
Hypoalbuminemia is commonly presents in critically ill 
patients as a result of multifactorial pathophysiological 

mechanisms, among them an increased distribution rate of al-
bumin from vessels to tissues [1] and decreased albumin syn-
thesis in hepatocytes due to high levels of tumor necrosis factor 
(TNF), interleukin (IL)-1 and IL-6 [2]. Low serum albumin con-
centration has been suggested to be a marker of inflammation 
rather than of nutritional state [3].

Serum albumin concentration is strongly inversely associated 
with the severity of sepsis, as reflected by Acute Physiology and 
Chronic Health Evaluation II (APACHE II) and Sequential Organ 
Failure Assessment (SOFA) scores [4,5]. Furthermore, hypoalbu-
minemia in patients with sepsis correlates well with renal failure, 
prolonged stay in the intensive care unit (ICU), prolonged me-
chanical ventilation time, and in-hospital mortality [6].

The modifying effect of age on the association between low 
serum albumin and mortality in patients with sepsis has not 
been studied in depth. Low serum albumin in young, otherwise 
healthy adults might represent higher levels of inflammatory 
cytokines (e.g., TNF, IL-1, and IL-6) rather than co-morbidities 
and lower physiological ability of liver synthesis, as found in 
older adults. Thus, in young adults with minimal co-morbidities, 
low serum albumin concentration during the course of sepsis 
may be a marker of aggravated capillary leak and more severe 
infection, and therefore a more robust predictor of high mor-
tality than in older adults with the same albumin levels. This 
finding prompted the hypothesis that the association of albumin 
level with mortality in patients with sepsis is modified by age, 
being stronger in younger adults.

Patients were included from the ISR-SEPSIS database, which col-
lected data on all patients admitted to intensive care units (ICUs) 
with the diagnosis of sepsis in seven general hospitals adminis-
tered by Clalit Health Services on a nationwide platform. Clal-



it is the largest health services organization in Israel, with over 
4.5 million enrollees. A detailed description of the project was 
previously reported [7]. In short, this retrospective cohort study 
included patients with a diagnosis of sepsis who were discharged 
from or died in ICUs during the years 2003–2011. 

Sepsis was identified using the following ICD-9-CM codes: 
003.1, 036.2, 038.X, 785.52, 790.7, 995.91, and 995.92. It is 
based on the methodology described by Martin et al. [8]. The 
study was conducted using the data warehouse of Clalit. This 
data included information on admissions to Clalit-owned hos-
pitals and long-term demographic data regularly updated from 
the Ministry of Interior regarding vital status. Individuals who 
left Israel were considered as lost to follow-up. Data regarding 
mortality for individuals who changed their health-maintenance 
organization during follow-up after hospital discharge were 
nevertheless available from the Ministry of Interior and were 
therefore not lost to follow-up.

We included patients who had available data of two albu-
min levels assessed during their hospital stay, one at admissions 
and the other one week after admissions (between days 6 and 8 
after admission). Our rationale was that the albumin levels on 
admission reflected the baseline nutritional status of the patient, 
while albumin levels one week after admission better reflected 
the catabolic and inflammatory consequences of sepsis. There-
fore, the present study can be viewed as a landmark analysis of 
patients surviving one week after admission. To prevent a bias 
due to the measured albumin level not resulting from the course 
of sepsis but from a primary liver pathology or from any other 
intra-abdominal pathology that may involve the liver, we ex-
cluded patients with an intra-abdominal source. Main sources of 
infection were matched in a hierarchical model such that when 
multiple sources were listed, the main source was chosen based 
on severity (e.g., respiratory infection, urinary tract infection, 
soft tissue infection, and gastrointestinal infections). 

The following demographic data were accessed: age, gender, 
and ethnicity. Variables that were recorded include: admitting 
department (ICU, internal medicine, surgery), department trans-
fers during hospitalization (ICU, internal medicine, other), and 
dates of hospital admission and discharge. The following clini-
cal variables were recorded: site of infection and the organisms 
identified in blood cultures (according to both ICD codes and 
actual results of blood cultures), chronic underlying diagnosis 
listed in the chronic disease registry of Clalit (based on validat-
ed diagnosis codes from primary care physicians and previous 
admissions), all diagnoses during the index hospitalization as 
recorded by ICD-9-CM codes, the calculated Charlson Comor-
bidity Index (based on ICD-9-CM codes), and vital status. Or-
gan system failure was defined using the methodology described 
by Martin et al. [8], based on ICD-9-CM codes for acute organ 
system failure. The primary outcome was in-hospital mortality. 

The data were expressed as means ± standard deviations, medi-
ans, and interquartile ranges, or counts and percentages. Con-
tinuous variables were compared by Student’s -test. For con-
tinuous variables with a non-normal distribution and for ordinal 
variables, comparisons were evaluated for significance with the 
use of the Mann-Whitney U test. Categorical variables were 
compared using Pearson’s chi-square test or Fisher's exact test.

A multivariate logistic regression model was used to estimate 
the adjusted association between albumin levels and in-hospital 
mortality. All the factors that were potentially associated with 
mortality in univariable analysis (  < 0.1) were candidates for 
inclusion in the multivariate model. A -value < 0.05 or less 
was required for a variable to remain in the model. We repeated 
this logistic regression model in the following age groups: pa-
tients younger than 45 years, aged 45–65 years, and over age 65 
years. Statistical analyses were performed using IBM Statistical 
Package for the Social Sciences statistics software, version 25 
(SPSS, IBM Corp, Armonk, NY, USA).

The study was conducted according to the guidelines of the Dec-
laration of Helsinki, and approved by the Institutional Review 
Board of Soroka Medical Center (protocol number 0306-17) on 
10 October 2017. No informed consent was needed. 

The study included 3967 patients (58.7% male, mean age 64.7 ± 
14.7 years). The mean Charlson Comorbidity Index was 4.0 ± 
2.4. Most (85.8%) admissions were urgent. Surgery was per-
formed during hospital admission in 57.6% of patients. Only 867 
patients (21.9%) were directly admitted to the ICU, while 1794 
(45.2%) were admitted to a medical ward and later transferred 
to the ICU and 1306 (32.9%) were transferred to the ICU from 
a surgical ward. The most common sources of sepsis (after ex-
cluding intra-abdominal source of infection) were the respirato-
ry tract (38.9%) and the urinary tract (13.2%). Multi-organ fail-
ure was noted in 2521 patients; 32.2% had two failing systems 
and 31.3% had three or more failing systems. In-hospital mor-
tality was 47.6%. The mean serum albumin level one week after 
admission was lower than the mean level on admission, 2.4 ± 
0.6 vs. 3.1 ± 0.7 g/dl (  < 0.001).

Factors associated with mortality are shown in Table 1. No 
association was observed between serum albumin on admission 
and in-hospital mortality (mean albumin levels were 3.1 ± 0.7 
g/dl, both for patients who died during hospital admission and 
those who survived,  = 0.622). A significant association was 
found between serum albumin level one week after admission 
and in-hospital mortality (mean level of 2.3 ± 0.6 g/dl for pa-
tients who died during hospital admission vs. 2.5 ± 0.6 g/dl for 
those who survived,  < 0.001).



A multivariate model for in-hospital mortality is shown in Ta-
ble 2. Mortality was associated with age, sex, previous co-mor-
bidities, multi-organ failure, urinary source of the infection, septic 
shock, length of stay prior to ICU admission, positive cultures, 
and certain laboratory abnormalities. In a multivariate logistic 
regression model [Table 3], serum albumin one week after ad-
mission was inversely associated with in-hospital mortality (odds 
ratio [OR] 0.64, 95% confidence interval [95%CI] 0.55–0.73, 

 < 0.001 per 1 g/dl). In an age-stratified analysis, the association 

was stronger with decreasing age (OR 0.67 for patients older than 
65 years, 0.60 for patients 45–65 years old, and 0.44 for patients 
< 45 years old). Hosmer-Lemeshow tests for serum albumin one 
week after admission in the three age groups were 0.168, 0.586, 
and 0.883, respectively. The corresponding C-statistic values 
were 0.74 (95%CI 0.72–0.77), 0.77 (95%CI 0.74–0.80), and 0.83 
(95%CI 0.79–0.88). In contrast, serum albumin on admission was 
not associated with mortality, neither overall (OR 0.99, 95%CI 
0.89–1.10,  = 0.858 per 1 g/dl), nor for any of the age groups ex-



amined [Table 3]. Hosmer-Lemeshow tests for serum albumin on 
admission in the three age groups were 0.862, 0.116, and 0.028, 
respectively. The corresponding C-statistic values were 0.82 
(95%CI 0.77–0.86), 0.76 (95%CI 0.73–0.79), and 0.72 (95%CI 
0.70–0.75), respectively.

In this multicenter nationwide cohort study of patients with 
sepsis in the ICU, serum albumin one week after admission to 
the hospital was found to be associated with in-house mortali-
ty. This association was demonstrated in a multivariate analysis 
that controlled for confounders, and was even more prominent 
in younger patients. In other words, mortality was obviously af-
fected by age; older patients had a higher OR to die yet the effect 
of albumin on mortality was stronger among younger patients.

In contrast, serum albumin on admission was not associated 
with mortality. Albumin's half-life is approximately 17 days [9]. 
Therefore, levels at admission mainly reflect previous disease sta-
tus, previous nutritional status, and former co-morbidities rather 
than the current status. Hence, it is not surprising that these levels 
were not found to be associated with mortality. During critical ill-
ness, albumin levels decrease rapidly [10] due to both decreased 
production and redistribution to the interstitial space [11]. Etiolo-
gies for hypoalbuminemia are presented in Table 4, which shows 
that hypoalbuminemia in critical illness is a combination of re-
duced synthesis of albumin and loss of albumin [12].

The European Society for Clinical Nutrition and Metabolism 
(ESPEN) guidelines recommend viewing albumin as a marker 
for the severity of an illness rather than as a marker for nutri-
tional status [13]. Since younger patients are less likely to be 
diagnosed with chronic illness and have better reserves than old-
er patients, albumin levels one week after admission probably 
reflect mainly the severity of sepsis in this population. Howev-
er, for older patients, albumin levels one week after admission 
probably reflect the combination of previous illness, co-morbid-
ities, and albumin reserves, as well as the severity of the current 



illness. As such, for this age group, albumin levels were less of 
a marker for the severity of current illness. 

The association between albumin levels and mortality in 
patients with sepsis has been well studied [14-19]. In a cohort 
of 577 critically ill patients with sepsis, albumin serum levels 
on admission, lowest serum albumin level during hospitaliza-
tion, and a negative albumin trend were significant predictors of 
mortality [15]. The probability of survival decreased by 70.6% 
when a strong negative trend in serum albumin level present-

Among 136 patients with sepsis, decreases in albumin values 
were significantly associated with the risk of death in patients 
with sepsis. Daily changes in albumin level were significant-
ly associated with mortality during the ICU stay [16]. Similar 
results were found in additional studies [17,18]. In contrast, a 
retrospective cross-sectional study of patients with abdominal 
sepsis [19] reported an association of albumin with disease 
severity but not with mortality. In a large multicenter study of 
over 1800 patients with severe sepsis or septic shock, albumin 
administration did not show any association with reduced mor-
tality during 28- or 90-day periods [20]. However, those studies 
did not stratify data by age groups.

To the best of our knowledge, this is the first study to investi-
gate relations between age, mortality, and serum albumin levels 
in patients with sepsis. As a multicenter study, it represents a 
heterogeneous population from all of Israel. Data were collected 
using validated administrative data rather than based on sub-
jective review of records or interviews with patients. The large 
sample size (over 3000) is strength of the study.

The main limitations of this study are due to the retrospective 
design. Accordingly, SEPSIS2 definitions were used rather 
than the more recently published definition [21]. Moreover, the 
methodology published by Martin et al. [8] was not validated 

in Israel. Indeed, since billing in the Israeli healthcare system 
is not DRG-based, ICD codes might be less meticulously list-
ed in administrative data than in the United States. Information 
was not available regarding severity of illness scores such as 
SOFA or APACHE II scores, and of treatment provided to pa-
tients. Only patients with two albumin levels taken one week 
apart were included in the analysis. Thus, patients who were 
either discharged or died during the first week were not includ-
ed. As such, the analysis performed in this study has general 
importance as an assessment of patients who survived one week 
after hospital admission. Also, information was not available 
regarding the amount of intravenous fluid administered during 
hospitalization, although this factor is known to have a major 
influence on albumin levels.

Albumin level one week after admission may serve as a prog-
nostic predictor and can be a helpful bedside tool to estimate 
mortality risk, mostly in young adults with sepsis. The decline 
in serum albumin one week after admission was shown to be a 
stronger predictor of mortality in younger patients. For older pa-
tients, factors related to chronic co-morbidities rather than to the 
acuity of disease seemed more likely to contribute to low serum 
albumin. Due to the retrospective nature of this study, the asso-
ciations found do not prove causation. Sepsis is a complicated 
syndrome; therefore, the effects of other factors cannot be ruled 
out. Prospective studies are needed to support the associations 
observed. The therapeutic implications of the findings should 
also be evaluated in clinical trials.



In this open-label, multicenter, randomized trial, Tita et al. 
assigned pregnant women with mild chronic hypertension 
and singleton fetuses at a gestational age of less than 
23 weeks to receive antihypertensive medications 
recommended for use in pregnancy (active-treatment 
group) or to receive no such treatment unless severe 

of 2408 women were enrolled in the trial. The incidence 
of a primary-outcome event was lower in the active-
treatment group than in the control group (30.2% vs. 
37.0%) for an adjusted risk ratio of 0.82 (95% confidence 
interval [95%CI] 0.74–0.92,  < 0.001). The percentage 
of small-for-gestational-age birth weights below the 10th 

percentile was 11.2% in the active-treatment group and 

10.4% in the control group (adjusted risk ratio 1.04, 
95%CI 0.82–1.31;  = 0.76). The incidence of serious 
maternal complications was 2.1% and 2.8%, respectively 
(risk ratio 0.75, 95%CI 0.45–1.26), and the incidence 

of severe neonatal complications was 2.0% and 2.6% 
(risk ratio 0.77, 95%CI 0.45–1.30). The incidence of any 
preeclampsia in the two groups was 24.4% and 31.1%, 
respectively (risk ratio 0.79, 95%CI 0.69–0.89), and the 
incidence of preterm birth was 27.5% and 31.4% (risk 

ratio 0.87, 95%CI 0.77–0.99).

Brown and co-authors described human systemic lupus 
erythematosus caused by a  gain-of-function variant. 
TLR7 is a sensor of viral RNA and binds to guanosine. 
The authors identified a de novo, previously undescribed 
missense variant in a child with severe 
lupus and additional variants in other patients with lupus. 
The variant selectively increased sensing 
of guanosine and 2',3'-cGMP, and was sufficient to 
cause lupus when introduced into mice. They show that 
enhanced TLR7 signalling drives aberrant survival of B 
cell receptor (BCR)-activated B cells, and in a cell-intrinsic 
manner, accumulation of CD11c+ age-associated B cells 
and germinal centre B cells. Follicular and extrafollicular 
helper T cells were also increased but these phenotypes 

were cell-extrinsic. Deficiency of MyD88 (an adaptor 
protein downstream of TLR7) rescued autoimmunity, 
aberrant B cell survival, and all cellular and serological 

phenotypes. Despite prominent spontaneous germinal-
centre formation in mice, autoimmunity was 
not ameliorated by germinal-centre deficiency, suggesting 
an extrafollicular origin of pathogenic B cells. The authoes 
establish the importance of TLR7 and guanosine-

containing self-ligands for human lupus pathogenesis, 
which paves the way for therapeutic TLR7 or MyD88 
inhibition.


