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N-acetylcysteine reduces the risk of re-hospitalisation among patients
with chronic obstructive pulmonary disease
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ABSTRACT: The aim of this study was to evaluate the effect of oral N-acetylcysteine
in the prevention of re-hospitalisation for chronic obstructive pulmonary disease
(COPD) exacerbations.

Using the PHARmacoMOrbidity linkage (PHARMO) system the authors included
all patients aged >55 yrs who had been dispensed medication, labelled for respiratory
indications (anatomical therapeutic chemical (ATC) classification system: RO03),
between 1986-1998 and who had also been hospitalised for COPD (International
Classification of Diseases (ICD)-9: 491, 492, 496) in this time frame. These subjects
were subsequently divided into two groups, those who had received N-acetylcysteine
following discharge from their first admission between 1986-1998 and those who had
not. All the patients were studied starting from their initial discharge, until their first
readmission, death or end of data collection period. The maximum follow-up period was
1 yr.

A total of 1,219 patients, who were hospitalised for COPD between 1986-1998, were
included in this study. After adjustment for disease severity, it was observed that the use
of N-acetylcysteine was significantly associated with a reduced risk of readmission. The
readmission risk was significantly lower in patients with high average daily doses of
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In conclusion it was observed that N-acetylcysteine reduces the risk of re-
hospitalisation for chronic obstructive pulmonary disease by ~30% and that this risk

reduction is dose-dependent.
Eur Respir J 2003, 21: 795-798.

In the elderly, the most common respiratory illness is
chronic obstructive pulmonary disease (COPD). COPD is a
leading chronic disorder in Western society and is charac-
terised by chronic airflow limitation that is not fully
reversible, usually progressive and this airway obstruction is
associated with inflammation of the airways [1]. In Europe
and the USA COPD is ranked as the third and fourth most
common cause of death, respectively [1, 2]. Many COPD
patients suffer from acute episodes of an increase in severity
of the disease with irreversible airway obstruction, known as
exacerbations. The frequency of these exacerbations varies
between 1.3-4.0-yr™", depending on the definition and grading
of severity, and can often lead to hospitalisation [3-5]. Since
exacerbations are a major cause of loss of quality of life,
increased morbidity, hospitalisation or death, one of the
major objectives of treatment of COPD (from both a medical
and an economical perspective) is the prevention, identifica-
tion and prompt treatment of exacerbations [1, 4].

Chronic mucus hypersecretion is significantly and consis-
tently associated with an increased risk of hospitalisation for
COPD patients [6]. N-acetylcysteine, a mucolytic agent with
additional antioxidative properties, has an extensive and
sometimes controversial history of use in the treatment of
COPD [7, 8]. In some European countries N-acetylcysteine
is used extensively for the treatment of COPD, where as
prescribers in the USA, UK and Australia are less convinced
that the drug is effective [9]. Mucolytics increase expectora-
tion of sputum by reducing its viscosity and/or hypersecretion

Received: July 15 2002
Accepted after revision: January 6 2003

[10]. Treatment with N-acetylcysteine has been shown to
result in symptomatic improvement in patients with COPD
[7]. Moreover, a recent systematic overview related treatment
with N-acetylcysteine with a reduction in acute exacerbations
and days of illness [9]. Several reports have shown that
treating chronic bronchitis patients with N-acetylcysteine is
both beneficial and cost-effective [11, 12].

To date little data are available on the role of N-acetylcysteine
in the prevention of hospital admission for COPD sufferers
[9]. The objective of the present study was to evaluate the effect
of N-acetylcysteine on the prevention of re-hospitalisation for
COPD exacerbations.

Methods

Data for the present study were obtained from the
PHARmacoMOrbidity linkage (PHARMO) system. This
system includes patient histories of hospital admissions and
outpatient drug usage of the 450,000 residents of eight cities in
the Netherlands. The data available was from 1985 onwards
and is continuously updated. The hospital records consist of
a discharge diagnosis, and up to nine secondary diagnoses
(International Classification of Diseases (ICD)-9-CM) and
related operations and procedures. Detailed information
(type, prescriber, dose, costs, legend duration of use, efc.) of
all prescribed and truly dispensed drugs are available for
each individual patient with an average follow-up period of
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7-8 yrs. Both hospital admissions and histories of drug use
are virtually complete and linked on a patient level using
probabilistic record linkage techniques that have been
rigorously validated for up to 10,000 patients. Data from
the PHARMO system have been used for >40 studies
published in major peer-reviewed journals [13-14].

Selection of study subjects

Due to the increased probability of COPD, relative to other
respiratory conditions e.g. asthma, occurring in persons aged
>55 yrs only patients aged =55 yrs were selected for this
study. These subjects were required to have been dispensed a
drug with a respiratory indication (anatomical therapeutic
chemical (ATC) classification system: R03) during 1986-1998.
These drugs were short- or long-acting beta-agonists, xanthine-
derivatives, parasympathicolytics, inhaled corticosteroids,
cromones, and systemic beta-agonists. From this base cohort,
patients who were hospitalised for COPD at any point during
1986-1998, as defined by a first primary discharge diagnosis
of chronic bronchitis (ICD-9: 491), emphysema (ICD-9: 492)
or chronic airway obstruction (ICD-9: 496), were followed
after their initial known hospital discharge. These patients
were divided into two categories, those who received
N-acetylcysteine immediately after discharge and those who
did not. The follow-up of patients admitted for COPD started
the day of discharge until the first re-admission for chronic
bronchitis (ICD-9: 491), emphysema (ICD-9: 492), or chronic
airway obstruction (ICD-9: 496), death, or end of data
collection, whichever of these events came first. The maxi-
mum follow-up period was 1 yr.

Potential risk factors

Since patients with more severe forms of the disease are at
an increased risk of undergoing exacerbations that require
readmission to hospital when compared to patients with less
severe disease, the authors controlled for severity of disease.
This was was conducted by using an algorithm based on the
patterns of use of respiratory drugs [15, 16]. In brief, as
antibiotics are usually prescribed to patients who experience
an exacerbation, these drugs were considered as a proxy for a
severe episode. The same is true for oral corticosteroids and
nebulised beta-agonists. The use of three or more classes of
respiratory drugs, were also considered a proxy for disease
severity. Previous reports have indicated that antihistamines,
as well as antitussive medication and nasal compounds, are
associated with exacerbations of obstructive lung diseases.
Although these findings were mainly based on studies in
asthma, the present authors considered the use of these drugs
as signatures for increasing complexity of respiratory disease
[17]. All these markers of disease severity were ascertained
dichotomously (yes/no) every 2 months during the follow-up
and were treated as time-dependent covariates in the statistical
model.

Analyses

The relative risk of re-hospitalisation for COPD among
patients using N-acetylcysteine, compared to non-users, was
estimated from Cox proportional hazards survival analysis.
The severity markers, as defined above, were included as time-
dependent covariates, measured in periods of 2 months during
an individual's follow-up period. The average daily dose of
N-acetylcysteine was measured by dividing the total amount

of dispensed milligrams per person by the total follow-up
period for that individual. All relative risks were expressed
as point estimates with 95% confidence intervals (CI). A
separate Kaplan-Meier analysis was performed to visualise
the treatment effect of N-acetylcysteine over time during the
year of follow-up.

Results

A total of 1,219 patients were identified as having been
admitted to hospital for COPD between 1986-1998 (table 1).
The total follow-up of these patients was 337,485 person days
(average follow-up time was 276 days). In this cohort of
hospitalised patients the ratio of males to females was ~ 2:3
(59.6%) and ratio of patients >75 yrs was >1:3 (36.7%). At the
time of discharge, xanthine derivatives (45.9%) were the most
frequently prescribed drugs, followed by inhaled short-acting
beta-agonists (39.1%), inhaled steroids (35.9%) and para-
sympathicolytics (35.2%). Moreover, the use of oral cortico-
steroids (51.4%) was highly prevalent immediately after
discharge.

From the 1,219 patients identified, 311 (25.5%) were
readmitted at least once within 1 yr after the last hospitalisa-
tion. The association between N-acetylcysteine and hospita-
lisation is shown in table 2. The numbers of N-acetylcysteine
users represents patients that have been dispensed this drug
at least once in the follow-up period. In general the use of
N-acetylcysteine was significantly associated with a lower
risk of re-hospitalisation, with relative risk=0.67 (95% CI:
0.53-0.85). Stratifying, by average daily dose of N-acetylcysteine,
showed that the readmission risk was significantly lower in
patients with high average daily doses (dose/response trend:
p<0.0001). The average time between the two consecutive
admissions for the N-acetylcysteine users was 139 days and
87.6% of these patients had N-acetylcysteine at their disposal
at the readmission date. Figure 1 shows the Kaplan-Meier
curve for patients treated with and without N-acetylcysteine,

Table 1.—General characteristics of the 1219 study population
hospitalised for chronic obstructive pulmonary disease

Variable n Yo
Female 492 40.4
Male 727 59.6
Age yrs
55-64 257 21.1
65-74 515 42.2
=75 447 36.7
Year of hospitalisation
1986-1989 97 8.0
1990-1994 649 53.2
1995-1998 473 38.8

Drug usage at time of discharge
Respiratory drugs

Xanthine-derivates 560 459
Short-acting beta-agonists 4717 39.1
Inhaled steroids 438 35.9
Parasympathicolytics 429 35.2
Long-acting beta-agonists 110 9.0
Systhemaic beta-agonists 37 3.0
Cromones/nedocromil 18 1.5
Markers for severity
Oral corticosteroids 627 51.4
>3 respiratory drugs 214 17.6
Oral antibiotics 179 14.7
Antihistamines 58 4.8
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Table 2. —Association of N-acetylcysteine use in patients and risk of readmission to hospital for chronic obstructive pulmonary

disease
Re-hospitalised Not re-hospitalised Relative risk? (95% CI)
n % Person-days n % Person-days

Subjects n 311 908

Overall use of N-acetylcysteine 97 31.2 13525 368 40.5 122503 0.67 (0.53-0.85)

Average daily dose mg
0 214 68.8 28183 540 59.5 173274 1.00 (reference)
0-200 78 25.1 10457 217 23.9 70192 0.89 (0.68-1.15)
200-400 14 4.5 1938 62 6.8 20283 0.55 (0.32-0.95)
400-600 3 1.0 557 49 5.4 17637 0.16 (0.05-0.49)
>600 2 0.6 573 40 4.4 14391 0.13 (0.03-0.51)

CI: confidence interval. *: Adjusted by Cox regression for age, sex, year of first hospitalisation and disease severity (time-dependent).

demonstrating a protective effect of N-acetylcysteine for
re-hospitalisation for COPD (log-rank test p<0.05).

Discussion

The present study shows that the use of a mucolytic agent
N-acetylcysteine, in patients >55 yrs, reduces the risk of
re-hospitalisation for COPD exacerbations within 1 yr after
previous hospitalisation, by ~30%. This study also indicates
that the relative risk of hospital readmission gradually and
significantly decreases with increasing average daily dose of
N-acetylcysteine.

In a recent review of the literature, POOLE and BLACK [9]
found that regular use of mucolytics resulted in the significant
reduction of exacerbations by 0.07 exacerbations-month™,
they also showed a significant reduction in exposure days
to antibiotics by 0.53-month™ and a reduction in the number
of illness days per subject of 0.56 days-month™. The latter
corresponds to >6.5 days on a yearly basis. The significant
decline in days of sick leave was corroborated by the results of
GRANDIJEAN et al. [11]. This latter study further deduced from
univariate sensitivity analysis that cost neutrality is reached
with 0.6 (<0.25-1. 94, 95% CI) acute exacerbations per
6 months. Another meta-analysis revealed that in order to
prevent one exacerbation per 12-24 weeks, six patients have
to be treated with 400-600 mg-day™ of N-acetylcysteine [12].
It was also shown that four patients had to be treated during
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Fig. 1.—Kaplan-Meier curve showing risk of readmission to hospital
for chronic obstructive pulmonary disease in patients with and
without N-acetylcysteine (NAC). —: without NAC; -+ : with NAC.

this time frame in order for one patient to report an
improvement in symptoms [12].

In chronic obstructive bronchitis, the airway component of
COPD, mucus hypersecretion is by definition prominent,
whereas the tracheobronchial clearance in these patients is
often impaired [1]. A study by VESTBO et al. [6] showed that
chronic mucus hypersecretion is significantly associated with
an increased risk of hospitalisation for COPD patients [6].
Due to the loss of mucociliary clearance in combination with
hypersecretion, mucus is pooled and this stimulates the
colonisation of bacteria, although the precise role of bacteria
in COPD exacerbations remains an issue of debate [18].
Subjects with COPD and chronic mucus hypersecretion are
more prone to death from pulmonary infections than subjects
without chronic mucus hypersecretion [19]. N-acetylcysteine
modifies rheologic properties as the sulphydryl groups it
contains, directly split disulphide linkages of mucoproteins,
enhancing airway clearance and consequently adversely
affecting the conditions of bacterial colonisation. A study
by RIISE et al. [20] showed that N-acetylcysteine is associated
with low bacterial counts. Moreover, N-acetylcysteine may
also directly prevent bacterial adherence to epithelial cells
[21].

Another possible mechanism, by which N-acetylcysteine
may be beneficial in the prevention of COPD exacerbations,
is by its antioxidant properties. There is increasingly persua-
sive evidence to suggest that increased oxidative stress, the
imbalance between protective antioxidants and free radical
activity, may be involved in the pathophysiology of COPD [7,
22]. Sources for these oxidants are for example, cigarette
smoke, and activated inflammatory cells. Within the lung,
powerful antioxidant enzymes are present both intra- and
extracellularly, e.g. glutathione peroxidase and superoxide
dismutase. Levels of both these antioxidant enzymes are
lowered in patients with COPD [7]. N-acetylcysteine contains
thiol which may act as an antioxidant by providing cysteine
extracellularly for the enhanced production of glutathione
and thus increasing the resistance against oxidative stress.

Some methodological strengths and limitations of this
study have to be mentioned. In the present study the authors
looked at rehospital admission rates. POOLE et al. [9] con-
cluded in their review, on the role of N-acetylcysteine in
preventing exacerbation in COPD, that none of the studies so
far reported on the effects of treatment with mucolytics on
hospital admission for COPD [9]. Evaluating intended drug
effects in a nonrandomised fashion, as with the present study,
always carry the risk of confounding by indication, i.e.
subjects with the highest risk of disease exacerbation (mea-
sured as re-/hospitalisation) are more likely to be prescribed
N-acetylcysteine [23, 24]. Another source of this type of
exposure misclassification in the direction of usage by more
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severely ill patients, could be the heavy debate on the efficacy
of N-acetylcysteine in the mid and late 1990s in Dutch
medical practices. This reflected the restricted reimbursement
procedures for this drug in order to control prescribing [25].
By all means, confounding by indication would have resulted
in an underestimation of the effect, i.e. bias towards the null.
However, the present authors applied strategies to cope with
this potential bias. All subjects, with or without N-acetylcysteine,
were followed after hospitalisation for COPD, giving these
patients a comparable baseline. Moreover, in order to reduce
any residual risk of confounding by indication the authors
adjusted, in the analysis, for the severity of the disease by
means of time-dependent medication markers. Moreover,
because of the changing prescription policies, the authors
controlled for "year of hospitalisation" in the analysis. In
addition, the percentage of N-acetylcysteine users was the
same (36-40%) during the observed time period.

Since N-acetylcysteine can also be purchased without
prescription, in which case the majority were not recorded
into the PHARMO system, the authors might have missed
some N-acetylcysteine usage in the observed patients. How-
ever, it was assumed that if this had occurred, it would be
equally distributed among the rehospitalised and the non-
rehospitalised patients. This nondifferential, misclassification
would also result in a bias towards the null.

In analogy to BLAIS et al [15] and GARRETT et al. [16],
short courses of corticosteroids and antibiotics, and the use of
three or more drugs with a labelled respiratory indication,
were used as markers of disease severity. This is also in
agreement with an "add-on-step-down" approach as recom-
mended in different obstructive lung disease guidelines [1].
However, the authors realise not every physician will diminish
the number of different drugs once a patient's COPD is under
control. A better marker for severity would be clinical
measurement. However, the authors had no data on lung
function tests at their disposal.

In conclusion, this study has shown that the use of
N-acetylcysteine can decrease the risk of re-hospitalisation
for chronic obstructive pulmonary disease by ~30%. The
risk reduction however, needs a minimum average dose
of 400 mg-day™' in order to reach a protective effect. With
respect to this conclusion it will be interesting to see what data
the Bronchitis Randomised on NAC Cost-Utility Study
(BRONCUS) trial will generate in the near future [26].
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