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Median (25", 75" percentile)

70.5 (57.1,79.5)

Mean (minimum, maximum)

67.4(15.5,101.7)

2 817 (44.3)
& " * 3
0 points 417 (22.6)
1 point 300 (16.3)
11 points 1127 (61.1)
45
Never 389 (21.1)
Present 345 (18.7)
Former 190 (10.3)
Unknown 920 (49.9)
1&
Never 698 (37.9)
Present 130 (7.0)
Former 60 (3.3)
Unknown 956 (51.8)
&
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)
|
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)
4/ 6 *
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)
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Kaplan-Meier survival curves
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[ 34.0
0.10
Males 34.1
Females 33.8
[ 0.002
15-64 34.6 A
65-79 33.4 B
>80 33.8 Ab
& " * 0.0001

0 35.6 A

1 33.7 B

>2 33.4 B

& / 0.01
Monomicrobial Gram-positive 34.4 A
Monomicrobial Gram-negative 33.8 Ac
Polymicrobial 325 Bc
4/ 6 * 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

' For significant p-values, different characters denote significant differences in pairwise comparisons. Distinct
letters indicate significant differences within groups defined by population characteristics.
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Age (years)
Females
Males
Charlson 0
Charlson 1
Charlson 2
Gr+, mono
Gr-, mono
Others
No sepsis
Possibly sepsis
Sepsis
Severe sepsis
Organ dysf.
Albumin

"Predisposition;

1.03 (1.02-1.04)*
1 (reference)
1.38 (1.09-1.74)
1 (reference)
1.35 (0.87-2.07)
2.29 (1.65-3.20)

2predisposition and insult/infection;

Spredisposition, insult/infection, and response/organ dysfunction;

“40dds ratio (95% confidence interval).
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Charlson 0
Charlson 1
Charlson 2
Gr+, mono
Gr-, mono
Others
No sepsis
Possibly sepsis
Sepsis

Severe sepsis
Organ dysf.
Albumin

Predisposition;
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1.03 (1.02—1.04)*
1 (reference)
1.21(0.93-1.57)
1 (reference)
2.32(1.32-4.07)
7.00 (4.42—11.05)

2predisposition and insult/infection;

Spredisposition, insult/infection, and response/organ dysfunction;

“odds ratio (95% confidence interval).
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Y A
<
1.03 (1.03-1.04)
1 (reference)
1.53 (1.19-1.97)
1 (reference)
1.07 (0.68-1.70)
1.91 (1.34-2.73)

0.86 (0.84-0.88)

87 *
<

1.03 (1.02—-1.04)
1 (reference)
1.26 (0.96-1.64)
1 (reference)
2.16 (1.22-3.81)
6.61(4.16—10.50)

0.93 (0.91-0.95)

k¢

%

1.03 (1.02-1.04)
1 (reference)
1.37 (1.08-1.74)
1 (reference)
1.33(0.87-2.05)
2.31(1.65-3.22)
1 (reference)
0.77 (0.60-0.98)
1.25(0.74-2.11)

X
%
1.03 (1.02—1.04)
1 (reference)
1.21(0.93-1.57)
1 (reference)
2.29 (1.30-4.02)
6.90 (4.37-10.92)
1 (reference)
1.13(0.85-1.49)
1.82 (0.99-3.36)

%< "

1.04 (1.03-1.05)
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1.52(1.18—1.96)
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1.05 (0.66-1.67)
1.96 (1.37-2.80)
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0.68 (0.52-0.88)
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%< "
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1 (reference)
2.13(1.21-3.76)
6.51(4.10-10.35)
1 (reference)
1.11(0.84-1.48)
1.81(0.97-3.36)

0.93 (0.91-0.95)

%'
1.03 (1.02-1.04)
1 (reference)

1.28 (1.00-1.63)
1 (reference)

1.29 (0.83-2.00)
2.29(1.63-3.22)
1 (reference)

0.80 (0.62—-1.03)
1.33(0.77-2.30)
1 (reference)

1.06 (0.51-2.20)
0.61(0.30—-1.25)
3.03(1.61-5.67)
2.58(1.21-5.50)

%'
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2.29(1.30-4.03)
6.93 (4.38-10.97)
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1.15(0.87-1.52)
1.91 (1.03-3.54)
1 (reference)
0.74 (0.38—1.41)
0.96 (0.53-1.73)
1.25(0.71-2.19)
1.03 (0.48-2.20)

% <"
1.04 (1.03-1.05)
1 (reference)

1.44 (1.11-1.87)
1 (reference)

1.03 (0.65-1.66)
2.03(1.41-2.92)
1 (reference)

0.69 (0.53-0.90)
1.08 (0.60-1.93)
1 (reference)

1.31(0.61-2.83)
0.82(0.38-1.73)
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% <"

1.03 (1.02—-1.03)
1 (reference)
1.24 (0.95-1.62)
1 (reference)
2.14(1.21-3.78)
6.57 (4.13-10.45)
1 (reference)
1.13(0.85-1.50)
1.89 (1.02-3.54)
1 (reference)
0.80 (0.41-1.56)
1.12(0.61-2.07)
1.24 (0.69-2.20)
0.83(0.38-1.81)
0.93 (0.90-0.95)

PLOS ONE | DOI:10.1371/journal.pone.0160466 September9, 2016

8/14



Hypoalbuminaemia in Bacteraemia Patients Related to Acute Disorders

( )
?
P-model’ 0.66 (0.64-0.69)
% increase 1.5
Pl-model 0.67 (0.64-0.70)
% increase 9.0
PIRO-model® 0.73(0.70-0.76)

Predisposition (age, gender, comorbidity);

&6 +=18&) & 6. +> & 1& D)) +x &
'3 * -
1 & ? ? 1 ?
18.2 0.78 (0.76-0.81) 0.71 (0.68-0.74) 4.2 0.74 (0.71-0.77)
1.3 1.4 14
17.9 0.79 (0.76-0.81) 0.72 (0.69-0.74) 42 0.75 (0.72-0.77)
25 0.0 0
11.0 0.81(0.79-0.83) 0.72 (0.70-0.75) 42 0.75 (0.72-0.78)

2predisposition and insult/infection (age, gender, comorbidity, main bacterial groups);
Spredisposition, insult/infection, and response/organ dysfunction (age, gender, comorbidity, main bacterial groups, sepsis severity groups)
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Patients with serum albumin measurements 8—30 days before the
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o | = Alive 4 Died within 30 days

1I0 Zb 3|0 4b 5|0
P-albumin (g/L) 30 to 8 days before baseline
2 (4& / )/ " +l. 6 ) / > !
/ ) - o) "& ( 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.

GRL MRXUQDO SRQH

PLOS ONE | DOI:10.1371/journal.pone.0160466 September9, 2016

9/14



Hypoalbuminaemia in Bacteraemia Patients Related to Acute Disorders

"#
"# 7 3 *
- " “H#
# &0
"# 8
/'&0 ! 1 - $
&0
“H#
@ &
6 "#
) % "#
" B8 )
- "
&0 1'&0G 2
per se
!
$ "B8 I" F
B 8 $ , ) "B8
" B8 0 ) % " B8
0
! ; B; $ 8 ;83# |;
8 # $ & #'H4 - I# " # 4
. +
" B8 1
"H# #'H#4 . H#'H4 -
#H4 . + K J
(
" B8 o " B8%
"#
6 "#
0'&0 '&(1 )
0'&0 7 "#
"H#
8
"H#
) %
“H# &'&(1
3 "H#
/'&0
PLOS ONE | DOI:10.1371/journal.pone.0160466 September9, 2016 10/14



Hypoalbuminaemia in Bacteraemia Patients Related to Acute Disorders

A
0 :
8
l,
I'&
8
8 ;
- &&
&+ &1
8 )
yy "#
"# /'&0
6 /'&0
I $ I 3 %)
% + &('+ "#
&0 ]
$ ) "#
"t 4B" IBNO p< 0
$ E 4B"
4B"
2
8
)
3
"# &G 3
"# ,G !
$ ) &'&(1
6 “H#
/ "W
g ,
o= %
% 7 % % +&'+1
% ) [++ J+
I(( G$ "#
) 2+0 "H
% 3 "B8
83 & #'H4 . +
% )
(+(
1
oy $
(6 " B8
PLOS ONE | DOI:10.1371/journal.pone.0160466 September9, 2016 11/14



Hypoalbuminaemia in Bacteraemia Patients Related to Acute Disorders

080 &'&1

perse "

! "
Conceptualization: 7 [8C

Data curation: 7 18C

Formal analysis: 7

Investigation: 7 18C

Methodology: 7 18C

Project administration: #)<

Resources: )C> > 4" #)<

Software: 7 18C

Supervision: #)<

Validation: 7 18C

Visualization: 7 18C

Writing - original draft: 7 18C

Writing - review & editing: 7 18C )C> > 4" ">? #)<

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

Doweiko JP, Nompleggi DJ. The role of albumin in human physiology and pathophysiology, Part l1:
Albumin and disease states. J Parenter Enteral Nutr 1991; 15:476-483

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

( DonBR, Kaysen G. Serum albumin: relationship to inflammation and nutrition. Semin Dial 2004;
17:432-437 PMID: 15660573

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

$( Sitges-Serra A, Franch-Arcas G. Fluid and sodium problems in perioperative feeding: what further stud-
ies need to be done? Curr Opin Clin Nutr Metab Care 1998; 1:9-14 PMID: 10565324

PLOS ONE | DOI:10.1371/journal.pone.0160466 September9, 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

Hypoalbuminaemia in Bacteraemia Patients Related to Acute Disorders

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

-( VincentJL, 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

=( Gradel KO, Jensen TG, Kolmos HJ, Pedersen C, Vinholt PJ, Lassen AT. Does C-reactive proteininde-
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

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

( 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 fungemiain adults. |. Laboratory
and epidemiologic observations. Rev Infect Dis 1983; 5:35-53 PMID: 6828811

( BoneRC, 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

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

( 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

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

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

A( 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 International Sepsis Definitions Conference. Crit Care
Med 2003; 31:1250-1256 PMID: 12682500

-( Gradel KO, Thomsen RW, Lundbye-Christensen S, Nielsen H, Sch jnheyder 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

=(  Sjgaard M, N jrgaard M, Dethlefsen C, Sch jnheyder HC. Temporal changes in the incidence and 30-
day mortality associated with bacteremia in hospitalized patients from 1992 through 2006: a popula-
tion-based cohort study. Clin Inf Dis 2011; 52:61-69

:( 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 Care Med 2009;
37:1329-1335 doi: 10.1097/CCM.0b013e31819d5db1 PMID: 19242329

( 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 Care Med 2011; 39:322—-327 doi: 10.
1097/CCM.0b013e3182037a8e PMID: 21099424

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

( Vincent JL, Moreno R, Takala J, Willatts S, De MA, Bruining H, Reinhart CK, 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 Care Med 1996; 22:707—-710 PMID: 8844239

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

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

$(  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

A( Goldwasser P, Feldman J. Association of serum albumin and mortality risk. J Clin Epidemiol 1997;
50:693-703 PMID: 9250267

-( ArteroA, Zaragoza R, CamarenaJJ, 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

PLOS ONE | DOI:10.1371/journal.pone.0160466 September9, 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

Hypoalbuminaemia in Bacteraemia Patients Related to Acute Disorders

=( GreenbergBM, 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

:( BisharaJ, 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

( Whitelaw DA, Rayner BL, Willcox PA. Community-acquired bacteremia in the elderly: a prospective
study of 121 cases. J Am Geriatr Soc 1992; 40:996—1000 PMID: 1401689

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

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

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

( 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

$(  Kaysen GA. Biological basis of hypoalbuminemia in ESRD. J Am Soc Nephrol 1998; 9:2368-2376
PMID: 9848794

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

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

=( DaneshJ, 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

:( Yeun JY, Kaysen GA. Factors influencing serum albumin in dialysis patients. Am J Kidney Dis 1998;
32:5118-125

( Johnson AM. Low levels of plasma proteins: malnutrition or inflammation? Clin Chem Lab Med 1999;
37:91-96 PMID: 10219494

( 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.

( HondaH, 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

( 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 mortality after cardiac surgery. J Thorac
Cardiovasc Surg 1999; 118:866—873 PMID: 10534692

( 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

$(  Altman DG. Systematic reviews of evaluations of prognostic variables. BMJ 2001; 323:224—228 PMID:
11473921

PLOS ONE | DOI:10.1371/journal.pone.0160466 September9, 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

