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Introduction: The detailed association between albumin levels and mortality

has not been studied in critically ill children. The aim of this study was to

reveal an association between albumin levels in detail and mortality in critically

ill children.

Materials and methods: We retrospectively collected data from children

admitted to four pediatric intensive care units (PICUs) in China between

January 2015 and October 2020. Restricted cubic spline curves based

on logistic regression models were generated to evaluate the detailed

associations between serum albumin levels and PICU mortality. Threshold

effect analysis was performed using two piecewise regression models.

Results: The study included 9,123 children. The overall mortality was 5.3%. The

detailed association between serum albumin levels and the risk of mortality

followed a U-shape. The risk of mortality decreased with increasing serum

albumin levels (OR = 0.919; 95% CI: 0.886, 0.954) in children with serum

albumin levels < 43.2 g/L and increased with increasing serum albumin

levels (OR = 1.174; 95% CI: 1.044, 1.316) in children with serum albumin

levels ≥ 43.2 g/L.

Conclusion: There was a U-shaped association between serum albumin levels

and mortality in critically ill children in the PICU.
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A serum albumin level of less than 35 g/L is considered
hypoalbuminemia, which is frequent in hospitalized patients,
especially critically ill patients. It has been reported that
more than 60% of pediatric patients have hypoalbuminemia
in intensive care units. Many studies have revealed that
hypoalbuminemia is associated with poor clinical outcomes.
However, the detailed association between albumin levels and
outcomes has not been well elucidated. In this study, we found
a U-shaped association between serum albumin levels and
mortality in critically ill children in the pediatric intensive care
unit (PICU). Low albumin levels and high albumin levels were
associated with mortality. The findings in this study suggest that
maintaining the optimal serum albumin levels is important in
critically ill patients in the PICU.

Introduction

Serum albumin is the main contributor to intravascular
colloid osmotic pressure. The normal range of serum albumin
concentrations in healthy subjects is approximately 35–50 g/L.
A serum albumin level of less than 35 g/L is considered
hypoalbuminemia, which is frequent in hospitalized patients,
especially critically ill patients. It has been reported that
more than 60% of pediatric patients and nearly 50% of adult
patients have hypoalbuminemia in intensive care units (ICUs)
(1, 2). Albumin is frequently administered in the ICU to
combat low albumin production. However, many albumin
prescriptions are thought to be inappropriate, which may
result in albumin administration being less cost-effective (3, 4).
Determining the detailed association between albumin levels
and outcomes could be clinically meaningful. On the one hand,
it is impossible to maintain a serum albumin level above 35 g/L
throughout the ICU stay. More importantly, this information
could help intensivists appropriately administer albumin and
reduce albumin abuse.

Serum albumin levels have long been recognized as an
indicator of outcomes in hospitalized patients (5–8). A large
number of studies have revealed that hypoalbuminemia
is associated with adverse outcomes, including increased
mortality, readmission, ICU admission, and prolonged hospital
stay (1, 2, 8–10). However, the detailed association between
albumin levels and outcomes has not been well elucidated. In
this study, we aimed to quantify the association between serum
albumin levels and mortality in critically ill children in the
pediatric intensive care unit (PICU) in detail.

Materials and methods

Study population and setting

This was a retrospective study of critically ill children
admitted to four PICUs in three tertiary referral hospitals in

China. None of the four PICUs were a neonatal intensive care
unit (NICU) and only received very few neonates. All children
admitted to the PICUs between January 2015 and October
2020 were included in this study except those discharged from
the PICU with uncertain outcomes, those without documented
albumin values during the ICU stay, and those older than
18 years. The study was approved by the Ethics Committee of
the Central Processing Center (West China Hospital of Sichuan
University) (20201113-202022402017). The requirement for
informed consent was waived due to the retrospective nature
of the study and because the study did not divulge the patients’
private information.

The patients’ demographics, clinical characteristic data,
laboratory values, vital signs upon admission to the ICU,
including respiratory rate, blood pressure, heart rate and
oxygen saturation, and PICU outcome were extracted from the
Electronic Medical Record Systems of the hospitals. Albumin
levels on admission, the lowest albumin level during the PICU
stay, and the duration with an albumin level below the normal
range were collected for analysis. The duration with an albumin
level below the normal range was defined as the total number
of days with an albumin level below 35 g/L during the PICU
stay. It was 0 days for patients with no days with an albumin
level below 35 g/L and 1 day for patients with a single day
with albumin levels below 35 g/L. For patients with more than
1 day with an albumin level below 35 g/L, the duration was
calculated by summing the number of days with an albumin
level below 35 g/L. If there were days with albumin levels
higher than 35 g/L between two albumin levels below 35 g/L,
we separately calculated the durations and then added them
together. Data management was performed by PostgreSQL
version 11.11 (PostgreSQL Global Development Group).

Statistics

The detailed associations between serum albumin levels
and PICU mortality were evaluated with restricted cubic spline
curves based on logistic regression models with adjustment
for other covariates, including Pediatric Risk of Mortality
(PRISM) score, age, race, sex, admission from emergency
department, cardiac surgery, oxygen partial pressure (PO2),
partial pressure of carbon dioxide (PCO2), shock index,
respiratory rate (RR), bilirubin, estimated glomerular filtration
rate (eGFR) being calculated according to Schwartz equation
(11), mechanical ventilation, inotropes, and acute kidney injury
(AKI) development (The baseline creatinine levels were the
creatinine values on admission). The number of knots was
set as 4 (0.05, 0.35, 0.65, 0.95) because 4 knots not only
provide sufficient fit of the model but are a good compromise
between flexibility and overfitting (12). Stratified analyses also
used the same number of knots for comparison of overall
and stratified analyses. The albumin levels not associated with
mortality were defined as the albumin concentrations at which
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the 95% confidence interval (CI) of the odds ratio (OR) for
mortality included a value of 1.0 in the cubic spline curves.
Threshold effect analysis was performed using two piecewise
regression models.

Continuous variables with normal distributions are
presented as the means ± standard deviations (SDs). Non-
normally distributed variables were described as medians
[interquartile ranges (IQRs)]. Categorical variables were
expressed as counts (percentages). P < 0.05 was considered
statistically significant. All statistical analyses were performed
in R version 3.6.1.

Results

Patient characteristics

A total of 9,671 pediatric patients were admitted to the
PICU during the study period. Five hundred forty-eight patients
were excluded for the following reasons: 235 patients had no
albumin values during the ICU stay; 131 children had unknown
outcomes; and 192 patients were older than 18 years. Finally,
9,123 patients were included in the analysis. Table 1 lists the
characteristics of the patients by albumin centile subgroups
according to the knots. In the overall population, the median
age of the pediatric population was 1.0 (IQR, 0.0–4.0) years.
The ratio of males was 54.7%. The mean albumin level was
38.2 ± 5.5 g/L. The most frequent reasons for PICU admission
were respiratory disorders, followed by cardiovascular and
digestive disorders. The median length of ICU stay was 3.0 (IQR,
1.0–6.0) days. The overall hospital mortality rate was 5.3%. The
mortality of children with the lowest albumin level was 18.5%,
which was the highest among the five categories.

Association between serum albumin
levels and mortality

The association between serum albumin levels and the
risk of mortality was U-shaped (Figure 1). Low and high
albumin levels were both associated with the risk of mortality.
In the unadjusted cubic spline, albumin levels between 35.9 g/L
(OR = 1.101; 95% CI: 0.998–1.215) and 43.2 g/L (OR = 1.139;
95% CI: 0.993–41.306) were not associated with mortality
(Figure 1A). In multivariable adjusted analyses, the association
between serum albumin levels and the risk of mortality still
followed a U-shape (Figure 1B). Albumin levels between
35.8 g/L (OR = 1.196; 95% CI: 0.993–1.440) and 50.1 g/L
(OR = 1.731; 95% CI: 0.999–3.0) were not associated with
mortality in the adjusted cubic spline (Figure 1B). The albumin
level associated with the lowest risk of mortality in multivariable
analyses was 40.6 g/L. The lowest albumin levels also had
a U-shaped association with the risk of mortality in the
unadjusted model (Figure 2A) but not in the adjusted model

(Figure 2B). In addition, the risk of mortality increased with
increasing duration of albumin levels below 35 g/L (Figure 3).

Threshold effect analysis

In the threshold effect analysis using two piecewise
regression models, the turning points were 43.2 g/L in
multivariable analyses and 35.8 g/L in univariable analysis
(Table 2). In multivariable analyses, the risk of mortality was
significantly decreased with the increment of albumin level
(OR = 0.919; 95% CI: 0.886–0.954) in children with a serum
albumin level < 43.2 g/L and increased with the increment
of serum albumin level (OR = 1.174; 95% CI: 1.044–1.316)
in children with a serum albumin level ≥ 43.2 g/L. In the
univariable analysis, albumin level also showed a negative
association with the risk of mortality (OR = 0.841; 95% CI:
0.815–0.867) in children with a serum albumin level < 35.8 g/L
and a positive association with risk of mortality (OR = 1.038;
95% CI: 1.038–1.069) in children with a serum albumin
level ≥ 35.8 g/L.

Subgroup analysis

Serum albumin concentrations had a U-shaped association
with the risk of mortality in male patients and a J-shaped
association with the risk of mortality in female patients
(Figure 4). In the children who received cardiac surgery,
the 95% CI included an OR of 1.0 at any concentration of
albumin (Figure 5A). In the patients who underwent non-
cardiac surgery, the association between serum albumin and the
risk of mortality followed a U-shape (Figure 5B).

Discussion

In this study of 9,123 critically ill patients admitted to
the PICU, we evaluated the association in detail between
serum albumin concentrations and mortality by using restricted
cubic spline curves based on a logistic regression model.
We found a U-shaped association between serum albumin
levels and the risk of mortality in critically ill children. Low
and high albumin levels were both associated with a higher
risk of mortality.

Serum albumin has been found to be a predictor of clinical
outcomes in the last century (7, 13). A lower serum albumin
concentration is inversely related to the risk of mortality. For
each 25 g/L decrement in serum albumin concentration, the risk
of mortality was estimated to increase as high as 56% (13). In
addition to mortality, albumin levels have also been revealed
to be associated with morbidities, such as sepsis and major
infections (7). In a large prospective study, a decrease in albumin
levels of 25 g/L was associated with an increase in morbidity
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TABLE 1 Baseline characteristics of the children.

Albumin (g/L)

1st–5th
<29.5 g/L
N = 448

6th–35th
29.5–36.3 g/L
N = 2,745

36th–65th
36.3–40.0 g/L
N = 2,697

66th–95th
40.0–47.2 g/L
N = 2,763

96th–100th
≥47.2 g/L
N = 470

All
N = 9,123

Albumin, g/L 26.0 (3.6) 33.6 (1.8) 38.1 (1.0) 42.6 (1.9) 49.9 (2.4) 38.2 (5.5)

Age, years 1 (0,6) 1 (0,4) 1 (0,4) 1 (0,4) 0 (0,2) 1 (0,4)

Albumin infusion, n (%) 146 (32.5%) 654 (23.8%) 467 (17.3%) 675 (24.4%) 96 (20.4%) 2,038 (22.3%)

Male, n (%) 250 (55.8%) 1,500 (54.6%) 1,476 (54.7%) 1,492 (54%) 271 (57.6%) 4,989 (54.7%)

Race, n (%)

Han
Tibet
Yi
Other

335 (74.8%)
53 (11.8%)
48 (10.7%)
12 (2.7%)

2,342 (85.3%)
199 (7.2%)
130 (4.7%)
74 (2.7%)

2,375 (88.1%)
145 (5.4%)
97 (3.6%)
80 (3.0%)

2,433 (88.1%)
158 (5.7%)
114 (4.1%)
58 (2.1%)

400 (85.1%)
32 (6.8%)
23 (4.9%)
15 (3.2%)

7,885 (86.4%)
587 (6.4%)
412 (4.5%)
239 (2.6%)

Primary reason for
PICU admission, n (%)

Respiratory 54 (12.0%) 909 (33.1%) 1,253 (46.5%) 1,143 (41.4%) 157 (33.4%) 3,516 (38.5%)

Cardiovascular 87 (19.4%) 581 (21.2%) 449 (16.6%) 527 (19.1%) 108 (23.1%) 1,752 (19.2%)

Digestive 112 (24.9%) 423 (15.4%) 372 (13.7%) 421 (15.3%) 96 (20.5%) 1,424 (15.6%)

Neurological 26 (5.8%) 196 (7.1%) 181 (6.7%) 178 (6.4%) 26 (5.5%) 607 (6.7%)

Malignant 60 (13.4%) 280 (10.2%) 195 (7.2%) 223 (8.1%) 23 (4.9%) 781 (8.6%)

Injury and poisoning 24 (5.3%) 78 (2.8%) 52 (1.9%) 49 (1.8%) 15 (3.2%) 218 (2.4%)

Other 86 (19.1%) 278 (10.1%) 195 (7.2%) 221 (7.9%) 45 (9.6%) 825 (9.1%)

Admission from
emergency department

233 (52.0%) 784 (28.6%) 602 (22.3%) 736 (26.7%) 166 (35.3%) 2,521 (27.6%)

Surgical type, n (%)

Non-cardiac surgery 190 (42.4%) 1,104 (40.2%) 1,014 (37.6%) 1,030 (37.3%) 176 (37.4%) 3,512 (38.5%)

Cardiac surgery 31 (6.9%) 471 (17.2%) 619 (22.9%) 588 (21.3%) 107 (22.8%) 1,816 (19.9%)

Non-surgical 227 (50.7%) 1,170 (42.6%) 1,064 (39.5%) 1,145 (41.4%) 187 (39.8%) 3,795 (41.6%)

Shock index 1.2 (0.9, 1.6) 1.2 (1.0, 1.5) 1.2 (1.0, 1.4) 1.2 (0.9, 1.4) 1.4 (1.1, 1.6) 1.2 (1.0, 1.5)

RR,/min 26 (20, 32) 26 (20, 30) 26 (20, 30) 28 (20, 31) 30 (23, 32) 26 (20, 30)

PO2 , mmHg 85.9 (62.0, 100.0) 84.0 (65.4, 100.0) 89.7 (70.6, 102.6) 89.2 (70.0, 100.0) 87.0 (63.4, 100.0) 87.4 (68.2, 100.0)

PCO2 , mmHg 40.1 (13.9) 39.7 (9.8) 40.2 (11.4) 39.6 (8.7) 42.7 (16.7) 40.1 (11.0)

eGFR, ml/min/1.73 m2 143.2 (82.8) 158.6 (65.0) 162.9 (57.0) 149.6 (58.6) 117.6 (47.4) 154.3 (61.2)

BUN, mmol/L 3.4 (2.3, 5.1) 3.3 (2.3, 4.7) 3.7 (2.7, 5.1) 4.0 (2.9, 5.4) 4.9 (3.6, 7.1) 3.7 (2.6, 5.1)

AKI, n (%) 164 (36.5%) 1,006 (36.6%) 1,008 (37.4%) 1,207 (43.7%) 267 (56.8%) 3,652 (40.0%)

Sodium, mmol/L 139.6 (6.6) 139.8 (4.8) 139.8 (4.5) 140.1 (6.1) 140.6 (4.8) 139.9 (4.8)

Hematocrit, % 0.3 (0.1) 0.3 (0.1) 0.3 (0.1) 0.4 (0.1) 0.4 (0.1) 0.3 (0.1)

Bilirubin, µmol/L 7.3 (3.2, 21.6) 8.0 (3.6, 16.2) 8.7 (4.3, 15.7) 9.7 (4.4, 18.1) 8.6 (4.3, 17.7) 8.6 (4.1, 16.9)

Inotropes, n (%) 18 (4.0%) 122 (4.4%) 110 (4.1%) 146 (5.3%) 44 (9.4%) 440 (4.8%)

Mechanical ventilation, n
(%)

120 (26.7%) 713 (26.0%) 653 (24.2%) 662 (24.0%) 133 (28.3%) 2,281 (25.0%)

PRISM score 5.3 (3.5) 4.5 (2.4) 4.5 (2.4) 4.6 (2.6) 4.9 (3.2) 4.6 (2.6)

Mortality, n (%) 83 (18.5%) 145 (5.3%) 113 (4.2%) 106 (3.8%) 38 (8.1%) 485 (5.3%)

LOS, days 2 (1, 3) 3 (1, 5) 3 (1, 6) 4 (2, 8) 7 (4, 12) 3 (1, 6)

Values are presented as the mean (standard deviation), median (interquartile range) or number (%). PICU, Pediatric Intensive Care Unit; RR, Respiratory Rate; PO2 , Oxygen Partial
Pressure; PCO2 , Partial Pressure of Carbon Dioxide; eGFR, estimated Glomerular Filtration Rate; BUN, Blood Urea Nitrogen; AKI, Acute Kidney Injury; PRISM Pediatric Risk of
Mortality Score; LOS, Length Of PICU Stay.

of 55%. Consistently, albumin concentrations have also been
shown to be associated with poor clinical outcomes in critically
ill children (2, 14). Each increase of 10 g/L in serum albumin in
critically ill children is associated with a 73% reduction in the

risk of 60-day mortality (hazard ratio = 0.27; 95% CI: 0.14–0.51)
(2). In a recent study, albumin levels still showed a negative
association with mortality in patients admitted to the PICU
(OR = 0.289; 95% CI: 0.136–0.615) (14).
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FIGURE 1

Association between serum albumin levels and mortality in all patients (A, the crude model; B, the model adjusted for age, race, sex, admission
form emergency department, cardiac surgery, PO2, PCO2, shock index, RR, bilirubin, eGFR, mechanical ventilation, inotropes, AKI, and PRISM).
Y-axis present the odds ratio, and the X-axis present albumin values. The 95% CI included an OR of 1.0 at albumin concentrations between 35.9
and 43.2 g/L in the crude model and between 35.9 and 50.1 g/L in the adjusted model.

FIGURE 2

Association between the lowest serum albumin levels during the PICU stay and mortality in all patients (A, the crude model; B, the model
adjusted for age, race, sex, admission form emergency department, cardiac surgery, PO2, PCO2, shock index, RR, bilirubin, eGFR, mechanical
ventilation, inotropes, AKI, and PRISM). The 95% CI included an OR of 1.0 at albumin concentrations between 35.8 and 48.9 g/L in the crude
model and > 35.3 in the adjusted model.

In the current study, as expected, we also found an
association between low serum albumin levels and a higher risk
of mortality in critically ill children. In patients with serum
albumin levels < 43.2 g/L, each increase of 1 g/L in serum
albumin was associated with an 8.1% reduction in the risk of
PICU mortality. This finding was similar to that of a previous
study in critically ill children, in which a 7.3% reduction in the
risk of mortality was associated with an increase of 1 g/L in
serum albumin (hazard ratio = 0.27; 95% CI: 0.14–0.51) (2). In
critically ill adult patients, each 1 g/L increase in serum albumin

also resulted in a reduction in mortality of more than 60%
(OR = 0.383; 95% CI: 0.198–0.740) (15).

What was new in this study was that high serum albumin
also showed an association with mortality. There was a
U-shaped association between serum albumin levels and the
risk of mortality in critically ill children. To the best of our
knowledge, there is no evidence that a high serum albumin
level is associated with mortality in critically ill children.
However, there was a study revealing a U-shaped association
between clinical outcomes and children with end-stage renal
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FIGURE 3

Association between the duration with an albumin level below 35 g/L and the risk of mortality.

TABLE 2 Threshold effect analyses of serum albumin levels on mortality using two piecewise regression models.

Adjusted Crude

Turnpoint OR (95% CI) P Turnpoint OR (95% CI) P

<43.2 g/L 0.919 (0.886, 0.954) <0.001 <35.8 g/L 0.841 (0.815, 0.867) <0.001

≥43.2 g/L 1.174 (1.044, 1.316) <0.01 ≥35.8 g/L 1.038 (1.007, 1.069) <0.05

OR, odds ratio; CI, confidence interval.

disease (16). In the study, serum albumin levels < 35 g/L
and ≥ 45 g/L were both associated with hospitalization
frequency and hospitalization days. Similar findings were also
found in adult patients. In a retrospective study, by stratifying
patients into groups according to serum albumin levels, the
investigators revealed that the risk of hospital-acquired AKI was
related to a low albumin level (≤ 24 g/L) (OR = 1.52; 95% CI:
1.18–1.94) and a high albumin level (≥ 45 g/L) (OR = 2.16; 95%
CI: 1.74–2.96) (17). In a recent study among adult patients with
hypertension, a U-shaped association between serum albumin
levels and chronic kidney disease was also revealed by using
cubic spline curves (18). In the study, albumin levels < 51.4 g/L
and ≥ 51.4 showed opposite associations with outcomes in
patients (OR = 0.92; 95% CI: 0.88–0.96 vs. OR = 1.06; 95%
CI: 1.01–1.11). The underlying mechanism of the association

between high albumin levels and poor clinical outcomes is not
fully understood. One of the potential mechanisms might be
dehydration, which is common in sick young children. Studies
have reported that high serum albumin levels are mostly caused
by dehydration (19, 20). In the current study, the patients
with the highest serum albumin levels had relatively higher
blood urea nitrogen (BUN), hematocrit (HCT%) and serum
sodium levels as well as a higher shock index but a lower
estimated glomerular filtration rate (eGFR) (Table 1), which
is a sign of dehydration. However, further studies are needed
to understand the potential mechanism because high albumin
levels are generally regarded as normal.

In children receiving cardiac surgery, hypoalbuminemia
is associated with an increased length of hospital stay and
mortality (21, 22). However, in this study, the serum albumin
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FIGURE 4

Stratified analysis for the association between serum albumin levels and mortality (A, subgroup analysis in male patients; B, subgroup analysis in
female patients). The models were adjusted for age, race, admission form emergency department, cardiac surgery, PO2, PCO2, shock index, RR,
bilirubin, eGFR, mechanical ventilation, inotropes, AKI, and PRISM.

FIGURE 5

Stratified analysis for the association between serum albumin levels and mortality in surgical patients (A, subgroup analysis in cardiac surgery
patients; B, subgroup analysis in non-cardiac surgery patients). The models were adjusted for age, race, sex, admission form emergency
department, PO2, PCO2, shock index, RR, bilirubin, eGFR, mechanical ventilation, inotropes, AKI, and PRISM.

levels did not appear to be not associated with mortality in
children receiving cardiac surgery. The most likely explanation
may be that the number of patients with an albumin
level < 29.5 g/L was too small. Only 31 patients undergoing
cardiac surgery had albumin levels < 29.5 g/L, which may be
too small to reveal statistical significance. Unlike the subgroup
analysis in cardiac surgical patients, serum albumin levels
showed the same U-shaped association with mortality in non-
cardiac surgical patients.

In the adjusted analysis in the overall population, albumin
levels between 35.8 and 50.1 g/L were not associated with
mortality. This range might be clinically meaningful because
maintaining the optimal serum albumin level is important

in critically ill children in the PICU. Male patients had an
approximate albumin level range between 35.6 and 56.1 g/L.
The range in non-cardiac surgical patients was 36.6–46.2 g/L,
narrower than those in the overall population.

This study has several limitations. First, although we
included nearly all patients with documented albumin test
results in this study, incomplete data were inevitable due to the
inherent limitations of retrospective studies. Second, the dataset
used for analysis came from large tertiary referral centers.
The study design may limit the generalizability of our results
to other non-tertiary centers and may introduce referral bias
because of increased disease severity. Furthermore, we failed
to reveal an association between serum albumin levels and
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mortality in children receiving cardiac surgery. This result
should be cautiously treated because of the small sample of
cardiac surgery patients with low albumin levels.

Conclusion

In this study, we found a U-shaped association between
serum albumin levels and mortality in critically ill children in
the PICU. Both low and high albumin levels were associated
with mortality. Serum albumin levels between 35.8 and 50.1 g/L
were identified as the range not related to mortality in
critically ill children. The range may suggest that maintaining
optimal serum albumin levels is important in critically ill
patients in the PICU.
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