
the cortisol response to exogenous ACTH.

Metyrapone test (table 1)
Ingestion of the metyrapone capsules was reasonably well 
tolerated: only a few subjects said they had noticed nau-

sea or slight headache. The response of plasma ACTH, 
cortisol and 11-deoxycortisol concentrations to metyrapone 
is depicted in figure 3a and 3b. ACTH and 11-deoxycortisol 
increased in all subjects. Cortisol decreased in all but 
seven subjects. Plasma ACTH had risen in each of these 
seven subjects from 18 ± 9 ng/l to 134 ± 64 ng/l (median 
± SD), on average by a 8.5-fold increase; plasma 11-deoxy-
cortisol prior to metyrapone was <15 nmol/l in all seven 
subjects, and increased after metyrapone to 140 and  
180 nmol/l respectively in two subjects and to >250 nmol/l 
in the other five.

Insulin tolerance test (table 1)
One participant was excluded from the analysis because 
no hypoglycaemia occurred. All remaining 49 subjects 
developed neuroglycopenic symptoms; nadir blood glu-
cose concentrations varied from 0.5 to 2.4 mmol/l. Two 
subjects had nadir blood glucose levels of 2.2 and 2.4 
mmol/l respectively; they were maintained in the analy-
sis because both demonstrated clear neuroglycopenia, 
and their peak serum cortisol values were well within 
the observed range of the other subjects. Spontaneous 
recovery of hypoglycaemia was observed in everyone. The 
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Synacthen test
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Figure 1 Plasma cortisol concentrations at baseline and after stimulation with exogenous ACTH 1-24 (250 mg 
Synacthen iv) in 50 healthy subjects
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Figure 2 Relationship between baseline plasma cortisol and the absolute increase in plasma cortisol after stimulation 
with exogenous ACTH 1-24 (250 mg Synacthen iv) in 50 healthy subjects

Metyrapone test

ACTH Cortisol

0

1000

A
C

TH
 n

g/
l

C
or

ti
so

l n
m

ol
/l

1

10

100

1000

250

500

750

Before After Before After

Figure 3a The response of plasma ACTH (left panel) and cortisol (right panel) to metyrapone (2.0, 2.5 or 3.0 g 
orally depending on body weight, taken the previous evening) in 50 healthy subjects
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Insulin tolerance test
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in 49 healthy subjects
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Figure 3b The response of 11-deoxycortisol to metyra
pone (2.0, 2.5 or 3.0 g orally depending on body weight, 
taken the previous evening) in 50 healthy subjects

response of plasma cortisol to insulin-induced hypogly-
caemia is depicted in figure 4.

Reference values
Baseline hormone concentrations and stimulated hor-
mone concentrations in the three dynamic tests had no 
normal distribution. In order to obtain reference values, 
all hormone concentrations were log-transformed, and 
from these values the mean - 2SD and the mean + 2SD 
were calculated. Back transformation of these numbers 
provided the reference interval, listed for each test in table 2. 
Reference intervals of morning (09.00 hour) plasma cor-
tisol, 11-deoxycortisol and ACTH were derived of baseline 
measurements in the Synacthen test. 

D i s c u s s i o n

The morning (09.00 hour) values of plasma cortisol and 
ACTH obtained in the present study are in good agreement 
with those reported in a previous paper by our group 
in 1998, in which reference values for tests aimed at 
evaluation of hypercortisolism were established from the 
results of 50 subjects likewise recruited from the general 
population.2 Plasma cortisol concentrations (median and 
range in nmol/l) prior to CRH in the 1998 study were 
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380 (140 to 980) and 340 (140 to 986) at t = -15 and t 
= 0 min, respectively, and corresponding figures in the 
present study prior to Synacthen are 340 (130 to 930) and 
310 (120 to 970). Baseline plasma ACTH (median and 
range in ng/l) was 24 (7 to 73) for males and 17 (1 to 76) 
for females in the 1998 study, and 33 (11 to 116) and 21 
(10 to 76), respectively, in the present study. (It should 
be noted that plasma ACTH concentrations throughout 
the 1998 paper were falsely given as pmol/l, whereas the 
units in reality were ng/l; we apologise for this error). 
The sex difference in plasma ACTH was again observed 
in the present study. The reference intervals of morning 
plasma cortisol and ACTH (obtained under standardised 
concentrations) are very similar in both studies, which is 
reassuring in terms of internal consistency between our 
studies over time.
It has been argued that adrenal insufficiency is proven 
if cortisol at 09.00 hours is <100 nmol/l, and is ruled 
out if cortisol at 09.00 hours is >500 nmol/l, provided 
the subject is not stressed, not pregnant and not using 
oestrogens.1,3,4 In such cases no further tests are required 
except a plasma ACTH to differentiate between primary 
and central adrenal insufficiency. We do not, however, 
advocate starting with a single blood sample for meas-
urement of cortisol, but favour proceeding immediately 
with the Synacthen test under standardised conditions as 
described above. The advantage of this approach is that 
the effect of diurnal variation and stress on plasma corti-
sol and ACTH is minimised, and that if there is a subnor-
mal cortisol response to Synacthen the baseline ACTH 
value allows a definite diagnosis of primary or central 
adrenal failure, thereby speeding up the diagnostic process. 
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The advantages of our recommendation outweigh, in our 
opinion, its disadvantages (we do perform more laboratory 
tests then in hindsight are strictly necessary – but we 
have abandoned random cortisol measurements).
According to our tests results, the Synacthen test can be 
considered normal if peak plasma cortisol is >590 nmol/l 
(table 2). The increase in cortisol is directly related to 
baseline cortisol (figure 2), in agreement with literature 
data.1,5 Calculation of the absolute and relative increase in 
cortisol could be useful in view of the overlap between the 
upper limit of cortisol and the lower limit of peak cortisol 
after Synacthen; its usefulness remains, however, to be 
demonstrated as others have not found added value from 
such calculations.6 Our cut-off level of peak cortisol corre-
sponds well with the value of 500 to 600 nmol/l usually 
stated in the literature.1,4-7 The vast majority of patients 
with primary adrenal failure have peak cortisol levels 
below this cut-off value, whereas only a few have cortisol 
levels >550 nmol/l albeit associated with high ACTH 
levels.6 Our protocol might thus have a high diagnostic 
accuracy for primary adrenal insufficiency. With normal 
plasma ACTH levels, a recent meta-analysis concluded 
that at clinically useful cut-off peak cortisol levels between 
500 and 600 nmol/l (where specificity is approximately 
95%), a subnormal peak cortisol level substantially 
increases the likelihood that the patient has central 
adrenal insufficiency.6 Conversely, a normal peak cortisol 
only modestly decreases the likelihood of central adrenal 
insufficiency, particularly if the pretest probability is high. 
Thus, the diagnostic accuracy of the 250 mg Synacthen 
test for central adrenal insufficiency is limited (sensitiv-
ity only 57% at a specificity of 95%, positive likelihood 

Table 2 Reference values of diagnostic tests in the evaluation of adrenal insufficiency

Reference interval (mean ± 2SD)*

Morning (09.00 hr) plasma cortisol

Morning (09.00 hr) plasma 11-deoxycortisol

Morning (0.900 hr) plasma ACTH

nmol/l

nmol/l

ng/l

 150-802

 5.5-12.6

 8-93

Synacthen test (250 mg iv)

•	 Peak plasma cortisol

•	 Absolute cortisol increase

•	 Relative cortisol increase

nmol/l

nmol/l

%

 591-1113

 189-907

 27-526

Metyrapone test

•	 Plasma cortisol

•	 Plasma ACTH

•	 Plasma 11-deoxycortisol

nmol/l

ng/l

nmol/l

 <50-640

 64-907

 197-759

Insulin tolerance test

•	 Peak plasma cortisol

•	 Absolute cortisol increase

•	 Relative cortisol increase

nmol/l

nmol/l

%

 557-1015

 165-702

 24-340

*Calculated after logarithmic transformation of hormone concentrations to obtain a normal distribution.
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ratio 11.5 and negative likelihood ratio 0.45), and the test 
is more helpful for ruling in than for ruling out central 
adrenal insufficiency.6 It follows that with a high pretest 
probability of central adrenal insufficiency and a normal 
cortisol response to Synacthen, other tests with better 
sensitivity should be performed.6 
The insulin tolerance test has long been regarded the 
gold standard for the diagnosis of central adrenal insuf-
ficiency. Our test results indicate that if adequate hypogly-
caemia is reached, plasma cortisol should rise above 557 
nmol/l (table 2). This value is in good agreement with 
the cut-off levels of 550 nmol/l commonly stated in the 
literature.1,8-13 We refrained from measuring the ACTH 
response to insulin-induced hypoglycaemia because 
measuring the ACTH response does not seem to provide 
added clinical value.11,13 One advantage of the insulin 
tolerance test is that it allows simultaneous evaluation 
of both GH deficiency and ACTH deficiency. The test, 
however, is unpleasant and serious side effects do hap-
pen, although fortunately only very rarely. This explains 
our preference for the metyrapone tests. Good concord-
ance between the results of the metyrapone test and the 
insulin tolerance test has been reported in several studies, 
one study even claiming superiority of the metyrapone 
test.8,14-15

Our results of the overnight single-dose metyrapone test 
indicate that the next morning, the plasma 11-deoxycor-
tisol should rise >197 nmol/l (table 2). This cut-off level 
is in good agreement with the threshold value of 200 
nmol/l commonly stated in the literature.1,8,14-16 The test 
was in general well tolerated, and no low blood pressures 
have been recorded after metyrapone. In patients with 
central adrenal insufficiency, however, hypotension in 
the early morning hours may develop after administra-
tion of metyrapone the previous evening; as a precaution 
we therefore hospitalise patients suspected of central 
adrenal insufficiency for one night, and discharge them 
with hydrocortisone replacement if the blood pressure is 
low the morning after blood withdrawal. The test in the 
healthy volunteers of this study was performed in out
patient clinics. A check on the ingestion of metyrapone 
by the volunteers at home was done by measuring plasma 
cortisol and ACTH the next morning. The expected fall 
in plasma cortisol was not observed in seven subjects, but 
incompliance with intake of metyrapone tablets seems 
unlikely in view of their 8.5-fold increase in plasma 
ACTH as compared with a mean 9.8-fold rise of plasma 
ACTH in the whole group and their substantial rise of 
plasma 11-deoxycortisol after metyrapone.
A low-dose Synacthen test employing 1 mg instead of 250 
mg intravenously has been advocated in many studies 
over the last decade: the 1 mg dose already gives a maxi-
mal cortisol response, and the 1 mg test could be superior 
to the 250 mg test for diagnosing central adrenal insuf-

ficiency because the obtained plasma ACTH levels are 
more physiological.17-21 A recent meta-analysis, however, 
concluded that available data do not clearly establish the 
superiority of the 1 mg over the 250 mg Synacthen test in 
secondary adrenal insufficiency.6 The 1 mg test requires 
accurate dilution of Synacthen which comes in 250 mg 
ampoules, and frequent carefully timed venous blood 
sampling; it is thus much more liable to errors than the 
250 mg test, which is more robust and easier to perform. 
Consequently, we refrained from establishing a peak cor-
tisol response to 1 mg Synacthen.
In summary, we have established reference values for 
09.00 hour plasma cortisol and ACTH, and for response 
to three dynamic tests (Synacthen test, metyrapone test, 
and insulin tolerance test) to be applied in the biochemical 
diagnosis of adrenal insufficiency. Clinically useful cut-off 
levels are likely a peak plasma cortisol of 550 nmol/l after 
either Synacthen or insulin-induced hypoglycaemia, and a 
plasma 11-deoxycortisol of 200 nmol/l after metyrapone. 
The validity of these cut-off levels should be evaluated 
in patients undergoing these tests because of suspected 
adrenal insufficiency from which discrimination values 
can be derived.
 

R e f erence      s

1.	 Arlt W. Allolio B. Adrenal insufficiency. Lancet 2003;361:1881-93.

2.	 De Bos Kuil MJJ, Endert E, Fliers E, Prummel MF, Romijn JA, Wiersinga WM. 

Establishment of reference values for endocrine tests. I: Cushing’s syn-

drome. Neth J Med 1998;53:153-63. 

3.	 Hägg E, Asplund K, Lithaer F. Value of basal plasma cortisol assays 

in the assessment of pituitary adrenal insufficiency. Clin Endocrinol 

1987;26:221-6.

4.	 Le Roux CW, Meeran K, Alaghband-Zadeh J. Is a 0900-h serum cortisol 

useful prior to a short synacthen test in outpatient assessments? Ann 

Clin Biochem 2002;39:148-50.

5.	 Patel SR, Selby C, Jeffcoate WJ. The short Synacthen test in acute hospital 

admissions. Clin Endocrinol 1991;35:259-61.

6.	 Dorin RI, Qualls CR, Crapo LM. Diagnosis of adrenal insufficiency. Ann 

Intern Med 2003:139:194-204.

7.	 Clark PM, Neylon I, Raggat PR, Sheppard MC, Stewart PM. Defining 

the normal response to the short Synacten test: implications for the 

investigation of hypothalamic-pituitary disorders. Clin Endocrinol 

1998:49:287-92.

8.	 Courtney CH, McAllister AS, McCance DR, et al. The insulin hypogly-

caemia and overnight metyrapone tests in the assessment of the 

hypothalamic-pituitary-adrenal following pituitary surgery. Clin Endocrinol 

2000:53:309-12.

9.	 Schmidt IL, Lahner H, Mann K, Petersenn S. Diagnosis of adrenal insuf-

ficiency: Evaluation of the corticotropin-releasing hormone test and basal 

serum cortisol in comparison to the insulin tolerance test in patients 

with hypothalamic-pituitary-adrenal disease. J Clin Endocrinol Metab 

2003;88:4193-8.

Endert, et al. Reference values for endocrine tests: adrenal insufficiency.

442



d e c e m b e r  2 0 0 5 ,  V o l .  6 3 ,  N o .  1 1

10.	 Maghnie M, Uga E, Temporini F, et al. Evaluation of adrenal function in 

patients with growth hormone deficiency and hypothalamic-pituitary dis

orders: comparison between insulin-induced hypoglycemia, low-dose ACTH, 

standard ACTH and CRH stimulation test. Eur J Endocrinol 2005;152:735-41.

11.	 Borm K, Slawik M, Seiler L, et al. Is the plasma ACTH concentration a reliable 

parameter in the insulin tolerance test? Eur J Endocrinol 2003;149:535-41.

12.	 Gonzalbez J. Villabona C, Ramon J, et al. Establishment of reference values 

for standard dose short synacthen test (250 mg), low dose short synacthen 

test (1 mg) and insulin tolerance test for assessment of the hypothalamic-

pituitary-adrenal axis in normal subjects. Clin Endocrinol 2000;53:199-204.

13.	 Tuchelt H, Dekler K, Bähr V, Oelkers W. Dose response relationship 

between plasma ACTH and serum cortisol in the insulin hypoglycaemia 

test in 25 healthy subjects and 109 patients with pituitary disease. Clin 

Endocrinol 2000;53:301-7.

14.	 Steiner H, Bähr V, Exner P, Oelker PW. Pituitary function tests: comparison 

of ACTH and 11-deoxycortisol responses in the metyrapone test and with 

the insulin hypoglycemia test. Exp Clin Endocrinol 1994;102:33-8. 

15.	 Fiad TM, Kirby JM, Cunningham SK, MCKenna TJ. The overnight single-

dose metyrapone test is a simple and reliable index of the hypothalamic-

pituitary-adrenal axis. Clin Endocrinol 1994;40:603-9.

16.	 Soule S, van Zyl-Smit C, Parolis G, et al. The low dose ACTH stimulation 

test is less sensitive than the overnight metyrapone test for the diagnosis 

of secondary hypoadrenalism. Clin Endocrinol 2000;53:221-7.

17.	  Tjordjmann K, Jaffe A, Grazas N, Apter C, Stern N. The role of the low 

dose (1microgram) adrenocorticotropin test in the evaluation of patients 

with pituitary diseases. J Clin Endocrinol Metab 1995;80:1301-5.

18.	  Mayenknecht J, Diederich S, Bähr V, Plockinger U, Oelkers W. 

Comparison of low and high dose corticotropin stimulation tests in 

patients with pituitary disease. J Clin Endocrinol Metab 1998;83:1558-62.

19.	  Abdu TAM, Elhadd TA, Neary R, Clayton RN. Comparison of the low 

dose short Synacthen test (1 mg), the conventional dose short Synacthen 

test (250 mg), and the insulin tolerance test for assessment of the 

hypothalamo-pituitary-adrenal axis in patients with pituitary disease.  

J Clin Endocrinol Metab 1999;84:838-43

20.	 Dickstein G. Hypothalamo-pituitary-adrenal axis testing: nothing is sacred 

and caution in interpretation is needed. Clin Endocrinol 2001;54:15-6.

21.	 Suliman AM, Smith TP, Labib M, Fiad TM, KcKenna TJ. The low-dose 

ACTH test does not provide a useful assessment of the hypothalamic-

pituitary-adrenal axis in secondary adrenal insufficiency. Clin Endocrinol 

2002;56:533-9.

Endert, et al. Reference values for endocrine tests: adrenal insufficiency.

443

Thyrax-stopper



d e c e m b e r  2 0 0 5 ,  V o l .  6 3 ,  N o .  1 1

© 2005 Van Zuiden Communications B.V. All rights reserved.

A b s tract   

Azathioprine is a frequently used immunosuppressant for 
managing inflammatory bowel disease (IBD). In recent 
years the hepatotoxic profile of thiopurines has been recog-
nised. We report the case of a 40-year-old man with Crohn’s 
disease treated with azathioprine. After taking azathioprine 
(2.2 mg/kg daily) for two years, his liver function tests were 
found to be elevated. Moreover, a myelodepression was 
established as platelet and leucocytes counts were lowered. 
The 6-thioguaninenucleotide level was 738 picomoles/8 x 108 
per red blood cell, which is well above the proposed upper 
limit of efficacy and associated with an increased risk of 
developing a myelodepression. Genotyping of the enzyme 
thiopurine methyltransferase revealed no mutant alleles. 
The ultrasonography and CT scan showed signs of portal 
hypertension (spleen 17 cm and widened splenic vein). 
A liver biopsy was performed and an incomplete septal 
liver cirrhosis was found. An upper endoscopy revealed 
oesophageal varices (grade 2 to 3). Autoimmune and viral 
liver diseases were ruled out by laboratory parameters. 
After cessation of therapy, all laboratory parameters 
normalised. Therefore, azathioprine is believed to be 
the causative factor for inducing the liver cirrhosis. 
Continuous monitoring of patients taking thiopurines is 
mandatory. The role of 6-thioguaninenucleotide levels in 
inducing myelotoxicity and hepatotoxicity is discussed. 

K e y w o r d s

Azathioprine, Crohn’s disease, hepatotoxicity, liver cirrho-
sis, myelotoxicity, 6-thioguaninenucleotides

Intr    o d u ct  i o n

Azathioprine (AZA) and 6-mercaptopurine (6-MP) have 
gained a prominent place as an immunosuppressive 
maintenance therapy for Crohn’s disease (CD). However, 
their therapeutic role has been under discussion because 
of toxicity. Adverse effects may occur in 15 to 30% of 
patients.1,2 AZA-induced hepatotoxicity is believed to be 
a rare adverse event. Hepatitis is considered to be an idio
syncratic reaction to AZA. Nodular regenerative hyper-
plasia (NRH), veno-occlusive disease, peliosis hepatis, 
fibrosis and sinusoidal dilatation are regarded as signs 
of dose-dependent hepatotoxicity.3-8 During the complex 
metabolisation process of AZA and 6-MP, multiple 
metabolites are generated (figure 1).9 The pharmacologic
ally active metabolites are the 6-thioguaninenucleotides 
(6-TGN), which are believed to induce apoptosis of activated 
T lymphocytes,10 hence leading to suppression of the 
overactive immune defence mechanisms. The proposed 
range of 6-TGN is 235 to 450 picomoles/8 x 108 per red 
blood cell (RBC).11 High 6-TGN levels (>450 picomoles/ 
8 x 108 RBC) have been associated with an increased risk 
of developing a myelodepression and high levels of the 
methylated product of 6-MP (6-methylmercaptopurine 
(6-MMP)) with hepatotoxicity. 
Here we describe a patient who developed histological 
liver abnormalities combined with a myelodepression 
most likely caused by the use of AZA. 

C a s e  re  p o rt

In 2000 the diagnosis of CD of the ileum and jejunum 
with perianal fistulas was established in a 35-year-old man. 

ca  s e  re  p o rt
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azathioprine therapy
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A steroid pulse therapy was administered to induce remis-
sion. However, in December 2000 a surgical ileocaecal 
resection was performed due to intractable symptoms 
caused by a stenosis of the terminal ileum. Postoperative 
therapy with calcium, vitamin D, H2-receptor antagonist, 
vitamin B12 and AZA was initiated. AZA was given in 
doses of 200 mg a day (2.2 mg per kg). The disease 
remained quiescent and regular laboratory controls were 
normal (table 1). In December 2003 abnormal labora-
tory parameters were found as liver function tests were 
elevated. Leucocyte and platelet counts were found to 
be below the reference limits (table 1). No physical com-
plaints were mentioned by the patient. As AZA was 
believed to be the causative factor, an abdominal ultra-
sound was performed, and the level of 6-TGN/6-MMP 
and the status of the enzyme thiopurine methyltrans-
ferase (TPMT) were determined. The examination by 
abdominal ultrasound revealed an enlarged spleen (17 cm) 
and a distended diameter of the splenic vein (1.9 cm). 

The hepatic parenchyma showed no abnormalities. The 
6-TGN was found to be 738 picomoles/8 x 108 RBC.12 
Determination of the 6-MMP level was not carried out 
due to technical failure. TPMT genotyping revealed no 
mutant alleles (TPMT*1/*1). Autoimmune and viral liver 
diseases were ruled out by laboratory parameters. Alcohol 
use was repeatedly denied. Subsequently, a CT scan was 
performed but no novel insights were obtained. A fine 
needle liver biopsy was performed in May 2004 and 
the specimen was stained with haematoxylin and eosin, 
(silver)reticulin and trichrome. An incomplete septal cir-
rhosis was found microscopically without signs of primary 
sclerosing cholangitis, peliosis hepatis, veno-occlusive 
disease or NRH. Oesophageal varices (grade 2 to 3) were 
found by upper gastrointestinal endoscopy. Treatment 
with a b-receptor antagonist (propranolol 10 mg twice 
daily) was initiated as primary prophylaxis for oesopha-
geal bleeding. All laboratory tests normalised after ces-
sation of AZA (table 1). The a-fetoprotein level was not 
increased. The disease has remained in remission to date. 
Abdominal ultrasounds and upper gastrointestinal endos
copies are performed at regular intervals. 

D i s c u s s i o n

The metabolism of thiopurines has partly been eluci-
dated in recent years. Several metabolites have been held 
responsible for induction of adverse events. The enzyme 
TPMT plays a key role in the bioavailability of 6-TGN. 
High TPMT activity may lead to elevated levels of 6-
MMP, which have been associated with hepatotoxicity 
(>5700 pmol/8 x 108 RBC) and refractoriness on therapy.9 
A diminished TPMT activity will likely result in shunting 
6-MP away from 6-MMP towards overproduction of 6-
TGN. Levels of 6-TGN >450 pmol/8 x 108 red blood cells 
(RBC) induced by AZA or 6-MP therapy have been asso-
ciated with an increased risk of developing myelotoxicity 
(e.g. leucopenia or thrombocytopenia).13 Despite shortage 
of conclusive evidence, 6-TGN levels between 235 and 
450 pmol/8 x 108 RBC are currently considered to corre-

De Boer, et al. Myelotoxicity and hepatotoxicity during azathioprine therapy.
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Figure 1 Thiopurine metabolism

Azathioprine (AZA) undergoes a rapid nonenzymatic conversion in 
the liver yielding 6-mercaptopurine (6-MP). Following intracellular 
uptake, 6-MP is metabolised by three enzymes (xanthine oxidase, 
thiopurine methyltransferase (TPMT) and hypoxanthine phosphor
ibosyl transferase). Xanthine oxidase and TPMT catalyse the reaction 
of 6-MP to 6-thiouric acid (6-TU) and 6-methylmercaptopurine (6-
MMP), respectively. The hypoxanthine phosphoribosyl transferase 
enzyme system is responsible for the formation of 6-thioinosine-
monophosphate (6-TIMP) which may ultimately be transformed 
into the pharmacologically active 6-thioguaninenucleotides: 6-thio-
guanine-monophosphate (6-TGMP), 6-thioguanine-diphosphate 
(6-TGDP) and 6-thioguanine-triphosphate (6-TGTP).

Table 1 Laboratory parameters

Test December 2000 December 2003 March 2005 Normal values
Aspartate aminotransferase (U/l) 12 57 25 <40

Alanine aminotransferase (U/l) 19 53 26 <45

Gamma-glutamyltransferase (U/l) 15 85 26 10-50

Alkaline phosphatase (U/l) 86 141 97 40-120

Bilirubin (unconjugated) (mmol/l) 10 35 (0.28) 16 (0.23) <20

Haemoglobin (mmol/l) 9.5 7.7 9.5 8.7-11

Leucocytes (x 109/l) 17.2 2.1 8.1 3-10

Platelets (x 109/l) 303 64 161 150-400
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spond with an increased likelihood of optimal therapeutic 
response. The 6-TGN levels during AZA (2 to 2.5 mg/kg) 
and 6-MP (1 to 1.5 mg/kg) therapy vary between individuals 
but in most cases they are found to be between 200 and 
500 pmol/8 x 108 RBC.14 These observations may explain 
the leucopenia and thrombocytopenia of our patient as 
the 6-TGN level was 738 picomoles/8 x 108 RBC, which is 
well above the proposed upper limit of efficacy. However, 
the diminished platelet count may also be explained by 
the splenomegaly due to the portal hypertension. The 
relatively high 6-TGN level is not explained by the TPMT 
status as no mutant alleles were found by genotyping.15 
Additionally, the medication used by our patient is not 
expected to influence the metabolism of AZA.11 The pos-
sibility of an AZA overdose can not be ruled as the 6-MMP 
level was not available. An adequate clarification for the 
elevated 6-TGN is not available.

In recent years the hepatotoxic potential of thiopurines, 
in particular 6-thioguanine (6-TG), has been discussed in 
literature. The use of 6-TG in IBD patients has currently 
been abandoned due to its presumed hepatotoxic profile, 
as it has been associated with the induction of NRH.16 
The higher occurrence of histological liver abnormal
ities during 6-TG treatment in comparison with AZA 
or 6-mercaptopurine (6-MP) may be explained by the 
significantly higher levels of 6-TGN reached by 6-TG. 
In the past, it was demonstrated that AZA may lead to 
veno-occlusive disease due to dose-dependent toxicity to 
murine sinusoidal endothelial cells and hepatocytes.17 
Additional different pharmacokinetic characteristics 
or a different first-pass effect may play a role as well. 
Interestingly, there is a clear predominance of hepatic 
lesions in male patients which raises the question of a 
genetic predisposition.16 The hypothesis that high 6-TGN 
levels are hepatotoxic may provide an explanation why 
our patient developed an incomplete septal cirrhosis. 
Moreover, this concept may provide a clue why hepato-
toxicity is reported to be relatively rare during AZA and 
6-MP therapy as the majority of IBD patients will have 
much lower 6-TGN levels during AZA or 6-MP treatment 
compared with our patient. However, an underestimation 
of histological liver abnormalities caused by AZA or 6-MP 
therapy may be expected, since the current practice is to 
stop the drug without performing a liver biopsy when 
finding elevated liver function tests during AZA or 6-MP 
treatment. Furthermore, not all histological liver abnor-
malities lead to derangement in liver function tests. 

Our case illustrates the potential toxicity of AZA and 
stresses the need for continuous close monitoring of 
patients taking thiopurines in general. Routinely per-
formed laboratory controls including full white blood 
counts and liver function tests seem mandatory. 
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C a s e  re  p o rt

A 21-year-old woman presented in the month of February with a three-day history of several violaceous, pruritic, indu-
rated plaques on her thighs with a diameter ranging from 2 to 5 cm. Her medical history revealed chronic constipation, 
for which fibres had been prescribed. On examination, except for the skin changes (figure 1) no abnormalities were 
found. The patient worked as a secretary and rode horses as a hobby. Laboratory investigation showed normal values for 
ESR, white blood cell differentiation, serum creatinine and urinary analysis.

PHO   T O  QUIZ  

Between hands and feet

F. Stam1*, T. van Meurs2, C. Koley3

Departments of 1Internal Medicine, 2Dermatology and 3Pathology, VU University Medical Centre, 
Amsterdam, the Netherlands, *corresponding author: tel.: +31 (0)20-4444 39 58,  

fax: +31 (0)20-444 43 13, e-mail: f.stam@vumc.nl

W h at   i s  y o u r  d i a g n o s i s ?

See page 453 for the answer to this photo quiz.

© 2005 Van Zuiden Communications B.V. All rights reserved.

Figure 1 A raised violaceous plaque on the lateral 
thigh

A colour version of this photo quiz can be found on 
our website www.njmonline.nl.
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A b s tract   

The hepatopulmonary syndrome has been defined as 
chronic liver disease accompanied by abnormal pulmon
ary gas exchange, which might result in arterial deoxy-
genation, and widespread intrapulmonary vasodilation. 
Although it has been pointed out that hepatopulmonary 
syndrome occurs in liver cirrhosis, there are a few studies 
in the literature reporting noncirrhotic portal hyperten-
sion as a cause of hepatopulmonary syndrome. Currently, 
liver transplantation is the only effective therapy for such 
patients. On the other hand, there is also a proposal about 
considering paroxetine, a potent nitric oxide synthase 
inhibitor, for use in the hepatopulmonary syndrome. We 
present a patient with severe (type II) hepatopulmonary 
syndrome caused by idiopathic portal hypertension and 
discuss the consequences of paroxetine therapy.

 

K e y w o r d s

Hepatopulmonary syndrome, paroxetine

Intr    o d u ct  i o n

Hepatopulmonary syndrome (HPS) is recognised by pro-
gressive pulmonary complications that include severe liver 
disease and/or portal hypertension, abnormal arterial  
oxygenation, and presence of intrapulmonary vascular 
dilatations.1 There might be severe hypoxaemia with arterial  
PO2 <60 mm Hg (8 kPa), dyspnoea, cyanosis, digital 
clubbing, orthodeoxia and platypnoea in these patients. 

ca  s e  re  p o rt

A severe (type II) hepatopulmonary syndrome 
in a patient with idiopathic portal hypertension 

and treatment with paroxetine
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Its incidence in patients with liver cirrhosis is about 10%,2 
and in the literature this rate is 10 to 20% in patients who 
are candidates to liver transplantation.3,4 A few cases of 
noncirrhotic portal hypertension (NCPH) complicated by 
HPS have been published.5,6 Therefore the cirrhosis is not 
a strict criterion for HPS identification. We present here a 
patient with a classical presentation of severe HPS, which 
was caused by idiopathic portal hypertension, and we dis-
cuss the effect of paroxetine therapy on this syndrome.

C A S E  R E PO  R T

An 18-year-old male patient was admitted to our clinic at 
the beginning of 2004. He had fever, fatigue, and dys-
pnoea. His symptoms were intermittent and alleviated 
after antibiotic therapy, which he had been receiving since 
the previous year. In many attacks, cyanosis, palpitations 
and intolerance to exercise also occurred. He had also 
been suffering from a depressed mood on a daily basis 
for a period of three months. He had been hospitalised 
because of Brucella disease one year earlier. There was no 
history of pica. Physical examination revealed cachexia, 
pale conjunctiva, frank cyanosis of the tongue, lips and 
the distal part of extremities, finger clubbing, spleno
megaly, and spider nevus on his shoulder. Laboratory 
findings revealed the following: haemoglobin 6.4 mmol/l, 
haematocrit 0.31, white blood count 1.9 x 109/l, platelet 
count 83 x 109/l, and erythrocyte sedimentation rate 75 
mm/h. Serum aspartate aminotransferase was 0.89 U/l, 
alanine aminotransferase 0.71 U/l, lactic dehydrogenase 
4.04 U/l, alkaline phosphatase 4.6 U/l, g-glutamyl-
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transpeptidase 1.66 U/l, total bilirubin 11.9 mmol/l, iron 
concentration 7.09 mmol/l, total iron binding capacity 
75.6 mmol/l, transferrin saturation rate 9%, albumin 39 
g/l, and globulin 32 g/l. Reticulocytes count, seruloplas-
min, thyroid hormones, cortisol, and corticotropin levels 
were normal. Haemoglobin and protein electrophoresis 
were also normal. Serum markers for hepatotropic and 
nonhepatotropic viruses, ANA, anti-LKM-1, anti-SLA, 
pANCA, and AMA-M2 were all negative. Prothrombin 
time was 15 seconds, activated partial thromboplastin 
time, protein S and antithrombin III were normal, but 
protein C level was low (36.6%). Analysis of the sweat 
chloride value was normal in duplicate. In DNA analysis, 
gene mutation for cystic fibrosis (DF 508 and DTA 1677) 
was absent. Respiratory function test was compatible with 
moderate restriction. The alveolar-arterial oxygen gradi-
ent (A-aPO2) was 68 mmHg (9 kPa) in upright position. 
Partial arterial oxygen tension (PaO2) was 53 mmHg (7 
kPa) in supine position and 45 mmHg (6 kPa) in sitting 
position (orthodeoxy). Response to 100% inspired oxygen 
was 54 mmHg (7.2 kPa). Arterial blood gas values in 
upright position revealed pH 7.47, PCO2 29 mmHg (3.8 
kPa), SaO2 81%, and HCO3 23 mmol/l. The carbon mon-
oxide diffusing capacity (DLCO) of the lung was 42.4 (% 
predicted). Electrocardiogram and posteroanterior lung 
X-ray and thorax high resonance computerised tomography 
were normal. Macroaggregated albumin (99mTc-MAA) 
scintigraphy revealed heterogeneous radioactivity distri-
bution in the lung fields. There was obvious tracer uptake 
over the brain, spleen and bilateral kidneys, with shunt 
fraction of 20%. Standard echocardiogram revealed nor-
mal findings. Contrast echocardiography showed micro-
bubbles after four heart beats (late opacification) in left 
heart chambers with 4+ degree of opacification (figures 1A 
and 1B). He did not tolerate transoesophageal echocardi-
ography. Cardiac output was calculated and found to be 8 
l/min on cardiac catheterisation by the Fick method. The 
results of this procedure are summarised in table 1. The 
value of hepatic venous pressure gradient (HVPG) was 6 
mmHg. The endoscopy showed grade 2 to 3 oesophageal 
varices and portal gastropathy. Doppler ultrasonography 
of abdominal-portal system revealed a normal-sized liver, 
normal parenchymal echogenity, dilated portal vein (figure 2), 
mild splenomegaly and splenic venous dilatation (figure 3). 
There was no image of cavernous transformation of the 
portal vein. Liver biopsy showed noncirrhotic liver paren-
chyma with normal architecture, dilated sinusoids and 
portal space, degenerated hepatocytes, periportal-portal 
inflammation (figure 4), porto-portal bridging fibrosis and 
sclerosis (figure 5). In the light of all these parameters, the 
diagnosis of HPS caused by NCPH was made. He also 
fulfilled all the criteria for major depression, according to 
the psychological consultation. We gave him paroxetine 
(Seroxate® tb) 20 mg a day orally for six months because 

Figure 1A Microbubbles in right heart chambers in 
contrast echocardiogram

Figure 2 Liver ultrasonogram: dilated portal vein  
without cavernous transformation

Table 1 Parameters obtained from cardiac  
catheterisation

Angiography Pressures 

(mmHg)

SAO2 

(%)

PAO2 

(mmHg)
Pulmonary artery 20/10 67 40

Right ventricle 20/0 69 40

Right atrium 5 (mean) 70 40

Aorta 100/70 87 56

Figure 1B Tense microbubbles in left heart chambers 
after four contractions in contrast echocardiogram
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of its antidepressant effect and the possibility of NO-syn-
thetase inhibition resulting in a decrease in intrapulmo-
nary shunting. The blood gas parameters at the end of 
treatment are summarised in table 2. 

Figure 3 Spleen ultrasonogram: splenomegaly with 
dilated splenic vein

Figure 4 Liver biopsy shows portal-periportal inflam-
mation, and hepatocellular degeneration (HE x 200)

Figure 5 Liver biopsy shows periportal fibrosis with 
Masson’s trichrome staining (x 200)

Table 2 Results associated with before and after  
paroxetine treatment

Results

Before After
A-aPO2 gradient 68 75

100% O2 test (PaO2-mmHg) 54 61

PaO2 (mmHg) Supine 53 40

SaO2 (%)

Upright 45 35

Supine 83 65

Upright 81 63

D i s c u s s i o n

In the definition of hepatopulmonary syndrome, the 
presence of cirrhosis is still frequently one the criteria7-9 
but it is obvious that HPS is also seen in patients with 
noncirrhotic portal hypertension.10 Recently, in a study 
performed by Kaymakoglu et al., it was pointed out that 
HPS might occur in both liver cirrhosis and noncirrhotic 
portal hypertension and that portal hypertension is the 
predominant pathogenic factor related to HPS.6 However, 
pathogenesis of HPS is still obscure. This is likely to be a 
manifestation of decreased hepatic clearance or increased 
hepatic production of circulating cytokines and other vas-
cular growth mediators such as endothelins, nitric oxide 
(NO), and prostaglandins. Increased sensitivity to these 
mediators is another theory. The major role was attrib-
utable to the potent vasodilating mediator nitric oxide. 
Besides, endothelin-1 increases inducible NO syntheses 
and plays an important part in intrapulmonary vasodilata-
tion in HPS.11 As we mentioned above, for NCPH, severe 
liver dysfunction is not mandatory for intrapulmonary 
vasodilatation. The other reasons for an impaired oxy-
genation because of shunting are pleural spider naevi, 
intrapulmonary A-V shunts and portopulmonary venous 
anastomoses. 
Arterial hypoxaemia is described as PaO2 <70 mmHg (9.3 
kPa) in blood gas analysis; <60 mmHg (8 kPa) reflects 
severe hypoxaemia. Hypoxia is believed to result from an 
inability of oxygen to diffuse to the centre of dilated ves-
sels up to tenfold in diameter in HPS.12 Low level of PaO2 
does not reflect gas exchange disturbance in liver disease 
alone, because of hyperventilation and hyperdynamic 
circulation in cirrhosis. Therefore, measuring the A-aPO2 
gradient is better, and a level >20 mmHg (2.6 kPa) is 
pathological and important in HPS diagnosis. It was 68 
mmHg (9 kPa) in our patient. On the other hand, 100% 
oxygen inspiring test (breathing 100% oxygen through a 
mouthpiece and wearing nose clips for 20 minutes in the 
sitting position) is another supplement. The test of sup-
plementation with 100% oxygen distinguishes HPS type I 
from type II. In type I, there is a close to normal response 
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to the administration of oxygen (PaO2 >400 mmHg (53.3 
kPa)), but in type II, an inadequate response to this regi-
men.4 In the study carried out by Kaymakoglu et al., there 
were three patients with HPS in the NCPH group and 
all of them had levels >150 mmHg (20 kPa). This level 
was 54 mmHg (7.2 kPa) in our patient, which is compat-
ible with type II HPS and reflects a severe intrapulmon
ary shunt. The cases reported to have HPS caused by 
NCPH in the literature were not as severe as our patient. 
Contrast echocardiography is one of the best modalities 
confirming intrapulmonary dilatations.7 Positive echocar-
diogram for HPS was defined by the detection of delayed 
visualisation of microbubbles in the left heart chambers 
after three to six contractions. If microbubbles are visu-
alised after one to two contractions, this reflects intracar-
diac right-to-left shunting. There was a result compatible 
with the intrapulmonary shunt in our patient with a high-
er degree of opacification (4+), compared with the cases 
in the study of Kaymakoglu et al., and this result may also 
support the severity of shunting. Pulmonary angiography 
is the most invasive procedure in diagnosis of HPS and 
shows emboli and/or other causes of hypoxemia. There 
are two patterns in angiographic examination of HPS 
patients.12 In type I, there is a normal vascular structure, 
spongiform, spotted image, and patients respond to 
100% oxygen supplementation test. In type II, there are 
vascular dilatations such as arteriovenous communica-
tions and a poor response to treatment by medications or 
transplantation. 
As we previously stated, our patient had severe HPS. The 
portal hypertension was of unknown origin. There was no 
evidence of liver cirrhosis. There was a prehepatic intra
sinusiodal portal hypertension pattern in data obtained 
from hepatic venous catheterisation in our patient wedged 
hepatic venous pressure (WHVP) and HVPG normal. 
No portal or splenic venous thrombosis was found in the 
imaging studies. Schistosomiasis was also excluded by 
microscopic findings. There was no history of medication 
or herbal abuse in our patient. We could not detect any 
pattern compatible with partial nodular transformation in 
imaging studies. Serum markers for early primary biliary 
cirrhosis and primary sclerosing cholangitis were negative. 
Furthermore, there were no signs of myeloproliferative 
disease or sarcoidosis. Finally, there was no evidence of 
congenital hepatic fibrosis cholangitis.
Idiopathic portal hypertension (IPH) is also called non-
cirrhotic portal fibrosis or hepatoportal sclerosis, and 
known as a conditon in which liver function is preserved. 
However, patients with IPH who develop hepatic failure 
late after the illness have been reported.13 The patho-
genesis of the portal hypertension in these patients is 
unknown. Some investigators believe that the principal 
abnormality is in the portal venules. Microthrombi in 
the portal venules or sclerosis of the portal veins may be 

seen. High portal venous flow and increased intrahepatic 
resistance are also present. Pathologically, the following 
findings were present: alterations in small vessels, regard-
ed as the initial lesion, and changes in liver architecture 
consisting of fibrosis and/or nodule formation, regarded 
as secondary. However, in obstructive portal venopathy, 
the suspected initial lesion is not always found in a 
biopsy specimen.14 When an obvious venular obstruction 
is not seen, many endogen factors consist of cytokines, 
and activated coagulation factors may cause stellate cell 
activation followed by perisinusoidal fibrosis. There are 
prothrombotic disorders in approximately 50% of these 
patients and this phenomenon may play a crucial role in 
the pathogenesis of IPH.15 HVPG is normal or moder-
ately elevated in patients with IPH. In the light of these 
data we conclude that our patient has IPH with protein C 
deficiency, with preserved liver function and exclusion of 
liver cirrhosis. 
The struggle to find the underlying disease is the essen-
tial approach in the treatment of HPS. The strategy to 
remove circulating vasodilators by for instance allium 
sativum, indomethacin, and almitrine bismesylate was 
found to have marginal effects. Embolotherapy can be 
tried in patients with type II HPS who have widespread 
intrapulmonary vascular dilatations.16 Transjugular intra
hepatic portosystemic shunting may improve levels of 
PaO2 and may be feasible, especially to gain time for liver 
transplantation. Severe hypoxaemia used to be considered 
a contraindication to liver transplantation, but liver trans-
plantation is still the single proven treatment option to 
cure HPS nowadays.17 
As suggested in the literature18 we treated our patient 
with paroxetine, a selective serotonin reuptake inhibi-
tor with nitric oxide synthase blocking properties. We 
gave this drug for six months because of HPS and major 
depression. His depressive mood responded to the treat-
ment, but we saw no improvement in blood gas param-
eters (summarised in table 2), Tc-99-m MAA scintigram, 
contrast echocardiogram or in clinical status. Paroxetine 
was given to the patients with HPS caused by cirrhosis 
in the mentioned study. The unknown pathogenesis of 
portal hypertension in noncirrhotic patients makes it dif-
ficult for as to know how to treat them. In the light of our 
findings, we presume that NO may play a minor role in 
HPS caused by IPH. On the other hand, lack of response 
to NO-reducing agents may be explained by progression 
of the liver disease. We could not perform the second 
liver biopsy because of a low platelet count (43000/ml). 
There is an increasing trend towards extrahepatic portal 
vein thrombosis in patients with this disease, and anti-
coagulant therapy is proposed to maintain portal vein 
patency.15 Our patient had high-grade oesophageal varices 
that were prone to bleed and thrombocytopenia, so we 
did not consider giving him anticoagulant therapy. Finally 
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our patient, who has a poor prognosis, is now in the liver 
transplantation programme because there is no other 
effective treatment available in our country. 

C o nc  l u s i o n s

This case supports the literature about HPS caused by 
noncirrhotic portal hypertension. The findings in our 
patient were rather severe when compared with cases 
of HPS caused by NCPH reported in the literature. 
Treatment with paroxetine did not alter the course of the 
disease. There is thus a need for a more extensive cohort 
of noncirrhotic portal hypertensive patients with these 
features, and studies on many other treatment options to 
overcome the controversial points. 

N o te

A color version of this case report can be found on our 
website www.njmonline.nl.
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D i a g n o s i s

The typical distribution of the skin lesions in a young woman who rode horses in the winter pointed to the diagnosis of 
rider’s pernio.1 Pernio is well known to occur on the hands and/or feet, but other parts of the body exposed to cold can 
also be affected. This diagnosis was confirmed by a skin biopsy (figure 2), which showed slight oedema of the papillary 
dermis as well as perivascular mononuclear cell infiltrates in the dermis. There was also diffuse fluffy oedema of the 
vessel walls and swelling of vascular endothelial cells. The mononuclear infiltrate of the vascular walls is suggestive of 
a lymphocytic vasculitis. In the literature rider’s pernio has also been nicknamed ‘equestrian cold panniculitis’2 and ‘win-
ter kibes in horsy women’.3 Especially young, obese, horse-riding women, who compromise the skin vascularisation of 
the buttocks and thighs with tight-fitting uninsulated riding pants, are affected in the winter time.4 The lesions appear 
one to three days after horse riding in the winter and subside spontaneously without scarring in several weeks, which 
was also the case in our patient. To prevent another episode the patient was advised to wear several layers of thick clothing 
instead of a pair of jodhpurs.5

A N SW  E R  T O  PHO   T O  QUIZ     ( O N  P A G E  4 4 7 )

b et  w een    h an  d s  an  d  f eet 
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Figure 2 Perivascular mononuclear cell infiltrate and 
fluffy oedema of the vessel wall with swelling of vascular 
endothelial cells (Haematoxylin-eosin stain: original 
magnification x 40)

A colour version of this photo quiz can be found on 
our website www.njmonline.nl.
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