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Both hypophosphatemia and
hyperphosphatemia are
associated with increased
mortality in septic patients

Zheng Liu, Teng Li, Yihan Du, Chenhu Li and Wei Chong*

The First Affiliated Hospital of China Medical University, Shenyang, China

Objective: This study was intended to explore the relationship between level of
serum phosphate and prognosis in septic patients.

Methods: Data were obtained from the public database, which were divided
into 2 subgroups according to whether they were complicated with chronic
kidney disease. Initial values of serum phosphate were extracted from patients
on admission to hospital. Propensity score-matched analysis was performed.
The relationship between hypophosphatemia, hyperphosphatemia and the
severity of the disease in septic patients was explored separately. The lowess
smoothing technique and the Kaplan-Meier method were utilized for a
preliminary analysis of serum phosphate levels in relation to in-hospital
mortality and 28-day survival. The initial values of serum phosphate were
graded as level 1 (<1.5 mg/dL), level 2 (1.5-2.7 mg/dL), level 3 (2.7-4.5 mg/dL),
level 4 (4.5-5.5 mg/dL), level 5 (5.5-6.5 mg/dL), level 6 (6.5-7.5 mg/dL) and level
7 (> 7.5 mg/dL). Multivariate logistic regression and cox regression was used to
analyse the relationship between serum phosphate levels and mortality.

Results: There were 4059 cases (17.4%) combined with chronic kidney disease,
including 419 cases (10.3%) with hypophosphatemia and 1091 cases (26.8%)
with hyperphosphatemia. There were 19224 cases (82.6%) not combined with
chronic kidney disease, including 3769 cases (19.6%) hypophosphatemia and
2158 cases (11.2%) hyperphosphatemia. After propensity score-matched, in-
hospital mortality, 28-day mortality, risk of septic shock was significantly higher
in the 2 subgroups of hypophosphatemia patients than in normophosphatemia
patients. In-hospital mortality, 28-day mortality, risk of septic shock,
occurrence of renal replacement therapy, occurrence of acute renal failure,
and maximum clinical score were all significantly higher in the 2 subgroups of
patients with hyperphosphatemia than in patients with normophosphatemia.
Multivariate logistic regression was consistent with cox regression results. In
septic patients without chronic kidney disease, hypophosphatemia was an
independent risk factor for death. When serum phosphate was lower, the risk
of death was higher. In all septic patients, hyperphosphatemia was an
independent risk factor for death. When serum phosphate was higher, the
risk of death was greater.
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Conclusions: Both hypophosphatemia and hyperphosphatemia are
associated with increased mortality in septic patients and are independent
risk factors for death.
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Introduction

Sepsis has a certain morbidity and a high mortality rate (1).
Although much progress has been made in the treatment of
sepsis, the incidence and mortality rate of sepsis have not been
significantly reduced since the surviving sepsis campaign (2).
Early identification of those patients with a poor prognosis may
help to provide timely and adequate treatment for sepsis (3).

Phosphate is an essential element for all living cells (4). It is
also a clinically important laboratory indicator. Phosphate
accounts for approximately 1% of body weight and is an
essential electrolyte for the body. It has a very important
physiological role. It is required for bone mineralization, the
regulation of cellular energy, the synthesis of cell membranes
and nucleic acids, and a variety of cellular signaling pathways
(5). Of the total phosphate in the body, 85% is found in bones
and teeth, 1% in extracellular fluids and 14% in cells. It is an
essential component of cell membranes, nucleic acids, adenosine
triphosphate (ATP) and intracellular signaling proteins (6).

Hypophosphatemia occurs in many critically ill patients,
which is often indicative of severe disease (7, 8). In early studies,
it has shown that hypophosphatemia is often seen in the early
stages of sepsis (9, 10). Studies on relationship between serum
phosphate levels and the severity of sepsis are scarce and
controversial. Recent studies suggested that hyperphosphatemia
rather than hypophosphatemia can reflect the prognosis of
patients with sepsis (11, 12). There are also studies suggesting
that severe hypophosphatemia is an independent risk factor for
death in patients with sepsis (13, 14). Compared with
hypophosphatemia, although few studies have focused on the
relationship between hyperphosphatemia and serious disease,
these studies available have concluded that hyperphosphatemia
significantly increases the risk of death in septic patients (11, 12,
15). Hypophosphatemia can affect ATP synthesis, and
hyperphosphatemia can promote apoptosis and inflammatory
cytokines releasing oxidative stress, which may affect the
prognosis of sepsis.

We hypothesized that both early hypophosphatemia and
hyperphosphatemia in sepsis are factors affecting the prognosis
of patients, and conducted a retrospective study of septic
patients through a large database to extract initial values of
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serum phosphate after admission. The patients were divided into
groups according to whether they had chronic kidney disease
(CKD) or not, and the relationship between hypophosphatemia
and hyperphosphatemia and the severity and prognosis of sepsis
patients was explored.

Materials and methods
Database

This is a retrospective study. All data were from the Medical
Information Mart for Intensive Care IV(MIMIC-IV version 1.4)
database, which contains clinical information of patients in the
intensive care unit (ICU) of Beth Israel Deaconess Medical
Center from 2008 to 2019. The database was developed by
MIT’s computational physiology laboratory and approved by
the institutional review committee of MIT and Beth Israel
Deaconess Medical Center. The original data were anonymous
and desensitized, informed consent is not required. The data of
this study was extracted by the author Liu, who completed the
examination of the training plan of the cooperative organization
(Record ID 45797033). Navicat Premium software (version 15.0)
is used for data extraction.

Study population and data extraction

The diagnosis of sepsis is referenced to the 2016
international guidelines sepsis 3.0 criteria (1), the data were
extracted directly from the MIMIC-IV code repository (https://
github.com/MIT-LCP/mimic-code/tree/main/mimic-iv/
concepts/sepsis). The following patients were excluded: 1) less
than 18 years old; 2) repeat hospitalized patients; 3) patients with
no phosphate data; 4) the length of stay in ICU is less than
24 hours.

The following data were extracted, including demographic
characteristics, types of ICUs, chronic comorbidities, laboratory
indicators, scoring systems, and prognostic indicators.
Demographic characteristics include age, gender, weight and
smoking history. Types of ICUs include Cardiac Vascular
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Intensive Care Unit (CVICU), Coronary Care Unit (CCU),
Medical Intensive Care Unit (MICU), Medical/Surgical
Intensive Care Unit (MSICU), Neuro Intensive Care Unit
(NICU), Neuro Surgical Intensive Care Unit (NSICU),
Surgical Intensive Care Unit (SICU), and Trauma SICU
(TSICU). Chronic comorbidities include chronic obstructive
pulmonary disease, chronic heart failure, chronic kidney
disease, diabetes, and malignancy. Laboratory indicators
include serum phosphate values, lactate values. Scoring
systems include sequential organ failure assessment score
(SOFA), logistic organ dysfunction score (LODS), and
simplified acute physiology score II (SAPSII). Prognostic
indicators include in-hospital mortality, 28-day mortality,
length of ICU stay, septic shock, mechanical ventilation, renal
replacement therapy, and acute kidney injury. In this study, the
lactate value is missing by 15%, we use multiple difference and
compensation method to fill it, and other variables do not
contain missing values.

The MIMIC-IV database defined the normophosphatemia range
as 2.7-4.5 mg/dL. Therefore, 2.7-4.5 mg/dL was used as the normal
range of serum phosphate in this study. In this study, a preliminary
analysis was performed in three groups based on the initial serum
phosphate values of the patients: the hypophosphatemia group (< 2.7
mg/dL), the normophosphatemia group (2.7-4.5 mg/dL) and the
hyperphosphatemia group (>4.5 mg/dL). The normophosphatemia
group was used as the reference group. In order to study the
relationship between serum phosphate levels and mortality in
depth, the initial serum phosphate values were classified into levels
1-7:level 1 (<1.5 mg/dL), level 2 (1.5-2.7 mg/dL), level 3 (2.7-4.5 mg/
dL), level 4 (4.5-5.5 mg/dL), level 5 (5.5- 6.5 mg/dL), level 6 (6.5-7.5
mg/dL) and level 7 (>7.5 mg/dL). Initial levels of serum phosphate
values were analyzed using logistic regression and cox regression
according to in-hospital mortality and 28-day survival, respectively.
These data were also analyzed in subgroups according to whether or
not chronic kidney diseases were complicated.

Primary and secondary outcomes

The primary outcome was in-hospital mortality. Secondary
outcomes were 28-day mortality, length of ICU stay, whether
septic shock occurred, whether mechanical ventilation was
performed, whether renal replacement therapy was
administered, and whether acute kidney injury occurred.

Statistical analysis

The continuous variables in this study are non-normal
distribution, expressed as median [interquartile range (IQR)],
and the difference between groups is determined by Mann
Whitney test. Categorical variables were expressed in quantity
and percentage, and the comparison between groups was
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performed by chi square test or Fisher exact test
(as appropriate).

In order to the relationship between phosphate level and
prognosis, we first preliminary analyzed the unadjusted
hypophosphatemia, hyperphosphatemia and reference groups,
and screened out which confounding factors were statistically
different among the groups. To reduce potential bias,
propensity-score matching (PSM) was performed in our study
by a greedy nearest neighbor matching using a caliper of 0.2
standard deviations of the logit of the estimated propensity
score. Confounding factors with statistical differences were
included in PSM analysis: demographic characteristics, chronic
comorbidities and types of ICU admission. We used the PS
graph to illustrates the matching results. Patients were matched
in a 1:1 ratio, such that each patient in the hypophosphatemia
group and hyperphosphatemia group was matched to one
patient in the reference group.

The lowess Smoothing technique and bar graph was used to
explore the crude relationship between phosphate and mortality.
To determine whether phosphate levels are an independent risk
factor for mortality, the multifactorial logistic regression model
and cox regression model were established with the initial values
of serum phosphate as design variables and the normal range
(2.7-4.5 mg/dL) as the reference group. A stepwise backward
elimination method with a significance level of 0.05 was used to
build the final models, the variables included in the model are
demographic characteristics, chronic comorbidities and types of
ICU admission. Potential multicollinearity was tested using a
variance inflation factor, with a value of >5 indicating
multicollinearity. Goodness of fit was assessed for all logistic
regression models. Before cox regression, the survival curve was
drawn by Kaplan-Maier (K-M) method to preliminarily judge
that the conditions of equal proportional risk were met. The
proportional risk hypothesis test is carried out by graphical
method for cox regression models. Logistic regression and cox
regression were used to analyze the relationship between the
dynamic change of the serum phosphate level and prognosis.
Receiver operating characteristic curves (ROC) were depicted to
show the diagnostic performance.

All statistical analyses were performed using the software
Stata 14. All tests were two sided, and a significance level of 5%
was used.

Results
Population and baseline characteristics

A total of 23,283 septic patients were included in this study
(Figure 1). Of these, 4059 (17.4%) cases had combined CKD and
19,224 (82.6%) cases did not have combined CKD. There were 419
(10.3%) cases of hypophosphatemia and 1091 (26.8%) cases of
hyperphosphatemia in patients with CKD. There were 3769
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Patients in MIMIC-IV (V4.0)
(n=257366)

Age<18 years old
(n=60839)

Adult
(n=196527)

l

Septic patients based on sepsis 3.0
(n=35010)

Excluding (n=11727)
Repeat hospitalized patients(n=7871)
No phosphate data (n=475)
ICU stay <24h (n=3381)

Final Cohort
(n=23283)

l
l }

Septic patients with CKD Septic patients without CKD
(n=4059) (n=19224)

l l

Hypophosphatemia Hypophosphatemia
(n=419) (n=3769)
Normophosphatemia Normophosphatemia
(n=2549) (n=13297)
Hyperphosphatemia Hyperphosphatemia
(n=1091) (n=2158)
FIGURE 1

Flow chart. MIMIC-1V, Medical Information Mart for Intensive
Care database; CKD, chronic kidney diseases

(19.6%) hypophosphatemia and 2158 (11.2%) hyperphosphatemia
in patients without CKD. With the normophosphatemia group
as the reference group, the hypophosphatemia and
hyperphosphatemia groups were compared with the reference
group. The unadjusted results showed statistically significant
differences between the hyperphosphatemia group and the
normophosphatemia group for both primary and secondary
outcomes (Table 1). There were significant differences between
hypophosphatemia group and normophosphatemia group in some
outcome indicators (Table 1).

The relationship between
hypophosphatemia, hyperphosphatemia
and the severity of the disease in septic
patients

Propensity-score matching analysis:

We used the statistically different baseline characteristics in
Table 1 as a correction indicator for PSM analysis in the
hypophosphatemia and normophosphatemia groups. In the
CKD subgroup, 419 patients were matched to each group. In
the non-CKD subgroup, 3,766 patients were matched to each
group. Figures 2A, B showed the matching effect of PSM
analysis. In the CKD subgroup, the risk of septic shock, the
occurrence of mechanical ventilation, and the maximum SOFA
score were significantly higher in the hypophosphatemia group
than in the normophosphatemia group (Table 2). In the non-
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CKD subgroup, the hypophosphatemia group had a significantly
higher risk of in-hospital mortality, 28-day mortality, risk of
septic shock, and maximum SOFA score than the
normophosphatemia group (Table 2). We used the baseline
characteristics that were statistically different in Table 1
as corrected indicators for PSM analysis in the
hyperphosphatemia and normophosphatemia groups. In the
CKD subgroup, 1,087 patients were matched to each group. In
the non-CKD subgroup, 2155 patients were matched to each
group. Figures 2C, D showed the matching effect of PSM
analysis. In the CKD subgroup, there was no statistical
difference in the occurrence of mechanical ventilation
(p=0.071). In both two subgroups, in-hospital mortality, 28-
day mortality, risk of septic shock, occurrence of renal
replacement therapy, and maximum clinical score were
significantly higher in the hyperphosphatemia group than in
the normophosphatemia group (Table 3). The incidence of acute
kidney injury (AKI) was significantly higher in the
hyperphosphatemia group than in the normophosphatemia
group in the non-CKD subgroup (Table 3).

The relationship between serum
phosphate values and mortality

Lowess smoothing and bar graph

The lowess smoothing technique was used to roughly assess
the relationship between initial serum phosphate values and in-
hospital mortality (Figures 3A, B). In two subgroups, in-hospital
mortality showed a U-shaped relationship with serum
phosphate levels. As serum phosphate levels increased, in-
hospital mortality decreased and then increased. The bar
graph showed that in-hospital mortality was lowest in the
CKD subgroup with serum phosphate levels of 2.5-3.5 mg/dL
(Figure 3E). In the non-CKD subgroup, in-hospital mortality
was lowest at a serum phosphate of 3.5-4.5 mg/dL (Figure 3F).
The lowess smoothing technique was used to roughly assess the
relationship between the maximum value of serum phosphate
and in-hospital mortality (Figures 3C, D). In-hospital mortality
was linearly related to serum phosphate levels in the two
subgroups. In-hospital mortality increased with increasing
levels of serum phosphate. The bar graph is consistent with
the trend of the lowess curve (Figures 3G, H).

Logistic regression analysis

We divided the initial values of serum phosphate from low
to high into 7 levels (as described above). Level 3 (2.7-4.5 mg/
dL) was used as the reference group and the other levels were
used as dummy variables. Logistic regression analysis was
performed on the 7 levels, with stepwise backward correction
for covariates. In the subgroup of CKD, all but level 1 (<1.5 mg/
dL) were independent risk factors for in-hospital mortality.
The OR was greater as the level increased (Figure 4). In the
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TABLE 1 Baseline characteristics and prognosis of initial serum phosphate in septic patients with or without CKD before PSM.

Septic patients with CKD

(n= 4,059)

(phosphate,, mg/dL)

<2.7

(n= 419)
Demographics
Age (years) 73 (63,82)
Male (n (%)) 358 (85.4)
Weight, Kg (IQR) 82 (69,97)
Smoking (n (%)) 32 (7.6)
Comorbidities (%)
COPD (n (%)) 14 (3.3)
Malignant tumor (n (%)) 51 (12.2)
Diabetes (n (%)) 206 (49.1)
CHF (n (%)) 72 (17.1)
Types of ICUs
CVICU (n (%)) 73 (17.4)
CCU (n (%)) 46 (11.0)
MICU (n (%)) 114 (27.2)
MSICU (n (%)) 96 (22.9)
NICU (n (%)) 4 (1.0)
NSICU (n (%)) 11 (2.6)
SICU (n (%)) 53 (12.6)
TSICU (n (%)) 22 (5.2)
Outcome
Hospital 63 (15.0)
Mortality (n (%))
28-Days 59 (14.1)
Mortality (n (%))
ICU LOS (days) 3(2,6)
median (IQR)
SOFA scoreay 4 (2,5)
median (IQR)
SAPSII score,,ay 44 (35,53)
median (IQR)
LODS score 6 (4,8)
median (IQR)
Septic shock (n (%)) 57 (13.6)
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2.7-4.5
(n= 2549)
75 (65,82)
1676 (65.7)
81 (69,97)

202 (7.9)

47 (1.8)
199 (7.8)
1338 (52.4)

482 (18.9)

504 (19.8)
406 (15.9)
615 (24.1)
456 (17.9)
32(12)
47 (1.8)
309 (12.1)

180 (7.1)

287 (11.3)
271 (10.6)
3 (2,6)
3(2,5)
43 (35,52)
6 (4,8)

228 (8.9)

>4.5
(n=1091)
70 (59,80)
677 (62.1)
82 (68,99)

66 (6.1)

12 (1.2)
66 (6.0)
616 (56.7)

210 (19.2)

189 (17.3)
205 (18.8)
302 (27.9)
181 (16.6)
6 (0.5)
12 (1.1)
120 (11.0)

76 (7.0)

214 (19.6)
215 (19.7)
3(2,6)
4 (3,6)
46 (37,56)
6 (5,9)

129 (11.8)

P, P,

0.0736
<0.001

<0.0010.978

0.7694
0.8050

0.840
0.047

0.045
0.103

0.003
0.062
0.207
0.028

0.401
0.811

0.260
0.085

0.009
0.034

0.175
0.024

0.014
0.345

0.602
0.055
0.284
0.103
0.760
0.336

0.173
0.918

0.026
<0.001

0.037
<0.001

0.7152
<0.001

0.0542
<0.001

0.5286
<0.001

0.6138
<0.001

0.003
0.007

Septic patients without CKD

(n=19,224)

(phosphate,, mg/dL)

<2.7

(n= 3769)

66 (54,76)

2205 (58.5)

78 (65,93)

640 (16.9)

50 (1.3)

386 (10.2)

913 (24.2)

328 (8.7)

623 (16.5)

229 (6.1)

854 (22.7)

870 (23.1)

38 (1.0)

98 (2.6)

593 (15.7)

464 (12.3)

433 (11.5)

429 (11.4)

3(2,6)

3(24)

37 (29,46)

5(3,7)

410 (10.9)

2.7-4.5

(n=13297)

65 (54,76)

7220 (54.3)

81 (68,97)

2341 (17.6)

209 (1.6)

1147 (8.6)

3421 (25.7)

1272 (9.6)

2918 (21.9)

1090 (8.2)

2619 (19.7)

2390 (17.8)

261 (2.0)

360 (2.7)

1970 (14.8)

1689 (12.7)

1186 (8.9)

1166 (8.8)

3(2,6)

3(2,4)

37 (29,46)

5(3,7)

950 (7.1)

>4.5
(n:2158) Pl P2
62 (49,74) 0.7272
<0.001
1144 (53.0) 0.870
0.387
86 (70,102) <0.001<0.001
312 (14.4) 0.005
<0.001
39 (1.8) 0.277
0.419
166 (7.7) 0.002
0.149
592 (27.4) 0.061
0.094
251 (11.6) 0.108
0.003
317 (14.7) <0.001<0.001
242 (11.2) <0.001<0.001
602 (27.9) <0.001
<0.001
358 (16.6) <0.001
0.119
16 (0.7) <0.001
<0.001
41 (1.9) 0.719
0.029
287 (13.3) 0.164
0.064
295 (12.7) 0.523
0.212
477 (22.1) <0.001
<0.001
489 (22.6) <0.001
<0.001
3(2,7) <0.001
<0.001
4(2,5) 0.2019
<0.001
43 (33,54) 0.8902
<0.001
7 (4,10) 0.7638
<0.001
340 (15.8) <0.001<0.001
(Continued)

frontiersin.org


https://doi.org/10.3389/fneph.2022.935288
https://www.frontiersin.org/journals/nephrology
https://www.frontiersin.org

Liu et al.

TABLE 1 Continued

Septic patients with CKD
(n= 4,059)

(phosphate,, mg/dL)

10.3389/fneph.2022.935288

Septic patients without CKD
(n=19,224)

(phosphate,, mg/dL)

.7 2.7-4.5 >4.5 2.7 2.7-4.5 >4.5
(n=419)  (n=2549) (n= 1091) P, P, (n=3769) (n=13297) (n=2158) P, P,

MV (n (%)) 211 (50.3) 1172 (45.9) 544 (49.9) 0.0960.032 2007 (53.3) 7300 (54.9) 1402 (65.0) 0.073
<0.001

RRT (n (%)) 93 (22.2) 492 (19.3) 482 (44.2) 0.168 182 (4.8) 591 (4.4) 409 (20.0) 0.285
<0.001 <0.001

AKI (n (%)) 737 (19.6) 2579 (19.4) 912 (42.2) 0.828
<0.001

P, represents the p value of comparisons between the group with hypophosphatemia and normophosphatemia, p, represents the p value of comparisons between the group with
hyperphosphatemia and normophosphatemia. CKD, chronic kidney diseases; PSM, propensity-score matching; phosphatey, initial serum phosphate; COPD, chronic obstructive pulmonary
disease; CHF, chronic heart failure; CVICU, Cardiac Vascular Intensive Care Unit; CCU, Coronary Care Unit; MICU, Medical Intensive Care Unit; MSICU, Medical/Surgical Intensive Care
Unit; NICU, Neuro Intensive Care Unit; NSICU, Neuro Surgical Intensive Care Unit; SICU, Surgical Intensive Care Unit; TSICU, Trauma Surgical Intensive Care Unit; SOFA, sequential
organ failure assessment; LODS, logistic organ dysfunction score; SAPSII, simplified acute physiology scorell; MV, mechanical ventilation; RRT, renal replacement therapy; AKI, acute renal

injury.

non-CKD subgroup, all levels were independent risk factors for
in-hospital mortality. The lower the serum phosphate at
hypophosphatemia, the greater the OR. The higher the
serum phosphate at hyperphosphatemia, the greater the
OR (Figure 5).

>

Cox regression analysis

Survival curves were first plotted using the K-M method,
with the aim of making a preliminary determination of the
relationship between the initial and maximum values of serum
phosphate and survival as well as whether the equiproportional

Septic patients with CKD

2 3
Phosphate_initial Propensity Score
[ o 2.7-4.5mg/dl|mmm <2.7mg/dL |

(¢}

Septic patients without CKD
0 A 2 3 4
Phosphate_initial Prog y Score
. 2.7-4.5mg/dL I <2.7mg/dL: On support
I <2.7mg/dL: Off support

D

Septic patients with CKD

2 3 4 5 k
Ph hate_initial Prop y Score

. 2.7-4.5mg/dL I >4.5mg/dL: On support
I >4.5mg/dL: Off support

FIGURE 2

Septic patients without CKD
. 4
ph y Score

. 2.7-4.5mg/dL I >4.5mg/dL: On support
I >4.5mg/dL: Off support

_initial Prog

Ph
P

Propensity score-matched analysis of matching results. (A) hypophosphatemia group matched with normophosphatemia group in CKD
subgroup; (B) hypophosphatemia group matched with normophosphatemia group in non-CKD subgroup; (C) hyperphosphatemia group
matched with normophosphatemia in CKD subgroup; (D) hyperphosphatemia group matched with normophosphatemia group in non-CKD

subgroup. CKD, chronic kidney diseases.
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TABLE 2 Comparison of prognosis between hypophosphatemia and normophosphatemia in septic patients with or without CKD after PSM.

Septic patients with CKD Septic patients without CKD
(phosphate,, mg/dL) (phosphate,, mg/dL)
2.7-4.5 <2.7 2.7-4.5 <2.7
(n=419) (n=419) P (n=3766) (n=3766) P
Outcome
Hospital 51 (12.2) 63 (15.0) 0.227 340 (9.0) 432 (11.5) <0.001
Mortality (n (%))
28-Days 45 (10.7) 59 (14.0) 0.142 331 (8.8) 428 (11.4) <0.001
Mortality (n (%))
ICU LOS (days) 3(2,6) 3 (2,6) 0.1247 3 (2,6) 3(2,6) 0.5343
median (IQR)
SOFA score,ay 3(2,5) 4(2,5) 0.0076 3 (2,4) 4 (2,5) 0.0120
median (IQR)
SAPSII score 43 (35,51) 44 (35,53) 0.3871 36 (28,47) 37 (29,46) 0.6981
median (IQR)
LODS score 6 (4,8) 6 (4,8) 0.1149 5(3,7) 5(3,7) 0.5080
median (IQR)
Septic shock 35 (8.4) 57 (13.6) 0.015 286 (8.0) 410 (10.9) <0.001
(n (%))
MV (n (%)) 182 (43.7) 211 (50.4) 0.045 1992 (52.9) 2006 (53.2) 0.747
RRT (n (%)) 74 (17.7) 93 (22.2) 0.100 149 (4.0) 183 (4.9) 0.056
AKI (n (%)) 748 (19.9) 737 (19.6) 0.750

CKD, chronic kidney diseases; PSM, propensity-score matching; phosphatey, initial serum phosphate; SOFA, sequential organ failure assessment; LODS, logistic organ dysfunction score;
SAPSII, simplified acute physiology scorell; MV, mechanical ventilation; RRT, renal replacement therapy; AKI, acute renal injury.

TABLE 3 Comparison of prognosis between hyperphosphatemia and normophosphatemia in septic patients with or without CKD after PSM. .

Septic patients with CKD Septic patients without CKD
(phosphate,, mg/dL) (phosphate,, mg/dL)
2.7-4.5 >4.5 2.7-4.5 >4.5
(n=1087) (n=1087) P (n=2155) (n=2155) P
Outcome
Hospital 107 (9.8) 213 (19.6) <0.001 207 (9.6) 477 (22.1) <0.001
Mortality (n (%))
28-Days 105 (9.7) 214 (19.7) <0.001 198 (9.2) 489 (22.7) <0.001
Mortality (n (%))
ICU LOS (days) 3(2,6) 3 (2,6) 0.0109 3(2,6) 3(27) 0.0023
median (IQR)
SOFA SCOre 3(2,5) 4 (3,6) <0.001 3 (24) 4(2,5) <0.001
median (IQR)
SAPSII scoreay 41 (34,50) 46 (37,56) <0.001 36 (28,46) 43 (33,54) <0.001
median (IQR)
LODS score 6 (4,8) 6 (5.9) <0.001 5(3,8) 7 (4,10) <0.001
median (IQR)
Septic shock 88 (8.1) 129 (11.9) 0.003 187 (8.7) 430 (20.0) <0.001
(n (%))
MV (n (%)) 500 (45.0) 542 (49.9) 0.071 1221 (56.7) 1400 (65.0) <0.001
RRT (n (%)) 235 (21.6) 478 (44.0) <0.001 128 (5.9) 409 (19.0) <0.001
AKI (n (%)) 482 (22.4) 910 (42.2) <0.001

CKD, chronic kidney diseases; PSM, propensity-score matching; phosphate,, initial serum phosphate; SOFA, sequential organ failure assessment; LODS, logistic organ dysfunction score;
SAPSII, simplified acute physiology scorell; MV, mechanical ventilation; RRT, renal replacement therapy; AKI, acute renal injury.
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Lowess curves and bar graphs. (A) Lowess curve of relationship between initial phosphate values and in-hospital mortality in CKD subgroup; (B)
Lowess curve of relationship between initial phosphate values and in-hospital mortality in non-CKD subgroup; (C) Lowess curve of relationship
between maximum phosphate values and in-hospital mortality in CKD subgroup; (D) Lowess curve of relationship between maximum
phosphate values and in-hospital mortality in non-CKD subgroup; (E) Bar graph of relationship between initial phosphate values and in-hospital
mortality in CKD subgroup; (F) Bar graph of relationship between initial phosphate values and in-hospital mortality in non-CKD subgroup; (G)
Bar graph of relationship between maximum phosphate values and in-hospital mortality in CKD subgroup; (H) Bar graph of relationship between
maximum phosphate values and in-hospital mortality in non-CKD subgroup. CKD, chronic kidney diseases

risk condition required for cox regression was met (Figure 6).
Cox regression analysis was performed on the seven groups of
initial serum phosphate values, with level 3 (2.7-4.5 mg/dL) as
the reference group and the other levels as dummy variables,
corrected for covariates by the stepwise backward method. In the
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subgroup with CKD, all but level 1 (<1.5 mg/dL) were
independent risk factors for 28-day mortality. When the level
was higher, the HR value was higher (Figure 7). In the non-CKD
subgroup, all levels were independent risk factors for 28-day
mortality. In hyperphosphatemia, the HR was greater when
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Subgroup Septic patients with CKD

Variable OR(95%Cl) P
Initial phosphate
(2.7-4.5mg/dL) Ref.
(1.5-2.7mg/dL) e 1.45(1.07-1.95) 0.020
(4.5-5.5mgldL) e 1.59(1.22-2.05) <0.001
(5.5-6.5mg/dL) e 2.21(1.60-3.06) <0.001
(6.5-7.5mg/dL) - e 2.93(1.78-4.84) <0.001
(>7.5mg/dL) - e 3.01(1.92-4.70) <0.001
Types of ICUs
Micu Ref.
cvicu - 0.39(0.29-0.52) <0.001
Chronic heart failure —— 1.65(1.34-2.04) <0.001
Age 1.03(1.02-1.04) <0.001
Initial SOFA score 0 1.16(1.12-1.21) <0.001
r T T 1
[ 2 4 6

FIGURE 4

The adjusted odds ratio using initial phosphate values as the design variable in CKD subgroup. The stepwise backward method corrects the
confounding factors and removes the variables in turn: phosphate_initial<1.5 mg/dL (p = 0.8286), smoking (p = 0.6233), NICU (p = 0.5527),
COPD (p = 0.4875), malignant tumor (p = 0.3060), gender (p = 0.2421), MSICU (p = 0.1956), SICU (p = 0.2764), CCU (p = 0.1414), TSICU (p =
0.1603), NSICU (p = 0.0940), and weight (p = 0.0610), the mean VIF was 2.98. CKD, chronic kidney diseases; COPD, chronic obstructive
pulmonary disease; CVICU, Cardiac Vascular Intensive Care Unit; CCU, Coronary Care Unit; MICU, Medical Intensive Care Unit; MSICU, Medical/
Surgical Intensive Care Unit; NICU, Neuro Intensive Care Unit; NSICU, Neuro Surgical Intensive Care Unit; SICU, Surgical Intensive Care Unit;
TSICU, Trauma Surgical Intensive Care Unit; SOFA, sequential organ failure assessment.

Subgroup Septic patients without CKD

Variable OR(95%Cl) P
Initail phosphate
(2.7-4.5mg/dL) Ref.

(<1.5mg/dL) —— 1.82(1.06-1.36) 0.003
(1.5-2.7mg/dL) — 1.2(1.31-2.52) <0.001
(4.5-5.5mg/dL) - 1.73(1.47-2.04) <0.001
(5.5-6.5mg/dL) — 3.19(2.50-4.06) <0.001
(6.5-7.5mg/dL) —_——————— 4.80(3.38-6.81) <0.001

(>7.5mg/dL) ———- 7.50(5.46-10.31) <0.001
Types of ICUs

Micu Ref.
CviCue 0.19(0.16-0.23) <0.001
Msicu o 0.83(0.74-0.94) 0.004
NICU -o- 0.37(0.21-0.64) <0.001
NsICU —e— 1.40(1.07-1.82) 0.011
Age 1.02(1.01-1.02) <0.001
Malignant tumor - 1.52(1.31-1.75) <0.001
Chronic heart failure - 1.50(1.30-1.73) <0.001
Initial SOFA score L] 1.18(1.16-1.21) <0.001
T T T T 1
0 2 4 6 8

FIGURE 5

The adjusted odds ratio using initial phosphate values as the design variable in non-CKD subgroup. The stepwise backward method corrects the
confounding factors and removes the variables in turn: CCU (p = 0.6239), gender (p = 0.4071), smoking (p = 0.3037), weight (p = 0.2000), COPD
(p = 0.1518), SICU (p = 0.1266), and TSICU (p = 0.0644), the mean VIF was 1.56. CKD, chronic kidney diseases; COPD, chronic obstructive
pulmonary disease; CVICU, Cardiac Vascular Intensive Care Unit; CCU, Coronary Care Unit; MICU, Medical Intensive Care Unit; MSICU, Medical/
Surgical Intensive Care Unit; NICU, Neuro Intensive Care Unit; NSICU, Neuro Surgical Intensive Care Unit; SICU, Surgical Intensive Care Unit; TSICU,
Trauma Surgical Intensive Care Unit; SOFA, sequential organ failure assessment.
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serum phosphate was higher. The higher the serum phosphate at
hyperphosphatemia, the greater the HR (Figure 8).

Relationship between the dynamic
change of the serum phosphate level
and prognosis

Compared with the normophosphatemia during
hospitalization, the change of serum phosphate will affect the
prognosis (Table 4).

Predictive effect of serum phosphate on
death of septic patients

The value of the maximum serum phosphate value
compared to the maximum clinical score and the maximum
blood lactate value for the diagnosis of in-hospital mortality was
analyzed using ROC (Figures 9A, B). We integrated the
maximum phosphate value with the maximum clinical score
and the maximum serum lactate value by logistic regression, and
made ROC analysis again (Figures 9C, D).

Discussion

There are two main conclusions from this study. On the one
hand, in septic patients without CKD, the risk of death and shock
is significantly higher in patients with hypophosphatemia than in
patients with normophosphatemia. Hypophosphatemia is an

10.3389/fneph.2022.935288

independent risk factor for death. The risk of death is higher
when serum phosphate is lower. On the other hand, among all
septic patients, those with hyperphosphatemia have significantly
higher severity of disease than those with normophosphatemia.
Hyperphosphatemia is an independent risk factor for death.
When serum phosphate is higher, the risk of death is greater.

The causes of the occurrence of hypophosphatemia or
hyperphosphatemia are classified as acute and chronic. Septic
patients are essentially acute in onset. Acute hypophosphatemia
is more prevalent in severely ill patients, where it accounts for
between 30% and 50% of cases (16). It is commonly seen in the
following clinical situations: acute respiratory alkalosis (17),
sepsis, alcohol withdrawal or ingestion, and refeeding of
malnourished patients (18, 19). Hypophosphatemia accounted
for approximately 18% of septic patients in our study. This is not
a low proportion. Several studies have shown an association
between hypophosphatemia and increased mortality (20-23). It
has also been suggested that hypophosphatemia only reflects the
severity of the disease and does not increase mortality (4, 24).
Given the incidence of hypophosphatemia in sepsis, there is a
need to investigate the relationship between hypophosphatemia
and the prognosis of sepsis in depth.

Two recent studies have both concluded that
hyperphosphatemia is an independent risk factor for death,
not hypophosphatemia. Wang H et al. (11) studied the initial
values of serum phosphate in 4767 septic patients after
admission to the ICU, which showed that hyperphosphatemia
(>4.5 mg/dL) was significantly associated with in-hospital
mortality (OR 1.48, 95% CI: 1.19-1.85, p=0.001), the
association between hypophosphatemia (< 2.5 mg/dL) and in-
hospital mortality was not significant (OR 0.91, 95%CI: 0.70-
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FIGURE 6

Days after admission

Kaplan-Maier survival curve describes the relationship between initial phosphate value (A, B) or maximum phosphate value (C, D) in two
subgroups and 28-day survival rate in septic patients. CKD, chronic kidney diseases.
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Subgroup Septic patients with CKD
Variable HR(95%Cl) P

Initail phosphate

(2.7-4.5mgldL) Ref.

(1.5-2.7mgydL) —e— 1.41(1.06-1.88) 0.018

(4.5-5.5mgldL) — 1.77(1.41-2.22) <0.001

(5.5-6.5mgydL) ——— 2.06(1.54-2.75) <0.001

(6.5-7.5mgldL) e 2.64(1.71-4.06) <0.001
(>7.5mg/dL) e 2.942.024.26) <0.001

Types of ICUs

Micu Ref.
cvicu - 0.36(0.26-0.49) <0.001
Chronic heart failure —— 1.51(1.25-1.82) <0.001
Age p 1.03(1.02-1.04) <0.001
Initial SOFA score . 1.12(1.07-1.15) <0.001
T T T T 1
0 1 2 3 4 5

FIGURE 7

The adjusted hazard ratio using initial phosphate values as the design variable in CKD subgroup. The stepwise backward method corrects the
confounding factors and removes the variables in turn: smoking (p = 0.8411), malignant tumor (p = 0.7799), weight (p = 0.5289), NICU (p =
0.4821), COPD (p = 0.4638), phosphate_initial<1.5 mg/dL (p = 0.4210), SICU (p = 0.4096), MSICU (p = 0.4656), gender (p = 0.3673), CCU (p =
0.3195), TSICU (p = 0.2907), and NSICU (p = 0.2787). CKD, chronic kidney diseases; COPD, chronic obstructive pulmonary disease; CVICU,
Cardiac Vascular Intensive Care Unit; CCU, Coronary Care Unit; MICU, Medical Intensive Care Unit; MSICU, Medical/Surgical Intensive Care Unit;
NICU, Neuro Intensive Care Unit; NSICU, Neuro Surgical Intensive Care Unit; SICU, Surgical Intensive Care Unit; TSICU, Trauma Surgical
Intensive Care Unit; SOFA, sequential organ failure assessment.

Subgroup Septic patients without CKD

Variable HR(95%Cl) P
Initail phosphate
(2.7-4.5mg/dL) Ref.

(<1.5mg/dL) —— 1.80(1.35-2.40) <0.001
(1.5-2.7mg/dL) o 1.18(1.05-2.32) 0.005
(4.5-5.5mg/dL) - 1.74(1.51-2.02) <0.001
(5.5-6.5mg/dL) — 3.14(2.58-3.81) <0.001
(6.5-7.5mg/dL) —_— 4.00(3.08-5.19) <0.001

(>7.5mg/dL) ——e——— 5.87(4.72-7.31) <0.001
Types of ICUs

Micu Ref.
cvicuU e 0.19(0.16-0.23) <0.001
msicu . 0.75(0.67-0.85) <0.001
NICU et 0.44(0.27-0.72) <0.001
Nsicu o— 1.31(1.03-1.66) 0.001
sicu o 0.84(0.74-0.95) 0.024
Tsicu o 0.86(0.75-0.99) 0.048
Age 1.01(1.00-1.02) <0.001
Malignant tumor - 1.42(1.25-1.62) <0.001
Chronic heart failure - 1.27(1.11-1.45) <0.001
Initial SOFA score o 1.14(1.12-1.16) <0.001
r T T T 1
o 2 4 6 8

FIGURE 8

The adjusted hazard ratio using initial phosphate values as the design variable in non-CKD subgroup. The stepwise backward method corrected
for confounding factors and removed the variables in turn: CCU (p = 0.8841), gender (p = 0.8806), smoking (p = 0.4945), COPD (p = 0.2086),
and weight (p = 0.1044). CKD, chronic kidney diseases; COPD, chronic obstructive pulmonary disease; CVICU, Cardiac Vascular Intensive Care
Unit; CCU, Coronary Care Unit; MICU, Medical Intensive Care Unit; MSICU, Medical/Surgical Intensive Care Unit; NICU, Neuro Intensive Care
Unit; NSICU, Neuro Surgical Intensive Care Unit; SICU, Surgical Intensive Care Unit; TSICU, Trauma Surgical Intensive Care Unit; SOFA,
sequential organ failure assessment.
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TABLE 4 Adjusted ORs and HRs using the dynamic change of serum phosphate levels as the design variable.

Modell

Variable OR (95%CI) P
Norm to norm Ref.

Norm to low 1.45 (1.24-1.69) <0.001
Norm to high 4.61 (4.00-5.30) <0.001
Low to norm 1.25 (1.07-1.46) 0.004
Low to low 1.86 (1.55-2.23) <0.001
Low to high 5.60 (4.31-7.27) <0.001
High to norm 1.65 (1.40-1.95) <0.001
High to low 3.45 (2.56-4.65) <0.001
High to high 6.71 (5.78-7.80) <0.001

Modell: logistic regression analysis, the mean VIF was 1.55.
Model2: cox regression analysis.

Model2
Variable HR (95%CI) P

Norm to norm Ref.

Norm to low 1.48 (1.28-1.71) <0.001
Norm to high 3.68 (3.25-4.17) <0.001
Low to norm 1.23 (1.06-1.43) 0.005
Low to low 1.88 (1.60-2.22) <0.001
Low to high 3.64 (2.89-4.57) <0.001
High to norm 1.72 (1.48-2.01) <0.001
High to low 3.19 (2.49-4.11) <0.001
High to high 5.94 (5.25-6.72) <0.001

Modell and model2 used stepwise backward method was to correct the confounding factors including demographic characteristics, chronic comorbidities and types of ICU admission.
norm, normophosphatemia; low, hypophosphatemia; high, hyperphosphatemia.
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The receiver operating characteristic curves. (A) ROC of the maximum phosphate value, the maximum clinical score, and the maximum serum
lactate value in CKD subgroup; (B) ROC of the maximum phosphate value, the maximum clinical score, and the maximum serum lactate value
in non-CKD subgroup; (C) ROC of the maximum phosphate value combined with the maximum clinical score and the maximum serum lactate
value in CKD subgroup; (D) ROC of the maximum phosphate value combined with the maximum clinical score and the maximum serum lactate
value in non-CKD subgroup. Modell= SOFA + phosphate. Model2= SAPSII + phosphate. Model3= LODS + phosphate. Model4= lactate +
phosphate. CKD, chronic kidney diseases; P_max, maximum phosphate value; SOFA, sequential organ failure assessment; LODS, logistic organ
dysfunction score; SAPSII, simplified acute physiology score II.
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1.19, p=0.145). Shmeylan A et al. (12) studied the initial value of
serum phosphate in 1422 septic patients after admission to ICU.
The results showed that hyperphosphatemia (> 4.5mg/dL) was
significantly associated with hospital mortality (OR 1.7, 95%CI:
1.21-2.29, p = 0.002). There was no significant correlation
between hypophosphatemia (< 2.5mg/dL) and hospital
mortality (OR 0.89, 95%CI: 0.57-1.39, p =0.59).

Differences in study results may be related to the size of the
sample and differences in correction indicators in the multifactorial
analysis. 811 (17%) cases in the study by Wang H et al. were
classified as hypophosphatemia. 188 (13%) cases in the study by
Shmeylan A et al. were classified as hypophosphatemia. 4188 (18%)
cases in our study were classified as hypophosphatemia. In addition
to demographic characteristics, comorbidities and SOFA scores,
Wang H et al. added laboratory data, vasopressin use, and
mechanical ventilation as correction factors. The study by
Shmeylan A et al. corrected for age, APACHE, gender, and
creatinine as variables. Our study performed a subgroup analysis
based on whether the patient had combined CKD or not, with the
types of initial ICU admission added to the correction criteria. We
believe that the types of initial ICU admission to some extent reflects
differences in the patients’ primary disease and subsequent
treatment. We did not include vasopressin use and mechanical
ventilation. Because we thought that the level of serum phosphate
might contribute to both and might have some statistical collinearity.
In addition, we also did PSM analysis and cox regression to further
validate our conclusions. Of course, the above analyses do not fully
explain the differences in the study results.

There were also studies that were similar to our results, which
suggested that hypophosphatemia was a risk factor for death from
sepsis or infectious diseases. Shor R et al. (13) conducted a small
study of 55 septic patients, including 26 cases with severe
hypophosphatemia (< 1mg/dL) as well as 29 cases with non-
severe hypophosphatemia (1-2.5 mg/dL). The results showed that
80.8% of patients with severe hypophosphatemia died and 34.5%
of patients with non-severe hypophosphatemia died. The risk of
death from severe hypophosphatemia was increased nearly 8-fold
(OR 7.89; 95% CI: 2.3-27.6,p=0.001). Mohammad E et al. (14)
analyzed 3894 patients with community-acquired pneumonia.
The results showed that compared to the normophosphatemia
group, the severe hypophosphatemia group (<1.5 mg/dL) and
hyperphosphatemia group (>4.5 mg/dL) were significantly
associated with a 30-day mortality rate of 38% (OR 2.9, 95%CI:
1.8-4.9, P=0.001) and 39% (OR 3.4, 95%CI: 2.7-4.2, P=0.001).

There are three main mechanisms of hypophosphatemia:
decreased absorption of phosphate by the intestine, transfer of
phosphate from extracellular to intracellular, increased excretion
of phosphate by the kidney, or a combination of these
mechanisms (25). The mechanism of hypophosphatemia in
the early stages of sepsis should be based on the extracellular
transfer of phosphate. Respiratory alkalosis during sepsis
increases intracellular pH and subsequently stimulates
glycolysis, which leads to accelerated production of
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phosphorylated metabolites and rapid entry of phosphate into
the cell (17, 26). Some studies have also shown that there is also a
significant negative correlation between inflammatory cytokines
and serum phosphate values. In patients with positive blood
cultures, elevated inflammatory factors may cause a decrease in
serum phosphate levels (27).

In our study, in the non-CKD subgroup, the risk of death and
the occurrence of shock were significantly higher in the
hypophosphatemia patients than in the normophosphatemia
group, both before and after PSM. Other indicators of the degree
of response to the disease were not significantly different (Tables 1,
2). This may be due to the fact that hypophosphatemia leads to
inadequate ATP synthesis and subsequently affects the prognosis of
sepsis. Insufficient ATP synthesis mainly leads to the development of
shock and death. Therefore, the differences in other prognostic
indicators were not significant. To further assess the relationship
between hypophosphatemia and mortality, we performed a
multifactorial logistic regression analysis based on in-hospital
mortality and a Cox regression analysis based on 28-day mortality.
Both results confirmed that hypophosphatemia was a risk factor for
mortality in the non-CKD subgroup, the lower the serum phosphate.
The risk of death was greater when serum phosphate was lower. In
the CKD subgroup, non-severe hypophosphatemia (1.5-2.7 mg/dL)
remained an independent risk factor for death. However, in severe
hypophosphatemia (<1.5 mg/dL), this difference was not significant.
This could account for the inadequate sample size. Even with our
large sample size, only 33 cases of severe hypophosphatemia
occurred in patients with combined CKD.

There might also be a number of other reasons why
hypophosphatemia affects the prognosis of critically ill
patients. Some studies have shown that hypophosphatemia is
associated with respiratory muscle dysfunction, which may lead
to acute respiratory failure, or prolonged mechanical ventilation
(28, 29). However, the occurrence of mechanical ventilation was
only different in the CKD subgroup in our study. It has been
shown that hypophosphatemia is a significant predictor of
ventricular tachycardia (30), which correlates with arrhythmias
in septic patients (31). It has been shown that severe
hypophosphatemia leads to a 50% reduction in chemotactic
phagocytic and bactericidal activity of granulocytes. This
resulted in lower granulocyte ATP levels and reduced
neutrophil survival (32). These might all contribute to the
prognostic impact of hypophosphatemia on sepsis.

In contrast to hypophosphatemia, hyperphosphatemia has
rarely been rigorously studied in the sepsis or critically ill patient
population (15). However, the available studies all agree that
hyperphosphatemia is an independent factor affecting mortality.
It has been generally accepted that acute hyperphosphatemia
usually occurs in specific settings, such as acute kidney injury,
rhabdomyolysis, hemolysis and transcytosis in tumor lysis
syndrome (33). Our study showed a total of 3249 (14%) cases
septic patients developed hyperphosphatemia, including 1091
(27%) cases in CKD group and 2158 (11%) in non-CKD group.
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This is not a low percentage. So in this study, we not only graded
the degree of hyperphosphatemia, but also extracted the initial and
maximum values of serum phosphate respectively after admission
to hospital. The aim is to fully investigate the relationship between
hyperphosphatemia and the prognosis of sepsis.

There are generally two mechanisms of hyperphosphatemia,
endogenous or exogenous. Exogenous refers mainly to increased
extracellular phosphate load or reduced renal phosphate
excretion. Endogenous mainly refers to trans-cellular transfer
of phosphate from the intracellular compartment to the
extracellular compartment, which also includes excessive bone
resorption or defective bone mineralization (34). There are 2
possible causes of hyperphosphatemia due to sepsis. It is mainly
due to the pyroptosis or cell necrotic apoptosis caused by early
inflammatory reaction, which leads to cell destruction, and
phosphate is transferred from intracellular to extracellular. The
second is due to acute kidney injury. Elevated serum phosphate
can in turn further promote apoptosis and inflammatory
cytokines releasing oxidative stress and exacerbating sepsis (35).

The severity of disease was significantly higher in the
hyperphosphatemia group than in the normophosphatemia
patients in 2 subgroups, both before and after PSM (Tables 1,
3). This may be because hyperphosphatemia reflects, to some
extent, the degree of cellular destruction caused by inflammation.
The more heavily infected the cells are, the greater the destruction
and the greater the phosphate transfer will be. Therefore, the
degree of hyperphosphatemia is directly related to the initial
severity of sepsis. As can be broadly seen from the lowess
curves and bar graphs, mortality is significantly increased with
increasing serum phosphate after greater than normal values. This
risk is more pronounced in the maximum values of serum
phosphate (Figure 3). We graded the initial values of serum
phosphate. We also used the normophosphatemia group as the
reference group and the other groups as dummy variables. Firstly,
a logistic regression analysis was performed based on in-hospital
mortality, which showed that the higher the serum phosphate, the
greater the risk of death (Figures 4, 5). MIMIC-IV database does
not currently have access to 90-day survival information, so we
chose the survival rate of 28-days for survival analysis. The K-M
curve provides an initial response to the relationship between
serum phosphate values and survival. It is clear that the survival
rate decreases with increasing serum phosphate values, both for
the initial and maximum values of serum phosphate, and even
more so for the maximum value of serum phosphate (Figure 6).
This trend was still evident after the Cox regression analysis
(Figures 7, 8). K-M curves were already reflective of the single
factor situation, so we did not do another single factor analysis.
For the multifactorial analysis, we chose to correct for this with the
stepwise backward method, whether it was logistic regression or
Cox regression, and the results were consistent. This study focuses
on the relationship between the initial value of serum phosphate
and mortality. Therefore, we only looked at the relationship
between the maximum value of serum phosphate and mortality
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in general using the lowess curve and the K-M curve, and did not
do further regression analysis. The trend is already very clear, i.e.
when serum phosphate is higher, mortality is higher. It is clear
from our results that hyperphosphatemia is closely related to
sepsis. It not only responds to severity, but is also an independent
risk factor for mortality. This is related to the mechanism by
which hyperphosphatemia arises in sepsis as we mentioned above.

We analyzed the influence of dynamic changes of serum
phosphate on prognosis during hospitalization. Compared with the
normophosphatemia during hospitalization, the change of serum
phosphate will affect the prognosis, and the results of logistic
regression and cox regression are consistent. Regardless of the
initial value of serum phosphate, patients with hyperphosphatemia
after treatment have higher OR and HR values. (Table 4).

Because the lowess curve showed a linear relationship between
maximum serum phosphate value and mortality, we used the
ROC to analyse the diagnostic value of maximum serum
phosphate value for in-hospital mortality. And we selected the
maximum value of several common critical illness scores and the
maximum value of lactate for comparison. In the MIMIC-IV
database, LODS score was measured only once, so it was no
maximum value. Although the AUC of the maximum serum
phosphate value was approximately equal to 0.69, which was of
average diagnostic value. It was not inferior to the common
predictors such as critical illness scores or lactate values, which
was less costly and easier to measure than other indicators. We
integrated the maximum phosphate value with the maximum
clinical score and the maximum serum lactate value by logistic
regression, and made ROC analysis again, it can be seen that AUC
has increased after re-integration, but it was still not very ideal
(Figures 9C, D). The initial serum phosphate values were not
linearly related to mortality, so ROC curves were not plotted.

The strengths of our study were the large sample size, the
subgroup analysis, the grading of serum phosphate values, the
analysis in terms of two aspects of hypophosphatemia and
hyperphosphatemia, as well as the correction for possible
confounding factors. But it also had limitations. Firstly, because
there were only 33 cases of severe hypophosphatemia in the CKD
group. The results were likely to be biased. We were unable to
determine the relationship between severe hypophosphatemia and
mortality in patients with CKD. Secondly, factors influencing the
prognosis of sepsis should also include differences in primary
disease and differences in treatment, indicators that are difficult to
extract in MIMIC-IV, which we can only correct them according
to the admission types of different ICUs. Thirdly, this study was
retrospective and the causal relationship between serum
phosphate and mortality could not be determined.

Conclusions

In septic patients without chronic kidney disease, the risk of
death and shock is higher in patients with hypophosphatemia
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than in patients with normophosphatemia. Hypophosphatemia is
an independent risk factor for death. The risk of death is
higher when serum phosphate is lower. In all septic
patients, the severity of disease is significantly higher in
patients with hyperphosphatemia than in patients with
normophosphatemia. Hyperphosphatemia is an independent
risk factor for death. When serum phosphate is higher, the
risk of death is greater. Both hypophosphatemia and
hyperphosphatemia are present in some proportion in sepsis.
Clinicians should be aware of the importance of serum phosphate
disorders in sepsis. Further studies could investigate whether
early correction of serum phosphate disorders could improve the
prognosis of sepsis.
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