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ABSTRACT
Objectives  This research aims to explore the association 
between serum osmolarity and mortality in patients who 
are critically ill with specific categories of disease.
Design  A retrospective cohort study.
Setting and participants  Data were extracted from 
an online database named ‘Multiparameter Intelligent 
Monitoring in Intensive Care II’. 16 598 patients were 
included.
Methods  Patients were divided into six disease 
subgroups based on the diagnosis at admission: cardiac, 
cerebral, vascular, gastrointestinal, respiratory and non-
respiratory. The association between maximum osmolarity 
(osmolaritymax) and hospital mortality in each subgroup 
was evaluated using osmolaritymax as a design variable (six 
levels).
Results  Analysis of the 16 598 patients revealed a ‘U’-
shaped relationship between osmolarity and mortality 
with a threshold of 300 mmoL/L. For patients with 
non-respiratory disease, both hypo-osmolarity and 
hyperosmolaritymax were associated with increased 
mortality, with the OR increasing from osmolaritymax 
level 3 (OR: 1.98, 95% CI 1.69 to 2.33, p<0.001) to 
level 6 (OR: 4.45, 95% CI 3.58 to 5.53, p<0.001), using 
level 2 (290–309 mmoL/L) as the reference group. For 
patients with respiratory disease, however, neither 
hypo-osmolarity nor hyperosmolaritymax was significantly 
associated with mortality (levels 1 to 5) except for extreme 
hyperosmolaritymax (≥340 mmoL/L, OR: 2.03, 95% CI 
1.20 to 3.42, p=0.007). ORs of mortality in the other four 
subgroups (cardiac, cerebral, vascular, gastrointestinal) 
were similar, with OR progressively increasing from level 3 
to 6. In all six subgroups, vasopressin use was consistently 
associated with increased mortality.
Conclusions  Hyperosmolarity is associated with 
increased mortality in patients who are critically ill 
with cardiac, cerebral, vascular and gastrointestinal 
admission diagnoses, with thresholds at 300 mmoL/L. For 
patients with respiratory disease, however, no significant 
association was detected.

INTRODUCTION
Serum osmolarity plays an important role 
in extracellular and intracellular water 
distribution and mainly depends on the 
concentrations of Na+, K+, Cl–, glucose 
and urea. Perturbation of osmolarity is 
strongly associated with various body 

fluid imbalances,1 2 such as dehydration 
and hypernatraemia, leading to clinically 
adverse consequences such as increased 
risk of cardiovascular, respiratory and renal 
disorders3 4 and mortality.5 6

The predictive value of serum osmolarity 
has been studied in several specific patient 
populations, such as those with stroke, intra-
cranial haemorrhage and acute coronary 
syndrome.7–9 Despite the consistency of results 
showing that hyperosmolarity is associated with 
increased mortality, this conclusion is still not 
applicable to patients in intensive care units 
(ICUs), mostly due to the heterogeneity of 
disease severity and classification. For instance, 
Rohla et al8 reported a significant correla-
tion between mortality and hyperosmolarity 
in patients with acute coronary syndrome. 
However, this correlation became insignificant 
after excluding the patients who are critically 
ill, which further reflects the heterogeneity of 
disease severity. Moreover, the impact of osmo-
larity on different diseases is also inconsistent, 
especially for patients with respiratory diseases. 
Experimental data suggested that hyperosmo-
larity may improve recovery from lung injury by 
inhibiting the production of cytokines,10 11 and 
a clinical investigation12 also confirmed that 
hypernatraemia was not associated with the 
mortality of patients with respiratory disease; 
however, osmolarity has not been studied in 
this group.
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Strengths and limitations of this study

►► The large sample size facilitated a robust modelling 
approach.

►► Subgroup analysis based on different admission 
diagnoses was performed to alleviate the 
heterogeneity of mixed intensive care unit.

►► The serum osmolarity was calculated in the current 
study which leads to certain bias despite an optimal 
equation was used.

►► Causal relationship could not been inferred due to 
the nature of retrospective study.
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Despite all of these efforts, the prognostic and thera-
peutic value of serum osmolarity for specifically critically 
ill populations still has not been well established. Holt-
freter et al13 reported that serum osmolarity has moderate 
predictive value for mortality in unselected patients in 
ICU (area under the curve (AUC)=0.732), but two critical 
limitations should be noted. First, an ‘S’-shaped rela-
tionship was revealed between osmolarity and mortality 
based on the assumption that the mortality rate is near 
zero for patients with very low serum osmolarity, which 
is not consistent with clinical observations. Second, no 
subgroup analysis was performed, probably owing to the 
relatively small sample size, which made it difficult to 
apply this conclusion into practice.

Thus, it is of vital importance to re-evaluate the asso-
ciation between osmolarity and mortality in patients in 
ICU. In the present study, patients were stratified based 
on their ICU admission diagnoses, and subgroup analysis 
was performed. In particular, the respiratory and non-re-
spiratory disease subgroups were compared.

MATERIALS AND METHODS
Database introduction
The Multiparameter Intelligent Monitoring in Intensive 
Care II (MIMIC II, V.2.6) database is maintained by the 
Laboratory for Computational Physiology at the Massachu-
setts Institute of Technology. It contains information from 
more than 30 000 patients in ICU at Beth Israel Deaconess 
Medical Center from 2001 to 2008.14 15 The database is 
accessible to researches who have completed a ‘protecting 
human subjects’ training. The institutional review boards 
of the Massachusetts Institute of Technology (Cambridge, 
MA) and Beth Israel Deaconess Medical Center (Boston, 
MA) approved the establishment of the database. Thus, the 
consent was obtained for the original data collection, but 
not specifically for this study. Data presented in this study 
were extracted by author Shen, who completed the online 
training course of the National Institutes of Health (certifi-
cation number: 1564657). Data extraction was performed 
using PostgreSQL tools V.1.12.3.

Study population and stratification method
Patients who were pregnant or younger than 18 years old 
were excluded from this analysis. The following informa-
tion was extracted: age, gender, weight, race, comorbidity, 
type of patients admitted to ICU, hospital length of stay 
(LOS), hospital mortality, sequential organ failure assess-
ment score, vasopressin use, urine output and serum 
levels of Na+, K+, glucose, urea, creatinine and albumin.

Serum osmolarity was calculated using the equation (2 
× Na+ + K+) + (glucose/18) + (urea/2.8).16 Only values of 
plasma sodium, potassium, glucose and urea measured 
at the same time were used in the calculations. Patients 
without sufficient data to calculate serum osmolarity were 
excluded. Plasma protein levels were omitted as they only 
contribute  ~0.4% to serum osmolarity.17 Maximum osmo-
larity (osmolaritymax) was calculated using the maximum 

values of serum Na+, K+, glucose and urea measured at the 
same time during the ICU stay. Although 285–300 mmoL/L 
is typically considered the normal range of serum osmolarity, 
the MIMIC II database defines the normal osmolarity range 
as 290–309 mmoL/L. Thus, 290–309 mmoL/L was used as 
the normal range and reference group in the present study. 
Crude outcomes were compared among three groups: 
hypo-osmolarity (<289 mmoL/L), normal osmolarity (290–
309 mmoL/L) and hyperosmolarity (≥310 mmoL/L). To 
further examine the effect of hyperosmolarity, osmolari-
tymax was further categorised into six levels for analysis with 
logistic regression models: level 1 (<289 mmoL/L), level 
2 (290–309 mmoL/L), level 3 (310–319 mmoL/L), level 4 
(320–329 mmoL/L), level 5 (330–339 mmoL/L) and level 
6 (≥340 mmoL/L). The data were also analysed in terms 
of subgroups based on diagnosis at admission: cardiac, 
cerebral, vascular, gastrointestinal, respiratory and non-re-
spiratory disease.

Definitions and outcomes
The primary endpoint was hospital mortality, defined 
as death during hospitalisation. Secondary endpoints 
included ICU mortality, hospital LOS, ICU LOS, develop-
ment of acute kidney injury and maximum sequential organ 
failure assessment score during ICU stay. For patients with 
more than one ICU stay, only the first ICU stay was consid-
ered. An increase in serum creatinine level of more than 1.5 
times above baseline was considered to reflect acute kidney 
injury according to the Kidney Disease Improving Global 
Outcome criteria.18 Vasopressin use was defined as any vaso-
pressin use during ICU stay for any reason.

Statistical analysis
Continuous variables are presented in the tables as the 
mean with SD or median with interquartile ranges. The 
Student’s t-test, Wilcoxon rank-sum test or Kruskal–
Wallis test was used as appropriate. Categorical variables 
are presented as a percentage and compared using the 
X2 test. The Lowess Smoothing technique was used 
to explore the crude relationship between osmolarity 
and mortality. A logistic regression model was built for 
each of the six subgroups using osmolarity as a design 
variable, with the normal range (290–309 mmoL/L) as 
the reference group. A stepwise backward elimination 
method with a significance level of 0.05 was used to build 
the final models. Potential multicollinearity was tested 
using a variance inflation factor, with a value of ≥5 indi-
cating multicollinearity. Goodness of fit was assessed for 
all logistic regression models. Receiver operating char-
acteristic curves were depicted to show the diagnostic 
performance. All statistical analyses were performed 
using the software Stata V.11.2 . All tests were two sided, 
and a significance level of 5% was used.

RESULTS
Population and baseline characteristics
The MIMIC II database contains records for 32 425 admis-
sions, of which 6973 were excluded because they were 
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duplications. Of the remaining 25 452 admissions, 7932 
were excluded because the patients were younger than 18 
years old (7888) or pregnant (44), and 754 were excluded 
because of insufficient data. After excluding outliers (168 
admissions), 16 598 admissions were included in this anal-
ysis, including 2055 non-survivors and 14 543 survivors, 
establishing an initial mortality rate of 12.4%. The mean 
age was 65.2±22.6 years, and 9491 patients were male 
(57.0%).

Demographic characteristics of the survivors and 
non-survivors are presented in table  1. Osmolarity0 
and osmolaritymax were significantly lower for survivors 
(301.9±11.3 and 309.1±12.6, respectively) than non-survi-
vors (305.8±14.8 and 321.5±16.8) (p<0.001). Vasopressin 
was used less often by survivors than non-survivors (2.50% 
vs 19.6%, p<0.001). The number of patients of each 
disease subgroup was as follows: cardiac group (5652, 
34%), cerebral group (2531, 15.2%), vascular group 
(2092, 12.6%), gastrointestinal group (2020, 12.1%), 

respiratory group (1750, 10.5%) and non-respiratory 
group (14 848, 89.5%).

Figure  1 shows the relationship between osmolarity0/
osmolaritymax and hospital mortality for patients in ICU 
with or without respiratory admission diagnosis deter-
mined using the Lowess Smoothing technique. Four 
models yielded non-linear relationships, with the lowest 
mortality rate at osmolarity of ~300 mmoL/L. Thus, the 
group with osmolarity of 290–309 mmoL/L was used as 
the reference in all comparisons and logistic regression 
models. A ‘U’-shaped relationship between osmolarity0 
or osmolaritymax and mortality was found for patients 
admitted with non-respiratory disease (figure  1 A and 
B); for patients with respiratory disease, however, this 
relationship became less clear, especially for osmolarity0 
(figure 1C and D).

Crude outcomes are given in table  2 for the three 
osmolaritymax categories. Without adjusting for covariates, 
the outcomes were similar for patients with or without 

Table 1  Comparisons of demographics between survivors and non–survivors

Variable Total (n=16 598) Survivors (n=14 543) Non-survivors (n=2055)   p

Age (years) 65.2±22.6 70.7±16.1 64.4±23.3 <0.001

Male (n (%)) 9491 (57.0) 8409 (57.8) 1082 (52.7) <0.001

BMI 25.5±5.7 24.7±6.0 25.6±5.7 <0.001

Cause for admission

Cardiac disease (n (%)) 5652 (34.0) 5254 (36.1) 398 (19.3) <0.001

Cerebral disease (n (%)) 2531 (15.2) 2077 (14.3) 454 (22.0) <0.001

Vascular disease (n (%)) 2092 (12.6) 2023 (13.9) 69 (3.4) <0.001

Gastrointestinal disease
(n (%))

2020 (12.1) 1785 (12.2) 235 (11.4) 0.24

Respiratory disease (n 
(%))

1750 (10.5) 1370 (9.4) 380 (18.5) <0.001

Comorbidities

Hypertension (n (%)) 5528 (33.3) 4892 (33.6) 636 (30.9) 0.02

Complicated diabetes
(n (%))

3174 (19.1) 2804 (19.2) 370 (18.0) 0.17

Congestive heart failure
(n (%))

3267 (19.6) 2655 (18.2) 612 (29.7) <0.001

Coagulopathy disease(n 
(%))

1014 (6.1) 819 (5.6) 195 (9.4) <0.001

Deficiency anaemia (n 
(%))

1840 (11.0) 1665 (11.4) 175 (8.5) <0.001

Depression (n (%)) 777 (4.7) 732 (5.0) 45 (2.2) <0.001

Serum osmolarity 
(mmol/L)

osmolarity0 302.8±11.8 301.9±11.3 305.8±14.8 <0.001

osmolaritymax 310.6±13.8 309.1±12.6 321.5±16.8 <0.001

osmolaritymin 293.3±10.1 292.8±9.2 297.5±13.9 <0.001

osmolaritymean 301.6±9.9 300.6±8.9 309.1±12.8 <0.001

Vasopressin use (n (%)) 766 (4.6) 363 (2.5) 403 (19.6) <0.001

BMI, body mass index; osmolarity0, initial osmolarity after intensive care unit admission; osmolaritymax, maximum osmolarity during ICU stay; 
osmolaritymin, minimum osmolarity; osmolaritymean, mean osmolarity.
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respiratory disease. Hyperosmolaritymax was associated 
with increased hospital and ICU mortality compared 
with normal osmolarity levels for patients with or without 
respiratory disease (p<0.001, all). In addition, hyperos-
molaritymax was also associated with higher acute kidney 
injury rates in these two subgroups (p<0.001, both).

To further explore the effect of hyperosmolarity, osmo-
laritymax was categorised into six groups (as described 
above), which were used as design variables in six regres-
sion models, with level 2 (290–309 mmoL/L) serving as 
the reference group. Table  3 shows that after adjusting 
for covariates, both hyposmolaritymax and hyperosmolari-
tymax were associated with increased hospital mortality in 
patients without respiratory admission disease, with the 
OR increasing stepwise from level 3 (OR: 1.98, 95% CI 
1.69 to 2.33, p<0.001) to level 6 (OR: 4.45, 95% CI 3.58 
to 5.53, p<0.001). For patients with respiratory admission 
disease, however, this trend no longer existed. Neither 
hyposmolaritymax nor hyperosmolaritymax was signifi-
cantly associated with higher mortality (levels 1 to 5), 
but extreme hyperosmolaritymax (≥340 mmoL/L) was 
related to increased mortality (OR: 2.03, 95% CI 1.20 to 
3.42, p=0.007). In both models, vasopressin use was posi-
tively associated with mortality (OR: 1.89, 2.05, p<0.001, 

p=0.011, respectively). Also, another four logistic 
regression models were built for analysis of the cardiac, 
cerebral, vascular and gastrointestinal disease subgroups. 
Figure  2 shows the OR and 95% CI for the other four 
subgroups. A similar trend was observed that OR progres-
sively increased from levels 3 to 6, with the maximum 
OR observed in the vascular group. Vasopressin use was 
associated with increased mortality (see online  supple-
mentary table 1, which illustrates the logistic models of 
the other four subgroups).

The diagnostic value of osmolaritymax was examined for all 
six subgroups using receiver operating characteristic curves 
(figure 3). The results showed that the diagnostic perfor-
mance was moderately good for the cardiac (AUC=0.795) 
and vascular groups (AUC=0.835), and the lowest AUC 
(0.651) was found for the respiratory group, as expected.

DISCUSSION
Our results reveal that hyperosmolarity is associated with 
increased hospital mortality of patients who are critically 
ill, presenting as a ‘U’-shaped association. However, this 
pattern was not observed for patients with respiratory 
admission disease, and only extreme hyperosmolarity 

Figure 1  Association between osmolarity0 (left)/osmolaritymax (right) and mortality of patients with (C, D) or without (A, B) a 
respiratory admission diagnosis. Non-linear relationships are presented in this figure. The ‘U’-shaped curve revealed that the 
threshold of osmolarity was ~300 mmoL/L.
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was related to increased risk of death in this subgroup. In 
addition, vasopressin is strongly associated with a higher 
mortality rate in all six subgroups. To the best of our 
knowledge, this is the largest study using subgroup anal-
ysis to establish a link between osmolarity imbalance and 
mortality in patients in mixed ICU.

Water balance inside the body is of vital importance for 
patients who are critically ill , and serum osmolarity plays 
an important role in extracellular and intracellular water 
distribution. Perturbation of osmolarity is common in 
patients admitted to ICU, which is related to intracellular 
dehydration or oedema, potentially leading to adverse 
outcomes.17 Holtfreter et al recently examined the ability 
of osmolarity to predict mortality of patients admitted to 
the ICU13 (AUC=0.732) and revealed an ‘S’-shaped rela-
tionship between osmolarity and mortality which is quite 
different from our finding. Most importantly, the hetero-
geneity of patients in mixed ICU was ignored, which 
made it difficult to apply their conclusions in practice.

In the present study, a ‘U’-shaped relationship between 
osmolaritymax and mortality was found (figure 1), which 
was similar to Trevor Nicholson’s finding19 that both calcu-
lated hypo-osmolarity or hyperosmolarity on admission 
were associated with increased mortality in emergency 
patients. However, several differences should be noticed. 
First, the stratification method was different from ours 
and more importantly, unlike with patients admitted to 

emergency, those admitted to ICU were more likely to be 
unconscious, intubated or sedated,20 21 and insufficient 
‘water intake’ commonly happened which lead to higher 
incidence of hypervolaemic hypernatraemia,20 22 thus, 
the peak of serum osmolarity may be more important for 
patients in ICU. Besides, it alleviates the heterogeneity of 
patients in mixed ICU, subgroup analysis based on admis-
sion diagnoses was also performed in our study.

For ICU patients with cardiac diseases, the impact of 
osmolarity on mortality has not been reported. However, 
several studies have investigated this association patients 
in general cardiac. Recently, Arevalo Lorido et al reported 
that, for patients with heart failure, hyperosmolarity was 
associated with increased mortality and readmission, 
but the impact of hypo-osmolarity was insignificant.23 
However, the osmolarity categories were not evenly 
distributed in that study, which lead to the inadequately 
evaluation of hypo-omolarity. In the present study, the 
association between hyperosmolaritymax and increased 
mortality was also observed, with moderately good AUC 
of 0.7948. In addition, association between hypo-osmo-
laritymax and mortality was also confirmed in the current 
study, which is consistent with the findings of De Luca et 
al24 Moreover, Rohla et al8 reported that the significant 
correlation between hyperosmolarity and mortality for 
patients with acute coronary syndrome disappeared when 
the patients who are critically ill were excluded, which 

Table 2  Unadjusted outcomes by maximum serum osmolarity categories in patients with or without respiratory admission 
diagnosis

Outcome

Patients without respiratory disease 
(n=14 736)
(osmolaritymax, mmol/L)

p1 p2

Patients with respiratory disease 
(n=1750)
(osmolaritymax, mmol/L)

p1 p2

<289 
(n=246)

290–309 
(n=8653)

≥310 
(n=5837) <289 (n=40)

290–309 
(n=816)

≥310 
(n=894)

Hospital 
mortality
(n (%))

22 (8.9) 399 (4.6) 1250 (21.4) 0.002
<0.001

9 (22.5) 113 (13.8) 258 (30.3) 0.13
<0.001

ICU mortality 
(n (%))

15 (6.1) 315 (3.6) 991 (7.9) 0.04
<0.001

8 (20) 91 (11.1) 222 (24.8) 0.09
<0.001

Hospital 
LOS (days) 
median (IQR)

5 (3–8) 6 (4–10) 11 (6–19) <0.001
<0.001

5 (3–8) 7 (4–11) 11 (6–19) 0.02
<0.001

ICU LOS 
(days) 
median (IQR)

1.8 (1.3–2.6) 2.1 (1.3–3.3) 3.8 (2.0–8.5) <0.001
<0.001

2.1 (1.3–3) 2.5 (1.5–4.7) 5.0 (2.0–
10.8)

0.04
<0.001

AKI (n (%)) 50 (20.3) 2398 (27.7) 3467 (59.3) 0.01
<0.001

8 (20) 261 (31.9) 532 (59.5) 0.11
<0.001

Max SOFA 
score 
median (IQR)

4 (2–7) 6 (3–8) 8 (5–11) <0.001
<0.001

4 (2–7.5) 5 (3–8) 8 (6–11) 0.38
<0.001

Vasopressin
(n (%))

2 (0.8) 150 (1.70) 527 (9.0) 0.27
<0.001

1 (2.5) 13 (1.6) 71 (7.9) 0.66
<0.001

P1 represents the p value of comparisons between the group with osmolaritymax <289 mmoL/L and the group with 
osmolaritymax290–309 mmoL/L, and p2 represents the p value of comparisons between the groups with osmolaritymax ≥310 and 290–
309 mmoL/L. osmolaritymax, maximum plasma osmolarity during ICU stay.
AKI, acute kidney injury; ICU, intensive care unit; LOS, length of stay; SOFA, sequential organ failure assessment. 
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further confirms the heterogeneity between patients in 
general and patients in ICU.

Two aspects should be considered when interpreting 
the underlying mechanism. First, hyperosmolarity is 
always accompanied by the increase of its main compo-
nents, such as hypernatraemia25 and hyperglycaemia,26 
which have separately been reported as risk factors for 
patients with increased mortality of cardiac. Second, 
hyperosmolarity itself could cause redistribution of body 
fluids, such as mobilisation of fluid from the venous 
capacitance vessels to the effective circulatory volume, 
thereby increasing cardiac preload volume and leading 
to worse outcomes.

In clinical practice, hyperosmolarity is common in 
patients with cerebral diseases,7 partly owing to dehydra-
tion. Nag et al9 reported that higher serum osmolarity 
at admission (≥310 mmoL/L) was associated with early 
death and worse outcomes, and this was also confirmed 
by Bhalla et al7 This correlation was also found in the 
present study (figure 2), with an AUC of 0.7299. Besides, 

no correlation between hypo-osmolarity and mortality was 
found. However, whether treatment to decrease serum 
osmolarity would benefit these patients was unclear. Ther-
apies such as haemodilution, related to low osmolarity, 
was adopted in patients with stroke, but the conclusion 
remains controversial.27–29 Further studies are needed 
to investigate the interactions among serum osmolarity, 
osmotherapy and mortality in this subgroup.

For patients with respiratory disease, findings have been 
contradictory. Experimental data suggested that a hyperos-
molar environment (400 mmoL/L, in vitro) may suppress 
lung injury by upregulating the turnover of cytokine-en-
coding messenger RNAs10 and reducing neutrophils-human 
pulmonary microvascular endothelial cells (PMN-HMVEC) 
adhesion in human pulmonary cells.11 Clinical investiga-
tions have found that hypernatraemia, which to a certain 
degree reflects the effect of osmolarity, was not associated 
with ICU mortality of patients with respiratory disease.12 
However, Yagi et al30 reported that hyperosmolarity was asso-
ciated with increased extravascular lung water in patients 

Table 3  Adjusted ORs using osmolaritymax as the design variable in patients with or without respiratory admission diagnosis

Model1 Model2

Variable OR 95% CI p Variable OR 95% CI p

osmolaritymax 
(<290)

2.22 1.37 to 3.60 <0.001 osmolaritymax 
(<290)

1.64 0.68 to 3.94 0.26

osmolaritymax 
(290–309)

Ref. osmolaritymax 
(290–309)

Ref.

osmolaritymax 
(310–319)

1.98 1.69 to 2.33 <0.001 osmolaritymax 
(310–319)

1.26 0.89 to 1.78 0.18

osmolaritymax 
(320–329)

3.20 2.69 to 3.82 <0.001 osmolaritymax 
(320–329)

1.17 0.79 to 1.74 0.4

osmolaritymax 
(330–339)

3.93 3.20 to 4.82 <0.001 osmolaritymax 
(330–339)

1.51 0.92 to 2.46 0.10

osmolaritymax 
(≥340)

4.45 3.58 to 5.53 <0.001 osmolaritymax 
(≥340)

2.03 1.20 to 3.42 0.01

Vasopressin 
use

1.89 1.54 to 2.31 <0.001 Vasopressin 
use

2.05 1.17 to 3.57 0.01

Fluid 
electrolyte 
disorder

1.42 1.25 to 1.61 <0.001 Congestive 
heart failure

1.40 1.06 to 1.86 0.02

Lymphoma 
disease

2.03 1.36 to 3.04 0.001 Lymphoma 
disease

3.43 1.57 to 7.49 0.01

Metastatic 
cancer

3.16 2.48 to 4.01 <0.001 Metastatic 
cancer

3.38 2.34 to 4.89 <0.001

Maximum 
SOFA score

1.23 1.21 to 1.25 <0.001 Maximum 
SOFA score

1.27 1.22 to 1.32 <0.001

Gender 1.58 1.40 to 1.78 <0.001

Cardiac 
arrhythmia

1.52 1.33 to 1.74 <0.001

Paralysis 1.52 1.02 to 2.29 0.04

Notes: Model1 contains information from 14 736 patients with non–respiratory admission diagnosis and the mean VIF was 1.43. Model2 
contains information from 1750 patients with respiratory admission diagnosis and the mean VIF was 1.40. osmolaritymax represents the 
maximum serum osmolarity during intensive care unit stay and was categorised into six levels.
SOFA, sequential organ failure assessment; VIF, variance inflation factor.
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who are critically ill, which was strongly associated with 
increased mortality. In addition, one cross-sectional study 
also indicated that hyperosmolarity had a negative influ-
ence on ventilation,31 which may be due to the depressed 
ventilator response to metabolic acidosis in hyperosmolar 
conditions.32 Thus, a clear conclusion about the connec-
tion between hyperosmolarity and mortality is still lacking. 
In the present study, no protective effect of hypo-osmolari-
tymax or hyperosmolaritymax (levels 1 to 5) was detected, but 
extreme hyperosmolaritymax (≥340 mmoL/L) was related 
to increased mortality. We boldly speculated that unlike 
cardiac or kidney dysfunction, lung injury was less likely 
to cause electrolyte disorder such as water sodium homeo-
stasis. Therefore, the association between serum osmolarity 
and severity of lung injury is not as strong as the other 
groups. As for the extreme hyperosmolarity, it may suggest 
severe disruption of homeostatic mechanisms, especially 
for sodium, glucose and urea, each of which had a substan-
tial impact on survival independent of osmolarity.

As a vasopressin receptor agonist, vasopressin was used 
more often in the hyperosmolarity group (table  2), as 
expected, and a strong link between vasopressin use and 
mortality was detected for all six subgroups (OR: 1.89–
5.57). Currently, the merit of using vasopressin in patients 
who are critically ill is still debatable. Vasopressin has been 
recommended to be added to norepinephrine33 for the 

treatment of septic shock because it has been found to 
decrease the levels of circulating cytokines, chemokines 
and growth factors,34 even though it has been reported to 
be associated with increased adverse events during septic 
shock.35 Owing to the nature of our observational study, 
whether vasopressin causes increased mortality or its use 
is simply a marker of sicker patients with higher risk of 
death needs to be further investigated.

The advantage of the present study is the large sample 
size, which allowed for subgroup analysis and adjust-
ment for confounding factors, but it also has limitations. 
First, the osmolarity was calculated in the present study 
rather than being measured directly, which could cause 
deviation from actual osmolarity values despite careful 
consideration of the optimal equation.16 Second, because 
osmolaritymax was used as the independent variable, 
only 292 patients were included in the hypo-osmolarity 
group (level 1), leaving the effect of hypo-osmolarity 
unclear. Third, the grouping method was based on diag-
nosis at admission, and thus overlap within subgroups 
was unavoidable. Finally, owing to the nature of retro-
spective research, the association between osmolarity 
and mortality could only be directly inferred, but it also 
provided compelling evidence for further research to 
establish a definitive causal link. Whether treatment or 
correction of the hypo-osmolarity or hyperosmolarity 

Figure 2  Adjusted OR of hospital mortality relative to 290–309 mmoL/L for different categories of osmolaritymax during ICU 
stay in the cardiac, cerebral, vascular and gastrointestinal subgroups. ICU, intensive care unit.
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could reduce mortality among these patients needs 
further investigation.
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