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Serum albumin can identify patients with compensated cirrhosis
with a good prognosis
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Abstract

Many prognostic studies in cirrhosis were performed without distinguishing between compensated
and decompensated patients and/or have evaluated the prognostic role of variables that are not
routinely used. The aim was to evaluate predictors of survival in compensated and decompensated
cirrhosis separately but in a concurrent cohort and focused on routine clinical variables.

Methods—Secondary analysis of a prospective cohort with cirrhosis collected in a tertiary center
between 08/2000 and 05/2002 and followed until death or 04/2006. Univariate, stratified univariate
analysis and multivariate Cox regression analysis were performed. ROC curves were used to
identify the best cutoff of variables predictive of death.

Results—242 patients were included (122 compensated, 120 decompensated). In a median
follow up of 30 (6-50) months, 62 (26%) deaths occurred, 24 (20%) in the compensated and 38
(32%) in the decompensated group. In the whole cohort, decompensation was the strongest
predictor of death. In the compensated group, age, albumin and platelets and in the decompensated
group MELD, platelets and albumin were identified as independent predictors of death. A serum
albumin of 4 g/dL was the best cutoff to identify patients at risk for death in the compensated
group with a hazard ratio of 13.3 (95% CI 1.8-98.8) in those with an albumin <4.0 g/dL.

Conclusion—Albumin is a predictor of death in compensated and decompensated cirrhosis. In
compensated cirrhosis it can identify a subset patients with particularly good prognosis. Different
predictors were observed in both stages, confirming that compensated and decompensated
cirrhosis are two separate disease stages.
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A systematic review of the literature (118 studies) that investigated predictors of death in
patients with cirrhosis concluded that future studies should “include patients at a well-
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defined stage in the course of cirrhosis”, that is, that future studies should separately
evaluate patients with compensated and decompensated cirrhosis (1). The majority of studies
included in the review had defined cirrhosis as a single entity and had combined patients
with both compensated and decompensated cirrhosis. Most of the studies included in this
review were performed in the pre-MELD era and some studies were performed before the
introduction of relevant advances in the management of patients with liver cirrhosis. The
study further recommended that predictors of decompensation should be investigated in
compensated cirrhosis, as patients with compensated cirrhosis decompensate before dying of
liver related disease. These recommendations were further endorsed by EASL/AASLD (2).

Portal pressure has been thoroughly researched in compensated and decompensated
cirrhosis. Our study derived from the NIH-funded timolol study (3), showed that portal
pressure (assessed by the hepatic venous pressure gradient or HVPG) was the main predictor
of decompensation and a recent study showed that an HVPG greater than 10mmHg was an
independent predictor of death in compensated cirrhosis (4). Although the value of HVPG in
determining outcomes in cirrhosis cannot be overemphasized, it is an invasive procedure that
is not performed routinely in most centers and non-invasive predictors of death in cirrhosis
are needed.

The current study therefore had the objective of determining the predictive value of routinely
used parameters (other than HVPG) in compensated and decompensated patients with
cirrhosis, evaluated separately but in a cohort of patients with cirrhosis accrued concurrently.

Patients and Methods

This study is a secondary analysis of a prospective cohort study conducted between August
2000 and May 2002 in which 242 patients with cirrhosis consecutively admitted to Yale-
New Haven Hospital or the VA Connecticut Healthcare System for decompensation of
cirrhosis were compared to a simultaneous cohort of consecutive patients with cirrhosis
followed in the outpatient liver clinics of both hospitals and who had not been hospitalized
in the previous 3 months (5). In the group of outpatients, some had had a previous
decompensating event (including the presence of ascites, jaundice, hepatic encephalopathy,
portal hypertensive bleed or renal failure compatible with hepatorenal syndrome), while
others had compensated cirrhosis.

The diagnosis of cirrhosis was established based on clinical, biochemical, imaging and/or
histological criteria. Data was collected prospectively in the original study including
demographic characteristics, alcohol consumption, etiology of cirrhosis, biochemical tests
and presence and type of prior decompensating events. In the present study, patients were
divided in two groups: compensated and decompensated. Decompensation was defined by
the presence (at inclusion or previous) of ascites, hepatic encephalopathy, variceal bleeding,
and/or jaundice. Both hospitalized patients and outpatients with a history of decompensation
were included in the decompensated group. This clinical definition of decompensation is the
one that has been used in previous studies (2). Patients with variceal hemorrhage that were
otherwise compensated (Child A) were considered decompensated, while patients with
significantly altered liver synthetic function that could place them in a Child C category, but
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who had no ascites, encephalopathy or variceal hemorrhage, were considered compensated.
Medical records were reviewed in order to complete follow-up from inclusion in the original
study to death, liver transplant or April 2006 (end of study). Patients for whom there was no
information up to April 2006 were censored at the time of their last follow-up visit. Patients
in whom liver transplant was performed during follow-up were censored at the time of
transplant. The end-point was to evaluate present day survival of compensated and
decompensated patients and then finally to evaluate the present day predictors of death.
Variables included in the prognostic analysis are data readily available to clinicians in the
outpatient setting, specifically, age, etiology of liver disease, and variables related to liver
function (albumin, INR, bilirubin, Child-Pugh score, MELD), portal hypertension
(platelets), hepatic inflammation (AST) and renal function (creatinine).

Statistical analyses

Results

Survival rates were evaluated by Kaplan-Meier curves and compared with the log rank test.
Evaluation of predictors of death was done by multivariate stepwise backward Cox
regression. In order to confirm that decompensation (even with newer standards of care)
was, in itself an independent predictor of mortality in cirrhosis, we initially analyzed the
whole group of patients with cirrhosis as a whole. Stratified analysis was performed to
evaluate the presence of interaction, which would confirm the need for a separate evaluation
of compensated and decompensated patients. Once we confirmed the predominant effect of
decompensation of cirrhosis on survival, we performed survival analysis and multivariate
Cox regression analysis separately in compensated and decompensated patients. Variables
that were significant on univariate Cox analysis were included in the multivariate analysis.
Overfitting and colinearity were avoided by maintaining a 1:10 variable:outcome ratio. The
choice of the best model was based on the likelihood ratio. ROC curves were constructed to
evaluate the discriminative ability of the variables. Cut-off points were identified in order to
derive information that is easily applicable to clinical practice. Statistical significance was
considered with a p-value <0.05. Statistical analysis was done with SPSS package 15.0.
Patients gave their informed consent for inclusion in the initial study (5). Approval from the
local institutional review board was obtained for the secondary analysis.

As mentioned above, 242 consecutive patients with cirrhosis were included in the study, 122
compensated and 120 decompensated. Baseline characteristics of the patients are shown in
Table 1. In a median follow up of 30 (6-50) months, 62 (26%) deaths occurred, 24 (20%) in
the compensated group and 38 (32%) in the decompensated group.

Univariate analysis of factors predictive of death in the entire cohort is shown on table 2.
Among all variables, decompensation was the variable associated with the highest hazard
ratio (3.06 [95% CI 1.82 — 5.17]). As shown in Figure 1, the probability of death was
significantly greater in the decompensated vs. the compensated group.

Stratified univariate analysis (according to the presence of absence of decompensation) was
then performed (table 3). Different variables were identified as predictors of death in the
compensated and decompensated groups, for example age was identified as an independent
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predictor of death only in the compensated group while creatinine and INR were identified
as independent predictors only in the decompensated group. The presence of interaction, as
shown by the identification of different predictors according to the presence or absence of
decompensation, underlines the need to evaluate predictors of death separately in
compensated and decompensated patients (Suppl. Table 1; Appendix 1 for further
explanation of interaction).

Due to the identification of interaction between decompensation and other prognostic
variables, two separate multivariate models were constructed for each group (Table 4).
Variables included in the models were chosen based on the univariate Cox regression
analysis and, in order to avoid overfitting and colinearity, variables that were considered
more clinically relevant were chosen (Table 3). In the compensated group the combination of
age, albumin and platelets was the best model predictive of death while in the
decompensated group MELD, platelets and albumin were identified as independent
predictors of death.

ROC curves were constructed to evaluate the discriminative ability of the different predictive
variables in compensated patients (albumin: c statistic 0.732), and decompensated patients
(albumin: c statistic 0.594, MELD: c statistic 0.717) (Fig 2) Interestingly, in the
compensated patients, a cut-off albumin of 4 gr/dL (HR 13.3 (95% CI 1.8- 98.8) could
identify a subgroup of patients with an extremely good prognosis at 5 years (Fig 3). In
decompensated patients the discriminative ability of albumin was weaker, as shown by a
worse c-statistic, so that a clinically relevant cut-off could not be identified.

Discussion

This study was aimed at evaluating routinely available parameters as predictors of death in a
simultaneous cohort of compensated and decompensated patients with cirrhosis. Since this
cohort was a more recent cohort of patients receiving state of the art therapies, our first goal
was to confirm that decompensation was the strongest predictor of death in the whole
cohort. Not unexpectedly, we confirmed this finding. Furthermore interaction between the
presence of decompensation and other predictors of death was observed. This finding
confirms mathematically that compensated and decompensated cirrhosis are separate entities
that must be evaluated and treated separately in clinical and research settings.

As had been shown in the previously published systematic review (1), we found different
predictors of death in compensated and decompensated patients. In compensated patients
age was the most important predictor (indicating that age-related co-morbidities other than
liver disease may play an important role in determining mortality in these patients). In
decompensated patients, MELD score was one of the most important predictors of death
indicating that advanced liver insufficiency and circulatory dysfunction (vasodilatation
leading to activation of vasoconstrictive systems, decreased renal flow and renal dysfunction
with consequent elevation in serum creatinine and development of hepatorenal syndrome
(6)) are major determinants of death and further validates its use in organ allocation (7).
Identification of different predictive variables according to the presence or absence of
decompensation is a consequence of interaction, and further underlines the need to evaluate
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compensated and decompensated patients separately when considering prognosis and
predictive factors in patients with end-stage liver disease.

Interestingly, and different from the findings of the systematic review (1), we found that
serum albumin and platelet count were predictive of death in both groups, however the
predictive weight of serum albumin was different between groups, with it being a more
important predictor in compensated disease. In fact in these patients, incidence of
decompensation was thirteen times greater in patients with albumin below 4 g/dL in
comparison to patients with albumin above this cut-off.

While platelet count may be a surrogate for portal hypertension (i.e. HVPG) as shown by its
correlation with the presence of varices (8), albumin is synthesized by the liver and in
cirrhosis both the quantity and function of albumin are reduced (9). The quantity of albumin
as measured by standard assays, has been previously identified in our timolol cohort of
patients with compensated cirrhosis as a predictor of clinical decompensation (in
compensated patients) independent of portal pressure. Interestingly, we found serum
albumin to be predictive of decompensation at the same cutoff described in the present study
of 4.0 g/dL (3, 10). Therefore, subtle abnormalities in serum albumin predicts both clinical
decompensation and death in patients with compensated cirrhosis and indicates that, even at
an early stage, this subtle liver dysfunction drives the development of poor outcomes. This is
information that can be easily obtained in clinical practice in an outpatient setting and may
help the physician identify those patients who are more likely to have an adverse outcome in
a relatively short time period. Furthermore, it is possible that in decompensated patients, not
only a decrease in synthesis but also albumin dysfunction may further impact the decrease in
synthesis (9, 11). In fact, a recent study has associated the functional change of albumin in
decompensated cirrhosis and mortality (12). This could explain that we observed a weaker
relationship between quantitative evaluation of albumin and death in decompensated patients
than in compensated patients.

The fact that different predictors are identified in compensated and decompensated disease
suggests that the pathophysiological mechanisms implicated in end-stage liver disease are
not parallel and linear in their progression, despite the fact that the underlying disease most
likely progresses in a continuous fashion. The results of this study and other studies (3,10),
suggest that in the compensated stage more information can be derived from markers of
portal hypertension and serum albumin values, that mostly reflects the synthetic function of
the liver. On the other hand in the decompensated stage of the disease, even though there is
impairment of nutritional status and synthetic function, other markers associated to
circulatory dysfunction (i.e. creatinine) and other markers of liver synthetic dysfunction (i.e
bilirubin and INR) reflected in the MELD score acquire greater relevance for survival
prediction (1,13).

Few previously published studies have evaluated predictors of death in concurrent cohorts of
compensated and decompensated cirrhosis. A previous study published almost 30 years ago
evaluated a consecutive group of compensated and decompensated patients from a very large
cohort (14). In this study, and similarly to the present study, age was identified as a predictor
of death only in compensated patients while in decompensated patients many variables
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associated to liver failure were identified. Furthermore, in this previous study, the presence
of HBsAg was a relevant predictor both in compensated and decompensated disease. With
the development of effective antiviral therapy, this affirmation no longer stands. A more
recent study has also evaluated simultaneously survival predictors in compensated and
decompensated patients, identifying age in compensated patients and MELD score in
decompensated patients as independent predictors of survival (4). However, this study was
aimed at evaluating the role of HVPG, an estimation of portal pressure, and therefore the
study population was selected according to the performance of this measurement.

The limitations of the study are associated to its design, since it is a secondary analysis of a
database that was collected for another aim (5). Other limitations are associated to the
relatively small number of outcomes (deaths), however there was sufficient number of events
and models were not overfitted. Furthermore, our results are in line with the results from
previous studies that evaluate prognosis in compensated and decompensated patients (1, 3,
13, 14).

In summary, we found that albumin is a predictor of death both in compensated and
decompensated disease and the use of albumin can help identify subsets of patients with
compensated liver disease who have a particularly good prognosis. Furthermore the presence
of a differential effect of predictors of death in the presence of clinical decompensation
confirms that compensated and decompensated cirrhosis are two separate disease stages that
should be evaluated separately in research and clinical practice.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Kaplan-Meier curves of patients in compensated (continuous line) and decompensated
cirrhosis (discontinuous line). Log rank test 19.113, p value <0.001.
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ROC curves of albumin for compensated (A) (c-statistic 0.732) and decompensated (B) (c-
statistic 0.594) patients. ROC curves of MELD for compensated (C) (c-statistic 0.715) and
decompensated (D) (c-statistic 0.717) patients.
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Kaplan-Meier curves of compensated patients according to the cut-off albumin (= 4 g/dL

discontinuous line, < 4 g/dL continuous line). Log rank test 10.904, p value = 0.001.
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Table 1

Baseline characteristics of the patients included in the study.

* Total (n=242) Compensated (n=122) | Decompensated (n=120) | p-value
Age | 52 (47-59) | 51 (45-59) | 53 (48-61) | 0,05
Male sex (%) | 162 (67) | 80 (67) | 82 (67) | 0.963
Mean BP (mmHg) | 89 (13) | 94 (13) | 85 (12) | <0.0001
Heart Rate (bpm) | wwosn | 76 (70-82) | 78 (70-92) | 048
Etiology (%) 0.0003

-alcohol 64 (26) 18 (15) 46 (38)

viral 120 (50) 69 (57) 51 (43)

~others 58 (24) 35 (29) 23 (19)
Variceal bleeding (%) | 47 (19%) | ; | 47 (39%) | ;
Ascites (%) | 79 (33%) | - | 79 (66%) | -
Hepatic encephalopathy (%) | 44 (18%) | - | 44 (37%) | -
Jaundice (%) | 5 (2%) | - | 5 (4%) | -
Child Pugh Class (A/BIC) (%) (n=239) | 114180145 (48/33/19) | o6r21/a (o8 | 18150141 15/50/35) | <0.0001
Child Pugh Score (n=239) | 7(5-9) | 5 (5-6) | 9 (7-11) | <0.0001
MELD (n=239) | 121@3wy | esmerzny | 1se24218) | <00001
Bilirubin (mg/dL) (n=239) | 1308200 | 0se1e | 2.3 (11-3.9) | <0.0001
Creatinine (mg/dL) (n=241) | 0.9 (0.8-1.1) | 0.9(0.7-1) | 1(0.8-1.4) | 0.0039
INR (1U) (n=239) | 130020070 | 122010140 | 160033293 | <00001
Albumin (g/dL) (n=239) | 3.26 (0.82) | 3.7(0.63) | 2.82 (0.76) | <0.0001
AST (1U) (n=233) | 58 (36-98) | 49 (32-84) | 71 (40-115) | 0.0008
ALT (1U) (n=233) | s@es | 42 (25-75) | 30 (18-57) | o.006
Platelets (x10%/L) (n=231) | 122 (83.5-173.8) | 138 (100.3-197) | 109 (69-139) | <0.0001
Hemoglobin (mg/dL) (n=231) | 12723 | 13.9(L.7) | 116 (2.4) | <0.0001
WBC (x10%mm?) (n=231) | 6.3 (4.6-8.3) | 5.9(4.6-7.7) | 7.0(4.7-9.8) | 0.05
Liver transplant (%) | | | |
Deaths (%) | 62 (26) | 24 (20) | 38 (32) | o013
Follow-up (mo) | 30 (6-50) | 48 (22-54) | 14 (1-33) | <0.0001
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Continuous variables are shown as mean(SD) or median (IQR) depending on their distribution. Some patients had more than one type of clinical
decompensation. BP= blood pressure, bpm= beats per minute, MELD= Model for End-stage liver disease, WBC= white blood cells, mo= months.

*
Total number of patients with available data is specified. If there were no missing data, the total number of patients was 242.
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Table 2

Univariate analysis of predictors of death in the overall study cohort.

| Hazard ratio | 95% ClI | Beta | p value
Decompensation | 3.07 | 1.81-5.18 | 112 | <0.0001
Age | 1.04 | 1.01-1.06 | 0.035 | 0.0022
Gender | 151 | 0.86-2.67 | 0.414 | 0.154

*

Etiology
-OH 0.013
-virus 0.766 0.439-1.339 | —0.266 0.35
-others 0.272 0.114-0.652 -13 0.003

Child Pugh Class

A — | <0.0001
B 2.93 1.55-5.,54 1.075 0.001
C 12.24 6.17-24.26 2.505 <0.0001
Child-Pugh Score | 15 | 1.36-1.65 | 0.402 | <0.0001
MELD | 111 | 1.09-1.14 | 0.107 | <0.0001
Bilirubin | 1.06 | 1.03-1.08 | 0.053 | <0.0001
Creatinine | 1.44 | 1.24-1.66 | 0.362 | <0.0001
INR | 1.74 | 1.43-2.13 | 0.554 | <0.0001
Albumin | 0.33 | 0.24-0.45 | -1.124 | <0.0001
AST | 1.01 | 1.01-1.01 | 0.009 | 0.0001
Platelets | 0.99 | 0.98-0.99 | -0.011 | <0.0001

*
The reference category is OH (alcohol disease). Beta is the regression coefficient, which is then used to calculate the HR. Decompensation is the
variable with the highest hazard ratio. Child C, although with a higher hazard ratio, is part of a composite variable.
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Stratified analysis of predictors of death in compensated and decompensated cirrhosis.

Table 3

Variables
Age
Male sex
Etiology u
-alcohol
-virus
-others
Child-Pugh score
MELD
Bilirubin
Creatinine
INR
Albumin
AST

Platelets

Compensated (n=122)

1.07 (1.03-1.11)
2.25 (0.84-6.04)

0.43 (0.18-1.01)
NE
1.36 (1.12-1.66)
1.09 (1.02-1.17)
1.47 (1.19-1.81)
0.98 (0.43-2.23)
1.14 (0.63-2.06)
0.24 (0.13-0.45)
1.01 (1.00-1.01)
0.99 (0.99-1.00)

Decompensated (n=120)

1.00 (0.98-1.04)
1.13 (0.56-2.26)

1.44(0.69-3.01)
1.39 (0.54-3.59)
1.53 (1.32-1.79)
1.1 (1.07-1.13)
1.04 (1.01-1.06)
1.35 (1.16-1.56)
1.81(1.44-2.26)
0.46 (0.29-0.71)
1.01 (1.01-1.01)
0.99 (0.98-1.00)
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* Results refer to hazard ratio (95% confidence interval). When the confidence interval includes the unity, that parameter is not significantly
predictive of death for that disease state.

NE=not evaluable

fThe reference category is alcohol.
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Table 4

Multivariate models predictive of death in A) compensated cirrhosis, B) decompensated cirrhosis

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Table 4A

Compensated (n=122) 24 deaths |

Child-Pugh score

Platelet count

variables | HR (95% CI) | -2LL
NULL MODEL | | 211.614
Age 1.08 (1.04-1.13) | 180.674
MELD -
Albumin 0.22 (0.11-0.41)
Age 1.09 (1.04-1.13) | 184.317

1.47 (1.14-1.89)
0.99 (0.98-1)

Age 1.1(1.05-1.15) | 174.8%4
Albumin 0.22 (0.11-0.44)
Platelet count 0.99 (0.98-1)
Age 1.09 (1.04-1.13) | 177.340
Albumin 0.26 (0.13-0.53)
Bilirubin 1.3 (1.01-1.69)

Table 4B.

Decompensated (n=120) 35 deaths | |

Child-Pugh Score
AST

variables | HR (95% CI) | -2LL
NULL MODEL | | 303923
Creatinine 1.34(1.12-1.60) | 259.745

1.50 (1.27-1.78)
1.01 (1.00-1.01)

Creatinine
Child-Pugh Score

platetet count

212 (151-2.97) | 241.702
1.33 (1.12-1.59)
0.99 (0.98-1)

Platelet count

MELD 1.11 (1.07-1.14) | 261.074
albumin 0.51 (0.34-0.77)
AST -NP
MELD 1.12(1.08-1.17) | 238.292
Albumin 0.547 (0.36-0.82)

0.99 (0.98-1)

Creatinine
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Table 4B.

Decompensated (n=120) 35 deaths |

variables | HR (95% CI) | -2LL
INR 1.74 (1.36-2.23)

Bilirubin -NP

Creatinine 1.37(1.17-1.61) | 273.624
INR 1.45 (1.09-1.93)

albumin 0.49 (0.3-0.79)
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The best model is shown in italic. When comparing 2 models with the same number of variables, the lower —2LL the better the model in explaining

the outcome (in this case, death). NP=not independently predictive of death (and therefore not included in the model)
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