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ABSTRACT
Objective: We assessed the impact of comorbidity on
mortality in three periods after liver transplantation (first
90 days, 90 days–5 years and 5–10 years).
Design: Prospective cohort study using records from
the UK Liver Transplant Audit (UKLTA) linked to
Hospital Episode Statistics (HES), an administrative
database of hospital admissions in the English National
Health Service (NHS). Comorbidities relevant for liver
transplantation were identified from the 10th revision of
the International Classification of Diseases (ICD-10)
codes in HES records of admissions in the year
preceding their operation. Multivariable Cox regression
was used to estimate HRs for three different time
periods after liver transplantation.
Setting: All liver transplant centres in the NHS
hospitals in England.
Participants: Adults who received a first elective liver
transplant between April 1997 and March 2010 in the
linked UKLTA-HES database.
Outcomes: Patient mortality in three different time
periods after transplantation.
Results: Among 3837 recipients, 45.1% had
comorbidities. Recipients with cardiovascular disease
had statistically significantly higher mortality in all three
periods after transplantation (first 90 days: HR=2.0; 95%
CI 1.4 to 2.9, 90 days–5 years: 1.6; 1.2 to 2.2, beyond
5 years: 2.8; 1.7 to 4.4). Prior congestive cardiac failure
(3.2; 2.1 to 4.9) significantly increased mortality only in
the first 90 days. History of non-hepatic malignancy
appeared to increase risk over all periods, but
significantly only in the first 90 days (1.9; 1.0 to 3.6).
A diagnosis of connective tissue disease, dementia,
diabetes, chronic pulmonary and renal disease did not
have a significant impact on mortality in any period.
Conclusions: The impact of comorbidities present at
the time of transplantation changes with time after
transplantation. Renal disease, pulmonary disease and
diabetes had no impact on mortality in contrast to
previous reports.

INTRODUCTION
Comorbidity is an important determinant of
outcome in medical and surgical patients.1–6

Strengths and limitations of this study
▪ A large national clinical database with linkage to
administrative data was used, and a newly developed instrument to capture comorbidity information relevant to liver transplant patients from
administrative data was applied.
▪ Multivariable Cox regression analysis including
interaction between comorbidities and time
periods was used to show that some comorbidities had a different impact on survival in different time periods after liver transplantation.
▪ Our comorbidity instrument has been adapted
from the Charlson Comorbidity Index, which
captures important comorbidities. However,
some minor health problems may not have been
included.

However, in liver transplant patients, the
reported impact of comorbidities on the
outcome varies widely.7–11 One frequently
used tool to measure comorbid conditions is
the Charlson Comorbidity Index.12 Singlecentre studies from the USA13 and Italy14
have demonstrated that this index is associated with outcome after liver transplantation. Nevertheless, other studies suggest that
it does not reliably predict short-term posttransplant mortality.15 16
Comorbidities may have a different impact
on mortality in different time periods after
liver transplantation.17 18 For example, congestive cardiac failure may have an impact on
short-term mortality,19 but not in the long
term. Diabetes mellitus may gradually
damage tissues and thus have an impact on
mortality in the long term.8
We investigated the impact of comorbidities on patient mortality in three time
periods after liver transplantation (ﬁrst
90 days, 90 days–5 years and 5–10 years). To
do this, we linked the UK Liver Transplant
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Audit (UKLTA) database at patient level to the Hospital
Episode Statistics (HES), an administrative database of
all admissions to English National Health Service (NHS)
hospitals. A speciﬁc coding scheme was developed to
identify comorbidities relevant for liver transplantation
from the HES diagnosis codes, which are based on the
10th revision of the International Classiﬁcation of
Diseases (ICD-10). This coding scheme is an adaptation
of the Royal College of Surgeons (RCS) Charlson Score,
which has been validated in various groups of surgical
patients.20–23

MATERIALS AND METHODS
The adaptation of the RCS Charlson Score for use in liver
transplantation
The RCS Charlson Score is an ICD-10-based comorbidity
score that can be derived from administrative hospital
records and is developed for use in surgical patients. We
adapted this score to make it suitable for patients receiving a liver transplant by following a number of coding
principles:
1. A morbidity that is linked to an indication for liver
transplantation, even it affects other organs, should
not be coded as a comorbidity.
2. A morbidity that can be caused by liver disease should
not be coded as a comorbidity.
3. Comorbidities that are parts of the same spectrum of
disease should be grouped together.
4. A comorbidity with very low prevalence (ie, less than
1%) should be ignored.
Comorbidities were identiﬁed from ICD-10 codes in
HES records. These codes were sought from the index
admission (the admission for liver transplantation) and
also from all admissions in the year before the transplant. Some ICD-10 codes that reﬂect acute conditions
such as acute renal failure (marked with * in table 1)
were deﬁned as comorbidities only if they were present

in preceding admissions. If these codes were present
only in the index admission, they were ignored as it is
uncertain whether they are truly comorbidities or complications that occurred perioperatively.20
Conditions linked to indications for liver transplantation (eg, chronic liver disease) were not considered as
comorbidities. Also, we excluded codes for particular
cancers that can lead to indications for liver transplantation: C22 ( primary liver cancer), C24 (cancer of biliary
tract) and C25 (endocrine pancreatic cancer) or C75.9
(other endocrine cancer) with C78.7 (liver metastasis of
neuroendocrine cancer). The code C77 (lymph node
metastasis) was also excluded as it reﬂects a staging of
malignant disease rather than a diagnosis itself. Codes
for other metastatic solid tumours were combined and
considered as a single comorbidity.
Myocardial infarction, peripheral vascular disease,
cerebrovascular disease were grouped together as cardiovascular disease because they all have the physiological
impact on the cardiovascular system of a patient.
Congestive cardiac failure was included as a separate
group because it can also result from other causes, for
example, valvular heart disease, non-ischaemic cardiomyopathy. Hemiplegia/paraplegia and HIV/AIDS had a
very low prevalence in our cohort of liver transplant recipients (0.2% and 0.3%, respectively), and were therefore
ignored. Constructing the adapted Charlson score using
the above principles resulted in eight comorbidity categories (table 1).
The linked UKLTA-HES database
We used records from UKLTA linked at patient level to
records from HES. The UKLTA database prospectively
collects pretransplant recipient, donor, perioperative
and follow-up data including survival information for all
patients undergoing liver transplantation in the UK for
audit purposes.24 The HES database contains administrative records of all admissions to NHS hospitals in

Table 1 Eight comorbidities from the Royal College of Surgeons Charlson Score adapted for use in liver transplant patients
and their ICD-10 codes
Disease category
1. Cardiovascular disease
1.1 Myocardial infarction
1.2 Peripheral vascular disease
1.3 Cerebrovascular disease
2. Congestive cardiac failure
3. Connective tissue disease
4. Dementia
5. Diabetes mellitus
6. Non-hepatic malignancy
7. Chronic pulmonary disease
8. Chronic renal disease

ICD-10 codes
I21*, I22*, I23*, I25.2
I70–I73, I77.0, I77.1, K55.1, K55.8, K55.9, R02, Z95.8, Z95.9
G45, G46, I60–I69
I11, I13, I25.5, I42, I43, I50, I51.7
M05, M06, M09, M12.0, M31.5, M32–M36
A81.0, F00–F03, F05.1, G30, G31
E10–E14
C00–C21, C26, C30–C34, C37–C41, C43, C45–C58, C60–C74,
C75.0–C75.8, C76, C78.0–C78.6, C78.8, C79, C80–C85, C88, C90–C97
I26, I27, J40–J45, J46*, J47, J60–J67, J68.4, J70.1, J70.3
I12, I13, N01, N03, N05, N07, N08, N17.1*, N17.2*, N18, N19*, N25, Z49, Z94.0, Z99.2

*Indicates an acute condition that should be used to define comorbidity only if present in a record of a previous hospital admission within the
preceding year.
ICD-10, 10th revision of the International Classification of Diseases.
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England.25 HES records contain ICD-10 diagnosis
codes26 and procedure codes based on the fourth revision of the Ofﬁce for Population Censuses and Survey
classiﬁcation of interventions and procedures (OPCS-4)
codes.27 The linkage was based on hierarchical deterministic linkage criteria, including NHS number, sex,
date of birth, postcode, date of transplantation and a
procedure code for liver transplantation or a diagnosis
code relevant to liver disease. This linked data set contained records of patients receiving a ﬁrst liver transplant in the UK between 1 April 1997 and 31 March
2010. A detailed description and an evaluation of the
linkage process have been published elsewhere.28 All
patients were followed up for at least 2 years.
We excluded linked records of paediatric liver transplantation (ie, recipients younger than 17 years), multiorgan transplantation, living-donor liver transplantation,
domino liver transplantation and super urgent liver
transplantation.
Statistical analysis
The prevalence of each individual comorbidity and
number of concomitant comorbidities in each patient
were described according to the era of transplantation.
Unadjusted mortality rates were calculated using the
Kaplan–Meier method and described as percentages
with 95% CIs. The impact of comorbidities on mortality
after liver transplantation was assessed with multivariable
Cox regression, allowing for three time periods after
liver transplantation: the ﬁrst 90 days, 90 days–5 years
and beyond 5 years. These cut-off points are commonly
used in the UK to describe short-term and mid-term
transplant outcome.29 Mortality in the ﬁrst 90-day period
mostly reﬂects surgical outcome including complications
from liver transplant operations, while mortality after
90 days is probably caused by long-term medical complications including those related to immunosuppression.
Furthermore, in the UK, a patient is accepted on to the
transplant list if the potential recipient is predicted to
have at least 50% 5-year post-transplant survival.30 The
analysis was censored at 10 years after transplantation.
Results are presented as HRs and 95% CIs, separately
for each of the three time periods. To assess the change
in HRs over the three time periods, we conducted an
interaction test between time period and comorbidity. A
p value less than 0.05 was considered to indicate that the
effect of the comorbidity signiﬁcantly changes over time.
The multivariable model included all comorbidities,
age, sex, the primary liver disease (9 groups), era of liver
transplantation (categorised into 4 eras), pretransplant
mechanical ventilation, previous abdominal surgery,
serum creatinine, bilirubin and sodium, donor type
(donor after brain death vs donor after cardiac death),
graft appearance (healthy vs suboptimal) and graft type
(whole vs segmental). All factors were analysed as binary
or continuous variables unless otherwise stated. A
goodness-of-ﬁt test was performed to conﬁrm that the multivariable model is well calibrated and ﬁts the data well by
Tovikkai C, et al. BMJ Open 2015;5:e006971. doi:10.1136/bmjopen-2014-006971

comparing the observed mortality with the expected mortality as predicted by the model in 10 equally sized groups
ranked according to the model’s predicted mortality.31
We used multiple imputation by chained equations32 to
deal with any missing values of risk factors in UKLTA
data. Missing values were replaced with 10 sets of plausible values. These 10 data sets were analysed individually
and the estimates were then combined to obtain the
overall estimates by using Rubin’s rules and rules for combining χ2 statistics.33 No variable in the model had more
than 10% missing values. Stata V.11.2 (StataCorp, College
Station, Texas, USA) was used for all statistical analyses.
RESULTS
Patient and perioperative characteristics
The linked UKLTA-HES data set of adult elective ﬁrst
liver transplants in our study consisted of 3837 patients.
Median and IQR of age were 53 (46–60) years, and 63%
of the recipients were male. The most common primary
liver disease was alcoholic liver disease (22.5%), while
17.3% had cancer as an indication for transplantation
(table 2). Median (IQR) follow-up time was 4.7 (1.9–8.0)
years with range from 0 to 14.1 years.
Prevalence of the comorbidities
Diabetes mellitus was the most common comorbidity
with a prevalence of 23.9%. Chronic pulmonary disease
(9.9%) was the second and chronic renal disease (7.7%)
the third most common comorbidity (table 3).
Overall, 45.1% of the patients had at least one
comorbidity. About one-third had one comorbidity, 10%
had two comorbidities and less than 3% had three
comorbidities or more (table 3). The most common
combinations of comorbidities among patients who had
two comorbidities were diabetes with chronic pulmonary
disease (69 patients), and diabetes with chronic renal
disease (67 patients). Diabetes with renal disease and
cardiovascular disease (12 patients), and diabetes with
pulmonary disease and cardiovascular disease (10
patients) were the most common combinations among
patients with three comorbidities.
The prevalence of some comorbidities changed
according to the era of transplantation. Diabetes was
found in 17.4% of liver transplant patients during 1997–
2000, and this increased to 30% between 2006 and 2010.
Chronic renal disease had an increased prevalence from
4.3% to 10.9% during the same period. The prevalence
of chronic pulmonary disease and dementia also
increased during these eras. The prevalence of cardiovascular disease, congestive cardiac failure and connective tissue disease remained stable, while the prevalence
of a history of non-hepatic malignancy decreased over
time. The number of patients with more than one
comorbidity also increased with time. Only 0.9% of the
patients transplanted between 1997 and 2000 had three
or more comorbidities, whereas this increased to 5.1%
in those transplanted between 2006 and 2010 (table 3).
3
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Table 2 Characteristics of the adult recipients of an elective first liver transplant in the linked UK Liver Transplant Audit
database and Hospital Episode Statistics
Characteristic

Value

Number
Age (year)
Sex (%)
Male
Female
Ethnicity (%)
White
Asian
Black
Other
BMI (kg/m2)
Primary liver disease (%)
Cancer
Hepatitis C cirrhosis
Primary sclerosing cholangitis
Hepatitis B cirrhosis
Primary biliary cirrhosis
Alcoholic cirrhosis
Autoimmune and cryptogenic cirrhosis
Metabolic liver disease
Other liver disease
Era of liver transplantation (%)
April 1997–September 2000
October 2000–September 2003
October 2003–September 2006
October 2006–March 2010
Pretransplant mechanical ventilation (%)
Previous abdominal surgery (%)
Bilirubin (µmol/L)
Creatinine (µmol/L)
INR
Sodium (mmol/L)
Donor type (%)
Donor after brain death
Donor after cardiac death
Graft type (%)
Whole
Segmental
Graft appearance (%)
Healthy
Suboptimal

3837
53 (46–60)

Missing (N)
0
0

2400 (62.6)
1437 (37.5)
0
3350 (87.3)
361 (9.4)
89 (2.3)
37 (1.0)
25.6 (22.7–29.1)
662
462
410
107
576
867
391
132
233

215
0

(17.3)
(12.0)
(10.7)
(2.8)
(15.0)
(22.5)
(10.2)
(3.4)
(6.1)
0

922 (24.0)
882 (23.0)
915 (23.9)
1118 (29.1)
23 (0.6)
598 (15.6)
46 (24–95)
87 (73–104)
1.3 (1.2–1.6)
137 (134–139)

1
7
19
2
145
9
0

3624 (94.4)
213 (5.6)
0
3568 (93.0)
269 (7.0)
313
2834 (80.4)
690 (19.6)

Results are numbers (percentages) or medians (IQRs).
BMI, body mass index; INR, international normalised ratio.

Effects of comorbidities on post-transplant mortality
Overall, the 90-day mortality rate was 7.0% (95% CI
6.3% to 7.9%). The 5-year mortality rate was 24.1%
(22.6% to 25.6%), and the 10-year mortality rate was
37.6% (35.5% to 39.7%).
Patients with congestive cardiac failure had the highest
90-day mortality rate at 20.2% (95% CI 13.9% to 28.8%;
ﬁgure 1). Patients with a history of non-hepatic malignancy (15.6%; 8.7% to 27.1%), cardiovascular disease
(12.4%; 8.9% to 17.2%) and chronic renal disease (9.9%;
7.0% to 13.9%) also had an increased 90-day mortality.
The highest 5-year mortality rates were found in recipients
4

with a history of non-hepatic malignancy (39.9%; 28.6% to
53.6%), congestive cardiac failure (37.5%; 28.2% to
48.7%), cardiovascular disease (35.5%; 29.1% to 42.8%)
and chronic renal disease (31.2%; 25.5% to 37.8%).
Patients with cardiovascular disease had the highest
10-year mortality rate at 60.0% (50.3% to 70.0%).
Effects of comorbidities on mortality in different time
periods after liver transplantation
Cardiovascular disease was associated with a statistically
signiﬁcantly increased risk of mortality in all three time
periods after liver transplantation. The change in the risk
Tovikkai C, et al. BMJ Open 2015;5:e006971. doi:10.1136/bmjopen-2014-006971
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Table 3 Prevalence (%) of each individual comorbidity and distribution (%) of number of comorbidities in liver transplant
patients categorised by era of transplantation
Comorbidity
N
Cardiovascular disease
Myocardial infarction
Peripheral vascular disease
Cerebrovascular disease
Congestive cardiac failure
Connective tissue disease
Dementia
Diabetes mellitus
Non-hepatic malignancy
Chronic pulmonary disease
Chronic renal disease
Number of comorbidities
0
1
2
3 or more

Era of transplantation
1997–2000
2000–2003

2003–2006

2006–2010

Overall
Prevalence (%)

N

922
6.0
0.8
3.0
2.3
2.5
3.7
2.3
17.4
2.4
6.5
4.3

882
5.1
0.6
3.6
1.0
2.2
3.4
3.5
21.9
1.8
6.9
6.0

915
6.2
1.3
3.3
1.9
3.0
4.5
5.9
25.0
1.4
11.3
9.4

1118
8.3
1.2
4.9
2.4
4.0
3.4
7.3
30.0
1.2
13.8
10.9

6.5
1.0
3.8
1.9
3.0
3.7
4.9
23.9
1.7
9.9
7.7

3837
250
37
145
74
114
143
187
917
64
378
294

62.6
30.7
5.9
0.9

59.8
30.3
9.4
0.6

52.2
32.5
12.0
3.3

46.8
34.4
13.8
5.1

54.9
32.1
10.5
2.5

2105
1230
402
100

of mortality across the three time periods after transplantation was not statistically signiﬁcant (interaction test:
p=0.14). Nevertheless, the risk was the highest after
5 years with an adjusted HR of 2.8 (95% CI 1.7 to 4.4).
The adjusted HRs were 2.0 (1.4 to 2.9) for the ﬁrst
90 days and 1.6 (1.2 to 2.2) for 90 days–5 years (ﬁgure 2).
Patients with congestive cardiac failure had a signiﬁcantly higher 90-day mortality risk than those without
(adjusted HR=3.2; 95% CI 2.1 to 4.9). However, this
excess risk was not observed beyond 90 days (90 days–
5 years: 1.9; 0.7 to 2.0, beyond 5 years: 0.8; 0.3 to 2.6;
ﬁgure 2). This observed reduction of risk across the
three time periods was statistically signiﬁcant (interaction test: p=0.01).
In all three time periods, a history of non-hepatic
malignancy was associated with a similar increase in the
risk of death (interaction test: p=0.84). However, this was
statistically signiﬁcant only in the ﬁrst 90 days (adjusted
HR=1.9; 95% CI 1.0 to 3.6). The corresponding ﬁgures
for the periods of 90 days–5 years and beyond 5 years
after transplantation were 1.6 (0.9 to 2.7) and 2.0 (0.9 to
4.5), respectively (ﬁgure 2).
The remaining ﬁve comorbidities, connective tissue
disease, dementia, diabetes, chronic pulmonary disease
and chronic renal disease, did not show a statistically signiﬁcant association with mortality in any of the time
periods. However, there was some evidence to suggest
that chronic renal disease increased the risk of death in
the ﬁrst 90 days (adjusted HR=1.4; 95% CI 0.9 to 2.1),
and the mortality of patients with dementia increased
beyond 5 years (1.8; 0.9 to 3.4). The interaction test for
diabetes ( p=0.09) indicates that the effect of diabetes on
mortality may change over the follow-up time, whereas
the changes in the HRs across time periods for other
comorbidities were not signiﬁcant (ﬁgure 2).
Tovikkai C, et al. BMJ Open 2015;5:e006971. doi:10.1136/bmjopen-2014-006971

The goodness-of-ﬁt test of the multivariable Cox
regression model showed no signiﬁcant difference
between expected and observed mortality in 10 equally
divided groups, and suggested that the model was well
calibrated ( p=0.69).

DISCUSSION
This study demonstrates that some comorbidities diagnosed before transplantation have a signiﬁcant impact on
post-transplant mortality and that the impact may vary
according to time after transplantation. Cardiovascular
disease increases the risk of post-transplant mortality in
all time periods up to 10 years. In contrast, we observed
an increased risk only in the short term for patients with
congestive cardiac failure. A history of non-hepatic malignancy seems to be associated with higher mortality for
the whole follow-up period. This detailed analysis of the
impact of comorbidity was only possible because we developed a speciﬁc coding scheme to extract information on
comorbidities relevant for liver transplantation from
ICD-10 diagnosis codes in linked administrative hospital
records for a large number of liver transplant patients.
Diabetes mellitus was the most common comorbidity
(24%), similar to studies in the USA13 and Italy.14
Chronic pulmonary disease (10%) and chronic renal
disease (8%) were found to be the second and third
most common comorbidities, which corresponds to their
prevalence reported in the Italian study (11% for pulmonary disease and 7% for renal disease).
Nevertheless, the prevalence of some comorbidities
was clearly different from other studies. This may result
from variations in the deﬁnition of comorbidities. For
example, the prevalence of chronic renal disease is 16%
in the US study, which used a serum creatinine level of
5
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Figure 1 Kaplan–Meier post-transplant mortality curves of liver transplant recipients with and without comorbidity.
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Figure 2 Adjusted HRs and their 95% CIs of each comorbidity on patient mortality in the three time periods after liver
transplantation (within 90 days, 90 days–5 years and 5–10 years). aInteraction test compares HRs of the three time periods of
survival after liver transplantation.

1.5 mg/dL or greater as their deﬁnition.13 The differences in prevalence may also be due to coding methods
or the patient selection criteria of the transplant programmes. We identiﬁed congestive cardiac failure as a
comorbidity in 3% of our cohort, whereas it was particularly rare in the US (0.5%) and Italian cohort (0%).
Our comorbidity coding scheme deﬁnes congestive
cardiac failure as right or left ventricular failure (ICD-10
code I50), cardiomyopathy (I42, I43), cardiomegaly
(I51.7), hypertensive heart failure (I11, I13) and ischaemic cardiomyopathy (I25.5). Prevalence of a history of
non-hepatic malignancy in our cohort was 1.7%, comparable to the US study (3%), but much lower than in
the Italian study (14%).
In our analysis, cardiovascular disease was found to be
a risk factor for mortality in all time periods after liver
transplantation. Similarly, the US study found that
coronary disease was a signiﬁcant risk factor for posttransplant mortality (HR=2.3).13 Not only have we conﬁrmed the increased risk of death in these patients, we
also observed that the impact is more prominent in later
years (HR=2.8). This suggests that liver transplant recipients with cardiovascular disease should have more intensive investigation and management of cardiovascular
complications in the long term after transplantation.
A previous study did not ﬁnd evidence to suggest that
congestive cardiac failure increased the risk of death.13
However, it was a small study of 710 liver transplant
recipients, only 3 of whom had congestive cardiac
Tovikkai C, et al. BMJ Open 2015;5:e006971. doi:10.1136/bmjopen-2014-006971

failure. In contrast, our study found that congestive
cardiac failure was associated with higher mortality but
only in the early post-transplant period. This short-term
effect may be linked to the haemodynamically stressful
effect of the operation, while the cardiac condition can
be effectively controlled with medication in the long
term.
Despite a relatively low prevalence of a history of nonhepatic malignancy in this liver transplant cohort (1.7%,
64 patients), we found that this comorbid condition was
associated with an increased risk of death across all time
periods, albeit only statistically signiﬁcant in the ﬁrst
90 days. Further review revealed that the most common
prior malignancies were colorectal cancer (13 patients),
cancer of unknown primary (12 patients) and leukaemia/lymphoma (11 patients) with a total of 27 patients
having abdominal cancer. There were 30 deaths in the
64 patients with non-hepatic malignancy (10 patients in
the ﬁrst 90 days, 20 patients after 90 days). All the causes
of death of the 10 patients who died within 90 days were
not cancer-related (sepsis in 7 patients and multiple
organ failure in 3 patients). Prior surgery associated with
previous abdominal cancer treatment may have been
responsible for the observed increased risk of early postoperative death in these patients.34 Additionally, these
early deaths may have been indirectly related to the
increased risk of sepsis arising from immunosuppression
from prior cancer treatment. In this context, it is also
important to note that among the patients with non7

Open Access
hepatic malignancy who died after 90 days, 14 of the 20
patients (70%) had a malignancy coded as a cause of
death.
There is conﬂicting evidence about whether diabetes is
a risk factor for death after liver transplantation. Some
studies did show a signiﬁcant impact,10 13 35 while others
did not.34 36 We found no evidence that diabetes had an
impact on either short-term or long-term survival. This is
most likely explained by the intensive screening for cardiovascular complications in diabetic liver transplant candidates in our cohort. It is an important observation that
with such screening and careful patient selection as well
as active diabetes management after transplantation, recipients with diabetes have outcomes comparable to recipients without diabetes. The absence of an impact of a
diagnosis of diabetes on outcome after transplantation
may also be because the multivariable Cox regression
models were adjusted for cardiovascular disease, which is
the main cause of post-transplant death in diabetic cases.
The prevalence of most of the comorbidities included
in this study has increased over time. The prevalence of
diabetes in liver transplant recipients almost doubled
over 10 years from 17.4% before 2000 to 30.0% after
2010. This increase may be the results of improved
coding of administrative data in the UK,37 the increased
incidence of diabetes in the general population38 or the
increase in prevalence of aetiologies of primary liver
disease related to diabetes, including hepatitis C cirrhosis and non-alcoholic fatty liver disease.39 40 The percentage of recipients with at least one comorbidity has also
increased, reﬂecting a willingness to list higher risk
patients or patients with comorbidities for liver
transplantation.
A strength of our study is that we could use a national
clinical audit linked to administrative hospital data allowing us to study a wide range of comorbidities in a large
number of patients. The administrative data provided
information about comorbidity. In other studies of
comorbidity in liver transplantation, comorbidities were
identiﬁed through retrospective clinical chart review.13–16
Chart review is cumbersome as well as time and resource
consuming. The number of patients included in such
studies is often small. Comorbidities in liver transplant
recipients are not that common, and a large sample size
is required to study their effects on survival.
A number of limitations should be recognised. First,
the administrative information recorded in the HES
database was not originally designed for research purposes. It is possible that we have underestimated the
prevalence of comorbidities because of incomplete
coding, especially in earlier years. However, there is
growing evidence that administrative data can be a reliable resource for clinical research.41–44 A key factor in
improving its value for research is the development and
validation of strategies to identify patients with particular
conditions. Our study is an example of such work.
Coding practice has improved and the overall coding of
the primary diagnosis in the HES database has been
8

shown to be accurate in 96% of the cases in recent
years.28 37 Also, our comorbidity coding scheme used
broad disease categories to limit the impact of coding
error. Second, we found that 13% of the patients had
two or more comorbidities. We explored the impact of
individual comorbidities, but there was limited statistical
power to investigate potential interaction effects of multiple comorbidities on outcome. Third, we acknowledge
that by modifying an existing comorbidity index we may
have missed other health problems that may have prognostic implications but were not included in the original
index (eg, hypertension). However, the Charlson
Comorbidity Index is a validated and extensively used
comorbidity tool, which was constructed to capture most
of the important comorbid conditions. Fourth, it is not
always possible to distinguish liver-related conditions
from true comorbidities. For example, volume overload,
which is not an uncommon condition in patients with
cirrhosis, may lead to symptoms mimicking congestive
cardiac failure. Fifth, the grouping of comorbidities in
the cardiovascular disease category is also a potential
limitation because the observed effects on outcome
cannot be attributed to an individual comorbidity.
Effects of comorbidities that are in the same spectrum
of diseases are likely to be in the same direction, but
may not be of similar magnitude. Finally, our study was
not designed to assess the impact of morbidity linked to
or caused by liver diseases as a result of how comorbidity
was deﬁned.

Implications
Our ICD-10 coding scheme to extract comorbidity information relevant for liver transplantation from linked
administrative data can contribute to other aspects of
liver transplant research and service evaluation. For
example, it can be included in prognostic models used
for risk adjustment when outcomes after liver transplantation between centres are compared. Comorbidity information should be used in conjunction with all other
available risk factors to improve the selection and allocation process of liver transplantation.
Congestive cardiac failure has a signiﬁcant effect only
on short-term mortality, while cardiovascular disease is
associated with increased short-term, mid-term and longterm mortality. Non-hepatic malignancy is associated
with higher mortality over the whole follow-up period. It
is important that analysis methods allow for potential
time-varying effects over a long follow-up period.
Liver transplant patients should be managed according to their speciﬁc comorbidities and follow-up periods.
Our data suggest that with careful screening and management, patients with diabetes and those with renal
and pulmonary disease can be safely transplanted with
comparable outcomes, while patients with cardiovascular
disease have higher risk and should be carefully investigated and managed for its complications in the long
term.
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