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Background: Whereas paracetamol poisoning is predominantly seen in adolescents and young adults, the
majority of paracetamol associated deaths occur in an older population.
Aims: The aim of the present study was to evaluate age as a risk factor for fulminant hepatic failure (FHF)
and death in a large population of patients with paracetamol poisoning.
Patients: A total of 746 patients transferred to a specialised unit with severe paracetamol poisoning and
273 unselected patients admitted from the local region over a 10 year period.
Methods: A partly retrospective study based on hospital charts. The risk associated with age was evaluated
by multivariate analysis.
Results: Paracetamol poisoning most frequently occurred in the age group 15–24 years. Transferred
patients were significantly older than local patients (median age 37 years v 29 years; p = 0.0006). In
contrast, FHF and death from paracetamol poisoning most frequently occurred in patients aged 40 years
or above. In a logistic regression analysis, ‘‘age >40 years’’ was associated with an excess risk of FHF
(odds ratio (OR) 2.33 (95% confidence interval (CI) 1.50–3.64)) and death or liver transplantation (OR
4.18 (95% CI 2.17–8.05)). In addition, older age was associated with other risk factors for paracetamol
hepatotoxicity such as regular alcohol abuse and late presentation.
Conclusions: Age 40 years or above was identified as a significant independent risk factor for FHF and
mortality following paracetamol overdose. Patients aged 40 years or above should be considered as high
risk patients, in particular when older age appears in combination with regular alcohol abuse or late
presentation.

P
aracetamol (acetaminophen) poisoning is an increasing
health problem, and paracetamol induced hepatotoxicity
has become the leading cause of fulminant hepatic

failure (FHF) in the Western world.1–3 Paracetamol poisoning
is predominantly seen in adolescents and young adults.4–8 In
contrast, the majority of paracetamol associated deaths occur
in an older population.7 9

There may be multiple reasons why the outcome of
paracetamol poisoning may tend to be more severe in older
than in younger individuals. In general, the rate of fatal to
non-fatal self-harm increases with age.10 11 This may be
explained by a higher degree of suicidal intent in the elderly,
which again may reflect in more severe self-poisoning (for
example, by ingestion of a larger overdose).5 12 In addition,
late life suicidal activity is frequently associated with alcohol
abuse,13 which is a known risk factor of paracetamol induced
hepatotoxicity.14 Furthermore, age related changes in func-
tioning liver cell mass or in the susceptibility to paracetamol
may increase the risk of developing FHF following a
paracetamol overdose.15 16

Several studies have identified older age (above 40 or
50 years) as a risk factor of mortality from non-paracetamol
FHF whereas age has not conclusively been associated with
survival from paracetamol induced FHF.17–19 However, if the
chance of survival from paracetamol induced FHF decreases
with age, this would further contribute to the overall
higher mortality from paracetamol poisoning in the older
population.
The aim of this study was to evaluate age as a risk factor for

FHF and death from paracetamol induced hepatotoxicity in a
large population of patients with paracetamol poisoning.

PATIENTS AND METHODS
The charts of all patients admitted to Rigshospitalet,
Copenhagen, Denmark, with paracetamol poisoning between
1994 and 2003 were reviewed. The following information was

recorded for each case: age, sex, whether the patient was
transferred from another hospital, cause of the self-poison-
ing, quantity of paracetamol ingested, time from paracetamol
ingestion to presentation at hospital, time from paracetamol
ingestion to N-acetylcysteine (NAC) treatment (‘‘time to
NAC’’), regular alcohol abuse, acute co-ingestion of alcohol,
regular medication, concomitant drug overdosing, peak
values of the international normalised ratio (INR), alanine
transaminase (ALT), and creatinine, hepatic encephalopathy
(HE), orthotopic liver transplantation (OLT) performed, and
death/survival. Regular abuse of alcohol was defined as an
excess of 14 units weekly for women and 21 units for men
(1 unit equalling 10 g of ethanol). HE was graded according
to the Fogarty criteria, and FHF was defined as the
development of HE grade II-IV.20

In accordance with the Danish recommendations, all
patients with diagnosed or suspected paracetamol poisoning
were immediately treated with a standard regimen of
intravenous NAC for a minimum of 20 hours, regardless of
time to presentation or risk assessment.21 The Department of
Hepatology at Copenhagen University Hospital is the tertiary
care centre of liver disease in Denmark, and the majority of
patients are transferred from other Danish hospitals.
Indication for considering transfer of a patient to the tertiary
care centre are: INR .1.7, creatinine .300 mmol/l, platelet
count ,506109/l, arterial pH ,7.30 after fluid resuscitation,
or the presence of HE.21 However, the hospital also serves as a
primary hospital for the local region in the Copenhagen area.
Thus some patients are primarily admitted from the local
region without any selection, typically via the hospital’s
emergency room. All patients were treated and monitored in

Abbreviations: ALT, alanine transaminase; FHF, fulminant hepatic
failure; HE, hepatic encephalopathy; INR, international normalised ratio;
NAC, N-acetylcysteine; OLT, orthotopic liver transplantation
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accordance with department standards. Patients fulfilling the
King’s College Hospital criteria were considered for OLT.18

Statistics
The Mann-Whitney test was used for comparison of a
variable between two subgroups and the x2 test was used
for comparison of frequencies. For multivariate analyses, a
backward stepwise logistic regression analysis was applied.
Data were analysed using the SAS 8.02 statistical software
(SAS Institute Inc., Cary, North Carolina, USA). A p value
,0.05 was considered statistically significant.

RESULTS
During the 10 year study period, a total of 1019 patients were
admitted with paracetamol overdose. The majority of patients
(746 (73%)) were transferred from other hospitals whereas
the remaining 273 (27%) patients were admitted directly
from the local region. Of 746 transferred patients, 170 (23%)
developed FHF, 72 (9.7%) died without OLT, and 11 (1.5%)
were transplanted. In comparison, only two of 273 unselected
local patients (0.7%) developed FHF and both survived
without OLT.
The age and sex specific distributions of the local versus

the transferred patients are illustrated in fig 1. Local patients
showed a positively skewed distribution (fig 1A) with a
maximum for the 20–24 year age group (median 29 years;
interquartile range 22–41; range 13–89). In comparison,
transferred patients had a bimodal distribution (fig 1B) with
an absolute maximum at approximately 20 years and a
secondary maximum for the 40–44 year age group (median
37 years; interquartile range 22–49; range 12–86). Overall,

transferred patients were significantly older than local
patients (Mann-Whitney, p=0.0006).
In contrast with the above findings, 170 transferred

patients who developed FHF had an almost symmetrical
age distribution (fig 2) with a maximum for the 45–49 year
age group (median 48 years; interquartile range 38–56; range
12–86). Among transferred patients, those with FHF were
significantly older than those without FHF (median 48 v
33 years; Mann-Whitney, p,0.00001). Age distribution
among 83 patients who either died or required OLT was very
similar (fig 2), with a maximum for the 45–49 year age group
(median 49 years; interquartile range 41–58; range 18–86).
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Figure 1 Age and sex specific distributions normalised as a percentage
among 273 unselected patients (A) admitted from the local region with
predominantly uncomplicated paracetamol poisoning and among 746
patients transferred (B) with signs of paracetamol induced liver injury.
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Figure 2 Age distribution among 170 transferred patients with
paracetamol induced liver failure with indications of death and
orthotopic liver transplantation (OLT).
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Figure 3 Age specific risk of liver failure (A) and death or orthotopic
liver transplantation (OLT) (B) among 746 patients transferred with signs
of severe paracetamol intoxication. Whiskers indicate 95% confidence
interval.
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However, among transferred patients with FHF, patients who
died or required OLT were significantly older than those who
survived without OLT (Mann-Whitney, p=0.02). Ten of 11
patients transplanted survived to discharge and the only
fatality was in a woman aged 41 years.
Figure 3 illustrates the risk of developing FHF and risk of

death or OLT for the different age groups of transferred
patients. In a pairwise comparison, the risk for each of the
age groups above 40 years was significantly higher than that
of the age groups below 40 years. In contrast, no significant
differences were demonstrated between any two age groups
below 40 years or between any two age groups above
40 years. Consequently, a 40 year age threshold was found
to discriminate between a high risk and a low risk group.
Thus age >40 years was associated with a significantly
increased risk of FHF (risk ratio 3.15 (95% confidence
interval (CI) 2.33–4.24)) as well as death or OLT (risk ratio
5.78 (95% CI 3.37–9.91)). Moreover, mortality in patients
with FHF was also significantly increased in those aged
40 years or above (risk ratio 1.84; 95% CI 1.17–2.88)).
In addition to being associated with a poorer outcome, age

>40 years was also significantly associated with a longer
‘‘time to NAC’’, a higher prevalence of regular alcohol abuse,
and a higher incidence of benzodiazepine co-overdose

(table 1). In particular ‘‘time to NAC’’ and regular alcohol
abuse have been identified as risk factors of paracetamol
induced hepatotoxicity.14 As illustrated in fig 4, the pre-
valence of regular alcohol abuse was significantly higher in
those age groups that had the worst outcome. Similarly,
‘‘time to NAC’’ was shown to increase with age (fig 5). The
main reason for the delayed onset of NAC in older patients
was that they presented later (table 2), which may be
explained in part by the higher proportion of accidental
overdose in older patients, as accidental versus suicidal
overdose was strongly associated with late presentation
(median 42 v 20 hours; Mann-Whitney, p,0.00001). In
93% of cases, the diagnosis of paracetamol poisoning was
made at the initial contact with the hospital, and NAC was
initiated without delay. An ‘‘inhospital’’ delay due to late
diagnosis was more common in patients aged 40 years or
more compared with those ,40 years (delay in 11% v 3.4%;
x2 test, p=0.0001). However, this delay had only a minor
contribution (average two hours per patient) to the overall
difference in ‘‘time to NAC’’ between the groups.
In order to establish the independent risk associated with

age, a multivariate analysis using ‘‘age >40 years’’ together
with known or suspected risk factors of paracetamol induced
hepatotoxicity (sex, weight, quantity of paracetamol, ‘‘time to

Table 1 Comparison of anamnestic, biochemical, and clinical data for 746 transferred
patients, divided on the basis of age less than or greater than 40 years

Age ,40 years
(n = 418)

Age >40 years
(n = 328)

Sex (M/F) 153 (37%)/265 (63%) 121 (37%)/207 (63%)
Quantity of paracetamol (mg/kg) 448 (329–694) 500 (311–791)
Time to presentation at hospital (h) 19 (12–36) 24 (15–48)***
Time to N-acetylcysteine (h) 20 (12–38) 30 (17–49)***
Acute alcohol co-ingestion 77 (18%) 52 (16%)
Regular alcohol abuse 57 (14%) 161 (49%)***
Acetylsalicylic acid co-overdose 13 (3.1%) 16 (4.9%)
Benzodiazepine co-overdose 43 (10%) 71 (22%)*
Opioid co-overdose 18 (3.4%) 23 (7.0%)
Accidental paracetamol overdose 47 (11%) 88 (27%)*
International normalised ratio 2.9 (2.2–4.4) 3.6 (2.6–5.5)***
Alanine transaminase (U/l) 8166 (2400–11340) 6388 (3089–9560)
Creatinine (mmol/l) 90 (76–150) 160 (87–366)***
Liver failure 49 (12%) 121 (37%)***
Liver transplantation 2 (0.5%) 9 (2.7%)*
Death 13 (3.1%) 59 (18%)***

Values are given as median (1st quartile–3rd quartile).
*p,0.05, ***p,0.00001 (x2 or Mann-Whitney’s test).
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Figure 4 Age specific prevalence of regular alcohol abuse among 746
patients transferred with signs of severe paracetamol intoxication.
Whiskers indicate 95% confidence interval.

�

�
��
�
��
�
�	

�
��
�

�
��
��
�
��
�
�
�
�

��� ���	��

�
��

��
��
�

��
��
�

��
��
�

��
��
�

��
��
�

��
�

��

� 

��

��

!�

Figure 5 Age specific distribution of time from paracetamol ingestion
to initiation of N-acetylcysteine therapy in 746 patients transferred with
signs of severe paracetamol intoxication. Plot indicates median and
interquartile range (whiskers).
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NAC’’, regular alcohol abuse, acute alcohol co-ingestion,
acetylsalicylic acid co-overdose, benzodiazepine co-overdose,
and opioid co-overdose) as independent variables was
performed.14 22 In this logistic regression analysis, the three
major risk factors were ‘‘time to NAC’’, regular alcohol abuse,
and ‘‘age >40 years’’ (table 2). Thus ‘‘age >40 years’’ was an
independent risk factor of FHF (odds ratio 2.33 (95% CI 1.50–
3.64)) and of death or OLT (odds ratio 4.18 (95% CI 2.17–
8.05)). The independent contribution of ‘‘age >40 years’’ to
the risk of FHF and mortality is illustrated in fig 6, in which
patients were divided into four subgroups by regular alcohol

abuse (absent or present) and ‘‘time to NAC’’ (early (that is,
,24 hours) or late (that is, .24 hours)). For every combina-
tion of regular alcohol abuse and ‘‘time to NAC’’, an excess
risk was observed in those aged >40 years.

DISCUSSION
In the present study, age over 40 years was independently
associated with an increased risk of development of FHF and
death or OLT following paracetamol overdose. In addition,
older age was associated with other risk factors, such as
alcohol abuse and late presentation, which further contrib-
uted to a poorer prognosis in this age group.
Paracetamol is the drug most commonly used in deliberate

drug overdoses in adolescents, and many studies have
specifically focused on this age group.6 8 23 24 Indeed, para-
cetamol overdose is most common in younger people and in
first time self-overdose cases, whereas overdose with
sedatives and antidepressants is preferred by the elderly
and in repeated self-overdose.5 6 9 This pattern may well
reflect differences in availability, as most adolescents have
easy access to paracetamol.25 In the present study, the age
specific distribution among the unselected population from
the local region showed the expected distribution, with a
predominance of cases in adolescents and young adults. In
comparison, transferred patients were significantly older.
This may reflect the fact that the region of Copenhagen is not
representative of the entire country but most likely it results
from selection. Thus it may be assumed that a greater
proportion of older rather than younger individuals fulfil the
Danish criteria for transfer to the tertiary liver centre.
Transferred patients represent the 5% most severe cases of
paracetamol poisoning, including most cases of paracetamol
induced FHF in Denmark. This would imply an underlying
rate of paracetamol induced FHF of approximately 1% in the
external referral base, which corresponds to the finding of a
0.7% rate of FHF from the local region. Similarly, the fatality
rate in the external referral base may be estimated at 0.5%,
which is comparable with rates previously reported from the
UK (0.4%),26 France (0.1%), Scotland (1.6%),9 and the USA
(0.8%).27

In contrast with the above findings, the majority of
paracetamol deaths in the present study occurred in older
adults, and deaths among adolescents were rare. This is in
agreement with recent findings from the Scottish poison
registry.9 As the same transfer criteria were applied in all age
groups in the present study, the difference in mortality rate
between age groups may not be explained by differences in
the severity of hepatotoxicity. The study revealed several
explanations for the poorer prognosis in older adults. Most
importantly, multivariate analysis identified older age as an

Table 2 Results of logistic regression analysis presenting identified risk factors of
fulminant hepatic failure and mortality (including liver transplantation) in order of
statistical significance in 746 transferred patients

Risk factor Odds ratio p Value

Fulminant hepatic failure
Time to N-acetylcysteine 1.36 (1.23–1.50) per 12 h ,0.00001
Regular alcohol abuse 2.92 (1.88–4.53) ,0.00001
Age >40 years 2.33 (1.50–3.64) 0.0002
Acute alcohol ingestion 0.39 (0.20–0.74) 0.004
Benzodiazepine co-overdose 1.75 (1.05–2.93) 0.03

Mortality
Regular alcohol abuse 3.72 (2.07–6.67) 0.00001
Age >40 years 4.18 (2.17–8.05) 0.00002
Time to N-acetylcysteine 1.25 (1.11–1.40) per 12 h 0.0001
Acute alcohol ingestion 0.13 (0.04–0.46) 0.001
Acetylsalicylic acid co-overdose 3.78 (1.25–11.5) 0.02
Female sex 1.95 (1.07–3.56) 0.03

Odds ratios are given with 95% confidence interval.

�

�
��
�
�
�
���
	


��
���

	
�
�

�

��
�� ���	

�����������

��
�� ���	

�������

��

��

��

��

��

��

 �

�!	 "�� �	�
�
�!	 ��# �	�
�

�

�
��
�
�
�
$
	
�
��
%&

�'
�
�

(

��
�� ���	

�����������

��
�� ���	

�������

�!	 "�� �	�
�
�!	 ��# �	�
�

��

��

��

��

��

��

Figure 6 Age specific risk of liver failure (A) and death or liver
transplantation (OLT) (B) among 746 patients transferred with signs of
severe paracetamol intoxication divided into four subgroups by regular
alcohol abuse (absent or present) and time of N-acetylcysteine treatment
(early (that is, ,24 hours) or late (that is, .24 hours)). Whiskers
indicate 95% confidence interval.
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independent risk factor of FHF and death or OLT from
paracetamol overdose. In addition, older age was associated
with known risk factors of paracetamol hepatotoxicity such
as regular alcohol abuse and late presentation.14 The
incidence of chronic alcohol abuse was very high in the 40–
69 year age group whereas it was rare in young adults.
Similarly, late presentation was particularly frequent in the
age group .50 years. Consequently, a high risk subgroup of
patients characterised by the not uncommon triad of older
age, alcohol abuse, and late presentation was identified. In
contrast, the typical paracetamol overdose case, a young
person without alcohol abuse, who presents early after
paracetamol ingestion, could be demonstrated to have an
excellent prognosis. Also, accidental (versus suicidal) para-
cetamol overdose, which has been associated with a poor
prognosis, was more common in older than in younger
adults.28 However, the apparent excess risk of accidental
overdose is probably largely explained by the association with
late presentation and alcohol abuse.14

Although the present study identified age as a significant
independent risk factor of paracetamol hepatotoxicity, the
underlying mechanisms by which age increases the risk
remain unclear, but are most likely multiple. Firstly, older
individuals were more likely than younger individuals to
develop FHF from paracetamol overdose. There is no evidence
to suggest that paracetamol metabolism dramatically differs
with age.15 Possibly, younger individuals may simply tolerate
more extensive liver injury due to having a larger functioning
liver cell mass prior to the overdose.16 This mechanism may
be supported by the observation from the present study that
the extent of hepatic injury, estimated by peak ALT, actually
tended to be higher (p=0.07) in younger than in older
individuals whereas hepatic dysfunction estimated by INR
was significantly more pronounced in the older age group.
Alternatively, younger individuals may better compensate for
acute hepatic dysfunction (for example, via a higher capacity
for extrahepatic metabolism of toxic substances such as
ammonia which may be substantially metabolised by striated
muscle tissue).29 Secondly, mortality from developed FHF
was higher in older than in younger individuals. Age has
previously been identified as a risk factor for mortality from
non-paracetamol FHF such as fulminant hepatitis B.17–19 A
trend has also been suggested towards a higher mortality
with increasing age from paracetamol induced FHF.18

Possibly, younger individuals are less susceptible to poten-
tially fatal complications of FHF such as infection and
cardiovascular dysfunction.30 Alternatively, the capacity for
hepatic regeneration may be impaired in older individuals
leading to a reduced chance of recovery.
In conclusion, age>40 years was identified as a significant

independent risk factor of FHF and mortality following
paracetamol overdose. Thus older age was not only associated
with a high risk of developing FHF, but also with a high
mortality from developed FHF. Patients aged 40 years or
more should be considered as high risk patients, in particular
when older age appears in combination with regular alcohol
abuse or late presentation.

Conflict of interest: None declared.
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