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The association between plasma
osmolality and in-hospital
mortality in the first 24 h after
neonatal intensive care unit
admission
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Department of Neonatology, Children’s Hospital of Chongqing Medical University, Chongqing Key
Laboratory of Pediatrics, Ministry of Education Key Laboratory of Child Development and Disorders,
National Clinical Research Center for Child Health and Disorders, China International Science and
Technology Cooperation Base of Child Development and Critical Disorders, Chongqing, China

Background: Perturbation of osmolality is associated with increased mortality in
adults and children in critically ill conditions. However, it is still unclear whether
osmolality imbalance impacts the prognosis of critically ill infants. This study
aimed to investigate the relationship between plasma osmolality and prognosis
in critically ill infants within 24 h of admission.
Methods: This retrospective study enrolled 1,042 infants who had plasma osmolality
data from 2010 to 2018. The initial plasma osmolality (within 24 h after admission)
was extracted from the pediatric intensive care database (PIC V1.1). The locally
weighted scatter-plot smoothing (LOWESS) and restricted cubic splines (RCS)
methods were used to explore the approximate relationship between plasma
osmolality and in-hospital mortality. Univariate and multivariate logistic regression
analyses were used to further analyse this relationship. Kaplan–Meier analysis was
applied to estimate the probability of hospital mortality within 90 days of
admission. Subgroup analysis was employed to assess the impact of potential
confounders (including postnatal days, gender, and gestational age).
Results: An approximately“U”-shaped relationship between plasma osmolality and
mortality was detected. In the logistic regression model, plasma osmolality
<270 mmol/L (low osmolality group) was significantly associated with in-hospital
mortality (P < 0.05; OR 2.52; 95% CI, 1.15–5.06). Plasma osmolality >300 mmol/L
(high osmolality group) was also significantly associated with mortality (P <0.05;
OR 3.52; 95% CI, 1.16–8.83). This association remained even after multivariable
adjustments. The 90-day survival rate was lower in the abnormal plasma
osmolality group (including high or low osmolality groups) than in the
intermediate group (log-rank test, P <0.05). The abnormal plasma osmolality
group had a significantly higher incidence of all-cause mortality in the 0–7
postnatal days subgroup (high osmolality group, P <0.05; OR 5.25; low osmolality
group, P <0.05; OR 3.01). Infants with abnormal osmolality had a significantly
higher mortality rate in the female group (P <0.05). High osmolality was
associated with a higher mortality rate in the preterm group (P <0.05).
Conclusions: Both hypoosmolality and hyperosmolality were shown to be
independently associated with increased risk of in-hospital infant mortality in NICUs.
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Background

Serum osmolality measures the concentration of all the

dissolved particles in body fluids. It reflects bodily fluid balance,

electrolytes, and renal function and is strongly affected by the

concentrations of sodium (Na+), potassium (K+), glucose, and

urea (1, 2). Changes in plasma osmolality can guide clinical

practice. Clinicians typically focus on outliers or values that are

significantly different from the normal range. However, plasma

osmolality can also increase significantly when all the variables

are within the normal range but near the upper limit of normal.

At this time, plasma osmolality can better reflect the patient’s

condition and alert the clinician to potential problems (3).

Disturbance of osmolality is associated with increased risks of

adverse clinical outcomes in adults and children in critical care.

Prior studies have shown that plasma osmolality is correlated

with the prognosis of patients with diabetic ketoacidosis and

myocardial infarction, elderly hemodialysis patients, and

emergency room patients (4–8). Plasma osmolality is also

associated with a higher rate of mortality and adverse cardiac

events in heart failure patients (9). In conclusion, serum

osmolality is an indicator for predicting or reflecting patient

outcomes in hospitalised and critically ill patients.

Neonatal patients are more vulnerable to disturbances in the

internal environment due to their unique physiological

characteristics. It is not yet known whether osmolality imbalance

affects the prognosis of critically ill infants in neonatal intensive

care units (NICUs). This study aimed to examine the

relationship between plasma osmolality and prognosis in the first

24 h after NICU admission.
FIGURE 1

Flow diagram of patient recruitment.
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Material and methods

Study design and setting

This was a single-centre, retrospective study using data

collected from the pediatric intensive care (PIC V1.1) database.

The PIC database is a large and freely accessible Chinese-

English bilingual pediatric-specific critical care database

containing the clinical data of all children admitted to multiple

ICUs at the Children’s Hospital of Zhejiang University School

of Medicine, China, from 2010 to 2018. The PIC database was

established based on the success of the widely used Medical

Information Mart for Intensive Care (MIMIC) database. It

can be downloaded free after registration, application, and

certification (http://pic.nbscn.org/) (10). The project was

approved by the Institutional Review Board of the Children’s

Hospital, Zhejiang University School of Medicine (Hangzhou,

China). Regarding informed consent, the ethics committee

waived the requirement for informed consent because the

project was a retrospective study, and clinical decision-making

was unaffected. The study followed the Strengthening the

Reporting of Observational Studies in Epidemiology (STROBE)

guidelines (11).
Participants

Inclusion criteria: (1) Patients admitted to the NICU ≤28 days

old. (2) Only the first hospitalization was considered if a patient

had multiple hospitalizations. (3) Data collection of laboratory
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results was defined using the first-time examination at admission

(within 24 h after admission).

Exclusion criteria: (1) Patients without plasma osmolality

data. (2) Patients who did not have demographic data were

excluded. Only the initial demographic record was used for

patients with multiple demographic observations. Figure 1

shows the participant recruitment flow chart.
Study variables

The extracted data included demographics, comorbidity,

laboratory test results, and treatment. The International

Classification of Diseases (ICD)-10 was used to define, diagnose,

and classify neonatal illness and its complications. The formula

used to calculate plasma osmolality was 2 (Na + K) + (Glu/18) +

(Urea/6), and the unit was mmol/L (12). According to the

literature review and clinical experience, we (Liu and Hua)

determine whether a data point is an outlier (13). The

proportion of missing values for all variables was less than 5%.

Missing values were imputed using multiple imputations by

predictive mean matching.
Outcomes

The primary outcome was all-cause in-hospital mortality,

defined as death during hospitalization. Secondary outcomes

included 30-day mortality, 90-day mortality, NICU stay duration,

and hospital stay duration.
Statistics

In the study, numerical data are presented as the median with

the interquartile range and categorical/nominal data as the

number and percentage. Skewed variables were analyzed using

Mann–Whitney U-test. Nominal variables were analysed using

the chi-square test. Infants’ plasma osmolality values were

grouped based on the relationship between in-hospital mortality

and plasma osmolality using the Local Weighted Scatter Plot

Smoothing (LOWESS) and restricted cubic splines (RCS)

methods. Univariate and multivariate logistic regression

analyses were used to identify the associations between hospital

mortality and plasma osmolality. These confounders were

chosen a priori based on previous research, clinical relevance,

and experience (14–16).

Kaplan–Meier analysis was applied to estimate the probability

of hospital mortality within 90 days of admission, which was then

analysed with the log-rank test. Subgroup analysis was performed

according to postnatal days, sex, and gestational age using logistic

regression. To verify the interaction between plasma osmolality

and these variables, multiplicative interaction terms were

included in the regression model. A P-value less than 0.05 was

considered statistically significant (P < 0.05). All analyses were

fit in RStudio 1.0.44 (RStudio, Inc.) using R v.4.0.2.
Frontiers in Pediatrics 03
Results

Baseline and demographic characteristics

We analysed data from 1,042 infants. The overall population’s

mean age was 1.5 (IQR, 0.3–8.0) days, and the mean weight was

1.87 (IQR, 1.36–2.92) kg. Males comprised 59.9% of the

population. The mean plasma osmolality level was 281 (IQR, 275–

287) mmol/L. The relationship between plasma osmolality levels

and the risk of mortality was approximately U-shaped (Figure 2).

We divided plasma osmolality into three groups: <270 mmol/L

(low osmolality group), 270–300 mmol/L (intermediate osmolality

group), and >300 mmol/L (high osmolality group). Infants from

the intermediate osmolality group were compared to those from

the low or high osmolality groups. There were no significant

differences in preterm, postnatal days, gender, ethnicity, or weight

between the groups (Table 1).

Comorbidities, except for the kidney system (P < 0.05), were

not significantly different between the intermediate and low

osmolality groups. There were significant differences in Anion.

Gap, creatinine, urea, plasma osmolality, and sodium between

the low or high osmolality and intermediate osmolality groups

(P < 0.05). A statistically significant difference was seen between

the low and intermediate osmolality groups for albumin and

lactate (P < 0.05). For bicarbonate and base excess, there was a

statistically significant difference between the high and

intermediate osmolality groups (P < 0.05) (Table 1).
Main results

The intermediate group had shorter hospital and NICU stays

than the high or low osmolality groups. However, these

differences were not statistically significant among the three

groups (P > 0.05). The abnormal plasma osmolality group

(including high or low osmolality groups) had a lower 90-day

survival rate than the intermediate group (P < 0.05) (Figure 3).

The overall hospital mortality rate was 4.9%. The mortality of

infants in the high osmolality group was 12.8%, which was the

highest among the three categories (Table 2).
Univariate and multivariate logistic
regression analyses

Univariate logistic regression analysis (Model 1) determined

the association between in-hospital mortality and plasma

osmolality in critically ill infants (Table 3). When plasma

osmolality was <270 mmol/L, the odds ratio (OR) of in-hospital

mortality was significant (P < 0.05; OR 2.52; 95% CI, 1.15–5.06).

When plasma osmolality was >300 mmol/L, the OR of

in-hospital mortality remained significant (P < 0.05; OR 3.52;

95% CI, 1.16–8.83). The extended multiple logistic regression

model confirmed the significant association between plasma

osmolality in the high or low osmolality group and in-hospital

mortality (P < 0.05).
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FIGURE 2

(A) Restricted cubic spline showed the association between all-cause mortality and plasma osmolality in critically ill infants. The curve is modeled using a
restricted cubic spline function with 5 knots. The solid red line is cubic spline fits. (B) Nonlinear relationship between in-hospital mortality and plasma
osmolality in critically ill infants using locally weighted scatterplot smoothing analysis. The solid red line shows the curve between in-hospital
mortality and plasma osmolality.
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Subgroup analysis

The abnormal plasma osmolality group exhibited a

significantly higher all-cause mortality incidence than the

intermediate group in the 0–7 postnatal days subgroup (high

osmolality group: P < 0.05; OR 5.25; low osmolality group: P <

0.05; OR 3.01). The same pattern was observed in the female

subgroup (high osmolality group: P < 0.05; OR 9.10; low

osmolality group: P < 0.05; OR 4.13). Patients in the high

osmolality group had a higher mortality rate than those in the

intermediate group in the preterm infant subgroup (P < 0.05;

OR 7.11) (Figure 4).
Frontiers in Pediatrics 04
Discussion

The primary objective of this study was to ascertain whether

infants experience adverse outcomes if they have plasma

osmolality imbalance within 24 h of admission. The above data

suggest that the correlation between plasma osmolality and

mortality in NICU patients may be “U-shaped.” Higher and

lower plasma osmolality levels were significantly associated with

increased in-hospital mortality in critically ill neonates compared

with the intermediate group. This association remained

significant after adjustments for other variables. In addition,

subgroup analyses based on gender, postnatal days, and
frontiersin.org
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TABLE 1 Baseline characteristics of the study population.

Variable Overall
(n = 1,042)

Low osmolality
(n = 105)

Intermediate osmolality
(n = 898)

High osmolality
(n = 39)

P-value 1* P-value 2**

Demographics
Female 418 (40.1) 38 (36.2) 368 (41.0) 12 (30.8) 0.40 0.27

Han ethnic, n (%) 1,031 (98.9) 104 (99.1) 888 (98.9) 39 (100.0) 0.90 0.93

Weight, kg, median (IQR) 1.87 [1.36, 2.92] 1.95 [1.36, 2.92] 1.86 [1.37, 2.92] 1.60 [1.12, 2.90] 0.80 0.14

Preterm, n (%) 476 (45.7) 44 (41.9) 411 (45.8) 21 (53.9) 0.52 0.41

Postnatal day, median (IQR) 1.5 [0.3, 8.0] 1.2 [0.2, 11.4] 1.5 [0.2, 7.6] 2.3 [1.0, 4.4] 0.91 0.29

Early neonatal period (≤7 days), n (%) 762 (73.1) 71 (67.6) 658 (73.3) 33 (84.6) 0.27 0.16

Comorbidities, n (%)
Respiratory system 232 (22.3) 18 (17.1) 206 (22.9) 8 (20.5) 0.22 0.87

Cardiovascular system 102 (9.8) 8 (7.6) 90 (10.0) 4 (10.3) 0.54 1

Infection disease 59 (5.7) 9 (8.6) 48 (5.4) 2 (5.1) 0.26 1

Neurological system 166 (15.9) 19 (18.1) 143 (15.9) 4 (10.3) 0.67 0.47

Digestive system 95 (9.1) 14 (13.3) 79 (8.8) 2 (5.1) 0.18 0.61

Kidney system 7 (0.7) 3 (2.9) 4 (0.5) 0 (0.0) <0.05 1

Hematological system 11 (1.1) 1 (1.0) 9 (1.0) 1 (2.6) 1 0.89

Jaundice 31 (3.0) 0 (0.0) 30 (3.3) 1 (2.6) 0.11 1

Laboratory, median (IQR)
pH 7.35 [7.28, 7.41] 7.37 [7.31, 7.42] 7.35 [7.28, 7.41] 7.31 [7.26, 7.37] 0.06 0.09

pCO2, mmHg 39.6 [32.6, 48.1] 38.8 [30.9, 46.9] 39.8 [32.8, 48.3] 38.7 [32.2, 44.8] 0.38 0.33

pO2, mmHg 81.2 [58.5, 114.1] 80.7 [60.4, 111.0] 81.1 [58.5, 113.0] 85.2 [56.8, 132.0] 0.69 0.51

Lactate, mmol/L 2.6 [1.8, 3.9] 2.9 [2.0, 4.8] 2.6 [1.8, 3.9] 2.2 [1.9, 3.5] <0.05 0.75

Bicarbonate, mmol/L 21.1 [18.7, 23.5] 20.9 [18.8, 23.5] 21.2 [18.7, 23.6] 19.4 [18.1, 22.1] 0.97 <0.05

Anion. Gap, mmol/L 5.1 [1.3, 9.7] 0.7 [−3.7, 3.8] 5.4 [1.6, 9.6] 15.0 [11.3, 20.8] <0.05 <0.05

Base. Excess, mmol/L −3.9 [−6.2, −1.3] −3.4 [−6.0, −0.9] −3.8 [−6.2, −1.4] −5.2 [−8.5, −2.4] 0.30 <0.05

Albumin, g/L 31.2 [28.0, 34.6] 30.3 [25.7, 33.3] 31.3 [28.2, 34.7] 32.1 [28.8, 36.2] <0.05 0.30

ALT, U/L 9.0 [6.0, 16.0] 9.0 [6.0, 20.0] 8.0 [6.0, 15.0] 11.0 [6.5, 20.0] 0.30 0.07

AST, U/L 51.2 [32.0, 81.0] 60.0 [35.0, 95.0] 51.0 [32.0, 79.0] 52.0 [32.5, 75.5] 0.05 0.76

Creatinine, μmol/L 80.0 [65.0, 95.0] 86.0 [66.1, 102.0] 79.0 [65.0, 93.0] 97.0 [76.0, 114.3] <0.05 <0.05

Urea, mmol/L 4.5 [3.4, 6.3] 5.1 [3.7, 7.3] 4.4 [3.3, 6.1] 7.4 [5.4, 12.0] <0.05 <0.05

WBC, 109/L 12.4 [8.4, 18.0] 12.3 [8.1, 17.7] 12.4 [8.6, 18.1] 11.3 [7.6, 15.7] 0.73 0.31

Platelet, 109/L 232 [162.5, 290.0] 228 [152.0, 286.0] 233 [167.0, 291.7] 229 [137.0, 272.0] 0.37 0.38

Hematocrit, % 44.8 [37.8, 51.5] 44.0 [37.8, 52.2] 45.1 [37.7, 51.4] 42.8 [40.0, 48.5] 0.94 0.60

Hemoglobin, g/L 152 [128.0, 175.0] 148 [126.0, 175.0] 153 [128.0, 175.3] 146 [136.0, 169.5] 0.47 0.65

Potassium, mmol/L 4.2 [3.8, 4.6] 4.2 [3.8, 4.6] 4.2 [3.7, 4.6] 4.4 [3.8, 5.0] 0.34 0.22

Sodium, mmol/L 136 [133.0, 139.0] 129 [127.0, 130.0] 136 [134.0, 139.0] 146 [145.5, 148.0] <0.05 <0.05

Glucose, mmol/L 4.8 [3.6, 6.2] 5.0 [3.6, 6.9] 4.8 [3.6, 6.1] 4.6 [3.2, 5.3] 0.48 0.10

Plasma. osmolality, mmol/L 281 [275, 287] 267 [264, 269] 282 [277,287] 303 [301, 305] <0.05 <0.05

Treatment, n (%)
Vasoactive drug 4 (0.4) 2 (1.9) 2 (0.2) 0 (0.0) 0.08 1

Albumin 26 (2.5) 3 (2.9) 22 (2.5) 1 (2.6) 1 1

Diuretics 16 (1.5) 3 (2.9) 12 (1.3) 1 (2.6) 0.43 1

Surgery 148 (14.2) 21 (20.0) 123 (13.7) 4 (10.3) 0.11 0.70

IQR, interquartile range; WBC, white blood cell; Albumin, ALT, alanine aminotransferase; AST, aspartate aminotransferase.

*P-value 1 represents the P-value of comparison between the group of low osmolality and intermediate osmolality.

**P-value 2 represents the P-value of comparison between the group of high osmolality and intermediate osmolality.
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gestational age revealed that plasma osmolality levels that are too

high or too low are associated with an increased in-hospital

mortality rate. In the 90-day infant mortality rate, the survival

rate of the abnormal plasma osmolality group was lower than

that of the intermediate group. Therefore, serum osmolality

could be considered as a potentially valuable risk factor.

In this study, the LOWESS and RCS models showed that plasma

osmolality between 270 and 300 mmol/L had a good prognosis for

NICU patients. This result was inconsistent with the previous

reports on pediatrics and adults in intensive care units (ICUs)
Frontiers in Pediatrics 05
(14, 15). The low osmolality threshold in infants might be

attributed to total body water (TBW), renal, and eventual

hypothalamic immaturity. Firstly, water accounts for nearly 75% of

the body weight in term infants, whereas about 85%–90% of the

body weight of preterm infants (13). The chronic state of high

total body fluid after birth might be responsible for infants’ low

osmotic threshold. Previous reports show that serum osmolality

decreases after birth and gradually increases over the next few

days, even in preterm infants (17). The median postnatal day of

the neonates in our study cohort was 1.5 days. Secondly, it is
frontiersin.org
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FIGURE 3

Association between plasma osmolality and 90-day overall survival in critically ill infants.
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postulated that newborns’ relatively low glomerular filtration rate

might account for this state of the high total body (18). Thirdly,

TBW balance is also influenced by hypothalamic osmoreceptors.

The antidiuretic hormone (ADH) content of the pituitary is 20%

that of the adult, which may represent a form of hypothalamic-

pituitary immaturit (17). Because ADH secretion begins early in

fetal development, the syndrome of inappropriate ADH (SIADH)

secretion can occur in preterm infants as readily as in term infants

(19). For example, excessive antidiuretic hormone secretion, which

causes the kidney tubules to reabsorb more water, can lead to

hyponatremia and hypoosmotic.

Our findings suggest that elevated plasma osmolality is

associated with increased in-hospital mortality among infants in

NICUs, which is consistent with previous adult and pediatric
TABLE 2 Outcomes by osmolality categories in NICU patients.

Clinical outcome Overall Low osmolality
(n = 105)

Interm

Hospital LOS, days, median (IQR) 29.9 [14.4, 51.0] 30.5 [19.0, 50.8]

NICU LOS, days, median (IQR) 27.7 [10.9, 50.0] 29.3 [14.0, 49.9]

30 days mortality, n (%) 37 (3.6) 7 (6.7)

90 days mortality, n (%) 48 (4.6) 9 (8.6)

In-hospital mortality, n (%) 51 (4.9) 10 (9.5)

LOS, length of stay; IQR, interquartile range; NICUs, neonatal intensive care units.

*P-value 1 represents the P-value of comparison between the group of Low osmolali

**P-value 2 represents the P-value of comparison between the group of High osmola
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research findings (3, 4, 20, 21). Three mechanisms could explain

why infants with higher osmolality have a higher mortality risk.

First, an increase in extracellular osmolality harms cells by

promoting water excretion, causing shrinkage, and influencing

intracellular metabolism and dehydration, all of which contribute

to the onset and progression of local and systemic disorders

(22, 23). Furthermore, plasma hyperosmolality might impair

renal function in a variety of ways. On the one hand, increased

vasopressin secretion might contribute to the worsening of

chronic kidney disease (24). Furthermore, hyperosmolality can

activate several pathways, including the central sympathetic

nervous system and the aldose reductase pathway, resulting in

local oxidative stress and increased fibrosis (25). Third,

hyperosmolality might influence fluid redistribution, such as
ediate osmolality
(n = 898)

High osmolality
(n = 39)

P-value 1* P-value 2**

29.4 [14.0, 50.8] 40.5 [20.2, 60.5] 0.30 0.09

27.0 [10.7, 49.9] 38.9 [9.9, 59.7] 0.25 0.22

27 (3.0) 3 (7.7) 0.90 0.25

34 (3.8) 5 (12.8) <0.05 <0.05

36 (4.0) 5 (12.8) <0.05 <0.05

ty and intermediate osmolality.

lity and intermediate osmolality.
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FIGURE 4

Forest plot of the subgroup analysis.

TABLE 3 OR (95% CI) for all-cause mortality across three osmolality levels.

Variable Intermediate osmolality P Low osmolality P High osmolality P
Hospital mortality OR (95% CI) OR (95% CI) OR (95% CI)

Model 1 (1.0) Reference 2.52 (1.15–5.06) <0.05 3.52 (1.16–8.83) <0.05

Model 2 (1.0) Reference 2.51 (1.14–5.12) <0.05 4.03 (1.29–10.44) <0.05

Model 3 (1.0) Reference 2.38 (1.05–5.01) <0.05 4.55 (1.42–12.36) <0.05

Model 4 (1.0) Reference 3.00 (1.13–7.62) <0.05 5.38 (1.21–21.03) <0.05

CI, confidence interval; OR, odds ratio.

Model 1 = plasma osmolality; Model 2 =Model 1 + (Gestational Age, Gender, Postnatal day, Weight); Model 3 =Model 2 + (Comorbidities + Treatment); and Model 4 =

Model 3 + (Laboratory data).

Other laboratory data factors included Albumin, ALT, AST, Platelet, WBC, Creatinine, Lactate, pH, and Anion. Gap, Hematocrit, Hemoglobin, pCO2, pO2, Bicarbonate, Base.

Excess.

Liu et al. 10.3389/fped.2023.1173133
mobilisation of fluid from venous capacitance vessels to adequate

circulatory volume, increasing cardiac preload volume and

leading to poor outcomes (26, 27). It is essential to focus on

hyperosmolality in infants and intervene in a timely manner.

Previous reports have reached conflicting conclusions regarding

the relationship between low osmolality and patient mortality

(3, 14, 20). Our results suggest that low osmolality is an

independent risk factor for critically ill infants. The exact

mechanism is unknown, but three factors may be involved. First,

low osmolality can affect the body’s water and electrolyte balance,

leading to cellular swelling or edema. This can impair the function

of vital organs such as the brain, heart, lungs, and kidneys (28).

The prevalence of renal disease was higher in the low osmolality

group than in the intermediate group (P < 0.05). Second, low

osmolality can also affect the body’s balance of water and

electrolytes, which is essential for maintaining normal

physiological functions (29). Third, low osmolality weakens

the immune system and increases infection risk in critically

ill infants by affecting white blood cells, cytokines, and

inflammation (28).

Furthermore, subgroup analysis was carried out by postnatal

days, gestational age, and gender. The neonatal period comprised

early (first seven days) and late (remaining 21 days) phases, with

most neonatal mortality occurring in the early phase (30, 31).

Infants with abnormal osmolality levels, namely, the low-

osmolality or high-osmolality groups, had a significantly higher
Frontiers in Pediatrics 07
mortality rate than those with intermediate osmolality levels in the

early neonatal period (P < 0.05). However, no significant difference

emerged between groups in the late phase. Optimizing

thermoregulation, body water metabolism, and electrolyte balance

during the early phase is critical for high-risk neonates’ long-term

outcomes. This highlights the importance of osmolality balance in

early life stages. Infants with abnormal osmolality had a

significantly higher mortality rate in the female group (P < 0.05).

High osmolality was associated with a higher rate of mortality in

the preterm group (P < 0.05). Further experiments will be

necessary to clarify the mechanisms involved. It was found that the

interaction test was not statistically significant for gender, postnatal

days, and gestational age (P for interaction >0.05).

This is the first study investigating plasma osmolality and

prognosis in NICU infants. The osmolality thresholds of critically

ill newborns differed significantly from healthy newborns,

reflecting only those with severe plasma osmolality perturbations

in the NICU (13, 17). As sodium is a major osmolality

contributor, we analyzed sodium levels categorized as low,

normal, or high. In contrast to osmolality, sodium categories

showed no significant independent mortality association after

adjusting for covariates (Supplementary Table S1). This suggests

that osmolality provides additional risk information beyond

sodium alone. Though no comorbidity differences were seen

between intermediate and high osmolality groups, the small

sample size limits conclusions. Further research with larger
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samples is warranted to confirm findings and better understand

mechanisms. Second, This study was observational, and the

association between plasma osmolality and hospital mortality

does not necessarily indicate a causal relationship. We will carry

out the relevant cellular and animal experiments to further

explore the mechanisms by which osmolality imbalance affects

prognosis. Third, the dynamic changes in plasma osmolality and

prognosis remain unknown. Further studies are needed to

elucidate the prognostic value of plasma osmolality for specific

conditions in NICU infants. Finally, Due to the limitations of the

public database, we could not accurately obtain data, including

gestational age, birth weight, urine output, fluid input, and

severity scores. In general, the variables included in the model

determine the model’s accuracy; thus, the model’s accuracy was

likely affected by the missing variables. Long-term morbidity

data, such as hearing impairment and neurological outcomes,

were unavailable in the database. Therefore, we could not

examine the association between plasma osmolality levels and

these morbidities.
Conclusions

This study suggests an approximate “U-shaped” relationship

between plasma osmolality and in-hospital mortality. The

intermediate serum osmolality group (270–300 mmol/L) had a

lower mortality risk than both the hypoosmolality and

hyperosmolality groups, which were independently associated

with increased in-hospital mortality in NICUs. This study

provides a potential target for therapeutic intervention, namely,

correcting abnormal plasma osmolality may improve the

prognosis of infants in NICUs. Future studies with adequate

sample sizes are needed to further understand the effects of

plasma osmolality on mortality in critically ill infants.
Data availability statement

The original contributions presented in the study are included

in the article/Supplementary Material, further inquiries can be

directed to the corresponding author.
Ethics statement

The studies involving human participants were reviewed and

approved by the Institutional Review Board of the Children’s

Hospital, Zhejiang University School of Medicine (Hangzhou,

China). Regarding informed consent, the ethics committee

waived the requirement for informed consent because the project
Frontiers in Pediatrics 08
was a retrospective study and clinical decision-making was

unaffected. The study was conducted in accordance with the

Declaration of Helsinki (as revised in 2013).
Author contributions

WL selected the study design and drafted and completed the

manuscript for publication. ZZ and LL acquired the data. LX

performed the statistical analysis. HW helped perform the

analysis with constructive discussions. ZH selected the study

design, revised the manuscript, gave the final approval for

publication, and is also the corresponding author. All authors

critically revised the manuscript for important intellectual

content, provided intellectual input for the study and manuscript,

and read and approved the final manuscript. All author

contributed to the article and approved the submitted version.
Acknowledgments

We want to thank Tingwei Zhang for English language editing:
and Mengzhu Lv and Cunyi Wang for English image modification.
We thank the reviewers for their valuable comments and
suggestions.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.
Supplementary material

The Supplementary Material for this article can be found

online at: https://www.frontiersin.org/articles/10.3389/fped.2023.

1173133/full#supplementary-material
References
1. Langhoff E, Ladefoged J. Sodium activity, sodium concentration, and osmolality
in plasma in acute and chronic renal failure. Clin Chem. (1985) 31:1811–4. doi: 10.
1093/clinchem/31.11.1811
2. Heavens KR, Kenefick RW, Caruso EM, Spitz MG, Cheuvront SN. Validation of
equations used to predict plasma osmolality in a healthy adult cohort. Am J Clin Nutr.
(2014) 100:1252–6. doi: 10.3945/ajcn.114.091009
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fped.2023.1173133/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fped.2023.1173133/full#supplementary-material
https://doi.org/10.1093/clinchem/31.11.1811
https://doi.org/10.1093/clinchem/31.11.1811
https://doi.org/10.3945/ajcn.114.091009
https://doi.org/10.3389/fped.2023.1173133
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/


Liu et al. 10.3389/fped.2023.1173133
3. Zhai G, Wang J, Liu Y, Zhou Y. The association between plasma osmolarity and
in-hospital mortality in cardiac intensive care unit patients. Front Cardiovasc Med.
(2021) 8:692764. doi: 10.3389/fcvm.2021.692764

4. Farhan S, Vogel B, Baber U, Sartori S, Aquino M, Chandrasekhar J, et al. Calculated
serum osmolality, acute kidney injury, and relationship to mortality after percutaneous
coronary intervention. Cardiorenal Med. (2019) 9:160–7. doi: 10.1159/000494807

5. Blank SP, Blank RM, Ziegenfuss MD. The importance of hyperosmolarity in
diabetic ketoacidosis. Diabet Med. (2020) 37:2001–8. doi: 10.1111/dme.14277

6. Tsujimoto Y, Tsutsumi Y, Ohnishi T, Kimachi M, Yamamoto Y, Fukuhara S. Low
predialysis plasma calculated osmolality is associated with higher all-cause mortality:
the Japanese dialysis outcomes and practice patterns study (J-DOPPS). Nephron.
(2020) 144:138–46. doi: 10.1159/000504194

7. Nicholson T, Bennett K, Silke B. Serum osmolarity as an outcome predictor in
hospital emergency medical admissions. Eur J Intern Med. (2012) 23:e39–43.
doi: 10.1016/j.ejim.2011.06.014

8. El-Sharkawy AM, Devonald M, Humes DJ, Sahota O, Lobo DN. Hyperosmolar
dehydration: a predictor of kidney injury and outcome in hospitalised older adults.
Clin Nutr. (2020) 39:2593–9. doi: 10.1016/j.clnu.2019.11.030

9. Shen Y, Du K. Hyposmolarity may be also associated with worse outcomes in
patients with heart failure. Int J Cardiol. (2017) 229:53. doi: 10.1016/j.ijcard.2016.11.228

10. Zeng X, Yu G, Lu Y, Tan L, Wu X, Shi S, et al. PIC, a paediatric-specific intensive
care database. Sci Data. (2020) 7:14. doi: 10.1038/s41597-020-0355-4

11. von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC, Vandenbroucke JP.
The strengthening the reporting of observational studies in epidemiology (STROBE)
statement: guidelines for reporting observational studies. Int J Surg. (2014)
12:1495–9. doi: 10.1016/j.ijsu.2014.07.013

12. Martín-Calderón JL, Bustos F, Tuesta-Reina LR, Varona JM, Caballero L, Solano F.
Choice of the best equation for plasma osmolality calculation: comparison of fourteen
formulae. Clin Biochem. (2015) 48:529–33. doi: 10.1016/j.clinbiochem.2015.03.005

13. Tricia LG, Fabien GE, Fayez BM. Gomella’s neonatology. 8th edn. New York: MC
Graw Hill Press (2020).

14. Wang H, He Z, Li J, Lin C, Li H, Jin P, et al. Early plasma osmolality levels and
clinical outcomes in children admitted to the pediatric intensive care unit: a single-
center cohort study. Front Pediatr. (2021) 9:745204. doi: 10.3389/fped.2021.745204

15. Shen Y, Cheng X, Ying M, Chang HT, Zhang W. Association between serum
osmolarity and mortality in patients who are critically ill: a retrospective cohort
study. BMJ Open. (2017) 7:e015729. doi: 10.1136/bmjopen-2016-015729

16. Arévalo-Lorido JC, Gómez JC, Formiga F, Conde-Martel A, Carrera-Izquierdo
M, Muela-Molinero A, et al. High serum osmolarity at admission determines a
worse outcome in patients with heart failure: is a new target emerging. Int
J Cardiol. (2016) 221:238–42. doi: 10.1016/j.ijcard.2016.07.084

17. Sujov P, Kellerman L, Zeltzer M, Hochberg Z. Plasma and urine osmolality in
full-term and pre-term infants. Acta Paediatr Scand. (1984) 73:722–6. doi: 10.1111/
j.1651-2227.1984.tb17765.x
Frontiers in Pediatrics 09
18. Feldman W, Drummond KN. Serum and urine osmolality in normal full-term
infants. Can Med Assoc J. (1969) 101:73–4. PMID: 5348878

19. Sujov P, Zeltzer M, Hochberg Z. Normal plasma-urine osmolality relationship in
preterm infants on positive pressure mechanical ventilation. Acta Paediatr Scand.
(1985) 74:601–3. doi: 10.1111/j.1651-2227.1985.tb11037.x

20. Yang J, Cheng Y, Wang R, Wang B. Association between serum osmolality and
acute kidney injury in critically ill patients: a retrospective cohort study. Front Med
(Lausanne). (2021) 8:745803. doi: 10.3389/fmed.2021.745803

21. Holtfreter B, Bandt C, Kuhn SO, Grunwald U, Lehmann C, Schütt C, et al.
Serum osmolality and outcome in intensive care unit patients. Acta Anaesthesiol
Scand. (2006) 50:970–7. doi: 10.1111/j.1399-6576.2006.01096.x

22. Reinehr R, Häussinger D. Hyperosmotic activation of the CD95 death receptor
system. Acta Physiol (Oxf). (2006) 187:199–203. doi: 10.1111/j.1748-1716.2006.
01541.x

23. Neuhofer W. Role of NFAT5 in inflammatory disorders associated with osmotic
stress. Curr Genomics. (2010) 11:584–90. doi: 10.2174/138920210793360961

24. Bankir L, Bouby N, Ritz E. Vasopressin: a novel target for the prevention and
retardation of kidney disease. Nat Rev Nephrol. (2013) 9:223–39. doi: 10.1038/
nrneph.2013.22

25. Roncal Jimenez CA, Ishimoto T, Lanaspa MA, Rivard CJ, Nakagawa T, Ejaz AA,
et al. Fructokinase activity mediates dehydration-induced renal injury. Kidney Int.
(2014) 86:294–302. doi: 10.1038/ki.2013.492

26. Ritzema J, Troughton R, Melton I, Crozier I, Doughty R, Krum H, et al.
Physician-directed patient self-management of left atrial pressure in advanced
chronic heart failure. Circulation. (2010) 121:1086–95. doi: 10.1161/CIRCULA
TIONAHA.108.800490

27. Gelman S, Mushlin PS. Catecholamine-induced changes in the splanchnic
circulation affecting systemic hemodynamics. Anesthesiology. (2004) 100:434–9.
doi: 10.1097/00000542-200402000-00036

28. Ellis ZM, Tan H, Embleton ND, Sangild PT, van Elburg RM. Milk feed
osmolality and adverse events in newborn infants and animals: a systematic review.
Arch Dis Child Fetal Neonatal Ed. (2019) 104:F333–40. doi: 10.1136/archdischild-
2018-315946

29. Price JF, Kantor PF, Shaddy RE, Rossano JW, Goldberg JF, Hagan J, et al.
Incidence, severity, and association with adverse outcome of hyponatremia in
children hospitalized with heart failure. Am J Cardiol. (2016) 118:1006–10. doi: 10.
1016/j.amjcard.2016.07.014

30. Ezeh OK. Trends and population-attributable risk estimates for predictors of
early neonatal mortality in Nigeria, 2003–2013: a cross-sectional analysis. BMJ
Open. (2017) 7:e013350. doi: 10.1136/bmjopen-2016-013350

31. Oestergaard MZ, Inoue M, Yoshida S, Mahanani WR, Gore FM, Cousens S, et al.
Neonatal mortality levels for 193 countries in 2009 with trends since 1990: a
systematic analysis of progress, projections, and priorities. PLoS Med. (2011) 8:
e1001080. doi: 10.1371/journal.pmed.1001080
frontiersin.org

https://doi.org/10.3389/fcvm.2021.692764
https://doi.org/10.1159/000494807
https://doi.org/10.1111/dme.14277
https://doi.org/10.1159/000504194
https://doi.org/10.1016/j.ejim.2011.06.014
https://doi.org/10.1016/j.clnu.2019.11.030
https://doi.org/10.1016/j.ijcard.2016.11.228
https://doi.org/10.1038/s41597-020-0355-4
https://doi.org/10.1016/j.ijsu.2014.07.013
https://doi.org/10.1016/j.clinbiochem.2015.03.005
https://doi.org/10.3389/fped.2021.745204
https://doi.org/10.1136/bmjopen-2016-015729
https://doi.org/10.1016/j.ijcard.2016.07.084
https://doi.org/10.1111/j.1651-2227.1984.tb17765.x
https://doi.org/10.1111/j.1651-2227.1984.tb17765.x
https://pubmed.ncbi.nlm.nih.gov/5348878
https://doi.org/10.1111/j.1651-2227.1985.tb11037.x
https://doi.org/10.3389/fmed.2021.745803
https://doi.org/10.1111/j.1399-6576.2006.01096.x
https://doi.org/10.1111/j.1748-1716.2006.01541.x
https://doi.org/10.1111/j.1748-1716.2006.01541.x
https://doi.org/10.2174/138920210793360961
https://doi.org/10.1038/nrneph.2013.22
https://doi.org/10.1038/nrneph.2013.22
https://doi.org/10.1038/ki.2013.492
https://doi.org/10.1161/CIRCULATIONAHA.108.800490
https://doi.org/10.1161/CIRCULATIONAHA.108.800490
https://doi.org/10.1097/00000542-200402000-00036
https://doi.org/10.1136/archdischild-2018-315946
https://doi.org/10.1136/archdischild-2018-315946
https://doi.org/10.1016/j.amjcard.2016.07.014
https://doi.org/10.1016/j.amjcard.2016.07.014
https://doi.org/10.1136/bmjopen-2016-013350
https://doi.org/10.1371/journal.pmed.1001080
https://doi.org/10.3389/fped.2023.1173133
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

	The association between plasma osmolality and in-hospital mortality in the first 24 h after neonatal intensive care unit admission
	Background
	Material and methods
	Study design and setting
	Participants
	Study variables
	Outcomes
	Statistics

	Results
	Baseline and demographic characteristics
	Main results
	Univariate and multivariate logistic regression analyses
	Subgroup analysis

	Discussion
	Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Acknowledgments
	Conflict of interest
	Publisher's note
	Supplementary material
	References


