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Purpose: Falls are the leading cause of injury among hospitalized patients, particularly among older patients. We investigated the 
association between serum phosphate (s-phosphate) levels and the risk of in-hospital falls.
Patients and Methods: This retrospective observational cohort study included all patients aged over 50 years who were admitted to 
Yongin Severance Hospital in South Korea between January 2018 and March 2021. Demographic, anthropometric, and biochemical 
parameters were recorded on admission. S-phosphate levels were classified into three groups: below normal (<2.8 mg/dL), normal 
(2.8–4.4 mg/dL), and above normal (≥4.5 mg/dL). The normal group was further stratified into tertiles (2.8–3.2, 3.3–3.7, and 3.8– 
4.4 mg/dL). The incidence of in-hospital falls was compared between the five groups. Logistic regression analyses were performed to 
assess the association between s-phosphate levels and the incidence of falls during the hospital stay, with clinical factors included as 
covariates in the multivariable models.
Results: A total of 15,485 patients (female: 52.1%) with a median age of 70.0 years (interquartile range: 60.0–79.0 years) were included 
in the analysis, of whom 295 (1.9%) experienced a fall during the hospital stay. The incidence of falls was significantly higher among 
patients with lower s-phosphate levels, and this relationship also applied among patients with s-phosphate levels within the normal range as 
well. The association between lower s-phosphate levels and increased risk of falls remained significant in the adjusted analyses.
Conclusion: A lower s-phosphate level on admission was independently associated with an increased risk of in-hospital falls. Further 
studies are needed to determine whether the s-phosphate level on admission could improve prediction of the risk of in-hospital falls.
Keywords: in-hospital falls, older adults, blood biochemistry, risk prediction

Introduction
Falls are one of the most common health-related adverse events, occurring in more than one-third of persons aged 65 
years and older each year.1–4 In addition, 10–20% of falls result in serious injury, hospitalization, or death.5 Despite 
awareness on the clinical importance of falls among older adults and efforts to prevent falls, the incidence of falls 
continues to increase in aging societies.6,7

Falls are associated with increased morbidity and mortality, immobility, decreased quality of life, functional 
dependency, admission to long-term care facilities, and increased medical costs.8,9 Falls among hospitalized patients 
may necessitate unplanned medical procedures and treatment and lead to longer hospital stays owing to the increased 
incidence of hospitalization-related complications. Furthermore, the increased medical cost is a burden for both patients 
and medical institutions.10 Therefore, the incidence of in-hospital falls is an important indicator that is used to evaluate 
the quality of hospital care.
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Several strategies, such as multifactorial assessment and intervention programs, have been proposed for reducing the 
risk of falls among older patients and some strategies are effective at reducing the incidence and severity of falls.11–14 

Identifying older persons who are at an increased risk of falls is a critical first step for preventing falls.6 Previous studies 
have identified several clinical factors that influence the risk of falls among patients, including history of falls, recent 
weight loss, muscle weakness, and urinary difficulties.15,16 However, most of these parameters are evaluated based on 
patient responses to questions or on the need for additional measures; thus, the availability and accuracy of data on such 
measures are limited.17,18 Therefore, more accessible and intuitive risk measures are needed in the clinical setting for 
assessing the risk of falls, especially among older patients.

In the review of the literature, abnormalities of phosphate handling and phosphate levels were common in older 
people and were clinically important in some cases.19 As well as in specific diseases or conditions, it was reported that 
serum phosphate (s-phosphate) levels were associated with in-hospital mortality in general hospitalized patients.20 The 
level of s-phosphate is one of the most commonly assessed serum measures in hospitalized patients. Abnormal 
s-phosphate levels are common, with a prevalence up to 45% in hospitalized patients.21,22 Several studies have suggested 
that phosphates play a role in musculoskeletal health.23–25 However, to the best of our knowledge, the association 
between s-phosphate levels and the risk of falls has not been studied previously. If the level of s-phosphate is associated 
with the risk of falls among hospitalized patients, it could be used as a readily available objective measure to assess the 
risk of falls among hospitalized patients. Therefore, we investigated the association between the s-phosphate level on 
admission and the risk of falls among hospitalized patients using data from hospital electronic health records (EHRs).

Material and Methods
Study Design and Participants
We conducted a single-center, retrospective cohort study of patients admitted to Yongin Severance Hospital between 
January 2018 and March 2021. Patients who did not have data on s-phosphate levels or who were aged under 50 years on 
admission were excluded. If a patient was hospitalized more than once, only the first hospitalization was included in the 
analysis. The study was conducted in compliance with the principles of the Declaration of Helsinki. The protocol was 
approved by the Institutional Review Board of Yongin Severance Hospital (IRB number: 9–2021-0037). The requirement 
for informed consent was waived because of the retrospective nature of the study.

Demographic Data and Anthropometric and Biochemical Measurements
Demographics data were collected on admission, including personal characteristics (age and sex) and history of falls in 
the past 6 months. Patients’ height and weight were measured in light clothing and without shoes to the nearest 0.1 cm 
and 0.1 kg, respectively. Body mass index (BMI) was calculated by determining the ratio of weight to the square of 
height (expressed in kg/m2). For biochemical analyses, blood samples were collected from patients at the time of 
admission and the s-phosphate (mg/dL), calcium (mg/dL), alkaline phosphatase (ALP) (IU/L), glucose (mg/dL), blood 
urea nitrogen (BUN) (mg/dL), creatinine (mg/dL), and uric acid (mg/dL) levels were assessed. If there were multiple 
measurements, we included the first set of measurements during hospitalization.

Fall Incidence
The occurrence of falls during hospitalization was the primary outcome. A fall was defined as “inadvertently coming to 
rest on the ground, floor, or other lower level, excluding intentional change in position to rest in furniture, wall or other 
objects.”26

Fall Risk Score
The fall risk score was calculated on admission for all hospitalized patients using the Johns Hopkins Fall Risk 
Assessment Tool.27 This tool consists of seven indicators: age, history of falls, bowel and urinary incontinence, 
medications, patient care equipment (such as IV infusion, chest tube, indwelling catheter), mobility, and cognition. 
A score of 6–13 is associated with a moderate risk of falls, and a score of ≥14 is associated with a high risk of falls.
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Statistical Analyses
The s-phosphate level was first stratified as below normal (BN, <2.8 mg/dL), normal (2.8–4.4 mg/dL), and above normal (AN, 
≥4.5 mg/dL), and s-phosphate levels within the normal range were further divided into tertiles. Then, all analyses were 
performed using these five groups (BN: <2.8 mg/dL; tertile 1 [T1]: 2.8–3.2 mg/dL; tertile 2 [T2]: 3.3–3.7 mg/dL; tertile 3 [T3]: 
3.8–4.4 mg/dL; AN: ≥4.5 mg/dL). We performed two sets of analyses, including and excluding patients with extremely high 
s-phosphate levels (>6.0 mg/dL) to exclude patients with secondary hyperphosphatemia. However, the results did not differ. 
Therefore, the primary analyses were carried out excluding patients with s-phosphate levels >6.0 mg/dL. Continuous variables 
were tested for conformity to the normal distribution using skewness, kurtosis, and quantile–quantile (Q-Q) plots. Baseline 
clinical characteristics were compared between the five groups using one-way analysis of variance or Pearson’s chi-square 
test. Continuous variables are reported as the median and interquartile range (IQR), and categorical variables are reported as 
frequencies and percentages. Associations between s-phosphate levels and other clinical and laboratory variables were tested 
using Spearman correlation coefficient. Variables that correlated with s-phosphate levels were included as covariates in the 
multivariable models (Supplementary Figure 1). The incidence rate of falls in each phosphate group was compared using 
a linear test. Logistic regression analyses were performed to test for associations between s-phosphate levels and the risk of 
falls using the AN group as the reference group. Unadjusted analyses and four different adjusted models were used: Model 
I adjusted for age. Model II adjusted for age, creatinine, BUN, and uric acid. Model III adjusted for age, creatinine, BUN, uric 
acid, height, weight, BMI, systolic blood pressure (SBP), diastolic blood pressure (DBP), pulse, cholesterol, ALP, alanine 
aminotransferase (ALT), bilirubin, protein, albumin, hematocrit, and red cell distribution width, and the fall risk score. Model 
IV adjusted for age, creatinine, BUN, uric acid, height, weight, BMI, SBP, DBP, pulse, cholesterol, ALP, ALT, bilirubin, 
protein, albumin, hematocrit, and red cell distribution width, and fall history. All analyses were done using R statistics (version 
4.0.5). Two-sided p-values ≤0.05 indicated statistical significance.

Results
Baseline Characteristics of Study Participants
A total of 15,485 patients were included in the analyses. The baseline characteristics of study participants are shown in 
Table 1. The median (IQR) age was 70.0 (60.0–79.0) years, and 52.1% were women. The median (IQR) hospital stay was 
5.0 (2.0–9.0) days, and 33.3% of participants were admitted to the surgical department for minor or major operations. 
Among all study participants, 691 (4.5%) had a history of a fall within the previous 6 months.

Clinical and Biochemical Parameters According to s-Phosphate Levels
The s-phosphate level was skewed toward higher values with a median (IQR) value of 3.5 (3.0–3.9) mg/dL 
(Supplementary Figure 2).

The clinical and biochemical measures in each phosphate group are summarized in Table 1. The s-phosphate levels were 
lower in older patients (p < 0.001). The SBP, pulse rate, and ALP level were higher and the cholesterol level was lower among 
patients with lower s-phosphate levels (all ptrend < 0.001). In contrast, higher s-phosphate levels were associated with higher 
BUN, creatinine, and uric acid levels (all ptrend < 0.001). Patients with higher phosphate levels were more likely to have a history 
of falls (ptrend = 0.029). The fall risk score on admission did not differ significantly according to the s-phosphate level (ptrend = 
0.381). The baseline clinical characteristics including those of participants with s-phosphate levels >6.0 mg/dL are shown in 
Supplementary Table 1. The results were similar to the results of participants with s-phosphate levels >6.0 mg/dL excluded.

Association Between s-Phosphate Level and Risk of Falls
Of the 15,485 participants, 295 (1.9%) experienced a fall during their hospital stay. The incidence of falls was 
significantly higher among patients with a lower s-phosphate level (Figure 1). The trend toward a higher incidence of 
falls with lower s-phosphate levels was observed even among patients with s-phosphate levels within the normal range 
(BN group, 2.2%; T1 group, 2.3%; T2 group, 1.9%; T3 group, 1.7%; AN group, 1.1%).

In the unadjusted logistic regression analysis, the risk of falls in the BN and T1 groups was more than double that of 
the AN group (odds ratio [OR], 95% confidence interval [CI]: 2.1, 1.2–4.0; and 2.2, 1.2–4.1, respectively) (Table 2). In 
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Table 1 Baseline Characteristics of Study Population

Total Phosphate  
(< 2.8 mg/dl)

Phosphate  
(2.8–3.3 mg/dl)

Phosphate  
(3.3–3.8 mg/dl)

Phosphate  
(3.8–4.5 mg/dl)

Phosphate  
(4.5–6.0 mg/dl)

ptrend

n 15,485 2,406 3,585 4,411 3,855 1,228

Male, n (%) 7,514 (47.9) 1,367 (56.8) 1,906 (53.2) 2,101 (47.6) 1,524 (39.5) 616 (43.1) <0.001
Age (years), median (IQR) 70.0 [60.0–79.0] 72.0 [62.0–80.0] 71.0 [61.0–79.0] 69.0 [60.0–78.0] 67.0 [59.0–77.0] 70.0 [60.0–79.0] <0.001
Surgical department, n (%) 5,228 (33.3) 677 (28.1) 1,341 (37.4) 1,563 (35.4) 1,319 (34.2) 328 (23.0) 0.491
Height (cm), median (IQR) 160.0 [153.0–167.0] 161.1 [154.0–168.0] 160.0 [153.4–167.6] 160.0 [152.8–167.0] 158.0 [152.0–165.0] 158.6 [151.8–166.0] <0.001
Weight (kg), median (IQR) 60.4 [53.0–69.1] 60.5 [53.0–70.0] 60.6 [53.1–70.0] 60.5 [53.0–69.0] 60.6 [53.0–69.0] 59.5 [51.1–68.0] 0.108
BMI, (kg/m2), median (IQR) 23.8 [21.5–26.4] 23.6 [21.2–26.0] 23.8 [21.4–26.2] 23.9 [21.6–26.4] 24.1 [21.8–26.8] 23.7 [20.9–26.4] <0.001
HOD (days), median (IQR) 5.0 [2.0–9.0] 6.0 [3.0–11.0] 5.0 [3.0–11.0] 5.0 [2.0–9.0] 4.0 [2.0–8.0] 5.0 [3.0–11.0] <0.001
Pulse (/min), median (IQR) 80.0 [70.0–91.0] 85.0 [74.0–98.0] 80.0 [71.0–91.0] 78.0 [69.0–89.0] 77.0 [68.0–87.0] 81.0 [70.0–95.0] <0.001
SBP (mmHg), median (IQR) 135.0 [120.0–150.0] 135.0 [119.0–152.0] 136.0 [121.0–151.0] 135.0 [121.0–149.0] 134.0 [120.0–147.0] 132.0 [115.0–148.0] <0.001
DBP (mmHg), median (IQR) 79.0 [70.0–88.0] 78.0 [69.0–88.0] 79.5 [71.0–89.0] 79.0 [70.0–88.0] 79.0 [71.0–87.0] 77.0 [68.0–87.0] 0.468
Phosphate (mg/dl), median (IQR) 3.5 [3.0–3.9] 2.4 [2.1–2.6] 3.0 [2.9–3.1] 3.5 [3.4–3.6] 4.0 [3.9–4.2] 4.9 [4.6–5.4] <0.001
Calcium (mg/dl), median (IQR) 8.9 [8.5–9.2] 8.6 [8.2–9.0] 8.8 [8.4–9.1] 8.9 [8.5–9.2] 9.0 [8.7–9.3] 8.9 [8.4–9.3] <0.001
BUN (mg/dl), median (IQR) 16.9 [13.1–22.8] 16.0 [12.2–21.4] 16.1 [12.5–20.7] 16.6 [13.0–21.7] 17.2 [13.5–22.8] 25.9 [17.1–48.4] <0.001
Creatinine (mg/dl), median (IQR) 0.9 [0.7–1.1] 0.9 [0.7–1.1] 0.8 [0.7–1.0] 0.8 [0.7–1.0] 0.8 [0.7–1.1] 1.1 [0.8–2.5] <0.001
Uric Acid (mg/dl), median (IQR) 4.8 [3.7–6.1] 4.3 [3.2–5.6] 4.6 [3.5–5.8] 4.8 [3.8–5.9] 5.0 [3.9–6.1] 6.1 [4.6–8.2] <0.001
Cholesterol (mg/dl), median (IQR) 153.0[125.0–184.0] 140.0 [114.0–171.0] 151.0 [125.0–181.0] 157.0 [130.0–188.0] 161.0 [131.0–192.0] 150.0 [120.0–185.0] <0.001
Glucose (mg/dl), median (IQR) 125.0 [105.0–159.0] 134.0 [111.0–171.0] 126.0 [107.0–160.0] 122.0 [104.0–152.0] 119.0 [102.0–149.0] 131.0 [105.0–188.2] 0.507
ALP (IU/L), median (IQR) 76.0 [61.0–99.0] 80.0 [63.0–108.0] 76.0 [61.0–99.0] 75.0 [61.0–96.0] 75.0 [61.0–95.0] 81.0 [64.0–107.0] <0.001
AST (IU/L), median (IQR) 25.0 [20.0–35.0] 27.0 [20.0–41.0] 25.0 [20.0–35.0] 25.0 [20.0–34.0] 25.0 [20.0–33.0] 28.0 [20.0–43.0] 0.019
ALT (IU/L), median (IQR) 19.0 [13.0–28.0] 19.0 [13.0–30.0] 18.0 [13.0–28.0] 18.0 [13.0–27.0] 19.0 [13.0–28.0] 20.0 [13.0–32.0] 0.005
Bilirubin (mg/dl), median (IQR) 0.6 [0.4–0.8] 0.6 [0.4–1.0] 0.6 [0.4–0.8] 0.6 [0.4–0.8] 0.5 [0.4–0.7] 0.5 [0.4–0.8] <0.001
Protein (g/dl), median (IQR) 6.8 [6.3–7.2] 6.6 [6.1–7.1] 6.7 [6.3–7.2] 6.8 [6.4–7.2] 6.9 [6.4–7.3] 6.8 [6.3–7.3] <0.001
Albumin (g/dl), median (IQR) 4.0 [3.6–4.3] 3.8 [3.3–4.2] 4.0 [3.6–4.3] 4.1 [3.7–4.4] 4.1 [3.8–4.4] 3.9 [3.5–4.3] <0.001
Hemoglobin (g/dl), median (IQR) 12.5 [11.0–13.9] 12.3 [10.5–13.8] 12.6 [11.1–14.0] 12.6 [11.3–14.0] 12.6 [11.3–13.8] 12.0 [10.2–13.6] 0.105
HCT (%), median (IQR) 37.4 [33.1–41.1] 36.4 [31.6–40.5] 37.6 [33.1–41.3] 37.7 [33.8–41.4] 37.6 [33.8–41.1] 36.3 [31.0–40.4] <0.001
RDW (%), median (IQR) 12.9 [12.3–14.0] 13.1 [12.4–14.5] 12.9 [12.3–14.0] 12.9 [12.3–13.8] 12.8 [12.3–13.7] 13.3 [12.5–14.6] <0.001
History of fall, n (%) 691 (4.5) 91 (3.8) 148 (4.2) 208 (4.8) 182 (4.8) 62 (4.5) 0.029
Fall risk score, median (IQR) 4.0 [2.0–7.0] 4.0 [2.0–7.0] 4.0 [2.0–6.0] 4.0 [2.0–7.0] 4.0 [2.0–7.0] 5.0 [3.0–7.0] 0.381

Notes: Data were provided median (IQR) or N (%). 
Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; BUN, blood urea nitrogen; ALP, alkaline phosphatase; AST, aspartate aminotransferase; ALT, alanine aminotransferase, HCT, hematocrit; 
RDW, red cell distribution width.
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the age-adjusted model, the risk of falls was inversely related to the s-phosphate level (Model I in Table 2). After 
adjusting for age, creatinine, BUN, uric acid, height, weight, BMI, SBP, DBP, pulse, cholesterol, ALP, ALT, bilirubin, 
protein, albumin, hematocrit, and red cell distribution width and fall risk score in the BN group was more than three-fold 
times higher than that in the AN group: OR, 95% CI: 3.3, 1.5–8.5 (Model III in Table 2). Further adjustment for history 
of fall did not change the results (Model IV in Table 2).

Discussion
In this study, a lower s-phosphate level was associated with a significantly higher risk of falls among hospitalized patients 
over 50 years of age. The risk of falls was inversely related to the s-phosphate level on admission, even among patients 
with s-phosphate levels within the normal range. This association was consistent after further adjustment for other 
clinical risk factors for falls, including a history of falls and the high fall risk assessment score. To our knowledge, this is 
the first study to report a significant association between s-phosphate levels and the risk of falls among hospitalized 
patients.

Despite the medical importance of falls among older patients, only few readily applicable models for predicting falls are 
available.28 A risk algorithm has been proposed for predicting falls, but its predictive ability is relatively low.28,29 Although 
previous studies have identified various risk factors, the risk factors identified generally have disadvantages because they 
require additional measurements or are difficult to measure in frail patients and patients with acute disease.30,31 Therefore, 
further studies are needed to identify easily applicable fall-related risk factors. In this study, s-phosphate, a marker that is 
widely measured among hospitalized patients, was shown to have a significant association with the risk of falling.

In this study, lower levels of s-phosphate were associated with a higher risk of falls during the hospital stay. The 
underlying mechanism through which lower phosphate levels are associated with an increased risk of falls is unclear. 
Some previous studies have shown that phosphate may play a role in muscle biology. Animal and human studies suggest 
that either phosphorus depletion or hypophosphatemia has an adverse effect on muscle function and composition.32 

Hypophosphatemia causes severe muscle weakness in many organisms, including humans,33,34 dogs,32 and rodents.35 

Pesta et al36 found that both the s-phosphate level and muscle ATP synthetic flux were 50% lower in a patient with 
hereditary hypophosphatemic rickets with hypercalciuria than in healthy controls but were completely normalized after 
oral phosphate supplementation. These results suggest that phosphate plays an important role in muscle function. An 
animal study in dog conducted by Fuller et al32 found that moderate phosphorus depletion can induce reversible changes 
in skeletal muscle composition and transmembrane potential.

In addition, a few recent clinical studies suggest an association between s-phosphate levels and sarcopenia or frailty in 
older patients. A study by Veilleux et al23 found abnormalities in muscle density and muscle function in patients with 
hypophosphatemic rickets (HPR). Compared with age-matched and sex-matched controls, patients with HPR had similar 

Figure 1 Incidence of falls during hospitalization according to the serum phosphate level on admission.
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Table 2 Association Between Serum Phosphate Level and Fall Risk

Phosphate (mg/dL) Unadjusted Adjusted

Model I Model II Model III Model IV

OR (95% CI) p ptrend OR (95% CI) p ptrend OR (95% CI) p ptrend OR (95% CI) p ptrend OR (95% CI) p ptrend

<2.8 2.1 (1.2–4.0) 0.017 0.004 2.0 (1.1–3.8) 0.031 0.027 2.2 (1.2–4.4) 0.015 0.026 3.3 (1.5–8.5) 0.005 0.044 3.5 (1.6–8.9) 0.004 0.014

2.8–3.3 2.2 (1.2–4.1) 0.010 2.1 (1.2–3.9) 0.015 2.4 (1.3–4.7) 0.005 3.6 (1.7–9.0) 0.002 3.6 (1.7–9.1) 0.002

3.3–3.8 1.8 (1.0–3.3) 0.057 1.8 (1.3–3.0) 0.058 2.1 (1.2–4.0) 0.021 3.2 (1.5–7.8) 0.006 3.2 (1.5–8.0) 0.005

3.8–4.5 1.6 (0.9–3.0) 0.136 1.7 (0.9–3.2) 0.094 1.9 (1.1–3.7) 0.039 2.8 (1.3–7.0) 0.014 2.8 (1.3–7.1) 0.013

4.5–6.0 1.0 (ref.) 1.0 (ref.) 1.0 (ref.) 1.0 (ref.) 1.0 (ref.)

Notes: Model I: Adjusted for age. Model II: Adjusted for age, creatinine, BUN, and uric acid. Model III: Adjusted for age, creatinine, BUN, uric acid, height, weight, BMI, SBP, DBP, pulse, cholesterol, ALP, ALT, bilirubin, protein, albumin, 
HCT, RDW and the fall risk score. Model IV: Adjusted for age, creatinine, BUN, uric acid, height, weight, BMI, SBP, DBP, pulse, cholesterol, ALP, ALT, bilirubin, protein, albumin, HCT, RDW and fall history. 
Abbreviations: CI, confidence interval; OR, odds ratio; ref., reference group.
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muscle size (p = 0.58) but lower muscle density (p = 0.008) and lower peak muscle force and power (both p = 0.001). 
However, the biologic mechanistic study wherein the s-phosphate level is associated with the risk of falls requires further 
research. In addition, studies should be conducted to evaluate whether phosphate supplementation to increase the 
s-phosphate level can reduce the risk of falls.

This study has some limitations. First, this was an observational retrospective study that used routinely available data; 
therefore, parameters not routinely measured (phosphate-regulating hormones, such as serum vitamin D, parathyroid 
hormone, and fibroblast growth factor-23) were not included in the analysis. Second, owing to the heterogeneity of the 
EHR data, the use of drugs or underlying comorbidities that might affect the level of s-phosphate were not included in the 
analysis. However, this study also has several strengths. It had a relatively large sample size and multiple laboratory 
measures were included as covariates in the multivariable logistic regression analyses. Furthermore, all hospitalized 
patients were evaluated for fall risk on admission using one of the most commonly used fall risk assessment tools, in 
addition to being questioned about their history of falls.

Conclusions
A lower level of s-phosphate on admission was associated with a significantly higher risk of falls among hospitalized 
patients over 50 years of age. Patients with low s-phosphate levels on admission should be carefully monitored for fall 
risk to prevent falls. Further studies are warranted to assess the effect of monitoring and interventions to increase the 
s-phosphate level on the risk of in-hospital falls in patients with low s-phosphate levels.
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