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Effect of hypoalbuminemia on mortality in cirrhotic patients with
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INTRODUCTION

ABSTRACT

Objectives: The impact of hypoalbuminemia on the short-term and long-term mortality
of cirrhotic patients with spontaneous bacterial peritonitis (SBP), both with and without
renal function impairment, remains insufficiently elucidated based on population-based
data. Materials and Methods: We retrieved data from Taiwan’s National Health Insurance
Database encompassing 14,583 hospitalized patients diagnosed with both cirrhosis and
SBP during the period from January 1, 2010, to December 31, 2013. Prognostic factors
influencing 30-day and 3-year survival were computed. Furthermore, the impact of
hypoalbuminemia on the mortality rate among SBP patients, with or without concurrent
renal function impairment, was also assessed. Results: The 30-day mortality rates for
patients with SBP, comparing those with hypoalbuminemia and those without, were 18.3%
and 29.4%, respectively (P < 0.001). Similarly, the 3-year mortality rates for SBP patients
with hypoalbuminemia and those without were 73.7% and 85.8%, respectively (P < 0.001).
Cox proportional hazard regression analysis, adjusted for patients’ gender, age, and comorbid
conditions, substantiated that individuals with hypoalbuminemia exhibit an inferior 30-day
survival (hazard ratio [HR]: 1.62, 95% confidence interval [CI]: 1.51-1.74, P < 0.001)
and reduced 3-year survival (HR: 1.57, 95% CI: 1.50-1.63, P < 0.001) in comparison
to those lacking hypoalbuminemia. Among SBP patients with renal function impairment,
those presenting hypoalbuminemia also experienced diminished 30-day survival (HR:
1.81, 95% CI 1.57-2.07, P < 0.001) as well as reduced 3-year survival (HR: 1.70, 95% CI
1.54-1.87, P < 0.001). Likewise, in SBP patients without renal function impairment, the
presence of hypoalbuminemia was associated with poorer 30-day survival (HR: 1.54, 95%
CI 1.42-1.67, P < 0.001) and 3-year survival (HR: 1.53, 95% CI 1.46-1.60, P < 0.001).
Conclusion: Among cirrhotic patients with SBP, the presence of hypoalbuminemia predicts
inferior short-term and long-term outcomes, regardless of renal function.
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Albumin is produced by the liver [4]. Hence, in cases
of LC, particularly in its advanced stages, compromised

iver cirrhosis (LC) typically arises as a consequence of
Lchronic infection with hepatitis B, chronic hepatitis C,
and/or alcoholism [1]. LC often progresses to conditions such
as hepatocellular carcinoma (HCC) or severe complications
including spontaneous bacterial peritonitis (SBP), esophageal
variceal bleeding (EBV), and hepatic encephalopathy (HE) [2].
The incidence of SBP in cirrhotic patients is approximately
10% [3]. The diagnosis of SBP is established by the
presence of an absolute polymorphonuclear leukocyte count
of >250 cells/mm?® in the ascites fluid. Therefore, SBP
predominantly manifests in cirrhotic patients exhibiting
ascites.
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albumin synthesis ensues. Hypoalbuminemia is frequently
observed in cirrhotic patients who also present with ascites.
Notably, the occurrence of hypoalbuminemia has recently
emerged as a significant factor in individuals with SBP [5,6].
Nevertheless, there exists a dearth of population-based data
to elucidate the precise impact of hypoalbuminemia on the
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prognosis of individuals with SBP. Furthermore, the influence
of hypoalbuminemia on the mortality of SBP patients, both
with and without concurrent renal function impairment,
remains to be thoroughly assessed. As far as our knowledge
extends, there is a lack of adequate population-based studies
aimed at evaluating the prognosis of cirrhotic patients afflicted
with both SBP and hypoalbuminemia, and the extent of
hypoalbuminemia’s effect on the mortality rate of SBP patients
with or without renal function impairment remains uncharted
territory. Utilizing an extensive nationwide population-based
dataset from Taiwan, our objective is to ascertain the near-term
and extended prognostic implications for cirrhotic patients
affected by SBP and concurrent hypoalbuminemia. In addition,
we seek to elucidate the impact of hypoalbuminemia on the
mortality rate among SBP patients, regardless of the presence
or absence of renal function impairment.

MATERIALS AND METHODS
Database and ethical statement

Taiwan’s National Health Insurance (NHI) system has
been in operation for over two decades, offering coverage to
over 99% of the population and ensuring equitable health care
access for all. Comprehensive medical services for illnesses,
injuries, and childbirth are available to individuals holding
an NHI card when seeking treatment at medical facilities.
The Taiwan NHI Research Database (NHIRD) meticulously
archives all medical records, encompassing data such as
International Classification of Diseases, 9" or 10" Revision,
Clinical Modification (ICD-9-CM or ICD-10-CM) codes,
prescribed medications, hospitalization expenses, and duration
of hospital stays. The Taiwan NHIRD has emerged as a pivotal
resource, facilitating a multitude of research endeavors [7,8].

The Buddhist Tzu Chi Medical Foundation (TCMF-A
109-01) and the Institutional Review Board of the Buddhist
Dalin Tzu Chi Hospital (IRB B10403026) granted approval
for the implementation of this study. Given that all data
within the NHIRD has undergone de-identification, the review
committee exempted us from the requirement of obtaining
informed consent from the patients.

Study sample

The database was queried for patients discharged between
January 1, 2010, and December 31, 2013, with a primary
or secondary diagnosis of cirrhosis (ICD-9-CM code 571.5
or 571.2). These specific ICD-9 codes have been employed
in previous studies to identify cirrhosis patients in Taiwan.
Subsequently, within this cohort, individuals with SBP were
identified using ICD-9-CM codes 567.2, 567.8, or 567.9. If a
patient experienced multiple hospitalizations for SBP within
the study period, only the initial episode was considered for
analysis. In this study, the definition of hypoalbuminemia is
based on the application for health insurance-covered albumin
medication, rather than using ICD-9 coding. This choice was
made because relying on ICD-9 coding to determine the
presence of hypoalbuminemia can be relatively inaccurate,
and it cannot be assumed that every physician has the same
definition of hypoalbuminemia. According to the NHI
Administration’s (NHIA) principles for providing albumin

medication, one of the criteria is that patients with cirrhosis
who also have ascites, and whose blood albumin levels are
<2.5 mg/dL. Since all the patients in our study had SBP, by
definition, they all had ascites. Therefore, when these patients
applied for health insurance coverage for albumin medication,
their blood albumin levels should all be <2.5 mg/dL. Hence, in
our study, we defined hypoalbuminemia as <2.5 mg/dL based
on this fact. On the other hand, because albumin is a relatively
expensive medication in Taiwan, most hospitals require
clinical physicians to provide confirmation when prescribing
albumin. Therefore, we believe that those classified as having
hypoalbuminemia in our study would indeed have blood albumin
levels below 2.5 mg/dL. In clinical practice, administering
albumin infusion to cirrhotic patients with hypoalbuminemia
and ascites has shown to alleviate edema and assist in ascites
control. To ascertain the 30-day mortality rates of the enrolled
patients, a Taiwanese National Mortality Database was
consulted. The considered comorbid conditions encompassed
alcoholism (ICD-9-CM codes 291, 303, 305.00-305.03, 571.0—
571.3), HCC (ICD-9-CM code 155.0), HE (ICD-9-CM code
572.2), renal function impairment (ICD-9-CM codes 584, 585,
586, 572.4, or other procedure codes relevant to renal failure),
ascites (ICD-9-CM code 789.5 or procedure code 54.91),
and EVB (ICD-9-CM codes 456.0, 456.20). The individuals
were categorized into three groups based on socioeconomic
status (SES): low SES, medium SES, and high SES. In this
study, low SES was defined as a monthly income of less than
New Taiwan Dollar (NTD $20,000) (approximately US$556).
Medium SES was defined as a monthly income ranging from
NTD $20,001 to $40,000 (approximately US$556 to $1111).
High SES was defined as a monthly income exceeding NTD
$40,001 (approximately US$1111).

To assess the impact of hypoalbuminemia on the mortality
rate among SBP patients, considering the presence or
absence of renal function impairment, a subgroup analysis
was conducted. The 30-day and 3-year mortality rates were
computed for patients with hypoalbuminemia, both with and
without concurrent renal function impairment. In addition,
hazard ratios (HRs) were determined for these respective
subgroup cohorts.

Statistical analyses

We performed statistical analyses using the SPSS
Statistical Package version 22.0 for Windows, developed
by IBM Corp (Armonk, NY, USA). Categorical variables
were compared using the Chi-square test, while continuous
variables were analyzed using Student’s #-test. To assess
the comorbid factors associated with LC, we employed a
proportional hazards Cox regression model for survival
analysis. The outcomes were presented as HRs along with
their corresponding 95% confidence intervals (CIs). P <0.05
was considered statistically significant in our study. This
significance level was chosen for all analyses.

REsuLTS

We gathered data from Taiwan’s NHIRD, encompassing
14,583 patients diagnosed with both cirrhosis and SBP who
were admitted to hospitals between January 1, 2010, and
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December 31, 2013. The fundamental data are detailed in
Table 1. In general, among cirrhotic patients with SBP, the
mortality rates within 30 days and over a span of 3 years were
21.9% and 77.7%, respectively.

The 30-day mortality rates for SBP patients with
and without hypoalbuminemia were 18.3% and 29.4%,
respectively (P < 0.001). Correspondingly, the 3-year mortality
rates for SBP patients with and without hypoalbuminemia
were 73.7% and 85.8%, respectively (P < 0.001). Following
adjustment for patient gender, age, and comorbid conditions
using the Cox proportional hazard regression model, several
variables were identified as increasing the risk of 30-day
mortality in cirthotic patients with SBP. These included
older age (HR: 1.02, 95% CI 1.01-1.02, P < 0.001), male
gender (HR: 1.10, 95% CI 1.02-1.20, P = 0.016), EVB (HR:
1.23, 95% CI 1.06-1.43, P = 0.006), HCC (HR: 1.91, 95%
CI 1.77-2.05, P < 0.001), HE (HR: 1.42, 95% CI 1.30-1.55,
P < 0.001), hypoalbuminemia (HR: 1.62, 95% CI 1.51-1.74,
P < 0.001), impaired renal function (HR: 2.44, 95% CI 2.25-
2.64, P < 0.001), and nonalcoholic-related cirrhosis (HR: 1.12,
95% CI 1.02—-1.24, P = 0.025).

Table 1: Demographic characteristics of cirrhotic patients with
spontaneous bacterial peritonitis (n=14,583)

n (%)

Age (years) 59.54+14.08
Male 10,474 (71.8)
EVB 859 (5.9)

HCC 4246 (29.1)
HE 2268 (15.6)
Hypoalbuminemia 4776 (32.8)
RFI 2037 (14.0)

Nonalcoholic-related cirrhosis 10,813 (74.1)

Socioeconomic status

Low 8483 (58.2)
Medium 5409 (37.1)
High 691 (4.7)

EVB: Esophageal variceal bleeding, HCC: Hepatocellular carcinoma,
HE: Hepatic encephalopathy, RFI: Renal failure impairment

Patients with hypoalbuminemia also exhibited decreased
3-year survival rates (HR: 1.57, 95% CI 1.50-1.63, P < 0.001),
as depicted in Table 2. The Kaplan—Meier survival curve is
presented in Figure 1. The main findings of this study remain
consistent regardless of whether the patients have hepatitis
B virus (HBV)- or hepatitis C virus (HCV)-related cirrhosis.
In SBP patients with HBV, the presence of hypoalbuminemia
was associated with poorer 30-day survival (HR: 1.57, 95%
CI 1.39-1.77, P < 0.001) and 3-year survival (HR: 1.49, 95%
CI 1.39-1.59, P < 0.001). In SBP patients with HCV, the
presence of hypoalbuminemia was also associated with poorer
30-day survival (HR: 1.48, 95% CI 1.31-1.68, P < 0.001) and
3-year survival (HR: 1.52, 95% CI 1.38-1.67, P < 0.001).

In the subgroup analysis of SBP patients, the 30-day
mortality rates for patients with renal function impairment,

1.0
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-7 With hypoalbuminemia

P<0.001

Cumulative survival (%)
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Figure 1: Kaplan—Meier survival analysis curves of 3-year mortality in cirrhotic
patients with spontaneous bacterial peritonitis, by the presence of hypoalbuminemia

Table 2: Adjusted hazard ratios of the risk factors for 30-day and 3-year mortality in cirrhotic patients with spontaneous bacterial

peritonitis
Variable 30-day 3-year
HR 95% CI P HR 95% CI P

Age 1.02 1.01-1.02 <0.001 1.02 1.01-1.02 <0.001
Male 1.10 1.01-1.19 0.022 1.05 1.01-1.10 0.026
EVB 1.23 1.06-1.43 0.006 1.14 1.04-1.24 0.003
HCC 1.90 1.77-2.05 <0.001 2.13 2.04-2.22 <0.001
HE 1.42 1.30-1.55 <0.001 1.42 1.35-1.50 <0.001
Hypoalbuminemia 1.62 1.51-1.73 <0.001 1.57 1.50-1.63 <0.001
RFI 2.44 2.25-2.64 <0.001 1.75 1.66-1.85 <0.001
Nonalcoholic-related cirrhosis 1.12 1.01-1.24 0.027 1.04 0.98-1.09 0.195
Socioeconomic status

Low 0.011 0.680

Medium 1.12 1.04-1.10 0.003 1.02 0.98-1.06 0.380

High 1.06 0.89-1.25 0.517 1.01 0.92-1.11 0.862

HR: Hazard ratio, CI: Confidence interval, EVB: Esophageal variceal bleeding, HCC: Hepatocellular carcinoma, HE: Hepatic encephalopathy, RFI: Renal

function impairment
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with and without hypoalbuminemia, were 51.6% and 32.0%,
respectively (P < 0.001). Correspondingly, the 3-year
mortality rates for patients with renal function impairment,
with and without hypoalbuminemia, were 94.1% and 85.2%,
respectively (P < 0.001). Moreover, the 30-day mortality
rates for patients without renal function impairment, with
and without hypoalbuminemia, were 24.8% and 16.3%,
respectively (P < 0.001). The corresponding 3-year mortality
rates for patients without renal function impairment, with
and without hypoalbuminemia, were 84.1% and 72.1%,
respectively (P < 0.001).

We calculated adjusted HRs for 30-day and 3-year mortality
in cirrhotic patients with SBP, considering the presence or
absence of renal function impairment. These results are
summarized in Tables 3 and 4. Among SBP patients with renal
function impairment, those with hypoalbuminemia experienced
poorer 30-day (HR: 1.81, 95% CI 1.57-2.07, P < 0.001) and
3-year survival (HR: 1.70, 95% CI 1.54-1.87, P < 0.001)
compared to those without hypoalbuminemia. Similarly,
among SBP patients without renal function impairment, those
with hypoalbuminemia displayed diminished 30-day (HR:
1.54, 95% CI 1.42-1.67, P < 0.001) and 3-year survival (HR:
1.53, 95% CI 1.46—-1.60, P < 0.001) relative to those without
hypoalbuminemia. The survival curves for these patient

subgroups are presented in Figure 2. In SBP patients, the
presence of hypoalbuminemia resulted in a poorer prognosis,
irrespective of renal function.

DiscussioN

This study underscores the significance of hypoalbuminemia
as a crucial prognostic indicator in cirrhotic patients afflicted
with SBP, influencing both near-term and prolonged mortality
outcomes. Remarkably, this association holds true irrespective
of the degree of renal function. Consequently, in clinical
settings, health-care practitioners must be vigilant to the
heightened risk among SBP patients, particularly those with
hypoalbuminemia, even when their renal function appears
relatively sound.

Albumin is produced by the liver [4]. However, the
concentration of albumin in the bloodstream is influenced by
multiple factors, including the rate of catabolism, synthesis,
clearance, and distribution [9-11]. Hypoalbuminemia may also
serve as an indicator of diminished liver reserve. Impaired liver
reserve is closely linked to elevated mortality rates in cirrhotic
patients afflicted with SBP. Consequently, the association
between hypoalbuminemia and unfavorable near-term and
extended outcomes among SBP patients is to be expected.

Table 3: Adjusted hazard ratios of the risk factors for 30-day and 3-year mortality in cirrhotic patients with renal function

impairment and spontaneous bacterial peritonitis

Variable 30-day 3-year
HR 95% CI P HR 95% CI P

Age 1.01 1.00-1.01 0.129 1.01 1.01-1.02 <0.001
Male 1.15 0.98-1.36 0.095 1.10 0.98-1.22 0.112
EVB 1.40 0.94-2.07 0.095 1.30 0.97-1.75 0.084
HCC 1.85 1.59-2.15 <0.001 1.80 1.61-2.01 <0.001
HE 1.25 1.02-1.53 0.028 1.28 1.10-1.48 0.001
Hypoalbuminemia 1.79 1.56-2.06 <0.001 1.69 1.53-1.87 <0.001
Nonalcoholic-related cirrhosis 0.99 0.81-1.21 0.915 1.04 0.90-1.20 0.641
Socioeconomic status

Low 0.215 0.378

Medium 1.11 0.96-1.29 0.144 1.07 0.97-1.19 0.182

High 0.89 0.64-1.24 0.500 0.98 0.78-1.23 0.874

HR: Hazard ratio, CI: Confidence interval, EVB: Esophageal variceal bleeding, HCC: Hepatocellular carcinoma, HE: Hepatic encephalopathy

Table 4: Adjusted hazard ratios of the risk factor for 30-day and 3-year mortality in cirrhotic patients with spontaneous bacterial

peritonitis but no renal function impairment

Variable 30-day 3-year
HR 95% CI P HR 95% CI P

Age 1.02 1.02-1.02 <0.001 1.02 1.01-1.02 <0.001
Male 1.08 0.99-1.19 0.092 1.05 1.00-1.10 0.074
EVB 1.22 1.04-1.43 0.017 1.12 1.03-1.23 0.010
HCC 1.90 1.75-2.07 <0.001 2.19 2.09-2.29 <0.001
HE 1.47 1.33-1.62 <0.001 1.45 1.37-1.54 <0.001
Hypoalbuminemia 1.54 1.42-1.67 <0.001 1.53 1.46-1.60 <0.001
Nonalcoholic-related cirrhosis 1.16 1.03-1.30 0.014 1.04 0.98-1.10 0.247
Socioeconomic status

Low 0.022 0.915

Medium 1.12 1.03-1.22 0.009 1.01 0.96-1.05 0.757

High 1.15 0.94-1.40 0.184 1.02 0.92-1.13 0.738

HR: Hazard ratio, CI: Confidence interval, EVB: Esophageal variceal bleeding, HCC: Hepatocellular carcinoma, HE: Hepatic encephalopathy
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Figure 2: Kaplan—Meier survival analysis curves of 3-year mortality in cirrhotic patients with spontaneous bacterial peritonitis, by the presence of hypoalbuminemia,

and (a) with or (b) without renal function impairment

Moreover, instances of inflammation, stemming from factors
such as infection, trauma, or surgical procedures, have been
demonstrated to reduce the synthesis of albumin [12].

Several possible reasons contribute to explaining why
hypoalbuminemia increases the risk of mortality in SBP
patients. First, the quantity of albumin in the blood to some
extent reflects liver function. In other words, patients with
low albumin levels partly indicate liver dysfunction. This
can explain the increased mortality rate among such patients.
Second, albumin plays a role in maintaining blood volume
and fluid balance within the body. Hypoalbuminemia can lead
to the accumulation of fluid in the abdominal cavity, causing
ascites in patients with cirrhosis, which increases the risk of
infection. These factors may exacerbate the symptoms of SBP,
further increasing the mortality rate. Finally, studies support
the role of albumin in the treatment of SBP, especially in
patients with impaired kidney function [13]. In addition, in
decompensated cirrhotic patients, albumin therapy has been
shown to reduce systemic inflammation and cardiocirculatory
dysfunction [14]. All of these factors indicate that higher
blood albumin levels contribute to improved survival in such
patients.

Hypoalbuminemia has been extensively documented
as an adverse prognostic factor in various medical
conditions [15-19]. For instance, Viasus et al. emphasized the
significance of serum albumin levels within 24 h of admission
as a crucial prognostic indicator for individuals diagnosed with
community-acquired pneumonia [15]. Hypoalbuminemia is
also recognized as an indicator of an unfavorable prognosis in
patients with severe sepsis [20]. Hence, it comes as no surprise
that the combination of SBP infection and hypoalbuminemia
is associated with an unfavorable prognosis. The heightened
mortality risk observed in SBP patients with hypoalbuminemia
underscores the potential advantages of proactive albumin
administration for such individuals. Prior research has
demonstrated that supplementing with albumin can lead to
reduced mortality rates and a decreased incidence of acute
kidney injury (AKI) in SBP patients [21,22]. In a particular
study, the implementation of a targeted albumin order set
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for high-risk SBP patients resulted in a significant reduction
in both mortality rates and the occurrence of AKI [21]. Our
study findings are consistent with these observations. Impaired
renal function continues to be a pivotal prognostic factor in
SBP patients. Our study’s Cox regression analysis revealed
that hypoalbuminemia, irrespective of renal function, emerged
as a significant prognostic indicator for both short-term and
long-term outcomes in SBP patients.

Hypoalbuminemia unveils several noteworthy clinical
aspects in cirrhotic patients. Individuals with hypoalbuminemia
not only exhibit reduced oncotic pressure, potentially leading
to the development of ascites or edema but they also commonly
experience malnutrition. It is unsurprising that these conditions
can contribute to unfavorable prognoses in such patients.
Another significant revelation is that hypoalbuminemia often
signals inadequate liver reserve. In clinical practice, while
albumin infusion may be beneficial for high-risk SBP patients,
it might not solely enhance liver reserve. Our study’s outcomes
align with these established observations. In this study, the
utilization of a National Population-based Dataset unveiled
that individuals with SBP and hypoalbuminemia experience
inferior near-term and extended outcomes compared to those
without hypoalbuminemia. While prior research has indicated
that albumin infusion is advantageous for SBP patients with
AKI, it is evident that the unfavorable short-and long-term
outcomes of SBP patients with hypoalbuminemia persist due
to compromised liver reserve.

The primary limitation of this present study pertained to
the unavailability of precise serum albumin level data within
the dataset. Nevertheless, under Taiwan’s NHI, albumin is
typically administered when the serum albumin level falls
below 2.5 g/dL in cirrhotic patients with ascites. Owing to
the absence of laboratory information in this claims-based
dataset, pivotal indicators of LC severity, such as the Child—
Pugh score or Mayo Clinic model for end-stage liver disease,
could not be ascertained. However, variables pertaining to
liver reserves, such as variceal bleeding, HE, or HCC, were
included for analysis. In addition, it is conceivable that
transient and mild renal function impairment might not have
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been adequately documented in discharge records. On the
other hand, in this study, renal dysfunction was determined
using ICD-9 coding, and we were unable to obtain precise
data. This, of course, is a limitation of our study. Nonetheless,
given the potentially reduced clinical significance of mild and
transient renal function impairment, our study demonstrated
consistently poor survival outcomes among all SBP patients
with hypoalbuminemia, irrespective of renal function.
Consequently, we maintain that the absence of laboratory
data, such as creatinine levels, did not significantly impact the
findings of our study. Indeed, in spite of that, we will still need
real-world data in the future to validate our research. Finally,
due to the limitation of reporting a maximum of five diagnoses
to the NHIA, certain systemic disorders may not have been
among the top five diagnoses, which could potentially result
in inaccuracies.

CONCLUSION

In summary, within the context of cirrhotic patients with
SBP, the existence of hypoalbuminemia serves as an indicator
of adverse near-term and extended prognoses, irrespective
of renal function. Acknowledgment of this circumstance can
facilitate improved clinical management of these patients
and stimulate further investigation into the significance of
hypoalbuminemia in the context of cirrhotic patients with SBP.
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