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206  |  CHAPTER 9

sUMMArY oF resULts

This thesis had three aims. Our first aim was to identify the independent 

correlates of BZD use in general, inappropriate BZD use, and BZD 

dependence. As the prescribers may affect the BZD use of their patients, 

we also established the GP characteristics of patient BZD use. Our 

second aim was to examine whether there is evidence that (chronic) BZD 

use has an impact on the functioning of two human stress systems, 

the hypothalamic-pituitary-adrenal axis (HPA axis) and the autonomic 

nervous system (ANS). Third, we aimed to investigate whether the 

relationship between BZD use and prolonged reaction time (RT) would 

persist in long-term BZD use or whether tolerance to this side effect of 

the BZDs would develop. We conducted these analyses on data from 

the Netherlands Study of Depression and Anxiety (NESDA). NESDA 

is a prospective cohort study on the course of depressive and anxiety 

disorders that comprises a large number of BZD users. 

As the prevalence of BZD use and inappropriate use is high, we 

investigated the correlates of BZD use and inappropriate BZD use in 

cross-sectional regression analyses (chapter two). Of the NESDA sample, 

15.0% (n=429) used BZDs. Of these BZD users, only 15.2% used BZDs 

according to international prescription guidelines. Most users (82.5%) 

exceeded the recommended duration of safe use, but some also surpassed 

the recommended dosages or had prescriptions for more than one type 

of BZD at a time. Older age, being single, unemployment, treatment in 

secondary care, more GP visits in the past six months, (more severe) 

anxiety, depression, comorbidity, insomnia, and use of antidepressants 

were independently associated with BZD use. Older age and chronic 

illnesses were independently associated with inappropriate BZD use. 

We concluded that mentally or physically vulnerable subjects were most 

likely to use BZDs. The most vulnerable (i.e. old and physically ill) BZD 

users were at highest risk of inappropriate BZD use.
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In chapter three, we investigated the prospective determinants of 

initiated and continued BZD use. During follow-up, BZD use was initiated 

by 4.9% of BZD non-users at baseline. Initiated use was predicted by 

insomnia, enduring anxiety symptoms, entering secondary care during 

follow-up and past BZD use. Positive life events during follow-up reduced 

the likelihood of BZD initiation. Of the BZD users at baseline, 54.2% 

continued use during the entire follow-up period. Continuation of BZD 

use was predicted by higher age, severe anxiety, and a long duration 

of BZD use. Leaving secondary care was associated with less continued 

BZD use. We concluded that insomnia and anxiety were the main risk 

factors of initiated use, while advanced age and anxiety severity were the 

main risk factors of continued use. 

As BZD dependence is experienced by many BZD users, but regularly 

remains unrecognized, we investigated the cross-sectional correlates of 

BZD dependence in chapter four. Problematic use was independently 

associated with more GP contacts in the past six months and severity of 

insomnia. Preoccupation was related to anxiety severity, antidepressant 

use, alcohol dependence, and a higher daily dosage of BZDs. Lack of 

compliance was associated with higher age, unemployment, insomnia, 

antidepressant use, and alcohol dependence. We concluded that BZD 

users with insomnia, antidepressant use and alcohol dependence were at 

the highest risk to develop BZD dependence. 

The patient correlates of BZD use have received much attention in 

the past. Less attention has been paid to the contribution of general 

practitioner (GP) characteristics to patient BZD use. Therefore, we 

investigated GP characteristics as possible correlates of patient BZD 

use and inappropriate BZD use in chapter five. Patient BZD use and 

inappropriate use did not vary significantly between GPs. Only few GP 

characteristics were associated with patient BZD use (after correction 

for patient correlates of BZD use). Only the GP’s perceived disability to 
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differentiate unhappiness from depression was weakly associated with 

less patient BZD use. Higher professional comfort and competence with 

mental health care of the GPs correlated with less inappropriate patient 

BZD use. Our results indicate that GP characteristics barely affect patient 

BZD use. Instead, patient characteristics seem to be decisive in whether 

BZDs are used (inappropriately) or not. 

As BZDs are used for the symptomatic treatment of anxiety and stress, 

they may influence the human stress system. Short-term BZD use was 

found to suppress cortisol levels. However, little research has been done 

on the effects of long-term BZD administration on the hypothalamic-

pituitary-adrenal (HPA) axis. The relationship between BZD use and 

various salivary cortisol measures was studied in chapter six. Daily and 

infrequent BZD users displayed slightly lower evening cortisol levels as 

compared to non-users, but did not differ on any other cortisol indicator. 

As BZDs are often taken at night time, the reduced cortisol levels in the 

evening may reflect a transient suppressive effect of BZDs on the HPA 

axis (which could not be detected anymore in the morning). Alternatively, 

tolerance to BZDs cortisol suppressant effects may develop in long-term 

BZD use.

Short-term BZD use was repeatedly found to suppress sympathetic 

nervous system activity and heart rate variability. However, findings 

between studies were inconsistent. Further, it was unclear if BZDs 

maintain their effects on the autonomic nervous system (ANS) in chronic 

use. Therefore, we investigated the prospective association between 

transitions in BZD use and ANS alterations in chapter seven. After 

adjustment of covariates, subjects who had initiated BZD use during 

the follow-up period displayed a decrease in sympathetic activity while 

chronic users showed an increase in sympathetic activity. No effects of 

BZDs on parasympathetic activity were detected. This finding suggests 

that BZDs suppress sympathetic activity in short-term use, and that 
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these effects remain, but become smaller, in longer term users, potentially 

due to tolerance development. 

Short-term administration of benzodiazepines (BZD) was found to prolong 

reaction time (RT) in experimental studies. However, studies on long-term 

BZD use did not always adjust for important confounders and showed 

inconsistent results. In chapter eight, we investigated the relationship 

between BZD use and RT in mainly chronic BZD users of NESDA. We 

found that high dosage chronic BZD users, but not lower dosage users, 

had longer RTs than non-users. This indicates that tolerance to this 

side effect of the BZDs did not develop (completely). Further, BZD users 

with higher scores on problematic use, a dimension of BZD dependence 

severity, had longer RTs than those who scored lower on problematic use.

GeNerAL DiscUssioN

In this discussion, these findings are discussed. Further, clinical 

implications, methodological considerations, and topics for future 

research will be outlined. 

PArt A) correLAtes oF BZD Use, iNAPProPriAte 

Use AND tHe iNFLUeNce oF PrescriBers

Despite the narrow indication range for BZDs and the growing public 

awareness of the drawbacks of BZD use, many patients use BZDs, also 

for invalid indications.1-4 Against international prescription guidelines, 

high daily dosages are used, though these may increase the risk of 

side effects, dependence, and suicidal ideations.5,6 BZDs are also used 

inappropriately for long periods of time, even though the therapeutic 

effectiveness may decrease.7 Therefore, we aimed to identify patients at 

risk of new BZD use, chronic use, inappropriate use, and dependence. 

Our findings are summarized in Table 1.
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tABLe 1. Risk and Protective Factors in Relation to BZD Use

New BZD use chronic BZD 
use

inappropriate 
use

BZD 
dependence

BZD 
prescribers

Risk factors:
Insomnia
Chronic 
anxiety
Entry into  
secondary care
Past BZD use

Risk factors:
Higher age
Severe anxiety
Long duration 
of 
BZD use
Past BZD use

Risk factors:
Higher age
Chronic 
illnesses

Risk factors:
Unemployment
Many GP 
contacts
Insomnia
Severe anxiety
Antidepressant 
use
Alcohol 
dependence
High BZD dose

Risk factors:
None

Protective 
factors:
Positive life   
events

Protective 
factors:
Returning to 
primary care

Protective 
factors:
Agreeableness

Protective 
factors:
None

Protective 
factors:
Comfort in 
dealing with 
anxious and 
depressed 
patients 
Disability to  
differentiate 
unhappiness 
from 
depression

the initiation of BZD Use

During the two year follow-up period, BZD use was initiated by 4.9% of 

the subjects who did not use BZDs at baseline.8 We investigated the risk 

factors of the initiation of BZD use in prospective analyses in the NESDA 

sample.8 Beyond the studies already discussed in chapters two and three 

of this thesis, no other prospective cohort studies have been published 

on this specific topic, so we will restrict this argumentation to our own 

results and the scarce previous literature on new BZD use.

We found that insomnia, enduring anxiety, and entry of secondary 

care were the strongest predictive factors of the initiation of BZD use.8 This 

finding is in line with previous research9,10 and suggests that BZDs are 

primarily prescribed for their main indications. We discovered that BZD use 
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was initiated for longer rather than shorter episodes of psychopathology.8 

Possibly, GPs and patients try different treatment alternatives before 

they decide to initiate BZDs. This suggests that guidelines11,12 for BZD 

initiation are followed relatively well by most patients and prescribers. 

Albeit, BZDs only suppress symptoms of anxiety and insomnia for the 

duration of use and do not cure the underlying disorder. Consequently, 

relapse rates after BZD discontinuation are high.13 BZD use may even 

interfere with cognitive behavioural therapy due to its impairing effects 

on cognitive functions.14 For these reasons and reasons related to other 

side effects, namely decreasing effectiveness, dependence, and tolerance 

development, BZDs are never the first treatment option.15 Before 

prescribing BZDs, GPs should try the alternative treatment approaches 

suggested by Dutch and international guidelines as summarized in 

Table 2.11,12 The mentioned pharmacological alternatives are mostly 

better suited as first choice treatments of anxiety and insomnia. The 

non-pharmacological treatment options may additionally help to treat 

these disorders, and reduce the need for long-term drug prescriptions. As 

current insomnia treatment guidelines do not include pharmacological 

treatment alternatives to BZDs and so-called z drugs, we have also added 

empirical research evidence regarding psychopharmacological insomnia 

treatment to Table 2.16 
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tABLe 2. Alternative Treatment Approaches for Anxiety and Insomnia11,12

Disorder Panic 
Disorder

social 
Phobia

GAD PtsD insomnia

Pharmaco-
logical treat-
ment

SSRIs
TCAs

SSRIs  
Venlaflaxine

SSRIs
Venlaflaxine
TCAs 
Buspiron

SSRIs
TCAs 
Venlaflaxine
Anticonvul-
sives

Tradozon
Mirtazapine
(Quetiapine)

Non-phar-
macological 
treatment

Exposure 
therapy

Panic  
management

Social skills 
training

Exposure 
therapy

Cognitive 
therapy

Task concen-
tration  
training

Exposure 
therapy

Applied  
relaxation

Anxiety 
management 
therapy

Exposure 
therapy

Stress  
management

Cognitive 
therapy

Eye move-
ment desen-
sitization and 
reprocessing

Information 
about sleep 
physiology

Advice on 
sleep  
hygiene

Muscle  
relaxation

Female gender,17 older age,17 divorce,17 alcohol problems,9 antidepressant 

use,9 smoking,10 and poor physical health10 were identified as important 

risk factors for BZD initiation in previous research, but not confirmed in 

our study.8 As we corrected for these confounders in one large multivariate 

model, these factors may be less important in the prediction of new BZD 

use than insomnia, anxiety and entry of secondary care. However, as 

older age, divorce, alcohol problems, and physical health problems are 

often accompanied by anxiety and insomnia, it is possible that BZDs 

were prescribed for symptom reduction, (although it would have been 

better to treat the cause of the anxiety and insomnia). Alternatively, the 

discrepancies may be caused by differences in sample selection or the 

inclusion of a different subset of BZD predictors.

An interesting observation was that the risk for BZD initiation 

was reduced by the occurrence of positive life events.8 This indicates that 

patients at risk of BZD use may benefit from the active search for more 

positive life situations, such as making new friends and participating in 
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recreational activities. They may be taught how to do so in counselling or 

psychotherapy. 

chronic BZD Use

At baseline, 82.5% of the 429 BZD users in NESDA were chronic users.18 

Of all BZD users at baseline, 54.2% continued use during the entire 

follow-up period of two years.8 As most of the BZD users in NESDA were 

already long-term users at baseline, we combined the results of our own 

cross-sectional and prospective analyses in this discussion.8,18 Older age, 

severe anxiety and treatment in secondary care were associated with 

chronic BZD use in both analyses and thus formed the most important 

risk factors.8,18 These results are in line with other prospective research 

studies.19,10 

Old patients with severe anxiety seem to form a vulnerable group 

who suffer from the troubles of aging in combination with psychopathology. 

As these patients often have a low quality of life, it is important to reduce 

their symptoms, but even more favourable to treat the underlying 

disorders. Only when other treatment alternatives (see Table 2) have 

been tried without success, long-term BZD use may be considered. Yet, 

BZDs should only be prescribed for the duration of time that they actually 

reduce symptoms of anxiety and insomnia. As there is little evidence for 

BZDs effectiveness in daily, long-term use,20 intermittent use may be a 

pragmatic alternative in order to delay tolerance development.21 However, 

intermittent use is also no optimal solution, as it may also lead to (or even 

be an expression of) BZD dependence.22

The association between BZD use and secondary care treatment18,8 

indicates that BZDs are often initiated at entry of and discontinued at exit 

of specialized mental health care treatment. This finding is not surprising 

as oftentimes all other treatment options are exhausted when subjects 

enter secondary care and immediate symptom reduction is necessary. 

However, it does seem positive that BZD treatment is also discontinued, 

when subjects leave secondary care. Apparently, specialized health care 
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personnel largely adhere to treatment guidelines. Further, subjects seem 

to benefit from secondary care treatment, so that they are no longer in 

need of BZDs when they leave the mental health care institutions. 

Female gender,23 divorce,23 pain,10 general practitioner contacts23 

and several characteristics of BZD use24 were established as important 

risk factors of chronic use in previous research, but not confirmed by the 

thesis on hand. Possible explanations are again the differences in sample 

selection or the inclusion of different putative risk factors in multivariate 

models. However, as mentioned above, insomnia and anxiety may also 

be a consequence of pain complaints and divorce. Thus, GPs may have 

treated symptoms of anxiety and insomnia, although it would have been 

better to treat the cause of these two disorders.

inappropriate BZD Use

Inappropriate BZD use was defined as using a mean daily dose higher 

than the DDD as defined by the World Health Organisation, using BZDs 

for longer than three months, and using more than one type of BZDs 

at a time.18 In NESDA, the prevalence of inappropriate use was high, 

with 84.8% of the 429 BZD users meeting at least one of the mentioned 

criteria.18 In order to find out who was at highest risk, we investigated the 

correlates of inappropriate BZD use in the NESDA sample. In our study, 

older patients who also had chronic, physical illnesses were at highest 

risk of inappropriate BZD use. These patients may insist to receive or 

refuse to discontinue their BZD prescriptions. Alternatively, GPs may 

view BZDs as the only treatment option for the vulnerable patients and 

therefore issue prescriptions despite the treatment guidelines.25-28 Of the 

inappropriate users, the majority exceeded the recommended duration 

of BZD use of three months,18 while only a relatively small percentage 

surpassed the recommended dose or used more than one type of BZDs at 

a time.18 Thus, chronic long-term use presents the most common problem. 

Although the prevalence of exceeded doses was relatively low (14.0%), 

high dose use may have substantial impact on public health due to the 
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increased risk of adverse outcomes such as hip fractures29 and motor 

vehicle accidents.30 Patients using antidepressants were at highest risk of 

inappropriately high BZD doses, possibly due to co-prescription of BZDs 

to reduce the most severe symptoms in the first weeks of antidepressant 

treatment. Even after full effectiveness of the antidepressant treatment 

enfolded, subsequent BZD use was found to be frequent.31 Therefore, it 

is important to ensure that BZD tapering is initiated as soon as patients 

respond to antidepressants.

High scores on agreeableness protected against inappropriate 

BZD use. This is in line with an earlier found association between 

agreeableness and treatment adherence in hypertensive subjects.32 As 

agreeable subjects are generally characterized as empathetic, harmony 

seeking, and trusting,33 they may be more likely to listen to the GPs 

advices when short-term BZD treatment or BZD tapering is recommended. 

They may also trust their GPs more easily on the drawbacks of BZD 

use. This emphasizes the importance of developing a trusting doctor-

patient relationship, so that the patient believes in the competence of the 

GP and is willing to take his/her advice. GPs should also learn how to 

convince less trustful patients of the most appropriate treatment options 

and to refrain from prescribing when they do not consider BZDs justified. 

Future research needs to investigate whether GPs with these skills issue 

less inappropriate prescriptions. If that is the case, more emphasis needs 

to be put on training these skills to GPs.

BZD Dependence

Patients dependent on BZDs commonly initiate use due to anxiety or 

insomnia and continue their prescriptions longer than recommended or 

at doses outside the recommended range.20 As they are partly maintained 

on this inappropriate use by their prescribers, this is occasionally called 

‘involuntary’ dependence. The prevalence of patients seeking BZDs 

for intentional abuse is much lower, and those who do, usually have 

a comorbid diagnosis of substance-abuse and derive their drugs from 
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more than one prescriber or other additional sources such as illicit sales 

and internet sites.34 Nevertheless, dependence development is relatively 

common, even in low-dose BZD users, and especially in subjects with 

comorbid psychopathology.20 As BZD dependence impairs the quality 

of life of the affected subjects and interferes with the treatment of the 

primary disorder,35 its development should be prevented. 

In order to prevent BZD dependence, GPs may identify patients 

at risk with empirically validated correlates of BZD dependence. In the 

thesis on hand, severity of insomnia, antidepressant use and alcohol 

dependence were identified as the most important correlates of the three 

scales of BZD dependence severity. These correlates were significantly 

associated with more than one subscale of dependence severity. Higher 

age, unemployment, more GP contacts, severity of anxiety and a daily 

dosage of BZD use were associated with one subscale of BZD dependence.

As alcohol dependence increases the risk of BZD dependence 

and vice versa, caution is essential in patients with alcohol problems. It 

has been shown that polydrug users often combine high doses of BZDs 

and alcohol in order to increase sedation.20 This can be very dangerous 

as memory impairments are enhanced and the risk of accidents and 

injuries becomes even more pronounced. Therefore, BZDs should not 

be prescribed for mild alcohol withdrawal where supportive care may be 

sufficient.36 Instead, it should be reserved for severe alcohol withdrawal 

and delirium tremens, where short-term BZD administration is considered 

as treatment of choice.36 Regarding insomnia, the above stated may also 

hold true. Subjects often initiate BZD use for the treatment of insomnia 

and continue longer than indicated due to enduring symptoms. Finally, 

they become dependent. This has also been shown for antidepressant 

use, where subjects initiate BZD treatment during the first weeks of 

antidepressant treatment and continue their BZD use thereafter. 

Previous research identified a number of correlates (e.g. female 

gender,37 retirement,38 depressive disorder,38 drug use,39 longer duration 

of BZD use38) which we did not confirm in our own research. However, 
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as most studies on BZD dependence used dichotomous definitions of 

dependence37,40 instead of severity dimensions, results are difficult to 

compare. Additionally, BZD users in previous research were on higher 

dosages of BZDs37 and had more severe alcohol problems, which may 

increase the risk of BZD dependence. 

General Practitioner characteristics, Patient characteristics and 

BZD Use

General practitioners (GP)s have often been blamed for the inappropriate 

BZD use of their patients as they bear at least part of the responsibility 

by maintaining  patients on the prescription drug. Therefore, we aimed 

to investigate whether certain physician characteristics were associated 

with an increased risk of inappropriate patient BZD use, even after the 

correction for patient characteristics. Previous research has identified 

a number of independent physician determinants of patient BZD use 

including male gender,41,42 personal usage of BZDs,43 allowing patients to 

influence prescription decisions,42 prolongation of prescriptions without 

direct doctor-patient contact,42 and multiple drug prescribing44. However, 

these studies did not adjust for patient characteristics, so that it was 

unclear if the found differences were due to variation in the physicians 

or in the treated patients.41-43 The only study which adjusted for patient 

characteristics reported that patient and practice characteristics 

were more important in the prediction of patient BZD use than GP 

characteristics.45 

Our results were very consistent with the latter findings.45 When 

analyses were adjusted for patient characteristics, the majority of GP 

characteristics were no longer associated with patient BZD use. This 

indicates that GP characteristic are not decisive to the inappropriate 

BZD use of patients. Instead, it seems that most GPs prescribe BZDs 

(inappropriately) to a specific group of vulnerable patients (independent 

of their own GP characteristics). This assumption was supported by 

numerous qualitative studies which reported that GPs are commonly 
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aware of the BZD treatment guidelines, but still prescribe BZDs, because 

of the idea that BZD treatment is appropriate for subjects with severe 

mental problems or as they feel incapable of helping these patients by 

any other means.25-28 Less inappropriate BZD prescriptions were issued 

by GPs who reported feeling comfortable in dealing with anxious and 

depressed patients. Possibly, these GPs are more confident to inform 

patients about the risks of BZD use and the need of discontinuation after 

short-term treatment. 

summary and Discussion Part A: BZD use, inappropriate Use and 

the Influence of BZD Prescribers

BZD use was mostly initiated by patients with a diagnosis of insomnia 

or anxiety and those who entered secondary care; while the experience 

of positive life events protected from the initiation of BZD use.8 The most 

vulnerable patients, i.e. the old and psychologically or physically ill, were 

at highest risk of inappropriate (and in particular chronic) BZD use.18 

Patients with a diagnosis of insomnia or alcohol dependence or those also 

using antidepressants were at highest risk of BZD dependence. Patient 

characteristics rather than GP characteristics were associated with the 

different modalities of patient BZD use. Therefore, patients as well as GPs 

should receive education and training on responsible BZD use. Since GPs 

who felt more comfortable in dealing with anxious and depressed patients 

issued less inappropriate BZD prescriptions, GPs need to be trained on 

how to manage this patient group25,46 and acquire good knowledge on 

alternative treatment options.25,28 For example, the Dutch Institute for 

Responsible Drug Use (Instituut voor Verantwoord Medicijngebruik) offers 

education, trainings and improvement trajectories to support health care 

organisations with responsible drug prescriptions.47 
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PArt B) tHe PHYsioLoGicAL coNseQUeNces oF BZD 

Use

In short-term intervention studies, BZDs were found to acutely 

suppress the HPA axis (stress-induced activation) and SNS activity.48-50 

The underlying mechanism of action may be as follows. BZDs bind to 

GABAA receptors, enhance the inhibitory effect of these receptors in 

the paraventricular nucleus (PVN) of the hypothalamus and thereby 

suppress the HPA axis and the SNS. As SNS arousal was found in 

stressful situations51 and HPA axis hyperactivity was detected in anxious 

subjects, these suppressant effects of the BZDs may contribute to their 

anxiolytic and stress reducing actions. Consistent with this hypothesis, 

BZD induced cortisol reductions were found to be accompanied by an 

improvement of anxiety.52,53 Additionally, the alpha 2 subunit of the GABAA 

receptor, which mediates BZDs’ anxiolytic effects, was found to be most 

abundant in the hypothalamus,54,55 which is involved in the regulation 

of ANS and HPA axis effects.48,49 However, findings were inconsistent, in 

particular for the ANS, so that no firm conclusions can yet be drawn.

It is also not known whether BZDs effects on the HPA axis and 

the ANS remain in chronic BZD users or if tolerance develops. Possibly, 

the BZD concentration needed to suppress the HPA axis becomes higher 

with tolerance development so that the daily dose of BZDs does not affect 

the HPA axis activity anymore after a certain period of use. Alternatively, 

BZDs may only suppress the HPA axis activity briefly, so that the activity 

returns to baseline shortly (in a couple of hours) after BZD administration. 

It was oftentimes reported that BZDs lose their anxiolytic and especially 

hypnotic effectiveness in chronic BZD use.56,57 Possibly, once BZDs effects 

on ANS and HPA axis decrease, their anxiolytic and hypnotic effectiveness 

also diminish. 

If BZDs constantly suppressed the SNS and the HPA axis in 

chronic BZD users, a deregulation of these two stress systems was to 

be expected. Constant hyperarousal of the HPA axis was found to be 
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associated with psychiatric and somatic conditions, such as depressive 

and anxiety disorders, osteoporosis, atherosclerosis, and certain 

infectious diseases.58-60 Hypoarousal of the HPA axis was found to be 

associated with fibromyalgia, hypothyroidism, chronic fatigue syndrome, 

and post-traumatic stress disorder.58 Altered ANS activity was found 

to be associated with angina pectoris, myocardial infarction, coronary 

heart disease death, or congestive heart failure.61,62 If these conditions 

were likely to develop, even more caution regarding the (long-term) use of 

BZDs would be warranted.

To find out whether the effects of BZDs on the ANS and the HPA 

axis remain in long-term users, we investigated the cross-sectional 

association between BZD use, the HPA axis and the ANS in mainly long-

term BZD users of the NESDA sample. Additionally, we investigated 

prospective data on BZD use and the ANS.

the Association Between BZD use and the HPA Axis

In the past, the effects of short-term BZD administration on serum, urine 

and salivary cortisol levels as a measure of the HPA axis were studied 

during a time period ranging from one day to one month. In most of 

these studies, BZDs suppressed (stress-induced increases of) cortisol 

levels.50,53,63-68 It was concluded that the suppression of the HPA axis may 

be involved in BZDs’ mechanism of action.53 

Research on the effects of chronic BZD use on the HPA axis 

has been scarce. In one study, chronic BZD users had similar baseline 

plasma cortisol levels as non-users, indicating that these subjects’ daily 

BZD use did not (lastingly) affect the HPA axis.57 In NESDA, long-term 

BZD users did not differ from non-users on most cortisol indicators, 

confirming these findings.69 This suggests tolerance development for the 

HPA axis suppressant effects of BZDs. Only evening cortisol levels of BZD 

users were lower than those of non-users in the NESDA sample.69 As 

BZDs are usually taken at night time, this may indicate the existence 

of an acute, transient, cortisol suppressant effect of BZDs in long-term 
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users. In line with the finding of transient cortisol reductions, a short-

term intervention study reported that a BZD-induced suppression of the 

HPA axis was followed by a rapid return to baseline cortisol levels, despite 

persisting high plasma BZD levels.70,71 Consistently, the morning cortisol 

samples of BZD users in NESDA were only non-significantly lower than 

those of non-users with smaller effect sizes.69 This suggests that cortisol 

levels went back to baseline as the BZD suppressant effect wore off. 

Nonetheless, the lack of strong effects of BZD use on cortisol in 

NESDA does not prove the absence of these effects on the HPA axis. Earlier 

research found significantly decreased ACTH levels, but non-significantly 

reduced cortisol levels upon BZD administration. The authors concluded 

that ACTH and cortisol reductions might be unassociated.72 This 

illustrates the biological complexity of the human stress system which 

we tried to capture by the measurement of salivary cortisol as the single 

biological indicator. 

In summary, BZDs still seem to slightly suppress the HPA axis 

in chronic BZD users. This cortisol suppression seems to occur only 

transiently directly after BZD ingestion. However, the BZD induced 

cortisol reductions are much smaller than in short-term use, probably 

due to the development of tolerance.

the Association Between BZD use and the ANs 

The current body of literature on the effects of BZDs on the ANS is 

inconsistent and largely comprises short-term intervention studies that 

measured the effects of relatively high doses of BZDs on the ANS. The 

majority of studies on SNS activity reported a suppression of (stress-

induced increases of) sympathetic activity.51,73-77 However, one study 

reported that BZDs increased sympathetic outflow78 and a few other 

studies did not detect any SNS related effects of BZDs.79-82 Research on 

PNS activity found that BZD administration attenuated HRV,78,80,83-87 

and heightened HR,78,80,83,86-88 aside from two studies which announced 
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heightened HRV after BZD administration.77,89 Based on these short-term 

results, the effects of BZDs on the ANS remain unclear.

Less research has been conducted on the effects of chronic BZD 

use on the ANS. Cross-sectional analyses of the NESDA study reported 

similar HRV in chronic BZD users and non-users.90 In prospective 

research, this finding was confirmed. On the one hand, this may imply 

that BZDs do not affect PNS activity in chronic use due to tolerance 

development. On the other hand, it may indicate that BZDs have an 

acute, transient effect on the ANS (which could not be detected hours 

after BZD intake when NESDA interviews took place). 

In contrast, the SNS activity of BZD initiators in NESDA was lower 

at the two year measurement than it was at baseline. This may suggest 

that initiating BZDs slightly decreased SNS activity. Yet, a BZD induced 

decrease in SNS activity would also be reflected in a decrease of HR, which 

was not found in NESDA. Further, chronic users displayed an increase in 

SNS activity between the baseline and the follow-up measurement, which 

is difficult to explain. As different group and ANS measure comparisons 

gave conflicting results, we need to be cautious when drawing firm 

conclusions. At this point, is seems that BZDs suppress SNS activity 

in short-term use, and that these effects remain, but become smaller, 

in longer term users due to tolerance development. It is also very likely 

that the effect of BZDs on the ANS is transient in nature so that it can 

be measured directly after BZD intake and decreases with time. As we 

did not record the time of BZD intake, it is very likely that the effect of 

the BZDs on the SNS had already worn off in some subjects, while it was 

still present in others and again others may have shown rebound SNS 

increases (between doses elevations). 

summary and Discussion Part B: the Physiological consequences 

of BZD Use 

We neither detected strong effects of BZDs on the HPA axis nor on the 

ANS in long-term BZD users. This is in contrast with intervention studies 
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which reported a suppression of the HPA axis and either decreased SNS 

or HRV levels directly after the administration of BZDs. The absent or 

weak influences of BZDs on the ANS and the HPA axis in long-term users 

have several implications. On the one hand, it suggests that patients, who 

suffer from anxiety and/or depression, may use BZDs without strong 

adverse effects on these two stress systems. While in the first weeks of 

BZD use minor respiratory and cardiovascular changes may occur, these 

effects should wane relatively fast with the development of tolerance. Most 

importantly, no chronic hypo- or hyperarousal of the two stress systems 

is expected. In this respect, BZDs may be safer than antidepressants 

which were shown to have adverse effects on the ANS and the HPA axis. 

The use of tricyclic antidepressants (TCAs), selective serotonin reuptake 

inhibitors (SSRIs) and serotonin–norepinephrine reuptake inhibitors 

(SNRIs) was associated with decreased HRV, the use of SNRIs and TCAs 

was associated with decreased PEP, and the use of SSRIs was associated 

with increased PEP.90-92 Further, the use of antidepressants was associated 

with less cortisol suppression after dexamethasone,59 which may increase 

the risk to develop hypercortisolemia. 

The absence of strong physiological consequences of BZD use 

in long-term users may also explain why BZDs do not maintain their 

anxiolytic and hypnotic effectiveness in chronic BZD use.56,57 As decreases 

in cortisol levels were found to be associated with decreases in anxiety,53 

tolerance development to the cortisol-suppressant effect might also 

indicate tolerance development to BZDs anxiolytic and hypnotic effects. 

Cautiousness in drawing final conclusions is recommended. As 

GABA is widely spread throughout the human brain, BZDs may affect 

several different brain structures via their direct and indirect effects 

on GABA. The lack of strong alterations of the HPA axis and the ANS 

indicators associated with BZD use reported in this study, are no proof 

for the absence of stress system effects in chronic BZD use. Future 

research needs to confirm if tolerance to BZDs’ suppressant effects on 

the HPA axis and the ANS develops in chronic use. Further, it needs to 
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be established, if tolerance development to these physiological effects of 

BZDs is the reason for the decreasing anxiolytic and hypnotic effects of 

BZDs in long-term use. 

PArt c) seDAtiVe AND AtteNtioN iMPAiriNG 

eFFects oF BZDs

Until the 1970s it was assumed that BZDs did not have any cognitive 

side effects.93 However, it is now common knowledge that clinical doses of 

BZDs induce high levels of sedation, attention impairments, and memory 

deficits in short-term use.93 In long-term use, only some of these effects 

seem to remain, while others are subject to tolerance. Memory deficits 

were found to persist in long-term use (even after five years)94 indicating 

that tolerance to these effects never fully develops. While some research 

studies suggested that sedation and attention impairments improve with 

time,93 others found sustained attention impairments in chronic BZD 

users,95 but no impairments of simple reaction time.95 Another research 

study reported no effect of diazepam on psychomotor speed in a group 

of subjects using BZDs for 5-20 years, pointing to the persistence 

of tolerance.94 From these research studies, it did not become clear, 

whether sedation and attention impairments remain in chronic BZD use. 

Therefore, we aimed to investigate whether BZDs’ effects on attention and 

sedation would persist in chronic BZD use. Daytime sedation (including 

psychomotor speed impairments) and attention deficits can objectively 

be measured by reaction time (RT) tasks such as choice reaction time 

tasks (CRTTs).

the Association between BZD use and reaction time

Previous research on the association between BZD use and RT mainly 

consisted of small randomized trials which compared the effect of short 

term administration of BZDs to the effect of placebo in CRTTs. In these 

studies, the administration of BZDs was generally found to prolong 
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RTs in healthy, BZD-naive subjects.96,97 This increase was reported to 

last for the time measured, which ranged from 0,5 to 36 hours.96,97 One 

intervention study investigated the effects of BZD use on RT during a 

longer period of time and found that six weeks of daily BZD intake still 

increased RTs.98 This finding indicates that at least for this duration of 

time limited or no tolerance for the RT prolonging effect had developed. 

Two small studies did not find prolonged RTs after BZD intake, possibly 

due to a lack of power related to small sample sizes.99,100

Only a few observational studies investigated the association 

between long-term BZD use and RT with inconsistent results. One cross-

sectional, observational study did not detect longer RTs in chronic BZD 

users as compared to healthy controls.101 In contrast, another study 

found longer RTs in chronic BZD users with anxiety than in healthy 

non-users,102 but did not investigate whether the increased RTs were 

due to psychopathology or the use of BZDs.102 As psychopathology was 

found to increase RT in previous research, this may be the reason for the 

increased RT detected in this study. Consistently, a different study found 

longer RTs in depressed subjects (half of whom used BZDs) as compared 

to healthy volunteers.103 When analyses were repeated in the depressed 

group only, RTs did not differ between BZD-users and non-users.103 This 

suggests that the increased RTs were due to psychopathology rather 

than BZD use. 

We wanted to investigate if BZD use prolongs RT independent 

of psychopathology. Therefore, we examined BZDs’ effects on RT 

(as measured by a CRTT) in chronic BZD users. We found a positive 

association between the daily dose of BZDs and RTs. This significant 

effect remained after adjustment for psychopathology, indicating that 

the harmful effects of BZDs on RT are independent of psychopathology 

and remain in chronic BZD use. The found dose-response relationship in 

this thesis was in line with previous short-term research which reported 

that impairments of psychomotor speed and attention increased with the 

administered dose.96
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In this thesis, the awareness of problematic BZD use was associated 

with prolonged RTs, independent of the used dose. High scores on 

problematic use probably reflect the experienced strength of side effects. 

The experienced side effects may differ between individuals, as they are 

influenced by the individual drug metabolism and pharmacokinetics. 

Studies on BZD pharmacokinetics have shown that alterations in 

distribution and elimination of certain compounds occur in old age.104 

In older subjects, half a dosage is sufficient to achieve a comparable 

therapeutic effect to the effect the whole DDD causes in younger patients. 

If the common DDD is used in older patients, side effects become much 

stronger and the risk of accidents, falls, and other consequences of 

cognitive impairments increases.105,106 Yet, younger subjects may also 

show differential reactions to the same dose of BZDs. This may be related 

to the individual genetics. Alternatively, the concomitant use of other 

drugs or substances (cigarettes, certain food, alcohol, opioids, lithium, 

antipsychotics) may enhance or suppress the effects of BZDs.107 For 

example, diazepam and chlordiazepoxide plasma concentrations increase 

in combination with drugs that inhibit cytochrome P (CYP) enzymes 

CYP450 and CYP 343/4, including cimetidine, disulfiram, and isoniazid 

and result in much stronger side effects.107,108 Therefore, GPs should 

closely monitor the drug regime of their patients, consider possible drug 

interactions and regularly ask them about the experienced side effects.

summary and Discussion Part c: sedative and Attention impairing 

effects of BZDs 

We found a dose response relationship between the daily BZD dose and 

RT. This result underlines the importance of limiting BZD use to the 

defined daily dose. Medical doctors should repetitively alert BZD users of 

the prolonged RTs associated with high doses of BZDs and the possible 

consequences for everyday tasks where good concentration, attention, 

and psychomotor speed are required, (such as driving or working with 

machinery), even when they are already using for a long duration of time.
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Interestingly, we did not find strong associations between BZD use and 

the two stress systems, but did detect associations between BZD use 

and RT. A possible explanation for this finding may be that sedation and 

anxiolysis are mediated via two different receptor subunits of the GABAA 

receptor.109 Possibly, BZDs effects on the stress system are related to their 

anxiolytic effects while RT impairments rather reflect daytime sedation 

(including psychomotor slowing) and attention deficits. Anxiolytic effects 

are mediated via the alpha 2 subunit of the GABAA receptor110,111 which 

is dominant in the PVN of the hypothalamus. In contrast, sedation was 

found to be mediated via the alpha 1 subunit of the GABAA receptor110,112 

which is present in most parts of the adult brain, including the PVN 

(although not dominant in this area). Tolerance to BZDs’ anxiolytic 

effects on the alpha 2 subunit may develop earlier than tolerance to the 

sedative effects on the alpha 1 subunit does. This hypothesis contradicts 

previous research which reported fast (2 weeks) tolerance development 

to the sedative effects of BZDs,113,114 and slower tolerance development 

to the anxiolytic effects of BZDs. Yet, the association between dose of 

BZDs and RT indicates that there is no complete tolerance development 

to BZDs sedative effects in chronic BZD use. Most likely, the dose needed 

to impair RT is lower than the dose needed to put a patient to sleep. 

This would explain why studies found decreasing sedative effectiveness 

in insomniac patients with a longer duration of use and why we still 

detected prolonged RT in long-term users (indicating that the sedative 

effects have not yet completely disappeared). 

PArt D) MetHoDoLoGicAL coNsiDerAtioNs

Specific limitations of the studies presented in this thesis have already 

been addressed in the corresponding chapters. In this part of the thesis, 

only the general methodological considerations will be discussed. One 

of the overarching limitations was the limited ability to determine 

causality due to the observational nature of our studies. Therefore, we 
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do not know for sure, if the identified correlates are actually risk factors 

of the modalities of BZD use or otherwise related (due to confounding). 

However, The Medical Ethical Committee (in Dutch: Medisch Ethische 

Toetsingsingscommissie or METc) does not allow long-term trials on BZD 

use to be conducted due to the high risk of BZD dependence. 

Due to attrition and the recruitment of patients in outpatient 

(and not in inpatient) settings, the most severely depressed and anxious 

subjects were not optimally represented within the NESDA study, 

especially at the follow-up measurement. As a result, the findings of 

this thesis cannot be generalized to the most severely ill psychiatric 

patients. Furthermore, the NESDA sample mainly consisted of low-dose 

BZD users, while high dose and severely dependent subjects were not 

included in this study. Therefore, our results cannot be generalized to 

these patients. As NESDA mainly consists of outpatients with previous or 

current psychopathology or a family history of psychopathology, subjects 

who use BZDs (inappropriately) for other than psychiatric indications 

are less present in our studies. A related restriction is that only adults 

aged 18 through 65 were included in NESDA, so we cannot be sure if our 

findings can be generalized to the elderly above 65. This is unfortunate 

as the age of 65 and older is a major part of the BZD user population. 

Additional restrictions were related to the group sizes for the subgroups 

of BZD users. Since the group sizes of most of the different BZD types 

were relatively small (for some analyses the groups were smaller than 

n=20), small group differences could have been missed due to the 

restricted power of these analyses. Moreover, the BZD user sample did 

not comprise many short-term users with less than one month of use. 

Consequently, the correlates of short-term versus long-term use and the 

respective consequences could not be compared. The same problem also 

applied for high dose and low dose BZD use and high and low severity of 

BZD dependence.

Furthermore, certain analyses could not be conducted as the 

necessary variables had not been included in the NESDA study. For 
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example, we could not analyse the attitudes and ideas of GPs regarding 

BZD use (but only more general attitudes regarding depression and 

anxiety) and did not know the reasons for BZD initiation. Other limitations 

of this thesis are related to non-compliance or memory bias. BZD use, 

which was registered by self-report and observation of drug containers, 

may not always represent the actual use. Our studies were also limited 

by the fact that patients took their daily dose of BZDs at home and we did 

not ask them for the most recent time of intake. Therefore, we could not 

be sure whether all patients actually took BZDs on the days of the RT, 

ANS and HPA axis measurements, nor did we know how much time had 

passed since the last administration of BZDs. Several NESDA subjects 

may have used short-acting BZDs at night so that the plasma BZD 

concentration was very low at time of RT, HPA and ANS measurements 

and no acute effects could be established. 

PArt e) iMPLicAtioNs For FUtUre stUDies AND 

cLiNicAL PrActice

Effort should be made for the inclusion of high dose, BZD-dependent 

patients in observational studies to confirm present findings in that 

patient group. Strategies to motivate this group to participate need to be 

developed, as these patients are not only most difficult to motivate, but 

also most in need of professional care. In addition, research should focus 

on old patients (and also include subjects older than 65) with comorbid 

physical and mental diseases, in order to define detailed treatment 

strategies for this patient group who is at high risk of inappropriate 

BZD use. These subjects are often excluded from trials as they suffer 

from more than one disorder. As a consequence, participants of trials 

commonly do not represent the average BZD user and thus the findings 

of these studies might not apply to the actual BZD user group. Therefore, 

research studies with these subjects are needed in order to define 

BZD prevention and reduction strategies for the people most in need. 
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Furthermore, available treatment options should be compared in terms 

of clinical outcome so that the optimal strategies for this high risk group 

can be defined. 

ANS, HPA axis and RT measurements should be taken several times 

prior to and after BZD administration in order to define time-dependent 

changes and distinguish between transient and relatively lasting effects of 

BZDs. Different levels of BZD dependence severity, different BZD types, 

high and low doses users as well as short-term and long-term users 

should be compared on these measurements. Perceived anxiety, sedation, 

and side effect levels should be measured prior and post BZD intake with 

validated self-report questionnaires in order to assess whether the found 

stress system effects are associated with their therapeutic (anxiolytic 

and sedative) and their adverse effects. Cortisol in hair may be a good 

opportunity to assess the effects of chronic BZD use on the HPA axis, as 

changes can be detected relatively easily.116 The time of the last BZD intake 

as well as the reason for BZD use should be reported. Ideally, psychomotor 

speed and attention impairments should not only be measured by RT 

tasks, but also by other tasks that are more similar to real life activities 

(i.e., driving simulation, working at a machine simulation). 

implications for clinical Practice

As BZDs are an effective short-term, symptomatic treatment for stress, 

anxiety and insomnia,11 they should be prescribed for rapid symptom 

relief when needed. More effort should be put into restricting prescriptions 

to the licensed durations of use (typically: 4 weeks anxiolytics, 2 weeks 

hypnotics) by preparing patients beforehand that their BZD use will 

only be short-term.20 Generally, GPs have three options regarding BZD 

prescriptions: 1) Prevent the use of BZDs, 2) Prescribe BZDs for short-

term use only and already invest in discontinuation strategies at the 

start, or 3) Accept BZD use when benefits outweigh risks. 

Option 1: BZD use can be prevented by informing patients about 

the drawbacks of BZDs and offering them a (non-) pharmacological 
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alternative treatment (see table 2). As GPs who felt more comfortable in 

dealing with anxious and depressed patients issued less inappropriate 

BZD prescriptions, GPs need to be trained in how to refuse BZD 

prescriptions when inappropriate 25,46 and acquire good knowledge on 

alternative treatment options.25,28 Trainings are for example offered by 

the Dutch Institute for Responsible Drug Use (Instituut voor Verantwoord 

Medicijngebruik).47

Option 2: If patients suffer from acute severe stress, anxiety or 

insomnia, prevention of short-term BZD treatment for fast symptom 

relief may not always be possible. In these cases, short-term use needs 

to be prevented from becoming long-term use. GPs can use the risk 

factors for inappropriate BZD use (older age, physical and psychological 

comorbidity) to identify patients at risk. All patients and the ‘high risk’ 

group in particular, should be informed right at the start of BZD treatment 

that their BZD treatment will only be short–term, so that expectations 

are clear. If anxiety or insomnia is mild or transient (e.g. related to a 

specific situation), symptoms may improve so that no other treatment is 

needed and BZDs can be discontinued. For subjects who are in need of 

longer-term treatment for anxiety and insomnia, alternative treatments 

should be used from the start. For anxiety disorders, pharmacological 

treatment with SSRIs and TCAs (for patients who do not suffer from ANS 

related comorbidities) should be accompanied by non-pharmacological 

treatment options (i.e., exposure therapy, cognitive therapy, relaxation, 

etc.) so that not only symptom reduction, but also a cure of the underlying 

disorder is targeted. For insomnia, non-pharmacological treatments such 

as information about sleep physiology and hygiene should be attempted 

first. When insomnia is severe and disabling, cognitive therapy directed 

at sleep, as well as tradozon or mitrazapine may be prescribed instead 

of BZDs. As soon as this treatment has built up its full effectiveness, 

BZD discontinuation can be initiated and actively be supported by 

the GP. Minimal intervention such as a discontinuation letter with the 

advice to taper BZD use off gradually is a common strategy to end BZD 
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treatment.22 If this intervention is unsuccessful, the GP should commence 

and actively support gradual dose reduction.20,117,118 For patients, who 

experience severe distress during the discontinuation of BZDs, low-

dose flumazenil infusion may be a potent aid to reduce the severity of 

withdrawal symptoms.20,119 

Option 3: In treatment resistant patients with physical and 

psychological comorbidities and little problem-solving as well as coping 

abilities,120 long-term BZD treatment may not always be avoidable. 

However, research showed that a lack of response to antidepressants is 

often caused by suboptimal prescribing practices (such as prescriptions 

of insufficiently low doses or for too short durations of use).121,122 As a 

consequence, subjects are declared as treatment resistant and longer-

term BZD use is justified according to the treatment protocol, although 

these patients possibly could have been helped by antidepressant 

treatment if the regime had been followed well. This calls for more 

accurate prescribing practices in general and more cautiousness before 

issuing a BZD prescription. For those patients who have been proven 

to be treatment resistant and chronic BZD treatment is indicated, 

treatment must be monitored closely to observe if symptom reduction is 

actually achieved by the use of BZDs as there is little evidence for BZDs 

effectiveness during chronic use. This constitutes a difficult task since 

patients insist on BZDs enduring effectiveness (probably due to memory 

impairments, the fear of symptom recurrence and experienced withdrawal 

effects), although the limited research on this topic does not support this 

view. As use of a high daily dose of BZDs was found to be associated with 

prolonged RTs, this small subgroup of high dose BZD users should enter a 

BZD discontinuation (or at least reduction) program. This goes especially 

for older subjects who are more sensitive to the adverse effects of BZDs 

due to altered drug metabolism and pharmacodynamics. Further, GPs 

should closely monitor the drug regime of their patients to avoid aversive 

drug interactions and question their patients about the perceived side 

effects. Prospective observational studies in long-term BZD users and 
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clinical trials on BZD discontinuation will have to investigate associations 

between biological indicators, clinical symptoms and side effects, to 

shed more light on this important matter. In the meantime, intermittent 

use may help to maintain the anxiolytic and hypnotic effectiveness of 

BZDs longer than in daily use.21 With these action alternatives, the GP 

is put in the position of a risk manager who weighs the advantages and 

disadvantages of BZD use for certain patients.

PArt F) coNcLUsioNs AND FiNAL reMArKs

In this large research cohort, BZD use was mainly initiated by patients 

with a diagnosis of insomnia or anxiety. The most vulnerable patients, 

i.e. the old and psychologically or physically ill, were at highest risk of 

inappropriate (and especially chronic) BZD use. Patients with a diagnosis 

of insomnia and alcohol dependence or those who used antidepressants 

were at highest risk of BZD dependence. BZD users did not differ from 

non-users on most HPA axis and ANS measures, indicating tolerance 

development. However, a higher dose of BZD use was associated with 

prolonged RTs, suggesting that tolerance to this psychomotor effect of 

BZDs does not seem to develop completely. 

Many chronic BZD users seem to believe in the maintained 

effectiveness of the BZDs, although supportive research evidence is 

missing. Additionally, chronic BZD users are usually those who suffer 

from the most severe anxiety and insomnia. This raises the question, 

if BZDs are actually still effective in reducing symptoms of anxiety and 

insomnia, and if not, if subjects should continue taking BZDs for such 

a long time. Future research should focus on long-term therapeutic 

and side effects of BZDs use, so that a clear risk benefit ratio can be 

established for long-term BZD users. Despite continuing attempts to do 

so, no such risk-benefit ratio could be established yet. A wise man once 

said: “Men love to wonder, and that is the seed of science.”123 So there is 

still hope.
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