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Abstract
We sought to investigate whether hypoalbuminaemia was mainly caused by acute or

chronic factors in patients with community-acquired bacteraemia. In this population-based

study, we considered 1844 adult cases of community-acquired bacteraemia that occurred

in Funen, Denmark between 2000 and 2008. We used a stepwise prognostic predisposi-

tion-insult-response-organ dysfunction (PIRO) logistic regression model by initially includ-

ing age and comorbidity, then added bacterial species, and finally sepsis severity. The

models were furthermoreanalysed using receiver operating characteristic (ROC) curves.

Outcomes comprised mortality incidence on days 0–30 and 31–365 after the bacteraemia

episode. Each step was performed with and without baseline albumin level measured on

the date of bacteraemia. In 422 patients, their latest albumin measurement taken 8–30 days

before the date of bacteraemia was also used in the analysis together with the baseline

albumin level. For each decrease of 1g/L in plasma albumin level, the odds ratios (95% con-

fidence intervals) of mortality in the period of 0–30 days after bacteraemia were 0.86 (0.84–

0.88) in both predisposition (P) and predisposition-insult (PI) models and 0.87 (0.85–0.89)

in the full PIRO-model. The AUC values were 0.78 and 0.66 for mortality in the period of

0–30 days in the model comprising only predisposition factors with and without albumin lev-

els added as a factor, respectively. The AUC values in the full PIRO-model were 0.81 and

0.73 with and without consideration of albumin levels, respectively. A higher proportionof

patients died within 30 days if there was a decrease in the albumin level between days 8

and 30 before bacteraemia and the actual bacteraemia date. A single plasma albumin
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measurement on the bacteraemia date was a better prognostic predictor of short-termmor-

tality than the sepsis severity score.

Introduction
Bacteraemia is most common among elderly patients with chronic comorbid conditions. It
may cause severe sepsis with circulatory disturbances and a compensatory expansion of the
plasma volume and extravasation. In general, it is difficult to assess to what extent a poor out-
come in bacteraemic patients is related to the acute sepsis episode itself or to chronic predispo-
sition factors often encountered in this patient cohort. Hypoalbuminaemia has traditionally
been related to chronic conditions such as liver failure, malnutrition, or protein-losing enterop-
athy [1,2]. However, numerous studies of critically ill patients have indicated that plasma albu-
min (PA) in this population is a negative sign of the acute phase of the pathology and hence, an
inflammation indicator, rather than a nutritional state marker [3–6]. Three processes deter-
mine the PA level: synthesis and secretion from the liver, catabolism, and distribution between
the vascular system and the interstitial space [1,4,7]. The individual impact of each of these
processes on the PA level, however, is difficult to quantify in real-life situations. The knowledge
of disease-related changes in PA level in humans is hampered by the fact that the vast majority
of observational studies only comprise a single albumin measurement [8].

In this study, we considered adult cases of community-acquired bacteraemia in order to elu-
cidate if there was a clear association between hypoalbuminaemia and short-term (0–30 days)
or long-term (31–365 days) mortality after bacteraemia, and whether this possible association
was primarily caused by acute or chronic factors.

Materials andMethods

Study population
This study population has been describedpreviously [9]. In brief, it included 2785 adult
patients (>14 years) from the Funen County, Denmark, with an incident community-acquired
bacteraemia between 2000 and 2008. We included 1844 patients who had a PA measurement
on the bacteraemia date, which was defined as the date the blood culture was drawn.

Microbiological data
All blood cultures were submitted to the Department of Clinical Microbiology at the Odense
University Hospital, where they were incubated and screened for growth of microorganisms
for six days or until detected positive by the Difco ESP blood culture system (Difco Laborato-
ries, Detroit, MI, USA) in the year 2000 and the Bactec 9240 system (BectonDickinson, Frank-
lin Lakes, NJ, USA) in the years 2001–2008. Identification of microorganisms was based on
conventional approaches [10], the Danish reference program (www.dskm.dk), and automated
identification using Vitek 2 (bioMérieux, Marcy l’Etoile, France).

Albumin level measurements
Albumin levels were measured with a Modular P analyser (Roche, Mannheim, Germany) by
the bromocresol green dye-binding method.
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Community-acquiredbacteremia
We defined the presence of a positive blood culture as evidence of bacteraemia based on clinical
and microbiological criteria [11]. We included all infection episodes, which were associated
with the presence of Staphylococcus spp., Streptococcus spp., Enterococcus spp., Pseudomonas
aeruginosa, or Enterobacteriaceae in the blood. Coagulase-negative staphylococci or non-hae-
molytic streptococci found in only one bottle were considered contamination and these cases
were not included in the analysis.

Bacteraemiawas defined as community-acquired if the bacteraemia date was within 3 days
after admission and there had been no inpatient contact within 7 days up to the bacteraemia date.

Sepsis severity
We looked through the patients’ medical records to retrieve systemic inflammatory response
syndrome (SIRS) parameters [12] as well as descriptions of any central nervous system (CNS)
signs on the admission date. We defined sepsis as the condition when two or more of the three
SIRS parameters were present (temperature>38°C or< 36°C; heart rate> 90 beats/min;
WBC> 12,000 cells/mm3, or WBC< 4,000 cells/mm3, or when over 10% WBC were repre-
sented by immature forms). The medical records had inconsistent information on the respira-
tory rate or PaCO2 and consequently, this SIRS parameter was ignored. Sepsis was further
categorized as severe sepsis/septic shock if organ dysfunction or hypotension (systolic blood
pressure<90 mm Hg) occurred. Because it was not possible to assess the validity of data on the
initial fluid resuscitation, we did not distinguish between severe sepsis and septic shock. We
defined organ dysfunction (CNS, kidney, liver, perfusion, or lung) according to criteria
described earlier [9]. Using the above-mentioned criteria, we divided the patients into the fol-
lowing sepsis categories: no sepsis, possible sepsis (because of missing data), sepsis, severe sep-
sis/septic shock, and organ dysfunctionwithout sepsis.

Linkage to other registries
We linked the study database to the Danish National Patient Registry [13] to retrieve informa-
tion on the first-time occurrence of comorbidity between 1994 and the bacteraemia date. We
used the Charlson comorbidity index that comprises 19 major comorbidity groups with higher
scores being assigned to prognosticallymore severe diseases (e.g., diabetes mellitus, malignancy
and cardiovascular diseases) [14].

Data on mortality were obtained from the Danish Civil Registration System, which contains
records on the health status of all Danish residents as well as dates of death or emigration, if rel-
evant [15].

Statistical analysis
As the PA levels were normally distributed (data not shown), they were compared between
groups defined by population characteristics (gender, age groups, Charlson comorbidity, bacte-
rial groups, and sepsis severity) using the one-way ANOVA test. If ANOVA result was signifi-
cant, the Bonferroni post hoc test was used for pairwise group comparisons. For ordered
groups, we used the non-parametric Cuzick’s method for trend across these groups [16].

For each of the five sepsis severity groups, we computed Kaplan-Meier survival curves that
represented PA level quintiles.

We used the prognostic predisposition-insult-response-organ dysfunction (PIRO) logistic
regression model that comprised variables related to the predisposition (P), insult/infection (I),
and response/organ dysfunction (RO) [17]. This model included the predisposition
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variables”gender”, “age”, “Charlson comorbidity index” (0, 1, and�2 points), the insult vari-
able “main bacterial groups” (gram-positive, gram-negative, and others), and the response/
organ dysfunction variable”sepsis severity group” (no sepsis, possible sepsis, sepsis, severe sep-
sis/septic shock, and organ dysfunction without sepsis).

We initially showed that the PA level could be used as a continuous variable in a logistic
regression model with mortality incidence on days 0–30 and 31–365 after bacteraemia as out-
comes, using spline, quintile, and fractional polynomial curves as reported before [18]. To facil-
itate reporting of the results, we subsequently divided the PA level into quintiles.

Logistic regression was used to compute odds ratios (ORs) with 95% confidence intervals
(CIs) for mortality after short (0–30 days) and long periods (31–365 days) following bacterae-
mia. We applied a stepwise approach, in which the first step only included predisposition vari-
ables, then the insult variable was added, and finally the response/organ dysfunction variable
was incorporated in the full model. These steps were performedwith and without the incorpo-
ration of the PA level to assess its impact on the prediction of mortality within short or longer
post-bacteraemiaperiods. For each of the stepwise models, we computed receiver operating
characteristic (ROC) curves and values of the area under these curves (AUC) with 95% CIs.
We reiterated all analyses using Cox proportional hazards regression analysis with hazard
ratios (HRs) and 95% CIs. The HRs (95% CIs) did not deviate materially from the ORs (data
not shown), which was expected as only 1 patient was censored within 365 days. Moreover, as
HRs do not enable subsequent computation of AUCs, we report ORs in this study.

In order to determine whether hypoalbuminaemia had mainly occurred before or was
caused by the bacteraemic episode, we selected patients with PA measured 8–30 days before
the bacteraemia date, i.e., during the periodwhen the patients were believed not to experience
an acute phase response. We retrieved the latest PA level measurements within that period and
plotted them against respective PA levels on the bacteraemia date (the baseline PA level). In
this scatterplot, we further indicated whether the individual patients were alive or dead within
30 days after the bacteraemia date.

Data were considered to be significantly different if p-value< 0.05 in relevant tests. The
Stata software (v.13.1, StataCorp, TX, USA) was used for all analyses.

Ethical considerations
This study was approved by the Danish Data Protection Agency (no. 2013-41-2579). Accord-
ing to Danish legislation, approval by an ethics committee or consent from participants
(including next of kin/caregiver in the case of children) are not required for registry-based
research. Data were not anonymised prior to analysis.

Results

Baseline characteristics
Patients were generally old and had comorbidities. In this study cohort, 53% had severe sepsis
or septic shock (Table 1).

Serum albumin levels with respect to the population characteristics
PA levels ranged from 11 to 53 g/L. Almost half of the patients (897 [48.6%]) had hypoalbumi-
naemia (<35 g/L) of whom 158 (8.6%) had<25 g/L.

PA levels tended to decline with increasing frailty of the patients, especially for increasing
severity in the sepsis groups (Table 2). Among the sepsis severity groups, a trend test corrobo-
rated the significant p-value by showing decreasing PA levels with an increase in sepsis severity.
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Kaplan-Meier survival curves
Mortality was positively associated with sepsis severity and within all severity groups mortality
incidence negatively correlated with PA levels (Fig 1).

Table 1. Baseline characteristics of the study cohort (n = 1844).

Population characteristics Number (%)

Age, years

Median (25th, 75th percentile) 70.5 (57.1, 79.5)

Mean (minimum, maximum) 67.4 (15.5, 101.7)

Females 817 (44.3)

Charlson comorbidity index

0 points 417 (22.6)

1 point 300 (16.3)

>1 points 1127 (61.1)

Smoking

Never 389 (21.1)

Present 345 (18.7)

Former 190 (10.3)

Unknown 920 (49.9)

Alcohol abuse

Never 698 (37.9)

Present 130 (7.0)

Former 60 (3.3)

Unknown 956 (51.8)

Bacteria

Monomicrobial Gram-positive

Staphylococcus aureus 273 (14.8)

Streptococcus pneumonia 257 (13.9)

Streptococci, other 156 (8.5)

Enterococcus faecalis 44 (2.4)

Monomicrobial Gram-negative

Escherichia coli 633 (34.3)

Klebsiella spp. 102 (5.5)

Pseudomonas aeruginosa 49 (2.7)

Other 145 (7.9)

Polymicrobial 185 (10.0)

Admitted to

Surgical unit 208 (11.3)

Medical unit 1336 (72.5)

Oncology/haematology unit 217 (11.8)

Intensive care unit 79 (4.3)

Unknown 4 (0.2)

Sepsis severity

No sepsis 108 (5.9)

Possible sepsis 237 (12.9)

Sepsis 415 (22.5)

Severe sepsis or septic shock 977 (53.0)

Organ dysfunction without sepsis 107 (5.8)

doi:10.1371/journal.pone.0160466.t001
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The survival curveswere non-parallel in the 0–30-day period. Beyond 30 days, the survival
curves for the less severe sepsis groups (no sepsis, possible sepsis, and sepsis) continued to have
different curve-slopes,whereas the curves became nearly parallel for the groups with severe
sepsis groups (severe sepsis/septic shock, organ dysfunction without sepsis).

Logistic regression analyses
For the 0–30-day mortality rates, ORs did not change appreciably across the P-, PI-, and
PIRO-models (Table 3). Irrespective of the model, ORs mainly declinedwith comorbidity and
sepsis either with or without addition of PA level. The ORs of the PA level did not change sig-
nificantly between the three models, so that a decrease in PA levels by 1 g/L consistently pre-
dicted a 13–14% higher mortality incidence.

Sepsis severity was not a significant predictor of mortality during the 31–365-day period
(Table 4). In contrast to the 0–30-day mortality, there were only minimal changes in ORs
when PA level was added to the models. As for the 0–30-day mortality, the ORs of PA level
remained fairly constant regardless of the model. The OR of 0.93 meant that a decrease in PA
level by 1 g/L predicted a 7% increase in mortality, i.e., half as much of the PA predicting capac-
ity during the 0–30-day period. The OR was 0.89 for the three less severe conditions, but com-
prised 0.95 for the two groups with more severe pathologies (data not shown), which
corroborated the higher diversions for the former as depicted in Fig 1.

Table 2. Mean plasma albumin levels on the bacteraemiadate for population characteristic groups
among adult community-acquiredbacteraemia patients (n = 1844).

Population characteristic groups Mean serum albumin level (g/L) p-value1

All patients 34.0

Gender 0.10

Males 34.1

Females 33.8

Age (years) 0.002

15–64 34.6 A

65–79 33.4 B

� 80 33.8 Ab

Charlson comorbidity points <0.0001

0 35.6 A

1 33.7 B

� 2 33.4 B

Bacterial groups 0.01

Monomicrobial Gram-positive 34.4 A

Monomicrobial Gram-negative 33.8 Ac

Polymicrobial 32.5 Bc

Sepsis severity <0.0001

No sepsis 34.8 A

Possibly sepsis 35.6 A

Sepsis 36.4 a

Severe sepsis or septic shock 32.8 b

Organ dysfunction without sepsis 30.4 c

1 For significant p-values, different characters denote significant differences in pairwise comparisons. Distinct

letters indicate significant differences within groups defined by population characteristics.

doi:10.1371/journal.pone.0160466.t002
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The area under the ROC curves
For the 0–30-day mortality, the PA level contributed more to the AUC value (0.78 for the P-
model with PA) than both bacterial and sepsis group factors (0.73 for the PIRO-model without
PA) (Table 5). For the models with PA, there was less impact on the AUC values when the sep-
sis-groups were introduced. Irrespective of the model, the largest relative changes in AUC val-
ues, ranging from 11% to 18%, were seen when PA level was added. All models with PA level
reported an AUC value close to 0.80, which is often considered clinically satisfactory.

For the 31–365-day mortality, the AUC value in the P-model that included the PA level
(0.74) was larger than the AUC value of the PIRO-model without PA (0.72). In contrast to the
case of the 0–30-day mortality, the sepsis-groups contributed very little to the AUC value.
Although the PA level still contributed more to the AUC values than any other amended vari-
able, its impact was much smaller than that for the 0–30-day mortality.

Fig 1. Kaplan-Meier survival curves for five sepsis-groups in the 0–365-day period.For each sepsis group, a separate curve is illustrated for
each quintile of the serum albumin level.

doi:10.1371/journal.pone.0160466.g001
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Table 3. Logistic regression analyses for the 0–30-daymortality.

Factor P1 P1+albumin PI2 PI2+albumin PIRO3 PIRO3+albumin

Age (years) 1.03 (1.02–1.04)4 1.03 (1.03–1.04) 1.03 (1.02–1.04) 1.04 (1.03–1.05) 1.03 (1.02–1.04) 1.04 (1.03–1.05)

Females 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference)

Males 1.38 (1.09–1.74) 1.53 (1.19–1.97) 1.37 (1.08–1.74) 1.52 (1.18–1.96) 1.28 (1.00–1.63) 1.44 (1.11–1.87)

Charlson 0 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference)

Charlson 1 1.35 (0.87–2.07) 1.07 (0.68–1.70) 1.33 (0.87–2.05) 1.05 (0.66–1.67) 1.29 (0.83–2.00) 1.03 (0.65–1.66)

Charlson 2 2.29 (1.65–3.20) 1.91 (1.34–2.73) 2.31 (1.65–3.22) 1.96 (1.37–2.80) 2.29 (1.63–3.22) 2.03 (1.41–2.92)

Gr+, mono - - 1 (reference) 1 (reference) 1 (reference) 1 (reference)

Gr-, mono - - 0.77 (0.60–0.98) 0.68 (0.52–0.88) 0.80 (0.62–1.03) 0.69 (0.53–0.90)

Others - - 1.25 (0.74–2.11) 1.00 (0.57–1.76) 1.33 (0.77–2.30) 1.08 (0.60–1.93)

No sepsis - - - - 1 (reference) 1 (reference)

Possibly sepsis - - - - 1.06 (0.51–2.20) 1.31 (0.61–2.83)

Sepsis - - - - 0.61 (0.30–1.25) 0.82 (0.38–1.73)

Severe sepsis - - - - 3.03 (1.61–5.67) 2.83 (1.45–5.49)

Organ dysf. - - - - 2.58 (1.21–5.50) 1.62 (0.72–3.63)

Albumin - 0.86 (0.84–0.88) - 0.86 (0.84–0.88) - 0.87 (0.85–0.89)

1Predisposition;
2predisposition and insult/infection;
3predisposition, insult/infection, and response/organ dysfunction;
4odds ratio (95% confidence interval).

doi:10.1371/journal.pone.0160466.t003

Table 4. Logistic regression analyses for the 31–365-day mortality.

Factor P1 P1+albumin PI2 PI2+albumin PIRO3 PIRO3+albumin

Age (years) 1.03 (1.02–1.04)4 1.03 (1.02–1.04) 1.03 (1.02–1.04) 1.03 (1.02–1.04) 1.03 (1.02–1.04) 1.03 (1.02–1.03)

Females 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference)

Males 1.21 (0.93–1.57) 1.26 (0.96–1.64) 1.21 (0.93–1.57) 1.26 (0.96–1.65) 1.18 (0.91–1.54) 1.24 (0.95–1.62)

Charlson 0 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference)

Charlson 1 2.32 (1.32–4.07) 2.16 (1.22–3.81) 2.29 (1.30–4.02) 2.13 (1.21–3.76) 2.29 (1.30–4.03) 2.14 (1.21–3.78)

Charlson 2 7.00 (4.42–11.05) 6.61 (4.16–10.50) 6.90 (4.37–10.92) 6.51 (4.10–10.35) 6.93 (4.38–10.97) 6.57 (4.13–10.45)

Gr+, mono - - 1 (reference) 1 (reference) 1 (reference) 1 (reference)

Gr-, mono - - 1.13 (0.85–1.49) 1.11 (0.84–1.48) 1.15 (0.87–1.52) 1.13 (0.85–1.50)

Others - - 1.82 (0.99–3.36) 1.81 (0.97–3.36) 1.91 (1.03–3.54) 1.89 (1.02–3.54)

No sepsis - - - - 1 (reference) 1 (reference)

Possibly sepsis - - - - 0.74 (0.38–1.41) 0.80 (0.41–1.56)

Sepsis - - - - 0.96 (0.53–1.73) 1.12 (0.61–2.07)

Severe sepsis - - - - 1.25 (0.71–2.19) 1.24 (0.69–2.20)

Organ dysf. - - - - 1.03 (0.48–2.20) 0.83 (0.38–1.81)

Albumin - 0.93 (0.91–0.95) - 0.93 (0.91–0.95) - 0.93 (0.90–0.95)

1Predisposition;
2predisposition and insult/infection;
3predisposition, insult/infection, and response/organ dysfunction;
4odds ratio (95% confidence interval).

doi:10.1371/journal.pone.0160466.t004
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Patients with serum albumin measurements 8–30 days before the
bacteraemia
Among the 1844 patients considered, 422 (23.3%) had one or more PA measurements in the
period from 8 to 30 days before the bacteraemia date. The average number of days from the lat-
est 8–30-day PA measurement to the bacteraemia date was 15.4 ± 6.6 (data not shown). The
average PA level during the latest measurement was 35.3 ± 5.8 g/L (data not shown), i.e., 1.3
g/L higher than the level determined on the bacteraemia date (Table 1).

To visualise the data from those 422 patients, we plotted the latest measured PA level during
the 8–30-day period on the x-axis and the baseline PA level, determined on the bacteraemia
day, on the y-axis (Fig 2). The diagonal line in Fig 2 represents no change in PA levels. Dots,
representing individual patients, below that line indicate that there was a decrease in the PA
level from the 8–30-day period to the bacteraemia date, whereas dots above that line, in

Table 5. Values of the area under the ROC curve (95%confidence interval) (white cells) and% change for differentmodels (grey cells).

0–30 day mortality 31–365 day mortality

Model Without albumin % increase With albumin Without albumin % increase With albumin

P-model1 0.66 (0.64–0.69) 18.2 0.78 (0.76–0.81) 0.71 (0.68–0.74) 4.2 0.74 (0.71–0.77)

% increase 1.5 1.3 1.4 1.4

PI-model2 0.67 (0.64–0.70) 17.9 0.79 (0.76–0.81) 0.72 (0.69–0.74) 4.2 0.75 (0.72–0.77)

% increase 9.0 2.5 0.0 0

PIRO-model3 0.73 (0.70–0.76) 11.0 0.81 (0.79–0.83) 0.72 (0.70–0.75) 4.2 0.75 (0.72–0.78)

1Predisposition (age, gender, comorbidity);
2predisposition and insult/infection (age, gender, comorbidity, main bacterial groups);
3predisposition, insult/infection, and response/organ dysfunction (age, gender, comorbidity, main bacterial groups, sepsis severity groups)

doi:10.1371/journal.pone.0160466.t005

Fig 2. Scatter plot of plasma albumin (PA) levels for 422 patientswho had one or more PA
measurements in the period from 8–30 days before the bacteraemia date.The x-axis depicts the last
measured albumin level in the 8–30-day period and the y-axis depicts the albumin level on the bacteraemia
date. Dots below the diagonal line represent patients with a decline in the albumin level between the last
measurement in the 8–30-day period and the measurement on the bacteraemia date, whereas dots above
that line represent a corresponding increase in the PA level. Data for patients, who remained alive 30 days
after the bacteraemia date, are represented by crosses, while triangles indicate data for patients who died
within 0–30 days after the bacteraemia date.

doi:10.1371/journal.pone.0160466.g002
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contrast, point to an increase in the PA level in that period.Most patients had a decrease in
their PA level. Moreover, the distribution of individual cases in Fig 2 was clearly asymmetrical:
in the lower quintiles, relatively more patients had decreased PA levels as compared to PA lev-
els in the higher quintiles.

A visual inspection of the graph suggests that a higher proportion of patients died within 30
days of the bacteraemia episode, when the baseline PA levels were low. Only for patients with
very high albumin levels 8–30 days before the bacteraemia date (data in the 5th quintile), it was
not visually apparent that a higher proportion of them died within 30 days after the bacterae-
mia episode when their PA levels determined on the bacteraemia date were low.

Discussion
We found that the PA level was a strong prognostic mortality predictor for adult community-
acquired bacteraemia patients, especially for the mortality in the short period after the bacter-
aemia episode. To the best of our knowledge, this is the first study that has evaluated PA levels
in relation to both chronic and acute factors in bacteraemia patients by a PIRO model. This
enabled quantification of the PA level prognostic capacity as compared to the influence of
chronic and acute comorbidities, both of which are common in bacteraemic patients.

Bacteraemia is a serious condition with a 30-day mortality rate of 15–30% [19]. It is difficult
to assess the relative impact of the infection per se and of other conditions on cases with poor
outcomes. In order to better differentiate between predisposition factors (such as old age and
comorbidity) and acute factors related to the septic episode, the PIRO (Predisposition, Insult/
Infection, Response, Organ dysfunction)model was introduced a decade ago [17]. The PIRO
model has proved valid in studies of sepsis patients, as there were highly significant associations
betweenmortality rates and PIRO scores [20,21]. The use of various biomarkers in the PIRO
models has been advocated previously [20,22], but so far only parameters related to white
blood cells (e.g., SIRS criteria) have been included. Other models, such as the SOFA (Sepsis-
related Organ Failure Assessment) [23] or the APACHE (Acute Physiology, Age, Chronic
Health Evaluation) score [24], have also shown high discrimination in mortality prognosis,
though they have not necessarily been superior to the PIRO score [25]. Interestingly, the inclu-
sion of the PA level in APACHE improved its mortality discrimination, after which APACHE
II was renamed APACHE III [24]. In this study, we did not opt for the “perfect” prediction
model, but rather for an explanatory model [26], which could more specifically assess the role
of albumin. Hence, we chose to apply a stepwise PIRO model approach (P, PI, and PIRO) and
incorporated the baseline PA level in each step to deduce its impact on predisposition factors
representing both chronic conditions and acute factors related to the inflammatory response in
bacteraemia.

We found that a lower baseline PA level independently predicted higher mortality during
the 0–30 and 31–365-day periods after the bacteraemia episode. The predicting capacity was
stronger for mortality in the 0–30-day period.Moreover, the PA level exhibited collinearity
with the sepsis severity, which emphasises the reliability of the baseline PA level as a predictor
of mortality shortly after bacteraemia.Our results obtained after studies of data from a rela-
tively large patient cohort, suggest that a single PA measurement on the bacteraemia date can
be used as a prognostic factor for mortality in the short term after bacteraemiawith better
predictability than the sepsis severity. These findings were corroborated by the weaker effect of
the PA level on the 31–365-day mortality, on which sepsis severity had no prognostic impact.
Finally, lower baseline PA levels for most hypoalbuminaemic patients compared to those mea-
sured within 8–30-day period before the bacteraemia also indicated that hypoalbuminaemia
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primarily reflected acute, rather than chronic, conditions, especially given albumin’s long half-
life of 20 days [7].

Our finding of hypoalbuminaemia as an independent mortality predictor is not novel.
Numerous studies comprising different patient groups, settings, and covariates have unani-
mously confirmed that hypoalbuminaemia predicts a poor outcome [8,27] and this was also
applied to several studies that focused on bacteraemic patients [28–32].

Only a few studies, however, have attempted to assess whether the poor prognosis of
patients with hypoalbuminaemia is mainly related to chronic or acute conditions, which are
both prognostically relevant in bacteraemia patients. One study that comprised Swedish elderly
patients with community-acquired pneumonia [33] and two studies including intensive care
unit patients [34,35] supported our view that hypoalbuminaemia mainly reflected an acute
inflammatory response. Our results are in line with results reported in those studies. The rela-
tion of the PA level to acute conditions was further supported by the decline in the baseline PA
level compared to the latest PA level in the period between 8–30 days before the bacteraemia
episode, especially amongst hypoalbuminaemic patients. We selected the 8–30 day period
assuming that acute conditions related to the bacteraemia, or a possible prior focal infection
(such as pneumonia or urocystitis), would play a minor role (see Fig 2). The role of hypoalbu-
minaemia in acute conditions is further indicated by its inverse correlation with several acute
phase biomarkers [1,2,4,36–41]. In contrast to the sepsis variables, the PA level also predicted
mortality beyond day 30, especially in the groups with less severe disease (no sepsis, possible
sepsis, sepsis). This indicated that the PA level at the time of blood culture to some extent also
reflected the presence of chronic conditions having an impact on survival. In addition, we
detected an inverse correlation between the PA and serumCRP levels (R = -0.21, p< 10−5,
data not shown) in our data; however, we did not include CRP in our models due to the high
collinearity betweenCRP and the sepsis severity parameters detected in our earlier study for
virtually the same study population [9].

Our study was population-based and included a high number of patients with well-defined
bacteraemia for whom complete short- and long-term follow-ups were possible. The study,
however, had some limitations. Firstly, it was not a prospective study and we only had two or
more PA measurements for about 23% of the study population. For these patients, the age and
PA levels did not differ from the remaining 77%, but this group had more comorbidity (data
not shown). They also had higher mortality levels in the 31–365-day period, but this difference
failed to achieve statistical significance after adjusting for comorbidity. We selected the last PA
measurement at least 8 days before the baseline PA measurement to represent a period in
which the impact of an acute event on the PA level was probably minimal. Secondly, we had no
data on the nutritional status, which is traditionally believed to be related to hypoalbuminae-
mia [7,42]. Newer studies have, however, consistently reported a lack of association between
the albumin level and nutrition markers, such as BMI or triceps skinfold thickness [43–45],
indicating that albumin is not a sensitive nutritional marker [2]. Thirdly, only 1844 of 2784
patients (66.2%) had their PA level measured on the bacteraemia date, which compromised the
population-based design. The 940 patients without a PA measurement were older, had less
comorbidity, and were less likely to have sepsis. Fourthly, other prognostic models than PIRO,
e.g. SOFA [23] or APACHE III [24] could have been applied, but this was not possible due to
lack of data in our retrospective study. There is much discussion on which model is the best to
predict morbidity or mortality [26,46], which probably also differs between patient groups and
settings [25]. In this study, we preferred an explanatory model in which we focused on one pre-
dictor (the PA level), in contrast to a prediction model that assesses all relevant predictors
which together render the best prognostic discrimination [26]. We found that the PIRO model,
due to its stepwise approach and ability to distinguish between chronic and acute factors, was a
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suitable hypothesis-generating explanatory model [17]. Finally, due to missing data it was
unclear if some of the patients had sepsis or not. We reiterated all the analyses with these
patients as either having no sepsis or sepsis, but that manipulation did not change the results
significantly (data not shown).

In conclusion, the baseline PA level was a strong prognostic mortality predictor for adult
community-acquired bacteraemia patients, especially for mortality shortly after the bacterae-
mic episode. Its negative correlation with mortality rates during day 0–30 and 31–365 did not
change after an adjustment with chronic or acute factors. Moreover, for the short-term mortal-
ity, PA level was a stronger predictor than sepsis severity indices based on the commonly used
SIRS criteria and organ dysfunction parameters [12]. This retrospective study indicates that
hypoalbuminaemia was mainly caused by factors related to the acute response per se. Prospec-
tive studies with longitudinal PA measurements are necessary to further elaborate dynamics of
albumin level changes in relation to acute conditions. However, this can only be achieved in
patients, which are followed routinely due to other diseases.

Author Contributions

Conceptualization:BM KOG.

Data curation: BM KOG.

Formal analysis:BM.

Investigation: BM KOG.

Methodology:BM KOG.

Project administration:ATL.

Resources:TGJ HJK CP ATL.

Software: BM KOG.

Supervision:ATL.

Validation: BM KOG.

Visualization: BM KOG.

Writing – original draft: BM KOG.

Writing – review& editing: BM KOG TGJ HJK CP PJV ATL.

References
1. Rothschild MA, Oratz M, Schreiber SS. Serum albumin.Hepatology 1988; 8:385–401 PMID: 3281888

2. Doweiko JP, Nompleggi DJ. The role of albumin in human physiology and pathophysiology, Part III:
Albumin and disease states. J Parenter Enteral Nutr 1991; 15:476–483

3. Klein S. The myth of serum albumin as a measure of nutritional status.Gastroenterol 1990; 99:1845–
1846

4. Don BR, Kaysen G. Serum albumin: relationship to inflammation and nutrition.Semin Dial 2004;
17:432–437 PMID: 15660573

5. Franch-Arcas G. The meaning of hypoalbuminaemia in clinical practice.Clin Nutr 2001; 20:265–269
PMID: 11407875

6. Sitges-Serra A, Franch-Arcas G. Fluid and sodium problems in perioperative feeding: what furtherstud-
ies need to be done?CurrOpin Clin Nutr MetabCare 1998; 1:9–14 PMID: 10565324

Hypoalbuminaemia in Bacteraemia Patients Related to Acute Disorders

PLOS ONE | DOI:10.1371/journal.pone.0160466 September 9, 2016 12 / 14

http://www.ncbi.nlm.nih.gov/pubmed/3281888
http://www.ncbi.nlm.nih.gov/pubmed/15660573
http://www.ncbi.nlm.nih.gov/pubmed/11407875
http://www.ncbi.nlm.nih.gov/pubmed/10565324


7. Beathard GA. Albumin abnormalities. In: Ritzmann SE, Daniels JC, editors. Serum Protein Abnormali-
ties—Diagnostic and Clinical Aspects. 1st ed. Boston, USA: Little, Brown and Company; 1975 pp.
173–211.

8. Vincent JL, Dubois MJ, Navickis RJ, Wilkes MM. Hypoalbuminemia in acute illness: is there a rationale
for intervention? A meta-analysis of cohort studies and controlled trials.Ann Surg 2003; 237:319–334
PMID: 12616115

9. Gradel KO, Jensen TG, Kolmos HJ, Pedersen C, Vinholt PJ, Lassen AT. Does C-reactive protein inde-
pendently predict mortality in adult community-acquired bacteremia patients with known sepsis sever-
ity? APMIS 2013; 121:835–842 doi: 10.1111/apm.12040 PMID: 23278429

10. Murray PR, Baron EJ, Pfaller MA, Tenover FC, Yolken RH. Manual of Clinical Microbiology. Washing-
ton DC, USA: American Society for Microbiology; 1999.

11. Weinstein MP, Reller LB, Murphy JR, Lichtenstein KA. The clinical significance of positive blood cul-
tures: a comprehensive analysis of 500 episodes of bacteremia and fungemia in adults. I. Laboratory
and epidemiologic observations. Rev Infect Dis 1983; 5:35–53 PMID: 6828811

12. Bone RC, Balk RA, Cerra FB, Dellinger RP, Fein AM, Knaus WA, Schein RM, Sibbald WJ. Definitions
for sepsis and organ failure and guidelines for the use of innovative therapies in sepsis. The ACCP/
SCCM Consensus Conference Committee. American College of Chest Physicians/Society of Critical
Care Medicine.Chest 1992; 101:1644–1655 PMID: 1303622

13. Lynge E, Sandegaard JL, Rebolj M. The Danish National Patient Register. Scand J Public Health 2011;
39:30–33 doi: 10.1177/1403494811401482 PMID: 21775347

14. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of classifying prognostic comorbidity
in longitudinal studies: development and validation. J Chronic Dis 1987; 40:373–383 PMID: 3558716

15. Pedersen CB. The Danish Civil Registration System.Scand J Public Health 2011; 39:22–25 doi: 10.
1177/1403494810387965 PMID: 21775345

16. Cuzick J. A Wilcoxon-type test for trend.Stat Med 1985; 4:87–90 PMID: 3992076

17. Levy MM, Fink MP, Marshall JC, Abraham E, Angus D, Cook D, Cohen J, Opal SM, Vincent JL, Ram-
say G. 2001 SCCM/ESICM/ACCP/ATS/SIS InternationalSepsis Definitions Conference. Crit Care
Med 2003; 31:1250–1256 PMID: 12682500

18. Gradel KO, Thomsen RW, Lundbye-Christensen S, Nielsen H, Schønheyder HC. Baseline C-reactive
protein level as a predictor of mortality in bacteraemia patients: a population-based cohort study. Clin
Microbiol Infect 2010; 17:627–632

19. Søgaard M, Nørgaard M, Dethlefsen C, Schønheyder HC. Temporal changes in the incidence and 30-
day mortalityassociated with bacteremia in hospitalized patients from 1992 through 2006: a popula-
tion-based cohort study. Clin Inf Dis 2011; 52:61–69

20. Rubulotta F, Marshall JC, Ramsay G, Nelson D, Levy M, Williams M. Predisposition, insult/infection,
response, and organ dysfunction: A new model for staging severe sepsis.Crit CareMed 2009;
37:1329–1335 doi: 10.1097/CCM.0b013e31819d5db1 PMID: 19242329

21. Howell MD, Talmor D, Schuetz P, Hunziker S, Jones AE, Shapiro NI. Proof of principle: the predisposi-
tion, infection, response, organ failure sepsis staging system.Crit CareMed 2011; 39:322–327 doi: 10.
1097/CCM.0b013e3182037a8e PMID: 21099424

22. Pierrakos C, Vincent JL. Sepsis biomarkers: a review. Crit Care 2010; 14:R15 doi: 10.1186/cc8872
PMID: 20144219

23. Vincent JL, Moreno R, Takala J, Willatts S, De MA, Bruining H, ReinhartCK, Suter PM, Thijs LG. The
SOFA (Sepsis-related Organ Failure Assessment) score to describe organ dysfunction/failure. On
behalf of the Working Group on Sepsis-Related Problems of the European Society of Intensive Care
Medicine. Intensive CareMed 1996; 22:707–710 PMID: 8844239

24. Knaus WA, Wagner DP, Draper EA, ZimmermanJE, Bergner M, Bastos PG, Sirio CA, Murphy DJ,
Lotring T, Damiano A. The APACHE III prognostic system. Risk prediction of hospital mortality for criti-
cally ill hospitalized adults.Chest 1991; 100:1619–1636 PMID: 1959406

25. Macdonald SP, Arendts G, Fatovich DM, Brown SG. Comparison of PIRO, SOFA, and MEDS scores
for predicting mortality in emergency departmentpatients with severe sepsis and septic shock. Acad
EmergMed 2014; 21:1257–1263 doi: 10.1111/acem.12515 PMID: 25377403

26. Clayton D, Hills M. Choise and interpretation of models. In: Clayton D, Hills M, editors. Statistical Mod-
els in Epidemiology. Oxford: UK Oxford Science Publications.; 1993 pp. 271–281

27. Goldwasser P, Feldman J. Association of serum albumin and mortality risk. J Clin Epidemiol1997;
50:693–703 PMID: 9250267

28. ArteroA, Zaragoza R, Camarena JJ, Sancho S, Gonzalez R, Nogueira JM. Prognostic factors of mortal-
ity in patients with community-acquired bloodstream infection with severe sepsis and septic shock. J
Crit Care 2010; 25:276–281 doi: 10.1016/j.jcrc.2009.12.004 PMID: 20149587

Hypoalbuminaemia in Bacteraemia Patients Related to Acute Disorders

PLOS ONE | DOI:10.1371/journal.pone.0160466 September 9, 2016 13 / 14

http://www.ncbi.nlm.nih.gov/pubmed/12616115
http://dx.doi.org/10.1111/apm.12040
http://www.ncbi.nlm.nih.gov/pubmed/23278429
http://www.ncbi.nlm.nih.gov/pubmed/6828811
http://www.ncbi.nlm.nih.gov/pubmed/1303622
http://dx.doi.org/10.1177/1403494811401482
http://www.ncbi.nlm.nih.gov/pubmed/21775347
http://www.ncbi.nlm.nih.gov/pubmed/3558716
http://dx.doi.org/10.1177/1403494810387965
http://dx.doi.org/10.1177/1403494810387965
http://www.ncbi.nlm.nih.gov/pubmed/21775345
http://www.ncbi.nlm.nih.gov/pubmed/3992076
http://www.ncbi.nlm.nih.gov/pubmed/12682500
http://dx.doi.org/10.1097/CCM.0b013e31819d5db1
http://www.ncbi.nlm.nih.gov/pubmed/19242329
http://dx.doi.org/10.1097/CCM.0b013e3182037a8e
http://dx.doi.org/10.1097/CCM.0b013e3182037a8e
http://www.ncbi.nlm.nih.gov/pubmed/21099424
http://dx.doi.org/10.1186/cc8872
http://www.ncbi.nlm.nih.gov/pubmed/20144219
http://www.ncbi.nlm.nih.gov/pubmed/8844239
http://www.ncbi.nlm.nih.gov/pubmed/1959406
http://dx.doi.org/10.1111/acem.12515
http://www.ncbi.nlm.nih.gov/pubmed/25377403
http://www.ncbi.nlm.nih.gov/pubmed/9250267
http://dx.doi.org/10.1016/j.jcrc.2009.12.004
http://www.ncbi.nlm.nih.gov/pubmed/20149587


29. Greenberg BM, Atmar RL, Stager CE, Greenberg SB. Bacteraemia in the elderly: predictors of outcome
in an urban teaching hospital. J Infect 2005; 50:288–295 PMID: 15845426

30. Bishara J, Leibovici L, Huminer D, Drucker M, Samra Z, Konisberger H, Pitlik S. Five-year prospective
study of bacteraemic urinary tract infection in a single institution. Eur J Clin Microbiol Infect Dis 1997;
16:563–567 PMID: 9323466

31. Whitelaw DA, Rayner BL, Willcox PA. Community-acquired bacteremia in the elderly: a prospective
study of 121 cases. J AmGeriatrSoc 1992; 40:996–1000 PMID: 1401689

32. Leibovici L, Pitlik SD, Konisberger H, Drucker M. Bloodstream infections in patients older than eighty
years. Age Ageing 1993; 22:431–442 PMID: 8310889

33. Hansson LO, Hedlund JU, OrtqvistAB. Sequential changes of inflammatory and nutritional markers in
patients with community-acquired pneumonia. Scand J Clin Lab Invest 1997; 57:111–118 PMID:
9200269

34. Blunt MC, Nicholson JP, Park GR. Serum albumin and colloid osmotic pressure in survivors and non-
survivors of prolonged critical illness. Anaesthesia 1998; 53:755–761 PMID: 9797519

35. McCluskey A, Thomas AN, Bowles BJ, Kishen R. The prognostic value of serial measurements of
serum albumin concentration in patients admitted to an intensive care unit.Anaesthesia 1996; 51:724–
727 PMID: 8795312

36. Kaysen GA. Biological basis of hypoalbuminemia in ESRD. J AmSoc Nephrol 1998; 9:2368–2376
PMID: 9848794

37. Heinrich PC, Castell JV, Andus T. Interleukin-6 and the acute phase response.Biochem J 1990;
265:621–636 PMID: 1689567

38. Fleck A. Clinical and nutritional aspects of changes in acute-phase proteins during inflammation.Proc
Nutr Soc 1989; 48:347–354 PMID: 2482490

39. Danesh J, Collins R, Appleby P, Peto R. Association of fibrinogen, C-reactive protein, albumin, or leu-
kocyte count with coronary heart disease: meta-analyses of prospective studies. JAMA 1998;
279:1477–1482 PMID: 9600484

40. Yeun JY, Kaysen GA. Factors influencing serum albumin in dialysis patients.Am J Kidney Dis 1998;
32:S118–125

41. Johnson AM. Low levels of plasma proteins: malnutrition or inflammation?Clin Chem LabMed 1999;
37:91–96 PMID: 10219494

42. Peters TJ. Clinical Aspects: Albumin in Medicine. In: Peters TJ, editor. All About Albumin. 1 ed. San
Diego, California, USA: Academic Press; 1996 pp. 251–284.

43. Honda H, Qureshi AR, Heimburger O, Barany P, Wang K, Pecoits-Filho R, Stenvinkel P, Lindholm B.
Serum albumin, C-reactive protein, interleukin 6, and fetuin A as predictors of malnutrition, cardiovascu-
lar disease, and mortality in patients with ESRD. Am J Kidney Dis 2006; 47:139–148 PMID: 16377395

44. Engelman DT, Adams DH, Byrne JG, Aranki SF, Collins JJ Jr., Couper GS, Allred EN, Cohn LH, Rizzo
RJ. Impact of body mass index and albumin on morbidity and mortalityafter cardiac surgery. J Thorac
Cardiovasc Surg 1999; 118:866–873 PMID: 10534692

45. Rigaud D, Hassid J, Meulemans A, Poupard AT, Boulier A. A paradoxical increase in resting energy
expenditure in malnourished patients near death: the king penguin syndrome. Am J Clin Nutr 2000;
72:355–360 PMID: 10919927

46. Altman DG. Systematic reviews of evaluations of prognostic variables. BMJ 2001; 323:224–228 PMID:
11473921

Hypoalbuminaemia in Bacteraemia Patients Related to Acute Disorders

PLOS ONE | DOI:10.1371/journal.pone.0160466 September 9, 2016 14 / 14

http://www.ncbi.nlm.nih.gov/pubmed/15845426
http://www.ncbi.nlm.nih.gov/pubmed/9323466
http://www.ncbi.nlm.nih.gov/pubmed/1401689
http://www.ncbi.nlm.nih.gov/pubmed/8310889
http://www.ncbi.nlm.nih.gov/pubmed/9200269
http://www.ncbi.nlm.nih.gov/pubmed/9797519
http://www.ncbi.nlm.nih.gov/pubmed/8795312
http://www.ncbi.nlm.nih.gov/pubmed/9848794
http://www.ncbi.nlm.nih.gov/pubmed/1689567
http://www.ncbi.nlm.nih.gov/pubmed/2482490
http://www.ncbi.nlm.nih.gov/pubmed/9600484
http://www.ncbi.nlm.nih.gov/pubmed/10219494
http://www.ncbi.nlm.nih.gov/pubmed/16377395
http://www.ncbi.nlm.nih.gov/pubmed/10534692
http://www.ncbi.nlm.nih.gov/pubmed/10919927
http://www.ncbi.nlm.nih.gov/pubmed/11473921

