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Background: Hypophosphatemia was reported to frequently occur in patients with non-
traumatic intracranial hemorrhage (ICH); however, the correlation between hypophosphate-
mia and outcomes of ICH remains unclear. This study aimed to examine the association 
between admission serum phosphate and all-cause mortality among patients with mild– 
moderate spontaneous ICH (sICH).
Methods: A total of 851 patients with sICH were enrolled. Serum phosphate was acquired 
within 24 hours on admission, and participants were divided according to phosphate quar-
tiles. The primary outcome was all-cause mortality within 90 days, and univariate and 
multivariate models were employed to estimate the mortality risk.
Results: There were significant differences among sICH patients with different phosphate 
quartiles in terms of age, diastolic blood pressure (DBP), activated partial thromboplastin time 
(APTT), platelet count, and incidence of respiratory failure events on admission (P < 0.05). 
Log rank test showed a significant difference in the mortality risk among sICH patients with 
each phosphate quartile. Univariate Cox regression analysis revealed that age, smoking, DBP, 
APTT, NIH stroke scale (NIHSS) score, hematoma volume and serum phosphate might be 
associated with the 90-day all-cause mortality in patients with sICH (P < 0.05). Multivariable 
Cox regression analysis showed that the crude mortality was 4.3-fold greater in sICH patients 
with serum phosphate Q1 than those with Q4 (P < 0.001), and remained 3.18-fold higher after 
adjusting for age, smoking, DBP, APTT, NIHSS score, hematoma volume and early with-
drawal of life-sustaining therapy (P = 0.011). Representative operating curve (ROC) analysis 
showed that admission serum phosphate was predictable for all-cause mortality within 90 days 
in patients with sICH (area under the ROC = 0.628, P < 0.001).
Conclusion: Low admission serum phosphate is strongly associated with a high risk of 
mortality in patients with mild–moderate sICH, and hypophosphatemia may be a prognostic 
marker for all-cause mortality in patients with mild–moderate sICH.
Keywords: spontaneous intracerebral hemorrhage, serum phosphate level, risk factor, all- 
cause mortality

Introduction
Currently, spontaneous intracerebral hemorrhage (sICH) remains a global public 
health concern.1 As the second most frequent type of stroke, this devastating and 
deadly neurological emergency is associated with a significantly high global burden 
of disease.2 It is estimated that sICH has an annual incidence of approximately 25/ 
100,000 worldwide, and is characterized by a high mortality of approximately 40% 
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at 1 month and more than 60% at 1 year.3 The etiology of 
sICH is considered heterogeneous and complex, and sys-
temic arterial hypertension, excess alcohol consumption, 
male, advanced age, and smoking history have been iden-
tified as the major risk factors for sICH.4 Since there is no 
effective treatment for this disorder until now,5–7 early 
identification and timely interventions are accepted to be 
critical for improving the clinical outcomes in patients 
with sICH.8 Nevertheless, early and precision prediction 
of the prognosis remains a great challenge among patients 
with sICH.9

Serum phosphate is an important element in the 
maintenance of normal cell functions.10 Phosphate pre-
sents in various forms in the human body and contri-
butes an important role to life activities.11 As 
a common condition in critically ill patients,12 hypo-
phosphatemia has been found to be associated with 
multiple clinical symptoms, including cardiovascular 
events, respiratory failure and hematological 
disease.13–15 Low phosphate level was reported to cor-
relate with an increased risk of brain infarction in 
hemodialysis patients,16 and results from 
a prospective, observational study showed a 70% 
detection rate of hypophosphatemia among patients 
with nontraumatic ICH.17 In addition, no significant 
association was found between serum phosphate and 
excellent outcomes among patients with acute ICH.18 

However, the correlation between serum phosphate and 
the clinical outcome has not been fully demonstrated in 
patients with sICH. Based on previous reports, it is 
hypothesized that hypophosphatemia may be associated 
with the risk of mortality among ICH patients. To test 
our hypothesis, this retrospective study was designed 
with aims to examine the association between admis-
sion serum phosphate level and all-cause mortality 
among patients with mild–moderate sICH.

Materials and Methods
Ethical Statement
The study was approved by the Ethics Review 
Committee of Yixing People’s Hospital (approval num-
ber: IRB-2019-ARTICLE-001). All procedures were 
performed in accordance with the Declaration of 
Helsinki and international and national guidelines for 
human studies. Written informed consent was obtained 

from all participants following a detailed description of 
the purpose of the study.

Subjects
A total of 891 patients with sICH that were hospita-
lized in Yixing people’s Hospital (Yixing, China) dur-
ing the period from January 2015 to April 2020 were 
recruited. The inclusion criteria were assigned as fol-
lows: (1) detection of sICH with computerized tomo-
graphy (CT) scan within 24 hours from disease onset; 
(2) serum phosphate available on admission; and (3) 
available demographic data, laboratory data, imaging 
data, medical history, treatment history and clinical 
scores. Patients with the following criteria were 
excluded from the study: (1) traumatic ICH, ICH due 
to intracranial tumor or vascular malformations, 
hemorrhagic conversion of acute ischemic stroke; (2) 
presence of massive cerebral hemorrhage that required 
neurosurgical procedures; or (3) chronic kidney disease 
(stage 3–5), kidney dysfunction (serum creatinine > 
200 mol/L). Mortality data were confirmed by follow- 
up phone communications. Among the enrolled 891 
participants, 40 subjects were excluded because of 
incomplete baseline data (13 subjects), requirement of 
surgical treatment due to disease aggravation (16 sub-
jects), and unavailable data (11 subjects), and finally, 
851 patients were included in our study.

Imaging Analysis
All images were evaluated by two neuroradiologists 
blinded to demographic and clinical features. Baseline 
hematoma volumes were assesses using the ABC/2 
formula based on CT scans, where A is the greatest 
hemorrhage diameter by CT scan, B is the diameter 90° 
to A, and C is the approximate number of CT slices 
with hemorrhage multiplied by the slice thickness.19 

Cranial CT scan was routinely performed on admission, 
at 24-hour after admission or in cases of disease 
aggravation.

Data Collection
Patients’ demographic characteristics (age, gender), 
lifestyle risk factors (smoking, drinking), history of 
chronic diseases and all complications during the hos-
pital stay (including cardiovascular events, respiratory 
failure and hematological disease) were captured from 
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medical records. Systolic blood pressure (SBP) and 
diastolic blood pressure (DBP) were routinely mea-
sured in a supine position. Levels of serological mar-
kers were routinely measured on admission, including 
triglyceride (TG), low-density lipoprotein cholesterol 
(LDL-C), high-density lipoprotein cholesterol (HDL- 
C), activated partial thromboplastin time (APTT), pla-
telet, creatinine and serum phosphate level. All sub-
jects were classified into four groups according to the 
quartile of serum phosphate levels (Q1, < 0.9 mmol/L; 
Q2, 0.9–1.01 mmol/L; Q3, 1.02–1.14 mmol/L; Q4, > 
1.14 mmol/L). Neurological impairment was assessed 
by National Institutes of Health Stroke Scale (NIHSS) 
on admission,20 and the time of death as confirmed by 
medical records and phone communications with 
family members.

Statistics
All normally distributed measurement data were pre-
sented as mean ± standard deviation (SD), and non- 
normal distributed variables were presented as median 
(interquartile spacing), while categorical parameters 
were expressed as numbers (percentages). One-way 
analysis of variance (ANOVA) was employed to com-
pare the baseline characteristics on admission among 
the four groups followed by post-hoc Bonferroni’s 
multiple comparison tests, and differences of propor-
tions were tested for statistical significance with chi- 
square test. The cumulative incidence was estimated 
using the Kaplan-Meier method, and Log rank test 
was used for comparisons among groups. Cox propor-
tional hazards regression analysis was used to estimate 
hazard ratio (HR) and its 95% confidential interval 
(CI). The confounding factors, including age, smoking, 
DBP, APTT, NIHSS score on admission, hematoma 
volume and early withdrawal of life-sustaining therapy, 
were adjusted in different multivariate Cox regression 
models. The performance of admission serum phos-
phate level for predicting the mortality risk was eval-
uated using receiver operating characteristic curve 
(ROC) analysis among patients with sICH. All statis-
tical analyses were performed using the statistical 
package SPSS version 23.0 (SPSS, Inc.; Chicago, IL, 
USA), and a P value of < 0.05 was considered statis-
tically significant.

Results
Subject Characteristics
The 851 participants included 563 males and 288 females, 
and had a mean age of 65.3 ± 13.5 years. There were 28 
subjects (3.3%) dying from all causes within 30 days, and 
80 cases (9.4%) dying from all causes within 90 days. 
There were significant differences among sICH patients 
with four phosphate quartiles in terms of age, DBP, APTT, 
platelet count, and incidence of respiratory failure events 
on admission (P < 0.05) (Table 1).

Association of Admission Serum 
Phosphate with the Risk of Mortality in 
sICH Patients
The Kaplan-Meier method was employed to estimate 
the cumulative risk of mortality, and Log rank test 
showed a significant difference in the risk of mortality 
among sICH patients with each serum phosphate quar-
tile (Figure 1). Univariate Cox regression analysis 
revealed that age, smoking, DBP, APTT, NIHSS 
score, hematoma volume and serum phosphate were 
associated with the 90-day all-cause mortality among 
patients with sICH (P < 0.05) (Table 2). Multivariable 
Cox regression analysis showed that the crude mortal-
ity was 4.3-fold (95% CI: 1.98‒9.33) greater in sICH 
patients with serum phosphate Q1 than those with Q4 
(P < 0.001), and remained 3.18-fold higher (95% CI: 
1.57‒7.82) after adjusting for age, smoking, DBP, 
APTT, NIHSS score, hematoma volume and early with-
drawal of life-sustaining therapy (P = 0.011) (Table 3). 
ROC analysis showed that admission serum phosphate 
level was predictable for all-cause mortality within 90 
days in patients with sICH [area under ROC (AUC) = 
0.628, P < 0.001) (Figure 2), and the joint use of 
admission serum phosphate, hematoma expansion, pre-
sence of intraventricular hemorrhage (IVH) and ICH 
volume on admission increased the predictive value 
(AUC = 0.785, P < 0.001) (Figure 3). Our data indicate 
that admission serum phosphate level may be 
a prognostic factor for all-cause mortality within 90 
days in patients with mild–moderate sICH.

Discussion
Hypophosphatemia, a common phenomenon in patients 
with nontraumatic ICH,17 is also observed in individuals 
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after severe traumatic brain injury;21–24 however, there is 
little knowledge on the correlation between hypophospha-
temia and prognosis in patients with sICH. Our data 
demonstrate that low admission serum phosphate may be 

an independent risk factor of all-cause mortality within 90 
days in patients with mild–moderate sICH.

Hypophosphatemia has been found to occur after neu-
rological disorders.25 A recent study reported that the 

Table 1 Demographic and Clinical Characteristics on Admission Among Patients with sICH with Different Serum Phosphate 
Quartiles

Characteristics Serum Phosphate (mmol/L) P value

Q1(<0.90) Q2(0.90–1.01) Q3(1.02–1.14) Q4(> 1.14)

N 207 213 225 206

Age (years) 68.18±12.80 64.23±12.51 65.20±13.77 62.49±14.10 <0.001

Male, n (%) 150 (72.5) 150 (70.4) 140 (62.2) 123 (59.7) 0.103

Smoking, n (%) 29 (14.0) 39 (18.3) 28 (12.4) 30 (14.6) 0.330

Drinking, n (%) 23 (11.1) 23 (10.8) 16 (7.1) 28 (13.6) 0.217

History of hypertension, n (%) 169 (81.6) 178 (83.6) 178 (79.1) 178 (86.4) 0.296

History of diabetes, n (%) 39 (18.8) 45 (21.1) 42 (18.7) 36 (17.5) 0.678

SBP (mmHg) 165.61±25.47 166.00±27.36 166.70±28.51 166.72±26.71 0.614

DBP (mmHg) 90.72±14.38 93.64±15.52 94.28±17.13 95.82±16.66 0.013

TG (mmol/L) 1.35±1.26 1.42±1.31 1.50±1.29 1.47±1.33 0.617

LDL-C (mmol/L) 2.53±0.65 2.63±0.77 2.70±0.72 2.74±0.82 0.577

HDL-C (mmol/L) 1.18±0.26 1.21±0.30 1.19±0.30 1.18±0.33 0.502

APTT (s) 31.75±6.21 30.06±4.00 29.88±4.47 30.14±4.96 0.003

Platelet (109/L) 184.64±60.21 190.76±64.58 190.39±62.00 204.42±67.85 0.009

Creatinine (μmol/L) 59.14±26.97 60.55±41.63 58.85±36.46 65.82±50.78 0.314

Time from onset (h) 3 (2–13) 3 (2–16) 3 (2–24) 3 (2–17) 0.702

Baseline NIHSS score 6 (2–11) 7 (3–11) 6 (2–11) 5 (2–10) 0.459

Hematoma volume (mL) 10.2 (4.8–18.0) 11.6 (5.7–16.0) 10.0 (4.2–16.6) 11.3 (5.5–16.5) 0.416

Hematoma location, n (%)

Intraventricular hemorrhage 48 (23.2) 43 (20.2) 49 (21.8) 43 (20.8) 0.891

Lobe 32 (15.5) 25 (11.7) 35 (15.6) 29 (14.1) 0.644
Basal ganglia 112 (54.1) 136 (63.8) 123 (54.7) 121 (58.7) 0.149

Cerebellum 10 (4.8) 5 (2.3) 7 (3.1) 8 (3.9) 0.562

Brain stem 9 (4.3) 4 (1.9) 6 (2.7) 6 (2.9) 0.505

Event outcomes

Cardiovascular event 22 (10.6%) 16 (7.5%) 20 (8.9%) 11 (5.4%) 0.249
Respiratory failure event 32 (15.5%) 16 (7.5%) 21 (9.3%) 19 (9.2%) 0.042

Hematoma expansion 45 (21.7%) 39 (18.3%) 43 (19.1%) 38 (18.4%) 0.462
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glucose-phosphate ratio was a potential marker for 
3-month satisfactory outcomes in 198 patients with aneur-
ysmal subarachnoid hemorrhage.26 Similarly, serum 

glucose-phosphate ratio was found to correlate with sever-
ity and 6-month mortality in patients with severe traumatic 
brain injury.27 Conversely, You and colleagues18 reported 
no significant association between serum phosphate and 
excellent outcomes among patients with acute ICH. The 
diverse correlation between serum phosphate and prog-
nosis of patients with ICH may be attributed to the differ-
ent subjects’ characteristics and study designs.

In the current study, we found that lower serum 
phosphate levels were associated with a higher risk of 
90-day all-cause mortality in patients with mild–mod-
erate sICH, and it is hypothesized that serum phosphate 
level may be a prognostic factor for mild–moderate 
sICH. First, phosphate is an important component of 
cell membranes and plays a significant role in mediat-
ing intracellular signaling, and therefore, low serum 
phosphate may affect vascular biology.28,29 Second, 
phosphate is an important component in producing 
adenosine tri phosphate (ATP) and 2,3-diphosphogly-
cerate, which mainly promotes the release of oxygen 
from hemoglobin.30,31 Phosphate repletion causes the 
dysfunction of ATP degradation and induces higher 
energy charge in mitochondria,31 and hypophosphate-
mia has been found to increase the affinity of hemo-
globin, leading to reduced oxygen release.32 Therefore, 
phosphate repletion may impair the brain energy meta-
bolism and result in brain injury,32 while phosphate 
supplementation could reverse the clinical symptoms 
of neurological diseases and disturbances.33 These 
data strongly support our findings. Finally, a lower 
LDL-C level was found to cause an increased risk of 
morality after ICH.34 In this study, we found that the 
sICH patients with serum phosphate Q1 had the lowest 
LDL-C level, which may be an indirect explanation for 
the significant difference in the all-cause mortality. 
However, the exact mechanisms underlying the corre-
lation between lower serum phosphate and a higher 
risk of mortality among patients with sICH require 
further large-scale prospective clinical trials.

Our study has several limitations. First, in this sin-
gle-center, retrospective study, most patients with sICH 
did not receive the measurement of parathyroid func-
tions, vitamin D blood levels or blood gas analysis 
during the hospital stay, and these patients cannot be 
excluded from the study. Therefore, the selection bias 
cannot be completely eliminated, which may affect the 

Table 2 Univariate Cox Regression Analysis for 90-Day All- 
Cause Mortality Among Patients with sICH

Variables β HR (95% CI) P value

Age (years) 0.093 1.097 (1.073–1.122) <0.001

Male sex 0.204 0.815 (0.501–1.326) 0.411

Smoking 1.521 0.218 (0.069–0.693) 0.010

History of hypertension 0.440 0.044 (0384–1.080) 0.095

History of diabetes 0.454 1.574 (0.954–2.596) 0.076

SBP 0.006 1.006 (0.998–1.014) 0.131

DBP −0.017 0.983 (0.968–0.999) 0.034

LDL-C −0.205 0.814 (0.589–1.127) 0.216

APTT −0.065 0.937 (0.889–0.987) 0.014

Platelet 0.000 1.000 (0.996–1.003) 0.967

NIHSS score 0.107 1.113 (1.093–1.133) <0.001

Hematoma volume 0.168 1.186 (1.150–1.223) <0.001

Serum phosphate level −0.397 0.215 (0.064–0.719) 0.013

Figure 1 Kaplan-Meier curve estimates the mortality in spontaneous intracerebral 
hemorrhage patients with different admission serum phosphate quartiles. Log rank 
test revealed significant differences in the cumulative mortality among spontaneous 
intracerebral hemorrhage patients with different admission serum phosphate quar-
tiles (P < 0.001).
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natural characteristics of sICH. Second, only admission 
serum phosphate level was calculated, and therefore, 
the dynamic change of serum phosphate level was 
unclear in patients with sICH. Finally, patients with 
massive ICH who needed surgery were not included, 
and this may lead to the loss of a large proportion of 
patients, and the mortality was relatively lower.

In summary, the results of the present study demon-
strate that a low admission serum phosphate is strongly 
associated with a high risk of mortality in patients with 
mild–moderate sICH, and hypophosphatemia may be 
a prognostic marker for all-cause mortality in patients 
with mild–moderate sICH. Further studies to unravel 
the underlying mechanisms seem justified.

Table 3 Multivariable Cox Regression Analysis for 90-Day All-Cause Mortality Among sICH Patients with Different Serum Phosphate 
Quartiles

Mortality Risk Serum Phosphate (mmol/L) P value

Q1 Q2 Q3 Q4

No. of deaths (%) 33 (15.9) 17 (8.0) 22 (9.8) 8 (3.9)
Crude mortality (%, 95% CI) 4.3 (1.98–9.33) 2.10 (0.91–4.86) 2.49 (1.10–5.63) 1 <0.001

Mortality using Model 1 (%, 95% CI) 2.7 (1.23–5.91) 1.82 (0.78–4.24) 1.78 (0.78–4.06) 1 0.011

Mortality using Model 2 (%, 95% CI) 3.25 (1.47–7.26) 1.57 (0.57–3.67) 1.59 (0.69–3.67) 1 0.001
Mortality using Model 3 (%, 95% CI) 3.51 (1.57–7.82) 2.31 (0.98–5.44) 1.95 (0.84–4.55) 1 0.001

Mortality using Model 4 (%, 95% CI) 3.18 (1.48–6.7) 1.69 (0.73–3.93) 1.74 (0.76–4.00 1 0.011

Notes: Model 1: adjusted for age, smoking, DBP and APTT; Model 2: adjusted for age, smoking, DBP, APTT and baseline NIHSS score; Model 3: adjusted for age, smoking, 
DBP, APTT, baseline NIHSS score and hematoma volume; Model 4: adjusted for age, smoking, DBP, APTT, baseline NIHSS score, hematoma volume and early withdrawal of 
life-sustaining therapy.

Figure 3 ROC analysis shows the predictive value of admission serum phosphate, 
hematoma expansion, presence of intraventricular hemorrhage and intracerebral 
hemorrhage volume on admission for all-cause mortality within 90 days among 
patients with spontaneous intracerebral hemorrhage.

Figure 2 ROC analysis reveals the predictive value of the admission serum phos-
phate level for all-cause mortality within 90 days among patients with spontaneous 
intracerebral hemorrhage.
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